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I.— Oil a Group of Slale Rocks rcnigino- E.S.E. hehveeu the rivers
JLune and Wharfe,from near Kirhy Lonsdale to near Malham ; and
on the attendant Phcenomena.
By JOHN
HON.

MEM.

OF THE

YORKSHIRE,

PHILLIPS,
LEEDS,

AND

F.G.S.

HULL

PHILOSOPHICAL

SOCIETIES.

[Read December 21st, 1827; and January 4th, 1828.]

General Remarks.
1 HOUGH the secondary rocks which t'oriu a crescent around the Cumbrian
Lake district are in general arranged with much regularity, geologists are
aware that in consequence of dislocations of some strata and unconformed
positions of others, the beds do not always appear at the surface in the order
of their consecutive deposition.
The great fault under Cross Fell, investigated by Dr. Buckland, and tiie
double ranjje of limestone scars which stretch to the west and north from
under Wild Boar Fell, would have been much less difficult of explanation but
for the unconformed deposit of red iTiarl and sandstone in the vale of Eden,
upon the depressed range of limestone.
In some parts around the Lake mountains, the obscuration of certain secondary rocks may be ascribed wholly to the over-extension of new red sandstone ;as from Egremont to Low Furness, where this rock is brought into
contact with granite and slate, to the exclusion of coal-measures, limestone,
and old red sandstone; — and sometimes, without any considerable deposit of
unconformed rocks, great interruptions in the lines of strata are caused by
sudden variations of dip, or remarkable dislocations.
A full account of the variations which are produced by the causes abovementioned, on the direction and appearance of the secondary rocks round the
Lake district, would be highly serviceable to the cause of inductive geology.
The observations in the present communication are restricted as much as
possible to the illustration of the phaenomena connected w ith a group of rocks,
aberrant from the slate district of Westmoreland, and extending in a singular
manner about fifteen miles towards the east, under the limestone and gritstone
summits of Gragreth, Ingleborough, and Penygent.
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The tract in question,

2

Mr. Phillips on a Group of Slate Rocks

situated between the celebrated valleys of Liine and Wharfe, and containing
some of the finest mountains, caves, and scars in Yorkshire, has long been frequented bythe lovers of romantic scenery ; and appearances of another kind
have probably led many geologists to visit it ; but no publication has at all
unfolded the peculiar arrangement of its rocks.
It cannot be doubted that many persons have noticed the appearances of
dislocation which this country presents in several directions. Whoever enters
Settle from the south, and goes along the road by Giggleswick Scar, must be
struck by the sudden rising of the northern wall of limestone above the ranges
of millstone grit on the south. No one reaches Ingleton without feeling surprised at the rapid declination of the limestone near that place, contrasted with
the level brow and expanded base of Ingleborough.
On further examination it will be found that the junctions are unusually
numerous and interesting between the slate and mountain limestone ; and examples are frequent of the formation of conglomerate in the lower beds of
mountain limestone, in places where the old red sandstone is deficient.
Slate Series of the Lakes.
The slate formation is perhaps more developed in the Lake district than in
any other part of the island. To describe the numerous and interesting variations which are here presented, would lead to investigations foreign to the
object of this paper ; but a short statement of the great divisions of the series
will be found necessary to a right understanding of the particular portion to
which the aberrant group hereafter to be noticed belongs.
A short examination is sufficient to show that the slate rocks of the Lake district are really grouped in three divisions, lying on one another in a certain
order ; and though many variations occur in each, the character of the component rocks is sufficiently distinct*.
The slate of the lower division is dark, soft, nearly homogeneous, extremely
fissile, and so generally contorted as to be seldom fit for roofing. In Skiddavv
and Bowscale Fell much chiastohte is imbedded in it. Between Skiddaw and

Saddleback so much hornblende is admitted into its lower part as to change
the rock to hornblende slate, beneath which is fine-grained gneiss resting
* This arrangement of the Slate rocks of Cumberland will be found precisely in accordance
with the gcijeral views first establisiied by Mr. Jonathan Otley of Keswick, and published with
a geological map of the district, in the Lonsdale Magazine, and in his "Guide to the English
Lakes." The opinions of this excellent observer on the stratification of his native district have
))een freely communicated to all inquirers; and more distinguished geologists than myself have
found, in the results of careful and repeated examinations, most satisfactory proofs of their accuracy and im[)ortance.

ranging E.S.E. between the Rivers Lune and Wharfc.

3

on granite. This series ranges by Saddleback, Skiddaw, Grisdale Pike and
Dent Hill, and is seen on the margins of Bassenthwate, Derwent, Buttermere,
and Crummock waters, forming- smooth insulated mountains down which the
streams run in straight hues. Dipping at a moderate angle to the east or
south-east, under the argillaceous red rock of Barrow and St. John's Vale, it
is overlaid by the second or middle division of slate rocks, which are very different intexture and general appearance, and occupy a very dissimilar tract
of country.
Close inspection shows nearly all the rocks of this second series to be granular aggregates, with an argillaceous basis of greenish colour, and considerable but various hardness. Often mottled with different colours, some appear
as if filled with fragments like a breccia ; and others, variegated with nodules
of calcareous spar, green earth, and differently coloured quartz or calcedony,
have been mistaken for amygdaloid. Greenstone and other '"overlyino-"
rocks are rather plentiful in the country occupied by this range of slate, as
in the Walk and Castle Crag at Keswick, and on the margins of Wythburn
Lake. Quarries abound in the course of this division of slate, which includes
the grand mountain ranges of Helvellyn, Langdale Pikes, and Scaw Fell, and
the lakes Ulswater, Grasmere, and Ennerdale,
South of this craggy chain is the line of more recently deposited calcareous
slate, or transition limestone, well known to geologists, which ranges across the
heads of Windermere and Coniston water to Broughton. It is the lowest rock
in the country which has yielded organic remains ; amongst which the following
are least rare. — Caryophyllia, Millepora, Spirifer, Producta, Orbicula.
The rocks which inclose and cover it are of a dark colour, without fras*ments or nodules, often micaceous, and in a few places productive of organic
remains. They are the third and most recent series of slates in this country,
and are often seen covered immediately by carboniferous limestone. As this
is the series to which the slate rocks belong, the illustration of which is the
principal object of the present paper, a more particular account of them will
be found useful.
In hardness these rocks greatly surpass those of the lowest series, and, in
consequence, give to the hills which they form a more angular and knotted
outline, and a more bare and rugged surface : but in these respects they yield
to the middle series, which exhibits the grandest precipices and most alpine
forms in the district. Only in Ilougill Fells does their altitude exceed two
thousand feet, and it is mostly under one thousand ; so that the whole tract
which they occupy is overlooked in one direction from the mountain of the
middle range of slate, and in the other from the high summits of the carboniferous formation.
b2
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obtuse
These rocks are traversed by many joints meeting at acute and
prevails in all the
anoles, thus producing rhomboidal blocks. This structure
of which derive
vaHeties, and is to be seen in every stream, the waterfalls
es, which in
peculiar features from the circumstance; and on all the hillsid
part of the
consequence show long smooth laces of angular rocks. It is this
lized
crystal
a
being
slate
of
idea
district which most forcibly impresses the
rock capable of having its angles precisely determined.
Amono- several variations in the composition and structure of these more
homorecent slate rocks, two appear predominant ; the highly fissile nearly
geneous variety with little appearance of mica, and the granular sorts, some of
which split with micaceous surfaces, while others contain disseminated mica.
IMiese micaceous rocks alternate frequently in vertical or inclined layers ; and
the coarse kind incapable of cleavage, with less mica tlian usual, is ohserved to
alternate under the name of "galliard," with the homogeneous variety which
alone is worked for slate.
()r«-anic remains, rather sparingly distributed, occur in the finer-grained
micaceous rocks, in several places about Kendal and Kirby Lonsdale. In the
neighbourhood of the latter place Mr. W. Smith and myself (1823) discovered
Near Kestwick— Orthoceras, Patella, Trigonia, Plagiostoma, Pecten, GrybiTurritella,
phxa. Melania ? Terebratula, and unascertainable
valves.
Similar shells occur at Jenkin Crags and other places near Kendal.
In diluvium at Biggins— Unio, Spirifer, Terebratula.
At Beckfoot

Rocks which cover the Slate Series.
The slate rocks are in this country usually succeeded by incumbent beds of
mountain limestone ; but in a few situations, chiefly in the valleys of considerable streams, large beds of old red conglomerate intervene, having a dip conformed to that of the limestone.
Such beds are seen in abundance at the foot of Uiswater, at Dacre Castle,
on the river Lowther and some of its branch streams near Bampton, on the
Bother about Sedbergh, on the Mint near Kendal, and the Lune about
Kirby Lonsdale. Apparently in the same geological relations red marl and
sandstone were observed by Mr. W. Smith and myself near Ulverston in
1822. This conalomerate seldom follows the limestone where that rock
ascends to higher ground ; so that in Underbarrow Scar near Kendal, and
under Wildboar Fell near Sedbergh, the slate is covered by limestone.
Above the great scars of limestone lies the series of carboniferous rocks, of
which the lower portion is characterized by the presence of the conglomerated

ranging E.S.E. heticccn the Rivers Lime and Wharf e.

5

sandstone called millstone g-rit. This rock forms the highest edge around
many of the summits between In glebe rough and Cross Fell ; but in lower
ground, as on the south of Ingleton, it is covered by the upper carboniferous
rocks or true coal measures.
The most recent of the rocks known in this country is the new red sandstone, whose unconformed beds sweep round the N.E., N., and S.W. sides of
the Lake district, and as we shall find are not absolutely wantiu"- in the tract
whose investigation is the object of this communication.
General Description.
The country of which I now propose to trace a geological description extends inan easterly direction from the valley of the Lune almost to that of the
Wharfe, and lies principally on the north side of the road from Kirby Lonsdale by Ingleton, Settle, Malham, and Grassington. Along the middle of it,
from Casterton Fells near Kirby Lonsdale, to a few miles east of the Ribble,
ranges an almost continuous line of argillaceous rocks, mostly fissile, occa.sionally quarried for slate, tombstones, and flags. It is bounded on the north
by the wide, elevated strata of limestone whicli support the carboniferous
summits of Gragreth, VVhernside, Ingleborough, and Penygent ; and on the
south, (except at Kirby Lonsdale, where old red sandstone intervenes,) by narrower and lower surfaces of the same limestone, which are succeeded still
further south by millstone grit and coal-measures, occupying for the most part
low ground.
Including the rivers Lune and Wharfe, no less than nine streams running
from north to south cross this district, and expose in a very satisfactory manner the order of relative position, with the actual declinations and visible or
inferred dislocations, of the rocks. Of these streams, the Wharfe, which rises
in the limestone series, continues in it across the line of the district in question ;the Lune, which gathers its first waters partly from the limestone and
partly from the slate, divides slate rocks of different kinds, then crosses old red
sandstone and mountain limestone, and passes to the sea through millstone
grit. The remaining seven streams. Leek Beck, Kingsdale, and Chapel le
Dale waters, Clapham Beck, Wharf Beck, the Ribble, and Stainforth Beck,
all originate in mountain limestone and millstone grit : then, in their rapid
descent, they cut through these rocks and expose the subjacent slate, from
which they all, except Leek Beck, pass off to tlie incumbent limestone on the
south, and afterwards run in millstone grit and coal-measures.
If to these advantages be added the fine mural precipices which encircle
Ingleborough and Penygent, and it be considered that the country is for the
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most part in pasture, open and little concealed by woods, it will probably be
admitted that unusual facilities are afforded for g-eological investigation.
The plan of description of this district which I have adopted is to notice in
succession the phenomena presented by each of the streams as it crosses the
line of country, and to introduce in their place the appearances on the mountain sides.
Lunesdale.
The river Lune, having collected its waters from the slate tract of Langdale
Fells and Shap Fells and the limestone surfaces about Orton, runs through
a deep glen by Hougill Fells, and exposes the rhomboidal rocks which constitute the upper division of Westmoreland slates. At Crook of Lune the
slate is procured in large tables, whose cleavage planes decline steeply to the
south, and have the "bate" grain or false cleavage dipping to the north.
The Rother, which flows into the Lune below Sedbergh, draws likewise its
supplies from both slate and limestone ; but its main channel is in slate till the
neio'hbourhood of Sedbergh, where it divides rocks of red conglomerate very
similar to those which the Lune, after running some miles further in slate,
crosses above Kirby Lonsdale.
The stream which flows by the village of Barbon into the Lune originates
on the margin of Dentdale, and runs along nearly the line of parting between
limestone and slate, till, where the slate of Casterton Fells fronts that of Barbon Beacan, the limestone turns off to High Crag and Gragreth. Along
most of this line the limestone, where near the slate, is strangely dislocated,
and not unfrequently appears quite vertical, though in the carboniferous hills
above on the east, the beds are nearly horizontal.
Leaving these beds the water divides a slate range for about two miles, and
exhibits some pretty cascades ; but suddenly, on the western side of it, encounters line
a
of dislocated limestone ranging toward the south, at Barbon
Chapel. Below this the channel is excavated in beds of old red conglomerate
almost down to Beckfoot.
The Lune, after receiving Barbon
slate which present a very interesting
AVe remark on the face of the rock
to the micaceous partings or cleavage,

Beck, flows between rocks of micaceous
occurrence of organic fossils.
here a single decomposing line, parallel
but intersected by vertical joints in two

directions, meeting at angles of 64° to 74°. This is a layer of shells converted
to calcareous spar or exposed in the state of casts. A spiral elongated shell
having the general appearance of a Turritella is the most abundant; with it
occur small striated Terebratulse, a larger and shorter spiral shell resembling
in contour some species of Melania, and an unascertainable bivalve.
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Almost immediately beyond this place, the slate is succeeded by the red
conglomerate, whose large horizontal beds filled with large and small pebbles
alternate with layers of red and white clay. Henceforward the old red rock,
continuing its course down the Lune, appears to underlie the limestone in
Casterton woods, as well as at Kirby Lonsdale. At this latter place, examination develops some curious facts.
The pebbles of various size which are here accumulated in immense abundance, and cemented in vast irregular beds by red clay, red sand, and calcareous spar, are chiefly slate and quartz : but 1 found in addition single specimens of both blue and red (transition ?) limestone containing a few crinoidal
and coralline fragments, hornstone, and calcareous spar, all rounded.
The pebbles are but feebly cemented in the red clay and sand, and may be
easily separated by a blow of the hammer, leaving a smooth concave impression but
;
where calcareous spar, as about Kirby Lonsdale and Barbon, fills up
the cavities, the mass is more coherent.
The slate pebbles are mostly of the granular micaceous variety which
abounds in the neighbouring hills, but some specimens may be thouo-ht to
have been transported from the range of the middle slate. Micaceous iron
ore has been found in the quartz. No granite, sienite, porphyry, or greenstone,— rocks which occur in considerable plenty in the central parts of the
Lake district, — have yet been observed in this conglomerate ; so that it appears
to be a deposit caused by a very limited current, which was perhaps confined
to what is now the track of the Lune.
This will appear the more probable on viewing the great number of boulderstones which are found in the diluvial banks of the Lune; for, among these
accumulations of a wide-spreading flood, are the granite of Sliap Fells, the
porphyry of High Borrovvbridge, and various hornstones, with limestone, gritstones, and slate from the neighbouring hills.
The joints which cross the beds of this rock, as may be seen in the Red Scar
near Kirby Lonsdale, are scarcely more regular, nor are the few dislocations
in it much more distinct, than those in pebbly diluvium. But the beds are
crossed by veins of calcareous spar, and these often pass through the pebbles
in the same way as the fissures split the fragments in the conglomerate at
Oban (Argyleshire).
These beds dip to the south at a moderate angle, and are succeeded, but
without the actual contact being visible, by the limestone strata, which also dip
to the south at a much g-reater an"le.
The lower portion of limestone is exposed in the channel and on both sides
of the stream, for about three hundred yards, at a dip of about 1 in 4 to the
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red beds appear
south, apparently without any argillaceous partings. Some
though
toward the bottom. It is not here very productive of organic fossils,
l in this
some beds are full of crinoidal remains; and one fossil, very unusua
quarry
rock, a large nautilus, allied to N. intermcdius, was discovered in a
r,
nearKirby Lonsdale with Bellerophon, Cirrus, Melania, Producta, Spirife
&c.
Terebratula, some heliciform shells,
In the river above the bridge, veins of calcareous spar divide the rock, and
yield a little fibrous green carbonate of copper.
It is succeeded on the south by some argillaceous strata of considerable but
unascertained thickness, and these again are covered by beds of crinoidal
limestone and sandstone, of which, probably, a greater quantity would have
appeared further south, but for the immense deposit of alluvial and diluvial
matter which in that direction hides all the strntification.
Westward, these thick limestone rocks rise by Biggins and Hutton Roof to
Farlton Knot, and are overlaid toward Sellet Hall and Whittington by limestone, shale, coal, and sandstone of different kinds, which would occupy much
space in description ;— eastward, they are seen only in the river banks, being
immediately afterwards enveloped in the mass of gravel, which never once
allows their reappearance nearer than the neighbourhood of Ingleton.
Lcck Beck.
The stream which flows by the village of Leek, and crosses the Ingleton
road at about three miles from Kirby Lonsdale, rises among the limestones
and shales of Gragreth and Green Crag. It speedily crosses the range of
lower limestones which appear in scars on its sides, as at Easgill Kirk, and
sinks into the slate series beneath, of which it denudes both the granular and
homogeneous varieties. The most interesting appearances of the latter kind
are where the stream approaches the inclosed lands. Here a course of fissile
rocks, which might perhaps be quarried for slate, crosses the stream in about
an E. and W. direction. Besides the numerous parallel edges of cleavage
planes on its surface, many other straight joints are made evident by the action
of the stream. Two sets of these, crossing one another at angles of 68° and
112', intersect the cleavage planes at 44° to 47°, and there is a set of distant
])arallel lines which cross the cleavage at 90°.
Bate

Bate

>■-■-'/ Planes.

Cleavage
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At this place some particular parts of the slate much resemble that of Horton,
hereafter to be noticed, but exhibit the unusual fact of the laminge of "bate,"
varying their direction in contiguous tables of slate.

In one table the "bate" and cleavage meet at angles of 64° and 1 16°, but
in the contiguous table at 25° and 155°.
This appearance is seldom to be distinctly observed except on stones which
by long exposure to the weather have had their fissures opened.
After crossing slate rocks for about half a mile further, the river divides
beds of red sandstone without any pebbles ; beyond which so much gravel,
derived from the neighbouring hills, fills the valley, as to conceal the subjacent strata for half a mile, when a grit rock appears full of pebbles. One
hundred yards lower is the place where an unsuccessful trial for coal was made
by boring. The principal rock discovered in this attempt was a blue argillaceous stone, provincially called "Soapstone," and thought to be similar to a
stone of the same name in the Coal-field at Black Burton. Lower down and
till the stream joins the Lune, its banks are composed of pebbles.
The smaller streams which intervene between Leek Beck and Kingsdale
arise from the northern edge of limestone, and traverse in their southward
course, before arriving at the Settle road, a tract which may probably be
formed on slate rocks ; but the abundance of gravel prevents the exposure of
these as well as the southern range of limestone, of which no trace appears
before arriving at Kingsdale. But at West House, on the line of the road, a
curious rock with a southward dip is occasionally exposed in digging the
foundations of houses, which resembles in composition the brecciated beds
alternating with new red sandstone at Kirby Stephen and Stenkrith Bridge.
This stone is a fine-grained light-coloured red sand, containing a variety of
imbedded fragments, more or less rounded, apparently, according to the degree
of their hardness. Limestone fragments of gray and red colour are the most
numerous, the largest and the most angular: ironstone in small pieces and in
different states of decomposition is plentiful, and a few pebbles (granular
slate?) of more sandy substance make up the mass, in whose interstices calcareous spar ramifies as in the old red conglomerate of Kirby Lonsdale. No
fossils have been found in it except what the included limestone fragments
contain. It is locally called "red limestone," and is occasionally used in building, for which its large thin beds are well adapted. It is unknown, except
about West House, where it occupies a considerable surface of red soil.
Kingsdale.

(See Section A, Plate I.)
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greth and Whernside. Having passed between the distant limestone scars in
which Yordas Cave is situated, the water of Kingsdale flows by a winding
channel among very romantic cliffs of the lower part of this rock. This scene,
which reminds a spectator of Derbyshire, is terminated by a very fine waterfall, of perhaps forty feet in height, over the lowest beds of limestone resting
on slate, so that, at half the height of the precipice, is seen the junction of
these two rocks.
The contrast of horizontally bedded limestone and vertically jointed slate is
remarkable, and gives a peculiar character to this interesting spot. The limestone beds higher in the rock are commonly distinguished by a tendency to
split vertically into subcolumnar forms ; but the thick beds which rest upon
the slate show few vertical joints, and are marked by horizontal weather slits,
indicating the more laminar structure of the stone.
Climbing to the junction, I found the lowest limestone bed filled for about
two feet nearest the bottom with large rolled pebbles of slate, and above these
with abundance of smaller pebbles of quartz and slate. This unequivocal
conglomeratic condition of the limestone continues for about twenty feet in
height, the pebbles diminishing upwards, though irregularly, both in size and
number*.
The slate rocks thus exposed have their cleavage planes directed nearly S.E.
They continue, and are seen down the stream in large rhomboidal masses,
covered by heath, and ornamented by frequent waterfalls, and give to this
part of Kingsdale the appearance of some Cumberland valley in miniature.
Beneath the pebbly limestone which ranges in level beds, slate is seen at
intervals, principally on the west side of the valley, for a quarter of a mile
toward the south, where it attains the height of ] 50 feet above the water, and
has been quarried for the purpose of roofing.
Immediately beyond, the scene changes, the slate sinks suddenly, and limestone fills all the valley to the south ; the place of this alteration is marked by
a strange confusion and dislocation indicating a great fault, which has depressed, apparently with a sudden reverse of dip, the beds on the south. This
confusion may be well examined on the west side, but on the east gravel hides
the appearances of stratification.
The line of dislocation appears to be directed more toward the south than
the cleavage planes of the slate, and follows a straight part of the stream, in
consequence of which the depressed range of limestone appears further upon
the west than on the east side of Kingsdale.
Between the nearest points of the slate and limestone in the stream dipping
* See Section B, Plate I.
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southward^ is about thirty yards : but, in this interval, occurs a series of vertical
beds of limestone, and between them and the great calcareous mass on the
south is a quantity of argillaceous stone with abundance of calcareous spar in
the joints, which at first I supposed to be shale ; but, as in only a few cases,
any shale lies between the limestone and the slate, and then only in small
quantity, it is probably contorted slate. Its specific gravity when dry is 273 -{after escape of the included air 275 4- •
Further down the stream, limestone beds continually succeed one another,
with a dip to the south, and the series suddenly terminates at Ingleton, and is
soon followed in lower ground by the coal measures at Black Burton.
The slate is seen crossing the hill between Kingsdale and Chapel le Dale.
Chapel le Dale. (See Section C, Plate I.)
The water of this valley has its sources in the shale and gritstone series
above the great scar limestones, which form the floor of Ingleborough and
Whernside. Between these two mountains this limestone h exposed in vast
bleached and weather-worn surfaces, which terminate in level ranges of precipices on each side of Chapel le Dale. This character of the valley prevails
till within a mile of the village of Ingleton, when slate rocks appear beneath
the limestone.
The vertical cleavage planes of these rocks range pretty exactly S.E., and
are crossed by frequent nearly vertical joints ranging N. and S., and by oblique joints dipping N.E. The stone is mostly of a fine green colour within,
though often purple on the surfaces ; but a hard, granular, not fissile variety,
called "galliard," sometimes intervenes in elongated nodules and bands parallel
to the planes of cleavage. There is in some places a more frequent alternation of the finer and coarser varieties ; and certain planes of cleavage are
covered by cubical crystals of iron pyrites imbedded on some of the square
sides in a parallel coating of some fibrous zeolitic mineral, which occasionally
softens by exposure into nacreous laminae. In some layers of slate very minute
polyhedral crystals of pyrites are disseminated, and sometimes this mineral is
found beautifully arborescent between two adjacent planes of slate. It seldom
crosses the laminae of slate as calcareous spar and quartz are seen to do. The
latter mineral is most abundant in the '"galliard." These appearances are most
conveniently seen in the slate quarries, which are worked on both sides of the
stream.
Below these quarries, gravel obscures the stratification on the west side for
about one hundred yards, beyond which the southern range of limestone is
seen at the edge of the water, and rises confusedly northward into the hill
c2
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above. On the east side also gravel occurs for about the same distance, but
the stream setting against this side, has exposed at the foot of the bank for
about sixty yards a curious scene of dislocated slate, with two remarkable
dykes of greenstone, beyond which the southern range of limestone appears
near the water's edge, and is seen on both sides of the valley, dipping to the
south at high angles down to the village of Ingleton.
The slate rocks crossing over toward Clapham Dale are exposed under the
limestone scars of Ingleborough, of which the lower beds are so exactly similar
to the conglomerate variety noticed in Kingsdale, as to require no additional
description.
The higher range of limestone scars lying on the north of the course of the
slate rocks, continues along the breast of Ingleborough, and reaches the sides
of Clapham Dale ; but the slate rocks^ and the southern range of limestone,
are concealed nearly from Ingleton to Newby by an abundant deposit of diluvium.
Claphmii Dale.

(See Section D, Plate I.)

The valley which descends by Clapham originates from the north in a number of dry branches, which expand within the vast surface of bare limestone
between Ingleborough and Penygent. These unite into a dry and almost
channel-less dale, excavated between cliffs of limestone overgrown with hazel,
thorn, sorbus, and ash. Following this for a quarter of a mile, we find a full
stream flowing from the right bank out of a broad depressed cavern, with sand
and pebbles on its furrowed floor. For a few hundred yards lower, the bed of
the stream is filled with large boulders of grit and limestone, but the sides of
tiie valley are limestone. The water, afterwards, flows for one-third of a mile
over nearly horizontal beds of limestone, which are covered in the contiguous
banks by cliffs of the same rock fifty feet high.
Below this interesting part of the valley the slate rocks appear in the stream
for about two hundred yards, with laminge directed to the east, forming little
pools and cascades among overgrowing wood. Further on, the beds of limeham.

stone succeed, having- a dip to the south, and continue to the village of Clap-

From Clapham Dale the northern limestone resting on slate ranges in high
scars round the head of the valley of Wharfe, while the southern portion rises
into Clapham-Lodge Hill, and shows its returning edges above Austvvick.
Whether the slate rocks are continued superficially across the whole of the
intermediate ground from one valley to the other, does not appear very cer-
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tain ; but on approaching- the valley of Wharfe they are found covered by the
northern limestone, whose lower beds are filled with pebbles of slate, the
largest lying- at the bottom.
At this place I observed a very interesting occurrence of large slate blocks
scattered as well on the higher limestone scars of the north, as on the lower
ranges of the same rock on the south. We see the slate in situ covered by the
limestone edge, on the top of which, 50 to 100 feet above, we find the hu«-e
transported blocks of slate in great abundance ; further on the scars, to an
elevation of 150 feet, the blocks are still numerous, and they may be seen by
ascending one ledge after another almost to the top of the Fell, 500 feet above
their original position. They appear to have been driven up at a particular
place by a current toward the north, and afterwards carried along the surface
of limestone in a narrow track toward the summit of the Fell. The contrast

is very interesting between these rough angular masses of slate, and the
smoothed rain and time-worn limestone which supports them.
Valley of IVharfe.
The northern branch of the valley of Wharfe expands in its upper part into
a wide dale based on slate rocks, and encircled by high scars of limestone.
These are in several places undulated, so that the slate is exhibited at very
different heights on the opposite sides of the valley. In front, at the upper
extremity, the granular variety of slate rises to the height of 100 feet; at the
same height it appears on the east side, but is nearly level with the base of the
valley on the west. Lower down, where the opposite scars are more level,
slate fills the whole wide valley, ascends both hill-sides, and is seen touching
the limestone in several fine natural sections. One of these on the eastern
side*, not easily reached over a slope of loose stones 100 feet high, exhibits
the slate in distinct laminae of cleavage directed E.S.E. and dipping 45° S.S.W.
Pretty regular joints cross it with a dip N. 70°. It is cut off by a level top,
on which rest beds of limestone, filled, for about 8 or 10 feet, with very large
boulders of slate crossed by the same fissures which divide the calcareous paste.
In one of these pebbly beds I found a noble mass of Astreea lithostrotion.
Rihhlesdale.

(See Section F, Plate I.)

The slate rocks are seen ranging with -a level top under the precipices of
Moughton Fell, till, beyond the village of Horton, the limestone descending to
the river marks their northern boundary. Their southern range is on a lower
level, under the calcareous summits of Feizer to the Ribble near Little Stain* See Section E, Plate I.
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forth, so that this river runs for about four miles across the direction of the
siate rocks. This great expansion of surface has been favourable to the establishment ofslate quarries, of which several may be inspected near the S.E.
ano-le of Mou"hton Fell. The whole length of this scar fronting the Ribbie
deserves particular examination.
In a little stream nearly west of the village of Horton the slate is covered
by a series of beds which I did not find elsewhere. Immediately on the slate,
rests a layer of fragmented quartz and slate in a calcareous paste. Above, are
four feet of shale with a hard contained bed : next a bed 18 inches thick, of
frao-mented quartz and slate, with pyrites : then 2 feet of lumpy shale : 3 feet
of lumpy limestone : 5 feet of broad laminated shale, which throws out the
water; and 25 feet of limestone in the low scar above. The cleavage planes
of the .slate here range E.S.E. and dip 70° S.
Following the edge of the scar toward the south, a series of planes dipping
40"^ S. makes the slate appear stratified. Several variations happen in the direction of their dip, between this place and the great slate quarry further
south, where the tables dip S.W. Here the greater portion of the flags now
du"- is obtained; but, as no junction appears of the slate and incumbent limestone, the older quarries beyond are more interesting. In the first of these
the laminae range E.S.E. dip S.W. 43°, and are crossed by long smooth vertical
joints ranging S. and N., as well as by lesser ones ranging E.S.E. and dipping
30° N.E., and by others ranging E. and dipping 43° N. Soft greenish layers
occur between the tables. Beyond, is a still older quarry under the limestone
scar, where the laminae dip 80° S.W. ; and, in the lower ground, are two others,
where the planes of cleavage dipping N.E. 75° are crossed by long smooth
vertical N. and S. joints ; as well as by others dipping S.W. 60°, which become
so numerous as to exhibit a false cleavage. Hard nodules, often septariate and
containing calcareous spar, lie in the planes of slate at the lower quarry. Once
I thought an Orthoceras was distinguishable in one of these nodules.
East of the Ribbie, junctions of slate and limestone are scarcely any where
to be seen ; and the country is much less favourable to minute examination than
that previously described. But the slate is seen in many places with cleavage
planes ranging nearly S.E. ; and other characters may be investigated in
streams and fields, especially near the farm of Neil's Ings.
The northern range of limestone keeps its high level at the base of Penygent and Fountain's Fell, and forms the curious scars known by the name of
"Flat Rocks." The southern range of limestone crossing the Ribbie appears
at the village of Great Stainforth, at the level of the river, with a northward
declination.
South of this village it rises on each side of the river at a mode-
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rate angle to the summits of Settle Rocks and Giggleswick Scar, but no slate
is exposed beneath them.
A small portion of limestone crosses the stream at Great Stainforth ; but the
principal part is on the south side of its eastern branch, and goes on to unite
with the northern range in the bare white rocks of Malham Moors. Here
then is the termination of this range of slate, which has been shown to extend
without any ascertained interruption nearly in a straight course E.S.E. 15 miles
beyond the general line of its outbreak.
The phaE^nomena by which it is accompanied are of a very interesting description. The numerous streams and bold precipices which diversify the
country, reveal nearly all the peculiarities of its formation. Those who visit
this tract will remark the general fact, that from the first appearance of this
slate between two parallel bands of secondary rocks to its final concealment
under their reunited surface, the southernmost border is greatly depressed
beneath the analogous rocks on the northern side. On further investigation
it is discovered, that, wliile the northern carboniferous rocks lie nearly level
on their elevated floor of slate, the southern portion declines from these rocks
at a high angle ; and in Chapel le Dale and Kingsdale we find this great dip
accompanied by a great dislocation and confusion of strata.
An examination of these points is a clue to the relative positions of the rocks
in other situations ; for though, as at Stainforth, other dislocations and unexpected reverses of declination occur, we are always struck by the evident depression ofthe southern border of the slate. The extent of this depression in
Kingsdale certainly exceeds 150 feet, and in Chapel le Dale probably equals
400 feet. The appearances at Stainforth indicate about an equal difference
of level there, between the northern and southern calcareous boundaries of the
slate ; and I think the dislocation still continues to be traceable across the wide
surface of Malham Moors in the line of the Tarn. The only greenstone dykes
which I remarked in this country are seen in Chapel le Dale, at the place
where the dislocation and confusion of strata appear, and their direction is
in the line of the fault.
The lower beds of the northern range of limestone resting on slate are commonly filled with pebbles of slate and quartz. Generally very large boulders
of slate lie at the bottom, and the higher beds contain less and fewer pebbles
till the character of conglomerate finally vanishes in common limestone. The
pebbly beds may be known at a distance by their horizontal laminas and
weather-slits, which contrast decidedly with the vertical fissures of the equalgrained rocks above.
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This occurrence of pebbles in the lower beds of the mountain limestone is
not confined to the district in question. I have collected such specimens at
Underbarrow Scar near Kendal, and at Winder Moor near Ulswater, in
neither of which places is any old red conglomerate known to separate the
limestone and slate, though it occurs in lower ground in the neighbourhood
of both localities.
On the Siralijicaiion of Slate.
Few subjects are involved in greater difficulty than the question of the stratification ofslate. We see this rock divisible into layers, and sometimes observe these layers alternately of finer and coarser texture, — appearances which
in shale would be deemed very satisfactory evidence of the laminas of deposition ;but the generally vertical direction of the layers or planes of cleavage,
and the numerous geometrically intersecting joints, leave much doubt in the
case of slate.
This difficulty is not lessened by the fact, that, in many kinds of slate, there
are really two cleavages or sets of laminee, made evident by particular circumstances ofweathering, though generally only one which may be called the true
cleavage* is practicable by blows. The oblique laminae of false cleavage form
what is technically called the "bate" of the slate; and, though less evident
than those of the true cleavage, are generally regular and parallel to each
other, and intersect the planes of true cleavage at certain angles constant for
the same quarry ; as in the thick slate dug near Horton in Ribblesdale. But
sometimes these oblique laminae change their direction in passing through
contiguous layers of true cleavage, as in Leek Beck near Kirby Lonsdale. It
is in consequence of the oblique intersection of the laminae of bate and cleavage that the slates dug at Horton so generally break with edges bevelled on
one side as to be called " Sheerbate stone.''
From finding the surfaces of cleavage in the fissile granular varieties marked
with superabundant mica, and from observing that the organic remains were
laid in the same parallels, 1 have been induced to conclude that in these varieties of slate (as in sandstone, to which their composition seems analogous,)
the laminae of cleavage are indeed those of deposition.
But this conclusion will hardly apply to the unmicaceous slate rocks ; for
though near Horton the large tables of slate have knots parallel to their surfaces, and are even separated by softer greenish layers, yet the level top of
this series as it lies exposed for miles under the limestone scar, must still make
it hazardous to decide that the planes of cleavage and stratification are here
* Called "Spires" by the workman.
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coincident. And it is so often found in the slate of the middle division in the
Lake district, as in Langdale and Coniston Fells, that the planes of cleava"-e
cross alternate layers of finer and coarser matter, that most persons conclude
the cleavage of such slates to be nearly at right angles to the strata.
After taking much pains in measuring the angles at which the smooth planes
of slate meet each other in different quarries, in order to ascertain what rc^'-ularity might be ascribed to them, I was obliged to conclude that their symmetry
is confined to particular places^ and by no means to be stated in «>eneral terms.
Indeed I found that next to the cleavage planes, the most constant of all the
great joints were those which crossed the cleavage nearly at right angles in a
vertical direction.
The "bate" or false cleavage, w hich some observers have taken to represent
the laminge of deposition, is indeed generally constant in the same place ; but
even this has exceptions ;— and notwithstanding the seductive nature of the
appearances, it will probably be found on full investigation that the only really
constant planes in slate are those of the cleavage ; and that they are not always
parallel over even a moderate tract is evident, by inspecting the quarries near
Horton, where, within the compass of half a mile, they dip in opposite directions under the level top of limestone.
Dislocation south of the range of Slate.
Besides the great dislocation which accompanies the southern border of
these aberrant slate rocks^ and depresses the limestone strata on that side
another very important fault of the same kind running in the same direction,
and also depressing the beds on the south side, is clearly traceable across the
valley of Ribblesdale, and over Malham Moors toward Wharfdale.
The general history of this great fault must be in some degree known to all
geologists who have visited the rocks of Gordale and Malham, or travelled up
the steep ascent of Giggleswick Scar. It may be without hesitation affirmed,
that no dislocation of strata in the island is more distinctly marked on the surface, bythe equal opposition along a certain line of rocks, which in their undisturbed places are separated by five hundred feet of other strata.
In order to understand the nature of the appearances presented in the
neighbourhood of Settle, it will be convenient to examine the stratification of
Ingleborough and Penygent.
Commencing with the top of Penygent, the series stated in general term.s
with estimated thicknesses appears in the following order :
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Feet.

Alternations of sandstone and shale with bad coal

100

Millstone grit, which forms the summit of Ingleborough
Alternations of sandstone and shale

GO ?
100

>
10
.
Shale .
estone 60 8 feet"\J
hin lim
limestone
{TMural
Alternations

80
120

Limestone
foot ofholes
the conical parts of these mountains marked") J
by ranges atoftheswallow
Thick series of shales and sandstones, with thin limestones
Great scar limestone
Slate series of unknown thickness.

150
400

Long- and repeated investigation has shown me that the upper belt of limestone in Pendle Hill, Penygent, and Ingleborough, is the main or twelvefathom limestone of Aldstone Moor and Svvaledale ; that the four-fathom or
underset limestone of that district is to be sought at the foot of the conical
parts of these mountains, and that the vast scars at their base are formed of
the scar, Tyne-bottom, and other lower limestones of Mr. Foster's section. I
forbear to enlarge on this subject, because I am not without hopes of preparing
a general table of synonyms for the limestone beds over a great part of the
north of England.
Coming on the road from Clapham toward Settle, we see on the left the
grand limestone cliffs of Giggleswick in the form of a decided outbreak, and
in conformity with common appearances might be led to look on the right of
the road for some of the lower formations. Instead of this we find, at the very
summit of the road, millstone grit close to and under the limestone scar, and
stretching away to an eminence on the right a little lower than the highest
point of the limestone*. According to the estimation of thicknesses given
above, the dislocation here may be supposed = .510 feet. Perhaps neither of
the opposed rocks is here complete, but the errors thus arising are of contrary
values. At the edge of the scar the limestone beds " hang" toward the south,
but on the top what dip they have is toward Peizer. But the millstone grit
dips rapidly away toward the south ; and as it approaches the village of Giggleswick changes this declination to S.W., withdraws its craggy edges behind
the village, and allows the exposure of the upper belt of limestone in the Ribble
at the bridge, and for the length of a quarter of a mile below. The dislocation
here would seem to exceed eight hundred feet, unless the scar limestones dip
toward the river.
See Section G, Plate I.
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Ascending- the steep hill side, strewed with loose blocks of slate, we find the
road from Settle toward Malham running- like that toward Ingleton, nearly on
the line of this dislocation; having- on the left a dry limestone hill 150 feet
hig-h, and on the right a moist surface of millstone g-rit. The limestone is protruded to a bridge on the Kirby Malham road, (over a stream which comes
round the western side of Ryeloaf Hill,) there forming a fine amphitheatre of
rocks with a waterfall in the midst, and
down the stream, where it is suddenly
appearances seem to indicate a flexure in
wards most satisfactorily traced between

extending- in clifls about !200 yards
succeeded by millstone grit. These
the line of dislocation, which is afterthe gritstone summit of Ryeloaf, and

a limestone hill of at least equal height on the north*.
Supposing, what I believe is the case, that this hill contains the whole series
of the lower limestones, the dislocation here may be taken at about 500 feet.
The different aspect of the herbage continues to denote and accompany the
dissimilar character of the contiguous strata by Lord Ribblesdale's Calamine
mines to the valley of the Aire, a little below IMalham. Afterwards, it proceeds
between Brown Hill and Gordale Scar, toward the south of the village of Skythorne, beyond which point, whether its course be confused with the other
dislocations of the Grassington mining field, or may be laid down by future
observation, I have not yet ascertained.
* See Section 11, Plate I.
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§ 1, Introduction.
DO much has been written on the physical structure of the Isle of Arran,
that an attempt to add our own observations to those which have been already
published may require some preliminary explanation*.
After a careful examination, during- last summer, of the north-eastern shores
of the island, we thought that we discovered a sufficient proof of the existence,
in that region, of a succession of formations which are the representatives of
the old red sandstone, the carboniferous series, and the new red sandstone of
English geologists.
If this conclusion be true, the evidence upon which it is founded (depending upon the observed superposition of the several beds, and the organic remains contained in them) cannot be unimportant. For the details will not
only assist in completing- the natural history of Arran, but will connect its
structure with that of the neighbouring main land of Scotland. We hope,
also, that they will throw light upon the true relations of those masses of conglomerate which are spread out on both sides of the Murray Firth, which
form a well-defined mountain chain in the southern part of Caithness, and are
developed upon an enormous scale on the western coasts of Ross-shire and
Sutherland. The determination of the age of these great deposits appears,
after the facts published by one of the authors of this paper, to be the only
thing- wanted to fix the true epoch of all those interrupted fragments of
* We more particularly allude to "The Mineralogy of the Scottish Isles," by Professor
Jameson ; "The Mineralogy, &c, &c. of the Island of Arran," by the Rev. James Ileadrick ;
and "A description of the Western Islands of Scotland," by Dr. MacCulloch.
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secondary formations which are found in so many parts of the Hebrides, and
the northern coasts of Scotland.
We hope in a subsequent communication to prove, partly by tlie lielp of the
Arran section, that the conglomerates above mentioned are the equivalents
of the old red sandstone, — that they are in a few places, and without the intervention of the carboniferous order, surmounted by masses which probably
represent a portion of the newer red sandstone and its conglomerates, — and
that they thus exhibit, in strict conformity to the order of succession established among- the English strata, a natural introduction to these superior
deposits which had been previously identified with the lias, and a large portion of the oolitic series*.
General strncture of the Island Arran.
Having thus briefly explained tlie objects we propose to ourselves in the
present communication, it may be proper to describe in a few words the general structure of the Isle of Arran, with a view of exhibiting the true connexion between the formations which will be described in detail, and the
inferior rocks of the neighbouring districts.
If a line be drawn from the south side of Brodick bay to Machrie water,
it will divide the island into two nearly equal portions, which are alike distinguished bytheir external features and internal structure. The hills which
rise in the interior of the southern region have generally neither a great
elevation nor a striking form, and are almost exclusively composed of different
varieties of trap. Near the coast we meet with extensive deposits of red sandstone, all apparently of one formation, and generally in an horizontal position ;
but overlaid, interrupted, and traversed by innumerable masses of trap, exhibiting- every imaginable variety of combination.
In the northern region, on the contrary, all the central parts are occupied
by lofty serrated mountains of granite, on the flanks of which repose a
number of distinct formations, the subordinate beds of which are in some
places much broken and contorted, and generally in a highly inclined position. All these several formations, from the granitic nucleus to the newest
stratified deposits, are occasionally traversed by trap dykes, which perfectly
resemble some of the innumerable dykes of the southern portion of the island.
Primary/ Slate of Arran, ^c.
The northern, the western, and the southern slopes of the central mountains of granite are succeeded by chains of hills composed of different varieties
of primary slate. On a part of the eastern slope, between North-Sannox and
* Geol. Trans. New Scries, Vol. II, Part II. pp. 293, &c.— Part III. pp. 353, &c.

Relations of the Secondary Strata in the Isle of Arran.

23

the hills above Brodick wood, tlie chain of schistose rocks is wanting, and
enormous masses of secondary conglomerate may be traced nearly to the base of
the precipices of granite, and probably rest immediately upon that formation.
Prom lorsa water to the south side of Catacol bay, different varieties of
micaceous and chloritic schist occupy the coast ; and, on the whole, appear
by their dip to conform to the mineralogical centre. At Catacol bay, two
great spurs of granite advance towards the coast, and seem to have cleft
asunder the whole chain of slate rocks, which on opposite sides of the bay
dip to the N.W. and S.W., — an effect apparently produced by dislocation.
Prom Catacol bay to the hills which rise on the north-eastern shore of
Loch Ranza, the zone we are describing is chiefly composed of a quartzose
variety of chloritic slate. The dips are various ; but on the whole the beds
incline towards the interior of the island, and appear, therefore, to abut
against the granite.
Prom the mountains which rise to the N.E. of Loch Ranza, the primary
slates form a continuous ridge stretching in a south-easterly direction ; but
they gradually thin off, and disappear in the upper part of the glen of NorthSannox. In this region the rocks no longer exhibit the same crystalhne
texture which they did in the former part of the range; and the dip again
begins to conform to the mineralogical centre. • In the slate quarries of GJen
Halmidel they resemble some varieties of Cornish Killas ; and in the hill above
the salt-pans called Laggan Camp, we in one instance found them passing into
a conglomerate form.
Above Brodick wood the zone of slate reappears, and again takes its place
between the secondary formations and the granite, and ranges across the
island to lorsa water. Its superficial extent in tiiis part of its range has not
yet been well laid down, and its southern limits are perhaps obscured by overlying masses of trap. In the brow of the hill overhanging the south side of
Glen Luig, we found it in a form often put on by the middle zone of the slate
rocks of Cumberland, associated with an irregular bed of gray cry.stalline limestone, and traversed by a dyke of decomposing trap.
Prom all these facts, it follows that the slate rocks of Arran have not been
successively deposited upon the granite in any regular order, which is indicated
either by the mineralogical character, or the superposition of the component
beds. Were there any doubt on this subject, it seems to be set at rest by
the celebrated junction of Tornignion ; where a whole mountain (composed
of strata partaking of that dip to the interior, which was mentioned above,) is
seen to abut against the granite, which moulds itself into the broken edges, and
in the form of veins is prolonged into the fissures and gaps of the schistose mass.

24

Rev. A. Sedgwick and Mr. Murchison 07i the Geological

These phsenomena, and the conclusions derived from them, have been so
often stated, that we only mention them in this place by way of introduction
to the conclusions which follow from the relations of the same granitic nucleus
to those secondary rocks of the neighbouring coast, which we now proceed
to describe*.
§ 2. Coast section from Loch Ranza to Brodick.

(See Plate III.)

Having thus in a general way explained our objects in writing this paper,
we now proceed to describe in detail the coast section from Loch Ranza to
Brodick, which exhibits at the same time the succession of all the secondary
deposits, and their relation to the inferior rocks which form the nucleus of the
northern part of the island.
In following the coast southwards from Loch Ranza, a patch of red sandstone and conglomerate of about three hundred yards in length occurs upon
the shore under the farm of Newtown, resting unconformably in a depression
of the schist ; the sandstone dips at a moderate angle to the N.W., whilst the
schist is highly inclined to the N.N.E. The junction of these rocks is well
worthy of notice, the bed of conglomerate for a foot or two in depth appearing to graduate into the chlorite schist, and exhibiting lines of slaty cleavage.
Near this place several trap dykes penetrate through the sandstone and schist.
At AuUmore (the large burn) the schist finally recedes from the shore, and
the strata of red sandstone, consisting of coarse conglomerate alternating with
beds of fine sandstone, rise in the clilT and form round-topped hills of the
elevation of eight or nine hundred feet, from the side of which a vast ecroulement called the Screetenf has encumbered the beach with fragments ; one of
the largest of which. The Cock, is a well known landmark, and is laid down
in all the maps of the island.
To the south of the Screeten the sandstone and conglomerate form a succession of lofty terraces ; and their junction with the slate range of the interior is
marked by a deep depression or bowl, called by the natives Clach-rachen, near
which the sandstone is in a finely comminuted state, alternating with marls
and green earth. Looking back from the bay south of the Cock, the whole
thickness of the red sandstone series above described is seen at one view ;
the lowest beds of it terminate in a very coarse conglomerate alternating
* The above sketch may serve as an introduction to the matter contained in the next section
of this paper. For more perfect details respecting the general structure of the Isle of Arran, we
must refer to the " Description of the Western Islands of Scotland," by Dr. MacCulloch.
t This and the other Celtic words made use of in the present memoir are written as they are
pronounced by the islanders.
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with layers of remarkably fine red sandstone. It is unnecessary to describe
these beds in very great detail ; many of them resemble the harder varieties
of the new red sandstone of England, and exhibit a blotched and varie^-ated
character. Some of the conglomerates contain an extraordinary number of
white quartz pebbles of various sizes, the presence of which can hardly be
explained by the degradation of any of the neighbouring rocks ; other beds
of this conglomerate are, on the contrary, and agreeably to the general
analogy of similar rocks in other parts of Scotland, made up of fragments derived from the neighbouring slate series. We did not remark any granite
pebbles in the conglomerate, — an important fact, first noticed, we believe,
by Dr. MacCulloch. Among the conglomerates were some in which the
fragments were so far comminuted as to resemble coarse white sandstone ;in other beds the pebbles were held together by a pure white calcareous cement. If the specimens were described at great length, it would be
necessary to mention the different colours of the strata, arising from the varieties of the imbedded pebbles and the change of the cementing principle :
on the whole, however, a red colour characterized both the conglomerate and
sandstone. By reference to the coast section *, it will be seen that this group
is superior to the formations about to be described ; from which we infer that
it must represent the new red sandstone of English geologists.
The preceding group is succeeded by a set of beds of considerable thickness,
partaking of the same dip to the N. W. and exhibiting a character intermediate
between the new red sandstone and the carboniferous series ; the upper portion composed of red and gray variegated blotchy marls, alternating with soft
white freestone, singularly meagre and harsh to the touch. Iron-stone nodules
are interspersed among these beds, some of which have that false cleavage so
characteristic of portions of the new red sandstone. Towards the bottom of
this series the white freestone predominates, and gradually passes into sandstone and grits, apparently belonging to the upper part of the coal-measures.
This intermediate group of the series is extended for a few hundred yards
along the shore, and is terminated by six or eight thin beds of compact red
limestone containing organic remains, which are of great importance in determining the true relations of the Arran secondary strata, and have not been
noticed in any previous account of the structure of this island. The highest
of these beds are of a deep red colour, thin and fissile, resembling an indurated
calcareous shale, and contain numerous organic remains standing out in relief,
* Plate III.
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The lowest beds are thicker, of a lighter red colour, and pass into a hard and
nearly compact limestone, in which are many veins of a gray colour, and
numerous impressions of the larger valves of Producta Scotica ?
The fossils of these beds which fell under our notice consist of
Other Localities.
1. Producta lobata.
T. 318, Min. Conch.
2.
horrida,
T. 319
3.
4.

Martini.
latissima.

5.
6. ■

spinosa ? T. 69
New species not figured

1. Spirifer undulatus.
2.

T. 317
T. 330

T. 562

octoplicatus ?

..

T. 562

In the magnesian limestone, Sunderland ; and
also above the coal, Derby.
Derbyshire.
Anglesea and Devon.
In Scotland only.

Magnesian limestone, E. Thickley, Durham.
Ditto
Ditto

Encrinites, 3 to 4 species
Corals ?

Below these fossil beds follows a succession of white sandstones of rather a
foliaceous structure, some of which however are amorphous and more compact, with a subordinate bed of red iron-stone in a septarian form; which, from
being intersected by a number of cross fissures, resembles a tessellated pavement, and is described by Dr. MacCulloch ; other associated beds consist of
white honeycombed sandstone, and layers of sandstone blackened with carbonaceous matter. For a very short interval the strata are not clearly discernible on the shore, through the accumulation of shingle and debris; but, immediately to the north of the salt-pans, beds of white sandstone re-appear
(identical with those above described), overlying and alternating with blue and
black bituminous shales, most of which are highly calcareous, and full of encrinital stems and other organic remains. These latter pass into beds of regular
coal shale, two and three feet in thickness, in which are found the characteristic
plants, such as the PhytoUthiis verrucosus of Parkinson, reeds, and trunks of
arborescent ferns flattened; — in some of these beds coal was formerly worked *.
The alternations of shale and sandstone are continued for some distance, beingsucceeded by calcareo-bituminous shale, charged with Encrinites, and overlying white sandstone. This sandstone forms the cover of a black calcareous
rock, perfectly analogous to some of the most common varieties of the mountain
limestone of England, Avhich contains throughout its mass many Productfe
(P. Scotica ?), a spiral univalve resembling Rostellaria, spines of Echinites,
Caryophyllia, Encrinites, and rarely an Orthoceras. This black limestone forms
* These vrorks have for several years been closed up. The best published account of them
may be seen in the work of Mr. Headrick, p. 212 — 219.
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bands separated from each other by courses of shale called "till" by the
natives, with many fine specimens of Productee.
All the beds described in this coal series, viz. from the red to the black
limestone, rise high on the sides of ihe schist mountains, which occupy the
two terraces of Laggan on their inland or south-western flank. The two distant beds of limestone having been traced to a considerable elevation in the
sides of the mountain, preserving the same range and dip as upon the shore,
there can be no doubt that the intervening carboniferous and sandstone beds
are also prolonged up the face of the mountain : we calculated the distance
between these two beds of limestone to be from twelve to fourteen hundred
paces. The account therefore which has represented this coal-field as a small
triangular space inclosed by limestone must be erroneous. The error probably
originated in the fact that the coal works here were interrupted by two trap
dykes, which in intersecting each other, cut off a very small triangular portion
of the coal-field, the only part of it in which the works were prosecuted*.
In a descending order, the next important beds are strong white grits, which,
near Millstone Point, are much dislocated, and piled upon each other in large
blocks of prismatic form : from thence, turning into Laggan-twine Bay, the
strata consist of alternations of white sandstone and shale, the latter beinjj
generally of a red colour, and somewhat more indurated than nearer the coal
pits. The open bay which follows is filled with small boulders, and on the
other side of it is a repetition of the sandstone series with the same dip N.N. W.;
but the angle is increased to 43'^ and 50°. A series of beds of trap next succeeds, which may be generally described as follows :
1 . Dark porphyritic trap, with an earthy base, containing crystals of diallage
metalloide.
2. Black porphyritic greenstone.
3. Lighter coloured, and more earthy varieties of porphyritic greenstone.
4. Claystone, with veins of green earth.
5. Various amygdaloids abounding in crystals of carbonate of lime, and
having some of the cells filled with finely crystallized green earth ; others with
a dark steatitic substance, and more rarely with zeolite f.
These trap rocks occupy the shore for about a quarter of a mile, during which
space they preserve all the appearance of regular beds, having the same range
and dip as the superior and inferior strata of the coast section. They are followed bybeds of shale so indurated as to put on all the characters of Lydian
* See the work of Mr. Iltadrick on the Island of Arran, quoted above.
t This description is taken from notes made on the spot. The specimens we collected from
this remarkable group for the purpose of more careful examination were unfortunately lost.
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stone, when in immediate contact with the trap ; and these are again underlaid by thin beds of shale with obscure impressions of plants, and by beds of
sandstone. The altered carbonaceous shale frequently breaks into rhomboidal
fra"ments and has associated with it thin laminae of a substance resembling
anthracite, probably derived from the vegetable remains which accompany
these beds. Such changes, however, are not uniform; for other beds, possessing the ordinary soft shaly texture, are to be seen in absolute contact with
the trap. The lowest shales rest upon, and alternate with, very hard lightcoloured sandstone, which may be considered as terminating the carboniferous
group.
Old Red Safidstone.
The line of demarcation between this formation and that just described
must be regarded as in some degree arbitrary ; since in following the line of
coast for several hundred feet, the dip undergoes no change, and the physical
character of the beds continues nearly the same, except that vegetable fossils
are now absent.
On approaching Groggan Point, the beds are much changed in structure :
highly indurated sandstone of a light red tinge alternates with masses of indurated shale of a red, gray, and greenish gray colour. Associated with the
above are hard dark-coloured calcareous beds, containing many quartz pebbles,
thus passing into a conglomerate form; and subordinate to the above, are many
irregular concretions of nearly compact carbonate of lime not to be distinguished from the cornstone of Herefordshire. These characters, and the absence of vegetable fossils, induced us to separate this group from the carboniferous series, and to place it at the head of this section. At Groggan point
are seen the first beds of unequivocal old red sandstone gradually passing from
a pink-coloured grit into a very coarse conglomerate, which rising high upon
the flank of the mountain, increases in the angle of dip, viz. from 45° to 70°, in
proportion as it recedes from the shore. Here the schistose mountains approach rather abruptly towards the coast, but they never, as has been sometimes stated, entirely cut off" the zone of secondary rocks we are now describing*.
In the adjoining small bay, white sandstone and purple-coloured shale are
succeeded by a blood-coloured spotted sandstone, from beneath which a vast
hill of conglomerate called Craig a Caajou (cheese crag) rises to a height of
from eight to nine hundred feet. Here there is a most remarkable debacle of
the conglomerate, enormous masses of which have fallen from the precipitous
* See Headrick on the Isle of Arran, p. 221, &c.
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face of the hill, and are confusedly piled upon the steep ascent; and from hence
the same beds are continued in a low mural escarpment to North Sannox,
where the cliff disappears. This position has great geological interest : 1st,
because it is here that we must place the anticlinal axis of the coast section ;
2ndly, the primary schist thins out at this point, so that the old red sandstone
and conglomerate range for upwards of two miles high in Glen Sannox, and
may be traced even to the base of the serrated granitic ridge. Some of the
lowest beds of the conglomerate in this region assume the character of very
compact grauwacke slate ; and these, as well as others of the same age on the
shore, are traversed by dykes of very compact greenstone*. At Mid-Sannox
the cliff viewed from the sea is a mural escarpment of conglomerate, the lines
of stratification of which deviate little from horizontality ; but at South Sannox
the dip is decidedly reversed, being to the south of east. At the latter place
a low cliff of conglomerate and sandstone is broken into by frequent transverse
gullies, some of which may have been simply the result of denudation, whilst
others may have been fissures produced by the vicinity of the granite ; indeed
the shore here is encumbered with a vast accumulation of boulders of granite,
there being no longer any schistose range of mountains interposed between
the granitic nucleus and the coast to impede the transportation of these blocks.
At about one-third of a mile north of the village of Corry, the conglomerate
beds are surmounted by white and spotted sandstone, and an impure concretionary limestone. As the latter is precisely similar in character to the cornstone described on the other side of the anticlinal axis near Groggan Point, its
existence in this situation is important in the verification of the ascending
series which we are now describing. This being the final appearance of the
old red sandstone on the coast, it may be necessary to add a few words respecting itsgeneral composition. On a great scale it is to be viewed as a red
conglomerate with many subordinate beds of sandstone, which cannot, either
from the nature of the pebbles or the cementing principle, be distinguished
fi'om the newer conglomei'ate ; neither can the sandstone of the one series be
described as differing from that of the other. The existence, however, in the
one deposit of beds of arenaceous grauwacke slate near the bottom, and that
of the cornstone in the upper part of the formation, strongly identify it with
the old red sandstone. Moreover, independently of any such distinctive characters, the intervention of the well developed groups of the carboniferous
series enables us with certainty to separate the two great deposits of conglo* In the higher part of the burn at North Sannox, and very near the granitic nucleus, are large
masses of sulphate of barytes associated with the conglomerate, with which they appear to have
been contemporaneous.
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merate from each other, and to arrang^e them with the analogous members of
English geology. In one respect, however^ these deposits differ materially
from those of the same age in England, since there appear to have been no
disturbing forces to interrupt the continuity and conformity of the beds from
the base of the older conglomerate, through the carboniferous series, up to the
highest beds of the new^ red conglomerate ;— these several formations being
not only parallel to, but actually graduating into each other.
Carboniferous Series.
At the north end of the village of Corry we meet with beds of white sandstone and grit, similar in the ascending order to those which have been described inthe sections of the descending series as interposed between the old
red sandstone and the mountain limestone ; but here they occupy a much less
breadth, which may easily be accounted for by the thinning out of the shale
and coaly beds, and the omission of those large interpolated masses of trap
which occur at Groggan Point. At Corry the mountain limestone succeeds,
and is extensively quarried for several hundred yards along the hill side, from
caverns which are excavated upon the dip, which is S.S.E. 40^ The beds are
of strong and nearly compact grayish blue limestone, much veined, about
twenty in number, from eight to ten inches thick, and separated by bands of
red shale, the whole surmounted by a magnesian limestone of four feet in
thickness. Beds of precisely the same magnesian composition are very common in all formations of mountain limestone, and are here simply worthy of
remark, because they are found in the same position in other quarries of limestone in Arran.
Among the fossils, specimens of the large Producta Scotica are so abundant
as entirely to form the lower layer of many of the beds ; being arranged very
symmetrically in the exact position of the living shale, with their convex valves
downwards, and pressed into the red shale. Among the fossils are also Spirifer
striatus, encrinital stems of large size, Cardimn alceforme, and the madreporites so common in the mountain limestone.
The limestone is overlaid by a succession of strong beds of freestone, which
have been much worked, but are now in disuse, the finest qualities of flagstone
having been extracted : a series of specimens might however be derived from
these quarries identical with the common grits of the English coal-measures;
and the existence here of several coal plants in a position similar to those described at the salt-pans completes the analogy. To the south of Corry commences aseries of dislocations marked by corresponding advances of the granite
from the central ridge, each of which seems to have produced an upcast in the
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limestone. The first example of this is seen near a small cascade, where the
limestone beds containing the Productae are partially exposed. Again, nearly
one mile further south, a most enormous throw has brought up the same limestone high in the face of the hill, and upwards of half a mile from the shore.
The following is a section in ascending order of the beds exposed at this
quarry.

-

Feet.

1. Or lowest beds, in number eight or nine, of compact bluish limestone . .
2. Three thin beds alternating with shale, and charged with Producta\
Scotica
(
3. Shale and limestone with fossils
4. Strong bed of limestone, surmounted by several bands of red shale ....
5. Red cellular limestone — magnesian

5

,
^2
1
12
2

6. Strong micaceous reddish sandstone, — dip, S.S.E. 43°
About..

10
32

The higher part of this quarry is traversed by a dyke of whinstone.
From this point, in looking to the south, the carboniferous series is seen
rising high above the limestone, even to the summit of the round-topped hill
called Meal Doun, at least one thousand feet above the tidal level. The lowest
part of the series is chiefly composed of white sandstone; and in the escarpment of the hill, coal and shale plants are found. The summit consists of bluish
gray and reddish gritty flagstone of the coal-measures (resembling the Pennant grit of Bristol) ; and these beds dipping rapidly to the S.S.E. are brought
down to the shore north of Brodick Wood, where they are extensively worked.
On the norlh-western side, the summit and escarpment of Meal Doun are cut
through by a trap dyke about eight yards wide, running nearly north and south.
Few beds are visible on the shore along the line of these great faults, the coast
being generally covered with very numerous boulders of the granite of Goat
Fell, some of which are of enormous size. Nearer to the village of Brodick,
the beds on the beach and in a low cliff" indicate much disturbance; whilst
another great fault carries down the strata to less than half the elevation they
had attained in Meal Doun, the dip being changed to S.E. by S. and the angle
increased to 70° : the course of these beds is traceable tlirough Brodick Wood
by the west side of the castle to the inn.
Beyond the village of Brodick the
same system of calcareous beds is apparently cut off" by a wide denudation, in
which is a rich alluvial tract forming the centre of the bay, but they reappear
in order on the side of the new road leading to Shiskin, and occupy a conspicuous hill bounding the plain of Brodick on the west, and separating Glen
Shiragh from Glen Leug.
The old red sandstone reappears in Glen Shiragh
below the above beds, dipping conformably, and at the same high angle of 70° :

32

Rev. A. Sedgwick and Mr. Murchison on the Geological

and here ao-ain its lowest beds present the usual character of a fine micaceous
compact and slaty sandstone resembling- some varieties of grauwacke. The
limestone and associated sandstone rise from the plain of Brodick to the summit of an adjoining- hill, and in their prolongation to the S.W. pass under the
trappean and porphyritic masses of the central and southern regions of the
island ; whilst towards the coast the same strata are by their range and high
inclination carried under the newer conglomerate and red sandstone of Coryo-ills on the south side of Brodick Bay ; thus affording, in the short distance of
about two miles, another exhibition of all the secondary formations previously
described. The continuation of the new red sandstone along the southern
shores, with the innumerable interruptions in it occasioned by the intrusion
of every possible variety of trap rock, does not belong to the immediate obiects of this memoir ; but we may remark that this deposit soon loses the character of a coarse conglomerate, and assuming the aspect of the ordinary new
red sandstone is associated with extensive beds of variegated marls, which probably belong to a higher part of that formation than any portion of the cono-lomerate which overlies the coal-measures to the north of the salt-pans*.
§ 3. Concluding Remarks founded on the preceding details, S^c. S^c.

I. It appears from the preceding details, that the principal conclusions we
have endeavoured to establish are founded upon the unequivocal order of
superposition, and the mineralogical character of the several formations, confirmed by the nature of the organic remains contained in some of the subordinate beds.
The lower conglomerate and sandstone are referred to the old red sandstone,
because they are inferior to beds which are supposed to represent the carboniferous order ; because they contain beds having the character of grauwacke ; and also because they have subordinate beds of concretionary limestone resembling the cornstone of Herefordshire and South Wales.
The central group is referred to the carboniferous order, because it contains
beds perfectly like mountain limestone, and having the same suite of fossils, but
* We are unwilling to mix up our conjectures with a statement of facts founded on perfect evidence ; and the structure of the western shores of Arran seems almost to preclude the possibility
of deciding upon the age of all the deposits in that quarter. The red sandstone north of Druman.
doune, with its veins of pitchstone, &c. is very analogous to that of Corygills. From Tormore
to Machrie Water, no strata show themselves in the coast; and it is possible that this wide depression may have been occupied by the coal-measures. In this case the highly inclined rocks
between Machrie and Eorsa Waters must represent the old red sandstone.
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resembling- no other secondary limestone of the British series; and because
the same beds are surmounted by a carboniferous deposit containing three or
four of the most characteristic fossils of the true coal-measures. The mineralogical character, and the greater part of the fossils of the upper red beds of
limestone, bring them also under the carboniferous order ; and if so, only prove
what is known to be true in many other places, that the mountain limestone
and coal-measures alternate with each other. It must, however, be allowed
that some of the fossils in this set of beds are also found in the magnesian
limestone overlying the coal-measures of Durham ; they may therefore by
some geologists be classed with that formation, in perfect conformity with the
order which we have attempted to establish.
Lastly, the upper red sandstone and conglomerate have the character and
relations of the new red sandstone, and are therefore classed with that formation. We may add, by way of confirmation to this mass of evidence, that
the preceding conclusions are rendered probable by the structure of the
nearest main-land of Scotland.
If, however, we assume all this to be true, it must be allowed that there are
some points in which these formations differ from their equivalents in many
other parts of Great Britain : for the sandstones of the intermediate formation
are generally of a more brilliant white colour and less coherent texture than
the common gritstones of the coal strata; and the three formations are not
only perfectly conformable, but, as above stated, graduate insensibly into each
other. If, therefore, the rocks of the Arran section were assumed as the general type of all contemporaneous deposits, there would then be no serious
objection to a classification attempted by some continental and British geologists; wherein all the rocks of the orders above described are considered as
belonging to one great formation of red sandstone, of which the carboniferous
series only forms a subordinate part : for as we extend our generalizations
we must necessarily diminish the number of our geological groups. AVe therefore think that this classification may have its advantages in comparing the
contemporaneous deposits of remote regions. It is certainly inapplicable to
the English secondary rocks, because the newer red sandstone is there always
unconformable to the carboniferous, and consequently finds its true place in
the superior order. This demonstrates that the carboniferous order of England was dislocated before the existence of the next superior order : but all
dislocations are probably, in a certain sense, local phasnomena; and on that
account we do not think that a want of conformity is one of the elements which
will much assist us in grouping together or in separating contemporaneous
deposits in distant parts of the earth.
VOL. III.
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II. Among these concluding- observations we may remark the great symmetry of the coast section on both sides of the anticlinal axis. There is hardly
a single characteristic group of the descending which may not also be detected
in the ascending series. We were assisted in effecting this by the lower beds
of mountain limestone^ which cannot be mistaken, and which enabled us to
discover, and in imagination to reassemble, the broken fragments of the
several formations on the south side of the inferior conglomerates. To this
observation there is one remarkable exception. The beds of trap at the south
end of Laggan-twine Bay have, we believe, no representatives in any part of
the coast section to the south of North Sannox, Does not this, among many
other reasons, seem to prove that the trap in question did not originate in the
same causes which produced the otiier beds among which it is interposed ?
III. The same beds of mountain limestone enable us to ascertain the number and the extent of the great faults which interrupt the secondary formations.
The marks of dislocation are most visible in the parts of our section where the
secondary rocks are spread out at the base of the central mountains of granite ;
and the greatest transverse fractures are seen where some bulging protuberance of granite encroaches on the bearing of the stratified deposits. We
believe that no system of subsidences could account for these phaenomena,
which appear to us inexplicable on any hypothesis which rejects the mechanical elevation of the granitic nucleus. This conclusion is in accordance with
what we stated in our introductory remarks on the relations of the slate and
granite at Tornigneon near Loch Ranza.
IV. The preceding conclusion derives a most striking confirmation from the
fact, that many of the masses of secondary conglomerate which appear close to
the base of the great precipices of granite, do not contain a single pebble of
that rock. This fact, which has been frequently remarked before, seems to
prove to demonstration, that when the conglomerates were formed, the granite
could not have existed, at least at its present elevation *.
V. If the preceding observations prove that the great dislocations of the
secondary strata were produced by the elevation of the granite, it follows that
* We do not mean to assert that granite pebbles are found in no part of the conglomerates
mentioned in the text; the establishment of such a negative proposition would require more observations than are, perhaps, possible : we only assert a general fact, which is sufficient to bear
out the conclusion we have drawn from it. During last summer we observed a great many masses
of conglomerate, and always found them made up of pebbles derived from the nearest primary
mountains. The old conglomerates in the southern parts of Caithness rest, in some instances, on
the flanks of granite mountains, and contain so many fragments of the central rock, that it is difficult to determine where the granite ends and the conglomerates begin. Similar facts have been
observed at two or three localities near Inverness.
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the upheaving forces must have been in action some time after the deposition
and consolidation of the new red sandstone. It also follows that the granite
could not have been in a fluid state at the time of its elevation ; for had that
been the case^ it could never have risen into lofty mountains and mural precipices, overhanging the secondary strata, without ever flowing over their
broken edges, or penetrating their mass in the form of dykes. The phsenomena at Tornigneon, before alluded to, may seem opposed to this conclusion.
But we must remember that at the time of the elevation of the granitic nucleus,
all parts of it were not necessarily at the same temperature. It is also probable that the first dislocations of the primary slate were not contemporaneous
with the last elevation of the granite, by which the secondary rocks were
broken in the manner above described, and upheaved into the positions they
now occupy.
VI. If it appear from the preceding statements that the granite, in its present form, is posterior to the new red sandstone, we may also remark, that the
trap of the southern division of the island is also posterior to that formation.
For the trap not only traverses the sandstone in places without number, but
has flowed over it, and formed mountain masses of overlying rock. It must,
therefore, have been in a much more fluid state than the granite at the time
of its eruption : and this is probably the chief reason why the stratified rocks
are so incomparably less dislocated in the southern region of the island than
they are in the northern.
VII. Respecting the exact age of the trap, we have no secure grounds of
conjecture : in this respect, the only thing we can certainly determine is the
limit of its antiquity. There may have been several periods of eruption : for
the greatest part of the trap of the Hebrides is newer than the oolitic series,
and in the north of Ireland it is newer than the chalk.
The data for determining the epoch of the last elevation of the granite of
Arran are perhaps still more imperfect. As, however, all the elevated formations in the northern division of the island are occasionally traversed by trap
dykes, we have a proof that those internal movements which produced the
great eruptions of trap must have had their origin below the foundations of
the granitic mountains. If these eruptive forces were not able to break through
the thick covering of granite and primary schist, they may have acted on them
in the mass, have partially penetrated them, and been the very agents by which
they were lifted up to their present elevation*.
* The hypothesis advanced in the text is in accordance with what we observed in many of the
primitive districts of Scotland. On reaching the centre of elevation we did not always find granite,
The analogy, presented by actual junctions
but often found gneiss penetrated by granite veins.
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OF FOSSIL SHELLS.

Upper Limestone.
Salt-pans.
T. 318. Min. Conch.
Producta lobata.
— scabricula.
T. 59
_
horrida.
T. 319
Martini.
latissima.
spinosa ?

T. 317 ...
T. 330 ...
T. 69
New species
T. 562

Spirifer undulatus.
octoplicatus ? T. 562
Columns and auxiliary side arms of one of the
Crinoidea (Poteriocrinites crassus ?) Miller's
Crinoidea, p. 68
••
Flustra crinoidea (Miller MSS.)
Retepora ilabelliformis (Ditto)
Favosites ? ramosa
(Ditto)

Other Localities.
Honeypen Hill, Clifton.
Ditto
Ditto,
Magnesian limestone, Sunderland ; and above
the coal, Derbyshire.
Derbyshire.
Anglesea and Devonshire.

Magnesian limestone.

E. Thickley.

Bristol beds near the river Avon. 1. and 9.
&(SeeGeol.
199.)
Trans. Old Series, vol. iv. pp. 197
Ditto, rarely in bed 1.
Ditto, not uncommon in bed 1.
Ditto, common in bed 1.

Loicer Black Limestone. Salt-pans belozccoal.

Spiral Univalve resembling Rostellaria
Producta Scotica

Figured by Sowerby from Closeburn, Dumfries,
Tab. 561, as P. hemisphwrica. The two are
now identified as one species, which is peculiar to Scotland, and very abundant.

Bivalve resembling Venus ?
Caryophyllia ?
Echinites
Lower Corrjj Red Limestone.
Cardium alajfornie

T. 552. fig. 2

Producta Scotica (large variety)
Spirifer striatus ? T. 270
Madreporites
Crinoidal stems of large size (Poteriocrinites
crassus ?)

Queen'sCountyIreland,IsleofMan,Torquay,&c.
Bristol: bed No. 1. in abundance.

Ditto.

Ditto.
Ditto*.

of <rneiss and granite, led us to suppose, that in such cases the granite lay concealed below the
veined gneiss; that it had, while in a fluid state, acted upon the gneiss, penetrated it in the form
of veins, and raised up its mass in such a way as to produce all the phenomena of elevation. The
sutors of Cromarty are good examples of what is here stated. Many other examples may, if we
mistake not, be derived from the works of Dr. MacCulloch.
* The Crinoidal remains mentioned in this table were obligingly examined by Mr. Miller, who
found them to be identical with those occurring in the limestone of the Avon beds 1. and 9. —
Geol. Trans. Old Series, vol. iv. pp. 197 & 199. — See also Gcol. Trans. New Series, vol. i.
Part 2. p. 240.
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Chapter I.

§ 1. Introduction.

IT is my intention in the following communication to describe the principal
phaenomena exhibited by the great deposit of magnesian limestone which
stretches on the eastern skirt of the central chain of our island, from the
neighbourhood of Nottingham to the southern extremity of Northumberland.
I had, in the year 1821, an opportunity of examining several portions of this
deposit (especially in the county of Durham), and of verifying some interesting details connected with it which had appeared in the Transactions of the
Society*. During a part of the two following summers I examined its whole
western escarpment, and most of the localities which seemed likely to show its
general relation, or to throw light on the structure of its subordinate parts, 1
venture to hope that a connected account of these observations, to which many
additions have been made during subsequent visits to certain parts of the formation, may not be thought unworthy the attention of this Society.
After the production of the rocks of the carboniferous order, the earth's surface appears to have been acted on by powerful disturbing forces, which, not
only in the British Isles, but through the greater part of the European basin,
produced a series of formations of very great extent and complexity of structure. These deposits (known in our own country by the name of new red
sandstone and red marl, and when considered on an extended scale, comprising all the formations between the coal-measures and the lias), notwithstanding their violent mechanical origin, have several characters in common,
* Geol. Trans. Old Series, vol, iv. pp. 3—10.
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which enable us to connect them together, and, for general purposes of comparison, to regard them as one group. Great beds of conglomerate coarse sand
and sandstone, frequently tinged with red oxyd of iron; and of red marl, associated with innumerable beds and masses of earthy salts, constitute, in many
countries, the principal portion of the group we are considering. Many of these
salts, though of almost constant occurrence among the rocks of this epoch,
have been developed with so much irregularity, that the attempts to arrange
them in distinct formations (when used for any purpose beyond local description) have sometimes, perhaps, served to retard rather than to advance our
knowledge of the earth's history. The great calcareous beds which were produced during this period form, however, an exception to the last observation.
They appear to have been chiefly developed in the upper and lower portions
of the system we have been considering; and though possessing some characters in common, are sufficiently distinguished by their position and their
fossils to be separated into two distinct formations. The higher of these (the
muschel-kalkstcin of the continental geologists) has no representative in the
series of rocks which have hitherto been observed in our island; the lower is
represented by the great terrace of magnesian limestone which ranges from
Nottingham to the mouth of the Tyne*.
The greatest difficulties in classifying distant portions of the new red sandstone have not, however, so much arisen out of its mechanical origin and complexity of structure, as from its general want of conformity to all the inferior
formations.
Connected with this fact are three great sources of error.
1st. Beds of the age of the new red sandstone (even in countries where the
successive depositions are complete) may rest indifferently on any of the older
* If the classification pointed out in the text be correct, the magnesian limestone and the mus.
chel./calkstem must be considered as very nearly related. In mineralogical character they also
frequently resemble each other. For example, in Dr. Boue's description of the muschel-kalkstein
{Journal de Physique^ Mai 1822), it is stated, that cellular beds of yellowish limestone are not
unfrequently observed in it, nearly resembling some varieties of the magnesian limestones of England: and the same fact is still more fully confirmed by M. L. Elie de Beaumont, in a Memoir
on the secondary formations of the Vosges, which has appeared since the preceding observations
were written {Annales des Mines, 1827, p. 450, &c.). But the constancy of position in which the
two formations appear, one in the liigher, the other in the lower part of the system with which
they are associated, points out a considerable distinction between them, which is made still more
perfect by the suites of fossils which respectively belong to them. For the more characteristic fossils
of the muschel-kalk
are not, I believe,
and the bivalves of
not been described

{Encrinites monilijormis, Ammonites nodosus, Miftilus socialis, Sec. &c.)
ever found in the magnesian limestone: and in the same way the fossil fish,
the genus Spirifer, and the genus Producta of the magnesian limestone, have
among the fossils of the muschel-kalkstein.

internal Structure of the Magnesian Limestone.

39

formations. This has been, and perhaps still continues to be, a prolific cause
of error; and has often led geologists to confound the conglomerates which
are inferior to the great carboniferous order with those which are superior to
it.— 2ndly. When deposits like the new red sandstone rest unconformably
upon the inclined beds of the older formations, the fact demonstrates that
these beds were partially consolidated and mechanically tilted out of their original position before the existence of any part of the overlying mass. But we
have no right to assume, nor is there any reason to believe, that such disturbing forces either acted uniformly or simultaneously throughout the world.
Formations which in one country are unconformable, may in another be
parallel to each other, and so intimately connected as to appear the production
of one epoch *. It is perhaps on this account that D' Aubuisson and some other
continental geologists have grouped the new red sandstone with the beds of
grit subordinate to the coal-measures. One who had formed his notions of
arrangement from the sections exhibited in the south-western coal districts of
England, would never have thought of such a classification. — 3rdly. When
two formations are unconformable, they are separated from each other by a
period of time to which we can assign no definite limit. It is impossible to
form even the shadow of a conjecture respecting the interval which elapsed
between the commencement of the great dislocations of the coal-measures and
the completion of the next superior deposit of magnesian limestone. And not
only was this period indefinite, but the mechanical agents which produced the
deposit appear to have operated with every possible variety of modification.
We may therefore expect to find near the lower part of the group of the new
red sandstone many important phsenomena in one country, of which we have
no example in another. This remark may perhaps explain the enormous development insome of the Alpine regions, of a calcareous formation agreeing
in its great relations with our magnesian limestone. In the same way we may
* It is perhaps unnecessary to accumulate proofs of this assertion. The position of the chalk
and other superior strata in the Isle of Wight and the Isle of Purbeck offer a well known example of local disturbing forces, which operated on a great scale during the recent epoch of the
tertiary deposits. In a considerable part of the Jura-chain, a system of beds composed of saliferous marls and gryphite limestone is unconformable to the superior oolitic formations. Here,
therefore, we have the indications of a catastrophe immediately subsequent to the deposition of
the lias, of which we have, I believe, no trace in this island. (See the memoir of M, Charbaut
on the Jura.chain, Annales des Mines, 1826.) Lastly, in South Wales, the old red sandstone
graduates into grauwacke, and is probably conformable to it. But in the northern counties of
England the same formations are unconformable, and are as perfectly distinguished from each
other as the dolomitic conglomerates of the western coal fields are from the rocks on which they
rest.
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account for the extraordinary difference between the conglomerates overlying
many portions of the coal districts in the south-western parts of England, and
that well developed and extensive formation of magnesian limestone which it
will be my object in this paper to describe.
If the preceding views be correct, it must obviously be impossible to form
any just estimate of the important deposits which connect the great coal-formation with the beds of the superior order, without many independent details
derived from situations which are remote from each other, and in which the
relations of the deposits are well exhibited. The history of the new red sandstone in the western coal districts may (after the admirable details published
in a preceding volume of the Society's Transactions,) now be regarded as
complete. The following details may, I hope, afford the materials for approximating towards a more perfect history of the same formation in some
other parts of England.
§ 2. External character of the country through lohich the formation ranges, S^c.
In the south-western coal-fields the magnesian conglomerates do not often
by themselves form any important feature in the country. Frequently they
are found immediately associated with the next superior formations of lias and
oolite, and are the base of the horizontal deposits which rest upon the edges
of all the older rocks*. To the formation of magnesian limestone I am about
to describe, none of these characters can be applied ; for it is separated from
all our oolitic formations by the great plain of the new red sandstone, rests exclusively on beds of the carboniferous order, and in almost every part of its
course produces a striking influence on the external character of the country.
The western boundary of the formation generally presents a lofty escarpment overlooking the lower portions of the neighbouring coal districts ; and
the top of this escarpment preserves nearly the same level through many parts
of its range. In consequence of this structure, the profile of the formation,
when seen from the west, may often be represented by a number of nearly
horizontal lines, separated from each other by intervals indicating the valleys
of denudation. This statement, though generally applicable to the configuration of the country, admits of some exceptions. In several places the
escarpment above mentioned disappears altogether ; and in some parts of the
county of Durham there is no continuous terrace ; but the visible boundary of
the limestone is represented by an obscure chain of low round-topped hills.
* See the sections of the south-western coal districts of England.
vol.!. Part 2, Plate XXXII. and XXXV.)

(Geol. Trans. 2nd Series,
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The escarpment at the western limit of the formation is seldom of simple
structure, but is generally composed of beds of sand, sandstone, or coal shale,
capped with beds of magnesian limestone of variable thickness. That the
whole region which is traversed by this limestone has been ravaged by powerful
denuding forces, is proved by the contour of the neighbouring districts, by the
accumulations of diluvial rubbish, by the valleys of denudation, by the deep
bays which have been scooped out of the escarpment, and, above all, by the
outliers which in some places are found considerably to the west of the
general boundary of the formation. It is, I think, plainly demonstrated by
the configuration of the country, that some of the upper portions of the coal
formations of Nottinghamshire, Derbyshire, and Yorkshire, have been saved
from destruction by the capping of the limestone. At the same time the present drainage of these counties shows that the escarpment above mentioned
opposed but a feeble barrier against the great denuding torrents which descended from the western chain to the plain of the new red sandstone ; for
the rivers which have their source in the higher regions to the west of the
magnesian limestone are not, on reaching its escarpment, deflected from their
course, but generally cut through it by a direct channel into the great central
plain of England : and, near the northern extremity of Yorkshire, where the
limestone abuts against a mountainous tract of country (without the intervention of any lower region of the coal strata), the descending currents have
swept away large portions of the formation, which can only be traced through
that district by a few inconsiderable fragments which are still found in situ,
and indicate the general line of its original direction*. The drainage of the
county of Durham might at first sight be considered an exception to the preceding remarks ; for, after descending from the mountains, the river Wear,
during a considerable part of its course, runs nearly parallel to the range of
the magnesian limestone. The exception is, however, only apparent; for the
waters descend in a natural depression of the great coal basin, and are not at
all deflected by the magnesian escarpment.
* Tho terrace of the great oolite, on the contrary, produces in almost every part of England a
striking effect upon the direction of the rivers, as will be seen by a glance of the eye over the
geological map. This fact may be accounted for by three causes. 1st. The oolitic terrace is of
much greater magnitude than the magnesian terrace. 2dly. The oolitic terrace is composed of
more coherent materials, and is less intersected by fractures and dislocations. 3rdly. This terrace
in the greatest part of its range is separated from the higher western regions by the great plain of
the new rod sandstone. The denuding torrents may therefore have spent a part of their fury in
the central plain of our island, before they reached the base of the great oolitic escarpment. All
these causes may have combined in preventing some of the ancient denuding currents from forcing
their way through the escarpment of the great oolite.
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A formation^ which in some places stretches in a continuous terrace through
a finely diversified country, and in other places is broken into outliers and
modified by denuding forces, must necessarily give rise to many scenes of
great variety and beauty*. But, on reaching the top of the terrace and crossing the back of the formation, the country (except where it is cut through by
valleys of denudation, or covered by accumulations of diluvial matter,) is
seldom found to exhibit any great diversity of surface; and most frequently
forms an extended plain gradually declining towards the east. The newest
portion of the deposit in some parts of Nottinghamshire and Yorkshire forms
a second terrace, the beds of which dip like the former, and gradually sink
below the level of the great plain of the new red sandstone ; most frequently
without an escarpment, or any other geological feature to mark the line of
junction.
The agricultural character of the country in which the magnesian limestone
prevails is various ; partly from the changes of the formation, and perhaps still
more from the accumulations of extraneous matter between the soil and the
rock. It may, however, be observed, that when the soil rests immediately upon
the rock, it is generally rather light and unproductive, and never exhibits that
beautiful green vegetation which abounds in many limestone countries.
Its colours in Nottinghamshire are sometimes red or chocolate brown ; and
hence the name red-land limestone, given by Mr. Smith to the magnesian
beds. These appearances are, however, the exception ; for a red soil derived
from the limestone is hardly seen in the other counties : the prevailing colours
are lighter, and generally have the yellow tinge of the accompanying dolomitic strata.
Brotnus pinnatus is so characteristic of the thin and magnesian soils,
that in some instances where the lower sandstone is brought by a fault to the
exact level of the yellow limestone (for example on Bramham Moor), the demarcation may be traced with great exactness by the help of this plant, without
the assistance of a single excavation.
§ 3, Range of the Escarpment, and general Distribution of the Formation.
So far I have endeavoured in general terms to explain the great relations
* The outliers and the escarpment of the magnesian limestone have at different times been
adorned with many noble buildings, some of which acquired a great historical interest. For example, Conisburgh Castle, Pontefract Castle, Tynemouth Abbey and Castle, rest upon outliers
of the magnesian limestone ; llardwiclc Hall, Bolsover Castle, Knaresborough Castle, and Hilton
Castle, stand close upon the edge of its escarpment. Other examples of the same kind might be
mentioned if this were the proper place for entering on such details.
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and the external characters of the formation of magnesian hmestone. I now
proceed to give some account of its g-eographical distribution ; and, for this
purpose, I shall first trace the western boundary of the deposit from the place
of its commencement near Nottingham. On this subject much remains to be
done, notwithstanding the excellent details supplied by the geological county
maps of Mr. Smith. To these maps, as containing incomparably the best
delineation of the formation which has yet been published, I shall constantly
refer*.
The magnesian rock first appears in the flat district, north-west of Nottingham, close to the
village of Radford. It does not cross to the south side of the canal, and it is not soon to the east
of the rivulet which comes down from Newstead Abbey, being, on that side, masked by diluvium
and hills of forest sandf. As the formation appears at a dead level, and makes no feature in the
district above mentioned, its boundary is difficult to trace correctly, but appears to pass a little
south of Aspley in a direction bearing about W. by N. to Bilborougli. Near the last. mentioned
place it begins to crown a distinct escarpment, near the edge of which are Strelley and Kimberley.
From Kimberley it ranges along the top of an eminence, and passes a little to the N.W. of
Watnall ; afterwards deflects considerably to the N.E. and then returns and crowns a well.
marked eminence a little to the east of Griesley. From thence, still preserving the same elevation,
it runs in an undulating line towards Annesley, south of which place a valley of denudation forms
a considerable bay in the outline. So far the boundary is represented by Smith, with perhaps as
much correctness as is possible, without a map exhibiting a better delineation of the physical
surface of the county. In the range through the remaining part of Nottinghamshire, the
demarcation is not generally pointed out by any well-defined natural feature, and has been
incorrectly delineated. The following memoranda will give an approximation to the true
boundary line.
North of the last-mentioned denudation the limestone forms no escarpment, but appears as a
thin capping on an elevated ridge of the coal-measures, and does not extend quite so far to the
south-west as is represented in Smith's map. A similar capping of limestone stretches from
Annesley in a direction about north-west, and in one place crosses the road from Annesley Wood,
house to Alfreton. This projecting mass is carried too far by the same author; but the map is
so ill engraved as hardly to admit of a correct delineation. Further to the north, the limestone
forms the summit of an indented and lofty escarpment, not far from the edge of which stand
Annesley Wood-house, Kirkby Wood-house, and Kirkby. The boundary line then sweeps
round the south side of Kirkby, and turns along the summit of the hills to a point about twothirds of a mile west of Kirkby ; it then deflects considerably to the north-east, returns to tiie
north-west, and crosses the road from Sutton to Alfreton at the distance of a mile and a half from
the former place. fVom this point the line bears nearly due north, and crosses the road leading
from Sutton to the coal-field at a point not more than half a mile from the village.
In this part
* I had the assistance of Mr. Smith's county map in examining the range of the magnesian
limestone through Yorkshire. Geological maps of the otlicr counties through which the same
formation passes were not, 1 believe, published at the time the observations were made on which
the greatest part of this paper is founded.
t The sand of Nottingham forest is derived from the beds of the newer red sandstone, which
rest immediately on the magnesian limestone.
G 2
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of its course the boundary line cannot be laid down without a careful survey; as it forms a thin
capping on the inferior strata, and passes (without making any physical feature in the district)
considerably to the east, of an irregular plateau formed by the skirt of the Derbyshire coal-field*.
From the point above mentioned, half a mile west of Sutton, the limestone ranges to the northwest and caps the hill north cf Ilucknall Huthwaite ; from thence it forms the summit of a hill
which rantres to the north-east, and it crosses the road from Skegby to Tibshelf, about half a mile
west of the former place. A little further to the north-east the boundary line crosses a valley of
denudation, passes south of Tevershall, and ranges in a north. westerly direction into Hardwick
Park, where it enters Derbyshire, and begins once more to form a lofty well-defined escarpmentf.
The escarpment passes under Hardwick Hall to the east of Holt Hucknall, and then ranges
nearly in a straight line immediately on the west side of the villages of Glapwell, Palterton,
Bolsover, and Clown. About a mile north of the last-mentioned place, the line deflects to the
west, sweeps round the village Barlborough (which stands on the escarpment), then turns to the
north-east and passes a little south of the Hall, and then turns north towards Pibley Inn ; but
before reaching that place it deflects to the east and south-cast, and wheels round a denudation
near a place called Cinders.
In the latter part of the course just described, the demarcation is not well defined ; but soon
afterwards on entering the county of York, it forms an obscure escarpment, and passes in a northeasterly direction along the brow of the hill about a quarter of a mile to the south-east of IlartIlill. From thence, continuing the same range, the line of demarcation descends into a valley,
and crosses the canal at the Dog Kennel ; from which place it deflects along the brow of the hill
to the west; and above Penny Holme turns up into the south-eastern part of the Dark, from
■which it descends to the village of South Anston. From thence it gradually descends to the east
along the brow of a hill, and crosses the rivulet about three-quarters of a mile below the village.
It then returns along the brow on the north side of the valley, and encloses the village of North
Anston \.
From North Anston to the point where the river Air cuts through the whole formation (a
distance of more than thirty miles), the boundary is on the whole very correctly laid down in the
geological map of Yorkshire. Through this extensive range the limestone occupies the upper
part of a well-defined terrace, the bearing of which is nearly determined by the following places ;
viz. Dinnington, Laughton, IIooton-Lovett, Maltby, Micklebring, the hills to the east of Conis.
borough, Cadeby, Melton, Hickleton, Ilooton-Pagnell, North and South Elmsall, Upton Beacon,
and Wentbridge Hill ; all of which are on the edge of the escarpment.
From AVentbridge to the
* In this part of Smith's map the boundary line is erroneous. 1st, It extends too far, by about
two-thirds of a mile on the west side of Kirkby. 2ndly, The spur of limestone on the road from
Sutton to Alfreton is made to extend about a mile too far. 3rdly, The boundary line extends
about a mile too far west, on the road from Sutton to the coal-field,
t Here also Smith's boundary line extends too far to the west. Stanley, Fackley, &;c. are,
if I mistake not, considerably to the west of the limestone. The demarcation is however obscure ;
and a variety of marlstone (which might perhaps be referred to the lower beds of the magnesian
limestone) is found near Fackley, and at some other places on the west side of the line above
given. This marlstone is vitrified by burning, and in that state is used for the repair of the
roads.
+ Smith's representation of the magnesian limestone in the southern extremity of Yorkshire is
not accurate. 1st, The boundary line near Hart Hill is made to extend too far to the north-west.
2ndly, The limestone is extended from South Anston to Todwick, more than a mile too far to the
north-west. 3rdly, The two valleys of denudation, through which the waters of the canal and the
South Anston rivulet find a passage, are partly excavated in the limestone, and do not form an
outlier as delineated in the map.
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hilly ground east of Castleford ou the river Air, the terrace gradually declines in elevation but
continues sufficiently well defined to admit of its being correctly delineated. Indeed on any map
which fairly represented the great features of the country, it would hardly be possible to make
any great error in the general range of the boundary line ; the only difficulty would be in cor.
rectly delineating the indentations formed by the valleys of denudation*.
The beds of limestone near the boundary of the formation on the left bank of the Air appear
very little above the level of the country on their western side ; but they are l)acked to the northeast by hills of considerable elevation. Near Kippax Park the line of demarcation again begins
to rise along the top of a terrace, which, in its range towards the north, is, however, devious in its
direction, and in many places ill defined. Kippax, the east end of Parlington Park, Potterton
Kidhall, Scarcroft, and Iligton, are close to the edge of the escarpment. From the hill above
Collingham the line gradually descends towards the Wharf, and crosses its bed a little above
Wetherby. As this part of the geological county map is very inaccurate, I have subjoined a
coloured outline map of the district, which will give a better general notion of the range of the
magnesian limestone, and also of the position of several outliers, than can be conveyed by verbal
description f.
On the left bank of the Wharf the limestone gradually ascends, in a direction nearly parallel to
the river, as far as Linton ; from thence it turns round the top of the liill to Linton-Spring without
making any feature on the surface ; then ranges to Stockeld Hall, crosses the Spoftbrth road, and
dellects considerably to the south-east to Wetherby Grange. The boundary then ranges in the
form of a low terrace to Ribston, passing about half a mile east of North-Deighton. From
Ribston the line ranges along the top of the hill above Plumpton, and from thence along the
crown of the hills which form the right bank of the Nid immediately to the south of Knaresborough. The greater part of this range from Ribston is difficult to determine correctly ; because
the limestone, without making any escarpment, only forms a thin irregular capping on the plateau
of sandstone, and is in some places concealed by diluvium ; and also because in the published
maps of the county there is no adecpiate representation of the natural features of the country.
The range from Knaresborough to Ripon is very incorrectly laid down in the map of Yorkshire,
and three or four outliers are omitted. The accompanying map J, and the following memoranda,
will assist in bringing the delineation much nearer to the truth.
The limestone, after descending from the crown of the hills above mentioned, ranges through
the woods on the south bank of the Nid, crosses the Ilarrowgate road in the brow of the hill im.
mediately above the bridge, and extends along the upper part of the same bank (though in a very
obscure form, and much disguised with diluvium) a few hundred yards further to the uorth.west.
It crosses the bed of the river nearly opposite the Hall, and ascends along the north bank con.
siderably higher, capping a part of Scotton Moor as far as the brow of the hill south-east of the
village : from thence the line ranges on the edge of the plateau south of Scriven, to the north side
of Knaresborough. It then makes a deflection to the cast, and the demarcation afterwards passes,
in the form of a low ill.defined terrace, by Gibbet House and Farnham, and descends into a
vallej of denudation a little above Okeney. On the other side of the valley the limestone occupies
* The irregularities of the line of demarcation in this part of the range are in general well represented inthe geological map of Yorkshire. The line from Dinniugton to Laughton is made
to deflect a little too much to the north-east; and the limestone j*/rt/;e«wx of IIooton-Lovett and
Maltby ought to approach a little nearer to each other. Some other slight inaccuracies in the
representation of the range near the banks of the Don are corrected in the accompanying map.
(See Plate IV. fig. 4.)
X See Plate IV. No. 1.
t See the accompanying map (Plate IV. No, 2).
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all the higher part of Walkingham Warren, and from thence extends along the top of the ridge
into the liberty of Brearton. Its western extremity is, however, entirely concealed under accumulations ofdiluvium. From the plateau of the warren the line descends into a second valley
of denudation, which it crosses at a point which bears about south-east from Burton Leonard*,
For some miles beyond this point the range is well defined, and may be easily follow(;d through a
succession of quarries, which are opened in the escarpment to the south and west of Burton Leonard, and, afterwards, through a low ridge which crosses the Ripon road, and for some way runs
near the north bank of the South Stainley rivulet. The prolonged line encloses Ingerthorpe, and
may be traced to a hiil about a quarter of a mile north-west of the village, beyond which place it
bears away to the north.
In consequence of the enormous mounds of diluvium, which appear in some places to have
buried the regular strata to the depth of two or three hundred feet, some remaining parts of the
range to Ripon cannot be exactly ascertained. What is offered here can only be considered as
an approximation ; but, as far as regards this district, none of the published geological maps can
lay any claim even to this humble merit. From the hill north-west of Ingerthorp, the demarcation ranges on the west of Markinfield Hall, appears to pass a little to the east of How Hill
(which is one great mass of diluvium), to the west of Morker Grange, and a little to the east of
Low Morker, near which place it passes down into the valley below Fountains Abbey, and from
thence through the southern part of Studley Park to Clipthorn near Oldfield. From this place,
for about two miles, no rock is visible, though the country is considerably elevated, and presents
an escarpment towards the west ; but in a quarry a little to the west of Linderick, the limestone
breaks out from beneath the diluvium. The demarcation afterwards sweeps round to the N. N.E.
(leaving Winksley considerably to the west), and crosses the next valley of denudation a little
above Bishopton on the east side of Rijion. Some of the places mentioned above may perhaps
belong to outliers of the limestone ; for it is obviously impossible, in the present state of the
country, to make out the entire continuity of the formation.
From the valley to the north-east of Ripon, the limestone, without making any great feature
in the country, rises along the higher part of a ridge, and the demarcation passes to the west of
Sutton Grange .and Sutton, near Musterfield, and from thence to the top of a hill considerably to
the west of Sleningford Hall. The ridge then descends in an irregular line towards the north,
and the magnesian limestone crosses the Ure nearly half a mile below Tanfield. The formation
then rises on the north side of the village to a commanding elevation, and ranges nearly in a
straight line along the top of a lofty ridge through Gebdykes and Halfpenny-house, to a hili
about two-thirds of a mile west of Watlas, whore the escarpment abruptly terminates.
From Watlas to Little Crakehall there is no trace of the magnesian limestone : the whole of it
is perhaps swept away ; or a part of it may be buried under the heaps of diluvial gravel which
are spread over all the neighbouring district. But the formation is laid bare in the bed of the
rivulet between Brompton Patrick and Little Crakehall, and is continued in the same situation
to a point below the latter village.
Again, for nearly five miles all traces of the formation are lost; but, on the private road from
Bedale to Catterick (about a mile from the latter place), it breaks out from beneath a great
mound of diluvial gravel, and is probably the base of a part of the ridge which extends towards
*
Mr.
been
been

The spur of limestone between the two valleys of denudation is not sufficiently extended by
Smith to the south-west. It is also represented as an outlier ; an error into which he has
led by the very inaccurate manner in which the courses of the neighbouring rivulets have
delineated in the map of Yorkshire.
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Tunstall, It is also seen under thirty or forty feet of diluvium on the right bank of the Swale
about half a mite above Catterick Bridge*. These indications of the magnesian limestone, vfhich
are not noticed in the map of Yorkshire, seem to prove, that the formation was once continued
(though probably much below its mean elevation) from Wallas to the river Swale. Indeed it appears to be generally true in our island, that the actual elevation of ail the beds subordinate to
the new red sandstone is greatly modified by the height of the formations on which thej have been
deposited in an unconformable position ; and beyond Watlas there was probably no elevated rido-o
of the carboniferous beds to form the support of the magnesian terrace.
In the flat country to the north-east of Catterick Bridge, and along the eastern skirts of the
mountain limestone hills near Middleton Tyas, there are no traces of the magnesian limestone.
The formation may, however, in some places be disguised under the immense masses of gravel
which are spread over the lower portions of the district f. Following the general bearing of the
range, it reappears in a hill about halfway between Newton Morrel and Cleasby. From thence
it is probably continued under the mounds of diluvium near Manfield ; for it is seen again on the
south bank of the Tees below Pierce Bridge, and stretches on the same side a little way above
the bridge, where it is capped with about thirty feet of diluvial gravel. Oj» the same bank of the
Tees and west of the Catterick road, it is seen in a highly characteristic form at Rennison quarry
near Eppleby ; and I am informed that it was discovered in sinking a well on the south part of
Lowiield estate, and also at Chapel Houses a little to the west of the former place +. Whether
these are separate patches of the magnesian limestone, or parts of a continuous mass, it is impossible to determine in the present state of the denudation.
After the formation enters the county of Durham, it continues to occupy for several miles a low
tract of country ; and, on its north side, appears to abut against a high irregular ridge of sandstone,
which ranges through Bolam and Brussleton Tower. Under such circumstances the boundary
can only.be defined by determining a number of places which are on the western limits of the
formatipjj'. I venture however to hope, that the following details will give the line of demarca.
tion as nearly as the nature of the country admits. This line crosses the Tees immediately at
Pierce Bridge, and extends on the north bank of the river into the rivulet which descends from
Killaby. After ascending some way in the course of that rivulet, it appears to bear through the
flat district in a north.v^'esterly direction, encloses Headlam, and may be traced into some quarries
between HoHin Hall and Langton. Langton, Ingleton, and Morton Tinmouth, are all situate
on low hills, which are just skirted by the flat region of the limestone : and from the last of these
places the line ranges nearly due east, skirting the soutii side of the ridge which extends to
Iloughton-le-Side ; close to the south-east end of which place, the limestone is seen in some
quarries abutting against the sandstone.
* Some beds of yellow marl, said to have been sunk through in excavating the ground near
Hornby Church, may probably belong to the magnesian limestone ; but I had no opportunity of
examining them.
t I have been informed that wells, twenty or thirty feet deep, were sunk through the gravel at
Scorton and Uckerby without touching the yellow limestone. At Moulton a variety of limestone
is brought out by a flexure of the strata, which, from its colour and mineralogical character might
be easily mistaken for a fragment of the magnesian limestone formation. Its fossils and the beds
associated with it, plainly demonstrate it to be a variety of mountain limestone. Many other parts
of the ridge which extends from Middleton Tyas to the north-west, partake of the same mineralogical character.
X The limestone of Low Field and Chapel Houses may, perhaps, belong to yellow magnesian
varieties of the carboniferous limestone ; for beds of that character occur at no great distance
from these localities.
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From these quarries the limestone rises into ridges of considerable elevation ; but they are so
much rounded oft' by denudation, and so nearly bordering on other hills to the north-west, that
the demarcation is not easily traced. The line passes round the ridge of Iloughton.le-Sidc, in a
direction about north by west, crosses the turnpike road, and ranges on a plateau to a point about
three hundred feet west of Wiiite House, from which point it returns and passes on the north side
of Shackerton Hill. Under this hill there is a deep denudation, which has probably removed all
the magnesian limestone. The demarcation appears to range in an undulating line bearing to the
north-east, encloses Tod Fall, and crosses a rivulet a few hundred yards above Red House. On
tlie other side of the rivulet the line ascends nearly due west, and encloses Newbiggen ; beyond
which place it is again deeply indented to the east by another valley of denudation, and then
ascends to a point on the top of the next ridge about half a mile south of the Engine House. From
thence it returns (enclosing the lime quarries of West Thickley) in a direction nearly due east,
skirting for about two miles the south side of a remarkable denudation, which affords a passage to
the great Stockton rail road. In this course it passes on the north side of Midderidge Grange,
and crosses the rail road at Midderidge quarry.
Commencing at the last-mentioned quarry, the line passes under East Thickley, bearing nearly
due west ; afterwards sweeps round towards the north, forming all the higher part of the ridge
which extends from East Thickley towards Shildon, and continuing its range on the summit of
the high lands, passes immediately to the west of the old Shildon coal-pits and of the village of
Eldon. From Eldon it sweeps round the west side of the plantation, deflects to the north-east,
crosses a deep denudation where a considerable part of the escarpment has disappeared ; then
passes through a plantation south of Howlish Hall, and afterwards ranges considerably to the
west, forming the cap of Cowndon Grange Hill. The line again deflects to the east, and the
limestone forms the crown of the hills immediately west of Cowndon, and from thence ranges to
Westerton. I have been the more minute in these details, because this part of the western demarcation of the magnesian limestone is not easily ascertained, and is not correctly laid down in the
geological map of the county of Durham published in the year 1824.
P'rom the neighbourhood of Westerton to Painshaw Hill near the south bank of the river Wear,
the line of demarcation is much more plainly indicated by the natural features of the country ; for
the limestone again forms the crown of a great irregular terrace, the lower part of which is composed of beds subordinate to the Durham coal-field. To this arrangement there are, however,
the following exceptions: — 1. At Cowndon quarries, whicli are on the edge of the escarpment
about a mile south of Westerton, the limc-itone is thrown out of its position, and made to abut
against the sandstone. 2. At Westerton the escarpment is entirely composed of sandstone. The
yellow limestone ranges at the same level (probably in consequence of a fault) on the north-east
side of the village. 3. By a similar cause the inferior beds are brought to the top of the escarp,
ment at Newbottle, part of which place stands on sandstone. 4. To the east of Hetton-leHole the limestone forms the whole escarpment ; and some inferior beds of the formation extend
from the base of the hills, which are in the general direction of the boundary to the western ex.
tremity of the village. With these exceptions, the magnesian terrace possesses the structure above
described, and its range is defined by the following places, which stand very near its edge, viz.
Merrington, Ferry Hill, Thrislington, Cornforth, Coxhoe Hall, Quarrington Hill, Cassop,
Running Waters, Moorsley, Great Eppleton, High Downs, Newbottle, West Herrington, and
Painshaw Hill. Black Gate, Quarrington, Sherburn, North Pittington, West Herrington, and
Houghton.le. Spring, are immediately on the west side of the line of demarcation.
This part of the range is, on the whole, well represented by Smith, with the exception of a long
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narrow denudation, which has removed all the limestone escarpment south of Thrisllngton • with
the exception also of a second denudation, which affords a passage for a rail. road, and has swept
away all the limestone from West llerrington to East Herrington.
Neither of these two remarkable gaps in the formation is represented in the geological map
of Durham. The extension of the limestone below the escarpment at Hetton.le-Hole is also
omitted ; and there are some other slight inaccuracies in the outline necessarily originating in the
false engraving of the map.
The demarcation sweeps round the
river along the top of the escarpment,
lating line to the north of High Ford,
bank of the Wear above Pallion. The
the limestone gradually ascends on the
Castle, which is at the bottom of
for some way immediately on the
afterwards sweeps round the front
village, from which place it ranges

summit of Painshaw Hill, and there turns parallel to the
passes just to the north of Offerton, descends in an undu.
down to Clacks Heugh, and thence by Low Ford to the
passage of the formation across the river is disguised; but
other side to the north-west, and passes close to Hilton

an obscure escarpment. From Hilton Castle the line ranges
north side of the road, then deviates to the north-east, and
of West Bolden Hills, and passes into the lower part of the
immediately on the north side of the road to East Bolden. A

little to the north-east of the last-mentioned place the boundary is lost in some marshes. It appears, however, to pass near Tile-Sheds ; and from that place it ranges a little way to the west
of Cleadon, Harton, and Westoe. It is seen on the east side of the road from Westoe to South
Shields ; but it does not extend to the town, and its further range to the north-east is disguised
by the hills of blown sand, which extend along the coast about two miles from the mouth of the
Tyne*.
The magnesian limestone, as is well known, forms the capping of Tynemouth Castle Hill. For
about two miles north of the castle hill, the cliff is composed of coal strata ; but in the small headland immediately south of Cullercoats, the limestone again appears. This is the most northern
point at which the formation is found on the coast. It is, however, seen in the neighbouring
quarries near Whitley, of which a detailed account is given by Mr. Winch. (Geol. Trans, vol. iv.
p. 4.) The masses of limestone at the three last-mentioned places are, I believe, unconnected
with each other, and might without impropriety be considered as outliers f.
Such are the results of a series of observations made for the purpose of determining the limits of
the magnesian limestone. The details are necessarily tedious, and may perhaps appear trifling.
As however they are the result of considerable labour, and are absolutely necessary to a more
correct delineation of the formation, I hope they may be considered of sufficient importance to be
recorded.

Eastern boundary/ of the Limestone.
It appears from the details given above^ that the escarpment of the magnesian hmestone may generally be laid down with precision ; and an examination of its range leads to the discovery of many objects of great interest.
* From Painshaw Hill on the right bank of the Wear to Tynemouth, the boundary line is ex.
tended by Smith too far to the west. A part of this line is, however, difficult to determine ; for
all the higher portions of the formation are seen in a chain of low round-topped hills, which
stretches considerably to the east of the true boundary.
t The representation of the magnesian limestone in the geological map of Northumberland is
It is there made to extend uninterruptedly along three or four miles of the coast.
erroneous.
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The eastern boundary of the formation presents, on the contrary, hardly a
sin"-le object of any mterest; and in the greatest part of the range from Nottingham to the coast of Durham, the superincumbent beds of the new red
sandstone make no escarpment whatsoever. Under such circumstances (especially when the country is disguised with diluvial rubbish), it is frequently
impossible to determine the precise boundary between the lower and the
upper formation. To this line Mr. Smith's county maps give us the nearest
approximations. The following short and imperfect notices are all which I
have it in my power to add on this subject.
The southern extremity of this line commences (as above stated) close to Radford, and for
some way appears to range on the west side of the rivulet. North of Basford it crosses to the
east side, and is nearly defined by a chain of sand hills, which ranges parallel to the rivulet as far
as Newstead Abbey. Close to that place the line deflects more than a mile towards the west, then
runs nearly due south as far as Annesley Park, near the southern extremity of which it again
bears towards the north, and passes round the south-west side of the village of Annesley. A
great spur of the forest sand here passes over the whole breadth of the magnesian limestone, and
is seen in situ in the village close* to the escarpment of the lower formation. The western
boundary of this spur of the forest sand passes a little to the east of Annesley Woodhouse and
Kirkby Woodhouse, and joins the undulating line of the sand hills, which range close on the
south-east side of Mansfield. From thence the line ranges some way to the north-east; but afterwards, in consequence of the incoherent nature of the forest sand, the valleys of denudation, and
the accumulations of diluvial gravel, it cannot be ascertained with any precision. Smith's line,
which passes to the east of Mansfield Woodhouse and Sookholm, and to the west of Warsop,
Cuckney, and Welbeck Park, is only an approximation.
The range is afterwards somewhat better defined, and passes a little to the west of Sloswick,
and to the east of Radcliff", Darfould, Worksop Lodge, and Huggin-field ; near all which places
there are limestone quarries. The line then crosses to the north bank of the Worksop canal at
Woodnook ; and, in consequence of a projecting ridge of red marl, passes along the north bank
to a place opposite Shire-Oaks ; there it sweeps round the low projecting ridge of red marl, and
passes on the west side of the village of Gateforth. Its range from Gateforth is very obscure ;
but it seems to bear nearly due north into a part of Cotterel Wood, and thence to the south end
of Carlton ; at which place the junction of the magnesian limestone and the sandstone is visible.
From this point of junction the line appears to bear nearly due north through Carlton ; near the
northern extremity of the village crosses to the east side of the great road, and afterwards ranges
considerably to the east of it as far as Tickhill, which is close upon the line of demarcation. So
far the chain of sand hills, which commences near Nottingham, atfords a general indication of the
eastern limit of the inferior formation ; but in its further range towards the north we are deprived
even of this imperfect guide f.
* In a single spot on the south side of Annesley, the superficial breadth of the magnesian limestone formation disappears; and an ill-defined escarpment is partly composed of the limestone,
and partly of forest sand. This projecting ridge of the forest sand is not noticed in the geological map of Nottinghamshire.
t At the village of Carlton the boundary line of the forest sand is thrown too much to the
east in the geological map of Nottinghamshire. The extension of the forest sand into Sandbeck
Park (as represented in the same map,) is, 1 think, erroneous.
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Through the greater part of Yorkshire, north of Tickhill, the line is indicated
, not by any
prominent feature, but by the commencement of the great plain of the new red sandstone
, which
skirts the ridge of the magnesian limestone. In this way we may approximate to the
true demar.
cation ; but in many places its correct determination is rendered impossible, (especiall
y where
the beds of limestone are nearly horizontal,) by great accumulations of gravel and of drift
sand
and occasionally by extensive tracts of turf land, which have been formed in consequen
ce of the
imperfect drainage of so flat a district. The east side of Tickhill, Hexthorpe, the west side
of
Doncaster, Adwick, Sutton, Askerne, the east side of Norton, Womersley, the eastern extremity of Knottingley, and the east side of Sherburn, are on the boundary line; and the upper
beds of the formation terminate abruptly in a low ridge immediately to the east of Grimstone on
the south bank of the Wharf. So far the general bearing of this line (with the exception of a
small tract north of the Don, where it is not sufficiently extended to the east) is correctly given
in the geological map of Yorkshire.
For some way beyond Grimstone all traces of the demarcation are lost in the alluvial plain of
the Wharf: but the south bank of the river may be assumed as an approximate line as far as
Newton Kyme. Near that place it crosses to the north bank of the river, and has a very illdefined range ; considerably, however, to the north-east of Thorp Arch, Wetherby, and Kirk
Deighton. It afterwards passes immediately on the east side of Goldisbrough, and on the west
side of Ferensby ; crosses the valley of denudation considerably to the south-west of Staveley
and then sweeps round to the north-east side of Copgrove. From Copgrove the line passes on
the west side of Bishop Monkton, thence ranges on the east side of Hollin Close, on the west side
of Little Thorp, and at Ripon is lost under enormous heaps of diluvium*.
From the last-mentioned place the demarcation, as far as it can be traced in a country so much
covered with incoherent matter, appears to pass considerably to the west of the road leading to
Tanfield ; then crosses the Ure immediately below the village of Stainley ; afterwards ranges
along the east side of Nosterfield and Well, skirts the east side of the road to Snape, ranges
about one-third of a mile west of the village, and then skirts the road to Watlas, near which
place, as before stated, the limestone ridge is abruptly cut offf.
The difficulties in determining the eastern demarcation of the magnesian limestone in the county
of Durham are so peculiar, that they ought not to be passed over without a short notice. Here,
as in the other counties through which the formation passes, the back of the limestone may, on a
great scale, be regarded as an inclined plane dipping towards the lower region, which is occupied
by the new red sandstone. The accumulations of diluvial gravel are, however, so enormous, that
they not unfrequentlj occupy a zone several miles wide, and completely cover the boundary
between the two formations. In some places, also, the colour and consistency of these accumulations make it doubtful whether we should regard them as mere heaps of diluvium, or consider
them as subordinate to the new red sandstone J.
* The limestone is seen immediately to the west of Ripon ; but in the town, wells have been
sunk in diluvium to the depth of nearly one hundred feet. (See Plate IV. Nos. 1. and 2).
t Nearly the whole boundary of the magnesian limestone, to the north of Copgrove, is placed
by Smith considerably too far to the east.
\ The difficulty stated above appears to be acknowledged by Smith in his geological map of
Durham. The line of demarcation is represented as very irregular in its bearings ; and the formation immediately superior to the limestone is described as " red and bluish clay with alluvial
matter." In the map published in the Society's Transactions (vol. iv. Plate I.), the range of this
boundary line is placed, with one or two exceptions, several miles to the south-east of any spot
where the magnesian limestone is visible.

^

h2

52

Rev. A. Sedgwick on the Geological Relations and

As examples tending to confirm what has just been stated, I may mention, — 1. That large
quarries are opened in various parts of the superficial rubble, which almost covers the plains
between Hartlepool and Stockton ; and that at Greatham and some other places in that district,
masses of magnesian limestone have drifted into the plain in great abundance, and are picked out
of the quarries and burnt for economical purposes. 2. That near Windlestone, Mainsforth, and
other places where small transverse valleys open through the limestone into the great plain, we
find the country almost covered with lofty irregular mounds of coarse gravel or dihivial sand.
3. That on the great plain which extends several miles on all sides of Darlington, we not only
meet with materials like those just described, but we find among them large water-worn blocks
which have been drifted from the mountains of Westmoreland and of Cumberland.
These accumulations of diluvial matter are not, however, confined to the mere outskirts of the
limestone, or to certain portions of the great eastern plain. Between Embleton and Elwick they
begin to rise into elevated ridges; and from thence ranging about ten miles nearly due north over
the very centre of the limestone, they terminate at Wardenlaw Hill, in a capping about two
hundred feet thick, which is high enough to overlook all the eminences of the neighbouring
district*.
Notwithstanding all these difficulties, Mr. Smith has given a good approximation (if we except
a small tract of country on the north bank of the Tees,) to the true line of demarcation. The
following short notices are all which I can add to the information which is conveyed on this head
by his county map.
The rocks of High Coniscliff form the eastern boundary of the limestone on the north bank of
the Tees ; from thence the line ranges nearly due north, and appears to pass to the west of
Thornton, to the east of Ulmby, and to the west of Walworth. Near the last-mentioned place
the line seems to bear to the north-east, crosses the road leading to West Auckland about a quarter
of a mile south of the fourth milestone, and thence ranges on the south side of Bracks, and on the
south side of Aycliff, a little to the north of which place the ridge is interrupted by an extensive
tract of low marshy land. This low tract of land extends considerably to the north-west, and is
skirted by diluvial hills which approach near the western boundary of the formation.
Nearly the whole breadth of the formation is cut through by the valley of denudation above
mentioned, which affords a passage for the new rail-road f. On the other side of it the range
appears to be nearly due north towards Windleston, where every thing is buried under heaps of
diluvial gravel.
* A detailed description of these diluvial masses does not come within the objects of this paper ;
but it may perhaps be worth while to state, that, in addition to a well known spheroidal block of
Shap granite, about four feet in its longest diameter, which lies in one of the streets of Darlington,
many other boulders of the same rock are found on the Yorkshire side of the Tees ; that they
occur in the village of Barton by the road side north of Newton, and in the river Tecs close to
Pierce Bridge; and that similar granite pebbles and boulders abound in a diluvial cliff further
down the river. That at Wardenlaw Hill (which reaches an elevation of about eight hundred
feet) the diluvial cap above mentioned contains rocks which have been drifted from all the neigh,
bouring districts, mixed with masses of granite, syenite, micaceous slate, greenstone, &c. &c.
some specimens of which it would be difficult to refer to their native seat.
The average thickness of the apparently diluvial hills which terminate at Wardenlaw would be
difficult to determine, as they rest upon a very uneven surface of limestone. Close to Castle Eden
they lately bored to the depth of twenty-six fathoms without reaching the bottom of a series of
beds of loam, clay, and gravel, which appear to fill up a natural depression of the limestone.
t On the south side of the denudation through which this new rail-road descends from the
West Auckland coal-field, no limestone is visible in situ ; but it probably passes to the north
side of the road under a cover of diluvium, near Midderidge quarry.
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Hills of magnesian limestone, nearly bounded by the natural drainage of the
country, rise on
the north side of Rushy Ford, but are cut off by a valley of denudation descending from Thris.
lington. Along the course of this deep valley the whole formation has apparently been swept
away. Beyond this denudation the main branch of the Skerne passes to the south of all the places
where the limestone appears at the surface.
About Embleton and Elwick the ridges of diluvial hills above described entirely bury the formation but
;
in the rising ground to the south of Hart, the limestone is again uncovered and the
demarcation maybe traced on the south side of Throston, and on the south side of Dyke House
till it is lost in the blown sand at the head of Hartlepool Slake. From Hartlepool to the mouth
of the Tyne the magnesian limestone, as is well known, is the only rock which is visible on the
coast, and is only interrupted by some inconsiderable cliffs, principally composed of blown sand
which appear to the north of the peninsula of Hartlepool, and near the mouths of the Wear and
the Tyne.

§ 4. Outliers of the Magnesian Limestone.

After the preceding details respecting the range and external characters of
the formation, it remains for me to notice the outliers which appear to the
west of its escarpment.
A more careful survey of the county of Nottingham may perhaps lead to the discovery of some
outliers of the yellow limestone, as there are several places where its western limit is ill defined.
In the range through a small part of Derbyshire it makes a well-defined escarpment. In Yorkshire, notwithstanding the deep indentations of the escarpment, there is no outlier to the south
of Conisbrough. A deep valley of denudation (which passes through a part of the village, and
communicates with the Don) cuts off a plateau of the magnesian limestone. This outlying mass
ranges from the crest of the hill immediately south-west of the castle, and from thence along the
brow of the hill which overhangs the new road to Rotherham. The capping of limestone gradually
disappears towards the south, without forming any regular escarpment : but a projecting tongue
of the formation extends on the south-west side into the quarries of Hooton cliff, about half a
mile from the village. The west and north boundaries of the remaining parts of this outlier are
well defined, and are correctly delineated by Smith. On this plateau there is, if I mistake not,
a second outlier; for a small, and apparently unconnected, patch of limestone breaks out from
beneath the soil, in the fields about two hundred yards south of the turnpike gate. (See
Plate I. No. 4.)
Following the range of the limestone towards the north, the next outlier is at Pontcfract. It
crowns the castle hill, extends through the town, caps the hill on the right of the road leading to
Wakefield, and also the first hill beyond the outskirts of the town on the Doncaster road. If
the colour were extended a little further to the south, the delineation of this plateau in the map
of Yorkshire would be correct. There is, however, a very unusual difficulty in this delineation,
arising out of the obscure separation of the limestone and the inferior sandstone : and as the
capping of the upper formation appears to rest on an uneven surface, the plateau is perhaps composed of more than one outlier.

Three remarkable round-topped hills, composed of magnesian limestone, stretch in a southwesterly direction from the village of Kippax to Great Preston. The first of these hills (in consequence ofa grel^fault which throws the Kippax limestone below its mean elevation) is probably
connected with the escarpment of the formation, and cannot therefore be considered as an outlier.
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The other two hills are outliers. One is immediately to the north of the angle formed by two
rivulets ; the other is under the village of Great Preston*.
A fine outlying cap of limestone commences close to the escarpment (near the angle made by
the two rivulets which descend from Throstle-nest and Berwick in Elmet), and ranges through
the villat^e of Berwick on the east side of Scholes, and from thence to Barnlow. Its eastern
boundary is very ill defined. Another small outlying patch appears to the north of Berwick,
and on the west of the rivulet which descends from Kidhall. A much more remarkable capping
of limestone is found about half a mile north of Seacroft. From the place where it first breaks
out, it ranges about three-quarters of a mile towards Redhall ; but it is much disguised with diluvium; and its greatest breadth does not appear to be more than half a mile. There are no
natural features to assist in its delineation : but Pigeon-coat house and Roundhay grange are
near its western boundary ; and to the east it is nearly bounded by the occupation road.
To the south of the great denudation formed by the Wharf, there are three outliers : the
first is seen immediately to the north-west of Bardsey church, on the top of the hill between the
two roads ; the second is much disguised by accumulations of diluvial gravel, but appears to
crown an elevation on the south side of the brook which descends to CoUingham ; the third
commences at the hill west of CoUingham, extends about a mile on the Harewood road, crowning
the hill on both sides of the road, and then deflects to the south-west, and terminates in the brow
above Keswick f.
Near the banks of the Nid there are also three outliers : — 1 . Some highly inclined beds, apparently unconnected with any other mass of limestone, occupy for more than half a mile the right
bank of the river near the north end of Bilton Park. 2. On the crown of the high land to the
east of the village of Bilton, there is a large unconnected quarry of magnesian limestone ; and a
part of the plateau extending from thence into Bilton Park, is occupied by a marly soil, probably
derived from the beds immediately inferior to the limestone. 3. A very remarkable outlier
appears on the north bank cf the Nid, a little below the place where the road from Harrowgate
to Ripley crosses the river. It is brought down into its present position by an enormous dislocation being
;
surrounded by beds of the inferior formations, some of which are greatly above its
present level. The great accumulations of diluvium conceal its extent : but it seems to range
towards the village of Nid.
Lastly, two apparently outlying patches of limestone are seen on the south side of the rivulet
which descends from Markington and South Stainley to Copgrove. The first breaks out in a
quarry on the crest of the hill a quarter of a mile due south of Stainley Hall. The second extends
from the hills immediately south-west of Markington to Markington lime quarries near the Ripon
road. This patch is also laid bare at Wallowthwaite and one or two other places ; but it is so much
covered with diluvium, that it is impossible to make out its exact extent. It probably stretches
in a south-easterly direction from Markington, about three-quarters of a mile. In a transverse
direction it is probably not quite so extensive. It is, however, possible that both these patches
may, under an enormously thick deposit of gravel, be connected with the main escarpment. (See
Plate IV. No. 1.)
* Smith has placed these outliers considerably too far to the north : the map does not, however, admit of their being correctly delineated. A more correct representation of their position
is attempted in the accompanying map. (Plate IV. No. 2.)
t This outlier is placed by Smith considerably too far to the west, and is in other respects in.
accurately delineated. The projecting tongue of limestone at Scarecroft is also represented as an
outlier, but I think incorrectly. (See Plate IV. No. 2.)
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To this catalogue of sixteen outliers (only four of which are noticed in the
geological maps) might perhaps have been added the patches of limestone at
Little Crakehall in the hill north-east of Tunstall, above Catterick Bridge, and
near Eppleby ; also the three patches north of the Tyne. As, however, these
apparently unconnected masses cannot be regarded as outliers from any existing escarpment, I thought it better to mention them in the former section ;
considering them as remnants of the formation serving to indicate the general
direction of its range before it had been acted on by the great denudinocurrents, which have swept away some parts of it, and greatly modified the
external characters of those parts which remain.
§ 5. Relations of the Magnesian Limestone to a succession of Coal formations.
Having in the preceding details endeavoured to determine the superficial
extent of the formation, and also to describe some of its most striking external
characters, I now proceed to examine its relations to the several carboniferous
deposits with which it is associated. In the coal districts of Somersetshire and
Gloucestershire, the masses subordinate to the new red sandstone are obviously
unconformable to every portion of the older formations on which they are
deposited*.
An examination of the denudation of the river Eden necessarily leads to the
same conclusion. The formation of new red sandstone extending from Kirkby
Stephen to Solway Firth, is composed of materials mechanically drifted into
a great depression of the strata, which was caused by the convulsion whicji
separated the chain of Cross Fell from the calcareous zone which skirts the
transition mountains of Cumberland. In some parts of this deposit are great
beds of conglomerate, which in their position, their relations, and mineralogical character, are perfectly identical with the overlying conglomerates of
the Somersetshire coal-fields f.
The geological relations of the magnesian limestone in its range from
Nottingham to the mouth of the Tyne are much more obscurely exhibited.
Through many large tracts of country (without the intervention of any con* See Geol. Transac. New Series, vol. i. Plate XXXII. &c. &c.
t Several masses of conglomerate, possessing the characters above described, are found in the
higher parts of the valley of the Eden near Kirkby Stephen, and on the hills south of Appleby.
Portions of many similar deposits are found within the limits of Whitehaven coal-field. At St.
Bees Head the coal-measures are surmounted by a series of deposits in the following order: —
1. A system of beds of coarse reddish siliceous sandstone. 2. Thin beds of magnesian conglomerate, surmounted by a system of hard and cellular beds of magnesian limestone. 3. Beds of
red marl and fibrous gypsum containing in their lower portion some thin bands of earthy carbo4. A great deposit of red freestone.
nate of zinc.
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glomerate^, or of any other bed indicating an extraordinary mechanical action)
it rests on the coal-measures, and seems to partake of their dip and inclination. Itis, therefore, only after an extensive comparison of the two formations
that we can make out their general want of conformity. The fact appears
however, in the first place, to be proved by the continuity and extent of the
magnesian limestone, which, after ranging over the rich carboniferous deposits
of Nottinghamshire, Derbyshire, and Yorkshire, comes in contact with the
unproductive region of the millstone-grit; then crosses the Tees, skirts the
West-Auckland basin, and afterwards crosses a productive part of the great
Durham coal-field. In this range it passes over the edges of a succession of
deposits which are neither continuous nor contemporaneous ; it must therefore necessarily be unconformable to all of them. As these relations are of
great economical importance, and have been in some respects misrepresented,
the details connected with their history ought not to be passed over without a
short notice.
i. The magnesian limestone is first seen near Nottingham in the form of thin and nearly horizontal beds occupying the level tract of country to the north-west of Radford. On the contrary,
the coal-measures form an uneven hilly region stretching on the south-west side of the limestone.
This contour tends to prove that the upper formation is unconformable to the lower ; and the inference issaid to be confirmed by the existence of some dislocations which traverse the coal strata
without affecting the limestone. That the magnesian limestone in this region forms but a thin
capping on the inferior strata, is demonstrated by the sections exhibited in a great many coal-pits
which have been sunk through it. Many of them are now worked out and deserted ; but some
of them are still carried on near Radford and Asply *.
2. The regular range of the coal beds under the magnesian limestone is further demonstrated
by a shaft near the edge of the escarpment at Kimberley, which passes through thirteen yards of
the limestone, and then descends thirty-eight yards to a three. foot bed of coal.
3. The same conclusion is confirmed by the position of the Kirkby coal-works, and by the
general dip of the strata in that part of the Nottinghamshire field. South of the village a deep
valley of denudation encroaches on the boundary of the magnesian limestone ; and in the lower
part of the valley a new shaft has been sunk not far from the limestone escarpment, to the depth
of more than 180 yards. The coal-measures are found to dip nearly due east at a small angle ;
and an excavation, formed for a rail-way, has exposed the junction of the upper beds of the series
with the magnesian terrace, under which they appear to range with an uninterrupted and uniform
* I have been informed that a pit which was worked in the year 1823 near Asply, first passed
through four or five yards of magnesian limestone, and then descended to the five-foot coal through
seventy-six yards of the regular coal-measures. On the western side of the same coal-field near
Bilborough, the measures are said to have been thicker. The old works were sunk through
a few yards of limestone, descended thirty yards (through shale and bind) to a twenty-seveninch bed of soft coal, and were afterwards carried down ninety yards to the five-foot coal.
At all events, the sections near Nottingham prove that the coal beds pass under the limestone
without any diminution in their value, except what arises from the greater difficulty of reaching
Ihem.
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dip*.
The indications exhibited by the coal works near Skegby (and we might
also add by the
whole coal-field extending from Pinxton to Tibshelf) lead to the same
conclusion.
4. There can, I think, be no doubt that the magnificent terrace which ranges
by Palterton
and Bolsover, rests upon a productive part of the Derbyshire coal strata. Until,
however the
neighbouring coal-field is more nearly exhausted, it is not probable that any great work
conducted within the limits of the yellow limestone. A bed of impure coal was formerly wi'll be
worked
under the limestone at Orscroft ; and a similar impure pyrltous bed is worked at Clown
close to
the terrace of the limestone, under which all the inferior strata are carried by a gentle
dip to the
south-east t. At Knitacre Hill (about a mile and a half to the north-east of Barlboro
ugh) there
are the remains of ancient coal-works considerably to the east of the terrace.
It is sufficiently evident from this short statement, that the magnesian limestone stretches over
a part of the great coal formations of Derbyshire and Nottinghamshire : it also seems to follow
that the same deposit must be unconformable to them ; for the coal-beds which range immediately
under the escarpment are not all of the same age, but belong to different successive portions of
a
great deposit, and therefore cannot in any sense be considered as contemporaneous.
5. After the magnesian limestone enters the county of York, it contiuues for about thirty miles
to agree in its range, its dip, and its inclination, so exactly with the neighbouring coal-measures
that there seems to be little evidence in the district south of Pontefract to prove any want of conformity between the two formations. The limestone rests upon the highest known portion of the
Yorkshire field, which contains some thin beds of coal generally impure and pyritous. Beds of
this kind have been worked in several pits sunk on the west side of the magnesian terrace and
in a few instances the works have been conducted beneath it. At Micklebring (a village on the
escarpment of the limestone about three miles south of Conisburgh) a swiftly burning impure coal
about seventeen inches thick, has been worked to a considerable extent. Some old shafts appear
to have been sunk through the western skirt of the limestone ; but the present works are prolonged under it by means of a level which enters the hill side below the village. The same bed
of coal appears formerly to have been worked at the bottom of the hill on the road from Clifton
to Conisburgh : and on the other side of the Don, between Metton and Barnborough, several
shafts have been sunk upon a bed of coal, which agrees both in its quality and in its relations
with that at Micklebring]:. A similar bed was reached a few years since by a boring, which
was made on Upton Moor near the edge of the limestone. Lastly, a bed of coal of like quality,
* In this part of the field the best bed of coal is about five feet thick ; over it is half a yard of
clunch (indurated slate clay), and above the clunch is a bed of soft coal thirty inches thick. The
old pit sunk down to this deposit was six hundred yards west of the new shaft, and only 161 yards
deep ; from which it appears that the dip of the strata is about one yard in thirty. (See
Plate V. fig. 1.)
t The following is a register of the strata sunk through at the Clown coal-shaft.
1 . Vegetable matter and rubble
5 feet.
2. Yellow clay
5
3. Red sand
6
4. Marl, with a thin bed of iron-stone
6
5. Blue bind (a variety of soft unctuous slate-clay)
21
6. Dark shale (sometimes used for black chalk)
9
7. Pyritous coal
4 feet 4 inches.
Nos. 2. and 3. probably belong to the marl beds which separate the magnesian limestone from
the true coal-measures.
The impure coal would not have been worth extracting had it not been
near the surface.
+ A further account of the section of Micklebring will be given in a subsequent part of this
paper.
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though probably belonging to a lower part of the formation, was formerly worked near Water
Fryston by means of a pit sixty yards deep. Though this pit commenced so far within the
general limits of the limestone, the form of the country, and a knowledge of the inferior strata,
may naturally have led to an expectation of meeting coal-beds at no great distance below the
surface.
6. Between Pontefract and the valley of the Wharfe, the magnesian limestone ranges in a direction about N. and by W., over one of the richest divisions of the Yorkshire coal strata. In the
same part of the field the average bearing of these strata is nearly N.E. ; and their dip, with
many flexures and irregularities, is nearly S.E.* In consequence of this relative position, the
successive deposits of the coal formation necessarily range up to the base of the magnesian terrace :
and that they pass under it without any change in their physical characters is proved, not merely
by the analogy of the neighbouring country, but by many ancient and modern works, which, at
Glass Houghton, Kippax, Church Garforth, and Parlington, have been sunk through the limestone into the lower formation.
A detailed account of the several sections exhibited at these places might form the subject of a
distinct communication, but would be incompatible with the object of this paper. The following
short notice of them will be sufficient for my present purpose.
There were formerly some collieries in Pontefract park ; and many shafts were afterwards sunk
in the low ground near Glass Houghton. As these works were exhausted, it became necessary
to sink further upon the dip ; and several pits were sunk on the skirt of the magnesian limestone :
the newest work of this kind (at a place called High-Field) is considerably to the east of the
escarpment. By these excavations, and still more by borings carried down to the lower beds of
the neighbouring coal-field, it is ascertained that the whole carboniferous strata pass regularly
under the limestone, with a mean dip towards the south-east of nearly one yard in twenty f.
Several extensive coal-works have been carried on in a lower part of the formation near
Kippax. In consequence of a great flexure (which does not appear to affect the superincumbent
limestone) the beds are tilted at a considerable angle towards the north ; and the same seam of
coal is found in the lower ground on the south side of the village, about twenty yards from the
surface, which was formerly worked by pits sunk through the yellow limestone and other lower
strata to the depth of nearly a hundred yards J.
Between Kippax and Aberford many ancient coal-pits (all of which are, I believe, now
* See the accompanying map. (Plate IV. No. 2.) The general bearing of the subordinate parts
of the Yorkshire coal strata may be seen in Smith's valuable geological map of the county,
t The following is a rough sketch of the strata passed through by the High-Field pit.
1 . Yellow limestone
16 yards.
2. Yellow sand
,
4
3. Blue bind, with some purple-coloured sandy micaceous beds ....
7 or 8
4. Light
yellow iron
and ore,
grey and
sandstone,
a fewinto
concretions"]
of sparry
near the containing
bottom passing
a harder ^ 30
brown sandstone
J
5. A very impure coal (not worked)
5 feet.
6. Blue bind
2 yards.
7. Good coal
18 inches.
Forty-eight yards below the 18-inch coal (No. 7.), there is an impure 3-foot coal; and
sixty-five
These two last beds have been proved by
boring. yards still lower, there is a 5-foot coal.
I One of the old pits on Kippax Hill was said to pass through thirty yards of limestone, and
six feet of light yellow sand ; below which were the regular coal-measures, consisting of blue
bind, shale, and slaty sandstone.
In general, the thickness of the limestone was not so great.
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deserted) have been sunk through the plateau of limestone on the west side of the Roman road.
Near Church Garforth the dip of the coal-measures is nearly due south ; and, consequently,
to
the north of the village the successive beds rise towards the surface, and probably are only
prevented from abutting against the superincumbent limestone by some beds of yellow sand and red.
coloured clay, which are there interposed between the two formations. It was undoubtedly in
consequence of this peculiarity of position that the ancient works commenced within the region
of the limestone. Had the limestone been conformable to the coal strata, the several seams
would have been most easily accessible on the west side of its escarpment ; and the first excavations would have commenced in that quarter*.
7. North of the Wharfe the magnesian limestone ranges over the lower and almost unproductive
part of the coal formation. On the right bank of the Nid several works have, however been
carried down to an impure bed of coal about three feet thick. The pits are seen a little to the
north-west of the Bilton outlier ; but none of them were sunk through it. There are also the
remains of some ancient works at Winksley, a little to the west of the limestone. From the
neighbourhood of Bedale the formation (as far as we can judge from the few remnants of it which
are visible) appears to have ranged into the county of Durham, upon a portion of the carbonife.
rous series which is generally classed with the millstone grit.
8. On the north side of the Tees the magnesian limestone, as appears by what is above stated,
occupies for several miles a nearly level region, which terminates at the base of the carboniferous
hills near Houghton-le-Side. The position precisely resembles that of the conglomerates, which
are spread over the outskirts of the carboniferous limestone in the south-western coal districts of
England, and is accounted for in the same way by the want of conformity between the magnesian
limestone and the beds of the coal formation.
This fact is still more unequivocally shown in the range of the formation from Houghton-IeSide to Ferry Hill. The south-western extremity of the Durham coal-field is deposited in the
form of an irregular trough or basin. The beds on one edge of this trough rise upon the lead,
measures, and dip to the S.E. ; but on the south-eastern edge they rise towards the terrace of
magnesian limestone, and dip on the whole towards the N.W. Over this south-eastern-edge
ranges the limestone (in the manner pointed out above) ; and in its whole course, from Houghtonle-Side to Ferry Hill, dips towards the S.E. It is impossible to conceive a more complete instance
of want of conformity between two formations.
The facts on which this conclusion rests are indicated in all the quarries of the district, and in
the sections formed by various coal- works which have been opened in the line of the limestone.
At the Brussleton coal-works the average dip is about N. by E. In the Shildon works (some of
which were formerly sunk through the limestone) the dip was about N. by W. At the village
of Eldon the dip is nearly the same. Many old works were sunk through the limestone ; and as
these were exhausted, it became necessary to sink further upon the dip. The present works are
on the west side of the limestone escarpment. At Goundou the coal-measures rise towards
the limestone, and probably pass under it; but the present works are at some distance ou
the west side of the terrace. The dip of all the neighbouring coal strata is about N.N.W.
Lastly, at Ferry Hill both the ancient and modern works are sunk through the plateau of magnesian limestone, which has a slight inclination to the S.E.
After passing through about eight
* The present pits near Church Garforth are to the west of
part of the field has been proved to contain twelve beds of coal
In one pit these four beds are found at the respective depths of
two lower beds (called the high and lozo main) are each about

i2

the limestone escarpment. This
; four only of which are worked.
38, 58, 91, and 181 yards. Tiie
five feet thick.

60

Rev. A. Sedgwick on the Geological Relations and

fathoms of limestone, they reach the coal-measures, which dip about N. by E. at a considerable

angle*.
Beyond Ferry Hill the coal strata decline more and more towards the east, and gradually
acquire a dip which nearly conforms to that of the overlying formation. But near the Tyne the
whole system of the coal strata is, by a great flexure, made to rise to the north-east; and in
that position they appear to pass under the northern extremity of the magnesian limestone. In
this part of the range there were formerly no coal-shafts sunk through the limestone ; only because
the productive beds were more accessible on the west side of it. But in the year 1822, a most
magnificent work was completed near Hetton-Ie-Hole, which, after passing through fifty yards of
magnesian limestone, descended down to the Hutton-seum at the depth of 297 yards from the
surface: and several similar works have been since undertaken in the same neighbourhood f.
(See Plate V. fig. 3.)

From all these details it follows, that the productive portions of the Nottinghamshire, Derbyshire, Yorkshire, and Durham coal-fields, which are
covered by the maj^nesian limestone, are in no respect deteriorated in quahty
by its presence. The formation in its long and generally unconformable range
sometimes passes over rich, and sometimes over barren parts of the great carboniferous deposits ; but these are mere accidents of position, and not effects
in any way attributable to the existence of the limestone. Inclined beds of
coal when very near the surface may have sustained some injury from the
mechanical action which accompanied the deposition of the superior formation :but the supposition of any other injury generally affecting the productivenes ofthe lower beds, seems to involve nothing less than a physical
impossibility.
These conclusions are in strict conformity with the facts connected with
our south-western coal-districts, which are detailed in a former volume of
the Society's Transactions (Second Series, vol. i. p. 249 — 280) ; and they are
* The assertion " that no coal-mine had been seen in Northumberland or Durham under the
magnesian limestone" is certainly erroneous. (Geol. Trans. First Series, vol. iv. p. 8.) The
principal beds worked under the magnesian limestone in the county of Durham in the places
above mentioned are, I believe, the Jive.quarter-seam and the high-main. That the coal-beds
generally pass under the limestone cannot admit of doubt ; and there does not appear to be any
good ground for supposing that when in such a position they are deteriorated in quality. As
this fact is of great importance, it may be proper to add, that at Nunstainton (a few miles to the
S.E. of Ferry Hill) a good bed of coal was reached, at the depth of about fifty-eight fathoms, after
boring through about forty fathoms of magnesian limestone.
From the sections near Cowndon, it seems probable that the coal-measures, after passing under
the limestone, make a saddle and dip to the S.E. At Ferry Hill, on the S.W. side of all the
present works, the coal strata are traversed by a fault, beyond which they are supposed to dip
towards the S.E., a direction nearly opposite to that which was stated above. Should this great
llexure of the coal strata under the limestone be true, it makes the want of conformity between
the two formations still more remarkable, and at the same time explains the appearance of the
coal-beds under the limestone at Nunstainton.
t For the number, relative position, thickness, and provincial names of the several productive
beds in the great northern coal-field, see Mr. Winch's paper (Geol. Trans. First Series, vol. iv.),
and Mr. Westgarth Foster's section of the coal-measures.
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further borne out by the workings of the Whitehaven field ; some of the
richest of which are sunk through a covering of magnesian limestone.
Within the limits of this formation many more works will be undoubtedly
attempted when our present fields begin to be exhausted. Its unconformable
position will, however, throw great difficulties in the way of such undertakings for
; in the districts where it is present, the surface of the ground
can seldom give any indication of the contour of the carboniferous beds
below, or of those flexures and dislocations by which they may have been
affected; and without such knowledge mining operations must often end in
disappointment.
Considered on a great scale, the magnesian limestone in the county of
Durham may be described as a dam passing over the south-east side of the
coal basin, and cutting it off from all direct communication with the sea, except in two places, where the dam is broken through by the channels of the
Wear and the Tyne. The richest parts of the coal-field bordering on these
rivers are already beginning to be exhausted ; and some of the more remote
parts are, by means of rail-roads, now brought into communication with these
navigable outlets.
The rail-road from West Auckland to Stockton is twenty-three or twentyfour miles in length ; and the coals are dragged out of the basin by a fixed
steam-engine, over an elevation which is 472 feet above the high-water mark
at Stockton.
At the single pit of Hetton-le-Hole (the works of which are carried on
both in the High-main and Hutton-seam), more than a thousand tons of coal
are each day raised to the surface*. After being driven by moveable steamengines along the base of the magnesian terrace, they are, by the power of
two fixed engines dragged to the top of it, along a system of inclined planes
which reach an elevation of 350 feet above the first level from which they
started. From thence they descend along a second system of inclined planes,
and are afterwards rapidly transported by moveable steam-engines to the
banks of the Wear.
An excellent line of communication (and as far as regards the mere transport of coals to the coast, a much better one than that which has been effected
from West Auckland) might be established between Stockton and a rich part
of the coal-field, through a natural depression of the limestone terrace immediately to the south of Howlish Hall,
But the singular denudation of Thrislington gap (where a chasm has been
* These facts relate to the state of the colliery in the summer of the year 1826.
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formed completely through the terrace) offers the best line of communication
between the sea coast and the part of the coal basin to the south of Durham.
From this part of the great field, coals might be conveyed to the sea by a series
of nearly dead levels not more than twelve or fifteen miles in length, on which
it would not, I believe, be necessary to use a single fixed engine. Milhons of
tons of coal are destined in future times to descend through this gap to the
neighbourhood of Stockton. Indeed before long, all the remote parts of the
coal basin will be intersected with rail-roads, which will rise over the escarpment of the yellow limestone, and meet, like converging rays, at the nearest
sea -ports.
§ 6. Faults affecting the Limestone and the Coal Strata, Trap Dykes, ^c. ^c.
The unconformable position of the magnesian limestone being admitted, it
follows of course that many faults and dislocations which traverse the coal
strata will not affect the overlying formation. As, however, the causes producing these dislocations are not confined to any one epoch, many faults are
common to both formations, or at least pass out of one into the other without
any visible interruption. Of this kind there are two examples on the coast of
Northumberland : the first, in Tynemouth Castie cliff, is not of great extent,
but is well exposed in a fine natural section (Plate VI. fig. 1.); the second,
which is much more remarkable, is seen at Cullercoats. The ninetT/ -fathomdyke there cuts through the cliff, and produces an enormous down-cast to the
north, by which the magnesian limestone is once more made visible, and
brought down to the level of the beach (Plate V. fig. 2.)*.
Another and a very interesting class of faults which intersect the coal
strata, are marked by the presence of trap dykes. It has been assumed that,
in the country above described, these dykes are strictly subordinate to the
coal formation ; and from thence it has been inferred that they never pass up
into the beds of overlying limestone : the conclusion may generally be true,
but it is not borne out by any satisfactory evidence. Many dykes of trap
were probably injected among the coal strata at the time of their first dislocation, before the existence of any part of the overlying formations. Such dykes
cannot possibly traverse any part of the magnesian limestone ; but we know
* If the fault at Cullercoats be identical with that which is supposed to pass under the quarry
of Whitley, it will be difficult to reconcile the fact, stated in the text, with the section of Whitley
quarry, given in the Society's Transactions (First Series, vol. iv. Plate IV.). At all events the
yellow limestone is certainly dislocated by the great dyke at Cullercoats. No trap is there visible.
The word dyke is applied by the miners of the north of England indifTerently to all highly in.
clined faults, whether trap be present or not. An ignorance of this use of the word di/fce has led
to occasional mistakes.
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from examples in the north of England, in the north of Ireland, in the
Hebrides, and in many other parts of the world, that trap dykes are not confined to the carboniferous order. They are found in very great abundance
in many deposits of a much newer epoch. Hence, many of the trap dykes in
our coal-fields may belong to a comparatively recent age ; and the only examples ofany direct value in proving the first conclusion (viz. that such dykes
do not pass up into the overlying beds), are those in which the trap cuts
through portions of the coal strata in immediate contact with the magnesian
limestone.
In Nottinghamshire, Derbyshire, and Yorkshire, I never found a single
example of a trap dyke near the great overlying terrace. In the counties of
Durham and Northumberland (notwithstanding the common occurrence of
trap in the coal formation) there are but two examples of dykes which bear
upon the present question ; and they appear to lead to opposite conclusions.
1 , The well known dyke which descends from Bolam to Houghton-le-Side,
comes to the eastern edge of the magnesian limestone, and is lost under the
alluvial and diluvial covering. But beyond the eastern boundary of the formation another dyke, agreeing both in its direction, inclination, and mineralogical characters with the former, breaks out from beneath the diluvium, and
ranges without interruption into the moors south of Whitby. If these two
trap dykes form one continuous mass (which is at least very probable), they
must undoubtedly cut through the magnesian limestone. 2. The next example is at Quarrington Hill (three or four miles south-east of Durham),
where a trap dyke rises almost perpendicularly through the carboniferous
beds, but does not penetrate the capping of limestone. It is therefore probable, though by no means certain, that this dyke assumed its present form
before the limestone was deposited*.
The trap dyke at the south-west end of Tynemouth Castle cliff is unfortunately of no assistance to this inquiry ; because the capping of yellow limestone does not extend to that extremity of the cliff where the dyke is present.
Such is the imperfect evidence, or rather such is the absence of all direct
evidence in favour of the conclusion, that the trap dykes in our nortiiern coalfields belong to an age which is anterior to the deposition of the magnesian
limestone. That in some instances there may be probable reasons in favour
of this conclusion I do not pretend to deny ; but this is not the proper occasion for discussing them.
* For a detailed account of the two trap dykes mentioned
Cambridge Phil. Soc. vol. ii. pp. 21, 40.

above, see Transactions of the
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Chapter II. — Internal Structure of the Formation of Magnesian
Limestone, ^c. Sgc
Havino- described in general terms the range and extent of tlie formation of
magnesian limestone, the external character of the country through which it
passes, and its relations to the strata of the carboniferous order, I now proceed to give some account of its internal structure, and of the composition of
its subordinate parts. In doing this, it appears necessary, for reasons already
stated, to regard it as a complex formation subordinate to the group of the
new red sandstone ; in which case it admits of the following natural subdivisions.
1. Lower red sandstone.
2. Marl-slate, associated with grey, thin-bedded, and nearly compact limestone.
2a. Variously coloured marls, with thin beds of compact and shelly limestone.
3. A great deposit of yellow magnesian limestone; often cellular and earthy,
sometimes hard and crystalline.
4. Lower red marl and gypsum.
5. Grey thin-bedded limestone.
6. Upper red sandstone.
7. Upper red marl and gypsum.
A detailed description of the two last of these subdivisions (which together
constitute what has generally been called the new red sandstone formation)
will not be attempted in this paper. They are only introduced for the purpose of explaining the relations of the inferior groups.
§ 1. Lower red Sandstone. — Pontefract Rock of Mr. Smith. — Rothe-todteliegende of the German Geologists.
By the lower red sandstone, I mean the lowest member of the group of the
new red sandstone, which in Yorkshire and Durham is interposed between
the carboniferous order and the strata of magnesian limestone. During my
first visit to the county of Durham, I examined many sections which exposed
the junction of this limestone and the coal-measures, in the hopes of discovering the existence of beds of conglomerate resembling those which, in the
neighbourhood of the south-western coal districts, are spread over the inclined
edges of the older formations. In this hope I was generally disappointed ;
but I found that the lower beds of limestone were occasionally arenaceous.
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and that in some places they reposed upon, and seemed to pass into a yellow
incoherent coarse siliceous sand. It appeared, therefore, that those mechanical agents, which in many parts of England had acted with such destructive
violence, had here operated upon the carboniferous strata much more feebly,
and only produced a number of irregular masses of drift sand, on which the
formation of yellow limestone was subsequently deposited.
During the same year I had an opportunity of observing in a part of Yorkshire, that the magnesian limestone rested upon a system of beds of very
peculiar character, which in some places resembled coarse millstone <^ni, and
in others had more the appearance of new red sandstone. As, however, I had
at that time no means of ascertaining the extent and continuity of this deposit,
and as I found that its upper surface was in some places unconformable to the
limestone which rested upon it, I erroneously concluded that it was a peculiar
formation of gritstone subordinate to the Yorkshire coal-field.
Not long afterwards I became acquainted with Mr. Smith's geological map
of Yorkshire (which was published in the year 1821), and then, for the first
time, I saw the importance of the above-mentioned deposit in that county. It
is there shown to be coextensive with the magnesian limestone, from which it
follows that it must be unconformable to the coal-measures. Hence, notwithstanding itsmineralogical character, which in some places almost identifies it
with the inferior strata, it is absolutely necessary to separate it from them,
and to regard it as the first term of an entirely new series of deposits, of which
the magnesian limestone forms so prominent a part. To Mr. Smith, therefore,
belongs the honour of having added this member to our English secondary
formations. In classing it with the coal-measures he, however, deprived it of
its real importance : and Mr. Conybeare was, I believe, the first who published
an opinion that it was analogous to the rothe-todte-liegende ; and therefore
formed a new connecting link between the physical history of our own country
and that of the continent.
During several subsequent visits to various portions of the escarpment of
the magnesian limestone, I had an opportunity of verifying many of the details
given in the geological map of Yorkshire, and of ascertaining- that the beds
of incoherent yellow sand which I had before observed in the county of Durham, are nearly coextensive with the limestone which rests upon them. As
the result of all these observations, it appears that, with a few interruptions, a
formation of sand and sandstone of variable structure and thickness may be
traced between the coal-measures and the magnesian limestone, from the
mouth of the Tyne to the confines of Derbyshire*.
* In the geological map of the county of Durham no notice is taken of the lower red sandstone.
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Like most deposits of mere mechanical origin, the lower red sandstone is in
many places of so complex a structure, that a correct notion of it can only be
conveyed by a series of detailed sections. Considered on a great scale it is,
however, found to preserve a general uniformity of character, and may be
resolved into the following- principal varieties.
1st. Conglomerate, resembling the newer red conglomerate which overlies
the western coal-districts. Of this variety there are some imperfect examples
at the upper surface of the sandstone near its junction with the magnesian
limestone ; but in such situations they may perhaps more properly be associated with a superior division of the formation. (See Plate VI. figs. 1. 2. 3. 3.)
2ndly. An extremely coarse siliceous sandstone, sometimes containing round
pieces of quartz more than an inch in diameter, which are generally ranged
in lines nearly parallel to the planes of stratification, though they are in other
respects very irregularly disseminated. This variety is so usually of a red or
purple tinge, that the colour may be regarded as characteristic of it. There
are, however, many local exceptions ; as the rock is in some places of a light
grey, and in others of a yellowish brown colour. It almost universally contains a considerable portion of earthy felspar, which in some localities abounds
so much, that the whole rock becomes nearly incoherent. In these cases the
formation decomposes into irregular grotesque forms, and the face of the
country through which it passes is covered with rude concretionary blocks
which resemble decomposing boulders of granite or syenite. It is not possible
to mistake the nature of the earthy constituent; because crystals of red felspar,
sometimes exhibiting all their faces and angles, but most frequently rounded
or otherwise altered by attrition, are (in various stages of decomposition)
studded over the rugged surfaces of the sandstone blocks above mentioned.
At the same time it is extremely difficult to account for the abundance of this
mineral, as there are no granitic rocks near the range of the sandstone; and
the millstone grit and other beds of the contiguous coal-measures do not
appear to have contained felspar in such abundance as to supply the kaolin
and crystalline fragments which are imbedded in the superior formation. In
the places where the preceding variety predominates, the stratification is generally obscure ; and there are constant examples of that kind of false bedding in which the planes of separation of the principal masses are not parallel
to the planes of stratification.
Srdly. A variety chiefly differing from the preceding in being smallergrained and more regularly bedded. Most of the beds are micaceous, and
some of them form a good stone, which is extensively quarried*.
In this, as
* In some parts of Yorkshire, especially between Wetherby and Knaresborough, these beds
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in the last variety, a red or purple tinge predominates : but these colours pass
through every variety of shade ; in some places are only seen in the form of
cloudy spots, and in others disappear altogether. The rock then becomes a
brown or grey micaceous sandstone, which sometimes cannot be distinguished
from the gritstone beds of the coal-measures.
4thly. Fine-grained sandstone, much less coherent than the preceding, and
less regularly bedded. In composition and colour it sometimes resembles the
most ordinary varieties of new red sandstone.
5th. Nearly incoherent sand. In this state it is very extensively developed,
and sometimes alternates with the preceding variety. These incoherent
masses are seldom much tinged with red oxyd of iron, but more frequently
exhibit a grey or yellowish brown colour. They sometimes contain small
spherical calcareous concretions ; and the upper portion occasionally becomes
calcareous and cellular, and passes insensibly into the superior deposit of
limestone.
6th. Sandy micaceous shale, often variegated with stains of a red or purple
colour. This variety not unusually alternates with some of the preceding.
The argillaceous earth which produces this variety is hardly ever in such
abundance as to entirely destroy the ordinary type of formation : for there is
perhaps not a single locality where it could be mistaken for a characteristic
mass of slate-clay subordinate to the coal-measures. Near the upper part of
the formation it is often associated with red marl and soft red micaceous slaty
sandstone.
7th. Marls, much varied both in colour and composition. They have generally a red tinge, or are variegated with red and purple blotches. They are
frequently interposed between the beds, but they are chiefly developed at the
higher part of the formation, immediately under the yellow limestone. In that
situation they are of very common occurrence, though seldom of any great
thickness. Notwithstanding their extent, and the many sections in which they
are exposed, I never observed in them any beds of fibrous gypsum like those
which characterize
tain, in a few rare
It appears from
drate or red oxyd,

the upper marls of the new red sandstone ; but they coninstances, crystals and crystalline nodules of selenite*.
the preceding details that iron, either in the form of a hyis commonly diffused through all the subordinate parts of

are extensively quarried for troughs, coping-stones, and coarse flagstones, &c. &c. At Hart Hill,
near the southern extremity of the same county, some of them are used as a rough building stone,
and the finer beds are ground down into scythe. stones.
* The most remarkable instance of this kind which fell under my own observation occurs ou
the right bank of the Nid, a little above the bridge which leads from Knaresborough to Harrowgate.
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the formation above described. In some of the beds, especially in the harder
varieties of sandstone, it is disseminated in the form of yellow and red ochreous
concretions, which rarely pass into a true haematite ; and it often gives a deep
red tinge to the argillaceous bands which are interposed between the strata.
In the escarpment under the yellow limestone at Micklebring, a few miles
south of Doncaster, it is deposited in the form of an earthy red oxyd in beds
of considerable thickness, which alternate with a red-coloured micaceous
sandstone.
Such are the leading characters of the inferior red sandstone ; and an
attempt at a further subdivision of it in a more general description, which has
no immediate reference to individual sections, would not, 1 think, be attended
with any advantage. In the arrangement of the subordinate parts there does
not appear to be any constancy, if we except the red and variegated marls
which are so commonly found immediately under the limestone, and also the
obscure conglomerates above mentioned, which, in a few instances, occur in
the same position.
Range and extent of the Loicer Red Sandstone, ^c. ^c.
From the edge of Derbyshire to the river Air, this deposit is generally confined to the middle
or lower part of the terrace, which is crowned by the magnesian limestone. Its superficial extent
may therefore be represented on a geological map by a shade of colour traced on the western
border of the limestone. This is the mode adopted by Mr. Smith, whose delineation of the range
through the southern parts of Yorkshire is extremely accurate.
In tracing the formations from the south towards the north, the inferior red sandstone is, I
believe, first seen in a characteristic form near Barlborough, not far from which place a quicksand
is found immediately under the escarpment of the yellow limestone. Following the demarcation
into the county of York, we find the deposit well exhibited at Hart Hill in the form of a coarse
red micaceous sandstone, the upper part of which becomes more thinly bedded and of finer texture,
and is surmounted by marl beds and the inferior strata of the yellow limestone. In the two next
valleys of denudation, and on the hills above North Anston and South Anston, the coal-measures
and limestone are separated from each other by a coarse variegated sandstone, in some places of a
dark brick-red colour, which has innumerable false planes of division, and is surmounted by slaty
red sandstone and red marl. At Maltby and Micklebring the deposit has the same general characters;but a little further to the north, between Clifton and Conisburgh, the beds are more
coarse and indurated, and have been extensively quarried.
In all this part of the range, though the mineralogical characters are nearly constant, the
thickness of the deposit is extremely variable : for in some localities it forms a mere band, ranging
through the mid region of the escarpment immediately under the magnesian limestone ; while in
others it occupies all the lower part of the terrace, and probably extends considerably to the west
of its base.
At the village of Cadeby (on the north bank of the river Don) it becomes of complex structure,
and of great thickness.
The lowest parts of the formation are not exposed, being buried under
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the incoherent materials which have descended from the upper part of the escarpment • but a
series of strata are laid bare in a hollow road nearly in the following order, beginning with the
lowest. 1. Beds of loose micaceous sand with grey sandstone partings; whole thickness not exposed. 2.A freestone about fourteen feet thick, very irregularly bedded, and variegated; some
parts being light grey, and others greenish red with cloudy spots. 3. Beds of sandstone and
sandy shale, with some partings of ochreous marl. 4. Beds of bluish marls, with bands of
variegated and red micaceous freestone. 5. Red and yellow marls immediately under tlie limestone. Ifthe whole system of these beds were laid bare, their united thickness would probably
amount to more than one hundred feet.
In following the remaining part of the escarpment as far as the river Went, it appears to recover its more usual characters ; as the portions of it which are vi&ible consist of coarse-grained
sandstone, more or less stained with red oxyd of iron, and of slaty micaceous sandstone, generally
red and variegated; alternating with, and surmounted by, marls of the same prevailing colours.
In one or two places (especially on the line of the road from Doucaster to Wakefield), it spreads
out considerably to the west of the limestone, and forms a low but well-defined escarpment.
Again, between the valley of the Went and Pontefract the deposit becomes of greater thickness
and more complex structure ; containing much incoherent micaceous sand, which, by its dogra^
dation, forms a narrow zone of light unproductive soil in the lower part of the terrace, between
the limestone and the highest beds of the coal formation.
Immediately round Pontefract it is well exposed in several characteristic sections, especially
under the regular escarpment which ranges on the south-east side of the town, where several
quarries have been opened in a coarse grey sand and sandstone, which is micaceous, irregularly
bedded, partially tinged with red, and contains a few concretions of hydrate of iron, but does not
exhibit any of the usual red, blue, or variegated marls. The soft yellowish grey sandstone under
the Castle must be referred to the same formation, as well as several of the sandstone quarries
near the south-western extremity of the town. There is, however, a peculiar difficulty presented
by some of these localities, arising out of the absence of the separating marls, and the apparently
gradual passage of the sandstone into the limestone, which makes it almost impossible to ascertain
their precise limits. The difficulty does not, however, end here ; for on the road leading from
the outskirts of the town towards Wakefield, a strong yellowish brown siliceous grit (which, if
I have not been misinformed, has been proved by boring to the depth of at least eighty feet) appears below all the beds before described. At first I took for granted that the whole mass of
this grit represented the lower portion of the inferior red sandstone ; but a subsequent examina.
tion of the strata at High Field colliery, a few miles north of Pontefract (where the several beds
were cut through by a pit sunk in the year 1823, from the magnesian limestone to the coalmeasures), made me at least doubt the propriety of this conclusion*. I have been the more particular in referring to these sections, as Mr. Smith designates the formation I am attempting to
describe by the name Pontefract Rock, — a term which ought on no account to be retained ;
because the sand rock, for the reasons above given, is not there developed in a manner sufficiently
distinct and characteristic to be considered as a good general type of the deposit.
After the terrace crosses the Air, there are for several miles no denudations which exhibit tlie
junction of the magnesian limestone and the coal-measures. But in various parts of the low
terrace which extends by Kippax and Church Garforth towards the Abberford rivulet, we have
* See the High Field section, ante p. 58. It is, I believe, impossible in that section to draw
any well-defi.ned line between the lower red sandstone and the coal-measures.
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a proof, both in natural sections and in various coal-works, that the deposit occupies its proper
place, though in a very imperfect form. J'urther north it is much more developed ; and at Scare,
croft Mill, Rigton, and the hill above Collingham, is seen in its most characteristic form. It is
also laid bare in a very singular denudation on Bramham Moor, and the south-eastern extremity
of Bramham Park, considerably within the limits of the limestone, where it is chiefly composed
of a singularly coarse grey sandstone, which contains such an abundance of kaolin as to be in
many places incoherent*. The deposit is in this district of very unequal thickness, and probably
extends in irregular patches considerably beyond the western limits of the escarpment, accompanying the various outliers which have been enumerated in a former part of this paper.
In the greater part of the range from the Wharfe to the Nid, the sandstone forms an advanced
terrace, which ranges considerably to the west of the plateau of the magnesian limestone ; and
its prevailing character is that of a coarse irregularly bedded purple-coloured sandstone, sometimes nearly approaching the appearance of a conglomerate, and decomposing into irregular
masses presenting many complicated forms of great picturesque beauty f. Possessing nearly the
same characters, it is laid bare in many of the nol)le sections which are presented in the great
cleft, which, on the south side of Knaresborough, allows a passage to the waters of the Nid. In
some of the quarries it consists of the usual coarse sandstone, with kaolin and fragments of felspar
crystals ; in others it passes into a strong red or variegated sandstone, often falsely bedded, with
bands of red marl, occasionally with concretions of ochre; and near the top it here and there
presents thin beds of micaceous incoherent sand mixed with red marl.
To the north of Knaresborough it is seen in scattered blocks in a few quarries on Scotton and
Breareton Moors; and again in Scara quarries north of Ripley, and on both sides of the rivulet
below South Stainley. It is therefore extended, though probably in unconnected masses, several
miles to the west of the limestone terrace. It is however difficult, and perhaps impossible, to
determine its precise limits ; as it makes no escarpment, and can hardly be distinguished from
some varieties of millstone grit which range through the same district. The remaining part of the
terrace, which terminates at Watlas, is so much disguised with diluvium, that it is hardly possible
to trace the beds I am describing. We may, however, conclude from the indications of a fewnatural sections, and still more from the number of loose blocks in the diluvial detritus, which
agree in character with the inferior red sandstone, that the formation is probably coextensive
with the limestone.
The extensive destruction of the superior formations between Bedale and the banks of the
Tees, and the accumulations of incoherent matter, make it almost a hopeless task to seek for the
red sandstone in that district. At the same time the low position of the few patches of magnesian
limestone which remain, make it probable that the sandstone was very imperfectly developed
before the denudations were effected.
In the flat region immediately north of the Tees, it appears hardly possible, for want of sections,
to ascertain the nature of the beds which range under the limestone : and the relations of the lofty
sandstone hills which pass along its north-western skirt between Houghton. le-Side and Brussleton
Tower, are far too obscure to be easily determined. These hills are chiefly composed of a grey
sandstone rock of very varied texture, but affording some excellent quarries which have been used
* See Plate IV. No. 2.
t The scenery in the neighbourhood of Plumpton shows the character of the rock in great
perfection ; and if an unmeaning designation is to be given to it, merely borrowed from some
locality where it is well exhibited, I think the term Plumpton sandstone might be adopted with
advantage.
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in the coastruction of the Stockton raiUroad. The mineralogical character of this
sandstone, its
great elevation, and its apparent want of conformity to some parts of the limestone terrace,
might
seem good reasons for placing it in the carboniferous order. The sections presented at Houghton.
le-Side in the quarries on the east side of Brussleton Tower Hill, and in the quarries near East
Thickley on the north side of the rail.road, made me however doubt the propriety of such a conclusion, and induced me to regard a portion, at least, of the sandstone hills in question, as an un.
usual development of the lower red sandstone. The part of the terrace extending by Eldon
Cowndon, &c. to Ferry Hill, does not in any way assist in clearing up these difficulties : for in
two or three places when the escarpment is not disguised, we find a light grey sandstone imme.
diately inferior to the limestone, which by some may be regarded as one of the most ordinary
members of the coal.measures ; by others, as an exhibition of the inferior red sandstone thout^h
under an unusual form.
In the range of the escarpment from the north-east side of Ferry Hill to the banks of the
Wear, there is a formation of sand and sandstone, about the true relations of which it seems im.
possible to doubt ; for, notwithstanding its very variable thickness, it is seen at so many places
under the limestone, that it must form a nearly continuous mass stretching obliquely over the
successive portions of the Durham coal-field*. It must therefore be unconformable to them and
can only be referred to the lower red sandstone.
Notwithstanding the absence of a continuous terrace, and the want of numerous natural sections, there can be little doubt that the same sandstone is continued from the banks of the Wear
to Tynemouth Castle Hill : for it is well exhibited in the hill near Hilton Castle, under West
Bolden, and in the cliff under Tynemouth Castle f; and two quarries of micaceous sandstone on
the road from Westoe to Jarrow belong apparently to the same formation.
Its mineralogical character in this part of Durham is, as before stated, very different from the
more usual type of the same formation in Yorkshire. It is most usually seen under the form of
a yellow micaceous sand ; or of a yellow sandstone so imperfectly coherent, that it falls to powder
under the shock of a blast, or the blow of a heavy hammer. Traces of red sandstone and the
subordinate marls are not, however, altogether wanting. For example, in the escarpment at
Rough.dean near Houghton-le-Spring, the following beds are exposed.
1. At the bottom a strong grey freestone. About twenty feet are visible; and near the top it
passes into a soft slaty micaceous variegated sandstone.
2. Yellow and light blue unctuous clay, four feet.
3. Red and black clay, about one foot.
4. Yellow incoherent sand, twenty feet.
5. Over the preceding are marl beds, and the yellow limestone ; but they are not exhibited in
this section. I was not able to determine tlie true place of No. 1. with certainty : the other
beds evidently represent the lower red sandstone.

Again, there is at Clack's Heugh, on the south bank of the Wear, a magnificent natural
section of the deposit, in the form of a yellow sand, of a great but unknown thickness, supporting
the limestone, and in consequence of a fault abutting against the coal.measures +. But on the
opposite bank of the river it is exhibited under a more complex form in a succession of beds of
* In proof of what is stated above, I may refer to the following localities, where the inferior
sandstone is well exhibited, Thrislington Gap, Coxhoe Hill, Quarrington Hill, in the various
coal-pits near Hetton-le-Hole, Houghton.le-Spring, Painshaw Hill, and the sections on the
banks of the Wear near Clack's Heugh.
(See Plate VII. fig. 3. and Plate V. fig. 1.)
t See Plate V. fig. 2.
+ See Plate VII. fig- 1-
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areat thickness. The lower part consists of the usual yellow sand and soft sand rock ; over them
arc various irregular false-bedded red masses containing concretions of reddle, and resembling the
most ordinary varieties of new red sandstone : and over these are beds of yellow sand and sandstone immediately supporting the limestone.

Such are the mineralogical characters and geological relations of the lower
red sandstone, which I have given with the more detail, because no general
description of it has yet been published. Indeed before the appearance of
Mr. Smith's geological map of Yorkshire, it seems to have been almost overlooked in our own country, though it occupies the precise place of the rothetodte-liegende, which has been so often described by the geologists of the
continent. By it we are, therefore, enabled, not merely to add a new member
to the series of English secondary formations, but to establish a new term of
comparison between the physical history of our own country, and that of the
remote parts of the European basin.
During my two first visits to the county of Durham, I did not meet anypractical men who appeared to have the least knowledge of the existence of
the remarkable formation I have been describing. But since the prosecution
of the great coal-works within the limits of the magnesian limestone, they have
become acquainted with the existence and continuity of the inferior sandstone;
and now count upon its appearance in the sinkings of the shafts like any of
the more regular strata of the district. Unfortunately, from its incoherent
nature, it affords so free a passage to the water, that we might assert, without
much exaggeration, that great subterranean rivers circulate in some parts of
the county between the limestone and the coal-measures. Through these
strata of incoherent sand and of water most of the coal-shafts must necessarily
pierce, which commence in the higher formation. To the success of operations of this kind one situation may be more favourable than another: the
inferior sandstone may be of inconsiderable thickness, or may perhaps be
wanting altogether ; but no one would be justified in anticipating such a result
before trial. And it is not I think too much to assert, that whoever shall undertake to sink any coal-shafts on the east side of the limestone escarpment,
between Thrislington Gap and the Wear, must be prepared to encounter
very great difficulties, and to overcome an enormous discharge of water*.
* The subject hinted at in the text is undoubtedly one of great practical importance. I there,
fore think it right to state one or two facts in support of the opinion I have advanced. 1. In the
sinking of the Hetton pit, though the lower sandstone was reduced to the thickness of a few feet,
there was a great discharge of water between the limestone and the coal-measures, which was
only reduced by iron tubs at an enormous expense. 2. At Eppleton pit (about three-quarters
of a mile N.E. of the former) the lower sandstone was 126 feet thick, and discharged water at
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In the preceding details I have frequently mentioned the irregular thickness of the lower sandstone. The fact is proved by the general details already
given in the description of the escarpment : but as the fact is one of importance, itmay be expedient to place it in a stronger light by specific reference
to one or two extreme cases.
1st. On Bramham Moor (in the denudation which extends into the south-east corner of the
park) there is a quarry which exposes a few beds of yellow limestone, and about twenty feet of
the lower red sandstone, without reaching the coal-measures. In a second quarry, a few hundred
yards further west, the upper beds agree with those of the preceding locality ; but the inferior
sandstone is represented by an irregular bed not two feet thick, resting on a coal-grit with vegetable impressions. 2nd. The three great shafts of Eppleton, Hetton, and EUemore are within
two miles of each other. In the first, the equivalent of the lower red sandstone was found to be
126 feet thick ; in the second, only four or five feet; and in the third, about sixty feet thick.
3rd. In the cliff under Tynemouth Abbey, the same sandstone does not appear to be more than
twenty-five feet thick ; while at Clacks Heugh, and some other places on the Wear, the whole
thickness is perhaps not less than two hundred feet*.

It is unnecessary to accumulate more examples. We may, however, naturally inquire whence arises this extraordinary irregularity ? It has been produced bythree causes. 1st. The beds on which the lower red sandstone rests
do not always present an even surface. For example, in the two quarries
above mentioned on Bramham Moor, the coal strata, probably in consequence
of the intervention of a fault, appear at different levels. Under such circumstances iis
t not possible that superior unconformable strata should preserve
an uniform thickness.
2nd. The deposit appears to have been produced by the irregular action of
mechanical forces ; and, consequently, to have presented an uneven surface at
the commencement of the more tranquil formation of the magnesian limestone.
the rate of 48,000 gallons an hour. In the hopes of reducing this, they were, in the summer of
1826, constructing pumps capable of lifting 54,000 gallons an hour.
3. In the new water-works at Bishop Wearmouth, after passing through 108 feet of limestone
and 36 feet of indurated sand, they reached a very copious spring of water. 4. In a well sunk on
the property of Mr. Grimshaw in the same neighbourhood, the following beds were cut through.
(1.) Limestone, 3 fathoms. (2,) Dark blue clay, 1 foot 6 inches. (3.) Brown and yellow
indurated sand, 3 fathoms. (4.) Quicksand and water. — Similar results are given in the wells
sunk near the Wear by the proprietors of the Hetton coal-works.
At the present time a pit is sinking on the north bank of the Wear, between Southwick and
Sunderland Bridge : but the success of the attempt must be extremely doubtful ; because the
lower sand (which they must pierce through before they descend to the coal-measures) passes
under the bed of the river, and is proved by all the neighbouring sections to be of incoherent
texture, and of great thickness. The interior part of it may therefore probably contain such an
enormous quantity of water, that no engine will be found capable of keeping it under. — N.B. The
preceding remarks apply to the state of the works in 1826.
* Some details connected with the preceding sections will be given in a subsequent part of this
paper.
(See Plate V. fig. 3.)
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An ideal loni^itudinal section through the Eppleton, lletton, and Ellemore
coal-pits will assist in explaining this statement. (Plate V. fig-. 3.) Its best
illustrations may, however, be derived from the magnificent sections on the
banks of the Nid near Knaresborough. Under the castle the inferior sandstone isseen at the base of the cliff supporting- a lofty precipice of yellow
limestone. A little way below, the sandstone disappears, and the limestone
descends to the bed of the river. But a few hundred yards below the second
bridge, the plane which separates tiie two formations rises above the level of
the river, makes a succession of rapid undulations, and lifts the beds of limestone to the top of the escarpment. Again, this plain descends below the bed
of the river, and again (below the third bridge on the Ribstone road) rises
in an irregular arch, and passes through the middle of a precipice, the higher
part of which is composed of yellow limestone, the lower part of the lower red
sandstone.
3rd. The lower red sandstone appears in some places to have undergone
considerable degradation prior to tlie deposition of those beds of limestone
which now rest upon it. I have before alluded to the thin beds of an imperfect
conglomerate, which in a few places (for example, Maltby, Bramham Moor,
the escarpment west of Kirk Deighton, one or two of the sections near Knaresborough, and the cliff under Tynemouth Castle) separate the yellow limestone
from the inferior sandstone. They seldom contain pebbles brought from any
great distance, but most frecjuently exhibit a kind of recomposed rock, containing fragments of yellow limestone and siliceous sand, held together by a
more or less pure magnesian cement*. These phainomena seem to prove,
that the interval between the formation of the lower red sandstone and the
deposition of the lower beds of magnesian limestone was not one of complete
repose, but that the continuity of the deposits was partially interrupted by
mechanically disturbing forces. If this reasoning be correct, we might expect,
without any more evidence, to find traces of those degradations to which I
have alluded, and a consequent partial want of conformity between the sandstone and the lower beds of magnesian limestone. This local want of conformity iswell exhibited in the quarry on Bramham Moor, to which I have
before referred ; in the sandstone quarries west of North Deighton, and in
one or two of the sections below Knaresborough. (See Plate VI. figs. 2. 3.
4. 5. & 6.) Some of the phcenomena near Knaresborough may be explained
by the false bedding of the sandstone, and the supposed original irregularity
of its upper surface.
But there are some sections which I think set such an
* For examples of actual sections in which this conglomerate appears, see Plate VI. figs. 1. 2.
3. & 5.
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hypothesis at defiance : for the true stratification may be discovered in places
where the Hne of its direction bears no relation whatsoever to the plane which
separates the sandstone from the limestone. (See Plate VI. fig-s, 2. & 3.) The
examples to which I have referred probably form merely local exceptions to
the more general rule. If, however, future observations should prove them to
be more numerous, it will then be necessary to make a slight modification of
the classification which is proposed, and to remove the formation here described from the group composed of the higher portions of the new red sandstone series. In that case it must be placed in a class by itself; for on no
account can it be admitted into the carboniferous order without violatino- the
best rules of geological arrangement*.
§ 2.

A deposit of Marl-Slate, and of thin-bedded and neurit/ compact
Limestone, ^c. 8^c.

On passing over the edges of the several deposits already described, and
mounting to the lower portions of the terrace of magnesian limestone it
might, after a partial examination, appear a hopeless task to attempt to reduce
the several calcareous beds to any natural order. The very same beds at short
distances from each other, and sometimes even in the same quarry, are crystalline, earthy, compact, or cellular ; perpetually changing their mode of
aggregation in such a way as almost to baffle description. In the midst of
this confusion there are, however, certain beds which preserve a considerable
uniformity of character ; and which, though by no means co-extensive with
the formation of magnesian limestone, wherever they do appear are generally
found in the same j)ortion of it. Such are the beds of marl-slate and thinbedded compact limestone, which in several parts of the range through the
county of Durham, and in some parts of Yorkshire, rest immediately upon
the lower red sandstone. In placing them in a separate group, I have not
therefore adopted an arbitrary subdivision for the mere purpose of bringing
* In an excellent memoir by M. L. Elie do Beaumont on tlie secondary formations of (he
Vosges (whicii did not appear til! after tliis paper was written), a deposit is described under the
name of gres dcs Fosges, which, both in structure and position, agrees very exactly with tlie
lower red sandstone. It deserves remark, that this deposit, like the formation described above,
appears in several places to have undergone considerable degradation before the existence of some
of the higher groups of the new red sandstone series. " Dans beaiicoup de localites, le depot
de gres qui, sans aucim doiite, fait partie du gres bigarre, parait reposer a stratification
discordante sur le gres des Vosges, et semble n'' avoir commence a se deposer qu^apres que la
surface de ce dernier avail siibi des degradations considerables.^' — Observations Geologiqucs
sur quelques Terrains Socondaires du Systeme des Vosges, p. 54 — 55.
After the new analogies supplied by the details of this paper, it a|)pears at least highly probable that the whole of the gres des Vosges is the equivalent of the luxccr red sandstone, and
that no part of it (as has been conjectured) is contemporaneous with our magnesian limestone.
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our own formations into a nearer accordance with tliose of the same age in
central Germany ; but I have followed an arrangement which is borne out by
many natural sections. At the same time it must be allowed that this deposit
is, with local exceptions, very imperfectly developed ; that it often does not
admit of any well-defined line of separation from the beds which are superior
to it • and that it is probably contemporaneous with some of the lower beds of
ma"iiesian limestone which frequently occupy its place without exhibiting the
same mineralogical characters.
The o-roup I am describing is seen in a very characteristic form on the side
of the Stockton rail-road, at the quarries of Midderidge and East Thickley.
In the construction of that work a series of beds was cut through, which presented the following phaenomena, commencing with the lowest part of the
quarries.
1. Beds of light-coloured siliceous sandstone, worked as a coarse flagstone
and also as a building stone. The upper beds alternate with a blue-coloured
calcareous shale.
At East Thickley they are about thirty feet thick.
2. Yellow-coloured calcareous shale and marl-slate, in thickness about nine
feet. Some of these beds are incoherent and sandy ; the marl-slate forms a
series of indurated bands which divide the more incoherent shale.
3. A series of thin beds with marly partings ; the whole about twenty feet
thick. The average thickness of the several beds is not more than a few
inches ; their surfaces are often coated with yellow marl ; at their natural
partings they are generally covered with dendritical impressions. Not unfrequently in their interior they pass into a nearly compact limestone, the finer
specimens of which have a conchoidal fracture, are translucent at the edges,
and exhibit a smoke-grey, yellowish, or bluish colour. The separation of these
beds can seldom be represented by a plane surface : but on the removal of
any of the upper strata, we may generally observe a number of spherical protuberances, which indicate a more or less perfectly concretionary structure.
The fracture of the more compact beds seldom gives any indication of this
structure ; yet when viewed externally and on a considerable scale, they may
be said to resemble a number of spheres which have been placed side by side,
and afterwards have been compressed and partially melted into each other.
Over all the preceding come the ordinary beds of coarse yellow magnesian
limestone.
The beds described in the preceding section appear to contain very little
magnesia ; indeed some of the beds of indurated marl-slate and compact
limestone do not exhibit a trace of it. Some of the compact beds are, however, partially cellular, like the magnesian limestone, and have their cells lined
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with crystals of carbonate of lime, occasionally associated with small but beautiful crystals of sulphuret of lead and sulphuret of zinc. As these metallic
sulphurets are found with other crystalline materials in cells which have no
communication with the surface of the several strata, they must be nearly
contemporaneous with the rocks in which they are imbedded.
The excavations formed for the new Stockton rail-road led to a discovery
of great geological interest. In the marl-slate, about two feet above the white
sandstone, were found a great many impressions of vegetables and of fish.
Of the former, a great many specimens were unfortunately destroyed by the
workmen. The only examples which I have seen are now before the Society,
and appear to be ferns. Of the fossil fish many good specimens were preserved, and I have seen portions of at least seven species. Among these the
genus Palseothrissum of De Blainville is the most abundant; and the two
species Palasothrissum magnum and Pala^othrissum macrocephalum have
been identified by that distinguished naturalist. These two species are extremely abundant in the marl-slate of the Thuringerwald ; and it perhaps
deserves remark, that in their distortion and mode of preservation they exactly
resemble many of the Durham specimens*.
The superior and more compact beds above described also contain fossils ;
among which are two species of Producta, a Spirifer, and a Terebratula. The
Producta antiqua of the mountain limestone occurs, though I believe very
rarely, in the two quarries above mentioned.
The zechstein which overlies the marl-slate of Thuringia has been described as containing Gryphites and Terebratulites, and indeed has been
named by M. Voigt a gryphite limestone. Had this account been correct, it
would certainly have thrown some difficulty in the way of our classification.
Fortunately, however, the Gryphaea aculeata of Schlottheim belongs to the
genus Producta of English mineral conchology ; and the fossils of the zechstein appear to be nearly identical with the corresponding deposit of the
British series.

In order to complete the analogy between the deposits which I am describing and the corresponding formations of Thuringia, it may be remarked, that
in the county of Durham the marls which separate the bands of marl-slate and
the beds of compact limestone are sometimes bituminous. Traces of bitumen
have often been found in the compact limestone ; and at Somerhouse quarry
near Denton, a thin-bedded limestone of the same age with the Midderidge
series alternates with thin bands of a black micaceous shale, which is sufficiently bituminous to be regarded as an impure coal. These, and one or two
* See Plates VIII. IX. X. XI. & XII.
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similar instances, though perhaps exceptions to the more usual character of
the contemporaneous deposits in our country, seem to confirm the conclusion
which I have endeavoured to establish.
Foilowino^ the mac^nesian escarpment from the rail. road above mentioned towards the north,
•we frequently lose all traces of the marl-slate and thin-bedded compact limestone. They may,
however exist in many places under the incoherent matter which disguises the lower part of the
terrace.
A quarry in the hill above Coundon lays bare the bottom beds of limestone. They are thin
and almost slaty, and of a smoke. grey, ash-grey, and blue colour. Some of them are earthy ;
but others arc almost compact, and contain crystalline nodules of sulphate of barytes, with sulphuret of lead and sulphuret of zinc irregularly disseminated through their mass. Their position,
texture mode of bedding, and association with metallic sulphurets, clearly identify them with the
compact limestone of East Thickley and Midderidge.
In several parts of the escarpment between the last-mentioned locality and the banks of the
Wear, I have found thin beds of impure sandy marl-slate between the magnesian limestone and
the lower sandstone. And in the sinkings of the Hetton pits, as also in the wells near Sunderland, the same beds have been found associated with thin layers of blue and nearly compact limestone.
Some of the natural sections on the south bank of the Wear exhibit distinct traces of the marlslate immediately under the great shapeless beds and masses of magnesian limestone ; and there
can I think, be no doubt that the whole quarry at Pallion is very nearly connected with it. For
we there find a system of strata which are chiefly composed of thin and nearly compact masses of
light ash-grey,
beds of yellow
various shades
of these lower

and srnoke-grey limestone, separated by, and mixed with, various marls and thin
marl-slate : and in the lower part of the section are some thicker beds, with
of light. grey, ochre-yellow, and blue, which contain very little magnesia. Some
beds are almost compact, and near the bottom of the quarry are of so fine a

texture that they were formerly worked for marble. The discovery of a fossil fish in these
quarries further lends to identify them with the formation of marl-slate and compact limestone,
though their mineral character somewhat differs from its usual type*.
The only part of the escarpment between the Wear and the Tyne which exhibits these inferior
beds in a characteristic form, is at West Bolden. We have there a section nearly fifty feet high,
which exhibits about thirty feet of thin slaty beds resting on the lower red sandstone, and surmounted byabout twenty feet of hard amorphous cellular masses of yellow limestone f. The slaty
beds possess an intermediate character between the varieties of marl-slate and compact limestone
above described. They are generally of a yellowish brown colour ; and they are almost covered
with black dendritic impressions. It is difficult to obtain a clear cross fracture from them ; for

they separate at a number of transverse natural joints, which are also covered with a similar den.
dritic coating.
To the north of the Tyne, the two outlying masses at Whitley and Cullercoats may perhaps
both be referred to the marl-slate and compact limestone. The several beds at the former locality
have been already described in the Society's Transactions (First Series, vol. iv. p. 6).

Some of

* For some further details respecting the Pallion sections, see a paper by Dr. Clanny, Annals
of Philosophy, vol. vi. p. 115, &c. ; and Mr. Winch, Geol. Trans. First Scries, vol. iv. p. 9.
t See Plate VII. fig. 2.
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these beds contain small crystals or crystalline nodules of galena ; and at Cullercoats
is associated in a similar manner with the beds of limestone*.
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Lastly, in the cliff between North.point (about two miles south of the Tyne) and Marsdeu
rocks, there is a fine exhibition of the inferior beds, in the form of a yellowish brown slaty limestone, resembling the corresponding deposit at Pallion and West Bolden, surmounted by Jiffhtcoloured cellular and brecciated masses belonging to the superior formation f. Near Marsdeu
rocks we may also find many varieties of marl. slate and compact limestone : but in their arrano-e.
raent, and in their manner of association with the superior beds, they are extremely anomalous
and will be more properly noticed in a subsequent part of this paper.

The appearances of the marl-slate and compact hmestone in Nottinghamshire, Derbyshire, and Yorkshire, will require a very short notice. In the
two former counties thin-bedded varieties of magnesian limestone much coated
with dendritic impressions are found in some places immediately over the coal
formation. They occupy, therefore, the exact position of the marl-slate of the
county of Durham, and in some respects resemble it. In other respects they,
however, differ so much from it, and are so nearly connected with the upper
beds of magnesian limestone, that I have not ventured to arrange them in the
inferior group. The same remark may be applied to some nearly similar beds,
which in various parts of Yorkshire are interposed between the inferior red
sandstone and the great amorphous beds of yellow limestone. There are,
however, in some parts of that county, beautiful and unequivocal exhibitions
of the compact limestone and the marl-slate.
1. In the lower part of the terrace which extends from Kippax towards Aberford, there
appears a thin-bedded blue compact limestone alternating with thin layers of marl, and resting
upon the lower red sandstone. It contains some obscure impressions and casts of bivalves, among
which is the genus Axinus of Sowerby. The lower beds are sandy, and might be mistaken for
coarse varieties of lias. The blue beds do not, I believe, contain magnesia; but they are (especially near the top of the group) associated with yellow beds containing that mineral.
2. Beds of nearly the same character occupy the same geological position in the quarries
opened in the outlier (above described) north of Seacroft, and in various other places under the
magnesian escarpment.
3. In the quarries at Linderick near Ripon, there is also a highly characteristic exhibition of
the compact beds. In these quarries which form the bottom of the terrace, the limestone is fetid,
nearly compact, thin-bedded, of a dark smoke-grey colour, and alternates with thin beds of marl.
The bottom of the formation is unfortunately not exposed.
4. Lastly, the same group is seen in various quarries between Knaresborough and Ripon : for
example, at Yew Bank near Burton Leonard, in a perpendicular section nearly forty feet thick;
* I am by no means prepared to deny that the metallic sulphurets may sometimes traverse the
beds above described in small strings or veins. I never, however, saw them in that form ; but
they always appeared to be imbedded in a way which seemed to indicate a contemporaneous
origin.
t See Plate VII. fig. 4.
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and in the two outliers in the same neighbourhood. In the last-mentioned place the character of
the group is considerably modified, and is partially associated with coarser beds of yellow magnesian limestone : it may, however, be described in general terms as a deposit chiefly composed
of grey thin-bedded limestone, alternating with thin layers of marl. Most of them are coated
over with dendritic impressions ; and, with partial exceptions, they contain much less magnesia
than the strong coarse yellow beds by which they are surmounted. On the whole, they make an
approach to the external character of the well known beds of Brotherton and Ferry Bridge,
though placed at the opposite extreme of the magnesian series.

Such are the facts upon which is founded that subdivision of the formation
of magnesian hmestone which I am endeavouring- to estabhsh. The beds
here described, — in their mineralogical character, their relative position, their
geological relations, and their organic remains, — present so many analogies
with the copper-slate and zechstein of central Germany, that it seems impossible not to consider them as all belonging to a common epoch, and as originating- inthe simultaneous action of similar causes.
§ 2. (A.) A deposit of variously coloured Marls, containing irregular beds of
Shell Limestone without Magnesia.
When

I stated in a former part of this paper, that there was no characteristic exhibition of the inferior red sandstone to tlie south of Barlborough,
I by no means intended to assert that, in the whole range between that place
and Nottingham, the magnesian limestone rested immediately on the coalmeasures. Not far from Nottingham (for example, at Bilborough and Kimberley) there are some traces of red marl-beds under all the beds of the limestone. Marl-pits are also said to have been dug under the escarpment in
several places west of Sutton Ashfield ; and some thin beds of a kind of pipeclay have been found in the same geological position between Barlborough
and Clown. These masses of marl and clay would hardly have deserved
enumeration, had they not appeared in connection with a much more important deposit, which is laid bare in the hill side under Kirkby Wood-house;
and also with a second similar deposit, which ranging for three or four miles
under the escarpment in Derbyshire, is exposed in the side of the road under
Glapwell, and in the quarries of Palterton and Bolsover. I therefore now proceed briefly to describe the phaenomena presented at these several localities.
A rail-road which extends from the Kirkby coal-works towards Mansfield, and cuts through
the lower part of the escarpment of the yellow limestone, exposes a series of beds in the following order. 1, A thick bed of shale. 2. Beds of soft light-coloured slaty sandstone. These two
form the base of the hill, and belong to the regular coal-measures. 3. Beds of conglomerate and
coarse sandstone, six or eight feet thick. They are of a yellowish-red colour, from the prevalence
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of fragments or concretions of red and yellow ochre. The finer portions resemble many
varieties
of the lower red sandstone ; but the coarser beds contain fragments of sandstone and water-worn
fragments of mountain limestone*. 4. Beds of red, grey, and yellowish marls, containing nodular
concretions and thin bands of limestone. The whole thickness about fifteen feet. In the lower
part, the clay is generally of a red tinge, and the limestone nodules partake of the same colour.
In the higher portion, many of the irregular bands of limestone, like the marls in which they are
imbedded, are of a greyish colour. Externally they are sandy, and sometimes micaceous ; but
the centre of the larger concretions commonly exhibits a nearly compact and pure limestone
containing a few obscure traces of bivalve shells. 5. Immediately over the preceding beds are
some thin bands of yellowish marls, surmounted by the great deposit of magnesian limestone in
the ordinary form in which it is developed in that district.
At Palterton and Bolsover in Derbyshire, the sections through the corresponding deposits exhibit the following succession, beginning as before with the lowest beds. 1. Common coal shale.
2. Soft light-coloured sandy shale with vegetable impressions. The two preceding are members
of the coal formation ; their junction with the next superior beds is unfortunately not well ex.
posed. 3. Beds of yellowish clay, with some carbonaceous matter apparently derived from
vegetable fossils. In it are thin beds of blue limestone, with bivalve shells, and, in a few instances
containing small fragments of carbonized wood. Many of the specimens resemble hard varieties
of shelly lias ; others are meagre, impure, and sandy. The thickness of this system is about six
feet. 4. Red and yellow clay, with beds of blue and red shelly limestone. Some of the varieties
of limestone are very impure ; other parts are compact or semicrystalline, and in hand specimens
might be mistaken for mountain limestone. The thickness of these beds is about nine feet,
5. Over the preceding are the lower beds of the yellow magnesian limestone.

There is obviously a g-reat analogy between the two preceding' sections.
The conglomerate of Kirkby Wood-house does notj however, appear at Palterton and Bolsover; and the beds of limestone are thicker and much better
developed in the latter section than they are in the former. The organic
remains appear to be the same in both, and consist almost exclusively of small
bivalve shells, which are generally too much imbedded to exhibit specific charactersf. To what formation shall we then refer these two deposits? The
red marls and conglomerate seem to connect them with the inferior red sandstone ;but the beds of limestone seem on the other hand to unite them with
the next superior group of marl-slate and compact limestone. To avoid all
ambiguity, I have placed them in a group by themselves, an arrangement
which can lead to no mistakes, though the subdivision may perhaps be
thought too unimportant to deserve so formal a notice.
§ 3. Great middle deposit of Yellow Magnesian Limestone.
The deposit I am now about to notice, not only occupies the greatest part
* This is perhaps the only instance in which a conglomerate containing pebbles of mountain lime.
stone is found in association with any of the groups described in this paper. (See Plate V. fig. 1.)
t As these beds of limestone contain no magnesia, tliey are extensively quarried, and much
used in agriculture.
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of the western escarpment^ but is spread over more than nine-tenths of the
area included between the eastern and western boundary of the whole formation. The difficulty of describing it does not arise so much from its great extent as from its complexity of structure ; for it presents incomparably more
changes in its external character, and in the arrangement of its subordinate
parts, than any other secondary formation of the British series. A detailed
account of one portion of it might present very few analogies with the details
exhibited by another portion, even in a neighbouring district. All, therefore,
which I shall attempt in this place will be, to describe some of the most remarkable varieties of rock subordinate to this great system of beds ; considering only in a general point of view their relations to each other, and to the
deposit of which they form a part.
I. Arenaceous Dolomite. — This modification of the rock is of an open
arenaceous texture, being made up of a congeries of small irregular crystals,
the forms of which cannot always be determined ; but they may sometimes
be traced to the inverse rhomb.
It forms a considerable portion of the deposit which rests immediately on the coal-measures to
the north-west of Nottingham, and alternates with other varieties of magnesian limestone in different parts of Nottinghamshire and Derbyshire. In these districts, its prevailing colours are
reddish or yellowish brown ; and it is deposited in thin beds, which are sometimes used for flagstones or coping-stones, but are never sufficiently coherent to make a good building stone. On
exposure to fire, it often passes into a bright brick-red colour; and in some rare instances, native
specimens may be found in the quarries of this colour*.
To the same variety I would refer various irregular concretionary masses, which near Knaresborough, and in many other parts of Yorkshire, are found subordinately to earthy and pulverulent
beds of magnesian limestone. I have not noticed any specimens in the county of Durham which
can be classed under this head.
'5

This modification (especially as it is found in Nottinghamshire) Is a true dolomite, with a great
excess of iron; and, notwithstanding its crystalline texture, is probably in a great measure of
mechanical origin. For it is thin-bedded, separated by thin bands of marl and siliceous sand ;
and in some places a coarse sand coated with green earth enters partially into its composition.
Lastly, in some quarries near Bilborough, the separating red marl and sand increase so much in
thickness, that the dolomite becomes subordinate to themf.
In such instances the carbonate of
* The specimens here described are not easily reduced to a calx. They are, however, asso.
ciatcd with beds which are burnt for lime : but it is never of a white colour, being stained with
various colours derived from the metallic oxyds of the rock.
t The lozccr red sandstone is not found in the neighbouring districts as a distinct formation :
but the localities alluded to above, may be considered as exhibiting an alternation of this sandstone with the lowest beds of yellow limestone. I have only noticed two other decided examples
of a similar alternation ; one in the escarpment at Glapwell in Derbyshire, the other on the right
bank of the Nid immediately above Knaresborough, There are, however, many instances in
which the bottom beds of magnesian limestone contain a considerable portion of sand, apparently
derived mechanically from the strata on which they rest; and thin bands of variously coloured
marls are not unfrequently interposed between the beds in this part of the formation.
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lime and magnesia appears to have been mechanically deposited along with the other materials
which constitute the system of beds ; and if these earthy salts were derived from the destruction
of pre-existing dolomites, they would be supplied in that definite proportion which would enable
the comminuted particles to reunite and form a simple crystalline rock.

II. Small-grained Dolomite. — This variety is also a crystalline dolomite ;
differing from the preceding- in being smaller-grained, and not having the
same open arenaceous texture. It exhibits various shades of colour from
ochre-yellow to yellowish white, and rarely becomes almost snow-white.
When mixed with impurities, or alternating with other modifications of the
magnesian limestone, it sometimes is brown, dull brick-red, or bright red.
The finest specimens are of a glimmering pearly lustre ; and a number of
minute black spots (occasionally aggregated in stellated forms) are often irregularly diffused through them. Their fracture is generally uneven, and the
fragments into which they break are of irregular form. Beds, or crystalline
masses, answering more or less perfectly to the preceding description, are
found in various parts of Durham : for example, at Coniscliff Castle, Eden
Dean, Tunstall Hill, Black Rocks, and other places on the coast ; but in all
these places they are entirely subordinate to other varieties, and are neither
of sufficient regularity nor extent to be used in architecture.
In the same subordinate form this dolomite occurs in various parts of Yorkshire ;and in Nottinghamshire and Derbyshire it passes into, and alternates
with, the former modification. Its most perfect development may, however,
be seen in various ancient quarries, which, in the long range of the formation
from Nottingham to Bramham Moor, have been opened in the upper part of
the deposit I am attempting to describe. Any thing beyond a short notice of
these remarkable quarries would be incompatible with my present object.
1. In the extensive quarries of yellow dolomite which are opened on the south side of Mansfield, the lowest beds are thin, and are separated by thin layers containing greenish sand. Some
of these beds are arenaceous, and pass into the variety (No. I. p. 82.) above described; others
form an excellent building stone. The upper quarries are composed of irregular beds or tabular
masses, some of which are twelve or fourteen feet thick. They are partially tinged with green
sand and other impurities, and also contain a few veins and crystalline nodules of sulphate of
barytes ; but large blocks of nearly pure dolomite may be separated from them. The whole
system above described is surmounted by the lower marly beds of the forest sand.
2, On the east side of the glen which descends to Mansfield, is a quarry which lays bare a
system of beds, about fifty feet thick, of very extraordinary character. The bottom beds are about
twenty in number, and vary from less than one foot to three or four feet in thickness ; but the
planes of separation are extremely irregular, and not continuous. They are of a dull red colour,
and might, without close examination, be mistaken for new red sandstone. The thin beds are
much used in building; and the thickest are hewn out into large troughs and cisterns, and in
Over the system just described is a
that state are conveyed into all the neighbouring counties.
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band of clay surmounted by striped slaty ferruginous beds, which gradually pass into a coarse
yellow magnesian limestone.
This red dolomitic sandstone rises and falls in long sweeping undulations, and may be traced
to a quarry on the side of the Chesterfield road, where it preserves nearly the same colours and
external characters, and is worked for the same purposes.
In the whole rant^e of the magnesian limestone I know of no deposit which can be compared
with that which is here described ; and it is the more remarkable, as it is found in the heart of
the formation, and nearly in a line with the finest specimens of crystalline dolomite*.
3. On Bolsover Moor, about two miles east of the village, is a beautiful yellow crystalline
limestone, which is extensively quarried for building. Its lustre is pearly, and excepting the
colouring matter and the minute black spots which are scattered through it, it contains very
Some of the beds become so granular as to pass into the preceding modification.
little impurity.
(No. I. p. 82.)
4. Amono- the rocks forming the beautiful ravine called Cusswell Crags, are some fine dolomites • but they are irregularly bedded, are associated with compact, cellular, and earthy
varieties and have not been quarried. There arc, however, some beds on the hill to the northwest of the ravine which have been used for building, and, except in colour, resemble those of
Bolsover Moor.

In passing into a solid state, some of these beds have penetrated each other ;

so that their separation is not represented by a plane superficies, but by a number of imperfectly
crystalline points and protuberances, which give to the surfaces of the blocks an appearance resemblin<T artificial rustic work. These natural surfaces have been occasionally used in ornamental
architecture.
5. The neighbouring quarries of Steetley are of considerable extent, and of great antiquity.
The rock laid bare is not more than twenty feet thick. It is divided by a number of irregular
horizontal partings into beds from one foot to three feet thick ; and it is also intersected by a
number of irregular transverse seams and fissures. The finest specimens are of a greyish white
colour, crystalline, fine-grained, and of a beautiful shining pearly lustre. The top of the quarry
is composed of thin soft yellowish beds much stained with the black spots before alluded to f.
6. In the neighbourhood of Roach Abbey are also some very ancient quarries of dolomite of a
beautifully greyish white colour. In its mode of bedding, thickness, mineralogical character, and
geological position, it is nearly identical with the Steetley rocks above described; but it is more
The strata above them and below them are
Only four or five beds are worked.
finely grained.
* The beds above described are an instance of the extensive operation of mechanical agents
during the deposition of the magnesian limestone. Some of the coarsest specimens probably contain as much as 30 per cent of siliceous sand. The Rev. J. Holme examined one of the finest
cistern beds, and from 100 grains obtained the following results :
Lime
28.750
Magnesia
11.125
Carbonic acid
34.750
Silica
20.250
Red oxyd of iron and alumina
3.375
Earthy muriates of soda, lime, and magnesia ?
0.250
Water and loss
1.500
100.000
t Many ancient churches, and some monastic buildings, of which the ruins exist in the neighbourhood, were formed of materials derived from these quarries. This stone was also used in the
construction of Clumber House, Worksop Manor, and some other noble modern edifices.
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of the same greyish white colour, but are of a softer and more earthy texture, and on that account
are not used for building.
7. In following the formation from the last-mentioned locality towards the north, there are for
nearly thirty miles very few traces of the fine white dolomites. But they reappear at Huddlestone
near Sherburn, and on the north-east side of Bramham Moor. At the former place is a quarry
about forty feet high, exposing ten or twelve great irregular beds or tabular masses. Some of
them have the lustre and texture of the Roach Abbey stone, but in general they are less crystal.
line ; and in one part of the quarry they pass into a compact yellowish white rock which exhibits
the conchoidal fracture and external characters of a perfect Alpine limestone*. In the quarries
of Bramham Moor the best beds are yellowish white, very fine-grained, of dull glimmering lustre
and less crystalline than the Iluildlestone beds. Many of them are veined and cellular and pass
into common earthy varieties of magnesian limestone. The two last-mentioned quarries have
supplied materials for the construction of some of the finest Gothic buildings in our island.
To the north of the river Wharfe, the whole formation of magnesian limestone does not I
believe, afford a single quarry of dolomite which deserves notice from its value as a buildino- stone.
In the description of the two preceding modifications, the term '^dolomite" has been used in a
somewhat extended sense ; for the specimens are certainly not all composed of a definite triple
salt, in which one atom of carbonate of lime is chemically united with one atom of magnesia.
Even in the crystalline varieties we may often observe a small quantity of uncombined earthy
matter and other impurities ; and in the more ordinary forms of the deposit, carbonate of lime is
most frequently in considerable excess. In some cases, we may in great measure separate the
uncombined carbonate of lime by dilute acid, which does not so readily act upon the true dolomitic portion of the rock ; and this accounts for the brisk eftorvescence of certain varieties of
magnesian limestone when first plunged in acids. There are also some rare varieties of the rock
(when its external character is both earthy and crystalline) in which carbonate of magnesia is in
excess. Of twelve specimens of dolomite examined by Tennant, ten were composed of one atom
of carbonate of lime, and one atom of carbonate of magnesia, with a small quantity of carbonate
of lime in excess. Two were of similar composition, but with a very small quantity of carbonate
of magnesia in excess ; and the specimen in which this excess was greatest, was derived from the
magnesian limestone formation near Doncasterf. We may, however, presume, that in all specimens which are highly crystalline, which effervesce feebly with acids, and are not much mixed
with extraneous matter, the two earths are chemically combined, and that the composition cf such
specimens will be found to agree very nearly with theory. To bring this to the test, I selected
from a very large number of specimens of dolomites, derived from various parts of the formation,
some beautiful and perfectly crystalline fragments ; and after an examination of some of them,
which was kindly undertaken by Professor Gumming, the result was what had been anticipated.
For example, one of the most crystalline rocks from Roach Abbey was found to be a definite
compound of one atom of carbonate of lime, and one atom of carbonate of magnesia, subducting
something less than two per cent of oxyd of iron and other impurities |.
* From a hundred grains of this compact rock, Mr. Holme obtained the following result : —
Lime, 34.75, Magnesia, 16.125. Carbonic acid, 45. Black oxyd of iron and alumina, 1.373.
Silica, 1.25.
Water and loss, 1.5.
t See Phil. Trans. 1799, p. 314.
+ The mode of examining the above specimens was as follows : — " Fifty grains were dissolved
in nitric acid, dried and redissolved in acetic acid; afterwards being converted into a mixed
sulphate and submitted to a red heat, the weight was 67.95 grains. This was lixiviated with a
saturated solution of sulphate of lime to separate the magnesia, and left a residue of sulphate of
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III. Compact Magnesian Limestone. — Under this head are included true
compact dolomite, and many varieties of imperfectly compact magnesian limestone. The former is found in Derbyshire and Nottinghamshire, in thin beds
associated with, and subordinate to, the crystalline varieties described above.
Its fracture is flat, conchoidal, and it is translucent at the edges; but in structure
it is very irregular, and often passes by insensible shades into other varieties.
A beautiful compact rock found in Huddlestone quarries is also a fine example
of this species.
Of the imperfectly compact rock the examples are mucli more numerous, and are commonly
found in rather thin beds alternating with other more earthy masses in different parts of the formation. Some fine thick strata of this variety (which are of grey colour, splintery fracture, and
translucent at the edges) are found on the banks of the Worksop canal, and have been extensively used in forming the stone facings of the locks, and in other works of strong masonry.
It may be convenient to bring under this variety the hard thin beds, occasionally of almost
porcellaneous texture, and often partially cellular, which in several places, especially in the
southern parts of Yorkshire, are found at the bottom of the formation, and are separated from
each other by thin bands of marl. Some of these local deposits are (as before stated) probably
contemporaneous with the "compact limestone and marl. slate" of the preceding section of this
paper. They agree with them in position, and resemble them in their mode of bedding, but differ
from them in colour and mineralogica! character. For examples of such deposits, I may refer
to the lowest beds of the yellow limestone near the village of North Anston, and to the system
of beds at the bottom of the outlier above the village of Keswick near the river Wharfe.
To the preceding examples may also be added many of the harder beds of the formation, which
as they lose the compact character, pass at one extreme into an earthy texture, and at the other
into a granular dolomite. Black oxyd of iron, in the form of dendritic impressions, is constantly
found investing the exterior, or penetrating the substance of all the various rocks here described.

IV. Laminated Structure. — Rocks of this structure (in which the laminse
are parallel to the planes of stratification, and look like successive layers of
deposit) are found abundantly in the county of Durham ; especially on the
coast, and in some quarries near Sunderland. They replace and pass into the
other modifications, but seem to be most developed in the middle and higher
parts of the formation. Their colours are dark brown, smoke-grey, and ashgrey ; and they are sometimes extremely fetid. They are associated with
earthy and pulverulent beds or masses ; often exhibit subordinate regular
lime, which, after being heated red, weighed 35.4 grains ; the remainder S^.SS was sulphate of
magnesia. Hence it appears, that the carbonate of lime and magnesia in this specimen are respectively 26.2 and 22.75 grains.
" Another portion of the same specimen weighing 50 grains being exposed to a white heat for
an hour in a platina crucible, lost 23.5 grains of carbonic acid. Now if it be supposed that this
•was divided equally between the lime and the magnesia, the result will be 26.85 carbonate of
lime, and 22.2 carbonate of magnesia. This accords so nearly with the analysis, that we may
conclude the supposition to be true, and that the specimen is a true dolomite."
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and when

the laminte disappear, pass into slaty beds, and
sometimes into thick smoke-g-rey fetid beds of nearly compact structure.
Of these laminte, some are shining and crystalline, others are dull and earthv.
The very thin laminae of the latter variety, which occur in abundance near
Marsden Rocks, are often slightly flexible ; and very fine specimens of flexible
magnesian limestone with thicker laminae, occur in a bed near the middle of
the cliff.
V. Earthy Magnesian Limestone. — This modification does not occur in
any striking form to the south of Doncaster ; but, in the range of the formation from that place through Yorkshire and Durham, it exists in the greatest
abundance. It is in some places hard, coherent, and regularly bedded ; in
other places it becomes soft as chalk, and stains the fingers ; occasionally it
loses all the marks of stratification, and passes into great pulverulent masses
only held together by the veins and harder concretions which pass irregularly
through them*. It will, however, be better to describe this last variety as
subordinate to other modifications of the formation, especially those which
exhibit a great or small concretionary structure.
So far I have endeavoured to describe those modifications of the formation
which make an approach to a simple structure : but whatever may be their
mineralogical or economical importance, they are developed upon a much less
scale than some of the varieties I am now about to notice.
VI. Large irregular Concretionary Structure. — Under this subdivision are
included all those parts of the deposit which are composed of great irregular
concretions, and in which the subordinate parts exhibit a complex irregular
structure. These modifications may often be traced in the separate beds of
an escarpment which is distinctly stratified. They are, however, seen in the
most impressive form, when, to aU appearance, an entire system of beds has
been so changed, that the lines of deposit are obliterated, and the whole
escarpment shows an amorphous mass of crystalline, compact, cellular, and
earthy materials rudely blended together, and apparently passing into each
other without order or arrangement.
Phaenomena like these do not admit of
* The proportion of lime and magnesia in such specimens as these is found to be extremely
variable. Two pulverulent varieties (one found near llipon, and the other near Kiiaresborough,)
proved, however, to be nearly identical in composition. The following analysis is by Mr. Holme.
1. Earthy variety from Ripon.
2. Earthy variety from Knaresborougk.
Carbonate of lime
71.125
Carbonate of lime
72.000
Carbonate of magnesia
25.625
Carbonate of magnesia
25.500
Red oxyd of iron and alumina .... 1.750
Rod oxyd of iron and alumina
1.000
Silica a trace of, and water
1.500
Silica a trace of, and water
1.500
100 grs.

100 ^rs.
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accurate and systematic description ; but they may be conveniently separated
into the four following classes.
1st. Where the lines of stratification are not obliterated, and where earthy and pulverulent
masses containing many cellular knotty protuberances are arranged in beds which are nearly
parallel to each other. Escarpments answering more or less perfectly to this character may be
seen in various parts of Yorkshire, especially in the neighbourhood of Pontefract and Ripon ;
and under such circumstances, the face of the rock sometimes resembles a gigantic work of ancient
masonry decomposing and crumbling into ruin.
2nd. Where the earthy portions are rather more compacted than in the preceding class, and
where the harder portions are subordinate, and stand out in great cellular tuberous masses which
have no parallelism or regular arrangement. Examples of this structure may be seen iu many
parts of Yorkshire and Durham ; and a fine series of sections illustrating all its modifications are
exposed in the precipices on the left bank of the Nid near Knaresborough,
3rd. In this class are included all those modifications of the rock where, on a great scale, the
earthy and pulverulent portions become subordinate, and where the knotty protuberances frequently pass into each other. Portions of escarpments possessing this structure often admit of no
subdivision, and can be regarded as only one mass of irregular concretionary form. In some
places they resemble great irregular beds of brecciated structure thrown unconformably over the
stratified rocks which support them ; in others, they are rough and cellular, like a great mass of
scoria. Frequently they are of a more compact and continuous texture, but interrupted by
irre<fular cells, which vary from a fraction of an inch to two or three feet in diameter. The harder
portions of these masses are crystalline, compact, or earthy ; and generally of a yellowish brown
colour. The intervening spaces are often filled with a pulverulent magnesian earth of an ochreyellow, or pale-yellow colour. The smaller and more regular cells are (as in most other parts of
the formation) generally empty, and coated over with crystals of carbonate of lime.
There is, however, no end to these modifications ; nor is it an easy task to convey a correct
notion of them by verbal description. They may be studied in the escarpments near the Mill or
river Nid below Knaresborough; at Clacks Heugh, and West Bolden on the Wear; in the
quarries which are opened in some of the round-topped hills near the western limits of the formation in the county of Durham ; in the clifi" near North Point in the same county, and in number,
less other localities.
4th. In this class the irregular concretionary structure almost disappears, and the whole mass
passes into a nearly compact or porcellaneous structure, has a glimmering lustre, is translucent at
the edges, and has a fine-grained uneven fracture, here and there passing into splintery. The
rock is hard, occasionally giving fire with steel ; and is, in some places, brittle, flying under the
hammer into small irregular fragments. Having, however, no natural joints, it is not easily
broken into larger fragments. In other places it is tough, porcellaneous, and difficult of fracture,
and rarely fetid.
It differs from the compact beds above described (No. III. p. 86.) — 1st, in having no marks
of stratification ; 2nd, in exhibiting on its weathered surface irregular nodosities, indicating a concretionary texture ; 3rd, in its irregular fracture ; 4th, in containing many very minute cells or
vacuities which have no tendency to a spheroidal form ; and which, though frosted over with
minute crystalline points, are not regularly coated with crystallized carbonate of lime like the
cells in the more regular beds.
Large irregular masses, answering more or less perfectly to the preceding description, lie
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scattered upon the crown of the escarpment on both sides of the village of Maltby, and might at
first sight be mistaken for enormous boulders ; but on examination thoy are found to be in situ
and are the hard indestructible remains of beds which were once continuous, and of which the
softer portions have been washed away. Striking appearances of the same kind may be seen on
the escarpment near North Anston, and in some other places in the course of its range through
the southern parts of Yorkshire.
To this modification may perhaps be conveniently referred some of the varieties of magnesian
limestone which appear in the Gill quarries above Sunderland Bridge. In this locality the rock
when considered on a great scale, has not a concretionary structure so evidently exhibited as in
some of the preceding examples, and is more interrupted by vacuities containing earthy pulverulent matter. The harder specimens, which are of a smoke-grey colour, answer however very
well to the description given above.
The various masses described under this sixth modification of the magnesian limestone, appear
to have been regularly deposited with the other parts of the formation. But being composed of
an indefinite mixture of carbonate of lime and magnesia, with certain impurities which could not
entirely combine into a true dolomite, and being prevented by some internal cause from cohering
and forming a solid rock, the particles, after deposition, seem to have undergone great internal
movements, — to have run into lumps and masses more or less crystalline, rejecting great portions
of earthy residuum, — and in this way to have produced that complexity of structure, and those
cells and vacuities which are above described.
This concretionary rock is never a true breccia ; and the causes which produced its structure
having acted irregularly, it is very seldom bounded by plane surfaces. Hence that false appearance of want of conformity, presented by some of those sections, in which the amorphous masses
of yellow limestone are seen to overlie the stratified parts of the formation. (See Plate VII.
figs. 2. & 4.)

VII. Beds, and irregular concretions of Crystalline Limestone, without
Magnesia. — Masses of dolomite of more or less perfectly crystalline texture
are, as before stated, found subordinate to the earthy beds of magnesian limestone; butj in some rarer instances, beds, or more properly, irregular concretions of carbonate of lime, seem to have separated themselves from the other
parts of the formation, at the time of its passing into a solid slate. Of these
we have some remarkable examples in a quarry about one mile south of Ripon,
where great masses of nearly pure limestone (of a grey, smoke-grey, or cloudy
bluish-grey colour, of a porous texture and crystalline structure) arc irregularly imbedded among the soft earthy strata of this formation. These
masses cannot have been formed by infiltration ; and they are too much
blended with the other beds (passing insensibly into them, or penetrating
their substance in the form of strings or small contemporaneous veins), to be
regarded as mere accidents of deposition : they must, therefore, be considered
as further examples of that irregular concretionary structure which I have
been endeavouring to illustrate.
(See Plate VII. fig. 3 )
It may be convenient to mention in this place some masses of crystalline
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limestone exhibiting- beautiful shades of yellow, red, and brownish-red colours,
which are found on the east side of Bramham Moor, and in some quarries
near Newton Kyme : also some large beds of bright-yellow dendritic crystalline limestone, which appear in the cliiF on the left bank of the Nid, about a
mile and a half below Knarcsborough. In these instances, the composition of
the rock does not seem to be due to any separation of parts after deposition.
It has tiie external characters of dolomite, yet it contains only a mere trace of
magnesia : it may therefore be regarded as an extreme (and in this part of the
formation a very rare) case of magnesian limestone, in which the triple salt
has almost disappeared *.
VIII. Rocks of a brecciated structure, Sgc. — The obscure bands of conglomerate which in a few places separate the magnesian limestone from the
lower red sandstone, do not, either from their thickness or continuity, deserve
any detailed description; and were only mentioned above (p. 74.) because
they seemed to have originated in those causes which produced a local want
of conformity between the inferior and superior deposits. There are, however, in other places (especially on the coast of Durham) great beds of a coarse
brecciated structure, which cannot be passed over without some notice : and
they may be properly introduced in this place, because they occupy the same
part of tiie series as the irregular concretionary rocks above described, and
sometimes seem to pass into them by gradations which are almost imperceptible.
Commencing an examination of the coast of Durham at North Point, about two miles south of
the Tyne, we find a lofty cliff composed of a brown-coloured marl. slate, sometimes coarse and
cellular, surmounted by grey-coloured cellular amorphous masses of large irregular concretionary
structure. This is the general character of the coast for more than a mile. To the north of
Marsden Bay (a place celebrated for the great picturesque masses of insulated rock which have
been formed by the irregular encroachment of the sea upon the neighbouring cliff), the whole
escarpment is composed of a hard grey cellular rock, with many knotty protuberances. But
further south, on entering the bay, the preceding modification is gradually replaced by a system
of beds which are partially fetid, are of a yellowish brown or buff colour, of a slaty and finely
foliated structure, and which occupy a cliff more than one hundred feet high. The foliations
often alternate with soft earthy laminae, giving the weathered surface of the rock a striped or
grooved appearance. These beds in turn exhibit various modifications ; some portions contain
cells with spheroidal concretions ; others lose their foliated texture, and pass into irregular yellow
earthy masses, alternating with harder compacted greyish bedsf.
After some slight undulations
* In the above remarks it is taken for granted, that, in this formation, carbonate of magnesia
appears only in chemical combination with carbonate of lime. This is undoubtedly the general
fact ; but the rule perhaps admits of some exceptions.
t In this part of the coast it is not perhaps possible to determine the true relations of all the
beds. Some of the foliated masses may represent the " marl-slate" of the preceding section. (§ 2.
p. 75.) The greater portion of them are, however, in a higher position, and belong to the modification described above. (No. IV. p. 86.)
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they have, by the action of great disturbing forces, been broken into thousands of angular frag,
ments, which are in no instance water-worn, and are united by a yellow cement not differint^ in
texture from the earthy beds of the neighbouring cliff. In this way the ordinary deposit is here
and there, interrupted by great masses of breccia, in which all traces of stratification vanish.
Proceeding southward, the complications of structure are still more striking ; for the foliated
the compacted, and the earthy beds are considerably contorted, and alternate with great grey
masses of coarse breccia. At the southern extremity of the bay, the preceding masses are replaced
by a system of strata in which the brecciated structure is no longer visible, the cliff being composed of foliated, slaty, cellular, and earthy beds, alternating with thick compacted grey beds,
which in their weathered surfaces resemble mountain limestone.
Near the last-mentioned point, the finely foliated structure disappears, and the earthy pulverulent beds are less frequent. For two or three miles may be seen in a low cliff a system of slaty
beds (of which some parts are yellow, coarse, and cellular; other parts nearly compact, of a
smoke-grey colour, occasionally fetid) passing into, and alternating with, irregular masses composed of great and small globular concretions. To the south of Whitburn, the whole cliff is com.
posed of these concretions, varying from a quarter of an inch to a foot and a half in diameter :
but, before reaching the banks of the Wear, they are replaced by a regularly bedded yellowish
white magnesian limestone of earthy texture.
In a part of the coast between Castle Eden-dean and the sands to the north of Hartlepool, we
find the same complications of structure, the same brecciated beds and globular concretions, and
the same passages from one modification into another ; and, as a natural consequence, the cliff
has, by the action of the waters, been worn down into the same kind of grotesque forms and
great insulated masses which were before remarked in Marsden bay. Here, however, the earthy
structure is more prevalent ; and the finely foliated beds above described are represented by a
series of fetid beds, generally of a dark brown or smoke-grey colour and slaty texture*. Moreover,
the contortions are more violent, and the subordination of the brecciated masses to the other beds
is more distinctly exhibited than at Marsden rocks ; for not only in the cliff, but also in the great
perforated masses which are surrounded by the waters, we find the breccias distinctly surmounted
by regular brown, slaty, or foliated beds, associated with yellow, cellular, amorphous, concretionary masses.
These details may convey some notion of the complex and irregular structure of the whole deposit, which can be seen in no place so well as in an extensive coast section f. Thoy also seemed
necessary to an explanation of the true relations of the brecciated masses.

It appears then, that these breccias are neither at the bottom nor at the top
of the formation of mag-nesian limestone, but that they are subordinate to it;
* In one or two places, the earthy incoherent masses, when rubbed or struck with a hammer,
are as fetid as the regular beds with which they are associated.
t Many of the natural sections in the ravines M'hich are transverse to the formation of magnesian limestone illustrate the same fact. For example, the clifl's on both sides of the Nid near
Knaresborough exhibit some fine modifications of magnesian limestone ; but the different varieties
replace each other with so little regularity, that in many places it is not possible to find the corresponding points of the sections on the opposite sides of the river, though its direction is transverse to the bearing of the strata. A confirmation of this fact may sometimes be seen even on the
sides of a narrow cut, made through the beds of the deposit for the passage of the public
opposite
road.
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that the disturbing forces which produced them were violent, mechanical,
and local, and in some instances were several times brought into action ; and
that they were not of long duration ; for the fragments of the beds are not
water-worn, and appear to have been re-cemented on the spot where they
were formed.
How

far these mechanical movements which broke up the half-consolidated beds during the epoch of their deposition, were connected with
those internal movements of the particles which, on a great scale, produced
the irregular concretionary structure, would perhaps be impossible to determine : but both causes seem in some places to have operated together;
for, as was before stated, we may find many large masses of an intermediate
character which seem to form a passage between a brecciated and a concretionary structure.
IX. Small concretionary structure. — Of this there are two modifications ;
1st, when the minute grains which enter into the composition of the rock
are of ill-defined and of irregular forms : 2nd, when they are better defined,
and are spheroidal.
The first modification is infinitely the most abundant. In the whole range
of the formation we can hardly find a single cjuarry or escarpment in which
some of the rocks do not exhibit a dull earthy uneven fracture, and a kind of
compound structure ; being partly made up of minute and imperfectly granular portions, coated over and mixed with earthy matter which is often
nearly incoherent. Of this structure there are several varieties which may
deserve enumeration, especially as they connect the rock in question with the
other modifications of the magnesian limestone.
1st. When the granulated are subordinate to the pulverulent or earthy portions. These rocks
have little coherence ; often soil the fingers, and pass imperceptibly into masses which are quite
pulverulent, like the asche of the German geologists.
2nd. When the earthy parts are subordinate to the granulated. These rocks sometimes soil
the fingers ; but the harder parts cohere, and bear exposure to the weather. They are often
regularly bedded ; but below Knaresborough there is an escarpment nearly one hundred feet
high, composed of this variety, in which there is hardly a trace of stratification. In some places
they contain casts and other traces of organic remains.
3rd. When the grains become very minute, and the rock passes into a nearly compact state.
4th. When some of the granulations exhibit a glimmering lustre. The rock then begins to
form a passage into the dolomites above described.
5th. When the minute amorphous grains have a dull surface, and irregularly pass into each
other, with a very small mixture of earthy matter. This variety, which is the most perfect exhibition of the rock I am here describing, exists in various localities, especially in the southern
parts of Yorkshire, where it is met with in some places near the bottom of the formation in thick
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In these beds are also fouud traces of organic

Second modification, when the grains are of more regular form, and the
structure becomes ooHtic. Rocks of this structure are on the whole of rare
occurrence, though they abound in a few places. I never remarked them (at
least in any perfect form) in Nottinghamshire or Derbyshire : but in the
range of the formation in the southern parts of Yorkshire, especially between
the rivers Don and Went, there are several localities where they are well exhibited. Some of these deserve notice.
1. On the left bank of the Don near Cadeby, is a fine quarry exposing eight or ten hard sound
beds (some of which are nearly four feet thick), surmounted by eight feet of hard cellular amor,
phous masses of yellow limestone. The sound beds are partially oolitic, cut soft in the quarry,
harden by exposure, and then ring under the hammer, and externally resemble the Bath free,
stone. On examination, the grains are found to be less uniform in size, and not so perfectly
spherical as they are in the great oolite. Their surfaces, especially when seen through a lens,
have generally a glimmering lustre, and when broken they are frequently found empty. Some.,
times they exhibit an aggregation in concentric laminae, in which case the exterior portion is
more crystalline than the interior ; and as these spherules are occasionally hollow, they have the
appearance of having been formed by an aggregation commencing at the surface, and proceeding
inwards. In some instances a fracture will pass through the centre of the oolitic grains, and in
that way expose on the surface a great number of minute spheroidal cells f. In other instances,
the separate grains resist the force of percussion, and the broken surface is studded (as in (he
great oolite) with an indefinite number of spherical particles.
2. A few miles to the north of the preceding locality (for example, on the road side between
Marr and Hickleton) there are, in the very centre of the formation, several quarries exhibiting
beds similar in structure to those last described. These beds are, however, darker, coarser, and
less coherent ; and they contain many beautiful casts of a small turbinated shell. Moreover the
oolitic grains are less uniform in size ; and they occasionally pass into large pisolitic concretions,
which, on fracture, expose a number of concentric lamina. These laminae appear in some instances
to be hollow at the centre ; in other instances they have arranged themselves about the casts of
the small univalve above mentioned, and sometimes about a spherical congeries of minute oolitic
grains.
3. At Stubbs Hill (on the road from Doncaster to Wakefield) are some coarse cellular redcoloured beds, resting immediately upon the marls of the lower red sandstone. They contain
many organic remains, especially the casts of bivalve shells; and through them are disseminated
a number of oolitic grains of more uniform size and texture than in the preceding varieties J.

* The quarries near the escarpment on both sides of the river Don produce some good build.
ing stone, wliich may be referred to this variety. Conisborough Castle is, if I remember right,
built of a stone which is allied to the modification here described.
t One of the varieties above described, consisting of a congeries of hollow oolitic particles, in
some places (for example, in the great white quarries to the S.W. of Burton Leonard, near
Ripon) graduates into a rock of very singular appearance. In passing into a solid state, the
oolitic grains seem to have been completely blended ; and the rock has the character of an uniform
subcrystalline mass filled with minute spheroidal cells, like the vesicles of a piece of fine pumice.
+ See Plate IV. Map 3. Sec. 3.
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These instances are sufficient for my present purpose ; and it may be stated that even in the
districts where they occur, they are exceptions to the more usual character of the rock.

In the whole range of the formation through the remaining parts of Yorkshire to the north of the Went^ there are very few examples of an approach
to a decidedly oolitic structure : but it reappears in some parts of the county
of Durham, more particularly in the cliff on the east side of the promontory
of Hartlepool, where there are not less than eight or ten beds which are more
or less perfectly oolitic. They are associated with, and surmounted by hard^
cellular, concretionary, and earthy beds belonging to several of the varieties
of magnesian limestone already described*.
These various modifications of small concretionaiy structure derive a great
interest from the consideration, that in them are exhibited, on a minute scale,
the same peculiarities of aggregation, which, on a great scale, form the most
extraordinary features of the deposit I am describing.
X. Large globular concretionary structure. — I have never seen a single
example of this structure in Derbyshire or Nottinghamshire. But it occurs,
though very rarely, in Yorkshire : for example, in the cliffs on the left bank
of the Nid below Knaresborough, associated with rocks of earthy and pulverulent texture ; also in some quarries in the hills on the west side of the village
of Well.
It is seen in its most imposing form on some parts of the coast of Durham,
where the whole cliff resembles a great irregular pile of cannon balls : but it
is not in those localities that the formation of the large spheroidal concretions
can be studied with greatest advantage. Their true history will be best understood where they are associated with other modifications of the limestone.
The following statements are the result of repeated examinations of the
quarries of Building Hill, Fulwell Hill, and Southwick Hill, near Sunderland ;
and of the coast sections, especially near Marsden Rocks and Black Rocks.
At all these places are found different modifications of the laminated variety
described above (§ 4. No. IV. p. 86.), and it is principally with them that the
finest concretionary masses are associated.
1. The finest lamina are generally of a brown colour and crystalline texture ; but the beds of
which they are composed are often marked with a number of earthy spots on the transverse
surface. Sometimes these earthy marks are disposed with great regularity ; and as the matter of
which they are composed, not only interrupts the range of the laminas, but is easily washed out,
the weathered surface of the rock has, in such cases, a beautifully honeycombed appearance. This
* This locality has often been noticed as exhibiting the finest specimens of oolite in the whole
range of the magnesian limestone. The spherules are, however, partly hollow and of earthy
texture ; and so much mixed with earthy incoherent matter, that very few of the beds in question
would afford a good material for building.
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is the first approach to a regular concretionary structure, and appears to have been effected by a
separation of parts after deposition ; for the harder portions of these honeycombed masses some,
times contain scarcely a trace of carbonate of magnesia, while the earthy portions contain it in
considerable quantity.
2. On separating the beds (especially where the transverse fracture exposes the earthy spots
above described) in a direction parallel to the planes of deposit, we often find that the laminae
are not continuous, but made up of circular plates irregularly blended with, and running into
each other; the intervals between which are filled with a yellow magnesian earth. These plates
sometimes assume a discoidal form, and at first sight might be mistaken for lar^e Nummulites.
Here we have a distinct tendency to aggregation about diflerent centres ; but the operation being
confined to given laminae, could not develope itself in a vertical direction. The concretions were
therefore expanded laterally, and assumed a lenticular or flattened spheroidal form. That these
changes took place after the deposition of the rock, is rendered probable by the additional fact,
that the laminations of the beds may be often observed to pass (without any deviation) through
the various subordinate concretionary masses.
3. At the planes of separation between two of these laminated beds, there is frequently some
earthy matter ; and the discoidal concretions are still more perfectly developed, and sometimes
approach the spherical form. These spheroidal masses impress both the upper and lower surfaces
of the beds with which they are in contact ; and we may find large concretions in such a position
that it is impossible to know to which bed we should refer them, although we may trace through
their substance the laminae and the lines which mark the stratification of the contiguous masses.
In such cases (of which I have seen examples near Black Rocks), it seems hardly to admit of
doubt, that the concretionary form was superinduced by some internal movement of the particles
after deposition. In the preceding instances the rock exhibits at the same time an earthy, a cry.
stalline, a laminated, and a globular structure. The following modifications are still more
remarkable.
4. Several of the slaty or laminated beds (especially at the localities near Sunderland) are in.
terrupted by cells of considerable magnitude, which are of very irregular forms, but generally
elongated in the direction of stratification. Some of the smaller cells are nearly empty, and are
not so much coated with crystallized carbonate of lime as in many instances before mentioned.
But in general they are nearly filled with concretionary masses mixed with the yellow magnesian
powder. The concretions may be separated into three classes, which will be described in order :
— those which are aggregated on the floor and roof of the cells ;— those which are aggregated on
the sides ;— and those which are packed up in the middle of the powder and unattached to the
parent rock. On examining the floor and roof of one of these cells after (he powder has been
washed out, wc may find them studded with circular plates or spheroidal concretions resembling
the modifications last described ; but the process of aggregation being here uninterrupted, gives
rise to more complex results. We often find the concretions ascending from the floor, or hanging
from the roof in the form of elongated cones ; sometimes extended so far as to approach and
become interlaced with each other, and nearly to occupy the whole cell ; sometimes aggregated
from one of the surfaces and extending to the other in the form of irregular cylindrical or conical
pillars ; and, sometimes, exhibiting all these varieties of form mixed with, and interrupted by,
distinct spheroidal concretions, producing a structure too complicated for description.
The surfaces of these concretions are sometimes smooth, in which case the internal structure
is imperfectly crystalline. Sometimes they are covered with crystalline points composed of the
acute solid angle of the inverse rhomb ; in which case the internal structure is crystalline, and

\

96

Rev. A. Sedgwick on the Geological Relations and

each solid angle is the acumination of a distinct bundle of crystalline fibres diverging from a
centre.
Some of these masses have been erroneously called stalactitic. They have not the structure of
stalactites ; for they are not made up of successive layers arranged about the axes of the elongated pendent cones, but on the contrary (where the crystalline structure has not been carried
too far) we may find them made up of circular plates piled upon each other, with their planes at
right angles to the same imaginary axes ; and these plates seem to be the prolongations of the
laminae of the contiguous beds.
The concretions on the sides of the cells are often extremely beautiful, and are generally com.
posed of imperfect spheres or clusters of spheres. They never stand out in elongated forms like
those last described, because the laminai here present their edges to that face of the rock on which
the concretions are aggregated. They are generally more crystalline than the preceding class,
and the crystalline parts are arranged nearly in the same manner. A fracture through the centre
of one of these clusters of spheres often exposes a structure of great beauty. The whole mass is
found to be made up internally of a congeries of spheres of various sizes, compressing, interrupting, or penetrating each other ; and each sphere is composed of separate bundles of diverging
crystals acuminated (wherever the process is complete) by the acute solid angle of the inverse
rhomb. Yet even through such masses as these, we may often trace the original lines of laminated
or slaty texture : and when they are struck off" from the wall to which they are attached, we may
see them passing into the rock, partaking of its inequalities, and penetrated by its cells. They
have then a singularly complex structure, being at one and the same time crystalline, earthy,
cellular, slaty, and globular.
The last set of concretions to be noticed in this place, are found in association with the dolomitic earth occupying the cells, are unattached to the surrounding beds, and are always of a more
or less perfectly spheroidal form. Sometimes they are single ; but more frequently several spheres
are in contact, w hich by mutually penetrating each other, produce a number of grotesque forms ;
and occasionally they are grouped in beautiful regular clusters. In general they are less crystalline than the globular masses before described, and they do not exhibit the same kind of laminated
structure; but in some instances they are studded with the projecting angles of the inverse rhomb,
and on fracture are found, as in the former instances, to be composed of diverging bundles of
crystals. The largest of these concretions (which at Fulwell Hill are sometimes more than a foot
in diameter) have commonly a smooth surface ; and when broken in two, expose a number of
thick ill-defined concentric layers, which are either aggregated about an earthy nucleus, or are
hollow in the centre*. These layers are of various colours; ash-grey, smoke. grey, yellow, or
dark-brown. Towards the centre, the fracture is usually dull and earthy ; but towards the circumference, the layers are made up of many curved crystalline plates, and the lustre is shining.
In other instances, balls of considerable size have the internal structure here described, while
their outer zone is made up of diverging crystalline fibres, with the usual acumination. The
transverse fracture in such cases is very beautiful.
These spheroidal concretions are in some places subordinate to the pulverulent matter ; in
others, they abound so much that they nearly fill the irregular cells; and the ochreous powder
* In such cases the original nucleus has probably been carried off ; like the shell which leaves
only its cast in the rock, or the crystal which leaves only its impress on a secondary investing
pseudomorphous substance. All these seem to be examples, on a small scale, of movements among
the particles of solid bodies which are in contact, and of new crystalline arrangements, without
the intervention of any previously chemical solution.
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appears as an upfilling matter in the intervening spaces. In some rare instances, theeartliy matter
becomes hard and coherent; and when broken with a hammer, exposes a surface wlilch passes
through the centres of the imbedded balls.

In all the different varieties of concretions there are some which^ when
rubbed, exhale a hepatic odour. This circumstance is, however, accidental or
local. Carbonate of lime is their essential constituent*. During- the process
by w^hich the concretionary structure was effected, this mineral seems to have
separated itself almost entirely from the dolomitic earth, which is rejected, into
the ochreous powder.
So far I have considered these various concretions in association with the
regular beds of the formation ; and the details seem to indicate that the several
forms have been superinduced upon masses which were originally stratified.
We have only to suppose that the same causes acted upon a more extended
scale, and we may imagine that the structure of whole systems of beds was
obliterated, and that they gradually passed into great piles of spherical concretions like those which appear on the coast of Durham.
A very complex modification of the concretionary form still remains to be
noticed.
.5. In the quarries near Sunderland (for example, at Fulwell Hill), there are some strong thick
beds, in the greater part of which there is not a trace either of laminated, earthy, or globular
structure. Here and there we may, however, observe in them a kind of honeycombed appearance,
in which the small cells are not arranged in horizontal lines in the manner before alluded to, but
in concentric circles. These cells (which were originally filled with pulverulent matter) are the
intervals between small irregular discoidal concretions, having a concentric arrangement about a
hard spherical nucleus, which is commonly made up of an obscure congeries of spheres. In this
way are found, in the heart of the most solid strata, a number of spherical concretions (sometimes
nearly a foot in diameter, and having little appearance of a crystalline texture), each being
formed by the juxta-position of an indefinite number of small irregular discoidal concretions.
As these small discoidal concretions not only touch but pass into each other, they give each of
the large spheres, especially on a fractured surface, the appearance of being made up of irregular,
wavy, concentric laminaj. The same bed which in one end of a quarry is homogeneous, in the
other is almost made of these singular concretions: and it deserves remark, that the concentric
rings of the dilFerent centres do not intersect each other. The several compound spheres com.
menced their aggregation at their respective centres ; expanded themselves till they came in contact, and then mutually compressed, but did not penetrate each other f- Blocks composed of
these concretions, when struck with a heavy hammer, separate at a number of natural joints,
and fall into many irregular solids bounded by trapezoidal faces. When the separation is com.
plete, each solid contains within itself the elements of a distinct concretion ; and the trapezoidal

* Carbonate of lime is, I believe, found in considerable excess in most of the beds coiUaining
the concretionary masses above described. The carbonate of magnesia, or more properly the
combined carbonate of lime and magnesia, is only a subordinate part.
t See Plate V. fig.- 4.
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joints are formed by the compressed surfaces of the contiguous compound spheres*. Large masses
of stone exhibiting on their weathered surfaces the indications of the structure here described,
have occasionally been used for building.

Such are the principal modifications of the central deposit
limestone. In local descriptions many further details might
but what has been done may be sufficient to convey a correct
oeneral character and relations of the great system of beds

of magnesian
be wanting :
notion of the
I have been

considering-.
Before leaving the subject, it seems natural to inquire what limits we can
assign to the effects of crystalline forces acting upon large masses. If they
have produced such striking effects upon a secondary, mechanical deposit, may
they not have produced, in a simdar way, still more important modifications in
the more ancient and more crystalline stratified rocks? An answer to this
question seems essential to a solution of some of the difficulties presented by
the ancient zones of schistose rocks which surround the lowest unstratified
protuberances of the earth.
Thickness of the deposit. — To the average thickness of this division of the
formation, it is difficult even to make an approximation ; as it not only rests
upon an uneven, unconformable surface, but appears also to have been deposited with much irregularity. Thus at Eldon, Perry Hill, and Thickley,
the limestone, covering the coal-strata near the escarpment, is about fifty feet
thick : but at Cowndon, the same portion of the limestone covering has lately
been proved to the depth of more than 120 feet. The aggregate thickness of
the beds in some parts of Durham and Yorkshire must be very considerable.
The bore-hole at Hart, though descending to the depth of 312 feet, neither
commenced in the highest beds nor descended to the lowest f. Perhaps five
hundred feet might be taken as an approximation to the maximum thickness.
Organic remains and conclusions. — In the preceding details the organic
remains which occur in this part of the deposit have been hardly noticed ;
* The following section, from a part of the quarry of Fulwell Hill, may convey some notion of
the complex nature of the deposit, and of the manner in which the spherical concretions are
grouped with the other portions of the rock.
1. At the top of the quarry irregular, cellular beds of dark-grey and brown limestone, with
some globular concretions, especially near the lines of stratification : thickness = 10 feet.
2. Under the preceding, a bed six or eight feet thick, chielly composed of globular concretions
imbedded in ochreous magnesian earth. 3. Thinly laminated beds much mixed with earthy
matter, and containing a few spherical concretions : = 4 feet. 4. Earthy cellular beds, with
hard, grey, irregular concretions, = 3 feet. 5. Hard, dark brown beds, partly laminated and
earthy, = 8 feet.
6. Thin, yellowish grey, slaty beds, = 10 feet.
In a section from another part of the quarry the details would not be the same, because the
different varieties of the rock constantly replace each other.
t Geol. Trans. First Series, vol. iv. p. 8.
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because^ however important in other respects, they produce very little effect
upon the mineralogical character of the different systems of beds which have
been described.
There are very few traces of them in Nottinghamshire and Derbyshire. In some parts of
Yorkshire (e. g. the escarpments on both sides of the Don, Stubbs Hill, Wentbridgc Hill and
the hills to the north-east of Masham, &c. &c.) they arc found in considerable abundance, but
in a rather obscure form, generally among the lower and more coherent beds of the deposit ;
while in other parts of the county we may follow the same beds through districts of many miles
in extent, without seeing the impress of any organized being.
Many organic remains may also be seen on the weathered surfaces of the rocks on the coast of
Durham (e. g. the south end of Black rocks, Tynemouth cliff, &c. «&:c.); but incomparably the
most interesting specimens are found in some shelly coralline masses which occupy the central
portion of the deposit in the same county.

The most northern point at -which I have seen them (although they probably extend still
further), is Ilumbleton quarry, a well known locality on the Durham road, about two miles from
Sunderland. There, they occupy the top of the escarpment, resting upon a set of thin brown
cellular beds. Here and there, they are tinged with ochreous stains; but their prevailing colours
are light grey or yellowish white. Their texture is in part earthy and rubbly ; other parts are
hard, subcrystalline, and porous, but not cellular ; more rarely they pass into beautiful, hard,
crystalline masses, like the coral rag of the middle oolite.
With all these varieties of structure, and with local modifications, they may be followed into
Tunstal Hill ; and thence, ranging nearly south, they pass over the hills between Dalton.le-Dale
and Easington.
Their further range is disguised by diluvium.

In this way have shelly beds been traced six or eight miles in the direction
of their range through the very heart of the formation, and they may be prolonged considerably further. As they contain a fine suite of organic remains,
(e. g. corals, encrinital stems, casts of univalves, and several species of the
genera Producta, Area, Terebratula, and Spirifer, &c. &c.), they throw a
most important light upon the natural history of the formation to which they
are subordinate : and it is chiefly by their help that we arrive at the following
important conclusion ; viz. that the magnesian limestone, notwithstanding its
unconformable position, is, in zoological characters, more nearly allied to the
carboniferous order than to the calcareous formations which are superior to
the new red sandstone.
From what has been here stated, combined with many obscure indications
of organic remains in other parts of the formation, it is probable that marine
shells existed in great abundance during the whole time that the magnesian
limestone was deposited ; and that they have in a great measure disa})peared,
because they did not find in many portions of it a matrix proper for their preservation. Inthe pulverulent beds they could not undergo petrifaction or
form casts, and would, therefore, almost of necessity, be absorbed and carried
o2
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off*. Again, the great internal movements vvliich took place while many of
the strata were passing into a solid state, must have been unfavourable to the
process of petrifaction, and may have destroyed the imbedded shells and
corals. Under such circumstances they could not form casts : they would,
therefore, probably disappear altogether ; for they very rarely, under the
most favourable circumstances, are seen in the form of perfect petrifactions
exhibiting the shelly covering. In this manner we may perhaps account for
the non-appearance of organic remains in many extensive parts of the deposit, compatibly with the hypothesis which has been just stated.
If the marl-slate and compact limestone of a preceding section (§ 2.) has
been properly identified with the kupfcr schiefer and zechstein, it follows that
the great deposit of yellow limestone last described must be the equivalent of
a part of the upper system of calcareous strata in the Thuringerwald. The
descriptions of this upper system, given at length by Freiesleben and abridged
by D'Aubuissonf, fully bear out the conclusion. We there meet with most
of the modifications which have been already enumerated ; the same cellular
strata (rauchicacke) ; the same foliated and fetid beds (stinkstein), associated
with, and passing into, masses which are pulverulent {asche) ; the same contemporaneous breccias ; the same small concretionary structure rarely passing
into oolitic; the same confusion of chemical and mechanical structure; the
same concretions of carbonate of lime ; and the same frequent passages of one
modification into another. So that three-fourths of the descriptions given in
the abridgement of D'Aubuisson might be applied, almost word for word, to
the corresponding parts of the English series.
There are at the same time, as might be expected, some points of difference.
In England the concretionary structure seems to be more perfectly developed
than in Germany. On the contrary, the great masses of rock salt which in
Thuringia are subordinate to the calcareous beds, have no adequate representatives inour magnesian limestone ;{:. The alternating gypseous beds of
Thuringia may perhaps be represented, though under a modified form, by
the deposit which I now proceed to describe.
* In the same way the organic spoils have probably disappeared from many of the incoherent
portions of the formations (such as the Woburn sands) under the chalk. A curious instance of
the gradual absorption of certain organic remains in a recent deposit, is given by Mr. Lyell in a
preceding part of the Geol. Trans.
(See Second Series, vol. ii. p. 87, &c. «&c.)
t Tratte de Geognosie^ vol. ii- p. 344.
X I had been informed by the Rev. J. Holme, that in analysing various dolomites from this
formation, he had found traces of muriate of lime ; but I was not aware that any trace of muriate
of soda had ever been discovered. He has, however, since examined some large specimens which
I procured from the red beds near Mansfield, and has obtained beautiful cubes of muriate of soda
from them. The Thuringerwald salt is therefore not altogether without its representative in the
English series.
For an analysis of one of the red beds alluded to, see p. 84, note.
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§ 4. Lower Red Marl and Gj/psum.
The existence of this deposit in the higher part of the dolomitic series had
been known in Yorkshire many years before the appearance of any of our
geological maps. Mr. Smith was, however, the first to give the proper importance toit, by determining its exact relations, by tracing its rano-e, and
limiting its extent. In the neighbourhood of Doncaster and Ferry BvkWe
there are several ancient pits from which the beds of plaster rock have at different times been extracted : and they have been found in so many wells,
works of drainage, and other artificial excavations, opened on the line of
range, that there can be little doubt of their continuity from the confines of
Nottinghamshire to the south bank of the Wharfe near Tadcaster.
The bottom beds of this deposit are not visible in any section with which 1
am acquainted ; but they have been reached by wells sunk in the neighbourhood of Ferry Bridge, and are said to be composed of yellowish marls, making
a passage into the inferior beds of yellow limestone. The central beds are
generally composed of red and variegated unctuous marls and gypsum, not
distinguishable from the upper gypseous marls of the new red sandstone. The
highest part of the series is sometimes represented by a stiff blue clay ; but
perhaps more frequently by beds of red, grey, greenish, or yellowish marls,
rather meagre to the touch, and containing a little fibrous gypsum.
A correct notion of the nature of this deposit will be conveyed by the following sections.
1 . Plaster-pit Hill near Ferri/ Bridge.

Feet.

1. Various
of gypseous
marlquarry.
resting Thickness
on the yellow
out on beds
the west
side of the
not limestone
exposed which crops-"! /
2. Blue, red, and variegated marl with much fibrous gypsum
3. An irregular bed of red marl, with strings and nodules of gypsum
4. Hard
chocolate-brown
and reddish brown marl, with eight or ten thin beds"! /
of fibrous
gypsum
5. Red and blue marl beds contorted and passing into the diluvial covering

lH
6
.„
8

The whole deposit must, in this locality, be of very unusual thickness, perhaps not less than
one hundred feet ; for there appears to be a considerable thickness of marls, not seen in the
section, which are interposed between the red and blue bed (No. 5.), and the superior limestone. There are some fissures in this quarry which contain fine crystals of transparent selenite.

2. Section exposed hy the cut for the Canal beloio Kiiotlingley
.
Feet.
1. Red marl and fibrous gypsum at the bottom of the section.
thickness not exposed : the part visible about
2. Impure yellowish clay

The whole!

J

Inches.

^

^

^

^
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Feet.

Inches.

3. Yellow indurated marl

0

4

4. Stiff blue clay

2

6

5. Meagre calcareous yellowish marl
6. Impure earthy limestone

1
3

0
0

Over the preceding came the regular beds of the superior limestone.

3. Quarries behind the village of Askerne.
1. Unctuous, red marl and fibrous gypsum.
The upper part only is ex-1
posed, and the thickness is unknown
J
2. Meagre, blue and red clay
3. Striped, red and yellow sandy beds
4. Red marl mixed with incoherent, yellow sand
5. Grey, impure, sandy limestone marked with dendritic impressions
Over the preceding came the regular beds of the upper limestone.

Feet.

Inches.

2
3
3

0
0
0

0

4

All these sections are in the ascending order; and the two last only represent the highest part
of the deposit.

Range and Extent, S^c. — These gypseous marls;, on the average probably
not more than thirty feet thick, are very well laid down by Mr. Smith : they
are, however, extended too far to the south ; and there are one or two slight
errors which I have endeavoured to correct in the accompanying maps*. It
is indeed often impossible to determine the range of these beds otherwise than
by connecting in imagination the several points where the plaster rock has
been excavated. In other places they occupy the base of a low escarpment
formed by the upper hmestone, and may under such circumstances be laid
down with much more precision.
The fust indication of them in any decided form, is at the base of an obscure escarpment under
the village of Letwell in Yorkshire. To the south of this place they thin off, and probably disappear ;at least there are no denudations which offer any proof of their continuity in that direc
tion t.
Of their range towards the north it is not intended to offer many details; but the following
list of localities in which the gypseous marls have been excavated, may at least serve the purpose
of verification : 1. The bottom of the hill, half a mile west of Old-coats on the Firbeck road.
% In the mill-dam under Limestone Hill, three-quarters of a mile west of Tickhill.

3. Brick-pits

* See Plate IV. Nos. 2. 3. and 4.
t It may perhaps be proper to notice in this place a thick mass of red marl and sand, which
appears on the banks of the Worksop canal (about a mile and a half east of the escarpment of
magnesian limestone), and ranges towards the south. When I first saw it, I considered it as a
prolongation of the red gypseous marls described in the text. On examination, however, it not
only was found unconnected with them, but appeared to be in a lower part of the series. If it
be really imbedded in the formation, it must be regarded as a local deposit subordinate to the
yellow limestone, and may perhaps be brought into comparison with the anomalous red sandy
beds of Mansfield. It may, however, be an outlying mass of the upper red sandstone brought in
by a local depression of the dolomitic beds.
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west of Wadworth*. 4. In wells at Loversal, Balby, and various places near the Don. 5. A pit
near the south-west end of Cusworth Park. 6. In wells near Red House. 7. West side of Camps,
mount and Clay-flats. 8. The west side of the village of Askern, where the marls are brought up
by a fault. 9. The south end of Norton. 10. On both sides of the Went below Little Smeaton.
11. Pits on the west side of the road near Grove Hall. 12. Great canal under Knottingley.
13. Rail. roads from the Air to the limeworks of Fairburn, &c.
14. Plaster-pit Hill &c.
From the last-mentioned place, the gypseous marls range across the north road nearly four
miles from Ferry Bridge, and are continued in a very obscure form, and apparently interrupted
by some great faults, to the south-west side of Sherburn, where they have been proved in wells.
In this part of the range they seem gradually to thin off; and at the village of Towton they
are, if I mistake not, represented by a bed of stiff blue clay not more than two feet thick. There
are some obscure indications of them in association with outlying masses of the upper limestone
at Dalton lane, and one or two other places north of Bramham; but they have noc, I believe
been discovered in any part of the formation of magnesian limestone to the north of the Wharfe.

§ 3. Upper thin-bedded Limestone, sometimes without Magnesia.
The gypseous marls last described are surmounted throughout their range
by a grey thin-bedded limestone, which forms the highest tier of the dolomitic
series resting on the back of the other parts of the formation, and dipping
(generally at a very low angle) into the plain of the new red sandstone. The
thin-bedded structure is universal, not unusually passing into a structure
which is slaty and sometimes foliated. Between these beds, and even between
the foliations, there is generally interposed a very thin plate of bluish grey or
greenish grey marl; and when these marls become so thick as to assume the
character of beds (which is, however, rarely the case), they have then generally atinge of red or purple. When seen in a quarry or natural section, the
thinner beds have an irregular shattered appearance : and when one of them
is struck with a hammer, it generally falls into pieces at a number of natural
joints, which are coated over with beautiful, black, dendritic or stellated impressions.
The deposit is traversed by a great many nearly perpendicular fissures or
small faults, on the opposite sides of which the beds have seldom the same
exact inclination. From the appearance of the large denudations near Ferry
Bridge, as well as in other places, it
scribed had been partially broken up
turbing forces not being able to raise
undulations, had snapped them asunder

would seem that the system here deafter its deposition ; and that the disthe incoherent beds into continuous
at all the points of greatest flexuref.

» See Plate IV. No. 4.
t To the remark in the text there are one or two striking exceptions ; but they apply to the
greater dislocations, which are not noticed in this place. See Plate IV. sec. 1., and Plate VII.
fig. 6. (Wadworth and Knottingley.)
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The mineralo"-ical character of these beds is much more constant than in
the lower parts of the formation : there are, however, many variations of
structure, some of which must be enumerated. In some quarries (for example,
at Carlton near Worksop) the separate beds cannot be distinguished by
colour or composition from the inferior deposit of yellow limestone. They
are not unfrequently cellular ; and we may, here and there, find traces of a
concretionary and globular structure. Such forms are, however, imperfectly
developed; partly perhaps in consequence of the separating marls, which keep
the thin beds distinct from each other, and prevent any modification of structure from operating on the whole mass.
The prevailing colour of the series is grey, varying from ash-grey to dark
smoke-grey ; and the several shades are not unusually exhibited in stripes or
cloudy spots ; and among beds possessing such colours we may find portions
of a red, brown, or bluish tinge. It also deserves remark, that the colours of
the rock are much affected by the thin bands of marl, which not merely coat
over the surface, but partially penetrate the component strata. In quarries,
however, exhibiting the most ordinary structure and colour, we may occasionally find beds of hard, bright yellow, subcrystalline dolomite.
Some of the thin beds have a dull, earthy fracture, and must be regarded as
varieties of marl-slate. In general they are considerably indurated, and gradually pass into hard and nearly compact limestone. Of the harder varieties
which have a dull surface, some are porous and almost granular ; some nearly
compact, with a rather uneven fracture ; others perfectly compact, with a
beautifully smooth conchoidal fracture ; the several modifications being mixed
together, replacing each other, or alternating in thin stripes.
Associated with the preceding, and without any visible order, are other
beds which are nearly compact without the smooth conchoidal fracture, and
which, when examined with a lens, show a glimmering lustre. These pass
through many shades into a hard, small-grained, crystalline rock. All the specimens, which are both granular and crystalline, are, I believe, dolomites : but
of the other varieties, some do, and some do not, contain magnesia, the composition in this respect being apparently dependent upon circumstances
merely accidental or local.
As some of the harder beds in this deposit form a good material for the
road, and as those parts of it which contain little magnesia are
tensively used in agriculture, large quarries have been opened
along the line of the great North-road) which exhibit in great
its modifications.
One or two of these localities may be briefly

burnt and exin it (nearly
perfection all
noticed.
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1st. Drotherton^ near Ferrt/ Bridge.— In the rail-roads and quarries of this place, the
Feet beds
are exposed in the following order, beginning with the lowest.
1. Red marl and gypsum, surmounted by a few feet of blue clay
2. Soft, yellow, earthy limestone, which effervesces feebly with acids

3

3. An irregular bed or congeries of thin beds, imperfectly concretionary, partly")
earthy, and partly compact, very difficult of fracture, of various shades of V
1
colour, with a blue tinge near the centre
4. Thin, greyish beds, with layers of bluish or ash.coloured marls
5. A bed similar to No. 3

3
6

j

6. Many thin, shattery beds with the separating marls ; of these beds some are")
porous or cellular; some are compact; the structure is variable. Thecolours (
(sometimes exhibited in cloudy spots, and sometimes in stripes,) are grey, (
yellowish grey, or brown
J
At the top are some very thin beds resembling marl-slate.
2nd. Knottingley. — In the cut for the canal below the village, the bottom earthy beds (No. 2.)
of the preceding section were laid bare. Near the centre of the system there were some remark,
able contortions, which had brought up the lower gypseous marls ; and in the highest portion
of the same section were some thick, cellular and concretionary fetid beds, of a dark, smoke-wrey
and bluish grey colour, and entirely unlike all the other parts of the series. This locality is also
interesting from its exhibiting the junction of the top beds of the deposit with the upper red
marl ; but the contortions of these beds make the phaenomena less instructive than might have
been anticipated*. At the tAVo last-mentioned localities none of the strata contain much ma.".
nesia, and the greater part of them do not exhibit a trace of it ; yet in other quarries in the
same neighbourhood, and in the same geological position, magnesia is an essential constituent of
the rockf.
3rd. Limestone-Hill on the xoest side of Tickkill.—'ThG beds are in the following order,
beginning
with the lowest.
tt ,
°
°
rcet.. Inches.
1. A grey, close-grained dolomite, hard and translucent at the edges, lustre "1
glimmering, fracture uneven, and fragments irregular
j
2. Very thin, irregular beds ; some nearly compact and glimmering; others")
dull and earthy; colours grey, smoke-grey,
and yellowish, grey ; |
separated by many natural joints coated with dendritic impressions, S3
and parted by very thin seams of light-coloured bluish or yellowish |
marls
J
3. A hard, irregular bed of dolomite ; concretionary; cellular; of various")
shades of colour, and coated over with dendritic impressions ; glim- I
mering ; part nearly compact and porcellaneous, part granular and |
porous
J
4. Thin, shattered beds like No. 2

G

.

3

0

* See Plate VII. fig. 6.
t Subordinate to the above deposit arc occasionally found some thin beds which contain a
larger proportion of magnesian earth than any other part of the whole series. From a specimen
derived from a quarry south of Robin Hood's Well, Mr. Holme obtained the following result.
Carbonate of lime
29.75
Carbonate of magnesia
60.25
Alumina and red oxvd of iron
7.75
Silica
Water

'

1-25
1-00
100 grains.
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dolomite,
yellowishintobrown
hard, passing
5. A there
an earthy
form in texture like No. 1., but here and"! J

Feet.

Inches.

^

6. Very thin beds with partings of marl ; irregularly slaty or foliated ; 1
g
q
/
general characters like those described under No. 2
It is seen in the preceding section how the regular dolomites alternate with the peculiar, thin
beds of this part of the series. Some of the thin beds, however, effervesce feebly with acids, and
contain a small quantity of magnesia.
The alternations are still more remarkable in the quarries near Old-coats a few miles further
to the south. We there meet with all the modifications of structure which have been just described :the thin beds are in some rare instances studded over with minute globular concretions;
and one nearly compact bed contains a great many small specks of galena. Before reaching
Carlton this deposit becomes so changed, that it is not easily distinguished from the lower portions of the magnesian series.
4th. Askerne. — At this place there is a very fine section of the upper limestone. Many portions of these quarries are magnesian ; but we meet with no yellow, crystalline dolomites like those
of Tickhill. Some of the beds are of a reddish colour, and are almost irreducible in the kilns.
The workmen have learned to separate those portions which burn to a cold lime from the more
caustic magnesian beds with which they alternate.
These sections, together with the general notices which precede them, are, I hope, sufficient
for the description of this highest member of the dolomitic series.

Range — Outliers — Probable Extension of the Deposit towards the North, 8^c.
These upper beds first appear on the west side of the village of Carlton near Worksop ; but
in following them towards the north their relations, for two or three miles, are rather obscure.
Before reaching the village of Old-coats, they put on a very characteristic form ; and to the west
of that place they are bounded by a regular escarpment resting upon the lower gypseous marls.
From the neighbourhood of this place they may, with very limited exceptions, be easily traced to
the banks of the Wharfe. Their western boundary in this long range is determined by the
gypseous marls above described ; and their eastern boundary has already been sketched out in
the former part of this paper*. The escarpment seems to die away in the alluvial plain of the
Wharfe near Grimstone, and the upper limestone sinks below the surface : but a small patch
(which may, perhaps, be considered as an outlier) appears some miles further up the river,
occupies the right bank for a few hundred yards near Paper-mill Bar, and seems to range in a
very obscure form towards the right bank of the Bramham river.
There are three small outliers of this upper limestone : one forming the cap of the low ridge
immediately south-west of Ferry Bridge ; another about two hundred yards from the great North
road, close to the cross road leading off to Kirk Smeaton ; and a third near the south-west corner
of Wetherby Grange Park ; and there may be more small patches of the same kind which have
escaped notice.

As this limestone is certainly prolonged beyond the limits of the lower
gypseous marls, it becomes a question of some importance how far we can
trace it in the range of the formation to the north of the Wharfe. In a general
point of view the whole dolomitic series may be described as a complex for* See page 51.
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raation, the highest and lowest divisions of which are more compact and thinbedded than the great central mass, and generally contain a less proportion of
magnesia. There are some parts of Yorkshire north of the Wharfe where the
highest portions of the magnesian limestone have this compact and thinbedded character ; yet in the absence of the lower red marl, it is difficult to
find their exact relations. In some instances they are probably contemporaneous with the deposit here described, and they may at least be conveniently
classed with it.
In this view of the subject, I would refer to this upper system a thin-bedded
light-coloured, magnesian limestone of Copgrave and Goldisborough ; also a
similarly bedded, yellowish brown and dark smoke-grey limestone, which
appears in several places on the back of the formation near the villages of
Well, Snape, and Watlass*.
Between Nosterfield and Well, there is a system of beds in the position
above described (ranging about N.N.W. and S.S.E., in length about a mile,
and in breadth about a quarter of a mile), and of so very peculiar a character
as to require a more detailed notice. As they dip about S.E. at a considerable
angle, the most northern quarry on the range lays bare the lowest beds, and
shows that they rest immediately upon the yellow limestone, without the intervention ofany red marl.
First Section. — From Welsea quarry, a quarter of a mile south of Well, beginning with the
lowest beds visible and ascending,
^
°
Feet.

1.
2.
3.
4.

Hard, yellow, magnesian limestone
]
Several thin beds of ditto
1
Fine, yellow dolomite, like the dolomites of the carboniferous limestone. . 0
A system of beds of very deep smokc-grey, and dark greyish blue colour . 30

Inches.

q
o
6
0

The greatest part of the system (No. 4.) is composed of incoherent, shattered beds resembling
a highly calcareous, indurated shale ; but there are a few beds, each about a foot thick, of closer
texture, some of which are fetid, and cannot be distinguished from carboniferous limestone. One
of these beds, near the top, is traversed by many compressed cylindrical stems about one inch and
a half in diameter, but without any external markings to indicate their origin.
Second Section, in the ascending order. — From a quarry (called Seven-acre) further on the
dip of the beds.
p
1. Strong, yellow, cellular, magnesian limestone forming the base of the quarry. . —
2. Thin, shattered beds of a brownish blue colour, and with thin seams of marl . . 12
3. Earthy, yellowish beds
3 or 4
4. Dark brown and black shale highly calcareous and semi-indurated
1
* Among the thin beds of Watlass quarry are some which exhibit traces of globular concretions like those of Fulwell Hill ; and some of the bands of marl arc dark and carbonaceous,
P 9.
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Feet.

Inches.

5. Yellow, rubbly limestone much mixed with earthy impurities, and con.l
^
5 or 6
/
taining a considerable portion of galena
G
1
6. Dark shale passing into limestone
0
3
stains
carbonaceous
few
a
with
limestone,
magnesian
7. Yellow,
No. 5. of this section is unquestionably abed ; and the galena is not a watcrworn, mechanical
deposit but is apparently contemporaneous. It is found in lumps of considerable size, and penetrates the hardest portions of the rubbly limestone. In the year 1823 some profit was made by

excavating it, but the works have been since deserted. Some of the beds have the character of
mountain limestone; and the resemblance is rendered more complete by the innumerable petrifactions ofthe Producta calva which appear in the dark bluish limestone. In the same beds are
rarely found some traces of corals like those of Humbleton quarry near Sunderland.
There is a third section still further on the dip of the beds, which exposes a higher portion of
this series. The whole face of the quarry is composed of thin very dark beds, penetrated by white
contemporaneous veins, and very nearly resembling transition limestone. In this, as well as in
the two preceding sections, all the dark compact beds are, I believe, without magnesia*.
Some of the highest portions of the magnesian limestone in the county of Durham (for example,
the beds of Fulwell Hill, the beds on the coast south of Marsden Bay, and some of the beds
south of Black Rocks), seem to be very nearly related to the part of the series which I have
been describing. They are, however, so intimately blended with the other modifications of the
formation, that I found it impossible, in description, to separate them from the general mass of
the yellow limestone.

Such aie the principal facts connected with the range and extent of this
deposit. In that unequivocal part of it which rests upon the lower red marl,
there are, in general, but rare traces of organic remains at Cold Hill to the east
of Aberford : in a few other places they are, however, abundant, though in
an obscure form.
Its thickness is of course variable, and cannot in any case be easily ascertained for,
;
with the exception of the section below Knottinglcy (and even
there it is disguised by a dislocation), there is not a single spot which exposes
the junction of the top beds with the upper sandstone and marlf. Perhaps
eighty feet may be assumed as its maximum thickness in the southern parts of
Yorkshire.
§ 6. Deposits immediately superior to the Magnesian Limestone.
The deposits which succeed the magnesian limestone are of enormous
thickness and extent, and form the subsoil of what may be called the great
central plain of England.
They are, as is well known, principally composed
*
rate
two
t

Lime which is burnt from the best parts of these quarries may be spread over the land at the
of six chaldrons the acre ; but of the lime derived from the magnesian beds, not more than
cluUdrons can be used with advantage.
A larger quantity would produce sterility.
See Plate VII. fig. 6.
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of red sand^ sandstone, and marl; and they are of such complex and irre'nilar
structure, that it is not, I believe, possible to separate them into any natural
divisions which, in their range through the whole island, preserve a constant
relation to each other. There is, however, in that part of the system which
rests immediately on the back of the magnesian limestone series above described, an approximate order which requires a short notice.
In Nottinghamshire the yellow limestone is surmounted (as has been already
stated) by a thick formation of sand and sandstone, which ranges nearly due
north through the forest lands of the county into the southern plains of Yorkshire, occupying on the average a breadth of eight or ten miles ; but to the
north of Doncaster it disappears under the alluvial and diluvial plains which are
spread out between the banks of the Don, the Air, the Wharfe, and the Ouse.
The soil resting upon it, is chiefly composed of a light yellowish sand ; but all
the deep sections of the undisturbed beds, exhibit a reddish colour. This
sandstone is generally coarse, — often nearly incoherent; passes here and there
into a fine conglomerate ; contains many small rounded pieces of quartz, and
(judging from the appearance of the diluvium associated with it) appears also
to contain many rounded pebbles of ancient quartz rock. Immediately over
the preceding sandstone is a deposit of bright red-coloured gypseous marls,
which form the subsoil of the eastern clay lands of Nottinghamshire. The
escarpment of these beds is seen in a well-defined chain of low hills which
crosses the great North road above Markham Moor. They gradually sink
down into the great plain which is drained by the Trent ; and a few miles to
the east of that river they are surmounted by the lias.
These two great divisions of the new red sandstone (which, when taken in
association with the deposits already described, may be called the upper red
sandstone, and the upper red marl and gi/psum), appear also to exist in the
county of Durham, as for as we can judge from the denudations on the banks
of the Tees, and from the coast section between Hartlepool and the mouth of
the same river. The magnesian limestone, notwithstanding the immense
accumulations of diluvium, is evidently surmounted by a zone of strata cliiefly
composed of red sandstone ; and the red sandstone is, in the direction of the
dip, succeeded by an extensive deposit of red gypseous marls, which are seen
in several open sections not far from the mouth of the Tees.
Whether the same great divisions are prolonged through Yorkshire cannot
be determined ; as many parts of the county do not offer a single natural or
artificial section which throws light upon the general arrangement of the formation.

In Ripon Park there are extensive gypsum pits ; and gypseous red marls
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have been cut through near the village of Monkton, not far from the eastern
boundary of the yellow limestone. The upper limestone in the canal below
Brotherton is also immediately surmounted by red marl*. These facts may
seem opposed to the order above described ; but they admit of explanation.
The deposits of gypsum near Ripon may belong to the lower red marl and
o-ypsum, or they may be subordinate to the lower part of the upper red sandstone. The red marl of the Knottingley section can hardly be considered as
anomalous; for red marl (generally in the form of a thin band, and sometimes
swelling out to a considerable thickness) is regularly interposed between the
thin-bedded limestone and the upper red sandstone f. Any further details connected with these deposits would be foreign to the objects of this paper.
Such are the seven great natural divisions of the new red sandstone series.
A general summary of their relations to corresponding formations on the continent will be given among the concluding observations of the next Chapter.

Chapter III. — Detailed Sections. — Faults and Dislocations. — Minerals and
Mineral Springs. — Organic Remains. — General Conclusion.
The following sections exhibit in detail the relations of some of the lower
beds of the group described in the preceding Chapter.
No. 1. — Micklebringj;, near Doncaster.
The series is derived from the old
reddle pits, and from the coal works, and in the descending order§.
Feet. Inches.
1. Lower beds of the great yellow limestone : between the beds, blue and")
—
yellowish blue argillaceous seams.
These form the top of the escarp- V
ment
J

—

2. White and yellow marl

1

6

3. Yellow, incoherent, rubbly limestone

4

0

* See Plate IV. No. 1. and Plate VII. fig. 6.
t In the greater part of Nottinghamshire the order is as follows : — 1st. Yellow limestone. —
2nd. A thin bed of red marl. — 3rd. Forest sand or upper red sandstone.
Near Worksop the bed of red marl becomes of considerable thickness ; and a little further to
the north it is subdivided, and its place is occupied by three distinct deposits. The order then
becomes as follows : — 1. Yellow limestone. — 2. Lower red marl and gypsum. — 3. Upper limestone.— 4. Thin band of red marl. — 5. Forest sand. This thin band of red marl, though generally too insignificant to be counted, may in some places swell out into importance, and give rise
to appearances like those at Knottingley.
X See p. 57. and p. 68.
§ Large quantities of reddle were formerly raised from these pits and exported to Holland.
The works are now almost deserted.
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4.
5.
6.
7.
8.

Reddle (earthy red oxyd of iron), texture fissile
Red and yellow clay
Reddle
Red and yellow clay
Reddle

\\\

0

5

2
0
2
0

o
4
0
9

9. A thick irregular bed. Highest part, blue clay ; middle part, blue clay,")
alternating with gritstone bind ; lower part, strong blue slate clay. )» 40
0
Thickness about
j
10. Coal, impure and pyritous
1
5
11. Fire clay, used in the potteries, followed by the regular Yorkshire coal.l
—
measures
j
In this section there is no trace of the marl-slate. The beds from No. 4. to No. 8. inclusive
(and perhaps also the upper part of No. 9.), represent the inferior red sandstone. On the southwest side of the hill, these beds are replaced by a coarse and micaceous sandstone, exhibiting
many irregular lines of cleavage not parallel to the planes of stratification.

No. 2. — Section, in descending order^ derived from the great cut for the road
at Wentbridge Hill,
Feet. Inches.
1. Under the soil, a mass of earthy, rubbly, yellow limestone
2. Six beds of soft, coarse, cellular, yellow limestone
3.
4.
5.
6.

2
12

0
0

Cellular beds, each about one foot thick, yellowish grey, hard and splintery 6
A coarse, irregular bed, with many casts of shells
3
Coarse, soft, cellular bed
2
Various thin, cellular beds, hard and porcellaneous, with a few casts of 1

0
o
0

fossil shells
7. Yellow sand

/

-^
0

*'
3

8. Irregular bed of soft sandstone ; brown, with bands of purple and yellow.
9. Violet-coloured slate-clay, thinning off in both directions
10. Soft, micaceous, reddish brown sandstone, with subordinate lenticular!
masses of slate-clay and concretions of oxyd of iron
j

5
3

0
0

11. Micaceous, sandy, slate-clay of various colours, purple, blue, brown, and"]
red, containing some bands of yellow sandstone ; also of grey sand. )> 30
0
stone, with particles of green earth
J
All the beds below No. 6. form a part of the lower red sandstone, the whole thickness of
which is not exposed.

No. 3. — Section from a denudation on Bramham Moor*.

Feet.

Inches.

1. Under the soil four beds of hard, yellow, cellular limestone

4

0

2. Magnesian conglomerate, containing pebbles of grit, with a magnesian 1
cement
/

^

^

3. Yellow magnesian marl
4. Semlindurated sand, separated into tabular masses not parallel to the 1
strata
J

^
3

4
^,

5. Coarse, grey sandstone, with white quartz pebbles
6. Micaceous, slaty sandstone, with false bedding like No. 4
7. Coarse sandstone^ lower part not exposed

8
3
8

0
0
0

* See p. 73.
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In this section, Nos. 4. 5. 6. & 7. are undoubtedly the representatives of the upper part of the
lower red sandstone, and they are unconformable to the overlying beds*.

No. 4.

Section from left bank of the Nid above Knaresborough Castle.
Feet. Inches.

composed of hard, cellular, "1
Upper
precipice of yellow
1. A concretionary
beds limestone.
: middle part
soft,partearthy, and cavernous ; the j
cells of large size and very irregular forms.
The lowest portion is ^ 70
soft and earthy, mixed with harder concretionary portions standing |
out ill relief
J

0

2. Incoherent, magnesian earth

1

0

3. A and
conglomerate
marl, with concretions of yellow limestone"! J
fragments of
of yellow
red sandstone

.

„

4. Slaty, red, micaceous sandstone and red marl
5. Light and variegated slaty sandstone, with fissile portions not parallel!
to the beds
J

1

0

„
.
red streaks and concretions of earthy red"!
sandstone,
greyiron.
6. Strong,
oxyd of
Lowest with
portion concealed
j
The beds below No. 3. are a part of the lower red sandstone ; and the stratification is so
obscure that it is not easy to determine whether they are or are not parallel to the yellow limestone.

No. 5. — Sections of the Hetton, Ellemore, and Eppleton Pits near Houghtonle-Spring in Durham^ taken in 1826 f.
1. lletton Pit.
1 . Sand and gravel
2. Limestone marl
3.
4.
5.
6.
7.
8.
9.
10,

Feet. Inches.

15
18

0
0

Yellow limestone, with much water
93
Blue limestone, a kind of ragstone, and here and there of slaty texture. . 44
Blue metal (slate clay)
3
Red rotten sandstone
4

6
2
2
4

White and grey metal
Strong, brown limestone and whin
Blue and grey metal
Coal

1 11
8
8
• • • 32
3
1
4
nine
nearly
is
The pit descends through the high and loio main to the Ilutton seam, which
hundred feet below the surface. In this section. No. 4. (and perhaps also a part of No. 3.) re-

presents the marl-slate. No. 6. and a part of No. 3. appear to represent the lower red sandstone
in a degraded form.

2. Ellemore Pit, about a mile S.W. by S. from the former.
1 . Soil, and strong blue clay
2. Limestone marl
3. Yellow limestone

Feet.

49
1
60

Inches.

0
6
0

* See Plate VI. fig. 2.
t For these important sections I was indebted to the superintendant of the Great lletton coal
works.
See Plate V. fig. 3. ; and p. 74.
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^%'- ^"^'"^^'*i
^^
4
()

Yellow slatyin limestone
4.
5. Limestone
thin blue beds

6. Yellow clay
q
^
7. Blue metal
q
„
8. Yellow, indurated sand, with much water
go \q
9. Yellow and grey post
g
g
10. Blue metal
2g
q
11. Impure coal, &c. &c.
The high main is about 66 fathoms below the!
yellow sand, No. 8
7
4
In this section the marl-slate is represented by Nos. 4. 5. & 6. No. 8. is the common form of
the lower red sandstone in this county.
3. Eppleton Pit, about three-quarters of a mile N.E. of the old Hetton Pit.
1. Soil and clay
2. Limestone like Nos. 3. 4. & 5. of the previous section

Feet.

Inches.

24
54

0
o

3. Soft, half-indurated yellow sand, lower part quick and full of water .... 126
4. Grey metal, &c. &c.
The high main expected at about 80 fathoms . . .
The quick sand contains hard concretionary portions cemented with carbonate of lime.

No. 6. — Section derived from the borings near Nunstainton*.
1. Alluvial matter, principally strong clay, about

0

Feet.

40

2. Coarse, cellular, yellow limestone, (part of it described as approaching the")
conglomerate form) . o
J
3. Thin-bedded, hard, and compact limestone
go
4. Various beds chiefly composed of shale, containing some thin beds of a red 1
claystone
j
5. Coal, a good workable bed
This section is remarkable from its locality, being derived from a place two or three miles
within the escarpment of the limestone. The greatest part of No. 3. (and perhaps also a part of
No. 4.) represents the compact limestone and marl-slate. As the lower sand is not mentioned, it
is probably either absent or represented in an obscure form, as in the Hetton section.

I think it unnecessary to accumulate any more details respecting the transverse sections through the other parts of the deposits described in the preceding chapter. There are^ however^ one or two places where the order has
been interrupted by great faults and dislocations, which require a short notice.
Great faults or dislocations, ^c. — The most southern of these, which seems
to require notice, traverses the upper part of the series a few miles to the
south of Doncaster, ranging from the banks of the Don down the valley which
separates Wadworth from Loversall. It has produced a great upcast to the
N.E., in consequence of which the lower gypseous marls are repeated, as is
proved by the wells sunk through the upper limestone at Loversall. On the
south side of the valley near Wadworth, the broken edges of the limestone
beds are much contorted f.
t See Plate IV. No. 4. and Section 1,

* See p. 60, note.
VOL.

III.

SECOND

SERIES.
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The whole country between Robin Hood's Well and Wentbridge, is intersected bygreat dislocations, which have altered the position of the beds, and
modified the whole surface of the country*. Jst. A great north and south
fault, producing- an enormous upcast to the east, brings in the lower gypsum
behind the village of Askernef . '2nd. A great east and west fault crosses the
North road, ranges on the south side of Upton Beacon, and throws the plateau
of North Elmsall below its natural level. 3rd. A similar fault crosses the road
at the Robin Hood House, and throws the upper beds, with an inverted dip,
below the level of the yellow limestone. 4th. A similar break (and perhaps a
prolongation of the preceding) appears at Stubbs Hill, at which place there is
also a second break producing a downcast in the opposite direction;};.
A considerable dislocation, ranging- east and west near Sherburn, has
brought up the yellow limestone of Huddlestone quarry, &c. to the level of
the higher series§. There are also several indications of extensive dislocations
among the beds appearing in the banks of the rivers which traverse the formation. For example, on the banks of the Nid, in the escarpment below Maltby ;
on the banks of the rivulet below South Anston, &c. &c. In some of these instances itseems probable that the direction of the transverse valleys has been
in a great measure determined by the direction of certain lines of fault which
were formed anterior to their excavation ; for denuding currents would act
more readily upon the broken edges than upon the solid beds of secondary
deposits ; and faults would therefore prepare the way for future valleys.
Lastly, there are some very remarkable contortions and breaks of the strata
on the coast of Durham, between Black Rocks and Hartlepool ; but they are
perhaps on too small a scale to be mentioned in this place ; and an adequate
notion of them cannot easily be conveyed by verbal description.
Minerals found in the several deposits subordinate to the Magnesian
Limestone. — Mineral Springs .
I. Ores of iron. — 1. Hydrate of iron appears to form the colouring matter of many of the
yellow beds of limestone ; also of many of the beds of marl and sandstone, — more rarely in nodular
concretions. 2. Red oxyd of iron., less generally diffused than the preceding, forms the greater
part of the colouring matter of the lower gypseous marls, also of many of the red beds in other
parts of the series ; rarely seen as a haematite ; in that form associated with sulphate of barytes,
and traversing the yellow limestone of Bramham Moor in thin veins. 3. Black oxyd, constantly
associated with the various beds of No. 3. and No, 5. in the form of black spots, generally stellated, and of dendritic impressions ; rarely forms the colouring matter of considerable masses.
4. Iron pyrites, rare, found in marls subordinate to No. 3. under Burton Leonard; also near
* Plate IV. No. 3.
+ Plate IV. Section 3.

t Plate IV. Section 2.
§ Plate IV. No. 2.
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Bolsover ; probably exists in a state of minute subdivision in some earthy beds, which
are liable
to effloresce.
II. Green carbonate of copper — Very rare; a few fibrous veins about a tenth of an inch
thick, in a limestone near Newton Kyme ; in the same form at Farnham near Knaresborough*.
III. Sidphurct of zinc— In small crystals imbedded in calcspar, contained in the hollows of
the marl-slate at Midderidge ; in the same form at Cowndon, with sulphate of barytesf • found
also by Mr. Winch nearly in the same form, and in the same part of the series at Cullercoats.
IV. Sulphuret of lead — Found in several places, but generally in very small quantifies, in two
small strings traversing a white limestone under the milUdam south end of Mansfield • said also
to occur in the same form on the coast of Durham ; also at Whitley near Cullercoats ; in small
single crystals imbedded in the rock under Knaresborough ; in the same form in the upper limestone atOldcoats near Tickhill; in a similar form, and associated with sulphuret of zinc and sulphate of barytes, at Midderidge and Cowndon ; in large crystals and crystalline nodules sub.
ordinate to a small earthy bed at Nosterfield +.
V. Carbonate of lime. — Rarely in thin fibrous beds, like those which alternate with the
Purbebk limestone ; frequently in large stalactitic masses occupying crevices and the sides of
small caverns, e. g. at J'arnham near Knaresborough, and in quarries in the outlier west of
Collingham§;
in contemporaneous veins; in crystals lining the cells of the regular beds.
N.B. When these beds are magnesian, the crystals lining the cells generally exhibit the inverse
rhomb, rarely the equiaxe. But in the marl-slate, and other parts of the formation where the
magnesia disappears, the crystals lining the cells lose the rhombic form, and generally exhibit
modifications of the dog-tooth. In all the preceding instances, the crystals above described are
free from magnesia. There are, however, some rare instances of pearl spar subordinate to the
formation.
VI. Sulphate of barytes. — A very abundant mineral in many parts of the formation. In crystalline nodules and veins in the freestone beds of Mansfield and Huddlestone, &c. : in veins of
fibrous texture traversing beds of indurated marl, at Pleasley near Mansfield ; in contemporaneous
lamellar concretions, and also in veins in various parts of Bramham Moor. In small tabular
crystals, with carbonate of lime, in the cavities of the cellular beds of the same district ; also
massive and earthy in many similar localities; in kidney-shaped masses imbedded in marl, alternating with magnesian limestone in the outlier west of CoIIingham. In many parts of the couu<y
of Durham, though not in the same abundance, it occurs in most of the preceding forms.
VII. Sulphate of strontian. — A much more rare mineral, found of a fibrous and lamellar
structure traversing small veins in the yellow limestone near the left bank of the Nid above
Knaresborough ; said also to be found nearly in the same form in some quarries north of
Hartlepool ; in pale blue tabular crystals, associated with carbonate of lime in quarries south of
Ripon, &c.
VIII. Sulphate of lime. — Though abounding in the lower red marl ||, it is very rare in the other
* Traces of green carbonate of copper have, in a few instances, been left by the water which
springs from the magnesian limestone. In consequence probably of these appearances at Farnham, considerable works were, about sixty years since, opened in (he yellow limestone immediately behind the village ; but they were soon after deserted.
t See p. 77, 78.
X See p. 108.
§ Some of the large specimens from this locality are beautifully translucent and fibrous ; and
among the successive layers of deposit exhibit curious traces of aggregation round different
centres.
II No. 4. of the general section, p. 64.
See also p. 101.
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subdivisions of the formation. In crystals and large crystalline nodules, with red marl under the
yellow limestone, on the right bank of the Nid above Knaresborough ; very rarely, and in very
small crystals, in the marl beds in other parts of the series.
9. Sulphate oj magnesia. — This salt effloresces in great abundance upon some earthy beds
of yellow limestone near the village of Bramham. It has been found by Professor Gumming and
Mr. Holme to contain a trace of muriate of magnesia*. Mr. Holme also found traces of muriate
of lime and muriate of magnesia in analysing specimens of magnesian limestone from Mansfield.
10. Mui'iatc of soda Ax^medi (though in extremely minute quantities) through some of the
red beds near Mansfield f11. Quartz, — This mineral in a crystalline form is very rare, notwithstanding the abundance
of siliceous matter which is mechanically mixed with the magnesian limestone. It is found lining
the cavities of some hard cherty beds in the escarpment west of Wallass. Siliceous nodules occur,
thouo^h very rarely, in some of the yellow limestone beds in the southern parts of Yorkshire.
12. Mineral springs. — 1. Thorp Arch Spa rises in the lower part of the yellow limestone
on the right bank of the Wharfe. It is fetid, from sulphuretted hydrogen, and tastes of sulphate
of magnesia; but it has not, I believe, been analysed. 2. An extremely fetid mineral water
springs from the yellow limestone beds below the high-water-mark, near the southern extremity
of Hartlepool clilF. 3. Askerne Spa water rises through the upper thin-bedded limestone, but
it is secreted by the lower gypseous marls which are brought up behind the village by a fault J.
A fetid spring is said also to rise from the same beds near the village of Wadworth.

Organic Remains.
Fossil Fish.
An account has ah'eady been given of the discovery of the ichthyolites of
Midderidge and East Thickley§. Some of them appear to have been destroyed
before their value was understood. Others were fortunately preserved, but
dispersed into so many hands, that it was only through the kindness of several
gentlemen in the county of Durham (among whom 1 am bound particularly to
mention Lord Barrington, the Rev. T. Austin, the Rev. S. Gamlin, Messrs.
E. Pease and H. F. Smith of Darlington, and T. Randyll, Esq. of Stockton,)
that I became acquainted with the prevailing characters of these fossils. Some
other fine specimens (for an examination of which I am indebted to H. Blanshard, Esq. of London, and Henry Witham, Esq. of Edinburgh), have enabled
* Fifty grains of the salt scraped from the Bramham limestone were examined by Professor
Gumming, and gave the following result : — Sulphate of magnesia, 47.40. Muriate of magnesia,
with a trace of iron, 0.13, An insoluble residue 2.45, was probably derived from the scrapings
of tlic magnesian limestone.
t See p. 100, note. Since this paper was written, a trace of rock salt has been also discovered
in the formation near Pontefract, by Mr. Phillips.
(Annals of Philosophy, December 1828.)
+ For an analysis of this water, and an account of the structure of the neighbouring country,
see an Essay by Mr. Brewerton. Knaresborough Spa, which springs on the east side of the
Harrowgate road, is not added to the above list ; because it rises from ground which is covered
with diluvium, and is probably out of the limits of the lower sandstone.
(See Plate IV. Sec. 2.)
§ See Ghap, ii. § 2. p. 77.
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me to complete the series, and to procure figures, more or less perfect, of
perhaps all the species which have yet been discovered.
It was evident from the first, that many of these fossils, notwithstandingtheir mutilated condition, very nearly resembled the celebrated fish of the
copper-slate of Germany. By far the greatest number came unequivocally
under the genus Palaeothrissum, being of the order Malacopterygii abdominales, having a forked tail, the rays proceeding exclusively from the lower
border, the upper lobe being longer than the lower, and covered with scales,
and having one dorsal fin between the anal and the ventral. It mi^-ht be
added, that all the species possessing the above characters appear to have had
strong hard scales, which were partly tessellated and partly imbricated, and
arranged in oblique rows ; in which respect they make some approach to
Esox osseus.
As there were, however, considerable difficulties in making out the specific
characters of these fossils, some of the earliest specimens were submitted to
the examination of M. de Blainville ; and that celebrated naturalist, as was
before stated, identified two of them with the species Palaothrissum magnum
and Palceothrissimi macroccphalum, which he had himself previously established from the ichthyolites of Mansfeld*.
The following plates of fossil fish found in the marl-slate of Midderidge and
East Thickley, are as nearly as possible of the natural size, and will it is hoped
convey as correct a notion of the several species as their state of preservation
allows.
1. PaloEothrissum magnum \. — This specimen shows the position of the fins ; also the arrangement and form of the scales, some of which, on the fore part of the body, exhibit a kind of imperfect articulation, as is represented on a magnified scale under the Plate. The character of
the tail is well seen ; but it is mutilated. When perfect, it is nearly of the same shape as in the
next species.
2. Palwothrissum macrocephalum. — This (like the former species) is very abundant. It has
many characters in common with the P. magnum ; differing, however, greatly from that species
in its size, and in the form of its head.
The individual here figured is a large specimen +.
3. PalcEothrissum elegans. — This is a much more rare species than the preceding. The head
is smaller; and the upper and lower portions of the forked tail are much more nearly equal §.
4. Another species ||, in the form of the tail, the position of the fins, and the arrangement of the
* The genus Palffiothrissum was formed by M. dc Blainville out of several species of fiih
which he had found exclusively in the coppcr-slatc. '^11 a pour curactere csscntiel: dU/rc
abdominal., malacopterygicn^ de n^avoir qi/Ucne scale nagcoire supericure siluce avant
I'unale, entre les pelviennes et elle., et surtout d'avoir la (pieue O/furquic, et k lube supcricur
ordinuirement beaucoup plus long (pie I'iiiJ'crieur^ ct convert d'ccaillcs dans tontc sa moitiv
superieure.'"
See the article on Ichthijolitcs, Nouveuu Dicteonnaire d'JJis/uire Na/urellc,
vol.
xxviii.
t Plate VIII. fig. 1.
t Plate IX. fig. 2.
§ Plate IX. fig. 1.
|| Plate VIII. fig. 2.
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scales appears to agree with the genus Palajothrissum ; but it differs from all (he described
species in its form and size, as well as in (he singuLar decoration of its scales. As the fore part
is wanting, it is perhaps better to consider it as belonging (o an unascertained genus. For pur.
poses of comparison it is, however, not wi(hout its use ; as fragments of the same species have, I
believe, been found in the copper-slate.
5. A fifth species* has also some characters in common with those already described. It is far
too imperfect to be ascertained ; but it is hoped that it may hereafter be compared with better
specimens of the species, and for this purpose it is figured. The small side figures show the scales
magnified.
6. Another specimen! diifers entirely from all the former, but it is far too imperfect to be
referred to any known species or genus.
It may hereafter serve the purpose of comparison.
7. The operculum of a large fish J. From its size, it seems to belong to a species distinct from
any of those which havo been figured.
8. To (his list may be added the fossil fish found at Pallion, and described by Dr. Clanny and
Mr. Winch §. The specimen is preserved in the museum of Sunderland, and has been referred
to the <fenus Chaitodon : but this cannot be considered as well ascertained till a more elaborate
figure of the fossil has been published.
Another specimen ||, discovered during the passage of this paper through the press, is probably
of the same species with the fish above mentioned from Pallion. It has enabled us to restore the
anal fin ; and in the structure of the tail it agrees with the other species.
It was found in the marl-slate near East Thickley.

Fossil Shells.
Univalves. — These are much more rare than bivalves. An instance has, however, been
noticed^ where they occur in great abundance ; and they are occasionally found in the shelly
beds of yellow limestone in the county of Durham, and in the blue shelly beds near Bolsover,
&c. &c,
1. Turbo (?). — Beautiful small casts of a deeply striated shell, apparently of this genus, occur
in the pisolitic yellow limestone between Marr and Hickleton.
2. Casts of a small smooth shell, apparently of the same genus, are rarely found among the
fragments of bivalves in the blue limestone of Palterton and Bolsover, in the lower beds of yellow
limestone near Conisborough, &c. &c.**
3. Pleiirototnaria (?). — Beautiful but imperfect casts of univalves, which Mr. Sowerby refers
to this genus, were found among the shelly and coralline masses of Humbleton quarry. One of
these exhibits five whorls, and is about 1^ inch in length.
4. Ammonites
A cast of one of the chambers of a small Ammonite was found among the
Humbleton fossils ft5. Serpnla or Dentalium (?). — Traces of small obscure bodies, belonging to one or both of
these genera, occur in some shelly beds on the Durham coast south of Black Rocks. Also in the
upper beds at Cold Hill near Aberford.
* Plate X.
t Plate XI.
+ Plate IX. fig. 3.
§ See p. 78, note.
|| Plate XII. fig. 1.
H See p. 110.
** This is probably the same species with the following : — Turbo (?) Spires 4, smooth, length
under i of an inch; Hawthorn Hive. (M.S. Catalogue of fossils by Mr. J. Phillips of York.)
ft To this list may be added five species of Melaniai (?) less than half an inch long, with eight
whorls; Ilawdiorn Ilive. (M.S. Catalogue by Mr. J. Phillips.)
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Bivalves.

1. Producia aniiquata, Min. Con. t. 317. fig. 1. 5. 6 — This fossil (so common in the mountain
limestone) occurs rarely in the compact limestone over the marl, slate at Midderid^e*
P. calva, a. ^. Min. Con. t. 560. fig. 2— 6.— Occurs abundantly at Humbleton, in the compact beds of Midderidge ; in the dark beds near Nosterfield, &c. &c. f
P. horrida, Min. Con. t. 319. fig. 1 — Humbleton ; Whitley quarry ; Northumberland •
yellow limestone, Derbyshire.
P. spinosa, Min. Con. t. 69. fig. 2. — Humbleton quarries, &c.
A species of Producta, probably difl'ering from all the preceding, was found by Mr. Phillips
near Ferry-Bridge J.

2. Spirifer undulatus, Min. Con. t. 562. fig. 1. — Compact limestone, Midderidge and Humbleton, &c.
To the preceding list must be added two, or perhaps more, species of small shells of the o-enus
Spirifer, chiefly derived from Humbleton and Tunstal Hill. One {S. multiplicatus)\\a.% many plaits
in front, and shows the internal structure peculiar to the genus. Another (S'. minutus) is very
minute, but is well characterized. Two or three other species of small shells are doubtful and
may perhaps belong to the genus Terebratula.

3. Terebratula. — Shells of this genus (generally of a small size) occur in many parts of the
formation, particularly at Tunstal Hill and Humbleton. Of these there appear to be not less
than five or six distinct species. Some are smooth; others plaited or ribbed. Some are flat •
others spheroidal. Some are broad ; others oblong. A beautiful, small, smooth species forms
nearly the whole mass of some rocks near Dalton-le-Dale.
4. Aximis obscicrus, Min. Con. t. 314. — Many casts of this species occur at Wentbridge Hill
in the lower beds of yellow limestone, and in the same part of the series at Garforth clilf. It is
found in a much more perfect form in the lower beds of Stubbs Hill. Casts of this genus are
found also south of Black Rocks, on the Durham coast.
5. uirca tumida, Min. Con. t. 474. fig. 3.—- Tunstal Hill and Humbleton.
6. Cucullcea sulcata (S. N.), generally very imperfect, and in casts; which, however, sometimes show the nature of the hinge : transverse dimension about li inch ; on one specimen a
small part of the shell is preserved, which is deeply striated.
Humbleton, &c.
7. Avicula gri/phcEoides (S. N.). — This small species (which in external character resembles
a gryphite), abounds at Humbleton. The convex valve has many very small slightly tuberculated
ribs. The other valve is discoid and nearly smooth.
There are some imperfect specimens of another striated species which resembles a Gervillia.
8. Ostrea. — Casts of a small flat species occur at Whitley quarry, Northumberland.
9. Astarte (?). — Casts of a beautiful shell about half an inch in length, marked with concentric striee, and apparently of this genus, abound in some of the beds of Whitley quarry.
10. Modiola acuminata (S. N.). — A very small species
some shelly beds south of Black Rocks, Durham. A larger
in the upper thin-bedded limestone at Cold Hill, a few miles
very small species of Modiola, in form much less acuminated
bleton.
Found also by Mr. Phillips at Hawthorn Hive.
* See p. 77,

f See p. 108.

found in very great abundance in
species, length half an inch, occurs
east of Aberford. Casts of another
than the preceding, occur at Hum.

% See Annals of Philosophy, Dec. 1828,
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11. Mytilus squamosus (S. N.), ovate, acuminate, the laminae of the shell having the appearance of scales; length more than an inch. In considerable abundance near Ferry Bridge, but
generally in the form of casts.
12. Pecten.
1. (S. N.) smooth,
2. (S. N.) convex,
the same size
3. To this list Mr.

half an inch in diameter.
Abounds at Humbieton, &c.
circular, marked with striae, slightly tuberculated ; about
as the preceding.
Humbieton.
Phillips has added a circular fluted species two inches and a

quarter in diameter.
13. Plagiostoma (?) — Casts of a very small beautifully striated shell, apparently of this genus,
occur at Humbieton.
14. Venus (?) — Casts of a gibbous shell three-quarters of an inch in diameter, resembling this
genus, are found at Humbieton*.

Crinoidea.

Portions of the columns of one or two species belonging to this family are
found in great abundance in the quarries near Humbieton ; they also occur
in the cliffs of Tynemouth. These fossils are rarely, if ever, found in the
range of the formation to the south of the Tees. Some specimens from Humbieton and Tynemouth have been examined by Mr. Miller, and are referred
to the Cyathocrinites planus^.
Coralline Bodies.
Two reteporesj, mixed with casts and fragments of other coralline masses,
abound in the shelly magnesian limestone of Humbieton and other parts of
Durham§. The specific w^me^ Jlustracea and virgulacea are adopted from
the MS. Catalogue of Mr. Phillips of York ; and the figure of the Retepora
virgulaceaW is taken from a specimen kindly lent by that gentleman. Traces
of two other corallines^ occur also at Humbieton.
Vegetable Fossils.
The specimens to be enumerated under this head have been already noticed.
1. Obscure impressions of two species of Fern from the marl-slate of Midderidge**.
2. Carbonaceous matter obviously derived from vegetable fossils ; from the marl and blue
shelly limestone beds of Palterton and Bolsover ff.
3. Long cylindrical stems (probably of vegetable origin) traversing the top beds of the first
section near Nosterficld J J.
* In the specimens derived from some of the places above mentioned, especially Humbieton
quarry, there are more genera and species than have been enumerated, but they are too imperfect
for description. Large additions might undoubtedly be made to the list by a more careful examination ofthese localities.
t Nat. Hist. Crinoidea^ p. 85.
J Plate XII. fig. 6. 8.
§ These coralline fossils are very rare in all parts of the formation south of the Tees. I found
a single specimen of the Retepora Jlustracea in the beds of blue limestone at Nosterfield, near
Taufield.
II Plate XII. fig. 6.

If Plate XII. fig. 5. 7.

** See p. 77.

ft See p. 81.

+♦ See p. 107.
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Conclusion.

1. Considering the new red sandstone series as one great complex formation, we are enabled, after the details given in the two preceding chapters, to
separate it into the following natural divisions. 1. Lower red sandstone.
2. Marl-slate and compact limestone; or 2a. Compact and shelly limestone,
and variegated marls. 3. Yellow magnesian limestone. 4. Lower red marl
and gypsum. 5. Upper thin-bedded limestone. 6. Upper red sandstone.
7. Upper red marl and gypsum.
In the whole range of this great system of deposits, through an extent of
nearly two hundred miles, these divisions, wherever they occur, are in a constant order: but there are very few transverse sections of the country where
the whole of them are exhibited together.
It further appears from the details of the previous chapter, that No. i. is
the equivalent of the rothe-todte-liegende ; No. 2. of the kupfcr-schiefcr and
zechstein; and that Nos. 3. 4. and 5. are the equivalents of the rauchwacke,
gypsum, asche, stinkstein, &c. &c. of the Thuringerwald. In the same part
of Germany, the deposits immediately superior to those last enumerated are,
hunter sandstein, muschelkalkstein, keuper (composed of vai'iegated marls,
(marnes irisees), sandstone, rock-salt, &c.), and lias. Nos. 6. and 7. are,
therefore, both in position and mineralogical character, the exact representatives of the hunter sandstein and keuper; the muschelkalk not having yet
been discovered in our geological series*. Such a coincidence in the subdivisions of two distant mechanical deposits, even on the supposition of their
being strictly contemporaneous, is truly astonishing. It has not been assumed
hypothetically, but is the fair result of the facts which are recorded in this
paper.
2. The previous statements seem to show, that the system of the new red
sandstone could not have been produced by any sudden and transitory agency,
but must have been the result of causes of very extensive operation, and long
continuance; a conclusion which is confirmed by the peculiar groups of
organic remains v/hich exist in certain portions of the deposit.
3. Notwithstanding the entire break which, in many parts of England, exists
* English geologists in their first attempts to compare our secondary formations with (liose of
the continent, identified the tnuschelkalk with the lias: but (lie opinion has been since generally
abandoned. Continental geologists have also been at issue on the nature of the deposit inimediately superior to the muschelkalk. Since the publication of many excellent details connected
with this subject by MM. Oycnhaiissen and Dechen, confirmed as they have been by the subsequent observations of MM. de Beaumont and Dnfrenoy in various parts of France, the question
now appears to bo nearly set at rest, and the succession of the lower secondary formations to be
established in the order stated in the text.
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between the coal-measures and the superior deposits ; in some parts of Yorkshire there is no such want of continuity, and the h>wer red sandstone seems
to form a connecting- link between the carboniferous order and the group of
the new red sandstone. Moreover, the fossils of the magnesian limestone have
little resemblance to the fossils of the lias and the oolites, but liave several
o-enera and species in common with those of the mountain limestone.
4. The new red sandstone series in the south-western coal districts admits
of three natural divisions ; viz. dolomitic conglomerate, red sandstone, and
red or variegated gypseous marls^ which are immediately surmounted by the
lias*. It therefore follows, that of the seven subdivisions above established,
the five lowest are, in the south-western parts of England, represented by the
dolomitic conglomerate. Hence these dolomitic conglomerates, and the contemporaneous conglomerates in the valleys of Somersetshire and Devonshire,
are not merely the equivalents of the rothe-todte-Uegende, as has been sometimes assumed, but are in the place of a great part of the Thuringerwald
system.
5. The preceding conclusion seems to
1 mistake not, advance a step further.
lodte-liegende) is best developed in those
the overlying deposits are very nearly^ if

be perfectly secure ; but we may, if
The lower red sandstone (or rotheextensive tracts of Yorkshire where
not exactly, conformable to the coal

formation, and appears to thin oft' in those places where the coal-measures are
most dislocated : moreover, it is under such circumstances that it exhibits in
mineral structure a gradation between carboniferous gritstone and new red
sandstone. Now, there is an absolute disruption between every part of the
dolomitic conglomerates and the coal-measures in the west of England; nor
do these conglomerates contain any extensive beds which bear the least resemblance to the lower red sandstone : but they arc nearly identical with
some masses which in the north of England are subordinate to the yellow
limestone f. We may therefore conclude, that the overlying conglomerates
in the west of England do not represent the rothe-todte-licgcnde, and that
they are therefore in strictness the equivalents of some of tlie higher subdivisions ofthe Thuringerwald system J.
•
6. The history of the dolomitic conglomerate in the west of England
certainly throws great light upon the origin of the series of deposits above
* See Gcol. Trans. Second Series, vol. i. Part T. p. 290. f See Plate VI. figs. 2, 3. & 5.
+ The conglomerates overlying the coal-measures near Bristol, and the conglomerates associated with the transition rocks of Devonshire and Somersetshire, necessarily differ in mineralogical character, but are, I believe, regarded by all geologists as contemporaneous. The conclusion ofthe text applies, therefore, to them all.
A most unreasonable importance has been given to the conglomerate of Heavitree, because it
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described*. There can be no doubt that the magnesian hmestone has been
chiefly produced by mechanical agents ; and I have endeavoured to show that
the most crystalline portions of it have gained their present structure from
internal movements after the regular deposition of the formation. It is therefore probable, that a part of the magnesian earth has been derived from the
breaking up of the dolomitic beds in the neighbouring chain of mountain
limestone. The much greater proportion of dolomitic earth existing in the
derivative deposit admits also of explanation. The waters which filter through
the magnesian beds, constantly take up and bear away with them a small portion of carbonate of lime, but reject the dolomite. Thus the stalactitic matter
deposited by the streams which have their source in the magnesian beds, does
not contain magnesia. May not the waters of the ocean, during a long succession of ages in which they were grinding down the carboniferous chains
and depositing the overlying beds on their flanks, have, in the same manner,
continued to take up and bear away a portion of carbonate of iime, and on
that account have left a larger proportion of dolomitic earth in the residuum
than existed in the parent formation ?
Granting all the weight to this mechanical hypothesis which it deserves,
we must at the same time allow that there are some important facts of which
it offers no adequate explanation. In the middle of Yorksliire the magnesian
limestone is at a great distance from the calcareous portions of the older rocks,
and, I believe, contains more magnesia than could have been obtained from the
nearest chain of mountain limestone, though the whole of it had been broken
up for the supply. Again, on this theory, no part of the dolomitic series ought
to contain more magnesia than enters into the composition of the definite
triple salt. But there are some instances of beds in this series which are by
no means of crystalline texture, and contain not less than sixty per cent of
carbonate of magnesia f.
happens to contain certain fragments of trap and porphyry. These appearances are the exception
and not the rule ; on which account I think that the Heavitree conglomerate sliould never be
given as the type of one of the English formations.
It forms a rare variety, and nothing more.
In Germany, trap rocks are extensively associated with formations of the same age with those
described above. The great importance which is given to them in determining the epoch of
certain deposits can, however, only be regarded as a lingering remnant of that false theory which
considered trap rocks of the same origin with regular secondary strata. In England, with certain
exceptions, trap rocks are not associated with deposits of the age described in the tvxt. Here
there is a broad lino of distinction, and one which might have been expected a priori: and, if it
prove any thing, it proves that trap rocks cannot much assist us in identifying the regular de.
posits of distant regions of the earth, and ought never to be used among the prominent types of
comparison.
* For some beautiful observations on this subject, see Geol. Trans. Second Series, vol. i.
p. 291, kc.
t See p. 105, note.
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During that great epoch of destruction which in the European basin produced the complex deposit of new red sandstone, it is at least certain, as an
ultimate fact, that the waters of the ocean had the power of separating great
masses of magnesian earth, and arranging them in successive beds. The
operation may have commenced mechanically, and have been carried on in
conformity to that great principle by which (on a great scale as well as on a
small, — in beds as well as in distinct concretions), like things aggregate with
like, until, by an operation at once chemical and mechanical, the complex
structure of the whole formation was perfected. At all events, the facts stated
in this paper depend upon direct evidence, and are not in any way invalidated
by our ignorance of the causes which produced them.
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§ 1. Introduction.
Although no good geological map of Scotland has yet been published,
enough is known of its general structure to enable us to state, that nearly all
the interior portions of the Highlands are composed of primary rocks generally exhibiting a slaty texture ; and that, on the north-eastern and northwestern coasts, as well as on the southern flank of the Grampian chain, these
primary rocks are succeeded by enormous masses of red sandstone and conglomerate, which, in several places (already described by one of the authors of
this paper), are surmounted by a system of beds referrible to the lias and oolitic
series of England. Our object in this communication is to describe the lower
portion of these secondary deposits, viz. the masses of red sandstone and
conglomerate ;— to consider the natural groups into which they may be separated,— and, as far as possible, to bring them (as we have already done in describing the carboniferous series of the Isle of Arran) into comparison with
formations of the same age in the southern parts of our island. The accompanying outline map*, partly constructed from our own observations, and partly
derived from the works of M'^CuUoch, M. Boue, and other writers on the
geology of Scotland, will convey a general notion of the geographical distribution of the masses we are about to describe. A glance of the eye over the
map might induce us to suspect that tliey all belonged to one epoch, and even
a slight examination of them would confirm tlie conclusion ; for the conglomerates on the south-east flank of the Grampians are perfectly identical with
those at the base of the secondary deposits of the Murray Firth and Caithness :
and these, as will be hereafter shown, are strictly analogous to the conglome* See Plate XIII.
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rate and red sandstone system on the western coasts of Ross-shire and Sutherland. On this subject we are not aware that there is any difference of opinion
amon"- those who have studied the general structure of Scotland. It forms no
part of our object to describe the secondary deposits on the south-eastern
flank of the Grampian chain : and the history of the red sandstone and cono-lomerate series of tiie N.W. coasts has been written by Dr. M^^CulIoch with
so many excellent details, that little more will be necessary for us than to refer
to his narrative ; adding, however, such observations as may seem to connect
it with the statements which we are about to offer.
The greater part of the
scription ofthe secondary
Firth, and occupy nearly
count of the range of the

subsequent details will therefore be devoted to a deformations which appear on the shores of the Murray
the whole of Caithness. We commence with an acold red conglomerates which rest immediately on the

primary rocks, and stretch in one nearly continuous mass through these extensive tracts of country ; for their range when once ascertained, not only gives
us abase line to which all transverse sections may be afterwards referred, but
at the same time gives us a good approximation to the superficial extent of the
deposits which are included between this base line and the coast.
We wish it were in our power at once to exhibit in a connected point of
view the several deposits of Caithness and the Murray Firth, which are built
upon the base of these old conglomerates. This task, however, we are not
able to accomplish ; and we are compelled to arrive at the conclusions we
wish to establish through the intervention of many distinct natural sections.
We, therefore, in the next place proceed to examine the sections on the coasts
of Caithness*, and by their help we show that the secondary formations of the
county are divided into three great natural groups ; viz. the old red conglomerates and sandstone ; the group of bituminous schist and siliceous flagstone ;
and the upper red sandstone. We then describe in considerable detail two
transverse sections through the deposits which are based upon the old red
conglomerates on the north-western and south-eastern shores of the Murray
Firth ; and, by a comparison of the several sections, have endeavoured to
identify the upper portion of these secondary deposits with those of Caithness.
Lastly, we consider the analogies presented by the red sandstone series on the
north-west coasts of Ross-shire and Sutherland. This manner of treating the
subject necessarily leads us into some repetitions, and into details which may
be tedious, but are, we think, unavoidable. It has, however, the great advantage of separating matters of fact from all hypothesis, and of exhibiting the
phaenomena nearly in the order in which they must present themselves to any
* See Plate XIV.
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one who may hceafter examine the country. These introductory remarks
are, we hope, sufficient to explain the objects we have in view, and the manner
in which we purpose to introduce them in the following- communication.
§ 2. Range of the Old Red Conglomerates through Caithness, and on the
Shores of the Murray Firth, ^c. S^c.

After doubling Cape Wrath from the west, and proceeding nearly three
miles along the northern coasts of Scotland, we first meet with the old red
conglomerates in Kerwick bay. They are distinctly stratified, and dip towards
the north at an angle which is inconsiderable when compared with the high
inclination of the primary rocks on which they rest. They stretch along the
coast towards Loch Durness, forming a succession of lofty precipices, which,
here and there, are worn down into grotesque forms and detached pinnacles
by the encroachments of the sea. Towards the interior they are also considerably extended, rising into an elevated ridge called Scrisish Ben, from
which they descend to the south-west, and pass under the deep morasses of
the district. From Loch Durness to the Kyle of Tongue we found no
secondary rocks upon the coast; but immediately to the north-east of Lord
Reay's house rises a remarkable, pyramidal hill called Craig'-na-Vreckan to
the height of about twelve hundred feet, which is entirely composed of the
old conglomerate dipping off the coast at a low angle, and, like the deposit
last described, resting unconformably upon the micaceous slate rocks of the
district. On one side, these conglomerates descend into the cliff; on the other,
they are prolonged into the heart of the country, and form several distinct,
round-topped hills on the east side of a chain connected with Ben Loyal.
Again, on the hills which stretch along the coast from Tongue to Strathyhead, we find no traces of undisturbed secondary rock : but, on approaching
Stratliy-water, there are a few loose blocks of conglomerate scattered on the
surface ; and thence to Glen Halladale boulders of the same kind are found
in great abundance.
It will appear from the subsequent descriptions of the formations of Caithness, that beds of sandstone and bituminous fetid limestone are first seen on
the coast to the east of Strathy-water, and that the old conglomerate, forming
the base of the whole system, is also seen in the cliff of Port Skerry. Combining this fact with the appearance of the boulders before mentioned, there
can be no doubt that the old conglomerate is continued into the interior. VVe
did not trace the whole of this zone, and therefore cannot assert its unbroken
continuity ; but we believe that a region of low conical hills forming an irregular south-eastern boundary to tlse morasses of Caithness, is chiedy composed
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of the same deposit. Further towards the south-east the conglomerate hills
o-radually rise into a finely serrated mountain chain called the Maiden Paps,
the highest point of which, Mor Bheim, reaches the elevation of 3500 feet
above the level of the sea, and overlooks all the primary rocks of the district.
This enormous deposit extending still further to the south-east, clasps nearly
round tiie primary quartz rock of the Scarabins, and being prolonged (though
not perhaps without some interruptions) between that chain and the granite
of the Ord, terminates in the cliff between Ousdale and Berridale*.
From the north side of the Ord of Caithness to the immediate neighbourhood of Clyne, the old conglomerates retire from the coast, which is occupied
by a chain of granitic mountains. This chain declines in elevation, and gradually sinks below the level of the other rocks near Loch Brora. To the west
of this chain, lofty hills of the conglomerates are prolonged from the region of
the Maiden Paps ; and, above Clyne Kirk, pass over the tops of the granitic
hills, overlooking in that position (as has been stated in a former paper) the
Brora coal-field, though, geologically, much inferior to itf. To the south of
Loch Brora they regain what may be considered their natural position, and
form a fine picturesque chain, broken into several distinct, truncated, and
somewhat pyramidal masses, which range at no great distance from the coast,
following the sinuosities of the Firth of Dornoch.
Near Creech they pass to the south side of the Firth, and the whole system
becomes much more expanded, forming- two interrupted ridges of broken
conglomerate mountains, bearing nearly parallel to the general range of the
Cromarty Firth, and, when seen from a distance, appearing to be embossed
upon the sides of the more lofty elevations which are connected with Ben
Wyvis. Without, however, anticipating the description of those subdivisions
into which these secondary deposits may be separated, we may state generally',
that the oldest portion of them appears on the south of the Kyle of Dornoch,
between Ardmoreand Kincardine ;— that it rises on the sides of the neighbouring hills of gneiss; — that it is seen in the upper part of the Alness abutting
against the gneiss ;— that it is found in the same position in the Alt Grant,
about a mile below Loch Glass ;— that it forms a well-defined ridge on the
flank of Ben Wyvis ;— that it descends into the lower part of Strath Connon,
and abuts against the gneiss of Tor-Achilty to the east of Coul ;— that it is
seen to rest unconformably upon the primary slate above Fairburn ;— that pre* The Scarabins, formed by fuur principal elevations ranging nearly east and west, are entirely
composed of beautifully white compact quartz rock. Their summits and southern flanks are so
bare of vegetation, that when seen from a distance tliey look like mountains capped with snow.
t See Geol. Trans. Second Series, vol. ii. Part III. p. 356.
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serving- the same relations it ranges into the denudation of the Beauley river,
— and that it follows the sinuosities of the valley, and ascends towards the
west several miles beyond the boundary line, which is indicated by its position
on the neighbouring- hills.
On the south shore of Loch Beauly the conglomerates are contracted into
a narrow zone, and for a short space are entirely cut off. They then resume
their range, and occupy the whole extremity of the projecting ridge which
comes down to the coast near Inverness, between the Beauly Loch and the
valley of the great canal ; appearing in their most characteristic form, like
great independent protuberances embossed upon the sides of the mountains.
From Inverness they ascend far up the ancient transverse valley of the Highlands. Near the north-eastern extremity of Loch Ness they are interrupted
by projecting masses of granite and of gneiss, beyond which they again set
on ; and to the west of Glen Urquhart they compose a mountain range, and
reach the summit of Meal-Fourvonie, from which they gradually descend to
a lower elevation, and are continued to the neighbourhood of Fort Augustus.
Their range and general appearance on the south-east side of Loch Ness have
been too often described to require any additional notice : we may however
remark (on the authority of Mr. Anderson of Inverness), that although
interrupted by a hill of gneiss on the west side of Foyers, they afterwards
range by the side of the loch at a lower level ; and that they have also been
traced along the shores of Loch Oich. All the northern portions of the
counties of Nairn, Elgin, and Banff, present a dull outline, and are of comparatively low elevation ; but in these districts the old conglomerates are occasionally laid bare, and are represented, though in an obscure and degraded
form, by the lower beds on the Findhorn and on the Spey, — by the conglomerates on the hills to the south of Forhabres, — and by the detached rocks in
the bay of Cullen. At the promontory of Cullen the whole system is cut off
by the line of coast ; but, at Troup Head, a conglomerate rock reappears,
ae-reeino- in its £:eneral character with the masses which we have been attempting to describe *.
The preceding sketch may serve to convey a general notion of the range
of the old conglomerate through Caithness and along the Murray Firth, and
of its relations to the more ancient rocks of the neighbouring districts.

General Structure of Caithness.
The external form of the county approaches to that of a triangle, the two
The
sides of which are washed by the North Sea and the Pentland Firth.
* See Geol. Trans. Second Series, vol. ii. Part III. p. 3G3.
VOL. III.

SECOND

SERIES.

S

130 Rev. A. Sedgwick and Mr. Murchison on Deposits contained between
base of the figure may be represented by the old conglomerates, which range,
as before stated, from Port Skerry to the Ord ; and its vertex must be placed
on the shores of the Pentland Firth, among the masses of red sandstone which
compose the newest strata of the whole district*. The beds which form the
subsoil of the intermediate plains and morasses of the county, pass on their
north-eastern limits under the red sandstone of the Firth ; while, to the southwest, they rise up to, and distinctly repose upon, the old conglomerates. From
this arrangement, it follows that the sections laid bare on the northern and on
the eastern coast, must exhibit the same order of superposition. The map*
will, however, show that the eastern side of the imaginary triangle is longer
than the other; a fact which is partly explained by the direction of the two
sections — partly by the greater expansion of the conglomerates in the neighbourhood ofthe Ord — and perhaps still more, by some great dislocations which
have modified the arrangement of the intermediate system of beds on a part of
the eastern coast.
We proceed to describe the several formations in the order in which we
examined them. 1st. In an ascending series from the lowest conglomerate of
Strathy Bay up to the newer sandstone of Dunnet Head. 2nd. From the
headlands of sandstone on the Pentland Firth in a descending series, down to
the conglomerates which rest against the granite of the Ord.
Coast Section of Caithness.
1st. Ascending Series fro^u Strathij-icater to the Upper Red Sandstone of the
Pentland Firth.
The secondary strata of Caithness are divided on the north-west from the
primary rocks of Sutherland by a small river called Strathy-water, which thus
forms their western limit.
The lowest beds of the conglomerate are finely exhibited at the small fishingcove of Port Skerry, where they rest upon ledges of a compact red granite.
This conglomerate is almost entirely composed of fragments of granite and
quartz, united by a red-coloured argillaceous cement ; and, at the points of
junction with the granite, it is difficult to decide with precision where the unstratified crystalline rock terminates, and the depository beds commence. Some
varieties of this conglomerate contain much green earth. The superior beds
are here exposed in a low cliff of about thirty feet in height, and gradually
pass into a coarse-grained sandstone, which, in some of its lowest members,
exhibits an occasional pebble of granite. These again graduate upwards into
* See Plate XIII.
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a brownish grey, thin-bedded sandstone, which appears on the whole to conform to the dip of the conglomerate. Two masses of granite interrupt the
regular range of the sandstone strata, which are in consequence tilted in opposite directions from these granitic nuclei.
The upper beds of the same sandstone rise high in the hills between Strathy Kirk and Bighouse
Bay ; and although these hills are much obscured by vast masses of alluvium, a good section is
seen on the side of the high road near the summit of the hill, where the sandstone, being very finegrained, isextensively quarried. Here also are observed thin, flaggy, calcareous beds, sometimes
separated from each other by black laminae, apparently of carbonaceous matter, and overlaid by
a compact, lamellar limestone, which is burnt for use, and forms a most powerful cement. The
dip of these beds is N.N.E. and their inclination varies from horizontal to an angle of 7° or 8°.
After a short interruption, the cliff recommences on the eastern side of Bighouse Bay, and rises
to a considerable height. Its lowest beds are analogous to the highest part of the Port Skerry
section ; and over them is a succession of thick deposits nearly in the following ascending order.

1.
2.
3.
4.
5.

Dip E.N.E. 25°.
Bluish, calciferous, gritty, thick beds, with reddish exterior.
Greenish, flaggy sandstone, alternating with calcareous beds.
Brown sandstone of great thickness, fifty to sixty feet, but very finely laminated.
Shaly beds, with some calcareous matter.
Whitish sandstone.

6. Lamellar, smoke-grey limestone, same as described on the hill above Strathy Kirk ; and
here also burnt for use.
7. Thin-bedded, flaggy sandstone.
8. Summit — alluvial detritus of considerable thickness.
The only organic remains we discovered in this series, were the scales of fish, irregularly distributed between the lamina; of some of the more calcareous and slaty beds.
In proceeding eastwards from Bighouse to Sandside, the cliffs, increasing in altitude, become
more fissile and slaty towards their summits; and, for the first time, are perceived those, deep and
long transverse ravines so peculiar to the coast of Caithness, perhaps originally produced by disturbing forces which cracked and split up the fissile beds, and which, in many instances, have been
subsequently modified by the encroachments of the sea. Many of these clefts look like great
empty metalliferous veins, and afford excellent detailed sections of the strata* : in one of them we
observed the order to be as follows, beginning with the lowest bed.
Feet.

1. Thin-bedded calcareous shale and impure limestone, with four strong)
bands of calcareous sandstone
J

.„

2. Brownish grey sandstone
3. Coarse, calcareous sandstone
4. Thicker sandstone

20
7
^5

5. Transported and broken materials

^i

The effect of abrasion in these cliffs is shown in numerous detached pinnacles and turrets standing out in the sea, some of which are still connected
Immewith the main land by ridges of the sandstone and calcareous shale.
* See Plate XIV. fig. 1.
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diately to the east of the deepest of these indentations, there is a projectingportion of the clitF, which, when seen from a distance, appears of a deep red
colour. A mass of granite, in rude prismatic forms, here intrudes upon the
stratified rocks, and occupies the coast for three or four hundred feet. On the
western side of this junction the beds are in the utmost confusion, the limestone
being- not only highly inclined, but also crystalline and cellular. Close to the
point of contact these same beds assume a brecciated structure, and even
contain many fragments of the granite itself*.
The contiguous portions of the cliff are chiefly composed of this breccia,
through which the red granite protrudes with much irregularity. Some masses
of the conglomerate rest upon the tilted edges of the limestone, whilst others
are of a wedge shape, and appear as if they had been mechanically driven in
among the shattered edges of the higher beds of limestone and sandstone.
The cement of the conglomerate is generally granitic ; it is, however, in some
parts calcareous, and in other places it approaches to the character of sandstone—: one great block of sandstone, with the usual undulating surface,
seemed to be entangled in the granite. At the eastern extremity of this disturbed portion of the cliff there is no conglomerate, and the stratified beds
cannot be traced into immediate contact witli tlie intruding granite; neither
do their dip and direction appear to have been much disturbed*.
This mass of well-characterized granite may be considered as the extreme
spur of a ridge of that rock, which, in retiring from the coast, is first seen in
rounded knolls on the north of Sandside House, whence it ranges to the southeast, and rises into a low chain called the Dornery Hills, which are peninsulated amidst the plains of calcareous schist and sandstone of Caithness. The
peculiar effects described as having been produced by its contact with the
secondary strata on the coast, cannot be observed in the interior, owing- to
the thick covering of alluvial matter and morass which are so extensively
spread over the surface of these vast plains f.
The cliffs of sandstone and schist subside to the east of Sandside Bay ; and the strata, for a
considerable distance, are only seen in ledges on a shelving shore, and occasionally much concealed by blown sand ; but they again rise gradually into a low projecting headland called
Broomnefs(Briinness). The same lamellar limestone mentioned, as occurring at Strathy Bighouse,
kc. is quarried here and there on the coast : whilst, in the interior, calcareous schists occupy the
* See Plate XIV. fig. 1.
t It appeared to us on the spot, that the disturbed and brecciated masses described in the text
could not be brought into comparison with the old conglomerates of Port Siierry. They seemed
rather to resemble in their origin the breccia on the south side of the Ord (see Geol. Trans.
Second Series, vol. ii. Part II. p. 306.), and to have been formed by the mechanical action of the
granite, which must, in that case, have been protruded in this place, after the deposition of the
part of the secondary system above described.
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district between Reay Kirk and Forse ; and good roofing slate is quarried at a short distance south
of the latter place. The summit of Howburn-head, a promontory N.N.W. of the town of Thurso,
consists of very fissile and nearly horizontal beds of sandstone flag and schist, with a slight dip to
the north ; and, in the more calcareous and slaty portions, are remains of fish, and abundance of
black, brilliant, quadrangular scales. Much pyrites occurs in this part of the formation, especially
in small concretions upon the surface of the flag beds, so that upon exposure in the dykes they
acquire from decomposition a ferruginous and yellow tinge, although of a blue colour when freshly
quarried*. In descending from Ilowburn.head to the town of Thurso, lower beds of white and
greenish white sandstone are quarried ; and between the lamina; of these, small portions of black
bitumen are sometimes interposed, and frequently associated with calcareous spar. East of
Thurso, the shore is composed of a number of low reefs of the calcareous flag. beds, which, at
Howburn-head, have been mentioned as occupying the summit of a cliff of considerable elevatioi\ :
the dip is still north 10°. Advancing towards Murkle
fine, calcareous grit alternating with calcareous shale.
ceous slate-clay, covered with pyritous markings at the
the flexures of the headlands changing to N.N,E. and
without several breaks, which run nearly transverse to

Bay, the top of the clift' is composed of
In the lower part, is a green sandy micaseparation of the beds, and the dip follows
E,N.E. These changes are not effected
the bearing of the strata. Under all the

preceding are blue, calcareous flag -beds, containing fish-scales, &c. They are, at first, of an intermediate mineralogical character ; but, following tliera in the ascending order, they gradually
conform to a new type, and, from their mode of weathering and false bedding, as well as from the
blotches and red streaks with which many of them are coloured, they may be compared with
some of the harder and lower divisions of the new red sandstone. In our attempts at classification, we depend very little upon these characters, which apply with equal precision to many
varieties of the old red sandstone series.
Still further to the east is a small bay, where the strata are in great confusion ; but, on the
whole, they dip towards the north. Beyond this, the calcareous grit and green pyritiferous shales
occur as before, and are succeeded by the calcareous, blue flagstone, with impressions of fish.
There is again a great break in the strata, and several indications of a concretionary structure.
The dip varies to the E. of N. ; and, at the slate quarry of Castle Hill, it is N.E. by N, ; so that
the whole system of these flag beds is evidently carried under the red sandstone of Dunnet.head,
the most northern promontory of Scotland f. The lowest beds of that great headland are seen
beyond the eastern shore of Dunnet Bay, in which the intervening strata are buried under blown
sand. The upper beds of this headland, which rises to the height of about six hundred feet, are
also composed of red sandstone, with a slight inclination to the north ; and their general character
has been described in a previous memoir in the Geological Transactions by one of the authors of
this paper +.
At the point of junction between the calcareous flagstone and the red sandstone on the eastern

* This change of colour is very characteristic of the fissile beds throughout large districts, and
seems in all cases to be due to the decomposition of the small nodules of pyrites which coat over
the calcareous flagstones when they are first raised in the quarries.
t This very valuable slate quarry is described in a former memoir: Geol. Trans. Second Series,
vol. ii. Part II, p, 314,
+ Although it is not proposed on this occasion to enter into any geological description of the
Orkney Islands, yet it may be stated that those magnificent headlands which lie uiion the nortlKrn
side of the Pentland Firth are composed of the same red sandstone as that of Dmniet Head ;
whilst, in many of their lower bays, the Caithness schists and flagstones reappear from beneath
the sandstone. For the memoir referred to above, see Geol. Trans. Second Series, Part II.
p, 314.
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tlaiik of the headland there is much confusion ; the thin beds of the former being contorted and
brought up by a fault against the edges of tlie latter. On the southern shore of the Pentland
Firtii, between Dunnet and Duncansby Heads, tlie various projections consist either of the
upper red sandstone, or of the beds which pass into it ; whilst the indentations of the coast
expose the flagstone beneath them. It is, however, essential to our purpose to describe in
some detail a part of the coast east of Barrogill Castle, where the strata of an intermediate
character between the flagstones and the newer sandstone are more particularly developed ;
since a great portion of these beds, as has before been stated, are obscured by blown sand in the
section of Dunnet Bay.
Near Barrogill Castle, the lowest beds visible are calcareous and micaceous schists of a bluish
colour; and in one place they enclose a bed of brown schist so highly bituminous, as to be occasionally used for fuel (dip E.N.E. 20°). The ascending series from these flag beds consists of
bluish and greyish siliceous schists, sometimes slightly calcareous, alternating with shivery, thin
folia of sandy shale. These are, in their turn, surmounted by tabular, calcareous sandstones associated with highly pyritiferous beds, much indurated, and of a fissile structure; and, continuing
in the same order, the beds thicken, acquire a honeycombed aspect, and have a bright yellow
exterior, alternating with green-coloured shale. Some of the siliceous beds take a lozenge. shaped
concretional form, splitting into regular septaria, and are of exceeding hardness. The beds just
described occupy a shelving shore ; but they afterwards rise into a cliff towards the east, of thirty
or forty feet in height, which is cut into by straight-lined fissures, forming caverns and creeks.
Here the flagstones are partially covered with blotches of thick black bitumen, soft to the touch,
and as adhesive as tar*. Some of the lamellar beds are so highly calcareous as to be burnt for
lime ; and with these are associated innumerable scales and other portions of fish.
The above system of beds runs out to form the base of St. John's Head, and their total thickness cannot be estimated at less than from three to four hundred feet. To the S.E. of that promontory, the coast is indented in the form of a small round bay called Scotland's Haven, on the
west of which the beds above described, dipping to the east, pass under the upper red sandstone,
which shows itself on the opposite side of the bay under its most decided characters. Towards
Cannisby, the red sandstone becomes nearly horizontal, and is spread over a mile of low shore,
the cliffs being entirely occupied by vast masses of modern detritus. Previously to reaching Cannisby, afault suddenly brings up the flag series against the newer sandstone, which again rises to
form the cliff at Cannisby; from whence to John-o-Groats the shore is low, and is only occasionally occupied by reefs of the upper sandstone, the beds of which at the latter place are finegrained, and in some places nearly compact. A slight north-easterly dip continues to that elevation of the coast called Duncansby Head, where there is a great disturbance in the strata, the
upper red sandstone being suddenly thrown up at 70"°, dipping W.N.W. By this fault the lower
beds of flagstone are brought to the summit of the cliff, which is fissured in many directions by
deep, straight, perpendicular gullies. Some of these cut off from the headland great masses of
the horizontal strata, which in the progress of degradation look like ruined buildings; whilst
others cleave their way through a clitt" more than 250 feet in height, and range towards the interior of the country. These pha^nomena are of no ordinary grandeur, and they derive a local
interest from being connected with the extreme north-eastern promontory of Scotland.

* In the slaty schists of Seefeld in the Tyrol, there is such an abundance of a similar bitumen,
that it is largely extracted for medicinal purposes : a notice of this deposit, and the fossil fish
contained in it, has been given by one of the authors of this memoir. See Phil. Mag. July, 1829.
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A short distance to the south of Duncansby Head, and immediately opposite
Ib'o
the detached pinnacles called the Stacks of Duncansby, the red sandstone reappears, and is continued for about a mile, when it is cut off by a fault which
ag'ain brings up the lower flagstone group. From thence to the granite of
the Ord of Caithness, the newer sandstone (with the exception of a small
patch on the north side of Freswick Bay) is not again seen on the coast; and
the beds, as was before stated, are exhibited in the descending order.
2nd. Descending Series exhibited in the Coast Section from the Upper Sandstone to the Granite of the Ord.
A little to the south of the last-mentioned fault, the cliffs exhibit one of the
most curious of the indentations abounding- on this coast. The sea washes
far into a deep straight-cut reservoir, of about 250 or 300 yards in leno-tii,
nearly 300 feet in depth, and from 40 to 50 feet in width. Three entrances
lead from the sea to this dark creek, two of which are open clefts, and the
third is a tunnel of about 20 feet in width, and 40 feet in height ; having
therefore above 200 feet of solid rock for its roof. These cliffs lower s-radually to the sandy beach of Freswick ; and, after a short reappearance south
of that place, where they are chiefly composed of brown, grey, and greenish
thin-bedded sandstone alternating with pyritous shale, they again disappear
in the large sandy bay of Keiss.
In the interior of the tracts of country bordering upon the coasts we have
been describing-, the strata are obscured by vast expanses of moor and moss ;
the only portion of sound ground in many places being close to the cliff, whicli
is frequently capped by a belt of verdant turf, which thus affords the only line
of road to the traveller.
At the old castles of Sinclair and Gornigo, there is a good section of tlie
stony, dark bluish, calcareous flagstones which are continuous along- the coast,
from thence to the cliffs on the south side of Wick. At these places they
differ from the fissile calcareous beds of the north coast, chiefly in being less
interrupted by alternating masses of grey sandstone, and in being- stronger
and more thick-bedded, on which account they are much used in building*.
Some of them are micaceous, and they are all highly calcareous. The
purer and thicker beds contain a few contemporaneous veins of carbonate of
lime, and approach the mineralogical character of some dark beds of tranni* The old castles mentioned in the
are built of this stone. In the other
the strong, alternating beds of grey
careous flagstonej arc commonly used

text, the pier at Wick, and a considerable part of the town,
parts of the coasts, the best building.stone is derived from
and brownisii sandstone. The finer beds of the dark calas roofing-slate.
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tion limestone, which alternate with grauvvacke slate in the north of England.
The resemblance must not, however, be pushed too far ; as even the purer and
stronger beds, on a cross fracture, give indications of the ordinary texture and
foliated structure of the common Caithness schist. The general dip of this
part of the system is about N.E. ; not, however, without many interruptions.
In the cliffs to the south of Wick Bay it is N.N.E. ; and the flagstone is surmounted bya soft, greenish grey, micaceous shale and sandstone.
About four miles to the south of Wick, the line of bearing of the schistose
beds is altered ; and from a point near Ulbster, where they begin to dip
westerly or inland, a great change is observed in the physical characters of
the country. To the north and west of this point, all the interior parts of the
country are composed of one vast, moory, undulating plain, of which the geological structure can be detected only by the occasional outcrop from below
the mosses of a few calcareous fissile beds — whilst the southern portion of the
country which remains to be elucidated, is hilly, stony, and considerably
diversified. In the former region scarcely a rivulet is to be seen, nearly all
the superfluous water stagnating in low mosses ; in the latter, the valleys and
depressions are occupied by numerous streams.
An elevated portion of this district rises from a low and knotty promontory
on the coast called Clyth-Ness, and forms a number of terraces in the parish
of Bruen, which present their escarpment to the east. In the lowest of these
terraces, the beds dip westerly or inland, at angles varying from 25° to 30°,
whilst, in those nearer the summits, the inclination is only 8° to 10°; and, as
the highest beds are not less than 400 or 500 feet above the sea, the total
depth of this part of the series would be enormous, were we not to refer some
of these terraces to a succession of hitches or breaks in the strata ;— and yet
in such a case, their perfect parallelism is almost inexplicable. Near the
base of these terraces, the blue calcareous flagstone is burnt for lime, and is
overlaid by a series of sandstone beds of considerable thickness, of a very
compact structure, much resembling the grauwacke of many parts of England, being highly compact, siliceous, and micaceous, with colours varying
from blue to dark dingy red*. These hills subside towards Clyth ; and the
strata of which they are composed are seen upon the coast.
Slate and lime* In many parts of the coast to the south of Ulbster, the Caithness flagstone, not merely in
hand specimens, but in large sections, puts on the external characters of grauwacke, and, in its
structure and mode of weathering, may be compared with the highest portion of the schistose
rocks of Westmoreland. These characters, however, often fail ; and on the north coast of the
county are hardly ever met with, as the beds from Port Skerry to Duunet Head have a much
newer appearance.
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stone are extensively quarried at various places in this hilly tract; and one of
the finest specimens of the characteristic fossil fish was found in a thick
calcareous flag- bed N.W. of Lybster.
Ben-na-Cheilt is the hig-hest point of this reg-ion, and is seen from all parts
of the northern and western plains. The strata are arranged in a fan-shaped
form around this hill ; so that the same beds which atNottinghan and Latheron
Kirk, near the coast, dip westerly, at Braelungie, five miles inland, have veered
round and dip to N.E. ; and still further in the interior, at Ach-na-Vainish
inn, the dip is brought round to E.S.E. With this great change in their lines
of bearing, the beds, from being nearly horizontal on the coast near Latheron,
increase in their angle of inclination so much, that at Ach-na-Vainish they dip
from 30° to 40°. This lower part of the slaty series differs from the upper
chiefly, in being more thick-bedded and siliceous. At Latheron Wheel on the
coast, the beds are nearly horizontal ; but they rise between that place and
Dunbeath into micaceous sandstones, alternating with blue calcareous fla<'stones : and, as the latter are here abundantly charged with fossil fish of the
very same species which are found in the highest part of the system, it is
evident that the whole schistose series of which the greatest part of Caithness
is composed, must be referred to one great and protracted epoch.
At Dunbeath, the beds consist of bluish and grey, close-grained sandstone,
having a tendency to exfoliate parallel to the laminae of deposit, which are
highly micaceous. These alternate with certain greenish and bluish coloured
flagstones, and are prolonged high into the hills until they distinctly repose
upon, and graduate into, the old red conglomerate of Uraenjore, which is connected with the chain of the Maiden Paps. On the coast, the same slaty beds
extend considerably to the south of Berridale, with the exception of an intruding mass of the old conglomerate at Borgue Head, where its presence is
probably owing to the degradation of the nearest points of the primary rocks
of the Scarabin Hills. This isolated mass of conglomerate is nearly vertical,
and disintegrates into irregular prismatic forms ; and the flagstone in the cliff
on both sides, dips away from it at a rapid angle to the S. W. and S.E. ; but at
a little distance from it, it recovers its average inclination. All these lower
slaty beds exhibit the same forms as those of the higher parts of the series, in
their mode of disintegration, and in having the same vertical gulleys or indentations, the sides of which are frequently of a red colour on the exterior, but
of a greyish blue when freshly fractured.
Coast Section of the Old Red Conglomerate of Caithness, dgc.
The general range of this deposit, and its enormous development in (he
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southern part of the county, have ah'eady been noticed in the introductory
part of this paper. It consists essentially of fragments, more or less rounded,
of the nearest primary rocks, but never contains any substance resembling- the
Caithness schist and sandstone. Thus, in the hills of the interior, between
Dunbeath and Braemore, it contains much quartz rock like that of the adjoining Scarabins, granite like that of the Ord, gneiss, micaceous slate, &c. &c.
With the exception of the masses in almost immediate contact with the
primary rocks, it is generally held together by a red-coloured cement, which
is more or less siliceous; and the finer and coarser varieties frequently succeed
each other in regular beds ; so that we may meet with finely foliated red sandstone alternating with the very coarsest varieties of the conglomerate. In this
way the dip is easily ascertained, and is not generally greater than that of the
superior schists, except in the immediate vicinity of the primary rocks. Thus,
in the narrow valley which separates the Scarabins from the Maiden Paps,
the conglomerates dip at 45° towards the great northern plain ; but, at the
Schmian, which is further removed from the central quartz rock, the dip of
the same conglomerate system is in the same direction, but not more than
10° or 12°.
That this conglomerate system forms the lowest part of the secondary de])osits is evident, from its position and range in the county, compared with
the general dip of the beds which descend into the great northern plain. For
example, in ascending from Dunbeath towards the higher part of Braemore,
the beds of hard, siliceous flagstone rise toward the interior, and, in some places,
pass into a hard, thin-bedded, red, micaceous sandstone. From beneath this
series, and at the same angle of inclination (10° or 12°), rise, in succession,
beds of red conglomerate, containing a few subordinate beds of red sandstone,
by which we are led, in regular descending geological order, to the great
mountain masses of the Schmian and Mor-Bheim. The same facts present
themselves in ascending from Berridale up the denudation of the Langwell
river.
Independently of all this evidence, and of the analogy presented by the
section of Port Skerry (which may, however, be considered of less importance,
inasmuch as the conglomerate has there degenerated into a comparatively
thin mass), the coast section between Berridale and the Ord seems to place
the true relations of the deposits here described beyond the reach of doubt.
The conglomerate system, as before stated, clasps round the Scarabin Hills,
so that a part of it ranges on the north side of that chain, and, passing under
the Caithness flagstones, does not appear upon the coast; with the exception
of one protruding mass at Borgue Head, which is seen in the cliff in the
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manner befoje stated*. Another part of it ranges from the serrated rido-e
of the Maiden Paps, on the other side of the Scarabins, and descends to the
coasts being- bounded towards the south by the granitic chain which terminates in the bluff headland of the Ord. It, therefore, remains for us only
to describe the coast section from Berridale to the Ord, in order to complete the history of this system. We have before stated that the lower part
of the Caithness schist extends considerably to the south of the Berridale
river ; and it may, perhaps, be considered to terminate a little beyond the
detached pinnacle called "The Man of the Ord." In this part of the ranoe,
the strata are of an unusually red colour, and contain few subordinate calcareous beds. In other respects they are perfectly analogous in structure to the
corresponding parts of the formation. These red micaceous flagstones are
succeeded towards the south (in regular descending order) by some beds resembling indurated shale of a deep red colour; and these indurated shales
repose upon a great succession of still lower beds, which are entirely composed
of red sandstone, and rise into a perpendicular cliff, three or four hundred feet
high, called Trefad. The upper part of this system of strata is somewhat thinbedded, like the Caithness flagstone, but is of a more uniformly red colour,
and of a coarser texture. The lower part passes here and there into a coarse,
red sandstone ; and near the base some of the beds contain a great deal of
kaolin, and are nearly incoherent. We also remarked near the same part of
the series, many thin beds of conglomerate alternating with the red sandstone.
From beneath this whole series, which dips towards the east, rises an enormous
mass of conglomerate, occupying, for about half a mile, a lofty but singularly
ruinous clifi^, under a village called Bad-na-Bae. It is almost exclusively composed of fragments of granite, for which rock it might, without examination,
be easily mistaken ; as, in its colour, mode of weathering, and its rude prismatic forms, derived from decomposition, it strikingly resembles a crystalline
granitoid mass. We succeeded, however, in landing among these ruins, and
we effected a passage through them, though not without difticulty, to the top
of the cliff: and when examined in situ and under the blows of a hammer,
their true nature is easily made manifestf . These conglomerates pass into
the interior in the manner before pointed out, and rise into the iiilis which
flank and surmount the north side of the chain connected with the Ord.
At Ach-na-Craig the cliff again changes its character, and is occupied by
* See Section, Plate XIV. fig. 2.
t We conceive that the fragments of granite which enter so largely into the composition of
this conglomerate, are derived from a mass which lies buried under the mounds of the frag,
mentary rock.
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enormous crumbling dislocated masses of red marl and sandstone, containing
a few bands of bluish flagstone which resemble the Caithness schist. These
masses o-radually pass into a strong red sandstone like that of Trefad, and extend towards the headland of the Ord. They are not, however, brought into
contact with it, but are cut off from it by a mass of highly inclined conglomerate forming a lofty cliff, which terminates against the granite. The junction is nearly marked by a cascade of the Ousedale rivulet, which tumbles from
the height of about 100 feet over these conglomerates into the sea. We here
observe a somewhat startling pha^nomenon, which we do not however believe
to be of unfrequent occurrence. A part of the conglomerate is so perfectly
granitoid, that neither by hand specimens, nor even by an examination of the
sections in the cliiT, is it easy to determine where the depository mass endSj
and tlie crystalline rock begins. What was the exact state of the granite at
the time the formation of the old conglomerate commenced, it is not perhaps
necessary to inquire ; but it is evident that mechanical agents by some means
or other produced a separation (almost without any fracture) of the crystalline
constituents of tiie rock. In this way was produced a granitic sand composed
of nearly unbroken crystals of quartz, felspar, and mica^ which, on being recemented, produced that portion of the conglomerate rocks we are here describing. They do not, however, extend far from the granite, but soon begin
to present a coarser texture, and pass into a well-marked mechanical rock.
With these conglomerates terminates the whole Caithness secondary system,
being here cut ofl" by the granite of the Ord, which, after forming a bold headland for about two miles, is brought into contact with^ and has brecciated a
great mass of, the oolitic series*.
It appears, therefore, that the secondary deposits of Caithness may be divided into three great natural groups. 1st. The old conglomerates which
contain some subordinate masses of red sandstone, flagstone, and red marl,
and which, through the intervention of thin beds of red sandstone, sometimes
graduate into the next system f. 2ndly. A great formation of alternating beds
of siliceous and calcareo-siliceous flagstone; dark, foliated, bituminous lime* The description in the text plainly shows that the granite of the Ord must have existed prior
to the formation of the old conglomerates. This fact does not, however, prove that it then
existed at its present elevation ; nor, according to our view of the subject, does it in any way invalidate the hypothesis which considers the brecciated structure of the oolite to have originated
in the last elevation of the primary crystalline masses of the Ord. (Sec Geol. Trans. Second
Series, vol. ii. Part II. p. 307, &c.)
t The sandstones of this part of the series are not always of a red colour. At Port Skerry the
conglomerates (which are, however, in a very degenerated form) graduate through the intervention of brown and greyish sandstone into the upper system.
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stone^ pyritous shale^ sandstone, &c. &c. The siliceous beds give the type
to the lower part of the formation, and the calcareo-biluminous bed to the
intermediate part — again becoming more siliceous and arenaceous at the
upper portion, and so appearing- to graduate into the superior division. 3rdly.
A great formation of red, brown, and variegated sandstone, which on the
opposite side of the Pentland Firth reappears in the lofty red clifls of the
Orkneys, and there also, as in Caithness, reposes upon a calcareo-bituminous
schist.
The aggregate thickness of these deposits is enormous : and their original
extent was probably much greater than it is at present ; as it, perhaps, once
filled up a great hollow or trough of the primary rocks, which, towards the
north, are seen in the Shetlands and some of the Orkneys, and, towards the
south, rise into the mountains of Sutherland.
Fossil Fish of the Caithness Schist.
When the attention of geologists was first drawn to these ichthyolites, it
was not known that specimens of them were to be found in any other quarry
than that of Banniskirk. The authors of this memoir have, however, since
discovered that similar remains are extensively, it may even be said universally,
spread over the Caithness deposit; and that their occurrence is not confined
to one particular stratum, but is characteristic of this vast schistose formation
from the highest to the lowest beds. In the superior beds, the fish, or fragments of them, occur abundantly near Howburn Head, north of Thurso, and
also at various places along the shores of the Pentland Firth ; on the north side
of which, beds containing the same fish are prolonged into the opposite islands
of the Orkneys.
In the transverse section across the interior of Caithness*, these ichthyolites were successively met with at Widel slate quarries, three miles southeast of Thurso, at Banniskirk, at Clythe and Lybster, and finally at Latheron
Wheel near the base of the formation. The fish occur invariably in beds of
dark grey calcareous schists, highly bituminous and micaceous, which beds
at Banniskirk and at most of the above localities immediately overlie the
best and largest roofing-slate. In general, the animal remains are easily distinguished from the matrix by their darker colour; but, at Banniskirk, they
are also remarkable in changing their hue, upon exposure to the atmosphere, from the usual dark grey to a purple plum colour, as formerly lemarkedf. By chemical analysis, which was kindly undertaken by Mr.
Herschel, it appears, as might be expected, that the ichthyolites dilfcr from
* See Plate XIV. fig. 2,

f See Geol. Trans. Second Scries, vol. ii. Pari II. p. 314—31.0.
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each other considerably in composition.
result.
Silex
Alumine

One of them gave the followingG8.1
7.2

Protoxyd of iron
Carbonate of lime and magnesia

.

10.5
14.2
100.0

The jiroportion of magnesia is very small. The blue matter of the fish is
phosphate of iron, and the whole stone contains phosphoric acid in the proportion of^ per cent, and a little carbonaceous and bituminous matter. The
iron being a protoxyd, the fresh fracture is black ; but, by absorbing oxygen,
it becomes yellow, and the phosphate passes into a per-phosphate, becoming
blue. Thus the fish are visibly marked with blue streaks on a yellow ground.
With respect to the systematic arrangement of these fossil fish. Baron
Cuvier has communicated the following valuable description of those from
Banniskirk, which were sent to him (1827) for his opinion*.
''To describe the characters of the fossil fish on which Mr. Murchison has
requested my opinion, I have endeavoured to trace an outline of an entire one,
by reassembling the parts as seen in the different specimens. The result is
the accompanying sketch f, which exhibits, as an essential character, a pointed
tail, all the rays of which are on the lower side. This character is found in
the fish of the copper schists of Mansfeldt and Eisleben. In animated nature,
I am acquainted with no fish having this distinction, except the bony pike
{Esox osseiis'l, Linn.), and in a slighter degree the sturgeon; but as these
fossil fish have strong scales, I should rather refer them to the bony pike.
They are not, however, of the same genus, since they have not an elongated
snout. The fish of Mansfeldt and Eisleben are, therefore, very nearly of the
same genus (genre), as those of Banniskirk, except that the latter have a
double dorsal fin, whilst those of Thuringia have only a single dorsal, which
is placed further forward. The pectoral and ventral fins {nageoirs pairs)
are alone wanting for the complete determination of these individuals ; they
exhibit some remains of pectoral fins, but I have not yet been able to discover more than one vestige of a ventral fin. I am of opinion, however, that
the ventral fins are placed so far behind the pectoral fins, that, consequently,
this genus is of the order Malacopterygii abdominales, and is, therefore, analogous to the bony pike."
* These specimens consisted only of a small number of the whole series afterwards examined
by Messrs. Valenciennes and Pentland,
t Plate XV. fig. 4.

% Lepisosieus, Lacep.
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Since the specimens here described were sent to Paris, more perfect
remains have been discovered ; and from a careful study of these, M. Valenciennes and Mr. Pentland have not only confirmed the opinion of Baron
Cuvier, but have enabled us to add the following- details.
The specimens of the order above mentioned belong; to two new o-enera ;
and the first of these it is proposed, on account of the double dorsal fin, to
Of this there are the following species.
call Dipterus.
The first and most abundant* is recognized by the shortness of the anal
fin, which does not exceed half the length of the inferior lobe of the caudal
fin. This species, which may be named Dipterus brach^pi/gopterus, seems to
have occasionally attained a considerable size, the scales measuring rather
more than the sixth part of an inch.
A second speciesf, which may be named Dipterus macropT/gopterus, is equal
in size to the preceding; from which, however, it is easily distinguished by the
length of the anal fin, which is very acutely pointed, and is prolonged beneath
the caudal fin almost as far as the inferior lobe. The scales of this species are
much larger than those above described, being one-fourth of an inch broad.
A third species appears never to have attained the size of those above described, although it is remarkable for the much greater magnitude of its scales.
The anal fin, although long, never equals that of Dipterus macropi/gopterus,
from which, as well as from D. brachypygopterus. it further differs in havinga rounded tail.
A fourth;}: and much smaller species has been named Dipterus Valenciennesii, after the acute observer who first distinguished its characters.
Among the fragments is one specimen consisting of many large scales §, showing nothing of the shape of the head, nor any traces of the fins, but exhibiting,
with another specimen ||, fragments of what appear to be bones of the head
and opercula. It is therefore impossible to determine with certainty whether
the remains of this fish are those of a species of Dipterus : analogy, however,
would lead to that conclusion ; for the scales are round, imbricated, and covered
with granulations, in all of which characters it is similar to the other Dipteri.
Until new observations shall afford materials for pronouncing decidedly on the
genus to which this fish belongs, it may be named, provisionally, Dipterus macrolcpidotus.
The specimen represented in Plate XVI. fig. 2. appears to be a young individual ofthe same species.

The second genus of fish discovered in Caithness f, approaches to the cha• Plate XVII. fig. 1. 2. 3.
§ Plate XVI. fig. 4.
X Plate XVI. fig. 1.3.
11 At Widel quarries some miles north of Banniskirk.

t Plate XV. fig. 1.2. 3.
II Plate XVI. fig. 5.
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racter of the Lepisosteus in the shape of its scales. The ventral fins are placed
very much behind the body, and the anal fin is almost below the dorsal fin,
which is consequently placed very far backward. We have not seen enough
of the head, nor sufficient of the caudal fin, to judge of its form ; but from
what remains of this fin, M.Valenciennes is inclined to think it was forked,
which peculiarity would distinguish this fish from the Lepisosteus, and would
bring it nearer to the genus Amia. He proposes to name this genus Osteolepis ; and as two species are indicated by the different size of the scales in
each, they may be distinguished by the names Ostcolepis macrolcpidotus, and
Ostcolepis microlepidotus.
The naturalists who have examined these fish are disposed to think that
they were the inhabitants of fresh-water ; a conjecture which seems strengthened by the fact, that the remains of a tortoise nearly allied to Trionyx, are
found both in the bituminous schists of Caithness and the Orkneys*. We
found an imperfect fossil stem of a plant and other traces of vegetable matter
among the ichthyolites, but never observed a single fossil shell or zoophyte in
any part of the schistose formation.
§ 3. Secondary Deposits on the Shores of the Murray Firth.
We now proceed, in the order pointed out in the introductory part of this
paper, to describe the secondary deposits on the shores of the Murray Firth.
The range of the old conglomerates from the granitic mountains which separate Caithness from Sutherland, down to the highest parts of the Beauly Loch
and of Loch Ness, and from thence along the north coasts of Nairn, Elgin,
and Banff, has already been given with sufficient detail ; and, between this
line of range and the shores of the Murray Firth, are comprehended all the
rocks which now fall under our notice. An inspection of the map will show
that they are bounded to the north-west by the mountains of Sutherland,
Ross, and Inverness ; and to the south-east by the higher regions of Nairn,
Elgin, and Banff: from which facts, independently of more direct evidence,
we should be led to infer, that they had been deposited in a great trough of
the primary formations, which expands towards the north-east, and declines
into the Murray Firth, and, towards the south-west, is prolonged across the
mainland of ScotlandfA detailed examination of the secondary formations
*' Plate XVI. fig. 6.
t It is obvious from the above statements, that the conglomerates must have been formed upon
a very uneven surface of the more ancient rock ; and that a part, at least, of the great trough
which affords a passage to the Caledonian canal must have existed before the commencement of
the secondary deposits, and at a time when the greater part of Scotland was probably sub-marine.
The conglomerates could not by any conceivable force have been piled up into mountains three
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on this part of the coast leads to the same conclusion ; for we find them with
mere local exceptions, which do not affect the rule, dipping- towards the central
line of tliis imaginary trough.
Thus on the coasts of Sutherland and Ross
they generally dip towards the south-east, but on the shores of Nairn El^-in
and Banff, the prevailing- dip is north-west.
As the whole line of coast is nearly parallel to the secondary deposits, it
follows that we can only become acquainted with their relations by examining
a number of transverse sections, commencing- with the primary mountains, and
ending with those points of the sea shore which exhibit the highest visible
parts of the series. To this observation there is, however, one very remarkable exception. Two great masses of gneiss* penetrated in all directions by
veins of granite, appear to have been elevated after the deposit of the
whole secondary system ; and, at the time of their protrusion, not only to have
lifted up several beds of the lias formation, but to have produced a considerable derangement in the upper part of the red sandstone and conglomerate
seriesf- In consequence perhaps of this derangement, the beds between the
North Sutor of Cromarty and Tarbet Ness are seen with a northern dip^ and
inchned at a high angle; and a coast section of about fifteen miles in extent

conducts us, step by step, through a great succession of deposits, ending at
Tarbet Ness in the highest part of the series, which may be compared with
the upper red sandstone on the shores of the Pentland Firth.
] . Transverse Sections of the Seco7idary System in Ross-shire, ^c. ^c. in
ascending order.
We before stated, that the conglomerate system was greatly expanded to
the south of the Dornoch Firth ; and as deep transverse gorges have been cut
through it by the Alness and the Alt-Grant rivers, which greatly favoured our
examination, we commence our first section with the old conglomerates which
appear in the higher part of those rivers resting upon the primary mountains.
thousand feet high on the side of Mealfourvonie, or even into the lower elevations in the neighbourhood of Foyers, without filling up a great portion of the valley of Loch Ness. Tiiis valley
must, therefore, have existed anterior to the secondary epoch, and must have been then choked up ;
and, in after times, it must have again been opened out by those operations (perhaps referrible to
many successive epochs) which have formed the greater denudations of our secondary strata, and
of which the lofty pyramidal mountains of stratified sandstone and conglomerate are among the
most imposing monuments. On this subject we refer to the descriptions of Dr. MacCulIoch.
(Geology of the Western Isles, vol. ii. pp. 90, 93, &c.)
* See Geol. Trans, Second Series, vol. ii. Part II. p. 308—309.
Part III. p. 353.
t See Plate XIV. fig. 3.
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The first appearance of the oldest conglomerates in the course of the AltGrant^ is at Meul Tiirach, about a mile below Loch Glass, where it forms a
bold pyramidal mass, which rises more than a thousand feet above the level
of the river. It rests unconformably on gneiss, and is almost entirely composed of large and imperfectly rounded fragments of that rock, with a small
proportion of red-coloured cement. This mountain mass is, in its general character and relations, perfectly identical with the lowest conglomerates of the
chain of the Maiden Paps, and is prolonged towards the north and the south
in the form of an irregular, broken chain of pyramidal hills, resting upon, or
abutting against, the primary mountains. The phaenomena at the points of
junction, and the true relations of this immense deposit, may be studied in
many parts of the range already pointed out*. Below Meul Turach, the
banks of the river are for some distance occupied by morass, but it afterwards
makes its way through narrow gorges of the conglomerate ; and, after many
devious windings, pierces through the solid rock, and falls at a single plunge
into a lower part of the valley.
As the whole system dips at a considerable angle towards the Cromarty
Firth, we must obviously, in descending the transverse valleys, reach in succession the newer portions of the conglomerate series. Continuing then to
descend by the banks of the Alt-Grant, we meet with great masses of conglomerate associated with sandstone or flagstone resembling grauwacke. These
are succeeded by great alluvial terraces, which are chiefly composed of white incoherent sand, and which, for some distance, entirely cover the regular strata.
About a quarter of a mile above a deep gorge which enters a second zone
of conglomerate mountains, there appears on the banks of the river a succession of beds composed of calcareo-bituminous schist, calciferous grit, and flagstone of a red or greenish red colour, and which cannot be mineralogically
distinguished from many of the lower beds associated with the bituminous
schists of Caithness. These beds alternate with many masses of sandstone
and cono-lo.nerate; and they enter essentially into the composition of a remarkable system of deposits which are interposed between the first and second
ridge of conglomerate mountains. They appear in the Alness nearly in the
same form, but more mixed with red and greenish red marls. In the hills
near Tulloch Castle, they are associated with micaceous sandstone, are less
calcareous, and in a great measure lose their mineralogical characters ; but
thev may easily be detected when struck by the hammer, by their olTensively
bituminous odour.
Near Coul (the seat of Sir George Mackenzie), and for
* For example, in the higher part of the Alness, Tor Achilty j in the hills above Fairburn,
Mealfourvonie, Foyers, &c. &c.
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a considerable way down Strath Peffer, they regain the most characteristic
form of a dark-coloured calcareo-bituminous schist, foliated, and sometimes
contorted, much mixed with pyritous shale, and giving- rise to sprino-s of sulphureous water. Their last appearance (at least as far as we noticed them) is
about two miles to the south-east of Inverness, where, in several places, they
form a considerable system of beds composed of grauwacke, sandstone, indurated pyritous shale, dark, laminated limestone, &c. &c.* In this last locality
their relations are, however, somewhat obscure ; partly from the want of "-ood
natural sections, and perhaps still more from the gradually thinnino-off of the
older conglomerates.
Returning to the former line of section, we enter upon the inner zone of
conglomerate mountains at a deep gorge, which offers a passage to the AltGrant. The waters descend for about two miles in a narrow perpendicular
cleft, about two hundred feet deep, which must cut in succession through all
the beds in this part of the system. Its sides are, however, absolutely inacces ible :we are, therefore, obliged to seek on the banks of the Alness for
sections exhibiting in perfect detail tiie structure of this part of the series.
We there find that the chain is composed of an indefinite number of conglomerate beds, some of which are of coarse texture, and are not to be distinguished from the outer zone, which is in contact with the primary mountains ;others (in the ascending order) are of finer texture, and pass into thinbedded, red sandstone. The coarse conglomerates gradually sink in importance, and, at length, become decidedly sul)ordinate to the sandstone, which in
some places is soft and nearly incoherent, exhibits many lines of false bedding
or cleavage not parallel to the planes of stratification, and is partly associated
with a meagre, micaceous slate-clay. In these varieties the prevailing colour
is red, or reddish grey, variegated with red streaks or blotches.
Near the lower gorge (where the river escapes into the plains, which stretch
between the shores of the Firth of Cromarty and the base of the round-topped
conglomerate mountains), the more prevailing colour of the sandstone is grey,
or brownish grey, often ironshot, and here and there exhibiting a red tinge.
Some of these varieties have a coarse texture, like millstone grit, and occasionally pass into conglomerate ; but more usually they are of a finer texture,
and have thick, hard (but ill-defined) beds, which are extensively quarried for
building. In many of these quarries, which are opened in the lower part of
the Alt-Grant and of the Alness, the rock cannot be distinguished from the
commonest varieties of gritstone which are subordinate to the English coal* This system of beds is well exposed at Inche's quarry, and on the banks of a neighbouring
rivulet.
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measures. In general, however, a red tinge is more prevalent in the rocks
we are describing-, than in the ordinary gritstone of the carboniferous strata;
and the more coarse and rubbly beds associated with them, as well as the subordinate strata of flagstone and micaceous slate clay, are almost universally
red or variegated. The same observations may be applied to most of the
varieties of sandstone which are extensively quarried on the north shores of
the Beauly Loch in the Ulack Tsle, and in many other parts of Easter Ross.
This second range of conglomerate mountains gradually declines in elevation towards the south-western angle of the Cromarty Firth, but is prolonged,
if we mistake not, into the hills above Brahan Castle; and the same part of
the system is probably represented by the great masses of conglomerate which
form the hills on the north side of the Beauly Loch, immediately opposite
Inverness*.
So far there appears a very strict analogy between the conglomerate system
of Caithness (especially as it is laid down in the eastern coast section), and
the successive deposits which we have last described ; the mineralogical distinctions arising naturally from the different characters of the primary rocks,
out of the degradation of which tlie secondary formations have arisen. But
in leaving the conglomerate mountains, and descending to the lower regions
of Easter Ross, we lose all distinct traces of this analogy ; and the whole subsoil (not only in the low region bordering on the north shore of the Cromarty
Firth, but also in the greater part of the Black Isle), appears to be composed
of sandstone having the general charartors already described. The district
is much covered by accumulations of turf-bog, and of alluvial matter; so that
we should find it difficult to determine whether any other beds were subordinate to the sandstone, had not the two Sutors of Cromarty produced an inversion of dip and a great derangement, by which a considerable succession of
beds is exposed in fine open coast sections. In the low region before alluded
to, the dip is inconsiderable, but on the whole tends to the south-east. Taking
the line of section towards the North Sutor, the dip becomes inverted ; and
before reaching the protruding gneiss, the sandstone beds are nearly vertical f.
* The structure of the country near Inverness appears to be strictly analogous to that which
is described in the text. The primary rocks are immediately succeeded by conglomerate. To
the north-west of the town, the bituminous schist (like that in the higher part of Alt-Grant)
does not appear : but it does appear (as above stated) to the south-east ; and a portion of it may
perhaps be buried under the Murray Firth. At all events, beds of sandstone like those which
are associated with the bituminous schist are quarried on the north shores of the Loch, and these
are surmounted by the conglomerates of the Black Isle, which, in this view of the subject, must
represent the inner zone of the Ross-shire conglomerate.
t See Plate XIV. fig. 3.
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Precisely the same phasnomena are seen at the other Sutor on the east side of
the town of Cromarty. These highly inclined beds are separated from the
gneiss of the Sutors by a mass of conglomerate. They are principally composed of siliceous sandstone more or less ferruginous : subordinate to which
are, however, some thin beds of shale, containing calcareo-bituminous schist,
not to be distinguished from that of Caithness.
By these beds we therefore establish an analogy which otherwise would be
wanting, as the sandstones of Easter Ross have in general but little resemblance to any part of the series connected with the dark blue flagstone of
Caithness.
2. Coast Section from the North Sutor of Cromarty to Tarhet Ness.
ascending order.

In

The peculiar position of the beds on this part of the coast, their northern
dip, and high inclination, have already been noticed ; and they may be naturally described in this place, as they not only conduct us to the highest
deposits which are connected with the red sandstones of the Murray Firth,
but also appear to commence exactly at that part of the series with which the
preceding transverse section terminated. We shall endeavour to omit all
details which are not essential to our present object.
Immediately on the north side of the Sutor are some conglomerates perfectly analogous to the
similar masses which appear on the south side of the same rock. They are succeeded by highly
inclined beds of sandstone, which form a lofty but ruinous cliff extending to the south-west side of
the bay of Shandwick. Their prevailing colour is red, but they exhibit in more or less perfection
all the modifications above described, and might pass for hard varieties of either old or new red
sandstone. On the low sandy shore of the bay are many similar beds ; and associated with them
are masses of hard greenish grey sandstone, which form a good material for building.
Under Cadbolt, where the cliff recommences, and from thence to Geanle's Mill, the mineralogical pha;nomena are of great interest. The sandstone beds are extremely variable, both in
their thickness and in their state of induration. The cliffs are generally red or variegated, but
many of the subordinate harder beds are greenish grey, grey, or brown. The colours are, however,
seldom constant even in the same bed. Almost all the softer varieties are either red, or marked
with red streaks and blotches; and subordinate to them are thin, micaceous, flaggy beds, passing
into meagre, micaceous shale. Some of these beds of shale are red ; others green or variegated :
they are here and there pyritous and bituminous; and subordinate to them, in at least eight or
ten places, are thinly laminated beds of dark bluish grey, or dark smoke-grey impure limestone*.
* The most remarkable of these beds is seen down on the beach near the road turning up to
Cadbolt. It is dark smoke-grey, partially lamellar, and has been occasionally quarried for use.
Between Cadbolt and Geanle's Mill are some singular dislocations, and an anteclinal axis running
for some way parallel to the base of the cliff. We have thought it unnecessary to notice these
phaenomena in detail, as they do not produce any effect upon the general relations of the strata.
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Under Geanie's Mill are seen some grey, brownish grey, and greenish grey
calciferous sandstones, alternating with some bituminous, laminated, calcareous
beds, on one of which were some fish scales, and some fragments which appear to be analogous to the plates of a tortoise, resembling a Trionyx found
in the bituminous schist of Caithness.
Between Geanie's Mill and Balloan Castle the phaenomena are of less interest : the beds in the
ascending order preserve nearly the same characters ; and in one place they contain a subordinate
mass of pyritous shale, which throws out a spring of fetid sulphureous water*.
From Balloan Castle to the extreme point of Tarbet Ness, we did not remark any subordinate
calcareous beds like those above described, although some of the greenish grey sandstones were
calciferous. The general aspect and mode of weathering of the crumbling ruinous cliff reminded
us of many varieties of new red sandstone. Among the soft red and variegated masses were,
however, many strong beds of brown ironshot sandstone (at Port Mahomich, containing stains
of coaly matter), and of brownish grey, grey, greenish grey, and white gritstone, and micaceous
flagstone hardly to be distinguished from the ordinary sandstones of the carboniferous series.

From the preceding details, we think there can be no doubt that a part of
the sandstone series in Easter Ross and Cromarty (especially that portion of
it above described betwen the North Sutor and Balloan Castle), must be
identified with the middle system of deposits of Caithness. And after a careful
examination of all the phasnomena, we were disposed to identify the series of
beds to the north of Balloan Castle with the sandstones of Dunnet Head on
the Pentland Firth.
In Caithness, three great subdivisions of the secondary deposits are natural
and well defined ; for the flagstone series forms a complete physical separation between the lower conglomerates and the upper red sandstones. But, on
the Murray Firth these divisions are in some measure arbitrary ; for the calcareous beds are entirely subordinate to the various sandstones, and produce
no change in the general aspect of the cliffs, or in the natural features of the
country. Hence, even allowing the classification we are attempting to establish, itis perhaps impossible to draw a precise line between the middle and
upper system of the sandstone series of Ross-shire.
3. Transverse Sections of the Secondary Sijstem on the Southern Shores of
the Murray Firth. ^
We think it necessary briefly to notice some of these sections, although the
coarse conglomerates have on this part of the coast thinned off", and nearly
* The calciferous portions which appear in this part of the coast are generally concretionary,
and may often be distinguished from the other parts of the rock by being partially penetrated
by Pholailes.
t Plate XIV. fi-. 4.
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disappeared, and the true order of succession is much concealed by superficial
accumulations of incolierent matter. They derive a considerable part of their
interest from the numerous beds of concretionary limestone (resemblino- the
cornstone of Herefordshire) which appear to be subordinate to them, and are
associated with green, purple, and variegated marls.
The lower part of this system is in many places, and probably throughout,
composed of a very fine conglomerate alternating with red sandstone. These
masses are succeeded in the ascending- order by various beds of sandstone
sometimes so coarse as to pass into a conglomerate form. They are well exposed both on the banks of the Findhorn and the Spey, and nearly resemble
the sandstones of the lower parts of Easter Ross and Cromarty. Their prevailing colour is red, and on the Spey they are of a deep hcematite-red
colour.
The beds of sandstone last mentioned, are surmounted by the cornstone and variegated marls,
which, although not forming continuous strata of great extent, appear to be characteristic of this
portion of the series. Quarries have been opened in them in the following places, which may be
traced on the map of Scotland, and will be sufficient to convey a correct general notion of their
position and line of range.
1. Letham or Clewan, about six miles west of the Findhorn.
2. Cothall on the Findhorn, three miles south-west of Forres.
3. Sherra Mill, one mile east of P]lgin.
4. Glass Green, one mile and a half south of Elgin.
5. Linksfield or Catley Hill, one mile north of Elgin.
6. Wark Mill, two miles north-east of Elgin, near the turnpike on the road to Fochabers.
7. Stone-walls near the house of Innes, four or five miles E.N.E. of Elgin.
This is the last of the cornstone quarries in this direction ; but there are probably several
other localities which escaped our notice.

In all these places the quality of the limestone was nearly the same. The
most solid portions of it are compact or subcrystalline, and generally of a
yellowish grey colour: they are, however, seldom of great extent even in the
strongest beds, bat are mixed with, and pass into masses which are less coherent, and have a green, reddish green, or variegated colour, derived from the
marls with which they are associated. Their structure is obviously concretionary ;and when the softer portions are washed away, the forms are in some
instances so irregular, as to give the masses an appearance of being brecciated.
It is unnecessary to accumulate details ; but the following- section in descending order, exhibited in the quarries on the right bank of the Findhorn near
Cothall, will serve to explain the nature of these deposits.
1. Green and purple-coloured beds impure, and confusedly mixed with
gravel.
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2. Sandy marl, about one foot.
3. Green marl and concretionary limestone, four feet.
4. Irregular, brown, sandy bed, with green stains, one foot.
5. Irregular bed of concretionary limestone, very impure, and much mixed
with o-reen, red, and violet-coloured marls, some of which are penetrated by
veins of carbonate of lime, and much mixed with pyrites ; eight feet.
G. Strong bed of yellowish grey limestone, ten feet.
This bed contains more calcareous matter than the others, but many parts
of it are distinctly concretionary, and much mixed with green pyritous marls.
Portions of it are cherty, contain chalcedonic veins, and small flattened cells
coated over with mammillated, reddish chalcedony. Other portions exhibit a
compact, yellowish grey limestone marked with dendritic stains. These pass
into the softer varieties mixed with, and subordinate to, green pyritous marls.
The whole of this irregular mass is penetrated by veins of carbonate of lime,
which sometimes aggregates in balls exhibiting diverging radii; and the breaks
and fissures of the bed are commonly coated over with agaric mineral.
7. Below the limestone is a system of beds of sandstone which may be traced
up the river, and which are of considerable thickness. They are chiefly composed of a brownish sandstone, here and there streaked and stained with red,
of rather coarser texture, and passing, in one or two places, into a pebbly conglomerate. Itis associated with beds of finer texture, which are nearly incoherent; and, about half a mile further up the river, are some inferior beds of
fine texture and pink colour, which make a good building-stone. The dip is
here north by west, about 8°.
The beds associated Avith the cornstone are, in the neighbourhood of Elgin
(and we believe we might add along the whole line of their range), surmounted
by a great system of sandstone strata, which are generally of a yellowish grey
colour, and in which quarries have been opened, affording one of the most
beautiful, light-coloured building-stones in the North of Scotland. Three of
these quarries in a lofty hill of sandstone on the west side of Elgin, lay bare
a very fine and characteristic assemblage of these beds of freestone. The
lowest of them exposes about twenty-five feet of good, yellowish white, siliceous
sandstone, surmounted by ten or twelve feet of rubbly beds. The best portions are very finely grained, with smafl specks of kaolin. In the middle quarry,
which is in a higher part of the deposit, several of the masses exhibit partial
spots and stains of black, and there are thin bands of green marl between the
stronger beds. The upper quarry exposes about thirty feet of strong brown
sandstone. The beds are very regular, vary from four to six or seven feet in
thickness, and from some of them single blocks have been raised more than
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forty feet in length, for the purpose of constructing^ columns. They are all
hewn out into large troughs and cisterns, and the hardest of the blocks have
been occasionally used for millstones, — a purpose for which, however, they do
not seem to be well adapted. The higher parts of the hill seem to be composed of stone of nearly the same quality, but no quarries have yet been
opened in them.
We do not attempt to enter upon any further details respecting the secondary deposits on the southern shores of the Murray Firth, but, from what has
been stated, it appears that they may be divided into three groups, the lowest
of which is composed of red sandstone and conglomerate — the middle, of sandstone associated with variegated marls and cornstone — and the highest, of
light-coloured siliceous sandstone. These three groups are, however, very
ill-defined; and, as in our examination of this part of the country we did not
visit all the successive promontories to the east of Burg-head, there may be
other beds superior to the white sandstone which are not noticed in this transverse section.
A peculiar character is given to the deposits here described by the great
abundance of cornstone, which may perhaps be considered to replace the
lower portions of the calcareo-bituminous schist. Whatever be its relations,
its appearance is not to be regarded as altogether anomalous ; for, in the
county of Sutherland (especially in the immediate neighbourhood of Golspie,
and between that place and Loch Fleet), there are several examples of this
peculiar, concretionary limestone associated with the red sandstone which
alternates with, and overlies the old conglomerates. And there may be many
other examples of cornstone with similar relations, which, in the transverse
sections through the secondary series, entirely escaped our notice.
Red Sandstone and Conglomerate Series of the North-west Coast of Sutherland
and RosS'Shire.
These deposits stretch almost without interruption from the neighbourhood
of Cape Wrath to the southern extremity of Applecross, and are developed
on an enormous scale, sometimes rising into pyramidal mountains more than
3500 feet in height. For their general description and mineralogical characters, we must refer to the works of Dr. MacCulloch ; but it may be proper,
very briefly, to notice the phaenomena exposed by the excavations for the new
road over the red sandstone mountains of Applecross, as this great work fiad
not commenced at the time he visited the western Highlands. Tiie road
ascends by traverses, frequently conducted in the solid rock, to a great elevation, and affords an admirable opportunity for studying in detail the structure
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of the formation we are describing-. The beds which we observed between
the shore of Loch Kishorn and the top of the mountain were nearly in the
following order, beginning- with the lowest visible.
1 . Very hard, thick beds of red sandstone, chiefly composed of fragments of quartz and felspar ;
in some instances of very coarse texture.
2. Beds similar to the preceding, associated with others containing decomposing felspar.
3. Hard, close-grained, siliceous beds, containing many fragments of green, indurated, slateclay.
4.
5.
6.
7.
clay.

Many thick beds, very hard, close-grained, and variegated with red and yellowish blotches.
Beds thinner and more fissile, variegated with red and yellowish stripes.
Fissile or flaggy beds, with flakes of mica between the laminae.
Thin beds separated by bands of greenish marl, and alternating with sandy micaceous slate-

8. At the top of the mountain, thin beds externally of a red and yellowish red colour, and, in
their mode of weathering, resembling the commonest varieties of old or new red sandstone*.

This outline of a more detailed section may serve to convey a general
notion of the red sandstone of Applecross ; and we have little hesitation in
identifying- it with the older part of the conglomerate series of Caithness and
the Murray Firth. The same observation may, we think, be applied to all the
larger masses of red sandstone on the north-western coast. They are not
only formed by the degradation of the primary strata of gneiss, quartz rock,
&c. &c., but they are unconformable to them, and are generally separated
from them, by masses of conglomerate.
For a proof of the general want of conformity of the red sandstone series
to the true primary rocks, we may refer to numerous passages in the excellent
description of tiiis coast by Dr. MacCulloch, especially to his delineations of
the mountains of red sandstone in the neighbourhood of Assynt. The same
fact is beautifully exhibited at the junction of the red sandstone and conglomerate with the gneiss, in a deep gulley two or three miles to the south of
Cape Wrath. The lamina of the gneiss are nearly vertical, while the beds
of the secondary rock are not inclined at a greater angle than 23°, and dip
(W.N.W.) from the coast into the sea. The same observation may be
applied to a magnificent succession of cliifs which range towards Loch
Inchard.
We found many
dary deposits from
Loch Groignard ;
sandstone with the

traces of the old conglomerates which separate the seconthe primary rocks on the hills between Loch Ewe and
and we discovered two instructive junctions of the red
primary schistose rocks between Loch Ewe and Gairloch.

* The assertion that no mica is contained in the red sandstone of the north-west coast, is
shown by this section to be erroneous.
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In both instances the sandstone was perfectly unconformable to the older
schists, and separated from them by thick masses of conglomerate. Lastly,
the mountains of Applecross, the mineralog-ical character of which has already
been noticed, are regularly bedded, and have a constant dip from the coast
into the sea (about N.W.), at an angle which is inconsiderable when compared with the average inclination of the older schistose rocks. They have
unquestionably the external character and the structure, and we believe also
the relations of secondary mountains.
Again, the red sandstone series of the west coast, has been traced to a point
of junction not more than two or three miles south of Cape Wrath ; and, on
doubling the Cape, it appears on the north shore with the same character and
relations. Moreover, we have shown that these several deposits are, through
the intervention of other similar masses, connected with the old conglomerate
range of Caithness. We think it absolutely impossible to refer these several
deposits to distinct epochs ; and we therefore conclude, that the unconformable red sandstones and conglomerates of the north-western coast, are not
older than the lower portion of the secondary formations of Caithness and the
Murray Firth, and that they must be classed with the older secondary deposits
of England.
In making this statement, we by no means intend to assert that there is no
such thing on the north-west coasts of Scotland as a primary red sandstone. We agree with Dr. MacCulloch in thinking that many of the masses
of quartz rock which alternate with formations universally regarded as
primary, are of mechanical origin. These rocks occasionally become of a
red colour ; and we know from experience, that it is not always possible, even
on the spot, to distinguish them from true secondary red sandstones. One of
the most striking examples of this kind may be seen immediately behind the
village of Ullapool. There are, therefore, great, and perhaps in some instances
insurmountable, difficulties (for example, in the Isle of Skye) in the way of
classifying the old red sandstones of the Highlands. But, fortunately, it is no
part of our present object to undertake their solution ; nor do they appear in
any way to affect the general truth of the conclusions at which we have attempted to arrive.
The difficulty of drawing a precise line between the primary and secondary
rocks of Scotland, would be greatly increased, if organic remains could be
found (as has been stated by Dr. MacCulloch) in any part of the older series
which has hitherto been regarded as primary. On the eastern shores of Loch
Eribol, and at the very spot indicated by the author above mentioned, we
found boulders of quartz rock containing conical impressions, which he sup-'
x2
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posed to be derived

from OithoceratiteSj but which we cannot regard as

organic.
Before terminating this short description of the sandstone and conglomerate
of the north-west coast, it is necessary to notice a deposit which commences
a httle to the west of an ancient chapel on the south shore of Loch Groinard,
and extends, with some interruptions, nearly two miles towards the south-east.
Its lower portion is coniposed of beds of red conglomerate, of red and variegated micaceous sandstone, of incoherent red sand, and of red and variegated
marls. In its upper portion are beds of micaceous slate-clay, and of marl,
red, green, and variegated ; and these alternate with irregular beds of grey,
greenish grey, and white siliceous sandstone. This upper series very nearly
resembles some beds which in the Isle of Skye and in Applecross underlie
the lias ; and the whole system (which is inclined at a small angle, and is
entirely unconformable to the prevailing red sandstone of this part of the
north-west coast) might represent the new red sandstone of England in its
most characteristic form.
Conclusion.
It only remains for us by way of conclusion, to compare the deposits described inthis paper with the corresponding formations of the English secondary series. We see no reason for believing that the old conglomerates and
sandstones of Caithness and the Murray Firth, belong to an epoch anterior to
the old red sandstone of England ; and the same conclusion must, we think,
be applied to the red sandstone on the north-west coast of Scotland, between
Applecross and Cape Wrath. They must, therefore, be contemporaneous with
some of the English series between the old red sandstone and the lias.
We have little hesitation in identifying them with the old red sandstone, for
the following reasons.
1st. They are identical in structure with the older red conglomerates of
Cumberland and the Isle of Arran.
2nd. They alternate with, and are inferior to, many beds resembling grauwacke, but not resembling any rock subordinate to the new red sandstone in
England.
3rd. They contain many extensive, concretionary masses of limestone in no
respect differing from the cornstone of Herefordshire, which is subordinate to
the old red sandstone.
4th. They are identical with the conglomerates on the south flank of the
Grampians, which appear to be older than the coal-measures of Scotland.
5th. They are, in Easter Ross, associated with a deposit of sandstone, which
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appears to be unconformable to the lias, and on the west coast of the same
county. They are unconformable to the newer red sandstone of Loch Groinard, and to the lias of Applecross. In regard to the great central deposit of
Caithness schist,, we are not able to identify it with any part of the English
series which has hith&rto been described. It is of great thickness, — is void of
shells or corals, — exhibits a very few obscure vegetable impressions, — but contains from the highest down to the lowest beds a great number of fish of two
new genera, as well as a species of Trionyx (?), probably all of fresh-water
origin. Considered as a whole, it has a much older character than the magnesian limestone series ; and the bottom beds alternate with the old conglomerates, and cannot, therefore, be entirely separated from them. Moreover,
the fish are not of the same species with any which have yet been discovered, either in the marl-slate of Durham, or in the copper-slate of Germany. We are, for these reasons, unwilling to consider the Caithness schist
as the equivalent of the Thuringerwald marl-slate. It appears to be nearly
of the same age with the carboniferous order, and the conjecture is fortified
by the mineralogical characters of the middle deposit on the shores of the
Murray Firth. The calcareo-bituminous strata are there subordinate to
sandstone, many beds of which are perfectly analogous to the white and
reddish sandstones which form the greatest part of the carboniferous group
in the Isle of Arran.
Pursuing the analogies presented by the Arran section, we were led to conclude that the upper red sandstone of Dunnet Head, and of the opposite cliffs
of the Orkneys, was the representative of the lowest division of the new red
sandstone group, to which in position it seems to approximate; but its mineralogical character is not decisive ; and with the exception of Loch Groinard,
the upper or new red conglomerates do not appear in any part of the coast we
have examined. Again, there is a break in the continuity of the secondary
deposits above described ; for there is no single section which conducts, uninterruptedly, from the old conglomerates to the lias, and the equivalent of the
oolites. We believe it to be impossible to determine where the interruption
of continuity takes place.
The exact relations of the upper red sandstone of the Pentland Firth must,
therefore, remain in some degree of doubt. In external character, it perhaps
most nearly resembles that system of red sandstone beds which, in the Isle of
Arran, are interposed between the true carboniferous strata and the upper red
conglomerates.

As a general result of the previous details, it follows that the enormous
masses of red sandstone and conglomerate on the coasts of the Highlands are.
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for the most part, to be classed with the old red sandstone of England, — that
the new red sandstone, with a few limited exceptions, has no representative, —
and that the rocks of the carboniferous order either do not appear at all, or
conform to so new a type as to leave no hope for the discovery of those
beds of coal which characterize the formations of the same age in the south
part of the island.
Table, in descending order, of the Secondary Formations in the North of
Scotland and the Western Isles.
Localities.

Formations.
1. Chalk. Flints containing many fossils of this
formation. (Geol. Trans. Second Series,
vol. ii. Part III. p. 365.)

Plains of Aberdeenshire west of Peterhead,

2. Blue clay and shale, containing fresh-water
fossils of the Weald clay and Hastings sand.

Loch Staffin, Isle of Skye.

(Geol. Trans. Second Series, vol. ii. Part
III. p. 366.)
3. Grit of the Coral-rag (calcareous grit of
England. (Geol. Trans. Second Series,
vol. ii. Part II. p. 318.)

Braambury Hill, Brora, &c.

4. Shale beds, &c. with fossils of the Oxford
clay. (Geol. Trans. Second Series, vol. ii.
Part. II. p. 319.)

Dunrobin coast.

5. Upper beds of the Great Oolite, resembling
Cornbrash and Forest marble, and with
characteristic fossils. (Geol. Trans. Second
Series, vol. ii. Part. II. p. 321. Part. III.
p. 367.)
6. Great formation (occupying the place of the
Great and Inferior Oolite) ; the upper part

East coast of Trotternish, Skye ; Beal, near

Brora.

Portree, Skye; Scrapidale, Rasay.

The sand and sandstone on the east coasts of
Trotternish and Rasay ; Carsaig, south coast

composed of sand and sandstone ; the lower
part of carboniferous shales and sandstones,
with many organic remains. (Geol, Trans.
Second Series, vol. ii. Part II. p. 320, &c.
Part III. p. 360, &c.)

of Mull ; Strathsteven, Brora, &c. — The inferior carboniferous shales and sandstones ;
Brora coal-pits; cliffs opposite Portree, Skye;

7. Lias.
The upper part composed of mica.
ceous shales graduating into the superior

Upper part; base of cliff. Holme, Skye ; Scalpa;
Pabba ; Carsaig and Tobermory, &c. Mull ;
Coast north and south of Cromarty Sutors ;

formation ; the lower part of blue limestone. The whole group charged with
Gryphites, Belemnites, &c. &c. (Geol.
Trans, iit supra.),

Holme water-fall, Skye ; South coast of Mull.

lower limestone ; Broadford, Skye, Applecross ; coasts of Morven. — N.B. At Strath
in Skye the whole formation near the Syenite
is white and crystalline. (See MacCulloch,
West. Islands, vol. i. p. 352.)
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Localities.
Inch. Kenneth, and opposite coast of Mull (?);
sands of Groinard Ross; Brochel Castle,
Rasay. — The lowest part of this system (?)
in the headlands of Tarbet Ness, Dunnethead, and the southern cliffs of the Orkneys,
&c, &c.

9. Calcareo-bituminous schists; the upper part
Plains of Caithness, Castle Hill, Banniskirk
graduating into the superior sandstone ;
Lybster, Wick, Thurso, &c. In Ross-shire
the lower part alternating with siliceous Coul, Inchcoulter, Geanies, Tulloch Castle
flagstone
sometimes
resembling
gran- Banks of the Orron.under-Fairburn,&c. &c.
wacke.
(See the preceding pages.) The
Inches near Inverness, «&c, &c.
whole group charged with fossil fish ....
(N.B. North of the Grampians the true coal,
measures do not appear.)
10. Old red sandstone and conglomerate; upper
Conglomerate hills forming the south flank of
part graduating into No. 9. ; lower part the Grampians ; axis of the secondary rocks
composed of the debris of the neighbour- on the east coast of Arran. Coast and islands
ing primary rocks, and generally resting near Oban ; detached masses in the lino of the
unconformably upon them.
Caledonian Canal.
Great Headlands of the
western coasts of Ross and Sutherland, viz.
Applecross, Gareloch, Assynt, Loch Inchard, &c. &c. Detached mountain masses
in the interior. Masses flanking the gneiss of
Cape Wrath ; Loch Tongue. Great interior
zone of Caithness from Port Skerry to the
Ord of Caithness; hills bounding the Brora
coal-field ; sides of Ben Wyvis ; Fairburu
and Beauiey hills; Mealfonrvony ; Fall of
Foyers ; sandstone and concretionary limestone of Nairn and Elgin ; Troup Head and
Kings of Cullen.

Secondary Formations in the South of Scotland.
We had no opportunity of examining- in any detail the secondary formations of Scotland south of the Ochill chain. We may^ however, state that
they differ from the series given in the preceding- table in the following- particulars.
1st. In the less development of the old red sandstone and conglomerates.
2nd. In the extensive development of the true coal-measures which are not
represented (at least in any ordinary form) in the preceding series.
3rd. In the greater expansion of the newer red sandstone, e. g. in Dumfriesshire, and on the north shores of the Solway Firth, &c. &c.
4th. In the entire absence of the oolitic series.
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The secondary rocks of Arran belong to the southern system ; and in the
coast section described in a former paper*, the several formations there exhibited inone view are as follows :
1st. Newer red sandstone and conglomerates.
2nd. Coal-measures and mountain limestone.
3rd. Older red sandstone and conglomerates.
We believe that these older conglomerates are distinctly contemporaneous
with No. 10. of the northern series. The separation between the newer and
older conglomerates of Arran is clearly defined by the intervention of the coalmeasures and mountain limestone containing the characteristic fossils : and in
the northern extremity of Scotland^, the upper red sandstone is as distinctly
separated from the lower sandstone and conglomerate series,, by the intervention of the ichthyolites and bituminous schist. In the absence of the characteristic fossils and of the upper conglomerates^ we however consider the true
place of the upper sandstone of the Pentland Firth as in some degree ambiguous.
* See Plate III. and p. 24.
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[Read November IGth, 1827.]

1 HE district to be noticed in this communication enables us to trace the disturbance ofthe Exeter red conglomerate, carboniferous limestone, and old
red sandstone of the coasts of Tor and Babbacombe Bays, to the intrusion
of trap rocks, subsequent to the formation of the Exeter red conglomerate.
The following- is a g-eneral sketch of the coast. There is no beach to the
cliffs from near the Ness-point, at the mouth of the Teign, to Hope's Nose,
the northern point of Tor Bay, with the exception of the bottom of a few
coves, and the Babbacombe-sands, and their continuation the Oddicombesands, both misnomers, for they are shingle beaches. The cliffs plunge directly into the sea, and are well seen only from a boat. The coast is equally bold
from Hope's Nose to Torquay, with the exception of Meadfoot-sands, which
are, however, backed by a high broken hill. After passing the hill between
Torquay and Tor Abbey, the coast assumes a milder character : the cliffs,
where they occur, are of no great elevation ; and there are extensive sands
both at Paington and Goodrington, separated by Roundham Head. Further
south, low cliffs intervene between Goodrington-sands and the Broad-sands.
Beyond the low rocky land of Galmpton Point, the cliffs are bolder, and continue so to the Berry Head, being, in a few places, broken into coves, the
most considerable of which is occupied by the harbour of Brixham,
This range of coast is backed by hills, varying in height from 200 to 500
feet. Furland Hill, between Brixham and Dartmouth, is 589 feet above the
sea, according to the Ordnance Survey.
I shall now proceed to describe the stratified rocks of this district, commencing with the uppermost.
Exeter Red Conglomerate. — Rolhe Todte Liegende.

Grcs Rouge.

The red conglomerate of Babbacombe and Tor Bays is similar to that of
Heavitree and the neighbourhood of Exeter. It consists, generally, of a finegrained conglomerate of small fragments of carboniferous limestone, old red
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sandstone, shale, quartz, grauvvacke, and red quartziferous porphyry, cemented bya red paste, generally argillaceous, and frequently very compact ;
so that the mass affords a very good building stone. This fine-grained conglomerate often contains small earthy crystals of felspar.
Besides the preceding, there is a large-grained conglomerate containing'
fraoments that are sometimes a Ion or more in weight. In this the cement
varies, being principally loose and sandy, and seldom containing crystals of
felspar. Interstratified with these are red sandstones and marls. These conglomerates may, for more easy description, be divided into three small districts : I . That of St. Mary Church and Watcombe ; 2. That of Tor Moham,
extending up to King's Kerswell ; and 3. That of Paington.
1. Red Congloinerate of St. Mary Church and Watcombe.
The range of cliffs extending west from the Ness-point at
exposes a section of this rock^ which varies from fine-grained
latter greatly predominating: the most abundant fragments are
limestones, on which the conglomerate here frequently rests ;

Teignmouth,
to coarse, the
pieces of the
pieces of red

quartziferous porphyry are, however, by no means rare, as in the east of
Teignmouth. These porphyritic fragments are most decidedly rolled pieces,
derived from some other rocks than the conglomerate that now contains them.
The only interruption to the continuation of these conglomerates to their
termination at the fault at Oddicombe-sands, is caused by the carboniferous
limestones of Petit Tor*. These limestones are nearly isolated, beingbounded on all sides but the sea by red conglomerate. The conglomerate
would appear to rise to the carboniferous limestone on both sides.
A short distance further south, the conglomerate abuts against trapf . This
fault seems to continue through the village of St. Mary Church, where the
conglomerate abuts against carboniferous limestone. The church stands on
the latter rock, sections of which are seen in the village on the new road to
Torquay; nevertheless, close to these places, a mason sunk a well 100 feet
deep without going through the red conglomerate.
A porphyritic conglomerate, resembMng that of Heavitree, is seen on Holloway Hill, over which both the roads from Torquay to Teignmouth pass.
2. Red Conglomerate of Tor Moham.
This portion is joined to that previously noticed by a kind of isthmus of the
same rock, passing round from Holloway Hill by King's Kerswell. The conglomerate stretches from King's Kerswell south-west to Tor Abbey-sands, re* Coast section, Plate XVIII. Hg. 1.

t Plate XVIII. fig. 1,
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posing- upon the limestone and old red sandstone, and attaining considerable
elevation between Kin^^'s Kersweli and Cockino-ton.
At the Corbons, a small cliirat the south extremity of Tor Abbey-sands, is
a good section of this rock. It is generally fine-grained, and the cement contains crystals of felspar. There is also a coarse variety with many fragments
of carboniferous limestone; a fault is here observable in it.
At the northern extremity of these sands, the red conglomerate suddenly
abuts against the carboniferous limestone, its strata becoming vertical*.
On the south side of the Corbons, the conglomerate is seen close to a fault,
resting on red sandstone with green spots :— some of the strata have various
tints, and some are greenish. The Livermead-clififs are composed of the same
conglomerate and sandstone as the Corbons, containing rounded pieces of
quartziferous, red porphyry.
3. Red Conglomerate of Paington.
This is connected with the former by a stripe in front of the clilTs between
Livermead and Preston, or Paington-sands. Here the Exeter red conglomerate seems brought into contact with the old red sandstone, probably
by a concealed fault, affording the appearance of the former underlying the
latter, whereas it only mantles round it. Fortunately, the distinctive characters ofthese two rocks is very clear in tliis district; and moreover, the red
conglomerate contains abundantly portions of the old red sandstone, — a clear
proof that the latter was a pre-existing rock.
The Exeter conglomerate of Paington resembles those previously mentioned, and is exposed in many good sections. At Rowndham Head, the
strata dip north at about 10°. They are often of considerable thickness,
contain rounded pieces, varying in size, of carboniferous limestone, old red
sandstone, grauwacke, slate, &c. and are interstratified with red sandstone.
At CoUaton Kirkham the conglomerate
rests on old red sandstone.
•ft'
Carboniferous Limestone. — Neuere Uebergangs-kalk.
Calcaire a Encr'mcs .
The rocks to which I here give this title, have usually been referred to the
transition limestone of English geologists, that is, a limestone whicii occurs
beneath the old red sandstone ; they, however, rest upon that rock, contain
fossils that have been discovered in the carboniferous limestone of other
places, and, though a matter of minor importance, mineralogically resemble
it : — they are, moreover, separated from the old red sandstone by a shale,
which maybe considered the equivalent of the lower limestone shale.
* Plate XVIII. fig. 5.
y2
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These limestones occur in beds from a few inches to several feet in thickness; the usual colour is grey, varying in intensity; they are frequently
traversed by calcareous veins, and, in texture, vary from compact to semi-crystalline, the latter predominating- in the vicinity of trap, and when the strata
are much disturbed. The semi-crystalline limestones afford a great variety
of beautifully tinted marbles, not so well known, nor so much employed for
ornamental purposes as they deserve to be.
These limestones are, here and there, interstratified with shale : they also
rest upon a considerable thickness of argillaceous shale, into which they seem
to pass. The shale is usually reddish in the upper part, brownish grey in the
lower and larger portion, and strongly reminded me of the shale similarly
situated in Pembrokeshire.
The most abundant organic remains are encrinites and corals. The limestones at Daddy's Hole near Torquay, are so full of pieces of encrinites, as to
resemble, in this respect, the Black Rock of Bristol. The following- is a list
of the organic remains which I met with in this rock, including those found
at Bradley quarries near Newton Bushel :
Corals.
Encrinites.
Trilobites.
A very singular fossil*, specimens of which were collected in the vicinity
of St. Mary Church. The sections which have been made of these specimens
exhibit no internal structure which enables me to refer them to any known
class of organic bodies.
Cardium alajforme

Min. Con. T. 552. f. 2.

Megalodon cucullatus
Terebratula porrecta
Ibid
Ibid

Sow.
Sow.
with
with

y, .1 J
Spirifer decurrens
rotundatus ?
Ibid.

Gen. & Sp. Nov. Min. Con. T. 568.
Sp. Nov.
5 or 6 small plaits in front.
8 or 10
ditto.

J Trigonal, depressed, with four large plaits on the elevated
\
front, and as many on each side.
Sp. Nov.
Min. Con. T. 461. f. 1.
Sp. Nov.

* Plate XX. figs. 1. & 2
It is not improbable that the fossil here referred to may have
belonged to the Tunicata. The structure of the external covering appears to have some resemblance to that of Chelyusoyiia MacLeayaniimy a new genus and species of that group, brought
home by
figured in
specimens
which are

Lieut. Belcher, R.N. presented by him to the Zoological Society, and described and
the Zoological Journal, vol. v. p. 46. Tab. III. figs. 4. 5. & 6. ; but, in none of the
of C. MacLeuyamim examined by the writer of this note, does the number of plates,
coriaceous and confined to the upper surface, exceed eight. — W.J.B.
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Natica ?

small and indistinct.

Euomphalus
Bellerophon tenuifascia
Turritt'Ua abbreviata
Turritclla?
Murex ? Harpula
BucciQum spinosum
breve
imbricatum

small and indistinct.
Min. Con. T. 470. f. 2. 3.

Sow.
small
Sow.
Min.
Min.
Min.
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Sp. Nov. Min. Con. 565.
ill.defined species, found also in Ireland.
Sp. Nov.
Con. T. 566. f. 4.
Con, T. 566. f. 3,
Con. T. 566. f. 2.

Pleurotoma (Helix Min. Con.) like Helix carinatus. T. 10.
Nautilus
Orthoceras

1. Limestones of St. Marij Church,
and the Northern Side of
Tor Babbacombe,
Bay.
These encircle the old red sandstone, which extends from Meadfoot-sands
towards Upham. The section on the south side of Meadfoot-sands shows the
limestones resting on old red sandstone. The quarry at the south-west points,
opposite a rock called the Shag- Rock, is worked in grey and reddish, compact
limestone, dipping- south-west : beneath, is an argillaceous shale, reddish in the
upper part and grey in the lower, — thelatter is slightly micaceous. This forms the
cliff from the point to a short distance east of the place where the road descends
to the beach ; and to this succeeds a red siliceous grit traversed by veins of
quartz, and containing iron. The cliff composed of red grit is much concealed.
The limestones in the vicinity of Torquay are much disturbed, as are also,
more or less, all the stratified rocks of the district. These beds are observed
to be contorted along the whole coast, from the town to the point opposite the
Shag Rock ; they seem, however, to have a general dip away from the old
red sandstone, between which and the body of limestone the argillaceous
shale is always interposed.
I have selected two examples of contorted strata near Torquay*, because,
though the sections are only about eighty yards apart, and both across the
range of the strata, they show the contortions that must have taken place in
all directionsf .
So much confusion exists in the vicinity of Torquay, that no regular dip
of the limestones can there be determined. They dip S.S.VV. at an angle of
35° near the turnpike, and at the quarry near the baths to the south-west.
They are perpendicular, with a north and south direction, at the little hill near
Tor Moham, at the Chapel Hill, and under Torwood House.
At Stantaway
* Plate XIX.
•j- The birds marked in the two figures show the same points of the hill viewed from opposite sides.
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IY\\\, between Tor Mohani and Upham, the calcareous slate and limestones are
much confused. At Butterhill quarry the limestones are much disturbed.
On the new road from Torquay to St. Mary Church, at the entrance of the
rocky dehie, irregular, detached asid arched strata, have a very picturesque
elTect, tlie arcli appearing- to be almost a work of art.
The coast also from Babbacombe to the Black Head, exhibits confused
strata of limestone and argillaceous sliale ; at the latter place we may observe
a thick, bent stratum of limestone included in the solid trap* : this limestone
is very crystalline. Hope's Nose, with the Leadstone, Oarstone, and Thatcher
llocks lying- immediately near it, are composed of limestone much contorted
at the cove north of the Thatcherf. This mass of limestone is detached from
tiie limestones on the west, that is, above the level of the sea ; and, beneath,

they are probably connected with the Torquay beds, for the Thatcher Rock
is composed of them. Kent's Cavern, lately celebrated on account of the
remains of elephants, rhinoceroses, hyainas, bears, deer, wolves, &c. found in
it, is situated in these limestones;};.
From Barton the limestone extends along- the hill to King's Kersv/ell, where
Exeter red conglomerate covers it for a sliort distance : but, at the lower part
of the village on the old Dartmouth road, the limestones again come in, and
are continued to the top of the hill, where a quarry exhibits their contortions §.
2. Limestones on the South of Tor Bay.
Like those on the north of the same bay, these are g-reatly disturbed, as
may be seen along- the coast from the Berry Head to Saltern Cove, near
Goodrington. At Marstink quarry near Paington, thin strata of semi-crystalline limestone dip north about 20°. At Saltern Cove, limestones are mixed
with, and disturbed by, trap, which has greatly altered the character of the
limestone at the points of contact. In one of the projecting- points the altered
limestone does not effervesce freely with acids ; it contains corals.
Reddish shale resembling that on the north side of Tor Bay, and similarly
situated beneath the limestone, occurs much contorted at the western point of
Saltern Cove.
In some places it is traversed by quartz veins.
Old Red Sandstone. — JUngere Gramcache.
Grcs Rouge Intermediaire.
The general character of this rock is best exhibited near Cockington.
* PhUe XVIII. fig. 1.
t Plate XVIII. %. 4.
+ The Rev. Joliu M'^Encry, who lias formed a very valuable collection of these remains,
intends, I believe, to publish an account of them ; and Professor Buckland will probably do the
same in the continuation of his " Reliquia; Diluvianae."
§ Plate XV^III. fig. 3.
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Between this place and Livermead-sands are two quarries of chocolatecoloured, micaceous, siliceous, and very compact sandstone. In both a slaty
variety, splitting easily in the line of the laminae, which are fd!ed with mica,
is mixed with compact and micaceous beds, which vary in thickness from a
few inches to two feet. The strata are much confused, some are curved, and
some dip in all directions.
In its great hardness, in its colour, in being- micaceous, and in general appearance, idiffers
t
entirely from the red sandstone associated witli the Exeter
conglomerate of the Corbons and Livermead. After passing Livermead on the
road to Paington, a new cut exposes a slaty variety of this rock, apparently
passing into grauwacke. Among the strata are a few of the more compact
and solid sandstones.
Thick beds of old red sandstone are observable on the rise of the hill west
of Cockington, on the old road to Totness, but they are quickly covered up
by Exeter conglomerate, which latter continues to conceal it as far as a small
rivulet about half a mile east from Ockham, where it again emerges. From
the vicinity of Ockham to Westerland, this rock passes gradually into grauwacke slate, losing its red colour, but preserving its mica.
At Collaton Kirkham, the same slaty and compact varieties are seen as in
the Cockington quarries ; their dip is E.N.E. at an angle of about 20°, the
beds being sometimes curved. They are much more higiily inclined in tiie
same vicinity. Exeter red conglomerate covers these rocks on the same hili,
and contains rolled pieces both of its slaty and compact varieties. The old
red sandstone passes into grauwacke on the high hill N.N.AV. of Paington.
The red compact sandstone beneath the argillaceous shale at Meadfootsands, very much resembles the Cockington compact old red sandstone.
At
Hope Farm the resemblance between the two will be found most striking;
and there can be no doubt that the limestone shale rests upon it in tlie vicinity :
in fact, the wedge-shaped mass of old red sandstone extending from Meadfootsands and Hope Farm towards Upham, is bounded by a mantle of argillaceous
shale.
Sandstone and Slate of Mcadjoot-sands.
These may almost be considered as the passage of old red sandstone into
grauwacke, or they may be the old red sandstone strata altered by the vicinity
of trap. Beneath the red grit of the Mead foot-sands is a grey, compact, fissile,
and very micaceous sandstone, resembling in every thing but colour, the semischistose varieties of the Cockington red sandstones. Their angle of dip varies
considerably ; it is at first towards the south-west at about 65° or 70°. These
strata rest upon, and pass mto a slaty rock resembling the old red sandstone

168

Mr, De la Beche on the Geology

schist of the vicinity of Ockham in every thing- but colour. They are here
dark-coloured. These rocks traverse the point of land, named at its extremity
Hope's Nose; and upon them the limestone of that place appears to rest.
Small trap veins are observable both in this rock and the red grit of Meadfoot-sands.
Grauwacke.
A very small portion of this rock comes within the scope of the present
communication. The old red sandstones pass into grauwacke between Ockham and Westerland, at which latter place there is a cjuarry of grauwacke
rather micaceous. It contains the vertebral columns of encrinites, corals, and
bivalve shells. The schist is used to line the interior of the neighbouringlime-kilns.

The dip is E.S.E. about 45°.
Trap Rocks.

On the east of Babbacombe, trap rocks advance into the sea and form a
small headland. They consist principally of greenstone, varying in grain, and
containing abundantly particles of iron pyrites; some of it approaches the character of a reddish sandstone, and the whole is occasionally traversed by veins
of quartz, jasper, and very rich iron ore. Between this headland and the
compact, and sometimes semi-crystalline limestone of the main land, argillaceous shale is interposed.
Another small headland, on the west of Babbacombe, is formed of greenstone and greenstone porphyry. Very often the rock assumes a porphyritic
and amygdaloidal character at the same time, the amygdaloidal cavities being
filled with carbonate of lime. In all cases, iron pyrites, often in cubical crystals, isdisseminated through the mass :— calcareous and quartz veins traverse
the trap, particularly on the Babbacombe side.
This trap has evidently been protruded into the argillaceous shale from
beneath : the strata are cut off and twisted by it ; considerable portions also
of the shale are included in the trap. The limestones, forming the upper part
of the cliff, rest on the shale, and are also disturbed.
From hence north-west to Oddicombe-sands, the same kind of trap is observed intermixed with the shale at the base of the cliff, and appears to have
forced its way high up among it, and, probably, also among the limestones; the
cliff is inaccessible, but presents the appearance of different rocks irregularly
mixed. The traj) becomes so altered in its character as it ascends, that the
highest portions scarcely deserve the name, presenting, when in contact with the
limestone, a base that effervesces and contains green specks and crystals of iron
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pyrites. This may perhaps be an altered limestone. The general character
of this mass of trap is the same as that of the small point previously mentioned,
being- only more porphyritic and less amygdaloTdal. Good greenstone also
occurs.
At the fault in Oddicombe-sands the trap attains greater elevation, forcing
up the shale, and causing it to occupy the top of the cliff. This trap forms
the eastern part of the fault to which the Exeter red conglomerate rises^ as if
also elevated by it.
We here learn that the trap was intruded among, and caused disturbance
in, the shale and carboniferous limestone after the formation of the Exeter
red conglomerate ; for the latter also appears aflected by it. As this conHomerate contains rounded portions of the limestones and shales, the fault presents two distinct, geological epochs ; one, when the limestones and shales
were partially destroyed, aftbrding some of the materials of the conglomerate ;
and another, when the trap was intruded among, and disturbed all these
strata*.
A small portion of trap is also seen among the limestones between Babbacombe and the northern head of Anstis Covef. At the bottom of the cove,
greenstone, traversed by veins of jasper, is observed among the shale situated
between the base of the clilf and the limestones on its summit ; the shales seem
disturbed. The greatest mass of trap on the coast constitutes the Black Head
near Ilsam];. The principal rock is a greenstone, varying much in grain, and
containing iron pyrites ; a very abundant mineral in the trap of this coast. At
the base of this head, a thick, arched stratum of limestone is included in the
trap. This limestone cannot fail to remind the geologist of those situations
where calcareous rocks have become hardened, and rendered more or less
crystalline in contact with trappean rocks. The limestones of Ilsam are
much disturbed, probably from their vicinity to the Black Head trap.
No more trap of any importance is found on the north of Tor Bay, and
little on the south. Saltern Cove near Goodrington, presents another instance
of the limestones and their accompanying shale being altered and disturbed
by this rock, which is very compact, fine-grained, and of a mixed greenish
and chocolate colour. It sometimes has an arenaceous structure and a reddish
tint. Pieces of limestone, much altered, seem in a few instances included in
the trap.
The only remaining trap that I shall here notice, is situated near the high
road between King's Kerswell and Dartmouth, not far distant from the con* No pebbles of greenstone are found in this conglomerate,
t Plate XVIII. fig. 1.
X Plate XVIII. figs. 1. & 2.
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torted limestones before mentioned, and is probably the cause of their present
appearance.
I consider that the whole disturbance of this district, is attributable to the
causes that produced the trap, — causes which probably also occasioned all those
faults and contortions here so common. What the g-eological date of this
event may be, it Avould be difficult to say, as we have no stratified rock restingpeaceably on the trap. That this rock was here intruded after the formation
of Exeter red conglomerate, is probable from reasons before assigned, and I
feel disposed to connect the disturbance of the Tor Bay district with the
catastrophe that elevated the strata in the line of Weymouth and the Isle of

Wight, and caused the contortions and faults so common on the coast; — a
catastrophe perhaps corresponding iii date with that which raised the great
range of the Alps.

VI. — On the Geology of the Environs of Nice, and the Coast thence
to Vintimiglia.
Bv HENRY

THOMAS

DE LA BECHE,

Esq. P.G.S. F.R.S. P.L.S., &c

[Read Nov. 21st, 1828.]

iM ICEj the capital of the county of that name^ stands on the Pag-hon torrent,
on a small plain, bounded on the north by Mont Cao and its ramifications ; on
the south by the Mediterranean ; on the east by the chain of Mont Moron,
Mont Alban, Mont Venagrie, and Mont Gros ; on the west by tertiary hills,
generally fertile, and succeeded beyond the Var by high mountains. The
Castle Hill of Nice rises out of this plain.
The plain and adjacent slopes covered with gardens of peaches, oranges,
lemons, and extensive olive-grounds, contrast strikingly with the rug-ged
mountain summits which stretch from Genoa to Marseilles. This contrast I
have endeavoured to represent in the annexed sketch of a view taken from
Mont Moron*.
M. Verany of Nice has determined, with a barometer of M. Gay Lussac's
construction, the heights of the principal mountains above the level of the
sea; — they are as follows :
English Feet.
M. Cao
2800
M. Moron
542
M. Alban
731
M. Gros
1187
Pacanaia
1 950
I was present when some of these measurements were taken, and suspect
that they rather exceed than fall short of the true height.
The accounts already given of the geology of this neighbourhood are
enumerated in the sketch which M. Risso has prefixed to his Histoire NaturelLe de //Europe Meridionale, which, notwithstanding its title, treats of little
more than the environs of Nice.
The most valuable of these are Faujas St. Pond's paper in the Annates
du Museumf, on the osseous breccias, and the pretended discovery of a
* Plate XXII.

z2

t Tom. x. p. 409.
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copper nail in the limestone ;— and that of Mr. Allan in the Transactions of
the Royal Society of Edinburgh*, to which is added a list of the fossil and
sub-fossil shells by Captain Brown.
Brhche en place.
The most recent deposits of this country present several peculiarities which
claim attention. They assume in general the form of a breccia; but of this
breccia there are two kinds, the one consisting- of deposits on the surface, the
other lodged in fissures and caverns :— they appear to be very much connected.
The fragments included in the surface breccias agree for the most part
with the substance of the rocks immediately beneath ; a few only are rounded,
and appear to have been brought from a distance. Their cement is mostly
calcareous, and varies in hardness and colour with the nature of the substratum ;when it rests on dolomite or light-coloured compact limestone, it is
often so hard as to require blasting : it is sometimes reddish and vesicular, the
vesicles being lined with minute crystals of carbonate of lime : where it rests
on marly or sandy limestones, or on tertiary beds, it is soft, friable, and for
the greater part white.
Most of the breccias in place are derived from the rocks in their immediate
vicinity ; thus resembling many of those deposits in England and France
which clearly show a destruction of the rocks almost in place, as may be well
seen in the accumulation of chalk flints and chert upon the hills near Lyme
Regis and Sidmouth, and is particularly well exhibited in Normandy.

Sub fossil Shells.
Between Villefranche and St. Hospice, the breccia reposes on a loose lightcoloured sand, full of shells, which so nearly resemble those of the Mediterranean, that they have been called sub-fossil : though generally bleached,
there are some which retain traces of their native colours. — Lists of these
shells are published in M. Risso's work, and in the Transactions of the Royal
Society of Edinburghf .
In Villefranche Bay and Beaulieu, this shell bed is covered with whitish
marl, including fragments of calcareous grit : the marl occurs over the whole
tongue of land; and the shell bed is probably beneath il, though not every
where visible.
The shell bed in Villefranche Bay is from ten to twenty feet above the
Mediterranean, shelvin": to the sea level at Beaulieu.
* Vol. viii, p. 427.

f Vol. viii. p. 459.
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At Bausi Raussi Cliff is a breccia containing- pebbles of serpentine as well
as of compact limestone, — the latter are perforated by Lithodomi ; the cement
contains sub-fossil shells^ and the breccia rests on vertical strata of li"htcoloured, compact limestone.
The accompanying section will give a clearer idea of the position of this
breccia at Bausi Raussi than the most elaborate description.

A B level of the sea.

C breccia or conglomerate.

D D D perpendicular

waving strata of compact light-coloured limestone.
Osseous Breccia.
The osseous breccias seem to occur only in fissures and cavities. Of these,
the first I shall notice is situate on the south-east of the Castle Hill, in a cleft
of brecciated dolomite. Tiie north side of this fissure from top to bottom is
bored by Lithodomi, and their shells are still found abundantly in the holes
which are stopped up by the cement. This cliff has in a great measure been
destroyed by quarrying. The bones, here discovered, have been described by
M. Cuvier. The breccia containing them is red, and full of angular fragments of dolomite and light-coloured compact limestone. Beneath this red
breccia is another, the pebbles of which are rounded and of grey blue limestone, and in which no bones have hitherto been discovered.
The blasting which had destroyed so much of this rock, afforded, when I
was at Nice, a very instructive section, pointed out to me by M. Verany. It
would appear that the osseous breccia had extended to a cave, which is now
destroyed ; and there were fissures connected with it also filled with osseous
breccia. One of these on the road to the Port is shown*; the blue pebbles
changing the colour of the breccia to grey, strikingly contrasts with the red
tint of that which is osseous and uppermost.
Here then we may trace four distinct epochs : viz.
1. An open fissure into which the sea entered at a much higher level than
at present, enabling the Lithodomi quietly to bore their holes ;— for
they are of all ages.
* Plate XXIV.

fiff. 2.
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2. The fissure partially filled by rounded, grey-blue pebbles brought from
a distance.
3. The remainder of the fissures filled by broken bones of animals, shells
(marine and terrestrial), and fragments of rocks, mostly, but not solely,
those of the neighbourhood.
4. The rise of the land, or the fall of the sea, to their present relative
tion. is observed also near the town on the side of the harbour,
Osseousposibreccia
and other veins are found in the same hill, not osseous. The osseous breccia
contains several marine shells like those of the present Mediterranean, and

also land shells. — M. Risso has published a list of all these ; and there are
specimens in the cabinet of M. Verany.
M. Verany pointed out to me a large cleft filled with osseous breccia, more
than 500 feet above the sea, on the top of Mont Moron. The cement of this
breccia is red, and the vesicles coated with small crystals of carbonate of
linie; — the fragments are angular, and consist of the same limestone and
dolomite as the main body of the hill.
M. Risso has noticed a similar cleft containing bones on the south side of
the same hill. There is another patch of red osseous breccia at Villefranche,
whether in a fissure or not, can only be ascertained by blasting, which the
authorities would not permit, considering it too near the citadel. In the cement
of this breccia I observed small corals, with as fresh a fracture as recent corals,
and not derivative from the limestone rock.
Another vein, not yet found to be osseous, occurs west of the Panal or lighthouse at the end of Villefranche Bay ; it is very compact; — the cement reddish
above, greyish below; it traverses dolomite, and contains, among other shells,
an inhabitant of the present Mediterranean, viz. the Terebratula emarginata
of M. Risso.

M. Faujas St. Fond found osseous breccia at the Cimiez*. After mentioning that some Englishmen had been searching for medals where the restored
convent now stands, he proceeds : " Les excavations faites pour rechercher
des monumens antiques, ont mis a decouvert, a une des extremites meridionale du pare, la structure de la montagne, et ici comme a Nice, ce sont
des masses enormes du meme calcaire compacte, dont les bancs ont eprouve
de violentes commotions, des ruptures et des ecarts qui en ont derange I'assiette ; le spath calcaire les a ressoudes ensuite, et des filons de trois a quatre
pieds d'epaisseur, qui les coupent transversalement en divers sens, sont remplies de la breche osseuse a ciment rouge, et se prolongent depuis le haut
* Annates du Museum, torn. x. p. 419.
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de la montagne, en decrivant des diagonales qui se joignent ii
et torment diverses ramifications qui atteignent les collines enPerhaps the breccia vein here described is now covered up, at
fortunate enough to find it.

Another vein (not osseous) traverses the light-coloured limestone and dolomite on the east of the lighthouse : it has a reddish cement, contains marine
shells, and is so hard as to protrude beyond the rocks in which it lies, and
which have been removed by the united action of the sea and air.
Similar veins (not osseous) occur in the arenaceous limestones of the
peninsula of St. Hospice : the cement is not red, but generally sandy. One vein
in particular traverses the low hill on which are the remains of the old works
erected by the Saracens. Faujas St. Pond notices tiie breccia on Mont Alban :
it has a red cement like that which envelops the bones at the Chateau de
Nice, but it here envelops fragments of the rocks immediately subjacent. He
thought that the grey breccia of the same mountain lay over the red ; but it
seems to me that the whole belongs to the same epoch, notwithstanding the
difference of colour and the greater or less angularity of the fragments.
Veins occur in the marly, sandy limestones of Beaulieu, the cement of which
is more argillaceous, and the fragments derived apparently from the rocks
which inclose them : similar veins are seen in the hill of marly limestone that
bounds the eastern entrance of the valley of St. Andre^ and its junction with
that of the Paglion.
Other veins of the same nature, one in particular very large, traverse the
arenaceous limestone on the east of Mont Gros, on the road to Genoa ; and
an attentive examination along the coast, or in the interior, would probably
bring to light many more than are here enumerated.
I. Superior or Tertiary Rocks.
These form a considerable tract of country to the west and north-west of
Nice*, and admit of the following division.
1. Sand, sandstone, and conglomerate of rolled pebbles.
2. Blue marl, — shell-marl.
3. Grey marl, calcareous grit, and breccia.

1. Sand, Sandstones , and Conglomerate of rolled pebbles {alluvial gravel
of Allan).
These strata constitute most of the hills on the west and north-west of the
town*, being a part of the tertiary rocks described by M. Risso, as extending
* xMap, Plate XXI.
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from north to south, from between the villaj^es of Levens and La Roquette
near the mouth of the Vesubia to the sea.
They consist of an irregular mixture of sand, sandstone, and conglomerate
composed of rounded pebbles of granite, gneiss, slates of dilferent kinds, red
sandstone, porphyry, compact, grey litnestones, various sandstones, and in fact
of every rock which the Alps can furnish.
The cement is sand or sandstone, composed of more comminuted portions of
the same rocks as the pebbles, with much mica.
The picturesque appearance of the deep valleys that intersect these beds is
well described by Mr. Allan*. "Near the banks of the Var," he observes,
"\ have seen clitfs cut in the gravel of at least 400 feet high, and quite perpendicular. The operations of the various little streams which occupy the
water-courses in wet weather, — for in dry weather there is little or no water
to be seen in them, — are very remarkable : sometimes I have followed them
up, having barely room to squeeze myself through between the perpendicular
walls, and found the cut suddenly terminate in a circular aperture, like a deep
well, into which a little stream precipitated itself. In the Vallon Obscur, the
opening is in some places not more than three or four feet, and the walls rise
to at least one hundred feet on each side, fringed at top with shrubs and trees."
The sand and sandstones alternate with the conglomerates ; they all dip to
the south, except on the flanks of a mountain, as at Mont Cao. They are
undisturbed, though the rocks on which they rest are much contorted.
2. Blue marl {sub-appenine marl-mama

turchina of Brocchi).

Though this marl is generally blue or of a lead colour, yet it is lig'ht brown
near the upper portions ; it is used as brick earth, and abounds in shells, many
of which agree with the recent.
See the lists of M. Rissof and Mr. Allan;};.
M. Risso attributes to this bed the relative position which is here assigned to
it, and cites Dr. Buckland, perhaps erroneously, as considering it the equivalent
of the plastic clay of Paris, which M. Brongniart found at Marseilles : the marl
of that place, however, contains abundance of lignite and fresh-water productions ;that of Nice contains no fresh-water shells, and but little lignite. The
section § will afford an idea of its appearance in the valleys of La Madelaine and
Magnan : it occurs also in the valley de la Mantega, and above the close part
of the Vallee Obscur ; its most common and characteristic fossil is a Natica||.
* See Trans, of Royal Soc. Edin. vol. viii. p. 442.
f Hist. Nat. de I'Europe Merid. vol. i. p. 126.
X Trans. Royal Soc. Edin. vol. viii. p. 455.
§ Plate XXIII. fig. 2.
II This grey marl or clay is observed to alternate, and to be intimately connected with the con.
glomerate at Vintimiglia.
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2 ^. Shell-bed behind La Trinite.
This bed may be considered the equivalent of that last described. Its most
characteristic fossil is a Dentalium : its shells are enumerated by M. Ilisso*,
and are nearly the same as those of the preceding stratum,
3. Grey Marl, Sandstone, and Breccia.
These beds occur at the Fontaine du Temple, probably of Roman construction. The tunnel there is driven tiirough a pyritous marl. On the rouo-h
ground, on the north, is a sandstone (siliceous grains), cemented by calcareous
matter, forming itself the cement of a breccia, the angular fragments of which
vary from hand-specimens to blocks of some hundred weight : they agree in
character with the limestone and dolomite on which they rest. Many of these
blocks are perforated by Lithodomi ; the holes vary in size, and are lined with
calcareous spar, and often contain pieces of shell :— to some blocks also are
attached the lower valves of Spondyli with their fine edges uninjured. The
epoch in which these animals were imbedded must have been one of repose.
The cement contains numerous remains of two or three species of Pecten,
one of them gigantic, several inches in length; oysters; and teeth, perhaps,
of a saurian ; but the specimen of tooth which I found was too mutilated for
accurate determination. The breccia may be traced up the mountain to the
north of the Fontaine with its Lithodomi^ 1017 f English feet above the sea.
Spondyli are also found at the height of 680 feet.
This breccia must not be confounded with that of Bausi Raussi; they
differ not only in geological position, but in the nature of their fossils. Bausi
Raussi is more recent.

—
—
—
—

* The following is a sketch of his list :
" Vaginula, 1 species. — Polystomella, 1. — Robuliiia, 1. — Turbiiuilina, 3. — Bulla, I. — Scaphander, 3.— Bullina, 2
Pyramldella, 2. — Turritella, 1 1. — Natica, 1. — Nacca, 1 — Eulima, 2.
Nerita, 1 -Bolma, 1 Trochus, 2. — Gibbula, 3. — Solanum, 3. — Scalaria, 1 — Cerithium, 4.
Buccinum, 10
Purpura, 1. — Cyclope, I. — Eione, 1. — Planaxis, 3. — Doliura, 1. — Cassis, 3.
Cassidaria, 1
Cancellaria, 3. — Mnrex, 7
Fusus, 6. — Turbinella, 1 — Pyrula, 1 — Otus, 1.
Pleurotoma, 8
Mangelia, 1. — Turbonilla, 2
Rostellaria, 1 — Conus, 4 — Marginella, I.

— Cypraea, 1. — Mitra, 3
Stomatia, 1
Fissurella, 1 — Patella, 1 — Ostrea, 3. — Anomia, 1.
—Pecten, 5.— Lima, 3.— Pinna, 1. — Area, 5
Pectunculus, 7.— Nucula, 1. — Lembulus, 2 —
Cardita, 3.— Cypricardia,
1. — Venericardia,
1. — Tridacna,
1.— Chama,
2. — Cardium, 7 —
Loripes, 1. — Taras, 1.— Tellina, 8.— Capsa, 1.— Cyprina, 1 — CrasDonax, 1.— Lucina, 1
Arctoe, 1.— Venerupis, 1 — Corbula, 4.— Erycina, 1 —
sina, 2.— Cytherea, 3.— Venus, 8
Pandora, 1.— Teredo, 1.— Teredina, 1 — Balanus, 1 —
1.—
Mya,
1
Mactrula,
2.—
Mactra,
Terebratula, 1.— Dentalium, 7.—OfPolypiJers: Turbinolia, 8.— Fungia, 2."
t From barometrical observations made in company with M. Verany.
VOL. 111.
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On reviewing the superior or tertiary rocks^ we seem entitled to assume,
1. A state of repose ; the blocks of the lower breccia being angular -svith the inferior valves of
Spondyli adhering to them, and often perforated by Lithodomi.
2. An epoch still of repose, in which Moliusca abounded, and were enveloped in clay or marl,
3. An epoch of violent disturbance, proved by the nature, size, and roundness of the fragments
in the sandstone and conglomerates.

It is exceedingly difficult to identify any of these tertiary beds with those of
the London and Paris basins. The more minute our divisions, the narrower
must be the area to which they apply.
The conglomerates, the lower beds of which alternate sometimes with clay,
may possibly be referred to some epoch when the Alps were broken up.
They are found on all sides of the chain, and of so great thickness, that the
catastrophe which produced them, must have been felt at considerable distances. In the vicinity of Nice they seem to have sufl'ered little or no disturbance since their deposit. All the tertiary rocks indeed of this neighbourhood rest quietly on the disturbed strata of the secondary :— this is not, however, the case on the Swiss side of the Alps, for there the tertiary rocks are
disturbed with the secondary.
II.

SuPERMEDIAL

OR SECONDARY

RoCKS.

1. Green-Sand Formation.
The series next to be described presents an intimate admixture of siliceous,
argillaceous, and calcareous matter, in proportions which frequently vary: the
whole may be referred, in my opiniorl, (and I am happy to add in the opinion
also of M. Elie de Beaumont and Professor Buckland), to the green-sand
series of England and of Prance. The individual members of it, or at least
the principal, are as follow, commencing with that which usually occupies the
highest place.
Brown micaceous Sandstone, with Marl.
This rock occurs at Menton, and between Cap de la Mortola and Vintimiglia, being at the latter place covered by tertiary conglomerates and grey
marl. The section afforded by ascending the Latte for a short distance, and
mounting towards the Castel d'Appio*, is very instructive. The following is
the descending order beneath the great mass of grey clay-marl there observable.
1. Compact, brown, siliceous sandstone, with Nummulites ; (strata rather thick.)
2. Grey sandstone and marl.
3. Coarse, quartzose sandstone, or fine-grained conglomerate.
* Plate XXIII. fiff. 4.
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4. Brown, siliceous sandstone.
5. Grey marl.
6. Compact, brown, micaceous sandstone.
7. Compact or schistose, siliceous, and micaceous sandstone.

Lignite is observable in these beds near Vintimiglia.
Grey -Blue Limestone ivith Nummulites.
This formation occurs near Cap de la Mortola, where there is the following section.
1 . Grey-blue limestone, with Nummulites ; it forms a thick bed near the village of La Mortola,
and occurs beneath the micaceous, brown sandstones above noticed.
2. Grey marl and micaceous sandstone, containing lignite.
3. Grey, marly limestone, containing Nummulites and Gryphites or Ostrea.
4. Dark. coloured limestone, containing white shells and corals.
5. Thick, grey-blue limestone bed, full of large-bombed Nummulites.
6. White marl.
7. Grey, marly, and arenaceous strata.
8. Compact, light-coloured limestone of Pont St. Louis.

Let it not be supposed that the presence or abundance of Nummuhtes disproves the opinion I have given^ that this series of rocks corresponds with the
green-sand of England. In England, indeed, Nummulites are rare in that
formation; but M. Elie de Beaumont* met with them in the green-sand of
Martigues (Bouches du Rhone) in company with Gryphites, Hippurites, and
Terebratulae. He addsf, " Je citerai aussi une Cucullee (CucuUcea carinata)
dont j'ai retrouve I'analogue dans des couches qui se rapportent incontestablement a la formation du gres ferrugineux et du gres vert a Saint lis, pres Castellane (Basses Alpes), aux Granges de Bellevuc, pres Uchaux (Vaucluse), a
Brousseval, pres Vassy (Haute Marne), et a la cote de S**" Catherine, pres
Rouen : un Trochus, ou Pleurotomaire, et une Melanie ou Phasianelle dont
les analogues existent dans le gres vert en Angleterre et en Normandie, et un
Puseau que M. Desnoyers croit tres voisin de I'un de ceux que M. Miller a
trouve dans le Green-sand des Black Down Hills +."
Nummulites are intimately mixed with Gryphites, in the rock to be next
noticed, at Bausi Raussi and Beaulieu Bays. This connection is important,
as it shows that the rocks No. 1. and No. 2. above enumerated, and those
which follow, do not belong to different systems.

At the bottom of Beaulieu

* M. Bronguiart, M. Cordier, and M. Elie de Beaumont, who had examined the South of
France before I went there, obligingly communicated the information they possessed respecting
it on my return through Paris.
-j- Mem. dc la Soc. Linneetine de Normandie, vol. iii. p. 141.

2a2
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Bay we find a few thick, light-brown and arenaceous beds, containing such
an abundance of small Nummulites, that the rock has sometimes the appearance of being composed of them. They dip, highly inclined, to the E.N.E.,
and rest on thick sandstone strata, which rest on marno-arenaceous limestone
full of Gryphites. The nummulitic beds also contain Pectens and Serpulae.
These beds re-appear in the direction of the strata in Bausi Raussi Bay ;
and their passage into the gryphitic limestone may there be seen, one bed
containing a mixture of Gryphites and Nummulites. The whole is subordinate
to the marno-arenaceous limestone of the vicinity, which both covers and
supports it.

Marno-Arenaceous Limestone.
'
This stratum occurs at St. Hospice, Mont Revel, Mont Gros, &c. &c.
It is very variable in its nature. Sometimes the marly character prevails,
sometimes the arenaceous ; but the whole is so intimately connected, that it
cannot be separated. The colour is generally grey ; it is the 2nd limestone
of Mr. Allan, — the calcaire marneux stratifie or lias of M. RissOj and the
green-sand of M. Elie de Beaumont.
Fossils. — Alcyonic bodies, almost always siliceous.
Large Gri/phaa columba (bisulcata of M. Risso), chalcedoiiified ; central part of
the thickness of the shell frequently calcareous spar.
Small Gryphites, numerouSj chalcedonified.
Echinites.
Pecten.
Nummulites.
Serpula.
Inoceramus sulcatus.
Turrilites.

North side of Mont Gros ; discovered by M. Verany.

Hamites compressus. — M. Risso.
Ammonites. 1 g^^^^^ ^^^^ ^^ Grasse.— M. Martin du Martigues.
Ustrea carmata. J

A cretaceous bed in a valley marked on a lithographic map of the environs
of Nice, as the valley of St. Pons, contains black, cherty flints : this bed supports the tertiary conglomerates which are stratified horizontally. Good sections of the marno-arenaceous limestone are seen at the Peninsula of St.
Hospice, Mont Revel, Mont Gros, Valley of Falicon, Valley of St. Andre,
and the neighbourhood of La Trinite.
Light-coloured Limestone with green grains.
This limestone occupies in general the lower part of the formation, though
it is sometimes interstratified with the marno-arenaceous limestone, described
above.
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Fossils. — Belemnites, very abundant.
Ammonites.
Nautili.
Pectens.

Mr. Allan compares this bed to the Mulatto limestone of
erroneously supposes it to be adventitious, extremely irregular,
extent : it is by no means rare, and occurs regularly in its place.
near the Port of Nice, Col de Villefranche, eastern flank of
Peninsula of St. Hospice, Bausi Raussi Bay, Mont Revel, Mont
of Falicon, &c.

Antrim ; but
and of small
Localities, —
Mont Alban,
Gros, Valley

M. Risso justly considers the light-coloured limestone with green grains,
and the gryphitic and nummulitic beds to be the equivalents of the green-sand
of England; but, inverting the order in which they really occur, he places tiie
marno-arenaceous limestone beneath the green beds, and the light-coloured
limestone and dolomite, and supposes it to be the equivalent of lias. The true
order of superposition is, however, very apparent when examined with care.
The rocks above enumerated as members of the green-sand formation, are
everywhere disturbed and contorted : so much so in some places, that they
might easily induce an unguarded observer to suppose them inferior to the
compact light-coloured limestones and dolomite, upon which they are in reality
incumbent. Striking instances of these disturbances are observable between St.
Hospice, Bausi Raussi, and Villefranche; for example, in the Valley of Falicon,
near La Trinite, and on the road from Nice to Menton and Vintimiglia.
These beds appear to have been once more extensively distributed than at
present. A detached portion of them occurs near the Col de Villefranche, not
far from the little chapel :— other patches also occur on Mont Alban, the east
side of the valley of St. Andre, and on the road between Nice and Menton.
The plastic clay with lignite, which M. Risso describes on the southern side
of the Castalets, is improperly so called ; it is an outlier of the green-sand
formation.

At the Col de Villefranche this green-sand formation seems to pass into the
light-coloured limestones beneath it ; for green-grained beds seem included in
the upper beds of the latter: this appearance is not, however, common. The
following sections will show the manner in which these rocks usually come in
contact, — order ascending.
1. Dolomite.

a. Peninsula of St. Hospice.

and S.S.E.
2. Compact, llght.coloured limestone ; beds nearly vertical ; direction N.N. W.
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3. Green-grained beds full of Belemnites, Ammonites, Nautili, Pcctens.
4. Grey marl.
5. Grey, arenaceous limestones, containing large Gryphiiea colutnba^ chalcedonified strata
nearly vertical.
6. Grey limestones, more arenaceous, containing small siliceous Gryphites, (dip becoming
less highly inclined.)
7. Brown, calcareous gritstone.
8. Brown and grey arenaceous beds, containing numerous alcyonic remains mostly siliceous,
Echinites, Pectens, Terebratulse.

b. Mont Revel.
1. Dolomite.
2. Compact, light-coloured limestone, dip small, E.N.E.
3. Green-grained beds, containing Belemnites, Ammonites, Nautili.
4. Grey marl of considerable thickness, containing a few beds of marly limestone.
5. Grey, arenaceous limestone, mixed with a little marl.
6. Arenaceous beds, containing siliceous alcyonic bodies — dip N.E. highly inclined.

2. Light-coloured Limestone and Dolomite.
Limestone of Mr. Allan.
These rocks are so intimately connected as to constitute only parts of one
formation. They are the base of all the country near Nice, and form the
mass of Mont Cao and Pacanaia ; the former, according to M. Verany's
observations, is 2800, and the latter 1950 feet above the sea.
a. Limestone.
De Saussure first noticed the resemblance of this to the limestone which
occurs at the base of the Saleve near Geneva*. It is light-coloured, very
compact, and sometimes veined with calcareous spar, and sometimes, though
rarely, with cherty flint; the strata are two, three, or four feet in thickness,
and generally well defined.
At Turbiglia it suppHes crushing-stones for the olive mills. Near the same
place it was quarried by the ancients to build the tower or trophy of Augustus,
whence the town derived its ancient, and, by corruption, its modern name.
The quarries there are nearly in the state now in which they were left by
the Romans.
h. Dolomite {Saccharine Limestone of Fanjas St. Fond, Allan, and Risso).
The dolomite when most crystalline is white ; the other varieties present
* Voyage dans les Alpes, vol. iii.
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various shades of grey or light brown : the stratification is indistinct, sometimes imperceptible.
Fossil remains are exceedingly rare, as has been observed by Mr. Allan, in
both these rocks. He mentions an Ammonite, an Echinus, a Pecten, and Corals :

the latter are in great abundance near the light-house at St. Hospice. Perhaps
the Echinus may have been an Encrinus, as there is little difference in the fracture of these fossils. The rest of the organic remains which he enumerates
belong, I believe, to the green-sand formation. In the limestone now under
consideration, I have observed only, here and there, a solitary Terebratula.
,

Gypsum.

To the same formation I am disposed to refer the gypsum found along the
southern slope of the Cimiez ; for its apparent continuation at the base of the
Venagrie is included in the dolomite and light-coloured limestone, as is also
the gypsum of the Requiez. It is of various shades of grey and red, generally more or less crystalline, with little coherence, and rather massive than
stratified.
There would not appear to be any regular order in which the dolomite and
limestone are disposed; they are so singularly mixed, that it is impossible to
calculate upon the occurrence of dolomite in any particular part of the series :
when the latter is very crystalline and stratification has ceased, it has sometimes even the appearance of an intruded mass.
I agree with M. Brongniart in considering these beds of limestone, dolomite, and gypsum, the representatives of the Jura limestone, which occurs
extensively along the western side of the Alps, from Geneva to the Mediterranean. That the compact limestone near Nice closely resembles that of the
Saleve has been already noticed, and the Saleve limestone is usually considered
synonymous with the oolite range of England.
These limestones, dolomites, and gypsums, are so intimately associated, that
no rational classification can disconnect them. In this respect they agree
entirely with those great ranges of rock which traverse the Tyrol, Carinthia,
Stiria, and the North of Italy, and probably Dalmatia, as described by Von
Buch, Marasciiini, and Fortis. Von Buch's theory of the change of common
limestone into dolomite, by the escape of magnesia from the subjacent
pyroxenic rocks, and of the disturbance of the strata wherever this change
has taken place by the protrusion of pyroxenic porpliyry and trap, if true hi
regard to the Tyrolese rocks, may be applicable to the maritime Alps.
In the immediate neighbourhood of Nice, it is true, no trap rocks have as
yet been discovered, though there is no want either of trap or porphyry among
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the rolled pebbles of the tertiary conglomerates. Greenstone rocks^ &c. occur
abundantly in the mountains of St. Tropez, and at the Estrelles the black
trap rocks intersect the red quartzose porphyries, as, according to M. Von
Buch they do in the Tyrol.
The highly inclined position, and the frequent and violent contortions of
the dolomite and its accompaniments near Nice, and of the green-sand formation bywhich it is covered, connect these rocks still more closely with the
Tyrolese and those of Switzerland. I agree with M. Von Buch in ascribing
these phaenomena to the upheaving of the Alps by igneous rocks. The presence of dolomite and even gypsum is, taken singly, characteristic of no formation. Magnesian limestone, if not actually crystalline dolomite, is well known
in carboniferous limestone ; both dolomite and gypsum are also well known in
the zechstein or Alpine limestone, and crystalline dolomite occurs at Feigenstein* near Nassareith. Dolomite and gypsum are met with in the muschelkalk of Toulon f ; and the lower parts of that rock are magnesian also in the
Vosges ;j;. Dolomite and gypsum occur in the lias or lower members of the oolite
beds in the south-west of France§; there is no reason, therefore, why the
occurrence of these substances in the neighbourhood of Nice, should make it
at all improbable that the formation to which they belong is, as I have represented, the Jura or oolite formation.
There appears to be not unfrequently an intimate, and as yet unexplained,
affinity between gypsum and dolomite. Some rhombic crystals, which M.
Verany discovered in great abundance in the gypsum at Sospello, M. Cordier,
to whom I gave them for examination, reports to be carbonate of magnesia
or dolomite, which, he adds, is found under another form in the gypsum of
the Tyrol. On the other hand, rocks which contain magnesian strata often
afford gypsum — as the zechstein, the new red sandstone, the muschelkalk,
the keuper, and the Jura beds.
In a former communication to the Society, I pointed out the marked
changes which rocks sometimes undergo within the range of a few miles.
The changes here observed are much greater, as the range is more extensive.
Near the extremity of the peninsula of St. Hospice, included among the dolomitic, are some beds of common limestone, which contain Encrinites, traces of
coral, and particularly a Favosites, to which M. Risso has given the specific
title democraticus.
These beds, with the dolomite adjacent, he considers the
* Von Buch:
t Von Buch.

Leltre a M. de Humboldt, p. 16. Plate II. fig. 9.
He was the first to notice it.

J Elie de Beaumont.
§ Dufrenoy, Ann. des Mines 1827, vol. ii. p. 345.
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equivalent of coral-rag. To assign equivalents for beds which we have never
seen, and which Ave know only by description and very imperfectly, is a
practice highly reprehensible, and tends to nothing but confusion.
The very great importance frequently attached to hand-specimens is injurious to the progress of geology. It leads those who are unaccustomed to
examine the development of the same formation in different and distant
countries, to believe, tliat a similarity of external mineralogical character is
necessary to establish its geological identity. That this is not true in regard
to the dark clay of London, and the light coarse limestone of the Paris basin,
is well known ; yet many geologists are not so completely sensible of the little
value of mineralogical character under such circumstances, as to find, without
surprise, that beds of gypsum and dolomite are members of the oolite formations. They, however, have every appearance of being so in the neighbourhood of Nice ; and the anomalies which the green-sand formation present to
us in the same neighbourhood, afford another practical lesson, that a minute
attention to mineralogical distinctions, and an accurate examination of handspecimens are, on many occasions, even worse than useless, and tend rather
to mislead the geologist than to instruct him.
Additional Note, August 5, 1829. — Since the above was written, much
additional information, derived more particularly from my friend M. Elie de
Beaumont, would seem to render it probable that the Nice light-coloured
limestones and dolomite, either constitute the lower part of the great greensand formation, or the upper part of the oolite system. Prom an extensive
series of observations, M. Elie de Beaumont is led to consider the nummulitic
beds of the Alps as intimately connected with the light-coloured limestones of
Nice, of Provence, of La Fontaine de Vaucluse, of Mont Ventoux, of the
departments of the Drome, the Isere, &c. ; the nummulite-rocks at the same
time being connected with the well characterized deposits of Brian^onnet
(Basses Alpes), of Villard de Lans (Isere), of the mountains of tiie Grande
Chartreuse, of Mont du Chat, of the high longitudinal valleys of the Jura, of
the Perte du Rhone, of Thonne, and of La Montagne des Pis. Whatever
may be the age eventually given to the Nice limestones, it would appear from
the observations above noticed, and others, which it would be out of place
here to detail, that the nummulite-beds of the same neighbourhood belong to
the green-sand formation, and not, as might be supposed, from a partial examination ofthe Alpine nummulite-rocks, to any tertiary deposit.
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riAVING occasion to visit the neighbourhood of Nice in the spring of 1826,
I am gratified to bear testimony to the accuracy of the description of that
district given by Mr. De laBeche in the preceding paper, and beg to subjoin a
few observations which I made in company with M. Risso along nearly fifty miles
of the high road that runs north-east from Nice towards the Col di Tendi.
The hill, one mile south of the village of Scarena and twelve miles northeast of Nice, affords a section of the green-sand formation, the details of
which I noted on the spot, and which coincide with those given by Mr. De
la Beche in other localities nearer to Nice. The mass of the stratum is a blue
and grey marlstone, like the chalk-marl or firestone of England; through this
are dispersed, subordinately, beds of a coarse and gritty limestone, with large
calcareous masses containing green earth, and nodules of chert and of coarse
jasper resembling the chert and jasper of the green-sand formation at Lyme
and Sidmouth. The beds near Scarena abound with Nummulites, Turrilites,
Ammonites, and the usual shells of the English green-sand formation. All these
characters, however, disappear in the compact grey limestone, which both
covers and lies beneath the well defined beds of green-sand; and it deserves
investigation, whether the superior compact limestone is a modified condition
of chalk, or an equivalent to the sandy and argillaceous deposits that make up
the great bulk of the green-sand formation of England; the study of its fossils
will hereafter probably be decisive of this question.
On the road from Scarena to Sospello, at a spot called Rocca Tagliata, the
Mountain of Braus exhibits strata almost entirely composed of grains of green
earth, and loaded with Ammonites, Belemnites, and Nummulites. Three distinct and thick beds of this green-sand alternate with beds of blue marl and
of blue limestone : all these dip inwards to the centre of the mountain, and
are covered by a vast thickness of compact limestone ; they again emerge from
2b 2
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beneath this limestone a few miles further north along the road, and mark at
each of these places the outcrop of the decided green-sand beds, dipping as if
to a common centre in the interior of the mountain.
Descending from the northern outcrop of this green-sand towards Sospello
and the Col di Tendi, we find, in a regular descending order, the followingseries of rocks: — 1. Green-sand; 2. Jura, oolitic, or younger Alpine limestone; 3. Lias; 4. Red marl; 5. Older Alpine limestone, strongly dolomitic,
and abounding in rauchvvacke, and mixed with enormous beds of gypsum.
Nearly the same order of succession is repeated in the calcareous mountain
called Brois, between Sospello and Breglio; but I saw no green-sand near
the road over this mountain.
The descent from Brois towards Breglio, affords a section of at least 1500
feet in the new red sandstone formation, in which we have the same association ofmasses of gypsum, with various forms of yellow, red, and saccharine
dolomite, of rauchvvacke, and zechstein, that characterize the older Al])ine limestone, and the new red sandstone formation in the Alps, as well as in Germany
and England, Following this section still further towards the primitive chain
of Col di Tendi, we find the valley of the Iloya exposing various beds of the
new red sandstone formation from Breglio to Saorgio : near this latter place
they become more loaded with pebbles, approaching the character of the new
red conglomerate or rothe-todte-liegende ; and three miles further north, at the
village of II Fontana, we have the junction of this conglomerate with coarse
red micaceous beds of grauwacke slate.
Beyond Fontana, it may be seen by M. Risso's map of the maritime Alps*
that only transition and primitive rocks appear along the whole road to the Col
di Tendi.
These sections afford an important sequel to the information which Mr. De la
Beche has given respecting the limestone in the immediate vicinity of Nice,
and supply details of the strata in the lower regions of this great calcareous
deposit, which show them to be the regular continuation, in a descendingseries, of the same component members of the new red sandstone formation
and older Alpine limestone, which in my paper on the Alpsf, I have stated to
maintain a general harmony and uniform order of succession in the Alps of
Switzerland and the Tyrol, as well as in Germany and England.
This conclusion is corroborated by the following opinion of M. Risso.
He says;];, ''I consider as the most ancient formation of the secondary epoch,
the alpine calk or magnesian limestone, compact, sparkling, of a dark blue
* Hist. Nat. de VEurope. Mericlio7i(ile, vol. i.
X Vol. i, p. 82.
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colour, but giving rise to many springs^ ordinarily containing no fossils,
but presenting sometimes in its superior beds very ancient fossils; — it is
accompanied by rauchvvacke ; contains sometimes fetid limestone, and is
found frequently intermixed with gypsum ; its total thickness may be reckoned
at 1500 feet."
M. Risso also informed me, that near the source of the Var this same elder
Alpine limestone contains gypsum, associated with sulphur and salt sprino-s.
I did not examine the gypsum of Vinagrie and Requiez, on the east of
Nice, which Mr. De la Beche considers as connected with the Jura or
younger Alpine limestone ; and, at the gypsum quarry of Cimiez, a little north
of the town, I could find no decisive junction. But 1 think it remains to be
determined, by the analogies of other districts, whether the gypsum at these
three localities is protruded to the surface by the elevations and contortions that
occur in this neighbourhood, and occupies the usual place of gypsum below
the Jurassic and in connection with the elder Alpine limestone; or, whether
it ofiers the novel phenomenon of massive gypsum, coeval with the Jura or
younger Alpine limestone, a formation in which, thin beds of fibrous gypsum,
and selenites dispersed through beds of clay, are the only forms of sulphate
of lime which have, till lately, been noticed. The recent observations of IM.
Brongniart, M. Dufrenoy, and M. Elie de Beaumont, in the South-east and
South of France, favour the opinion of Mr. De la Beche, that the gypsum at
Nice belongs to the Jura limestone formation. It may, however, be stated,
that Mr. De la Beche's section *, is not inconsistent with the other hypothesis :
for the dip of the Castle Rock is towards and beneath the gypsum of Cimiez ;
and if this Castle Rock be referred to the dolomite of the new red sandstone
formation, it will occupy its usual place subjacent to the gypsum. It may be
observed still further, that should the Castle Rock belong to the Jura limestone, its dip towards the gypsum of Cimiez may still be explained, by imagining afault to cross the plain of Nice between Cimiez and the castle.
The usual association of the members of the new red sandstone formation
may be seen also in the South-east of France, along nearly the whole line of
road from Toulon to Frejus and the base of the Estrelles. From beneath the
mountains of limestone that stretch north-east from Toulon, the new red
sandstone emerges, and presents nearly all the ordinary associations of red
marl and red sand, with gypsum, granular dolomite, rauchwacke, and red conglomerate, which are so familiar to us in Central Germany. Near the base
of the Estrelles, this conglomerate is loaded with pebbles of reddish porphyry,
derivative from these mountains, and much resembling the porphyritic pebbles
* Plate 23. fis. 1.
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of the red conglomerate at Exeter, and of the rothe-todte-liegende at the base
of the Hartz.
Mr. De la Beche has pointed out, in the neighbourhood of Nice, details
which confirm the statement made in my paper on the Alps above alluded to ;
namely, that limestones of all formations occasionally become dolomitic, and that
the occasional presence of dolomite will of itself enable us to infer nothing as
to the age of the strata in which it may occur. Still I think it will be found
that in formations more recent than the new red sandstone, it assumes only an
accidental place and subordinate character amongst beds whose greater mass
still retains the condition of common carbonate of lime; whilst, in the new red
sandstone formation, the calcareous beds are almost exclusively dolomitic, and
the dolomite is of a most strongly marked and decided character. Moreover,
I cannot entirely acquiesce with him in the theory of M. Von Buch, which
attributes the origin of the magnesia in the great dolomitic mountains of the
Tyrol and other localities to the agency of subjacent pyroxenic rocks. I have
long been aware that at their point of contact with beds and dykes of trap,
limestones of all ages are occasionally impregnated with magnesia, and
become dolomitic to a small distance only from the pyroxenic rocks : but I
see no reason from hence to argue that strata of many hundred feet in thickness, and at the distance of many miles from any known pyroxenic rocks,
have derived their magnesia from subjacent igneous rocks, where we have no
proof of their existence. Nor do I see how, on this hypothesis, we could ever
find strata of carbonate of lime alternating with beds of dolomite; for, how
in cases of such alternations could the superior beds have derived their magnesia from beneath, without the inferior calcareous beds also being equally,
or in a greater degree, converted into dolomite? and yet examples of these
alternations occur abundantly in all formations, and present an objection
which it behoves the supporters of the theory of Von Buch upon this subject
to explain.

IX.— Ow the Geology of a Portion of Bundelcund, Boghelcund, and the
Districts of Saugor and Jubulpore.

By captain

JAMES

FRANKLIN,
F.G.S. F.R.S.

of the bengal army.

[Read June 20th, 1828.]

Having had an opportunity of examining the geological features of a portion of the provinces of Bundelcund and Boghelcund, and of the districts of
Saugor and Jubulpore, I have the honour to submit the result of my observations, together with a map and section, to the Geological Society of London :
and I beg more particularly to offer to their attention the limestone formation
which is found on the summit of the second range of hills, as it appears to
correspond in every particular with the lias of England ; nor am I aware that
this formation has heretofore been shown to exist in India.
The tract which has fallen under my observation, is a portion of the lowest
northern steps of the Viridaya mountains. The ranges of hills have separate
names, which serve for local distinction ; but, viewed as parts of the general
geology of India, they all merge in the common denomination of the great
zone which they contribute to form.
I commenced my route at Mirzapore, a place of considerable traffic on the
river Ganges, and ascended the first range of hills at the pass of Tara. The
tract between these two places is not very interesting in a geological point of
view, being composed of alluvium reposing upon beds of "canker," or intimately intermixed therewith ; and, near the hills, it has been found, from the
excavation of wells, to rest on sandstone.
The first range of hills is composed of sandstone, horizontally stratified,
and consisting of fine grains of quartz cemented by clay, which is more or
less coloured by red oxyd of iron. The sandstone is saliferous, as is evident
from the plains below being saturated with salt ; and there are, I understand,
salt-works on the banks of the Tonse river. In many parts it has sufficient
cohesion for architectural purposes, to which it is applied ; and it is likewise
quarried for pavement slabs, hand-millstones, &c. : in every point of view.
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indeed, it appears to correspond with the central portion of the new red sandstone of England.
From the crest of the Tara Pass to the foot of the second range of hills
near Kuttra, the whole tract is a platform varying from a perfect level only by
occasional protrusions of the rock above the surface ; and it increases in
elevation in a south-west direction. In the part where I passed, except immediately on the crest of the hill, the platform is covered with "^ canker/'
either intermixed with the alluvium, or in beds, as in the Scroti river near
Buroundu, where it reposes on sandstone. This part of the range is not rich
in minerals or metals; but another portion of it is remarkable for containing
the diamond mines of Punnah, and the extensive iron mines of Kutola.
I ascended the second range of hills at the pass of Kuttra, and found near
the top of it a thin stratum of red clay and sandstone, interstratified in thin
laminaB, and surmounted at the summit by friable and variegated sandstone.
These beds resembled the red marl of England, and they reposed on a friable
slaty marl, which was also in thin laminaB, and coloured by chlorite. The
slaty marl rested upon massive beds of a rock horizontally stratified, and resembling grauwacke.
The summit of the second range is a platform like the former, and varies
from a perfect level only by the same description of undulation. In order to
examine its composition, I visited all the water-falls between the Kuttra Pass
and the Tonse river.
The first of these cataracts is near the village of Billohi, about twelve miles
west of the pass of Kuttra. The fall of water is 398 feet, and the escarpment
nearly perpendicular. At the bottom I found fragments of chlorite-slate ; but
the lowest bed in situ was a thin stratum of fine argillaceous sandstone,
tinged deeply by red oxyd of iron, and containing mica disseminated in small
particles. Upon it reposed a bed of siliceous sandstone. These strata were
compact and hard. They were covered by a thick bed of variegated sandstone which continued to the surface.
From the cataract of Billohi, I proceeded to that of Bowttee, ten miles further
west. This is a stupendous chasm, and highly picturesque, not so much from
the fall of water, which is 400 feet, as from the extent of the cirque, the perpendicular height of which is 420 feet. At the bottom was a greenish white,
arenaceous sandstone, not quite so compact as that of Billohi, though perhaps
a continuation of the same ; and upon it, commencing at the depth of 300 feet
below the surface, was a variegated or mottled stratum ; to this succeeded
another of red, purple, or salmon-colour, which extended to the surface.
The cataract of Kewti, twenty-four miles west from Bowttee. and those of
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Cachye and the Tonse river, present the same varieties of sandstone as occur
at the falls of Bowttee.

From the cataract of the Tonse river, I proceeded by Birsingpore, Hathee,
Sohawel, and Nagound, to Lohargaon, and met with no rock but sandstone,
sometimes ferruginous, and sometimes slaty with mica, until I arrived at
Hathee, where it changed to argillaceous limestone.
At Birsingpore, in the bed of a small river which runs near the town, was
a stratum of red marl or sandstone, containing laminas of calcareous spar
distinctly interstratified. At Sohawel, red marl underlay the limestone above
mentioned. At Nagound, in the bed of the Omeron river, the lower and
central portions of the limestone were exposed to view, and contained fragments of fossil wood, stems of fern, and the gryphite shell which is peculiar
to this formation. At Murhur, near the tank of the old village, it reposed on
red marl in conformable stratification ; and at Lohargaon, the wells of the
cantonments exhibited its upper or marly beds reposing upon grey limestone.
From Lohargaon 1 proceeded to Saugor. The first part of the route, or to
the bed of the Cane river near Tigra, exhibited, alternately, limestone lowlands and sandstone hillocks. In the bed of the river itself was red marl and
sandstone. From that locality the same alternation extended to Hutta, where
the limestone reposed on red marl in the banks of the Sonar river. The same
order of superposition occurred at Nursinghagarh, in a small ravine north of
the Fort ; but there the marl was tinged by green earth or chlorite. At
Pureriah the limestone was exhibited in contact with trap rocks, and was
thereby changed both in appearance and nature. Those portions which contained most silex were converted into chert; and, in some specimens, one half
consisted of chert, and the other half retained the property of effervescing
with acid.
The aspect of this limestone is dull and earthy ; its stratification horizontal,
or nearly so, and always conformable to that of the red marl on which it reposes;— its lower beds are tiiin and separated by argillaceous partings, and,
for the greater part, sufficiently compact for lithographic purposes ;— its middle
beds are massive, usually of a dark smoke-grey colour, always exhale a strong
argillaceous odour when breathed upon, and contain fragments of petrified
wood, the stems of ferns, and a gryphite*. This variety burns into a strong
lime, which has the property of hardening under water.
The yellow variety
* It is very much to be regretted that no specimens of the fossils above mentioned reached the
Society. The rock specimens have certainly all the characters of iias; and some of them can
hardly be distinguished from the white lias of Bath, and a variety of lias-conglomerate from the
neighbourhood of Shepton Mallet. — W.J.B.
VOL. III.
SECOND SERIES.
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is always compact, usually dendritic, and presents frequently on its surface
irregularities which represent the interlacings of ivy.
This limestone extends over the platform of the second range of hills, and
covers it with a tiiin stratum, the continuity of which is interrupted only by
the occasional protrusion of the red marl or sandstone on which it rejjoses.
After passing- the town of Pureriah, I came upon the overlying rocks which
I designate by the general term of trap. The hills on the left of the road are
composed of these rocks, and after ascending the pass of Pureriah I met
with no other descrijjtion of rock between it and Saugor.
The upper part of the trap of Pureriah, like that of Saugor, is generally
composed of boulders imbedded in friable wacke, and vary in size from that
of an eg*f^ to that of a large bomb-shell. They are formed of concentric layers,
which are sometimes very thin and often numerous.
Under the stratum of boulders, which occupies the highest parts, is a bed
of indurated wacke lliat passes into basalt, and is occasionally vesicular.
Beneath it is a stratum of earthy limestone.
I have termed this rock earthy limestone, because I know not what other
name to give it. Its principal component is carbonate of lime; and next to
that is alumine; it also contains silex, and, when this earth abounds, the rock
is converted into chert; on the other hand, when ferruginous clay abounds,
it passes into jasper. It occasionally assumes the texture of highly indurated
clay, and sometimes, though very rarely, the hardness of clinkstone, but,
generally speaking, it is friable. On the borders of the trap where it is always
found, if the trap reposes on sandstone, it contains nodules of sandstone imbedded in it.
Below the limestone is a stratum of amygdaloid, containing calcareous spar
and occasionally zeolites. Sometimes it resembles the toadstone of England ;
and it has been ascertained, by the excavation of wells, that it reposes on sandstone at Saugor. I have not met with it in situ in any other part, except
some indistinct vestiges near lysinghanugur.
From Saugor I proceeded southward by lysinghanugur to Tendukaira,
and met with no rock except trap, which contained abundance of chalcedony,
semi-opal, mealy zeolite, cacholong, agates, jaspers, and heliotrope, until I
descended the range of hills which forms the northern barrier of the valley of
the Nermada river.
This great valley is favourable for throwing light on the primitive rocks of
the central chain, as the overlying beds appear to have been removed, and
the older strata exposed to view. The whole mass of overlying rocks which
had been previously passed, reposes on red marl or sandstone ; as is apparent
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in the bed of the Barama river, about one mile north-east of Tendukaira, and
all along- the foot of the hills in that direction.
Its associate, the earthy limestone, here becomes a friable rock ; but its
property of effervescing with acid is not destroyed, except in a few instances,
where it becomes highly indurated; and in such cases I presume it contains
felspar. It fuses readily with a moderate heat, and operates as a flux when
mixed with clay : it contains likewise fragments of sandstone, which are more
or less changed by its contact.
After descending the hills, and advancing- about three miles into the valley
of the Nermada river, a new field opens. The older rocks are laid bare ; but,
instead of exhibiting horizontal stratification, they are highly inclined, sometimes perpendicular, and altogether unconformable to those which I had previously passed. I shall not here mention the iron mines of Tendukaira,
because a satisfactory account of them would swell this paper too much ; but
I will observe one circumstance. The conical hill about one mile and a half
westward of Tendukaira, is composed of trap, and its summit was once
crowned with a cluster of basaltic columns ; but some powerful operation of
nature has dislocated them.
From Tendukaira I made a detour to Garha Kota, and my route thither
enabled me to lay down the eastern boundary of the trap formation. A reference to the map* will explain the result of this part of my route. I found the
trap always in intimate association with earthy limestone, and the whole series
reposing on red marl or sandstone.
From Garha Kota I returned to Great Deori, and proceeded across the
Bandain hills to Jubulpore.
After quitting- Deori, trap prevailed for about three miles, and then commenced the sandstone of the Bandain hills, which continued uninterruptedly
until I descended the escarpment of these hills, and ag-ain entered the valley
of the Normada river.
The sandstone of the Bandain Hills is mottled red and white ; its stratification is horizontal, as far as the eye can judge: and it appears to be correspondent with the hunter sandstein of Werner, and consequently with the
new red sandstone of England. The same hills are composed of sandstone
opposite to Nagound, Lohargaon, Tigra, and Gurreah or Ghysabad ; and
there can be no doubt that the whole is a mass of sandstone.
After proceeding about three miles into the valley, I came upon the ridg-e
of the Kymur rang-e of hills, which in this part is composed of quartz rock
varying to siliceous grit, and its strata are nearly ])erpendicular; but to the
* Plate XXV.
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south-west of this point, near Hirapore, the rock is compact ; and still further
west, opposite Googri, it is intermixed with clay-slate and schistose limestone,
which last contains mica, and perhaps serpentine.
Between this range and Jubulpore is a broad valley, covered by a thick
stratum of alluvium, which required more minute investigation than my
hurried route enabled me to bestow.
The town of Jubulpore is situated at the foot of a range of hills consisting
of syenitic granite. The composition of the rock is flesh-coloured felspar,
smoky quartz, black mica, and hornblende. I have traced the formation for
thirty miles, in which distance it dips beneath, and rises above the surface
several times, and becomes well-defined granite.
Every rock connected commonly with granite, is to be found in this neighbourho—d : gneiss, containing hornblende and partially decomposed, appears
in the bed of the Normada river at Tilwara Ghat: gneiss, resembling micaschist at Rammegur, and along the low range of hills which extends thence
towards Lamaita: hornblende-schist in the hills between Bhowra and Parneri;
and talcose and argillaceous schists between Bhowra and Murroud. In the
bed of the river between Lamaita and Beragurh, a series of strata are exposed
to view which exhibit a regular gradation from gneiss to roofing-slate, massive
schist, schistose limestone, quartz rock, and beautifully snow-white dolomite.
The last rock, which appears near the water-fall, varies considerably in its
characters in different localities. A few miles further west, near the village
of Bograi, it effervesces freely, contains crystals of tremolite, and is so friable
that it almost crumbles beneath the fingers. At Beragurh it is intimately
associated with quartz ; and the snow-white variety which resembles alabaster
seems to be an aggregate of dolomite and pure quartz. This variety scarcely
effervesces without being pulverized ; but it takes a fine polish, and is quarried
for various purposes. It is traversed in many parts by layers of chlorite
schist.
The gneiss, which forms the extremity of the series mentioned above, contains but little felspar. One of the beds is contorted, friable, and of a greenish
colour, from a mixture of epidote. The stratum which succeeds to it is also
greenish, and contains small garnets and crystals of actinolite ; but it is chiefly
remarkable for being penetrated by numerous greenstone veins and nodules,
which do not occur in either of the adjoining strata. The greenstone has a
large granular structure, and the nodules inclose garnets.
The beds which follow these strata graduate into fine grauwacke, or micaceo-argillaceous schist of a soft and silky texture, still, however, preserving
the green tinge.

Upon them reposes a stratum of roofing-slate, and its super-
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incumbent associate is massive schist. The slate might be used for architectural purposes, though not particularly fine. Its colour is dark lead, approaching toblack. After the slates follow the schistose limestone, quartz rock,
and dolomite. The former limestone, as well as the latter, contains mao-nesia'
From Jubulpore I returned to Tendukaira by another route, alon"- the
metalliferous range which it was my business to examine : but I shall refrain
from giving- any account of its mines, for the same reason which I have
alleged in my description of Tendukaira. I must also defer sendin"- a map
of this portion^ which 1 have constructed on a large scale, in order to show the
position of the mines, until a future opportunity. In the mean time I may
observe, that a part of the southern barrier of the valley of the Nermada river
is composed like its northern opposite Tendukaira, Sermon, &c. of trap
rocks, the contour of which I have laid down to the extent of eighty miles •
and I trust that a future opportunity will enable me to complete the whole.
The result of my inquiries respecting- this eastern deposit of overlying- rocks
is, that it extends southward as far as Chuparah, and thence eastward towards
Mandela, Omercuntuc, and Sohagpore ; but whether it unites with the great
central mass, I could not learn. It is somewhat harder than the trap of Saugor^
but does not essentially differ from it in character, though it differs g-reatly in
its substratum, which is here granite or gneiss.
In the re-entering angles of the trap-hills, the occasional appearance of the
primitive formations may be traced ; and, in a cluster of such hills, about one
mile south of Bograi, the rock is composed of mica, quartz, compact felspar,
and chlorite, intimately intermixed in fine grains, and is somewhat friable.
In the same hills also occurs a conglomerate composed of rounded pebbles of
primary rocks ; but it contains no fragments of greenstone or basalt^ although
the hills in question are nearly surrounded by trap.
After passing- Bograi the valley expanded, and was covered by a thick
deposit of alluvium, through which the dolomite occasionally cropped-out for
a short distance ; but, with these exceptions, no rocks appeared above the surface until I arrived at Keerpani, where the hills were composed of stratified
quartz rock, sometimes granular, but more frequently compact, and containing felspar. The strata were highly inclined, and sometimes perpendicular;
and there was no rock, except quartz, between Keerpani and the sandstone hills
of Arrijerro, which are on the boundary of the sandstone and trap formations
of the Saugor district.
To this enumeration of rocks may be added a very curious calcareous conglomerate, which is found in the bed of rivers whose source or whose channel
is in trap districts.
I have observed it in the bed of the Sonar river, north of
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Reilli, and in other places : it occurs also plentifully in the Nermada river in
various parts; but the largest mass 1 have seen of it is near the Janni Ghat,
It is composed of rounded fragments of vvacke, basalt, sandstone, and occasionally of other rocks, varying from the size of a pea to that of an ordinary
o-rain of sand, and cemented by calcareous matter. When the particles are
fine, the rock in some respects resembles calcareous sandstone, and has sufficient cohesion for architectural purposes. Its stratification is always horizontal, the coarsest parts being the lowest ; and, as it reposes on all the other
rocks, it is evidently the latest formation. At Beragurh it may be seen in the
high banks of the river resting on the primitive strata, and is itself covered to
the depth of thirty feet only by alluvium.
Having- thus given a description of my route, and a brief compendium of
my observations, as they were made on the spot, I will now venture a few
general remarks on the conclusions I have drawn from them.
The late Dr. Voysey observed that, " he had reason to believe, partly from
personal observation, and partly from specimens obtained from other sources,
that the basis of the whole peninsula of India is granite. He had traced it
along the coast of Coromandel, lying under iron-clay ; also in the bed of the
Godaveri river, from Rajamandri to Nandair ; and he had specimens from the
base of the Seetabaldi Hills of Naypore, from Travancore, Tinnivelli, Salem,
and Belhari*." To this may be added Mr. Sterling's account in his memoir
on Cuttack, where he says, "The granite where my specimens were principally collected, appears to burst through an immense bed of 'laterite' (ironclay) rising abruptly at a considerable angle f."
These are recorded facts on the southern side of the central chain ; and on
the northern side it may be observed that Neridar, Narhat, Hirapore, Adjygarh,
and Callinger, all of them points in the same belt of sandstone, attest that
granite is the basis of those hills ; and a series of specimens from the latter
place may be seen in the Benares Museum. The sandstone indeed becomes
thicker to the eastward of Callinger, and the granite is not seen for a considerable distance ; but the cataract of Billohi, and the pass of Kuttra, exhibit
strong indications of its being at no great depth below ; and, accordingly, it
again re-appears, and eventually becomes the prevailing rock in the district of
Ramgarh.
Though I am convinced that granite is very near the surface in many parts
of the tract which has fallen under my observation, yet there is a series of
primary stratified rocks intervening between the granite and the secondary
* See note, Asiatic Researches, vol. xv. p. 123. Art. "Diamond Mines of Southern India."
t Asiatic Researches, vol. xv. p. 178. Art. " Orissa Proper, or Cuttack."
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formations, as in other countries; but there is reason to think that it is thin
and very often wanting-; and my motive for thinking- that it is thin, is, that
its strata have no breadth, as in other countries :— as an instance, I refer to the
series which is laid bare in the bed of the Nermada river, between Lamaita
and Beragarh. The strata are there not intermixed like those of the Kymur
Hills, but present a series of beds from gneiss upwards, each in its place, graduating imperceptibly into the next, and all preserving the same dip, direction, and parallelism ; and yet this series is comprised within the space of two
miles, without any evident reason for its being so confined.
The Kymur Hills undoubtedly pass under the sandstone of the Bandain
Hills, and perhaps repose on granite; but I have no proof that they do so: and
I mention it as one of those circumstances which may be better applied hereafter than at present.
The sandstone formation is the next which attracts notice. Its thickness
is of course variable. At the Bouti cataract it exceeds 420 feet, and there can
be no doubt that it is thicker near Chachye and the Tonse cascade; — at the
Bandain Hills the thickness must be still greater. It appears to comprise most
of the varieties of Dr. MacCulloch's lowest and superior sandstones, but the
general parallelism of its strata to the horizon better identifies it with the
new red sandstone of England.
The limestone formation is exceedingly curious. It constitutes a mere
plastering over the surface of red marl or sandstone, and I should doubt
whether it ever attains the thickness of one hundred feet; perhaps fifty may
be a fair average. I have not met with it in any other place than on the
summit of the second range of hills; and it may there be seen in the low lands
and beds of small rivulets ; but the larger rivers have their channel in the
subjacent sandstone, and, perhaps, in some cases in the primitive strata.
The overlying rocks are not only the most extensive, but, considered as
geological pheenomena, the most important in India. The thickness of this
formation is constantly variable. In the centre of India it occupies the summit
of the highest mountains, and at Bombay it descends to the level of tiie sea.
It reposes indiscriminately upon every rock, from granite upwards ; and all
that can be done, therefore, with respect to it, is, to find out the rock on which
it reposes, and the level of its inferior limit in the tract under e.Kamination :
thus at Saugor it reposes on sandstone, and its inferior limit in that district is
about 1350 feet above the sea.
There are two kinds of basaltic rocks in the district of Jubulporc, which
are clearly distinct formations. The oldest variety is that which penetrates
the grauwacke stratum in the bed of the Nermada river, near the village of
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Lamaita. This stratum, though not above fifty yards thick, is intersected by
innumerable greenstone veins and nodules, always running in the direction of
the strata ; and as they do not occur in any of the adjoining formations, they
must, I presume, be at least as old as tiiat rock. The other basalt is an overlying rock like that of Saugor ; but it reposes on granite or gneiss, and
appears to contain a greater proportion of augite and olivine.
The calcareous conglomerate must be classed, at least in point of time, with
the tufas and concretionary formations so prevalent in India.
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Tabular Arrangement of the Organic Remains of the County of Sussex.
By GIDEON

MANTELL,

Esq, F.G.S. F.R.S. &c.

[Read June 6th, 1828.]

Alluvial Deposits.
Local it es.
Subterranean Forests.
Peat.

Geo!. Suss. 288, References
289
.. *. ,

Felpham near Bognor.

}

sey Levels.
Lewes and Arundel Levels. The
Wish near Eastbourne. Little Horsted, Isfield.

(a) Consisting of the remains of frcsli-water
Ibid. 28r-290
and marsh plants, trunks and branches of
trees, hazle-nuts, &c.
(6) Consisting of the remains of marine
plants, confervte, fuci, &c.
Ibid. 286
Blue Clay or Silt.
Fresh-water.
Class.
Genus.
Species.
Insecta.
Phryganea". cornea.
Conchifera.
Cyclas
Mollusca.
Succinca
amphibia.
carinatus.
Planorbis
corneus.
Limnea
stagnalis.
palustris.
limosa.
Valvata
Paludina

piscinalis.
impura.

Mollusca

Lutraria
Teliina
Cardium
Turbo

compressa.
solidula.
cdule.
Ulvffi.

Mammalia.

Cervus.

Marine.
Conchifera.

Monodon
Delphinus

Pcvcnsey Levels.
Lewes Levels.

Ibid.

^Ibid. 287''.

Ibid.

.1
Ibid.

Ibid. 287"=
Cuv. Oss. Foss. iv. PI. 3. f 10

Monoceros.
Phoccena.

Peven-

In sand several feet licneatii the
bed of the Ouse, Lewes Levels; probalily in diluvium.''
Mouth
of the Cucknierc^
BeedLewes Levels
"^

iug Levels.'
* The fossils which are not in the possession of the author and those not examined by him are marked by an asterisk.
^ The indusia or cases of the larvas of this genus of insects, with minute shells of the genera Planorbis, Limnea, Si.c.
adhering to them, are very abundant in the silt or blue clay.
■' Still inhabit the rivers and ditches.
" Exist in the neighbouring ocean.
'' The entire skeleton.
A species allied to the Canadian, figured by Cuvier.
^ Portion of the skull.
^ The skull eighteen inches long ; dug up at a depth of ten feet in blue clay.
s Human skeletons in cofiins of very rude workmanship have been found in the silt at the depth of several feet; the
bones and teeth were of a deep chocolate colour like those of the deer, &c. above mentioned.
VOL. in. — SECOND SERIES.
2 D
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Diluvium

No vegetable
Testacea very
Class.
Conchifera.
Mollusca.
Mammaha.

remains have been noticed in these deposits.
rare.
ReJ'erences.
Genus.
Species.
Geol.
Suss.
277
..
.
Mytilus.
Trochiis.
Balffina.

Localities.
Cliff between Brighton and RotBase of the cliff near Kemptingdean.*
town, Brighton.''
Brighton
cliffs.' Gap.*
Ibid.
Copperas

Bos.
Cervus;
Equus.
Elephas

Ibid.
278
Ibid. 203

Ibid.

pnmigenius.

Brighton cliffs. Brick-yard
near
Peppering near Arundel. "^

278

id.*
IbHove.f

Tertiary Formations.
London Clay.

Terrains de sediment superieurs.

Calcaire Grassier.

1. Blue Clay of Bracklesham.
Class.
Annelides.
Conchifera.

Genus.
Dentalium'
Crassatella

Spc
sulcata.
compressa.

Corbula.
Sangiiinolaria Hollowaysii.
Cytherea
nitidula.
Venericardia planicosta.
acuticosta.
Cardium
Pectunculus
Chama
Ostrea
Mollusca.

Melania
Ampullaria
Natica
Scalaria
Solarium
Trochus
Turritella

Cerithium

semigranulatum.
pulvinatus.
squamosa.
Flabellula.

Premier Terrain Marine.
Geology of Susse.x, p. 2G8.
Localities.

Jicferences and Synonyms.

Bracklesham Bay.
Min.Con. Tab. 345. f. 1
Lam. Coq. Foss. Env. de Paris, PI. 18. f. 1.

undetermined,
sulcata.
costellata.'
patiila.
sigaretina.
similis.
acuta.
canaliculatum.

Lam. Coq. Foss. Env. de Paris, PI. 12. f. 2.
Min. Con. Tab. 284. (Two middle figures.)
Ibid. Tab. 284. (Two lower figures.)
Ibid. Tab, 5. (Two middle figures.)
Ibid. Tab. 16. f 4. 5. (Two lower figures.)
Brander Foss. Hant. f. 7. 8.

agglutinans.
multisulcata.
conoidea.
brevis.
elongata.
Cornucopia.

.Min. Con.
figures.)
Lam. Hist.
Min. Con.
Ihid. Tab.
Ibid. Tab.
Ibid. Tab.

Pleurotoma*
Fusus
longaivus.

Ibid.

Min. Con. Tab. 159.
Lam. Coq. Foss. Env.de Paris, PI. 21. f. 1.2.
Min. Con. Tab. 50.
Lam. Coq. Foss. Env. de Paris, PI. 20. f. 2.
Min. Con. Tab. 144.
Lam. Coq. Foss. Env. de Paris, PI. 16. f. 9.
Min.Con. Tab. 348.
[bid. Tab. 253.
Chama plicata, Brandcr
Foss. Hant. f. 84. 85.
Min.Con. Tab. 39.

Tab. 98.

f. 1.

(Two

smaller

Nat. Anim. sans Vert. vii. 562.
Tab. 51. f. 1. 4.
51. f. 3.
51. f. 2.
188. f. 1. 3. 4.

Ibid. Tab. 63.

* In a confused mass in the shingle bed.
" Portion of a rib (i2 feet long, 32 inches in circumference) in the sand beneath the shingle bed and restin"' on the
°
chalk : when entire it must have exceeded 30 feet in length.
' '^<^cth.
<» Jaw, teeth, and bones.
<^ Bones and teeth.
' The skeleton
' I^ones and teeth.
h Resembles D. entale.
' Too imperfect to determine the species.

Organic Remains of the County of Sussex.
Class.
Mollusca.

Nummularia Iffivigata.''

Rejereiices and Synonyms.
Fusus bulbif. Min. Con. 'J'ab. 291. Murex
Pyrus, Brander Foss. Hant. f. 52. 53.
Lam. Coq. Foss. Env. de Paris, PI. 4. f. 7.
Brander Foss. Hant. f. 13.
Min. Con. Tab. 115. f. 1.
Lam. Hist. Nat. Anim. sans Vert. vii. 351.
Min. Con. Tab. 99. f. 1. 2. (Middle figures.)
Ibid. Tab. 99. f. 3. 4. (Larger figures.)
Lam. Coq. Foss. Env. de Paris, PI. 2. f. 6.
Min. Con. Tab. 301.
Ibid. Tab. 538. f. 1.
Brander Foss. Hant. f. 117.

Haia''.

Ibid. f. 109.'

Genus. Species.
Pyrula bulbiformis ?
Miirex
Voluta
.
Ancilla
■
Conus

Pisces.

Iffivigata.
argutus.
Luctator.
Bicorona.
aveniformis.
Turritella.
canalifera.
Dormitor.
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Localities.

2. Arenaceous Limestone or Sandstone of Bognor.
Class.

Polypi.''
Annelides.
I

Genus.
Dentalium
Serpula.
Vermetus

Conchifera. Fistulana

Species.
planum.
Bognoriensis.
personata.

Pholadomya margaritacea
intermedia.
Pauopaa
Ltitraria ?
oblata.
Venericardia
Cardium
? Brongniarti.'^
Pectunculuf brevirostris.
decussatus.s
Modiola
elegans.
affinis.
Pinna
*Ostrea
edulib ?
Anomia
RloUusca.

Lingula
Calyptraa
Ampullaria
Natica
Pyrula.
Murex
Rostellaria
Voluta
Conus.
Nautilus

Pisces.

lineata.
tenuis.
trochiformis.
patula.
sigaretina.
similis.
Smithii.
Luctator.
Sowerbii.''
imperialis.

Rejerences and Synonyms.
Min. Con. Tab. 79. f. 1.
Geol. Trans. 1st series, ii. 205.
Geol. Suss. 272.
Hist. Suss. vol. iii. PI. 1.
f. 3. Min. Con. Tab. 596. f. 1. 2. 3.
Lam. Coq. Foss. Env. de Paris, PI. 21. f. 6.
7.7
7 b. Teredo antenauta-, Min. Con.
Tab. a.102.

Localities.
The rocks on the Coast, near

[Bognor.

Min. Con. Tab. 297. f. 1. 2. 3.
Ibid. Tab. 76. f. 1. and Tab. 419. f. 2.
Ibid. Tab. 534. f, 3.
Not figured.
Min. Con. Tab. 472. f. 1.
Ibid. Tab. 27. f. 1.
Ibid. Tab. 9. f. 5.
Ibid. Tab. 313. f. 2.
Webster, Geol. Trans. 1st series, ii. 205.
A. striata, Min. Con. Tab. 425.
Min. Con. Tab. 19. f. 3.
Trochus apertus, Brander Foss. Hant. f. 1 . 2.
Min. Con. Tab. 284. (Two middle figures.)
Ibid. Tab. 284. (Two lower figures.)
Ibid. Tab. 5. (Two middle figures.)
Brander, Foss. Hant. f. 52. 53.
Min. Con. Tab. 578. f. 1. 2. 3.
R.Parkinsoni, Min. Con. Tab. 349. f. 1.3.4.
Min. Con. Tab. 115. f. 1.
Ibid. Tab. 1.

Squalus ?'

* The young shell, of the size of a millet-seed, occurs in immense quantities.
'' Palates.
"^ Vertebra;.
"^ Dicotyledonous wood perforated by Fistulana personata occurs occasionally in large masses.
" A ramose zoophyte, genus undetermined.
' The specific name in honour of M. Alex. Brongniart.
= As it differs from the recent P. decussatus, (see Turton's Brit. Bivalves, 173,) a different specific name should be
imposed.
^ This Rostellaria was figured and described by the late Mr. Sowerby as R. Parkinsoni of the Geol. of Sussex ; it is
however perfectly distinct, and it becomes necessary to adopt a different specific name ; that of Sowerbii is here given
as a tribute of respect to the present scientific editor of the Mineral Conchology of Great Britain. The R. Sowerbii
occurs in the tertiary formations only; R. Parkinsoni in the chalk marl, and Shanklin sand.
' A small tricuspid tooth.
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3. Sand on Emsworth Common.

Class. Genus.
Species.
Annelides.
Dentalium
cylindricum.
Mollusca.
*Nunimularia elegans.

Plastic Clay.

Localities.

References and Synonyms.
Min. Con. tab. 79.
Ibid. Tab. 538. f. 2.

Argile Plastique.

Premier Terrain d'eau douce.
Newhaven.

Leaves; remains and impressions. Geol. Suss. Tab. 8. f. 1.2. 3. 4. Brit. Min. Tab. 500.
Mr. Sowerby to resemble tlie larger foliage of Platanus orientalis, Geol. Suss. p. 263.

Castle Hill,

These are supposed by

" Fruit of a species of Palm ?" Webster, Geol. Trans. 1st series, vol. ii. p. 191.
Wood ; dicotyledonous.
Occurs in small fragments in the reddish brown sandy-marl. Geol. Suss. p. 257. No. 7.
Genus.
References and Synoiiyms.
localities.
Class.
Brit. Min. tab. 500. iv. 185
Conchifera.
Species.
Castle IJill, near Newhaven.
Geol. Suss. 264.
Cyrena.
Cyclas.*
Ibid. PJ.25. f 2. Desc.Gcol.Env.de Paris,
convexa.
Cytherea
PJ. 8. f. 7. p. 282. (Edit. 1822.)
Brit. Min. Tab. 500.
Unio.
Min. Con. Tab. 2. f. 2.
Avicula
media.
Geol. Suss. 264.
Ostrea.
licli.x
Mollusca.
Ibid. Tab. 18. f 19. 20. H. lavis, Fleming
Brit. Anim. 265.
Geol. Suss. Tab. 14. f. 4. Min. Con. Tab. 128.
Cerithium
laevis.''
funatum.
C. melanoides, Geol. Suss. Tab.l8. f. 3. Min.
Con. Tab. 147.
Pisces.
Geol. Suss. 264.
Mustclus ?'' politum.''

Chalk Formation.
1. Chalk with Flints.
Class.
Aijamia.

Genus.
Confervitcs
Fucoides

Species.
fasciculata^.
undetermined.
Brongniartir
undetermined.

2. Chalk without Flints.

(Craie blanche.)

References and Synonyms.
Ad. Brong.tlist. Veg. Foss. Pi. 1. f. 1
Geol. Suss. PI. 9. f. 12
Ibid. P1.9. f 1 . :

Phancrogamia
(Dicotyledonous)'?.
Flustra
Polypi.
Orbitolites

Geo). Suss. 157

In Sussex.

Elsewhere.

Lewes. SteynIbid.
[ing. Isle

de

Bon-

Ibid.
Ibid.
Ibid.
[holm.

utricularis''.
undetermined.
lenliculata.

Caryophyllia centralis.
Madrepora.

Lam. Hist. Nat. Anim. sans Vert. ii. 224.
Konig. Icon. Foss. Sect, f 61

Ibid.

Geol. Suss. Tab. 16. f. 22-24.
Desc. Geol. Ibid.
Env. de Paris, PL 9. f.4. (Edit. 1822.)
.
Madrepora centralis, Geol.Suss.Tab.l6.f.2.4. Ibid.
Geol. Suss. 160
Brighton.

Heytesbury.

\'cry rarely perfect.
" Bath is named by Dr. Fleming as its locality, evidently by mistake.
In Min. Con. vol. iv. p. 48, Mr. Sowerby expresses a doubt whether these shells should not be referred to Potamides: Dr. Fleming however retains them in Cerithium, see Brit. Anim. p. 358.
'' Teeth resembling those of this species.
'' In Hint and chalk: very rare.
Craie tufeau. Isle de Bonholm.
' Specific name in honour of M. Adolphe Brongniart, author of the Hist. Veget. Foss.
8 Sometimes in flint nodules and perforated by Fistulanre or Teredines : in chalk, in the state of a brown friable mass : rare,
Attached to Echini. Ventriculites quadrangularis, Geol. Suss. Tab. 15. fig. 6. probably belongs to this genus. There
arc halso
several undetermined species.
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Class.
Polypi.

Genus.
Spongia

Species.
ramosa.*
lobata.

In Sussex.
Meferences and Synonyms.
Lewes.
Geol. Suss.Tab. 16. f. 11
Parkin. Org. Rem. ii. PI. 7. f. 6. Fleming
Brit. Anim. 52G
Ibid.

several species
Spongus

Siphonia.''
Alcyoniiim.
Choanites

undetermined.''
Geol. Suss. Tab. 15. i'.O
Townsendi.*^
Ibid. Tab.15. f. 7. S.hemispha;rica, Flem.
labyrinthiciis.
Brit. Anim. 520

subrotiindus.
Konigi.<'

flexuosus.'^
Ventriculites radiatus.^'
alcyonoides.
•
Radiaria.

Benettia;.
Apiocrinites ellipticus.
Pentacrinites.''
Marsiipites
Miileri.'
Pentagonastcr seniilunatus.''
Cidaris

Crustacea.

Parkin. Introd. Org. Rem. 52 . . . .
Geol.Suss.Tab. ]5.f.4. 5. Tab. 16. f. 17. 18.
Ibid. Tab. 15. f. 2
Ibid. Tab. 16. t". 19-21
Ibid. Tab.15. f. 1
Ibid. Tab. 10. 11. 12. 13.
Linn. Trans.
vol. xi. IMantellia radiata, Parkin. Introd.
Org. Rem. 53
Geol. Suss. 176. Smith's Strata, Tab. 3. f. 1.
Ocellaria Konig, Icon. Foss. Sect. f. 98.99.
Geol. Suss. Tab. 15. f. 3

South Downs.
Lewes.

Ibid.
Ibid.

Ibid.

Ileytesbury.

Ibid.
Ibid.
Ibid.
Ibid.

Warminster

Ibid.
Ibid.

Ibid.
Ibid.

Ibid.

Miller, Hist. Crin. p. 3-4. Bottle Encrinite,
Ibid.
Parkin. Org. Rem. ii. PL 13. f. 31 . 34. 75 .

Northtleet.

GeoLSuss.Tab.l6.f.6. Mill.Hist.Crinoid.133 Brighton.
Lewes.
Parkin. Org. Rem. iii. PL 1. f. 1 . . . .

Ibid.

Ibid. iii. PL 4. f. 3. PI. 1. L 11 . . . .
Desc. Geol. Env. do Paris, PL 5. f. 9 . .
Geol. Suss. Tab. 17. L2. Parkin. Org. Rem.
iii. PI. 1. f. 7
Echinus
saxatilis.
Parkin. Org. Rem. iii. PL 3. f. 1 . . .
Kbnisi.
Geol. Suss. 189. Parkin. Org. Rem. iii. PI. 1 .
LlO
Spines belong- Ibid. Tab. 17. f. 12-14. Parkin. Ors>. Rem.
ing to four or ii. PL 4. f. 19. 20 . .
more species.
Spatangus
cor anguinum. Desc. Geol. Env. de Paris, PI. 4. L 11. Parkin. Org. Rem. iii. PL 3. f. 11 . . . .
—
rostratus.
Geol. Suss. Tab. 17. f. 10. 17
Ibid. Tab. 17. f. 9. 21
planus.
Ibid. Tab. 17. f. 22. 23
Prunella.''
Conulus Albogalerus.
Ibid. Tab. 17. f. 8. 20, Galeritcs albogalerus, Desc. (5eol. Env. de Paris, PL 4. f. 12.
Parkin. Org. Rem. iii. PL 2. f. 3 . . . .
vulgaris."
Geol. Suss. Tab. 17. L 15. 18
subrotiindus.
Echino-corys scutatus.
Parkin. Org. Rem. iii. PI. 2. f. 4. Ananchytes, Lamarck
ovatus.
Desc. Geol. Env. de Paris, PL 5. f. 7. Ananchytes ovata, Lamarck
hemispharicus. Desc. Geol. Env. de Paris, PI. 5. L 8 . .
Geol. Suss. Tab. 29. 30. 31
Astacus
Leachii.
Ibid. Tab. 30. f. 3
Sussexiensis.
cretosa."
variolaris.
coroUaris.

E/sezv/iere.
Warminster.

Ibid.
Ibid.

Ibid.

Ibid.'
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.

Meudon.

Brighton.
Lewes.
Brighton.
Lewes.

Dieppe.

South Downs.
Lewes.
Ibid.
Ibid.

Meudon.
Ibid.
Toigny.

South Downs.
Lewes.
Ibid.

^ Common in flints.
•" Vast numbers of the flints derive their forms from the sponges they inclose.
*= This species is probably distinct from the Pewsey cup-corals.
'' Common in flints.
^ Radiated spicula are observable in some specimens.
^ In flints.
s Immense quantities of flints owe their forms to this genus of Polypi.
'■ Portion of a stem resembling that of P. Caput-Medusse.
Mill. Hist. Crinoid. p. 46. possibly distinct.
' Tortoise Encrinite of Parkinson.
'' Very rare.
' Detached OssicuL'fi too imperfect to admit of determination.
"■ It differs essentially from C. papillata of the oolites.
" Qucre if specifically distinct.
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In Sussex.

Clfiss. Genus. Species.
Crustacea.
Pagunis
Faujasii?

References and Synonyms.
Geol. Suss. Tab. 29. f. 3. Brongniart, Hist.
Crust. Foss. Pl.ll. f. 2

Scyllanis

Mantelli.

Aunelides.

Scrpula

ampullacea.
Plexus.

Cirripeda.

Spirorbis.
Pollicipes

sulcatus.

Conchifera.

Fistidana

personata.

Brongniart, Hist. Crust. Foss. 130 .
Ibid. 128. Geol. Suss. Tab. 29. f. 2 . .
Geol. Suss. ]96. Min. Con. Tab. 596. f. 1.
Ibid. 19C. Min. Con. Tab. 598. f. 1 . .
Desc. Geol. Env. de Paris, 251 . . . .
Min. Con. Tab. 606. f. 7.
Geol. Suss.
Tab. 33. f. 11
Geol. Suss. Tab. 18. f. 23. Lamarck. Coq.
Foss. Env. de Paris, PI. 24. f. 6. 7. 7 a. 7 b.
Teredo antenauta?, Min. Con. Tab. 102
.
Geol. Stiss. Tab. 27. f. 4. Catilhis C, Desc.

Inoceramus Cuvieri.
Broiigniarti.
Laiiiarckii.
mytiloides.
cordiformis.
latus.
—— —

Websteri.
striatiis.
undulaUis.
involutiis.

Plagiostoma spinosum'^.
Hoperi.

Pectcn

Brisrhtoniensis'^
quinquecostaUis.

Dianchora

vindetermined.
nitidus.**
lata.*

obllqua.

Ostrea

vesicularis.'
semiplana.
canaliculata.
Parisiensis.

Crania
Terebratula

subrotunda.f
carnea.
ovata.

undata.''
elongata.
■ plicalilis.'

Lewes.
Ibid.
Steyning.
Lewes.
Ibid.
Ibid.
Ibid.

Elsewhere.
Maestricht.

Meudon.
Norwich.

Ibid.

Ibid.
Geol. Suss.
Env.de
Geol.
Tab.Paris,
27. f.PI.8 4. t'.lO (Edit. 1822). Ibid.
Ibid. Tab. 27. f. 1. Geol. Trans. 1st scries,
V. PI. l.f. 3
Ibid.
Geol. Suss. Tab. 28. f. 2. Mytaloides labiatus, Desc. Geol. Env. de Paris, PI. 3. f. 4. Ibid.
(Edit. 1822)
Ibid.
Min. Con. Tab. 440
Geol. Suss. Tab. 27. f. 10. Min. Con. Tab. Ibid.
582. f. 1
Ibid.
Geol. Suss. Tab. 27. f. 21
Ibid.
Ibid. Tab. 27. f. 5. Min. Con. Tab. 582. f.2. Ibid.
Ibid. Tab. 27. f. 6
Ibid.
Min. Con. Tab. 583
Ibid.
Geol. Suss. Tab. 26. f. 10. Min. Con.Tab.83.
Ibid. Tab. 26. f. 2. 3. 15. P. Mantelli, Desc.
Geol. Env. de Paris, PI. 4. f. 3. (Edit. Ibid.
1822)
Geol. Suss. Tab. 26. f. 15
Brighton.
Ibid. Tab. 26. f. 14.20. Min. Con. Tab. 56.
Lewes.
f. 4. 8
Ibid.
Geol. Suss. Tab. 26. f. 4. 9
Ibid.
Ibid. Tab. 25. f. 4
Ibid. Tab. 26. f. 21. Podopsis, Desc. Geol. Ibid.
Env. de Paris, (Edit. 1822)
Geol. Suss. Tab. 25. f. 1. Tab. 26. f. 12
.
Brighton.
Desc. Geol. Env. de Paris, PI. 3. f. 5. (Edit.
1822.)Gryphffiaglobosa,Min.Con.Tab.392. Lewes.
Geol. Suss. Tab. 25. f. 4. Min.Con. Tab.489. Ibid.
f. 3
Min. Con. Tab. 135. f. 1
Ibid.
Ibid. Tab. 409. f. !. Desc. Geol. Env. de Paris, PL 3. f. 2. (Edit. 1822.)
Brighton.
Lewes.
Min. Con. Tab. 15. f. 1.2
Desc. Geol. Env. de Paris, PI. i. f. 7 . . Ibid.
Min. Con. Tab. 15. f. 3
Ibid.
Ibid. Tab. 15. f.7. 8. 9
Ibid. Tab. 435. f. 1. 2
ibid.
Ibid. Tal). 118. f. 1. 2. Tab. 83. f. 6
. . Ibid.

Meudon.
Warminster.
Dover.

Bougival.
Gravesend.
Norfolk.
Heytesbury.
Ibid.
Meudon, Rouen .
Rouen.
Meudon.
Dieppe.

Le Havre.
Ibid.
Meudon.
Cromer.

Meudon.
Ibid.
Rouen.
Meudon.
Dieppe.
Norwich

* Too imperfect for the species to be ascertained.
^ One of the most characteristic shells of the chalk.
' Very rare.
"i p. cretosus, Min. Con. Tab. 394 ; and P. arachnoides Desc. Geol. Env. de Paris, PL 3.
f. 8. (Edit. 1822) arc but varieties of ihis species.
« Podopsis striata, Desc. Geol. Env. de Paris, PL 4.
f. 2. A. B. p. 83. (Edit. 1822), is probably a distinct species.

' A characteristic fossil of the chalk ; very common.
s Very common.
T. undata, T. subundata, T. intermedia, T. semiglobosaof Min. Con. are included, being considered as varieties only.
" T. plicatilis, f. octoplicata, T. concinna of Min. Con.
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Organic Remains of the County of Sussex.
Class.
Conchifera.
INIoilusca.

Genus. Species.
Terebratula subplicata.
Trochus Basteroti.'
Cirrus depressus.
perspectivus.
granulatus.''
Dolium
Beleninites

nodosum,
mucronatus.'

granulatus.
lanceolatus.
Baculites
Nautilus
Ammonites

Faujasii.

elegans."*
varians.*
Woollgari.'
navicularis,
catinus.
Lewesiensis
peramplus.
rusticus.
unclatus.8

Pisces.''

.Scaphites
liamites
Muroena
Zeus
Salmo?
Esox
Amia?

striatus.''
armatus.'
Lewesiensis.
Lewesiensis.
Lewesiensis.
Lewesiensis.
Lewesiensis.

Squalus.'

Balistes"?
Diodoii"?

Reptiles.'
Mososaurus Hoffmannii.'
luloidocopros.'

References and Synonyms.
Geol. Suss.Tab. 26. f. 5. 6. 11 . . . .
Desc. Geol. Env. de Paris, PI. 3. f. 3 . .
Geol.Suss.Tab.l8.f.l8.22.Min.Con.Tab.4a8.
Ibid. Tab. 18. r.21. 12. Min.Con. Tab. 428.
Ibid. 195
Ibid. 196.
Ibid. Tab.
Paris, PI.
Fleming,
Tab. 600.

Meudon.
VVarniinster.
Ibid.

[near Lewes.
Min. Con. Tab. 426 . . . . Clayton,
near
16. f. 1. Desc. Geol. Env. de
3. f. 1. (Edit. 1822.) B. Allani,
Brit. Anim. 240. Min. Con.
[Hurst.
f. 1
Brighton.
Meudon. Scandinavia. Near

Min. Con. Tab. 600. f. 3. 5
Ibid. Tab. 600. f. 8. 9
Ibid. Tab. 592. f. 1
Geol. Suss. Tab. 20
Ibid. Tab. 21. f. 2. 5. 7
Ibid. Tab. 21. f.l6. Tab. 22. f.7. Min.Con.
Tab. 587
Geol.Suss.Tab.22. f.5. Min.Con.Tab.555. f.2.
Ibid. Tab. 22. f. 10
Ibid. Tab. 22. f. 2. Min. Con. Tab. 358.
Hist. Mont St. Pierre, PI. 31 ? . . . .
Geol. Suss. 200.
Min. Con. Tab. 357 . .
Min. Con. Tab. 177
Ibid. Tab. 569. f. 2
Geol. Suss. Tab. 22. f. 3. 4
Ibid. Tab. 23
Ibid. Tab. 39. f. 11. Tab. 40. f. 2 . . .
Ibid. Tab. 35. 36
Ibid. Tab. 33. 40
Ibid. Tab. 41. f. 1. 2. Tab. 25. f. 13 . .
Ibid. Tab. 37. 38
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.

In Sussex.
Oftham.
Lewes.
Ibid, et pass.
Ibid.
Southerham,

Elsewhere.

Tab. 32. f. 1. Sq. Cornubicus . .
Tab. 32. f. 2. 3. 6. Sq. Mustelus .
Tab. 32. f. 4. 7. 8. Sq. Zygoena .
Tab, 32. f. 12. 14. 15. Sq. Galeus
Tab. 33. f. 10
Tab. 33. f. 5. 6
Tab. 32. f. 18. 20
Tab. 39. 40. 41
Tab. 42. Hist. Mont St. Pierre, Tab. 29
Tab. 33.41. Hist. Mont. St. Pierre

Ibid. PI. 9. t". 3. 6. 9. 10

.
.
.
.

Lewes.
Steyning.
Lewes.
Ibid.

Giant's Causeway, Ireland.
Ma.stricht.

Ibid.

Ibid.

Ibid.
Oft'ham.

Guildford,

Southerham.
Lewes.
Ibid.
Ibid.
Ibid.
Brighton.
Lewes.
Ibid.
Ibid.
Ibid.

Mffistricht.

Gravesend.

Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.

.

Ibid.'"
Ibid.
Ibid.P
Ibid.
Ibid.i

Msestricht.
Ibid.
Ibid.

* Occurs in the form of casts only.
'' Lower chalk.
* A beak or mandible has lately been discovered which probably belonged to some species of Bclemnites or Naritilus.
■* Rare in the white chalk.
" Very rare.
' Lower chalk.
8 Upper chalk : unique.
^ Very rare.
' E.xceedingly rare.
'' This arrangement and nomenclature of the fishes of
the chalk must be considered only as temporary ; the greater part will require the establishment of new genera for their
reception.
' Teeth resembling those of several recent species.
"^ Vertebra;.
" Defence of.
" The palates resemble those of Diodon Histrix ; but from the numbers often found grouped
together, the mouth of the original appears to have been paved with them.
P Radii or fin bones of unknown fishes allied to Balistes. These radii are entirely distinct from those of the Lias,
and belong to three or more species.
'' Jaw with teeth and bones of an unknown fish.
■■ Bones, teeth, portions of the mandibles, &c. of several reptiles and fishes too imperfect to be determined.
* Dorsal and caudal vertebrae.
' The name given to these bodies by Dr. Buckland, who supposes them
to be foecal remains.
See the Professor's paper on Coprolites.
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Mr. Mantell's Tabular Arrangement of the
3. Chalk Marl.

Class.
Genus. Species.
Agamia. Confervites
fasciculata.
Phaneroganiiaf
(Dicotyledonous).
Polypi.
Fliistra.*
Millepora
several
.
Fittoni''undeterSpongia
Iladiaria?.

Crustacea.
Annelides.

Conchifera.

Alcyoniumf pyriformis.
mined.'^
Cidaris claviger.
Echinus
saxatilis?

References and Synonyms.
Ad. Brongn. Hist. Veget. Foss. PI. 1. f. 1

In Sussex.
Ilamsey.
Ibid.

Geol. Suss. Tab. 15. f. 10
Ibid. 107
[bid. 105
Kijnig
Geol. Suss. Tab. 17. f. 1
Ibid. 108

Ibid.
Ibid.
Ibid.
Ibid.
Ibid.

Ibid.
Middlcham.
Hamsey.
Spatangns
cordiformis.
t'onuius
Ilawkinsii''.
Spmes of several species.
Uamscy.
Southerhani.
Ibid. Tab. 30. f. 3 . .
Astacus
.Sussexiensis."
Min. Con. Tab. 598. f. 1
Ibid.
Serpula Plexus.^
Geol. Suss. Tab. 18. f. 24. M in. Con. Tab
Ibid.
V'crniicularia umbonata.
^-^
Sowerbii.
Ibid. Tab. 18. f. 14. 15
57,
Middleham.
Venus
Ringmeriensis. Ibid. Tab. 25. f. 5 . .
Ibid.
Ibid.l2G
Aslartc ?
Ilamsey.
f.l
Ibid.
Ibid. 126.
Min. Con. Tal 259 .
V'encricardia.
Tab.552
Ibid.
Tab.25.f.3.
Min.
Co:
Cardium
decussatum.
Middleham.
Cucullaa.S
Area
'2 or 3 species
Hamsey.
undetermined.
Ringmer.

a
Avicul
Chama.''

2 species undetermined.'
tenuis.
Geol. Suss. 132. No. 65
Ibid. Tab. 27. f. 11
Cripsii.
Ibid. Tab.lQ.f.l. Min. Con . Tab.559 f.2
Plagiostoma elongatum.
Ibid. Tab. 26. f. 18 .
asper.
Pecten Beavcri.
Ibid. Tab. 25. f. 11. Min. Con. Tab. 58
Ibid. Tab. 25. f. 9 .
triplicatus.
Ibid. Tab. 25. f. 10 .
quinquecostatus''.
orbicularis.
P. laminosus, Geol. Suss Tab. 26. f. 8
Min. Con. Tab. 186 .
Plicatula
iuBala.
P. spinosa Geol. Suss. Tab 26. f. 13. 16.17.
Min. Con. Tab. 409. f. 2
Min. Con. Tab. 409. f. 1
■ pectinoides'.
Ibid. Tab. 15. f. ]. 2
.
Tercbratida snbrotunda.'"
undata.
Ibid. Tab. 15. f. 7 . .
striatula.
Ibid. Tab. 536.
Geol. Suss. Tab.
IV. de
8. 12. T. Defrancii, Desc. Geol.
. f.7.
Iiioccranius

JManielliana.
Martini.
rostrata.

Elsewhere.

Guildford.

Ibid.
Ibid.
Ibid.
Ibid.
Ibid.

Folkstone.

Ibid.
Ibid.

Ibid.
Ibid.
Ibid.
Ibid.
Eastbourne.

Ilamsey.
Paris,
PI.
3.
t".
6.
(Edit.
1822.)
.
Min. Con. Tab. 537. f. 5. T. sulcata
Geol.
Suss. 130
Ibid.
T. Pisum, Min. Con. Tab. 536. f. 6.?
Geol.
Suss. 131
Ibid.
Ibid.
Min. Con. Tab. 537. f. 1. 2 . .

t In the state of a brown friable mass.

^ There are probably several species.
•' The specific name is in honour of Dr. Fitton, P.G.S.
A flexuose species in masses of an oval form is very couimon.
"^ A remarkable species found in the
chalk marl only, hitherto neither figured nor described. Diameter of the base two inches and a half, height two inches ;
base nearly circular, Hat; vent placed in the base two-thirds from the mouth, and one-third from the margin.
Specific
name in honour of John Hawkins, Esq. F.G.S. of Bignor Park.
<^ Rare.
f Two small masses, very rare.
K M. Brongniart sent me a similar cast from Rouen.
h j^ gubglobose shell, not uncommon.
" The shells very thin and fragile. ^ Probably a distinct species. ' Cambridgeshire, in gait. ™ Rare.

Organic Remains of the Couiitj/ of Sussex.
Class.
Conchifera.
Molkisca.

Genus.
Terebratula
Auricula

Species.
squamosa.* Geo).
incrassata. Ibid.
Ibid.
Ampullaria ?
Trochus
linearis. Ibid.
Ilostellaria
Cassis
Eburna?
Voluta
Baculites

Nautilus

References and Synonyms.
Suss. 132. No. Cl
Tab. 19. f. 2. 3.34. Min.Con.Tab.163
Tab. 18. f. 11
Tab. 18. f. 17
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In Sussex.
Ilamsey.
Hamsey.
Stoneham.

Ibid.

t". 7
'Jab. 18. f.1.2.4.
Ibid. Tab.18,
Min.Con. Tab.658.f.3

avellana.'

Desc. Geol. Env. de Paris, PI. G. f. 10.
Ilamsey.
(Edit. 1822.)
Ringmer.
Geol. Suss. Tab. 18. f. 13
Ibid.
Ibid. Tab. 18. f. 8
Ibid.
Min. Con. Tab. 592. f. 1
Ibid. Tab. 592. f. 2.3. Hamites baculoides,
Geol. Suss. Tab. 23. f. 6. 7
Glynd.
Geol. Suss. Tab. 20. f. 1. Tab. 21 . f. 5. Min. Hamsey.
Con. Tab. 116

elegans.

Blackdovvn,

Ibid.
Ibid.

f'
agglutinans
Parkinsoni.

ambigua?''
I'aujasii.
obliquatus.

Elsewhere.

Rouen.
[lin sand

expansus.

Ammonites

Scaphiles

Hamites

Turrilites

Min. Con. Tab. 458. f. 1 " N. elegans in a Middleham.
youngSuss.
state."
Tab.Con.
21. f.
1. 455 . Il)id.
Mantelli. Geol.
Tab. Geol.
22. f.Suss.
1. Min.
Tab.
Sussexiensis.
Ibid. Tab. 20. f. 2. Tab. 21. f. 10. A.Rhotomagensis, Desc. Geol. Env. de Paris, Hamsey.
Tab.6.f.2. (Edit.1822.) Min.Con.Tab.515
varians. Geol. Suss. Tab. 21. f.2.7. Min. Con. Tab. 176 ll)id.
cinctus. Ibid. 116.
Min. Con. Tab. 564. f. 1 . . Middlebam.
Ibid.
falcatus. Ibid. Tab. 21. f. 6. 12. Min. Con. 579. 1. 1 Hamsey.
curvatus. Ibid. Tab. 21. f.l8. Min. Con. Tab. 579. f. 2 Iliid.
complanatus.
Ibid. 118.
Min. Con. Tab. 569. t. 1
Southerham.
Hamsey.
rostratus. Min. Con. Tab. 173
tetrammata.
Ibid. Tab. 587. f. 2
striatus. Geol. Suss. Tab. 22. f. 3. 4. 9. 11.
S. obiiIbid.
quus, Min. Con. Tab. 18. f. 4-7
. . .
costatus. Geol. Suss. Tab. 22. f. 8. 12.
Parkin. Org.
Ibid.
Rem. iii. PI. 10. f. 10
Ibid.
armatus. Gcol.Suss.Tab.23.f.3.4. Min. Con. Tab. 108
Ibid.
plicatilis. Ibid.
2. 11
Min.Con.Tab.234. t'.l
alternatus.
Ibid. Tab.
Tab. 23.
23. f.l.
f. 10.
Ringmer.
Ibid.
Hamsey.
ellipticus. Ibid. Tab. 23. f. 9

Ibid, in [Devon
Shank-

attenuatus.
costatus.
undulatus.
tuberculatus.

Pisces.

Squalus

Mustelus.^
Galeus.f

Ibid. Tab.23. (".8. 13. Min.Con. Tab.61.f.4.5
Ibid. Tab. 23. f. 15. Tab. 24. f. 1.4.5. Min.
Ibid.
Con. Tab. 36
Geol. Suss. Tab. 24. f. 8. Tab. 23. f. 14. 16.
Min. Con. Tab. 75. f.l. 2. 3
. . . . Ibid.
Geol.Suss.Tab.24.f.2.3.6.7. Min.Con. Tab.74 Middleham.
Ilamsey.
Ibid. Tab. 32. f. 2. 3. 5. 6. 9. 11 .
Ibid. Tab. 32. f. 12. 14. 15. 16
.
Ibid. Tab. 34. f. 10

.
.

. Ibid.
.
isIbid.
volume.)
Scales, &c. and CoprolitesS. (lulo-eido-coprolites, Dr. Buckland, see p. 232-234 of tli
f. 4. 5. 7. 8 . 11.

Ibid.'

Ibid.
Ibid.

Ibid.

Folkstone.
Rouen.

Ibid.

.
.

Geol. Suss. PI. 9.

* This species has not been figured.
'' Cast of the base of the shell.
"^ Query if not a variety of Auricula incrassata?
'' This shell is closely allied to, if not identical with,
V. ambigua of Hordvvell Cliffs.
It is attached to an Ammonite.
"^ Craie chloritee.
' Teeth resembling those of the recent species arc occasionally found.
8 These substances have been known since the time of Woodward by the name of" lull of Cherry Hinton," Am] were
supposed to be the amenta or cones of a species of fir. Their animal origin was first suggested by Mr. Konig, see Geol.
of Suss. p. 104. Dr. Buckland has lately investigated the subject with his usual acumen and success; and the analysis
of Dr. Prout having proved their animal nature beyond all doubt. Dr. B. proposes to distinguish these fossils by the
term Coprolile, and supposes them to be the fcecal remains of fishes or of sepia;. I have one of these bodies in an Aniiu?
lying on the air-bladder.
VOL. III.
SECOND SERIES.
2 E
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Mr, Mantell's Tabular Arrangement of the
4. Firestone or Upper Green Sand.

(Craie chloritee ou Glauconie crayeuse.)

This division contains so many of the fossils common to the marl, that in the following list those organic remains alone
are enumerated which have been noticed exclusively in the Firestone. Among the fossils abundant in botli deposits
are, Pecten orbicularis, Plicatula iuHata, Terebratulce, Nautilus cxpansus, Ammonites varians, A. Mantelli, wood,
scales of fishes, &c.
Elsewhere.
hi Sussex.
Class.
References and St/noni/ms.
Genus.
Species.
Ad. Brong. Hist. Veget. Foss. PI. 4. f. 2. 6.
Fucoides
Near Florence.
Agamia.
Geol. Suss. 98
Targionii.''
Southbourn.
Geol.
Suss.
U>G.
No.
8
Gilberti.
Bignor.
Millepora
Polypi.
VVebsteri.
Isle of Wight.
Parkin. Introd.Org. Rem.50. Tulip alcyoniSiphonia
um,Webster,Geol. Trans. 1st serics,ii.P1.28 Ibid.
Iladiaria. Spatangus
Spongia.''
Conchifera. Cardita?''
Area
-^——'

Murchisonianus<

Kbnig. Icon. Sect. Foss. Cent. 2 .

carinata.

Min. Con. Tab. 44. (Lower figures)

Plagiostoma.^
Grypha-a
vesiculosa.
Ostrea
carinata.

'
Terebratula biplicata.
Mollusca. Trochus Rhodani.
■ bicarinatus f
Ammonites planulatus.
'
—
Catillus.

.

.

Ibid. Tab. 369
Ibid. Tab. 365. White, Nat. Hist. Selbourne.
Desc. Geol. Env. de Paris, PI. 3. f. 11.
(Edit. 1822.)
Min. Con. Tab. 90
Desc.Geol.Env.deParis,P1.9.f8.(Edit.l822.)
Min. Con. Tab. 221. f. 2
Ibid. Tab. 570. f. 5
Ibid. Tab. 564. f. 2

.

Ibid.
Ibid.
Ibid.

Devizes.

Ibid.
Ibid."
llanisey.

Southbourn.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.

Le
Havre.
Cambridge.
Lignerolle

au

[dessusd'Arbe.

5. Gait or Folkstone Marl.
Class.

Genus.

Agamia.
Fucoides.^
Phanerogamia
(Dicotyledonous).s
Polypi.
Radiaria.
Crustacea.

Turbinolia

Spatangus.'
Arcania."^
_Etyffia.
Corystes.
Astacus."*
Annelides. Dentalium

Species.

Konigi.''

striatum,
ellipticum.
decussatum.

References and Synonyms.
Geol. Suss. 83

Ibid. Tab. 19. f. 22. 24
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
f.6.
Min.

Tab.
Tab.
Tab.
Tab.
98
Tab.
Tab.
7
Con.

29.
29.
29.
29.

f. 7. 8. 14
f. 9. 10
f. 11. 12
f. 13. 15. 16

In Sussex.
Norlington.

Bletchingley,
Elsewhere.

Near Willingdon.
Ringmer.
Ibid.
Ibid.

Folkstone.
[Surrey.
Bletchingley.

Ibid.
Ibid.
Ibid.

Near

Ibid.
19. f. 4. Min. Con. Tab. 70. f. 4
Ibid.
19. f. 21. 25. Min. Con. Tab. 70.
Tab. 70. f. 5

Ibid.
Cam-

[bridge.
Folkstone.
Ibid.

Ibid.
Newtimber.

* Occurs in vast quantities near Bignor. At the same locality was also found the culm or stem of an undetermined
P'^nt.
•> Several species undetermined ; common in the rocks near the sea-houses.
" The inferior bed of marl which is in contact with the firestone at Southbourn, is almost entirely composed of
ramose zoophytes, probably Milleporites, Madreporites, &c. so as to form a reef of corals. In this l)cd was found a long
cylindrical zoophyte, partly composed of chert, of the same kind as those which occur in the vale of Pewsey in Wiltshire.
"^ Much compressed ; possibly a Pholadoinya.
' A small species undescribed; it occurs also in the malm at Amberly.
' In layers of indurated red marl.
g Rolled fragments probably of a species of fir or pine, and
generally perforated by Fistulana;.
" Hitherto observed in gait only.
« A fragment only.
k The thorax.
• Unknown, but belonging to the family Corystidae
" Remains of the abdominal covering of two unknown species.

Organic Remains of the County of Sussex.
Class. Genus.
Conchifera. Fistulana
Area.''
Nucula

Species.
pyriformis.*
pectinata.
ovata.

Pecteii
Inoceramus

orbicularis.*^
concentricus.
sulcatus.

MoUusca.

Ampullaria
Natica.
Cirrus
Rostellaria
Belemnites
Nautilus
Ammonites

grypliffioides.
canaliculata.
plicatus.
carinata.
Listeri.
attenuatus.
inasqualis.
splendens.
auritus.
planus.
lautus.

Hamites

Pisces.

Squalus

biplicatus.
tuberculatus.
Iffivigatus.
attenuatus.
maximus.
intermedius.
tenuis.
rotundus.
conipressus.

Ibid. Tab. 19. f. 5. 6. 9.
Min. Con. Tab.
192. f. 6. 7
Geol. Suss. Tab. 19. f. 20. 27
iMin.Con.Tab. 106
Geol.Suss.Tab.l9. f.l9. Min.Con.Tab.305.
Desc. Geol. Env. de Paris, PI. 0. f. 11
Geol. Suss. Tab.l9.f.l6. Min. Con.Tab.306.
Desc. Geol. Env. de Paris, PI. 6. f. 12
.
Min. Con. Tab. 584. f. 1
Geol. Suss. Tab. 19. f. 13
Ibid. Tab. 19. f.Sl. 32
Min. Con. Tab. 141. f. 3
Geol. Suss. Tab. 19. f. 10-14
Ibid. Tab.l9.f.l8. B. minimus, Lister Hist.
Ibid. Tab.l9.f.l7.23. Min.Con.Tab.589.f.2
Ibid. Tab. 21. f. 14. 15. Min. Con. Tab. 40.
(Lower figure)
Ibid. Tab. 21. f. 13. 17. Min. Con. Tab. 103
Min. Con. Tab. 134
Geol. Suss. Tab. 21. f.3. (var. of A. varians?)
Ibid. Tab. 21. f. 11. Min. Con. Tab. 309 .
lbid.Tab.22.f.6. A.Deluci.?Geol.Min.P1.6.f.4
Min.Con. Tab.310. f.1.2.3. Geol. Suss, p.92
Ibid. Tab. 549. f. 1
n.id.Tab.Ol.f.4.5. Geol.Suss.Tab.l9.f.29.30
Ibid. Tab. 62. f. 1
Ibid. Tab. 62. f.2.3. Geol. Suss. Tab.23.f.l2
Ibid. Tab. 61. f. 1 . . . . ■ . . . .
Ibid. Tab. 61. f.2.3
Ibid. Tab. 01. f. 7. 8

Radiaria.
Crustacea.

Ringmer.
Ibid.
Ibid.
Ibid.

Elsewhere.

Folkstone.
Ibid.
Blackdown,

Ibid.
Ibid.

Parte

Ibid.
Ibid.
Ibid.
Norlington.

Bletchingley.
Folkstone.
[Rouen.
Ibid.
Bletchingley.
[Rhone.

Ringmer.
Ibid.
Ibid.

Folkstone.

[bid.
Norlington.
Ringmer.
Ibid.
Ibid.
Ibid.
[bid.
[bid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Norlington.

du

Ibid.

Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Le Havre.
Folkstone.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.

Mustelus P**

6, Shanklin Sand.
Class.
Genus.
Phanerogamia
( Dicotyledonous) .^
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In Sussex,
Willingdon.

Rejerences and Synonyms.
Geol. Suss. 76

Species.

(Lower Green Sand.)

References and Synonyms.
Geol. Suss. 76

Elsewhere.

Folkstone.

Spatangus.8
*Martin Geol. Mem. West Suss. 32

Ringmer.*'
In Sussex.

.

.

,

Parham.
Willingdon n''

Bignor ComGeol. Suss. 72
Parham.
Pulborough.
Min. Con. Tab. 57. f. 1-5
Ibid. Tab. 419. f. 3. M. intermedia, Geol.
Suss. 74
mon.'' near
*Mandibula.
Martin Geol. Mem. West Suss. 33.
Min. Parham,
Con. Tab. 43
Devizes
Pulborough.
*Pholadomya.
Ibid. [Margate.
Corbula Striatula.
Min. Con. Tab. 572. f. 2. 3
Parham.
Not figured
Tellina a:qualis.
Blackdown.
Ibid.
Min. Con. Tab. 456. f. 2 .
—————
inasqualis.
Ibid.
Shanklin.
Ibid.
Tab.
518.
f.
4.
5.
6
.
Venus
parva.
Ibid.
* At the junction of the gait and Shanklin sand, imbedded in wood.
'' A very imperfect cast.
" One example only.
'' Teeth.
' Scales and vertebras; very rare.
' Rolled fragments of wood at the junction of the sand with the gait.
f Fragment of a species too imperfect to be determined.
'' " Crustaceous fossil like a shrimp." — Martin.

Annelides.

Dentalium
*Vermicularia
Conchifera.
Mya

one or more.
concava.
plicata var.?

2e2
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Mr. Mantell's Tabular Arrangement of the
V'eniis
Genus.

Thetis
CiicuUcpa
Nucula
*Mocliola
aiytilus
*Piniia.
'^Triironia

References and S^nonj/ms
Min. Con. Tab. 65 ...
.
Ibid. Tab. 5G7. f. 3 ....
Ibid. Tab. 567. f. 1. 2 . . .
Ibid. Tab. 513. f. 5. 6 . . .
Ibid. Tab. 206. f. 3. 4 . . .
Ibid. Tab. 473. f. 3
...
Ibid. Tab. 210. f. 2 . . . .
Ibid. Tab. 210. f. 3. 4 . . .
Ibid. Tab. 430. f. 2 . . . .
Martin Geol. Mem. West Suss. 32 . . .
Min.Con.Tab.88.T.clavcllata,Gcol.Suss.73
Ibid. Tab. 215. f. 2
.......
Ibi(l.Tab.86. Martin Geol. Mcm.WestSuss.
33
Ibid. Tab. 511.
Geol. Suss. 74 . . . .
Ibid. Tab. 510. f. 1-4. Geol. Suss. 74 . .
Ibid. Tab. 510. f. 5
Martin Geol. Mem. West Suss. 33 . . .

Species.
Faba.
angulata."
ovalis.
minor,
deciissata.
impressa.
a'qualis.
bi partita,
lanceolatus.
Daxlalea.
aiffit'ormis.
*spinosa.

Gervillia

*Inoceramus."^
Pecten

aviciiloides.
soleiioides.

(jnadricostatus.
acuta.''
obliqiuis.
orbicularis.''

*Oibiciila/
Tercbratula
*Lenia.
Mollusca.

Rostellaria

Ibid.
Pulborough.
Parham.
Ibid.

Elsewhere.
Blackdown.
Shanklin.
Feversham.
Shankl" Chine.
Feversham.
Blackdown.
Osmington.
Blackdown.
Ashford, Kent.

Pulborough.
Parham.

Min. Con. Tab. 36. f. 1. 2. (3 .?) . . .
Ibid. Tab. 370. f. 2
Ibid. Tab.186. Martin Geol.Mem.West Suss.
Pulborough.
33

Patella.^
*Auricula.
Pileopsis.''
Natica
*Turbo.

Ibid.
Ibid.

Ibid.
Ibid.
Pulborough.
Parham.
.
Ibid.

Martin Geol. Mem. West Suss. 32
Min. Con. Tab. 15. f. 3
. . .
Ibid. Tab. 502. f. 1
Martin Geol. Mem. West Suss. 32

ovata.
lata.

Parham.
In Sussex'.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.

Exeter.

Pulborough.
Parham.
Parham.'
Ibid.
Pulborough.
Parham.
Ibid.
Pulborough.

Devizes.

canrena.

Martin Geol. Mem. West Suss. 31
Parkin. Org. Rem. iii. PI. 6. f. 2 .
Martin Geol. Mem. WestSuss. 31

Parham.
Pulborough.

Parkinsoni.'
calcarata.

Min. Con. Tab. 349. f. 6. 7

Parham.
Blackdown.
Ibid.
Ibid.
Ibid,
[rough. Broughton,

with 2 processes.'
Nautilus.'
Ammonites

.

.

Martin Geol. Mem. West Suss. 31

Near
PulboWillingdon.

Ibid.

Blackdown.

Goodhalli.'"
[Kent.

Hastings Deposits.
1
Class.
Genus.
Crustacea.
Cypris
Conchifera.
Cyclas
Mollusca.

Weald Clay.

Species.
membranacea."
Faba."

Paludina
media.''
vivipara.'i

(Upper Division.)

References and Si/nonyms.
Min. Con. Tab. 485

In Sussex.
•Shipley.
Cooksbridge.

Ibid. Tab. 527. f. 3. "Tilgate Fossils," 26 Cooksbridge.
Ibid. Tab. 527. f. 2
Lamarck Hist. Nat. Anim. sans Vert. Vivipara fluviorum, Min. Con. Tab. 31. f. 1 . Laughton,near

Elsewhere.

Near Tilbuster
[Hill, Surrey.

[Lewes.
^ Casts four inches and a half wide sometimes occur.
'' Avicula .»
" Lower beds.
■' "Lower beds of green-sand." "= Upper valve? A flat shell with numerous stri;c. ' Unlike O. reflexa,
Mm. Con. lab. 506. 1. 1.
? Oval, conical, depressed ; longest diameter one inch and a half, transverse one inch.
'' Of the size of Patella Unguis, Min. Con. Tab. 139. f. 7.
* Probably a variety of the chalk marl species, Geol.
Suss. Tal). 18. f. 1.
k Resembles very closely R. Pes Pelicani.
' Species not particularized. >" Mr. Martin mentions three species of Ammonites ; neither particularized.
° In hmcstone, septaria, and shale.
" In blue clay.
p In septaria and shale.
•i Ihe
remainsmarble.
ot this species, associated with those of Cypris Faba, form extensive beds of limestone, known by the
of Sussex
name
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Class.
MoUusca.

Genus.
Paludina

Species.
elongata.^

Potamides o carinifera.''
Ceritliiuin.

Pisces.''
Reptilia.*

Hcfcrcnces and St/nonyms.
Min. Con. Tab. 509.
Tilgate Fossils, 26
Ibid. Tab. 509. f. 3
Tilgate Fossils, 25

Martin Geol. Mem. West Suss. 41

In Sussex.

Elsewhere.

Cooks- ComptonGrange,
Isle
of Wight.
Resting [bridge.
-Oak -

Near

.Shipley,
near
West
Grinstead.
Cooksbridge.
Resting -Oak[Mill.
-

2. Tilgate Beds (Middle Division),
[Hill.

including the Horsted sand, Tilgate sand, grits, and clays, and the Worth sandstone.
Class. Genus.
Species.
Cryptogamia
(Vascularia). Calamites.'
■
■
Sphenopteris Mantelli.

Lonchopteris Manfelli.

Lycopodites ?^
Phanerogamia
(Monocotyledonous.)
Clathraria
Lyellii.
Carpolithus Mantelli.''
(families uncertain.) Endogenites erosa.
(Dicotyledonous :
families not

References and S>/nonyms.

[Worth. Park.
Tilg. Foss. PI. 1. f. 1. 2. 7. PI. 2. f. 1. 2. 3.
Geol. Trans. 2d series, i. 423 . . . .
Tilgate Forest.
Tilg. Foss. PI. 3. f 1. 2. Geol. Trans. 2d series,i.423. Ad.Brong.Prodr.Hist.Veget.l27 Ibid.
Tilg. Foss. PI. 3. f. 1. 2. Geol. Trans. 2d
Ibid. Hastings.
series, i. 423
Ibid.

Cypris
Cyclas

media.
Faba.''
cornea r '
nienibranacea."

Elsewhere.

Near
TunAd. Brongn. Prodr. Hist. Veget. Foss. 50.
Hymenopteris psilotoides, Geol. Trans. 2d [bridge Wells.
series, i. 424. Tilgate Foss. PI. 1. f. 3. a. b.
PI. 3. f. G. 7. PI. 20. f. 1. 2
Tilgate Forest.
Ad. Brongn. Prodr. Hist. Veget. Foss. 60.
Pecopteris reticulata, Tilgate Foss. PI. 3. Hastings.
[Hastings. Env. de Bcauf. 5. Geol. Trans. 2d series, i. 423
. . Chiddingly.
vais. Eridge

determined.')
Crustacea.
Conchifera.

In Sussex.

Min. Con. Tab. 485
Ibid. Tab. 527. f. 2
Ibid. Tab. 527. f. 3

Hast-

Ibid.
[ings, &c.
Tilgate Forest.
[Hastings.
Tilgate
Forest.
Hastings.

* In septaria, clay, and shale.
'' Associated with the other species. Some of the smaller Specimens of the last two species closely resemble Paludina
tentaculata.
■= A small delicate species, always in a mutilated state.
' Scales, bones, &c.
"^ Bones of saurian animals (very rarely) with Paludina and Cyclades.
^ A compressed culm ; nearly an inch in circumference, five joints in the length of four inches.
In blue shale.
^ A small delicate plant, carbonized; related to the recent Lycopodia.? leaves of several species of Ferns, and
other remains too imperfect to be determined.
'' This fossil M. Brongniart supposes to be the seed-vessel of Clathraria Lyellii.
* Carbonized wood in small masses ; doubtful if dicotyledonous; and lignite disseminated in sand, clay, grit, &c.
* With Cyclades, &c.
' A small species closely resembling Cyclas cornea, abundant in the calciferous grit.
*" In shale, &c.
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Class. Genus.
Conchifera.
Unio

Species.
porrectiis.*
compressus.^
antiqiius."
aduncus.*

MoUusca.

Succinea?''
Paliulina

Pisces.
Lepisosteiis.''

Silurus.'

coriliformis.*
vivipara.
elongata.'

Min.
Ibid.
Ibid.
Ibid.

References and Synonyms.
Con. tab. 504. f. 1
Tab. 594. f. 2
Tab. 594. f. 3. 4. 5
Tab. 595. f.2. Tilg. Foss. PI. 10. f.ll

Jn Sussex.

Elsewhere.

Tilgate
Forest.
Ibid.
Ibid.
Hastings.
ney.
Linfield.

Bol-

Ibid. Tab. 595. f. 1
Tilg. Foss. PI. 10. f. 8. 9
Ibid. PI. 10. f. 7
Lacepcde, Tilg. Foss. PI. 5. f. 4. 15. Martin
Geol. Mem. West Suss. 48
Specimen with pectoral fin .
Tilg. Foss. PI. 10. f. 4. 6 . .
Ibid. PI. 5. f. 14. PI. 15. f. 2. 6

Tilgate Forest.
Ibid.
[Wells.
Ibid.Tunbridge
Tilgate Forest.
Billinghurst.
[Hastings.
TilgateForest.
Heathfield.
Tilgate Forest.

Ibid.Tunbridge
Ibid."
Ibid.s [Wells.i
Ibid.f
Trionyx.
Ibid. PI. G. f. 1 . 3. 4. 5. 8. PI. 7. f. 4. 7. p. 60
Reptilia.
Tilgate
Forest. Jura limestone
Ibid. PI. 6. f. 6. 7. PI. 7. f. 3. Oss.Foss. v.232 Ibid.
[of Soleure.
Hastings.''
Maestricht.
Ibid.
Pl.e.f.'i.
P1.7.f.l.2.5.a.
Oss.Foss.v.239
Emys.'
Ibid. PL 5. f. 11. P1.9. f. 4. 5 . . . . Ibid.
Cheloiiia.""
Plesiosaurus."
Ibid.
Crocodilus
priscus.
Ibid.
10.f. f.5. 5.
Oss.Cuv.
Foss.Oss.v. Foss.
PL 6. v.f".127
1 .
Caen.
Ibid. PI.
PL 7.
6. 8.
Ibid.
Leptorhynchus.°
Ibid.P1.5.f.l.2.7.10.12.Cuv.Oss.Foss.v.l42 . Ibid.
Ibid. Pi. 8. f. 8
Ibid. PL 8. f. 9
Ibid. PL9.f.2.3.6. PLl8.f.2. P1.19.f.l.2.8.12.
Megalosaurus.'
Ibid.P
14.15.16. Geol.Trans. 2d series, i. PL40.41 Ibid.i
Ibid.
Tilg. Foss. PL 4. Pi. 10. f. 12. PL 12. f. 1. 2.
Stonesfield, n'
3.4. P1.16.f.l. PL 18. f.l.
Oss.Foss.
Iguanodoii.*
V. 351.
Phil. Trans. 1825
Ibid.
Swanage, Isle
Ibid.'
Tilg. Foss. PL 15. f. 3. 4
[Oxford.
Ibid.
Hastings.
Ibid. PL 8. f. 1. 2. 3. 10. 11. 18 . . . .
[of Purbeck.
Pterodactylus ?
Ibid
Ibid.
Ibid.
Aves.^
Sauro-coprus of Dr. Buckland.
Small obscurely spiral masses, supposed to be ffficaL
Ibid."
Ibid."
* Casts of these species occur in abundance in the grits and sandstones of the Forest, in many instances constituting
entire layers of considerable extent and thickness, like the muscle band of the coal measures, formed by a species of the
Ibid. PI. 10. f. 2

same freshwater bivalve. See Pet. Derb. PL 27. 28.
** A small species related to S. amphibia, in limestone with
a group of Paludina elongata. "^ Abundant in the grit. "^ A genus allied to Esox. A fragment of the fore
part of the body with the gills; nine inches long, seven inches broad, five inches thick, covered with rhomboidal scales.
Detached scales are common in every bed of the Hastings formation. In the Museum of the College of Surgeons in London, there is a portion of the skin of a fish covered with scales of a similar character, from the Brazils, which Mr. Chft
supposed to belong to a fresh-water genus allied to Esox.
^ Radii or fin bones; three or more species.
' Teeth tricuspid, striated.
They resemble some from the Stonesfield slate.
5 Teeth tricusjiid, smooth.
They differ from the tricuspid teeth of Squali.
*' Palates or denies tritores, resembling some from Stonesfield, Oxfordshire.
* Jaws with hemispherical teeth.
'' Scales, vertebrae, &c., of a small species too mutilated to
admit of determination.
In the argillaceous partings of the strata.
' A remarkably flat species.
'" Related to the fossil turtle of Maestricht.
" Bones, teeth, Sec.
« The fossil species of Caen.
P The fossil species of the Jura limestone.
"^ A very small species resembling that figured in the Oss.
Foss. vol. iii. PL 76. f 8.
'A small species.
^ Teeth, vertebra, and other bones.
* Horn, teeth, vertebra^, phalanges, femur, tibia, fibula, clavicles, coracoid bone, ribs, &c.
" Teeth of an unknown saurian. Dr. Jidegar of Stuttgard has discovered teeth very much resembling these, in the
neighbourhood of that city ; together with the teeth and jaws of two other phytivorous saurians.
" Bones of other undetermined saurian animals.
? Bones referable to Birds or to a flying reptile.
Some
a))pcar to be decidedly the tibic-e of a wading bird.
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3. Ashburnham Beds.
(Lower Division of the Hastings Deposits.)
Argillaceous limestone alternating with schistose fnarls.
Class. Genus.
Species.
Cryptogam ia.
(Vasciilaria.) Spheiiopteris Maiitelli.*
Conchifera.
Cyclas media.''
I
raembranacea.'

Mollusca.

Pisces.''
Reptilia.

Unio
Paliidina

In Sussex.

ReJ'erences and Synonyms.

Pounceford.
Ibid.

Mill. Con. Tab. 527. f. 2
Ibid. Tab. 527. f. 3

Ibid. Ashburnham.
Maresfield. West Ilothly. Ashburnham. Hastings. Framfield.
West Hothly.

antiquus."
elongata.'

Barnett's
Wood, near Framfield.
Ibid.
Darvel's Wood, near Battel.
Pounceford.
Darvel's Wood.

vivipara.^'
Megalosaurus.'
Crocodilus.''

* Lignite and imperfect traces of carbonized vegetables.
'' Forms beds of limestone.
■^ Constitutes the principal portion of the argillaceous beds in some localities.
"^ This species resembles C. corneus of Lamarck, vol. vi. Entire beds of limestone are formed of it, associated with
shells of the genus Unio.
It occurs also in vast quantities in the grit.
* Two or more species in limestone with Cyclades.
^ In limestone.
^ In limestone and shale.
•* Scales detached, small vertebrae, very imperfect remains in shale. ' Vertebrffi ; uncertain if from grit or shale.
'' VertebrjE from the clay between the limestone, on the authority of Dr. Fitton.
%• This Catalogue was begun at the suggestion
South-east of England, read before the Geological
subsequent part of these Transactions. A paper by
ginous sands, appeared in the Annals of Philosophy

of Dr. Fitton, and intended as a supplement to his Memoir on the
Society on the 15th of June 1827, and about to be published in a
Dr. Fitton, first establishing the subdivision of the green and ferrufor November 1824.

Results,
There have been discovered in the strata of Sussex (exclusively of the organic contents of the comparatively modem
alluvial deposits) the fossilized remains of nearly four hundred species of animals and vegetables, of which the following
arrangement exhibits a condensed view.

Vertebral Animals.

Mammalia.
Aves.
Reptilia
Pisces.

Pachydermata,
Cetacea,

4 species

belonging to as many genera.

Of the tribe GrallaR, 1 or more species
TTestudinata, 3 '
< Sauria,
9

1 genus.
3 or more genera,
5
18

(_Pterodactylus i'

24

Invertebral Animals.
Mollusca.
Conchifera.
Annelides.
Crustacea.
Radiaria.

Polypi.

f Multilocular (Nautilida')t-, 58 species
Mmplc
(5 species freshwater) 63
\Sim]
(12 species freshwater)125
14
Echinidce,
Asteriadffi,
Crinoidff,

belonging to 298 genera.

12 or more species
24 species
2 or more species
3
27 species

Vegetables.

40

101 genus.
3 or more genera.
10 5

Acotyledonous 10 or more species belonging to 0 or more genera.
Monocotyledonoiis
4
3
•
Dicotyledonous 2
■■
2

Total — MammaliaS species; Aves 1 or 2 ; Reptilia 12; Pisces 24; Mollusca 121, of which 5 are freshwater; Conchifera 125, of which 12 are freshwater; Annelides 14; Crustacea 12; Radiaria 29; Polypi 27 ; Planta; 16.
The geological distribution of the species above enumerated is shown in the following Table, and the zoological characters ofthe respective formations are thus established, so far as the present imperfect state of our knowledge will permit.
t Under this term the ancient multilocular genera are included.

See Fleming Brit. Anim. 226.
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A Tabular View of the Geological distribution of the Fossils of Sussex, exhibiting the
zoological characters of the Strata.
[The strata are grouped according to their zoological characters, the Shanklin Sand being included in the Chalk Formation. The Purbeck would of course rank with the Hastings Deposits.]
Organic

Remains.

Chalk Formation.

TertiaryForm".

Hastings Deposits.

m
The contents of the alluvial beds, as belonging to the modern epoch, are not
enumerated.

u
V^

H

O

Mam''malia^
. .
Aves
■Testudinata
Reptilia

\ Freshwater .
Sauri"^
Enalio-Sauri<^
-Ptcrodactylus?
. . . .

Pisces"" .
Mollusca

f Multilocular*'.
. . .
"jr.l-Smiple1
{r Fresh
,
. waters
^
[ Marme . .
,,
,
.^
r
Fresh
water"*
....
Lonchifera < ,, .
[ Marine
Annelides
Crustacea'
TEchinidet .
Radiaria
< Asteriadre
Polypi
Pianta;

101
2
2?
1

r Marine

3
23

34

11

32

26
3
1
4

2
1
1

31
3
17
6

25

2
18
3

LCrinoidic'' .
Marine
rial'

{Terrest
Number of Species

16
2

3
3

86
72

14

77

4
190

49

60
20
31
103
11
13
24
2
3
26
6
7
307

10

40

10

43

London Clay,
Character of the Formations"

Freshwater.

Mar., Plastic
Clay, F. W.

Marine.

Teeth, bones, &c.
*■ Detached bones only.
Some of those supposed to belong to birds may probably be referred to Pterodactylus.
Three of the_ genera extinct.
"^ Genus e.xtinct.
^ 1 lie remams too imperfect, in most instances, to admit of positive conclusions as to their marine or freshwater habitats
Not a vestige in the Hastings beds; seven genera extinct.
s Although the species are but few, these
shells occur in vast numbers.
h !„ immense quantities.
I Cypns Faba; very abundant in the upper beds.
" Two genera extinct.
Ihe vegetables are probably much more numerous, their characters being in many instances too imperfectly displayed toadmit of accurate determination.
m As, in a few instances, the same species occur in more
than one subdivision of the same formation, the total amount here given rather exceeds the number of distinct species.

■ Diluvium.— Bones of Pachydermata and Cetacca
.
ni!",l^species,
of
which
sixty-t
'r.?''*wo are marine shells; a large proportion of simple univalves.
^"~^^^''
^"^^'*^^
''
Plastic Clay — Fourteen species, of which ten are either
terrestrial or freshwater^
Chalk.— -Nearly three hundred species, which, with scarcely any exceptions,
Fifty-eight species of mularc marine.
tilocular Mollusca, and twenty-four of Echinida?.
Hastings Beds.— About sixty species, which, with but few excejitions, are either terrestrial orfluviatilc : Reptiles, Testacea, and Vegetables.
Neither the Echinida-, Zoophyta, nor Marine Mollusca, occur in these deposits.
* P. 204, note' and p. 208, note f, the word " Wood" is omitted at the be ginning of the two sentences here referred to.

XI. — On the Discovery of a New Species of Pterodactyle in the Lias at
Jjyme Regis.
By the Rev. W. BUCKLAND,
PROFESSOR

OF GEOLOGY

AND

D.D. V.P.G.S., P.R.S. F.L.S.

MINERALOGY
&C. &C.

IN THE

UNIVERSITY

OF OXFORD,

&C.

[Read Feb. 6th, 1829.}

IN the same blue lias formation at Lyme Regis, in which so many specimens of Ichthyosaurus and Plesiosaurus have been discovered by Miss Mary
Anning-, she has recently found the skeleton of an unknown species of that
most rare and curious of all reptiles, the Pterodactyle, an extinct genus, which
has yet been recognized only in the upper Jura limestone beds of Aichstedt
and Solenhofen, in the lithographic stone, which is nearly coeval with the
chalk of England.
The history of the only two perfect specimens that have yet been found of
this most anomalous genus of extinct reptiles, is familiar to all geologists from
the minute and detailed descriptions which Cuvier has given of them : and the
Pterodacti/lus longirostris and Pterodactjjlus brevirostris are pronounced by
him to be incontestably the most extraordinary of all the extinct animals which
have come under his consideration ; and such as, if we saw them restored to
life, would appear most strange and most dissimilar to any thing that now
exists. "Cesontde tons les etres dont ce livre nous revele I'ancienne existence, les plus extraordinaires, et ceux qui, si on les voyait vivans, paroitroient
les plus etrangers a toute la nature actuelle*."
In size and general form and in the disposition and character of its wings,
this fossil genus, according to Cuvier, somewhat resembled our modern bats
and vampyres, but had its beak elongated like the bill of a woodcock, and
armed with teeth like the snout of a crocodile; its vertebrse, ribs, pelvis, legs,
and feet, resembled those of a lizard ; its three anterior fingers terminated in
long hooked claws like that on the fore-finger of the bat ; and over its body was
a covering, neither composed of feathers as in the bird, nor of hair as in the
bat, but of scaly armour like that of an Iguana ;— in short, a monster resem* Cuv. vol. V. Part II. p. 379.
VOL.

III.

SECOND

SERIES.

2 F
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blin"- nothing that has ever been seen or heard-of upon earth, excepting the
dra"-ons of romance and heraldry. Moreover, it ^vas probably noctivag-ous
and insectivorous, and in both these points resembled the bat; but differed
from it, in having tlie most important bones in its body constructed after
the manner of those of reptiles. With flocks of such-like creatures flying in
the air, and shoals of no less monstrous Ichthyosauri and Plesiosauri swarming
in the ocean, and gigantic crocodiles and tortoises crawling on the shores of
the primffival lakes and rivers, — air, sea, and land must have been strangely
tenanted in these early periods of our infant world.
As the most obvious point of difference between our new species of Pterodactyle and those described by Cuvier, consists in the greater length of the
claws I propose to designate it by the name of Pterodactylus macronijx, and
for the peculiarities of its structure, refer to my subjoined description of the
details of its skeleton, and to Plate XXVII. lithographed from the specimen,
and from a drawing which Mr. Clift kindly prepared to accompany this paper.
The individual we possess must have been nearly of the size of a raven :—
the head is wanting, but much of the skeleton, though dislocated, is nearly
entire; part of the neck is also lost. Mr. Clift and Mr. Broderip have discovered that the remaining cervical vertebrae are surrounded with small
cylindrical bony tendons of the size of a thread*. These run parallel to the
vertebrse, like the tendons that surround the tails of rats, and resemble the
bony tendons that run along the back of the Pygmy Musk {Moschus Pi/gtnceus), and of many birds, and are familiar to us in (he leg of the common
Turkey : these bony tendons must have materially added to the power of the
neck and head of the Pterodactyle. Of the vertebrse of the back and the
ribs but few remain : the sternum is much crushed, but appears to have been
large ; the pelvis also is large and well preserved. Three vertebrae of the tail
remain, and show by their size that it was large and powerful : the legs are
longer and stronger than in any of the bats or vampyres, and terminate in a
long foot; — the lower extremities being thus altogether more adapted for
standing and moving on the ground, after the manner of birds.
The scapulse and coracoids are remarkably perfect, and much resemble
those of birds : the wings when unfolded must have reached nearly four feet
from tip to tip; their membrane was
langes of the fourth finger, aided by
three anterior fingers are of unequal
the second three, and the third four,

expanded by an elongation of the phathe legs, and probably by the tail. The
length ; the first having two phalanges,
as in the foot of crocodiles and lizards.

In all three fingers the penultimal phalanges, next the ungual bone, are the
* Plate XXVII. fii^. 1'.
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longest ; and in the second and third fingers the antepenultimal is the
shortest. This is precisely the arrangement pointed out by Cuvier in the
Pterodactylus longirostris. These three fingers, terminating- in claws so longthat I have chosen them to characterize the species by the name macronyx,
must have formed a powerful paw, wherewith the animal was enabled to
creep, or climb, or suspend itself from trees : — thus, like Milton's fiend, allqualified for all services and all elements, the creature was a fit companion
for the kindred reptiles that swarmed in the seas or crawled on the shores of
a turbulent planet.
"The Fiend,
O'er bog, or steep, through straight, rough, dense, or rare,
With head, hands, wings, or feet, pursues his way.
And swims*, or sinks, or wades, or creeps, or flies."
Paradise Lost, Book II. line 947.

I had for some time past suspected the existence of the Pterodactyle in the
lias at Lyme ; partly from having heard, about twenty years ago, that in the
collection of Mr. Rowe, then made at Charmouth, there was the skeleton of a
fossil bird, which I never saw, but imagine may have been a Pterodactyle ; and
partly from having found, four years ago at Lyme, in the collection of Miss
Philpots, some bones of a wing and toe, wliich I could refer to no other
animal, and of which a drawing was then made for me. More recently, I
have discovered in the cabinet of Miss Philpots a thin elongated fragment of
flat bone, which appears to be the jaw of a Pterodactyle ; it is set with very
minute, flat, lancet-shaped teeth, bearing the character of alacertine animal —
A drawing of it is annexedf.
Having thus established the existence of this genus at so early a period in
the secondary formations as that of the lias, I revert to an opinion expressed to
me in 1823 by Mr. I. S. Miller of Bristol, — that many of the bones in the Oxford
Museum, from the oolitic slate of Stonesfield, which have generally been considered as the bones of birds, ought rather to be referred to the Pterodactyle.
At that time I saw much reason to adopt his opinion with respect to many
specimens; and I now, on further examination, am disposed to think that
they may all be referred to a flying reptile rather than a bird ; and it is
* In the Zoological Journal, No. XVI. p. 458, is a paper by G. Tradescant Lay, Esq. on the
Pier opus Pselaphon, or Vampyre Bat, of the Island of Bonin, which shows that animal, in case
of need, to possess the power of swimming. " One of them being placed by the sailors on a raft
thrown into the sea, and having for some time laboured in vain to find a convenient place to
suspend itself, abandoned the raft, and swam pertinaciously after tlie boat."
t Plate XXVII. fig. 3.
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remarkable that the elytra of coleopterous insects, on which this reptile might
have fedj occur at Stonesfield in the same stratum with its bones. Here then
■we have another new and important locality of the genus Pterodactyle, nearly
in the middle region of the oolite formation, in a place intermediate between
the lias and the lithographic limestone : and from its occurrence at the two
extremes, and nearly in the centre of the series of the successive deposits
which are grouped together under the name of Jura limestone, we may with
probability infer, that its existence extended through the entire long period of
this great formation from lias to chalk.
Within this period are included all
the strata of Tilgate Forest : and it deserves inquiry whether many of the
bones discovered therein, which Mr. Mantell has referred to birds, may not
on more careful examination prove to belong also to the Pterodactyle ; and
whether there be any certain evidence of the existence of fossil birds in strata
more ancient than the tertiary.
I now proceed to my description of the details of the skeleton of Pterodactylus inacronyx^' .
As many of the bones are moved from their natural place, they will be
recognized more easily by reference to Plate XXVII. fig. 2, where the extremities are restored.
In my description, I shall follow, as nearly as possible, the order and illustrations adopted by Cuvier in his admirable account of the Ptcrodactylus longirostris.
Head. — The head is entirely wanting: — the fragment of a jawf found in
the same lias at Lyme Regis, and now in the collection of Miss Philpots, is
probably that of our Pterodactyle ; the teeth are simple, and like one another
— flat, and shaped at the point like a lancet | : the jaw bone is very thin.
Neck. — The anterior part is lost, and the remainder much obscured by
pyrites ; one vertebra only at «, is distinctly seen to be three quarters of an
inch in length ; thus corresponding with the cervical vertebrae of Pterodactylus longirostris. Around this long vertebra, and extending from it in
both directions towards the head and back, are small cylindrical bony tendons,
resembling the soft tendons that run parallel to the vertebraB in the tails of
rats. They seem to terminate in the first dorsal vertebra, but the specimen
is too imperfect to show this with certainty.
Vertebras. — The vertebrse are much dislocated, and many of them lost; the
bodies of four are seen near a' ; two also are visible beneath the neck, at b ;
and one dorsal vertebra, at 6', retains the spinous process, and one transverse
* Plate XXVII.
t Sec magnifud view of them at fig. 3.

t Plate XXVII. fig. 3.
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process with the head of the articulating rib in contact with it. C is the body
of a vertebra showing a convex articulating surface^, as in the crocodile^ with
a cast of the medullary cavity at 2 ; the annular portion is lost. Traces of the
spinous processes of another vertebra are seen at C 1.
d. Vertebra, probably lumbar, showing its concave articulating surface, one
transverse process, and two anterior spinous processes. Behind this we see the
body and large transverse process of another vertebra, probably sacral.
e. Ribs dislocated; impressions of other ribs appear on the stone.
K. Tail. — Three caudal vertebrae, much larger in proportion than those of
P. longirostris ; the legs also are larger and longer : and the tail was probably
longer^ and may have cooperated with the legs in expanding the membrane for
flight: — a long and powerful tail is in strict uniformity with the character of a
lizard.
9. 9. Omoplates; — long and narrow as in crocodiles, but still more nearly
resembling those of birds.
X.X. Coracoid bones; — large as in birds for support to the wings in flight.
Clavicle ;— none apparent.
18. Sternum — is much broken, and its form indistinct, but was large and
broad for the attachment of pectoral muscles.
1. 1. Humeri; — lower extremities.

l". 1". Humeri ;— upper extremities having the anterior tuberosity salient
as in birds, but partly broken off"; the right humerus and right scapula are
much displaced ; the left humerus and other bones of the left wing are nearly
in their natural juxta-position, 1. 2. 3. 4. 5.
2. 2. Fore-arms; — showing no traces of any ulna. The right fore-arm is
imperfect.
Carpus. — In the left carpus four bones are distinctly visible,/, g-. h. i. Three
of these are in contact with the radius, and the fourth (i) is in contact with
the largest metacarpal bone : the bones of the right carpus are all dislocated
and dispersed,/ k. I. m.
3. First, second, and third metacarpal bones of the right hand ;— the under
surface placed upwards.
3'. First, second, and third metacarpal bones of the left hand.
3". Metacarpal bone supporting the fourth or wing-finger of left hand.
3'". Metacarpal bone supporting the fourth finger of right hand.
S. Three fingers of the left hand terminating in long claws ;— there are two
phalanges in the first finger^ three in the second, and four in the third finger,
as in crocodiles and lizards.
S'. The right hand ;— all the bones of the first and third fingers are present,
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and but little disturbed ; but the ungual and anterior part of the second bone
of the second finger are hid by the humerus.
4. First bone of the fourth or wing-finger. — This finger liad probably
four phalanges ; parts of the two first, and an impression of part of the third,
are all that remain*. There is no vestige of a fifth finger. The proportions
of the phalanges of the first three fingers are as follows : The penultimal of
each is the longest; and of the phalanges of the second and third finger,
the antepenultimal is the shortest : the form of all the claws is that of a halfcrescent compressed, and sharp at the point.
Pelvis. — The three bones of the right side of the pelvis are very distinct,
and nearly in place.
M. Ilium.
L. Ischium.
Y. Pubis.
N. left femur.
N'. right femur displaced.
O. right tibia. O'. left tibia compressed so as to give the false appearance
of a fibula, but there is no trace of a fibula near the right tibia.
T. Tarsus. — The bones of the tarsus are too much covered with pyrites to
be made out : portions of two only are visible.
P. Four bones of metatarsus of the left foot distinct and undisturbed, their
lower side being uppermost ; the metatarsus of the right foot is concealed.
R. Phalanges of the left toes ; all the ungual bones are wanting.
In the first toe, there remains a fragment of the first phalangal ;— in the
second toe, a fragment of the first and of the second phalangal ;— in the third
toe, the first phalangal entire, and portions of the second and third; — in the
fourth toe, four bones remain, the ungual only being lost; of these the penultimal is the longest, and the second and third shortest, as in the P. longirostris and in lizards : these second and third bones of the fourth toe, and
the second bone of the third toe, are depressed and partly covered by a fragment of the second phalangal bone of the wing, which I have taken off and
replaced.
R'. Toes of the right foot much dislocated ; one claw alone remains at R";
it is smaller than the smallest claw of the first finger at S.
The lensth of the foot and of the tibia and femur shows that the animal
must have stood firmly on the ground, where, with its wings folded, it probably moved after the manner of birds. It could perhaps also perch on trees,
and lay hold of their branches with its foot and toes, like birds and lizards.
* Plate XXVII. 4. 5. 6.
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1. Coprolites in Lias.
It has long been known to the collectors of fossils at Lyme Regis, that
among the many curious remains in the lias of that shore, there are numerous
bodies which have been called Bezoar stones, from their external resemblance
to the concretions in the gall-bladder of the Bezoar goat, once so celebrated
in medicine : I used to imagine them to be recent concretions of clay, such
as are continually formed by the waves from clay on the present beach ; but 1
have now before me sufficient evidence to show that they are coeval with the
lias, and afford another example of the same curious and unexpected class of
fossils with the album graecum, which I first discovered in 1822 in the cave
of Kirkdale, being the petrified faeces of Saurian animals, whose bones are so
numerous in the same strata with themselves*. The Coprolites, which I shall
first describe, have yet been noticed chiefly at Lyme Regis ; but I think it
probable that they exist wherever the remains of Ichthyosauri are abundant ;
the most likely place to aflbrd them is the extensive coast near Whitby, where,
as at Lyme, the lias is exposed to continual destruction by the sea, and abounds
in bones of Sauriansf . A great number of these so-called Bezoars at Lyme,
* The chemical evidence for this conclusion rests on the high authorities of Dr. Wollaston and
Dr. Prout. In Dec. 1825, I submitted to Dr. Wollaston a specimen from Lyme Regis (Plate
XXVIII. fig. 12.) and also one from Tilgate Forest (Plate XXXI. fig. 18.); and he then
informed me that both these specimens contain much phosphate of lime, and that his analysis
appeared to confirm my conjecture as to their fajcal origin.
In the present year Dr. Prout has kindly occupied himself with this subject, and has analysed all
the varieties of faecal substance that are mentioned in this paper. — See hisLetter subjoined (p. 237).
f Since this paper was read, I have recognized a Coprolite from Whitby, in the collection of
R. I. Murchison, Esq. ; it forms the nucleus of a small Septarium. At Bath and Barrow-on-Soar,
where large quarries of lias are laid open, and bones of Ichthyosauri are frequently dug up, we
shall probably also soon find Coprolites.
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occur as loose pebbles upon the shore, having- been washed out of the lias ;
but many are also found dispersed, like Septaria, in the lias shale, and sometimes in the stone lias. Occasionally they form the nuclei of small Septaria,
or have selenites or crystals of sulphate of barytes adhering to, and radiating
from, their surface. These imbedded specimens have undergone no process
of rolling, but retain their natural form, as if they had fallen from the animal
into soft mud, and there been preserved undisturbed until it was consolidated
to the state of lias and lias shale.
The certainty of the origin I am now assigning to these Coprohtes, is established bytheir frequent presence in the abdominal region of the numerous
small skeletons of Ichthyosauri, which, together with many large skeletons of
Ichthyosauri and Plesiosauri, have been found in the cliffs at Lyme, and supplied to various collectors by the skill and industry of Miss Mary Anning. I
have two of these skeletons, in each of which the Coprolites are very apparent,
but flattened ; and Miss Anning informs me that since her attention has been
directed to these bodies, she has found them within the ribs or near the pelvis
of almost every perfect skeleton of Ichthyosaurus which she has discovered.
She further informs me, that whereas in the entire thickness of the lias formation there are certain strata that abound in bones, whilst in others they are
comparatively rare ; so also the so-called Bezoars are most abundant in those
parts of the formation in which the bones of Ichthyosauri and Plesiosauri are
most numerous.
I propose to assign the name of Ichthyosauro-coprus to the fossil fseces which
are thus evidently derived from Ichthyosauri*.
In variety of size and external form the Coprolites at Lyme Regis resemble
oblong pebbles or kidney-potatoes. They, for the most part, vary from two
to four inches in length, and from one to two inches in diameter. Some few
are much larger, and bear a due proportion to the gigantic calibre of the
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* We are as yet without direct evidence to show which of the Coprolites are derived from
Plesiosauri ; the discovery of a skeleton containing them within it, will probably ere long decide
the question : from the smaller size of their jaws, it should seem the Plesiosauri were less
voracious, or at least less qualified to swallow large animals, than their neighbours the Ichthyosauri;— still they were carnivorous and swallowed their prey entire, and must have contributed

I
1
i

their due proportion to the stores of Coprolites that lie buried with them in the lias. There is
sufficient variety in these Coprolites to allow them to be referred to more than one genus, and
to many species of Saurians. At present we can with safety apply the term Ichthyosauro-coprus to
those only which are found within the skeletons of Ichthyosauri, and to specimens like those engraved at Plate XXIX. figs. 2. & 5. which contain bones of animals too large to have been
swallowed entire by a creature having so small a mouth as the Plesiosaurus dolichodeirus. There
is no third genus of animals in the lias to which we can refer these largest Coprolites.
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largest Ichthyosauri*; others are small, and bear a similar ratio to the more
infantine individuals of the same species, and to small fishesf : some are flat
and amorphous, as if the substance had been voided in a semifluid state];;
others are flattened by pressure of the shale. Their usual colour is ash-grey,
sometimes interspersed with black, and sometimes wholly black. Their substance isof a compact earthy texture, resembling indurated clay, and having
a conchoidal and glossy fracture. Their general appearance will be best understood byreferring to the figures given of them in Plates XXVIII. XXIX.
& XXX. The structure of the Coprolites at Lyme Regis is, in most cases,
tortuous, but the number of coils is very unequal; the most common number
is three : the greatest I have seen is six§: these variations may depend on the
various species of animals from which they are derived : I find analogous
variations in the tortuous intestines of modern skates, and sharks, and dogfish ||.Some Coprolites, especially the small ones, show no traces at all of contortion or any other structured.
The sections of these fffical balls show their interior to be arranged in a
folded plate, wrapped spirally round from the centre outwards, somewhat like
the whorls of a turbinated shell** ; their exterior also retains the corrugations
and minute impressions, which, in their plastic state, they may have received
from the intestines of the living animalsff.
Dispersed irregularly and abundantly throughout these petrified faeces are the scales, and occasionally the
teeth and bones, of fishes, that seem to have passed undigested through the
bodies of the Saurians, just as the enamel of teeth and sometimes fragments
of bone are found undigested both in the recent and fossil album grgecum of
hyaenas.
These scales are the hard bright scales of the Dapedium politum,
and other fishes which abound in the lias, and which thus appear to have
formed no small portion of the food of the Saurians.
The bones are chiefly
vertebrae of fishes and of small Ichthyosauri ; the latter are less frequent than
the bones of fishes, but still are sufficiently numerous to show that these
monsters of the ancient deep, like many of their successors in our modern
oceans, may have devoured the small and weaker individuals of their own
species.
One large Coprolite ;{;| contains a vertebra, more than an inch in
diameter, of an Ichthyosaurus that must have been at least four feet in length :
and the jaws of large Ichthyosauri in the coflection of the Geological Society,
show how competent they were to swallow animals even of much greater size
* Plate XXIX. figs. 1. 2. & 4.
f Plate XXX. fig. 6-12.
J Plate XXX.
§ Plate XXVIII. figs. 3. 5. 11. 12'.
|1 Plate XXXI. figs. 19. 20. 21. 22.
H Plate XXX. fig. 4. & fig. 6—12.
tt Plate XXVIII. figs. 6. 7. 8. 9.
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** Plate XXVIII. figs. 3. 4. 10. 11. & 12'.
+J Plate XXIX. fig. 2.
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than tliis *. It appears moreover, probable, that the remains of cuttle-fish occur
in these fgecal balls at Lyme Regis. I had requested Dr. Prout to ascertain
the cause of the bright jet black colour that pervades some of them : 'his reply
after examination was, that their analysis is very similar to that of the fossil ink
from the lias which I had also submitted to him, and to ask me if it was possible that Ichthyosauri could have eaten sepiae : Mr. Gray also, whilst examining my specimens of the fossil pens and fossil ink-bags from the lias, asked if
I ever found the semi-osseous or horny rings of the suckers of Cephalopodes :
I replied that many of the faecal balls are interspersed with small black circles,
which seem to correspond in shape and substance with the horny rings he was
incjuiring forf, and to confirm the conjecture of Dr. Prout that sepise formed
part of the food of the Saurians. Though containing much animal matter
and but little lime, these rings, like the scales of fishes that have travelled with
them through the intestines of the reptiles, seem to have resisted the destruction which awaited most of the bones that were subnutted to this digestive
process |.
Nearly half of all the Coprolites in the lias at Lyme Regis contain these
rings, which, if they are derived, as I imagine them to be, from the suckers of
the Loligo or other Cephalopodes, show that the Saurians fed largely on the
Cephalopodes of the ancient seas§. I think it, however, right to mention two
facts that seem unfavourable to ray opinion as to these rings. 1st. That none
of them are so large as the largest cup-rings of the modern Loligo. 2nd. That
the lias contains the remains of a small fish whose vertebrae are nearly of the
same size and shape as the rings in cjuestion : it is also possible that the rings
in Plate XXX. figs. 2 A. & 3 A. may be sections of a large tuberculated scale
or bone.
* Crocodiles in the Ganges, whose jaws are not one half the size of the fossil jaws I allude to,
are often found to contain a human hody in their stomachs. I possess vertebrae of Ichthyosauri
nearly seven inches in diameter.
t Plate XXX. figs. 1.2. & 3.
+ It is a question that deserves attention, as connected with animal and mineral chemistry,
Why fossil scales are preserved more perfectly than the bones of the fishes to which they
belonged, though containing much less lime, and much more animal matter? The substance of
the rings in the suckers of the recent Loligo and other Cephalopodes, much resembles the semitransparent and horn-like substance of recent fish scales. In the case of our Coprolites, both
rings of Loligo and scales of fishes appear to have been indestructible ; and in the same lias with
them at Lyme Regis, the beaks, and horny pens and ink-bags of a fossil Loligo, and other Cephalopodes, occur in high preservation : these will be described in the next Part of the Geol. Trans.
§ A strong a priori probability that the Cephalopodes of the lias period would have been devoured abundantly by the Saurians, arises from the fact mentioned in Loudon's Mag. Nat. Hist.
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1 now proceed to compare with the Sauro-coprolites of Lyme Regis some
similar substances which have lonj^ been known to exist at Westbury, Aust
Passag-e, and Watchet, on the banks of the Severn, and which now also prove
to be fascal balls of digested bone : they mostly occur in a thin bed of sandy
micaceous lias, so full of the bones and teeth and spines of reptiles and fishes,
as to form a bony breccia known to geologists by the name of the bone-bed,
and occupying the lowest place at the bottom of the lias formation. The
bones are chiefly of unknown small reptiles, but those of Ichthyosaurus and
Plesiosaurus also occur; they are for the most part broken, though not much
rolled, and both bones and teeth are separated from the part to which in life
they belonged. Mr. Conybeare and myself have described these Coprolites as
irregular bodies of various form, usually cylindrical, ^vilh rounded ends, some
having; a black and glossy surface and fracture, others being of a dull brown
colour; and have conjectured them to be rolled palates, or rolled fragments of
very solid bone : at that time no one suspected tliat they were bone reduced
to the state offices*. More recently, Mr. Dillwyn has applied to them the
name of nigrum graecum, from their resemblance in form to the album grfficum of the cave of Kirkdale.
Mr. J.S.Miller of Bristol possessesan extensive collection of these bodies, and
has also for some time suspected them to be fEecal. He has kindly lent me those
which I have engraved at Plate XXX. figs. 13. 14. 16: a few only of these
Coprolites from the Severn district resemble those of the lias at Lyme Regis;
most of them are much smaller, and differ in the absence of spiral structure,
and the rare occurrence of scales or bones in them. Externally they are of a
bright glossy black, internally of a dark brown colour; their substance is
compact, their fracture splintery, and sometimes conchoidal ; their surface
often smooth as if they had been polished f. They vary in size from that of
No. 7. p. 153., that the most valuable bait at the Newfotindland fisheries is the Loligo vulgaris;
with this animal nearly one half of all the codfish there taken is caught. The Loligo appears there
in throngs about the beginning of August, and it begins to retire from the coast in September.
Cuttle-fish are also used as a favourite bait by fishermen on our own coasts. Mr. Clift informs
me that he recollects having seen a large shark dissected near Poole, in the stomach of which was
found nothing but a mass of beaks of Sepias. He also informs me that ambergris is often much
contaminated by an admixture of the beaks of Sepia3. Since, then, our modern whales and sharks
and larger fishes are so voracious of modern Cephalopodes, it is probable tliat the Cephalopodcs
of the ancient seas were an equally favourite food to their contemporary Saurians : the discovery
of the beak of a Sepia within a Coprolite would decide this question in the affirmative.
* Geol. Trans. Second Series, vol. i. p. 302, and Plate XXXVII.
t It is probable their smoothness and form are entirely due to the action of the intestines in
which they were moulded ; but, as the bones and teeth that are found with them have the same
black colour and glossy surface, these common characters may have resulted from agents to which
2 G 2
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a small potatoe to a hemp seed : in shape, many of them resemble the subangular concretions found in the human gall-bladder, and in the cavities of a
diseased kidney; others are spherical, like sheep's dung-, or cylindrical, like
that of rats and mice, with various intermediate varieties of size and form;
some are flat like a bean, others polygonal*.
There is no direct evidence to show from what animals the smaller varieties
of these Coprolites have been derived. Many may probably be referred to the
small reptiles, and others to the fishes, whose broken and scattered bones, teeth,
palates, and spines, are so frequent in the same breccia with themselves:
others may possibly be derived from the inhabitants of the Nautili, Ammonites,
Belemnites, and other Cephalopodes which abounded at the period of the lias
formation f.
The extent and quantity of this coprolitic breccia near the estuary of the
Severn is very remarkable. My friend, R. Anstice, Esq. of Bridgwater J,
has sent me masses of lias, which he found in 1823 at the east extremity of
Blue-Anchor Bay, near Watchet, full of these black pupa-shaped fajcal bodies,
which he says he never could understand ; they are here also mixt with numerous teeth and scattered scales of fishes, and with teeth and bones of small unknown Saurians : he also informs me that Mr. Baker of Bridgwater has
recently found the same breccia in the bed of the Parrot, five miles below that
town at Combwich, where the lias crosses the river near low-water-mark. In
the specimens he has sent me from thence, the faecal remains and bones are
rare, but scales of fishes are very abundant; similar scales occur in the lias at
Bawdrip, on the east of Bridgwater, as also in the lias at St. Hilary near
Cowbridge, and at Gold Cliff in Glamorganshire, and at Wickwar in Gloucestershire in
: all these cases, as in the breccia of Westbury and Aust, the scales
are dispersed and dislocated, and seem derived from fishes that died and fell
to pieces, and whose scattered bones, scales, and teeth, became mixt with
the remains of reptiles and of other inhabitants of those ancient seas.
I have
they were all equally exposed, whilst they lay together loose at the bottom of the sea, or since
they have been buried together in the lias ; the polish in neither case is the effect of rolling; and
the cause of the bright jet black colour is probably carbonization ; the entire substance of the
bones is often black, but the surface only is black in most of the Coprolites ; their interior is
usually brown.
* Plate XXX. fig. 13—29 inclusive.
t On dissecting a Sepia officinalis, I have found the stomach filled with small bones of fishes
mixt with fragments of shells of small Solens, and with small bivalves.
X We owe to Mr. Anstice our knowledge of the existence of the head of Plesiosaurus doli.
chodeirtis, described by Mr. Conybeare in Geol. Trans. Second Series, vol. i. p. 119, as having
been found by Mr. Clarke, \vho presented it to Mr. Anstice.
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yet seen no Coprolite in specimens of the bony breccia from these four last
localities. The late Rev. J. J. Conybeare gave me specimens of the same
breccia from the lias in a shaft dug in the year 1808 at Bath Easton, in fruitless pursuit of coal ; in these specimens I now recognize Coprolites ; and in
a mass of lias breccia^ which I collected a long time since at the base of
Broadway Hill near B^vesham, I find the brecciated character is due also to an
accumulation of Coprolites.
This remarkable phaenomenon of a stratum of stone many miles in extent^
and many inches in thickness, and in which sometimes one fourth part of the
whole substance is made up of balls of Coprolite, seems explicable only by its
position in the lowest region of the great formation of the lias, a position
which must for a long time have been the bottom of an ancient sea, and the
receptacle of the feeces and bones of its inhabitants, the cloaca maxima, as it
were, of primaeval Gloucestershire. This period must have occupied the interval
between the termination of the red marl, and the beginning of the deposit of
the lias formation, and the earthy sediments then deposited must have been
inconsiderable in the districts we are now speaking of. In the sediments
which next succeeded, and of which the great mass of the lias formation is
composed, there is no such abundant accumulation of Coprolites in any single
thin stratum, but they occur insulated and dispersed in the slaty clay and
stone, or included within the skeletons of the Ichthyosauri*. The fact of so
many of these skeletons being those of young animals, proves that they did
not die in the course of nature from infirmity or age; and the entire condition both of young and old skeletons shows that they perished suddenly, and
were buried immediately after their death ; they would otherwise have fallen
to pieces, and been dispersed like the bones in the breccia at Westbury and
* Among the strat.x at Lyme that most abound in bones, is a bed of marl about three feet thick,
in which Sauro-coprolites are chiefly found, but even in this bed they are far and widely dispersed ;
in one case only Miss Anning has found two Coprolites together, and these were close to the
skeleton of an Ichthyosaurus, as if they had been voided by it in the struggles of death. In the
cliff a quarter of a mile west of the Port of Lyme in the lias marl, above the strata that most
abound in the remains of Saurians, I found one bed of stone-lias about 6 inches thick, in which
was a congeries of small Coprolites, irregular and subangular, like those in the bone-bed of the
Severn district, and so different from those which are associated with the large Saurians in the
lower parts of the lias, that I imagine them to be derived from fishes or Cephalopodes, or some
other unknown animals; they are, however, important, as affording a geological chronometer
whereby we mark at least one short interval in the deposition of the lias marls, during which
they must have been accumulated at the bottom of the then existing seas. I found no remains of
fishes or Saurians with them, nor any pebbles or other indications of a long period such as seems
to have been occupied in the formation of the coprolitic bone-bed at Westbury and Watchet.
Nearly the same conclusion as to short intervals between the deposition of the component parts
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Aust: moreover, it seems not improbable that the cause of the death of so
many animals of every age and condition, may have been the sudden influx of
the mud, which has since been indurated to the state of lias and lias shale*.
The same inference as to sudden death and immediate burial may be drawn
from the generally perfect condition of the fishes in this formation ; had they
not been speedily enveloped in the sediment of the nascent lias, they would
have been devoured by Ichthyosauri, or by other fishes, or by smaller animals,
and the bones and scales would have either been involved in Sauro-coprolites,
or have been dispersed. A still stronger inference of the same kind arises
from the frequent and perfect preservation of fossil ink-bags in contact with
the horny pens and other remains of a fossil Loligo and other Cephalopodes:
had these soft animals not been entombed very speedily after death, the decomposition oftheir bodies would have separated for ever these parts which
we find in contact ; moreover, the ink-bags would very speedily have perished,
and their contents have been dispersed. The sudden entombment of the
animals also in the lias at Lyme Regis, is further shown by a fossil fish in the
collection of Miss Philpots retaining a fagcal ball v/ithin its body ; this individual must have been buried in mud before even the soft parts of its abdomen
had undergone displacement or decay. Dr. Prout has analysed this ball ; and
I would propose to distinguish it, and all similar substances that can be referred to fishes of unknown species, by the name of Ichthyocoprus.
Should any question be raised as to the antecedent probability of excrementitious substances being preserved in a fossil state, nearly the same argument may be applied as in the case of the fossil album graecum of the hyaenas ;
of the lias may be drawn from the very rare occurrence of parasitic shells on the bones of the
Ichthyosauri and Plesiosauri at Lyme Regis. Had these bones remained long exposed to water
at the bottom of the sea, parasites would have attached themselves similar to those we so often
find on fossil bones in other strata, showing that a period at least sufficient for the growth of
these parasites elapsed between the deposition of the bones and their complete interment in mud
or sand. The absence of such parasites, added to the smooth and uninjured state of the surfaces
of the bones, shows how immediately after death the animals must have been covered with the
mud that is now consolidated into shale and stone: one bone of a Plesiosaurus in the collection
of Miss Philpots is the only specimen I recollect from the lias at Lyme that has a parasitic shell
adhering to it ; this one, however, is sufficient to show one short interval in the deposition of the
five hundred feet of marl and argillaceous limestones that here compose the lias formation ;
prob9.bly there were manj^ such short intervals ; the coprolitic bed on the west of the Port of
Lyme is another.
* There may also have been an influx of the bitumen which is so abundant in the lias shale, or
a sudden alteration in the temperature of the waters, or a chemical and fatal change in their
composition.
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in that case it was aigued by Dr. Wollaston, a priori, that if the hyaenas had
eaten bones, we might expect to find album graecum preserved, together with
the fragments of bones that remained not devoured in their antediluvian dens;
and my immediate discovery of this substance fully verified Dr. Wollaston's
conjecture : the same argument extends to the case of other fossil animals that
swallowed bones ; the main condition is, that the osseous fasces shall have been
deposited in such places, and under such circumstances as would guard them
from destruction till they were imbedded in some protecting matrix ; this done,
their chemical ingredients are as indestructible as the undigested bones which
are preserved in the same strata with themselves. If such perishable impressions on sand as the footsteps of tortoises and other animals, have been retained
and moulded on the surfaces of the strata of new red sandstone at Corncockle
Muir near Dumfries*, and if such fragile bodies as the eggs of aquatic birds
have been preserved in the lacustrine limestones of Cournon in Auvergnef,
why should not the indurated and semi-calcareous faeces of Ichthyosauri and
other voracious animals have fallen uninjured to the bottom of the sea, and
there becoming imbedded in mud or sand, or nascent stone, have remained
undisturbed and perfect unto the present hour?
II. Coprolites in Mountain Limestone.
The specimens engraved at Plate XXX. fig. 31 — 41. are the only ones 1
have seen from strata of older formation than the lias ; for my knowledge of
them I am indebted exclusively to Mr. J. S. Miller, who has collected a series
of them from the bottom of the mountain limestone at Clifton near Bristol.
They occur in one bed of limestone nine inches thick, between the black rock
limestone and the old red sandstone, and are mixed with small bones and teeth
of fishes, palates of at least ten kinds, spines of Balistes, and teeth of sharks,
and fragments of old red sandstone, and offer a case apparently analogous to
that of the bone-bed at the bottom of the lias ; each respectively seems to
indicate a period anterior to the deposition of the two great formations of the
mountain limestone and the lias, during which the bottom of the then existing
oceans received little accession of mineral matter, but was the receptacle both
of the indurated faeces of its voracious inhabitants, and of the bones of those
individuals among them that escaped violent death and consequent reduction
to the state of faecal balls in the stomachs of one another.
These most ancient Coprolites in the mountain limestgne are all small, and
are probably varieties of Ichthyocoprus.
* See Dr. Duncan's account of footmarks, &c. Trans. Royal Soc. Edinburgh, 1828.
t See Croizet and Jobert's Recherches sur les Fossiles du Pay dc Dome, Disc. Prel. p. 27.
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III. Coprolites in Oolite.
I have very recently discovered Coprolites in limestone of the Oxford oolite
formation at Osmington Mill on the coast of Dorset, about four miles east of
Weymouth ; and Mr. Jelly has found them in the Kimmeridge clay at the
base of Shotover Hill near Oxford : they are small, the largest is of the size
of a filbert; others are of irregular shape, like those in the lias at Westbury
and Watchet; the character, however, of these Coprolites from the oolite
and Kimmeridge clay is somewhat obscure.
IV. Coprolites in Hastings Sand.
About four years ago, in the collection of Mr. Mantell, I found a specimen
from the Hastings sandstone of Tilgate Forest, which I suspected to be feecal,
and of which I then prepared a drawing*, and obtained an analysis from Dr.
Wollaston, and subsequently from Dr. Prout, as before stated : it contains
much phosphate of lime, and has fish-scales imbedded in it like the Coprolites
at Lyme ; like them it has also a spiral structure, but differs in the circumstance of the coiled substance being rather cylindrical, whereas in the lime
Coprolites it is nearly flat. I know not to which of the many reptiles Mr.
Mantell has discovered at Tilgate this Coprolite may be referred. He has
lately found other specimens of this same unknown species of Coprolite.
V. Coprolites in Green-sand.
To the Rev. B. Richardson of Farley Castle I am indebted for a specimen
of Coprolite in green-sand from Wiltshire ;— it is nearly of the size of
a filbert, and very stony. Dr. Prout's analysis shows it to contain a considerable proportion of siliceous matter ; it effervesced moderately in dilute
muriatic acid, emitting faintly the peculiar smell usually given off by Coprolites ;and the portion dissolved consisted essentially of phosphate and carbonate oflime; it is engraved at Plate XXXI. fig. 17. Miss Anning has
recently found similar small Coprolites in the green sand near Lyme.
VI. Coprolites in Chalk.
Whilst I was examining and drawing the specimens from the lias that are
represented at Plate XXVIII. figs. 3. 4. 5. 10. 11. 12. 12'., their structure
so much reminded me of the fossil luli of the chalk and chalk marl which
have been described by Woodward, Parkinson, and other writers, as fir cones
of the larch f, that it occurred to me these so-called luli must also be of fascal
* Plate XXXI.

fig. 18.

t See Woodward's Catalogue, Part II. p. 22. 6. 72., and Parkinson's Organic Remains,
vol. i. p. 447. and Plate VI. figs. 16. 17.— Mantell's Geology of Sussex, p. 103. et seq.

Prof. BucKLAND on CoproUtes.

233

origin*: this conjecture was soon verified by examination of the specimens
in question : hke the Coprohtes at Lyme, I found them to be composed of
a flat plate of dig-ested bone reduced to a plastic state resembUng putty, and
coiled up spirally like a tape-worm twisted round itself.
This plate is much thinner, and its coils are more numerous than in the
Sauro-coprolites from the lias : imbedded in the substance of this plate, I
found many scales of fishes f, and around its exterior, corrugations or impressions derived from the membrane of the intestine wherein it was formed^.
The analysis of Dr. Prout consummates the evidence of their faecal origin,
showing them to be composed chiefly of phosphate of lime : they vary from
one to two inches in length, and from half an inch to an inch in diameter.
On comparing the analysis of a fossil vertebra of fish from the chalk near
Lewes with that of an lulus. Dr. Prout found the difference to be scarcely
perceptible; its colour and appearance before analysis was also similar§.
Until we can ascertain the animal from which they have been derived, I
propose to designate these bodies by the name of lulo-eido-coprolites. It is
obvious, from their form and structure, they cannot be referred to the same
animals as the Coprolites at Lyme ; indeed the bones of Saurians of any kind
are rarely found along with them ; probably they may have been produced by
some of the sharks, rays, diodons, balistes, or other fishes whose teeth, and
palates, and spines, are so common in the chalk formation ; the tortuous
structure of the intestine of the existing shark, making thirty-four turns in a
* Plate XXXI. fig. I- 11.
t Plate XXXI. fig. 6.
\ Plate XXXI. figs. 1. 4. 5. 6. 9. 11. compare them with the recent specimens (figs. 20. &21.)
of the same plate.
§ The following accurate description by Mr. Mantell (Geol. of Sussex, p. 104.) shows hovr
nearly he approached the discovery of the origin I am now assigning to these luli; although he
modestly states that, after examining more than fifty specimens, he can add but little to what is
known concerning them.
"The remains in question are of a reddish brown colour, from 0.5 inch to two inches long, of
a cylindrical form, and generally tapering towards the apex, which is obtuse. They are more or
less compressed, and have a scaly, corrugated surface. Their constituent substance is precisely
of the same nature as that of the vertebrae and other bones found in the chalk formation ; some
examples have scales of fishes attached to them. In structure, they differ most essentially from
any strobilus or cone ; for, instead of an imbricated surface formed by scales containing seed,
and proceeding from one common axis, as in the luli of the Larch, their scaly appearance is produced by the undulating margin of the substance of which they are composed, the latter being
irregularly coiled in a spiral manner round an oval cavity or receptacle."
Mr. Konig also had long suspected their animal nature from the oflensive odour they emit on
being submitted to muriatic acid. — See Mantell's Geology of Sussex, pp. 103. 104. 158. and
tab. ix.
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length of ten inches, offers an analogy which may explain the spiral form of
these lulo-eido-coprolites, and abo of the Sauro-coprolites from Lyme Regis*.
I have iust learnt from Mr. Millar, that Colonel Houlton of Farley Castle
possesses specimens from tiie mountain of St. Peter near Maestricht, which
are identical with these lulo-eido-coprolites of the English chalk. The Colonel
has favoured n)e with the loan of these specimens')".
The specimen represented in Mr. Mantell's Plate IX. fig. 3. as an unknown
body from the chalk at Lewes, has also been ascertained by Dr. Prout to be of a
faical natnret ; its external form and surface favour this opinion, but as it has
no internal spiral coils, it niust have been dei ived from some other animal than
those which produced the lulo-eido-coprolites. Mr. Mantell has just sent me a
smaller specimen from the chalk near Lewes§,in which an uncontorted substance
of a similar form and colour, and giving a similar analysis, lies within the body
of a fossil fish {Amia Leicesiensis) ,au(\ in immediate contact with its air-bladder ||.
Both these specimens from Lewes are prol)ab]y varieties of Ichthyocoprus, and
the smaller one may safely be called A/nia-coprus. These uncontorted specimens prevail in the lower chalk, where alone the Amia is found, and seldom
occur in the chalk marl where the spiral lulo-eido coprolites are so common.
VIL Coprolites hi Tcrtlarj/ Strata.
Mr. Burtin in his Oryctographie de Bruxclles%. figures a specimen as a
"fruit, ou noyau de fruit inconnu," which seems evidently to be a Coprolite.
Mr. Mantell** has referred to it as resembling the luli of the chalk; and I
have copied it in Plate XXXL fig. 11«. Also in a collection 1 recently
purchased of fossil fruits from the London clay of Sheppy, there is a Coprolite ft which in form resembles some of those from the lias on the Severn |];.
* An examination of the form and composition of the fasces of living fishes, particularly of the
sharlc and ray and sturgeon tribes, throws much light on the present inquiry. I have recently
dissected some rays and dog-fishes, and found in them a short spiral intestine coiled round internally like a screw-pump or winding staircase ; injecting these intestines with Roman cement, 1
have made artificial Coprolites that in form are exactly similar to many of our fossil specimens.
Plato XXXI. figs. 19. 20. 21. 22. The vascular structure also of the tortuons intestines of certain
species of dog-fishes resembles the minute impressions and ramifications on the surface of the luloeido-coprolites.
Plate XXXI. figs. 20. 21.
t Plate XXXI. figs. 9. 10. 11.
J Plate XXXI. fig. 13.
§ Plate XXXI. fig. 12.
II Mantell's Sussex, p. 239. and Plate XXXVIII.
% Plate V. F. G.
** Mantell's Sussex, p. 158.
tt Plate XXXI. fig. 14.
+ + In the crag at Southwold in Suffolk, Mr. Lyell has found a remarkable body, apparently
a Coprolite, of the size and form of an oblong duck's egg, and almost entirely composed of phosphate of lime and oxyd of iron: it is traversed by cracks like a septarium, and the cracks are
filled with oxyd of iron ; it however exhibits no internal structure, nor organic remains, nor any
other circumstantial evidence to prove inconlrovertibly that it is of fajcal origin.

Prof. BucKLAND on Coprolites.

235

VIII. Coprolites in Fresh-ioalcr Formations.
In a valuable series of specimens recently imported by Mr. Lyell and Mr.
Murchison from the fresh-water deposits near Aix in Provence^ Mr. Murchison has recognised two distinct species of Coprolite ; the one had been
collected as a curious concretion from the shale of the fresh-water coal formation at Fuveau* ; the other in size and shape resembles a caterpillar, and had
been brought home as a fossil insect, being in the laminated fresh-water
marl that contains the remarkable deposit of fossil insects above the gypsum
formation close to Aixf- — Both these specimens have been examined by
Dr. Prout.
IX. Coprolites in Diluvium.
I need only refer to the account given in my Reliqiiia Diluviance , of the
fffices of hyasnas in the Cave of Kirkdale, and to the large quantities of (he
same substance that have subsequently been discovered at Torquay and Maidstone, and in the Cave of Lunel, to show how frequent is the occurrence of
Hyaeno-coprus in diluvial mud and g-ravel.
Tims, in formations of all ages]};, from the first creation of vertebral animals
to the comparatively recent period in which hyaenas accumulated album gragcum in their antediluvian dens, we find that the fteces of aquatic or terrestrial
carnivorous animals have been preserved. We have them in the lowest region
of the carboniferous limestone, the lias, the oolite, the Hastings sandstone,
the Wiltshire green-sand, the chalk-marl and chalk of Sussex, at Maestricht,
at Brussels, in the London clay at Sheppy, in the fresh-water formation at
Aix, and in diluvium. In all these various formations our Coprolites form
records of warfare, waged by successive generations of inhabitants of our
planet on one another: the imperishable phosphate of lime, derived from
their digested skeletons, has become embalmed in the substance and foundations of the everlasting hills; and the general law of Nature which bids
all to eat and be eaten in their turn, is shown to have been co-extensive with
animal existence upon our globe ; the Carnivora in each period of the world's
history fulfilling their destined office, — to check excess in the progress of life,
and maintain the balance of creation.
* Plate XXXI. fig. 13.
f Plate XXXI. fig. 16.
+ It has been stated in a note at p. 229, that Coprolites, wherever they occur, abundantly
afford a chronometer which marks affirmatively the lapse of a period of time sufficient for their
accumulation ; it should be observed on the other hand that their absence, like the absence of
organic remains, is a negative fact, from which nothing can be inferred either as to the rapidity
or slowness of any formation whatsoever,
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The facts established in this paper seem connected with the formation of the remarkable substance called guano on the coast of Pern, and on many islands adjacent to it. This guano is
composed of an accumulation of the dung and urine of sea-birds, and occurs in beds fifty or sixty
feet thick. These beds are often covered over with drifted sand, and, during many centuries
past, have been extracted for manure.
In Ferussac's Bulletin for January 1829, Art. Chemistry, p. 84, there is an abstract of a
Memoir on the Guano of Paxaro, by Mariano di Rivero, director of the Corps des Mines in
Peru and Lima, 1827. He states that it is certainly nothing else than an accumulation of the
excrement of sea-birds that have come to pass the night on these spots during a long series of
years : he further adds, that certain deposits of it were worked from time immemorial before the
conquest. In the time of the Incas, the use of it was under legal regulations, to prevent waste,
and during the breeding season of the birds, no one, under penalty of death, was allowed to land
on the islands on which it was forming.
Since the time of the Spaniards the preservation of it has been neglected ; and its reproduction
diminishes as vessels passing more frequently along the coast, frighten away the birds. In modern
times, the average consumption of guano for manure has been about 6250 tons per annum, for
which the duty paid at the ports has been about 40,000/. sterling per annum.
Vauquelin and Fourcroy analysed some specimens of it brought home by Humboldt, and found
uric acid partly saturated by ammonia and lime, and oxalic acid partly saturated by ammonia
and potash ; also phosphoric acid combined with the three same bases, with very small quantities
of muriate of ammonia, a little fatty matter, and a little quartzose and ferruginous sand.
We may add this guano to our series of Coprolites, by the name of Ornithocoprus. See also
Ure's Chemical Dictionary, Art. Guano.

Postscript.
During a recent visit to Lyme Regis, I have ascertained that the lias at that place contains
other cylindrical concretions resembling Coprolites, which yet seem not to be of fiecal origin, but
simply mineral concretions formed like small septaria in clay, or flints and nodules of pyrites in
chalk; tliey agree chemically with Coprolites in containing much phosphate of lime, but differ
from them in their relations to their matrix, in structure, and in the organic remains which they
envelop.
I find also that phosphate of lime occurs in other secondary strata, more generally than has
hitherto been supposed. Dr. Daubeny has undertaken the analysis of several specimens which I
suspect to contain it, and 1 hope shortly to lay the result before the Geological Society : at present, Ideem it right to mention these circumstances by way of caution, as they tend to increase
the difficulty of identifying Coprolites wherever they may occur, and render it impossible for
chemistry alone to decide affirmatively respecting any specimen that is the subject of our exami.
nation. Still the evidence of chemistry is essential ; and when it has shown that a specimen conUins phosphate of lime, we must further ascertain its relations to the matrix, its external and
internal structure, and the character of the organic remains enveloped in it, before we can pronounce whether it be a genuine Coprolite, or a pseudo-coprolitic concretion of phosphate of lime.

XIII. — hetter from Dr. Front to Dr. Bnckland respecting the Analysis
of the Fossil Fccces of Ichthyosaurus and other Animals.
[Read April 3rd, 1829.]

Dear Sir,
1 HAVE examined the different specimens you were kind enough to send nie,
and found the composition of all of them to be very similar; that is to say,
they consist essentially of the phosphate of lime and carbonate of lime,
together with minute variable proportions of iron, sulphur, carbon, and occasionally other matters. The relative proportions of the principal ingredients
appear to differ somewhat in the diBerent specimens, and even in different
parts of the same specimen; hence no formal analysis has been attempted;
but the phosphate of lime may perhaps be estimated to constitute from about
one-fourth to three-fourths of the whole mass. The iron and sulphur appear
to exist in some instances, partly as a sulphuret of iron, and partly in a state
of oxidation ; and the dark-coloured varieties, in which these principles exist
in greatest abundance, appear to owe their colour chiefly to these substances
and a little carbonaceous matter.
The above composition seems to prove beyond a doubt the animal origin
of these bodies, or, in other words, that their basis is bone. The question is,
by what means bone can be made to assume the appearances presented by
them. That mere time, and the circumstances to which they have been
exposed, are not sufficient to account for these changes, seems to be proved
by the fact, that many of the specimens contain fragments of bone possessingits original characteristic structure. We must therefore seek for some other
explanation ; and your opinion that they are of feecal origin, or of the nature
of album graecum, seems to me to off"er a very satisfactory solution, and to
account at once for tlieir chemical composition, for their form, and for their mechanical structure, which can hardly be explained on any other supposition.
Nor do 1 see any serious objection to your opinion, that these substances
are the mineralized fseces of carnivorous reptiles of the Saurian and analogous
tribes, the fossil remains of which exist so abundantly in the same strata. The
])roper faeces of existing animals of this kind, consist principally of the phosphate of lime, and often assume the form of album grascum. These animals
also pass immense quantities of concrete urine, consisting* principally of the

238

Dr. Prout on the Ana{i/sis of the Fossil Fccces of Ichthi/osaurus.

lifhate of ammonia; but, as this latter is comparatively a destructible substance, itcould hardly be expected to be met with in the present instance
under circumstances so unfavoura1)le for its preservation*.
The lithic acid, however, is one of the most permanent of animal subf-tances,
as is shown by the great length of time that urinary calculi composed of it
may be preserved ; but more esj)ecial!y by the fact that it exists unchanged in
llie substance called guano, after exposure to the atmosphere, &c. for ages.

Hence, perhaps, it is not too much to expect, that under favourable circumstances this principle also may hereafter be found of antediluvian origin.
I remain, dear Sir,
Sackville-street,
March 14, 1829.
Yours very truly.
The Rev. Dr. Buckland.
William Puout.
* I first published many years ago an account of the composition of the urinary excrements of
the Boa constrictor (see Annals of Philosophy, vol. v. p. 41 3.) ; since which lime I have examined
those of the crocodile and other reptiles, and found them exactly similar. As my attention at
that lime was not directed to the faeces, though I noticed their composition, I did not publisli an
account of them ; but the late Dr. Marcct, to whom I presented specimens of both kinds of excrement, has given an account of their composition. Of the faeces he says, " This substance I
did not (ind to contain any lithic acid, but it corisisted chicjly of the phosphate of lime., and
appeared to be nothing but the undigested residue of the food of the animal." — Essajj on Calculous Disorders, p. 140, First Edition.

Supplement to Mr. Sedgwick's Paper on the Magnesian Limestone.

Some parts of the preceding- paper on the Magnesian Limestone have been
written nearly seven years ; and the whole of it was drawn up in the year
182G very nearly in the form in which it is now printed. The subsequent
discoveries of foreign geologists, and my ov/n recent examination of some of
the secondary deposits of the Continent, induce me, during- the passage of this
volume through the press, to add the following- supplementary remarks.
The comparison of the magnesian limestone with some of the great calcareous formations of the Alps* I now consider erroneous.
The two vegetable impressions found in the marl-slate were far too imperfect tobe identified, but were supposed to be derived from ferns') . This
opinion may admit of doubt, especially since the discoveries of M. VoUz, who
has found new tribes of plants {Conijcrce, &c.) in the formation immediately
superior to the magnesian limestone.
The positive identification of the inferior red sandstone with the g-res des
Vosges may also admit of doubt;];. The two formations in some of their
mineral characters closely resemble each other, and they are very nearly in
the same jiart of the secondary series. As, however, the eminent geologists
of the Contiiient are not entirely agreed as to the exact place of the gres des
Vosg-es, it is perhaps premature to refer to that formation in the general comparisons ofthis paper.
After a personal examination of the secondary formations on the flanks of
the Hartz mountains, 1 see no reason to change any part of the comparison 1
have made between the contemporaneous formations of England and of central
Germany §. The inferior red sandstone is perfectly identical with the rothetodte-liegende of Mansfeld. I may however remark, that the term rothe-todteliegende has been used very vaguely, and that, in the neighbourhood of Halle,
it is still applied to two systems of red sandstone and conglomerate, which are
separated from each other by the coal formation. To the fine development of
the hunter sandstein, muschel-kalk, and keuper, and to the great suites of
characteristic fossils which are found in each of them, the English strata unfortunately offer very few parallels.
But in a general way, the red sandstone
* p. .39.

t p. 77.

t p. 75.

§ p. 121, &c.
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superior to the magnerian limestone is the equivalent of the bunter sandstein ;
and a part at least of the variegated marls under our lias may be safely identified with the keuper.
To the opinions which I have advanced respecting- the origin of the doloniitic formations of England*, I attribute very little importance. According
to the theory of an eminent continental geologist, the dolomitic portions of the
Alps have been produced by a peculiar igneous action subsequent to the deposit
of the great calcareous formations to which they are subordinate. Whatever
mav be the evidence for this theory in certain alpine regions, it derives at least
no support from the facts stated in the preceding paper. The magnesian
earth, whatever may have been its origin, was unquestionably an original
constituent of the formations above described ; nor is there, I think, any conceivable hypothesis to account for its subsequent introduction.
London,
October 31, 1829.

* p. 123.
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On the Oolitic District of Bath.

By WILLIAM

LONSDALE,

Esq. F.G.S.

(Communicated by Dr. Fitton^ P.G.S. &c. &c.)
[Read February 6th, 1829.]

IHE follovvin": memoir relates to the oolitic district in the neighbourhood
of Bath. It was prepared at the suggestion of Dr. Fitton and II. T. De la
Beche, Esq., from the notes which a residence near that city had enabled me
to make. It is necessary, before I proceed, that I should state the sources
from which I have derived information. The vicinity of Bath was the scene
of Mr. Smith's earliest investigations; and in following the footsteps of my
celebrated precursor, I have to acknowledge the assistance I have received
from his Geological Map of Wiltshire, a production which bears ample testimony to his skill as an original and careful observer. From the Map of Messrs.
Conybeare and De la Beche of " The country twenty-four miles around Bath,"
] have also received much valuable information. I am indebted to the "Outlines" of the Rev. William Conybeare and the late Mr. Piiillips, for all ray
directions relative to the "external characters" of the oolitic formations:
and lastly, to the Rev. B. Richardson of Farleigh, a gentleman long and
extensively known as a diligent and successful cultivator of science, I owe
much important matter respecting the neighbourhood in which he resides.
Tlie district which it is purposed to describe, is bounded on the west by
the lias, from Wick, near Bath, to Radstock ; on the south by the roads connecting Radstock, Frome, and Westbury ; on the south-east by the chalk
downs bordering Salisbury Plain, and extending from Westbury to Urchfont ; on the east by a line passing from the last-mentioned village, through
Stert to Devizes, thence along the Wiltshire Downs to Cherhill Hill, and
afterwards to Hilmarten and Lynham ; and on the north by the roads uniting
this hamlet with Christian Malford, Kington St. Michael, Marshfield, and AVick.
The formations included within tliis circuit are the lias, marlstone of Smith,
inferior oolite, fuller's earth, great oolite, Bradford clay, forest marble v/ilh
Stonesfield slate, cornbrash, Oxford clay, calcareous grit, coral rag, Kimmeridge
clay, lower greensand, gault, upper greensand, chalk marl, and lower chalk.
The surface of the country is characterized by three ranges of hills, conVOL. III. SECOND
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nected by two plains. Of the former, the most western may be called the
ran^e of the great oolite. It rises abruptly from a denudated valley of lias,
and attains its greatest elevation at Lansdown, where its summit is 813 feet
above the level of the sea. Its general direction is north-east and south-west.
In the neighbourhood of Bath it is greatly intersected by deep and sinuous
valleys. The escarpment from Toghill near Wick, to the ridge above Wellovv, consists of lias, inferior oolite, fuller's earth, and great oolite; but to
tiie southward of that point, the last formation is wanting, and tlie series is
composed of lias, inferior oolite, fuller's earth, and forest marble.
The plain, which joins this range with that of the coral rag, preserves to
the north of the road from Bath towards Devizes a tolerably uniform inclination, which nearly coincides with the dip of the strata of cornbrash and
Oxford clay composing the surface of the country : but between the road just
mentioned and Bradford, a sudden depression takes place, arising, apparently, from an increased dip in the great oolite*. To the south of Bradford the plain recovers its usual features, which it keeps to Beckington, where
it is disturbed by an elevated ridge of forest marble, extending transversely
from that village nearly to North Bradley.
The second range, which it is proposed to designate by the name of coral
rag, rises precipitately from the Oxford clay valley, and has a direction nearly
parallel with the range of the great oolite. From Lynham to Bowden Hill
and Sandridge, it constitutes a prominent feature in the outline of the country,
and maintains an almost uniform elevation. At the latter point the western
continuation of the formations composing the ridge has been removed by denudation; but to the south of the "Wilts and Berks canal, the surface again
rises, and a series of low hills extends from Seend to West Ashton, where they
decline to the level of the Oxford clay plain. The escarpment consists,
principally, of the Oxford clay, the calcareous grit, and the coral rag ; but the
Kimineridge clay and the lower greensand are superimposed at Bowden Hill
and Seend.
The plain which unites the second range with the third, or that of the
chalk, varies greatly in its breadth. Between Keevil and Earl's Stoke the
width exceeds three miles, but between Westbury and Westbury Field it is
less than half a mile. From the last-mentioned town to Polshot the surface
is a nearly uniform flat, consisting of Kimmeridge clay, but to the north of
that village it is diversified by gentle undulations crowned with thin beds of
the lower greensand. The eastern boundary of the plain is formed by a
narrow band of gault.
* Plate XXXII. Fig. 3.
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The range of the chalk hills rises either suddenly from the gault^ as between Westbury and Earl's StokC;, and Roundaway Hill and Cherhill; or
from a terrace of the upper greensand^ as between Earl's Stoke and Devizes.
The hills present the usual rounded outline, but are not cut through by any
transverse water-courses. The vale of Pewsey, at its entrance, is about 300
feet above the level of the second plain, and its streams flow to the south-east
in the direction of Amesbury and Salisbury. The escarpment of the range is
composed of the upper greensand, the chalk marl, and the lower chalk.
I now proceed to describe the nature of each formation.
Lias .
In treating of the Lias, I purpose to consider it under two heads, the Lias
of Bath, and that of Radstock, as some interesting peculiarities distinguish the
formation at the latter locality.
The accompanying Table presents a general type of the lias in the neighbourhood ofBath.
Thickness.

Descriptions.

1. Lias Upper Marl. .Blue clay and marl; which are"
tough in the lower part of the
deposit, but thinly laminated
ii\d micaceous in the upper. Ir. f 200 feet.
ai
egular beds of stone are inter. |
stratified with them
J

Localities.

f Walcot : Batheaston :
-^
Beechen Cliff: the
L upper part of Bath.

2. Blue Lias

Beds of greyish, argillaceous lime-")
stone, varying in thickness from
2 to 1 8 inches, and separated by I ^Q ^^ gQ j.^^,^f W eston : Upper Brisothers ot blue marl which are I
i i tol Road: Twerton.
generally less than 6 inches thick, j
but sometimes more than 2 feet. J
rWick. This division is
3. White Lias
Thin strata of yellowish white, ar.")
I seldom exposed
in
gillaceous limestone, with part- i>10 feet
the immediate viciings of pale brownish clay
L nity of Bath.
4. Lias Lower Marl. .Dark grey marl with calcareous ^ 20 feet
Very rarely exposed.
concretions

r

i

Of these divisions, the 1st and 4th require no further explanation; but as
an account of the beds comprising the 2nd and 3rd has not yet been published,
the following enumeration is given from a quarry situated on the southern
side of the Bristol Upper Road, and about one mile and a half from Bath.
Blue Lias.
Top.

Three beds of greyish limestone separated bylayers of friable, gritty
marl
" Fire clay," mottled, gritty marl . . .
*' White bed," greyish limestone. . . .

Ft. In.

Ft. In.

Friable, gritty marl, inclosing nodules
of indurated marl

0

" Oaty bed," grey limestone
Friable, gritty marl

0 10
0 2

" Double bed," grey limestone

1 0

I ^4

6
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Ft. In.

" Red bed," reddish brown limestone.
Parting of marl
" Rag bed," a very tough, greyish
limestone, 9 to 12 inches

0 10

" Clay burr," nodules of indurated
marl

0

3

0

6

partings of marl
Blue marl

0

0

Grey limestone

" Pitching bed," greyish limestone . .
Friable, black marl
" Velvet bed," grey limestone
Friable, black marl

" Stile bed," grey limestone
Parting of marl
" Dun beds," four in number, limestone, brownish on the outside, blue
in the centre
" Well bed," greyish limestone
Friable, black marl

2
6
4
G
5
0
0

Blue marl

0
0
0
1
0
1
0

Friable, black marl

3

0
0

2
2

Compact, grey limestone
Blue marl

Grey limestone
Parting of yellowish marl
Compact, grey limestone
Dark, slaty marl

0

3

Compact, greyish limestone
Parting of marl

"Gubbyor Govey bed," grey limestone

0

7

Compact, grey limestone
Parting of marl

0
0
0
0
0

0
8
3
2
1

6

0

4

0

0

3

Grey limestone
Black marl

0

6

0

7

Grey limestone

0

7

Nine layers of nodular, grey limestone,
separated by others of blue marl . .
Blue marl

3

6

2

4

Compact, grey limestone

0

4

" Dirt," blue, friable, sandy marl
Compact, grey limestone

0

6

0

4

. .

6

Six thin beds of grey limestone, with

7

Several thin layers of greyish limestone,
with partings of marl
Several layers of nodular, grey limestone, with partings of marl
Mottled marl

0

Compact, grey limestone
Blue marl with septaria

0

" Double bed," grey limestone
Blue, friable marl
Grey limestone
Blue marl

6

Compact, grey limestone
Blue marl with septaria

" Gutter bed," grey limestone
Friable, blue marl

Parting of marl

0

Compact, grey limestone, two strata .
Blue marl with septaria

Dark, slaty marl
1

Ft.0 In.3

Greyish limestone, with numerous fragments of shells
Friable, sandy marl, with fragments of
shells
Grey limestone
Parting of marl
Grey limestone
Blue limestone
Greyish limestone, two strata
Brownish, sandy marl
Grey limestone
Parting of marl
Brownish limestone
Grey limestone
Parting of marl
Brownish limestone
Parting of clay
Greyish limestone
Indurated, brownish marl

3 6
10
0 4
0
0 3
0 3
0 0
0 8
0 2
0 3
0 0
0 6
0

0

0

4

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

2
4
0
4
1
7
2
3
0
6
6
0
2
0
2
9

White Lias.
Thinly laminated, brownish limestone

0

1

"Rotten stone"

0

3

"Sun bed" limestone

I

0

Parting of brownish clay

0

0
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Ft. In.

Ft. In.

Compact limestone
Brownish clay
Compact limestone, three beds
Rotten stone

1 0
0 1
1 2
0 2

Compact limestone, three beds
Rotten stone

1 4
0 2

Compact limestone
Parting of pale brownish clay
Compact limestone

0
0
0

6
1
2
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Parting of pale brownish clay
Compact limestone
Pale brownish clay
Compact limestone
Rubbiy limestone
Compact limestone
Rubbiy limestone
Compact limestone, the lowest
which has been worked

0
0
o
{)
o
o
o

0
2
1
3
|
2
4

o

3

bed

Of these strata^ that called the ''sun bed" is the most uniform in its characters, and accompanies invariably the white lias. It is an exceedingly
fine-g-rained stone, of a conchoidal fracture, blue in the centre, but pale
on the exterior. Of the remainder, those to which names have been
are best known. They constitute in general the surface of the country
the expense of removing the rubbiy beds which immediately succeed

brown
given
; and
them,

prevents the lower portion of the series from being worked. The "blue lias"
consists principally of compact limestone of a dull, eartliy aspect, but it sometimes assumes a minutely crystalline structure. The "white lias" is of a
compact texture, sometimes of a conchoidal, but more often of a flat or
uneven fracture. In some of the strata irregular streaks of clay traverse the
stone, and give it a rubbiy or rotten nature. Organic remains are more or
less abundant in all the beds.
The lias of Radstock is distinguished from that of Bath, by the absence of
the marls which are interstratified with the stony beds in the neighbourhood
of that city ; by the blue lias being in some places wanting, and by one of the
strata assuming a granular structure and oolitic appearance. It is called by
the peasantry " bastard or inferior oolite." The following section, taken from
the memoir on the "South-west coal district of England*," gives the best
type of the order of superposition at Radstock.
Top.
1. Blue clay
2. Gritty lias
3. Blue clay

Fath. Ft. In.
13
0
0 4 0
0 1 6

4. Corn grit (three beds)
5. White lias

0 1 6
2 0 0

6.
7.
8.
9.

1 0
0 5
0 1
2 0

Knotty claystone
Grey or blue marlstone
Dark marlstone
Black marl
* Geol. Trans. 2nd Series, vol. i, p. 278.

C c
0
0
0
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The "blue clay" (1.). ^vhich is the ''lias upper marl" of the Bath series, is
micaceous, and between one and two hundred feet thick. The " gritty lias"
('I.) is the ''bastard oolite" of the cjuarrymen. It is a rubbly stone of a more
or less o-ranular structure ; and from the occasional appearance of minute cells
lined with ochreous matter, it might be mistaken for a variety of inferior
oolite. Hclicina poUtes, Helicina solaroides , and Spirifer Walcottii are found
in this bed. Interposed between the ''gritty lias" and the "blue clay" (3.)
appears sometimes an irregular bed of dark grey marlstone, abounding with
Ammonites, Belemnites, and small concretions of blackish, tough limestone.
Between the "blue clay" (3.) and the "corn grit" (4.) in some quarries
occur from two to fifteen feet of grey or blueish lias. The "corn grit" is a
pale brownish limestone, resting uniformly on the "white lias," and varyin"- in thickness from eighteen inches to three feet. The "white lias" (5.)
differs in no respect from that of Bath, and is constantly accompanied by the
"sun bed."

The strata from

(6.) to (9.) are equivalent to the "lias lower

marls.

The following sectional lists are given to illustrate the variations which are
presented in the quarries around the village. The first is from an openingin the road towards Frome, and near the superior junction of the new and
old lines.
Ft. Tn.
" Gritty lias"
Irregular bed of dark grey marlstone
" Blue clay," containing concretions of blackish, tough limestone
G rey lias
<' Corn grit" (three beds)
"Sun bed"
White lias

6 0
0 0
.. 0
3

3
0

3 0
0 10
0 0

Quarry in the lane between Tining-farm and Water-side.
"Gritty lias"
Grey lias
"Corn grit"
"Sun bed"
"White lias"

0
2
2
2
8

0
0
0
6
0

0
15
3
1

0
0
0
0

0

0

Summit of the hill in the Wells Road.
"^'Gritty lias," in the field above the quarry
Blue or grey lias
" Corn grit" (three beds)
"Sun bed"
"White lias"
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Lane leadins: to Clan Down in the descent of Iladstock Hill.
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Ft. In.

<< Gritty lias"
Marlstone

6 0
1 0

Grey lias (one bed)

2

" Corn grit" (three beds)
"Sun bed"

3 Q
i 0

0

Descent from the Red Posts (6^ miles from Bath) to Camerton.Ft. In.

,;

Blue clay above
Grtttv
AT regular
1 separation
,•
T»i r. lias]/ iNo
^
'^
J
tone
Marls
Blue clay
Grey lias

100
4,

0
,-,0

7
5

G
0

Corn grit ")
Sun bed
)>Thcse beds are rarely exposed.
White liasj

Tlie superficial extent occupied by the lias in the neiglibourhood of Batli,
is considerably increased by the deep valleys which intersect the oolitic hills.
In the immediate vicinity of the city^ this formation composes about one-third
of the surrounding- heights. To the eastward it gradually declines; and the
extreme points of the boundary in that direction may be stated to be Midford,
Freshfordj and Box. To the west, the north-west, and the south-west, the
lias forms an extensive but undulating surface, occasionally overlaid by
detached portions of the inferior oolite, and occasionally cut through into
the red marl and the coal measures.
The inclination of the lias is affected through the south-west part of the
district, under examination, by the irregularities in the subjacent coal field.
At Kelston Park the formation inclines gradually towards the south-west.
Between Corston and Burnet it forms an elevated ridge, marking the line
of a fault. Newton is built on a continuation of this ridge, and in the quarries
to the east of the village the dip is south-soutli-west. In the inclined plains
between Farmborough and Burnet, Burnet and the Avon^ and Stratton-onthe-Foss and Radstock, the inclination of the strata is towards the north.
Along the eastern boundary of the formation the dip is south-east.
Marlstone.
Interposed between the lias and the inferior oolite are several beds of
sandy marl, to which Mr. Smith gave the name of marlstone. They effect a
gradual passage from the lias into the inferior oolite. The following sectional list was obtained at Box in the summer of 1825.
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Top.

Ft.

In.

4
2

0
0

Micaceous, yellow sand
Pale brown marlstone, containing numerous fragments of shells
Chocolate-coloured
marl, inclosing nodules of limestone with ferruginous,
oolitic particles, and numerous fragments of Ammonites, Belemnites, &c. ..
Light-grey marlstone
Indurated, pale chocolate marl
Micaceous, sandy, yellowish marl
Chocolate-coloured marlstone
Micaceous, yellow sand, containing thin layers of clay, and tabular masses of
fissile, micaceous, blue sandstone

0 6
1 0
0 6
0 4
0 3
3

0

The deposit in some places consists of large masses of micaceous, sandy
marlstone, in which are imbedded numerous individuals of a large Pecten
with obtuse ribs.
Though the "marlstone" is probably co-extensive with the hills surrounding Bath, yet it is very rarely to be seen. I have noticed it only at Box,
Batheaston, and the descent from High Barrow Hill to Pennycuick Bottom
near Tvverton, Mr. Smith gives Bathhampton and the Coal Canal as two
of his localities.
Ammo7utes Strangwaijsii of Sowerby *, the Ammonites imdidatns of Smithf,
abounded at Box.
Inferior Oolite.
This formation consists of nearly equal divisions of limestone and sand.
The following- section was obtained from Widcombe

Hill near Bath.

Fuller's earth
Limestone
Sand

17 feet.
60
70

Lias upper marl

20

The accompanying" table exhibits the arrangement of the subordinate beds
of the inferior oolite.
Principal divisions.

1. Limestone.
2. Sand.

I

Subordinate divisions.

Tliitkness.

40 to
|a Soft freestone more or less oolitic
b Rubbly stone, consisting principally of corals
c Hard, brown limestone, abounding with casts of shells ....
Slightly calcareous, and containing irregular courses of concretions oflimestone

50 feet.
10
6
70

(1 a.) The freestone strata consist in the upper part of a distinctly oolitic
stone, which cannot be distinguished lithologically from the great oolite.
The lower beds contain a greater proportion of sand : they are of a brownish
colour, and are scarcely oolitic.
* Min. Con. tab. 25fl. f. 1. 3.

t Stratigraphical System, p. 114 : Marlstone-Plate; fig. 3.

Mr. Lonsdale on the Oolitic District of Bath.

249

(1 h.) The rubbly stratum is not of universal occurrence. The masses of
crystaHized carbonate of lime^ of which it is principally composed, present
invariably traces of an organic origin. A species of Astrea is the prevailing
fossil. The interstices between the crystalline masses are filled with nodules
of indurated marl.
(1 c.) The hard, brown limestone, which is provincially called the hollow
bed, is strongly characterized by its colour, great toughness, and the hollow
casts of Trigonia coslata, Lima proboscidea, and numerous other shells. It
yields the greater part of the inferior oolite fossils. This stratum is apparently
equivalent with that of Dundry Hill, well known for its organic remains, and
for containing minute, globular particles of brown oxide of iron.
(2.) The sand generally possesses only a slight degree of cohesiveness ; but
in some parts passes into a friable sandstone. The prevailing colour is yellow,
and minute spangles of mica are abundantly diffused through it. The calcareous concretions, or "^'sand burrs," are very tough, and frequently contain in
their centre the casts of Ammonites and other organic bodies. This division
of the inferior oolite thins out towards the south-west boundary of the formation ; and is wanting at Frome, Radstock, and Tunley.
The superficial extent of the inferior oolite in the district to which this
memoir belongs, is small. The formation may be described as constituting
narrow zones circling around the sides of the hills, and occasionally extending
into promontories. Of these the most considerable are Beacon Hill, the ridge
advancing from Duncorn Hill to Tunley, and that from Huddock's Hill to
Clan Down. The inferior oolite likewise has several outliers; among which
may be enumerated, Stantonbury and Winsbury Hills, the Barrow Hills,
Priest Barrow, the Sleight, and the ridge to the south of Newton Park. The
most favourable point for examining the formation with the exception of the
rubbly stratum (1.6), is the banks of the canal opposite Limpley Stoke.
The only deviation from the regular dip to the south-east, and not produced byfaults, occurs near Kelston, where the inclination is to the south-west.
This deflection is owing to the dip of the lias towards the Keynsham valley.
Fuller's Earth.
The inferior oolite is separated from the great oolite by a thick, argillaceous deposit, which has been called the fuller's earth. The peculiar
mineral, from which it has derived its appellation, is confined to a particular
district ; and where it occurs, it constitutes but a very small portion of the
thickness of the formation. — The following table exhibits a general type of
the fuller's earth.
VOL. in. SECOND

SERIES.

2 K
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1. Blue and yellow clay, with nodules of indurated marl. ...

30 to 40 feet.

2. Bad fuller's earth
3. Good fuller's earth

3 to
2^ to

4. Clay containing beds of bad fuller's earth and layers of
nodular limestone, and indurated marl

100 feet.

5 feet.
3 feet,

1. The clay or marl which constitutes the upper part of the series is
generally of a tough nature, and effervesces with an acid. Masses of that
variety of calcareous spar called "cone in cone" are frequently found in it.
2. The bad fuller's earth is of a sandy nature^ effervesces strongly ;, and
in general contains numerous fragments of shells.
3. The good fuller's earth is of two kinds, one blue, the other brown.
They are irregularly associated, and the latter variety is considered to be of
superior quality to the former.
4. The lower clay incloses one or two strata of a tough, rubbly limestone,
which is commonly called the "fuller's earth rock." This stone is for the
greater part of a very close texture, and bears so considerable a resemblance
to cornbrash that it might be mistaken for that formation. The fossils, however, which peculiarly belong to each, afford an almost unerring distinction.
The fuller's earth rock is always accompanied by an immense number of
Terebratulffi ; and Mija angulifcra and Jsocardia concentrica are almost
invariably found in it. These organic bodies are wanting in the cornbrash,
which is characterized by the constant presence of Avicula cchinata, a shell
of very rare occurrence in the older formation. The nodules of indurated
marl, which also accompany the lower clay, sometimes agree in colour and
texture with blue lias.
The fuller's earth formation describes a zone around the sides of the
hills from Tog Hill near Wick, to Green Parlour near Radstock, and occupies
the same geological position, between the inferior and great oolites, from the
first of those localities to Hinton Field Farm, about one mile from Charter
House Hinton ; but the great oolite thins out at that point, and for the
remainder of the district it is interposed betwixt the inferior oolite and the
forest marble.
The good fuller's earth is confined to the brow of Odd Down and the side
of Midford Hill.
Great Oolite.
A thorough acquaintance with this important formation illustrates the
influence which organic remains have on the external characters of a rock,
and prepares the inquirer for examining with greater facility the superior
oolitic deposits.
When the great oolite is almost entirely free from fossils.
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it presents an uniform texture and softness, yields easily to the saw, and is
admirably adapted for the chisel of the sculptor. In those beds in which
fragments of shells abound, the formation acquires the texture of forest
marble ; and towards the top of the series, where Polyparia exist, the rock
assumes the appearance of some varieties of the coral rag-.
The whole of the strata composing the g-reat oolite may be arranged
under the followin"- heads.
Subordinate divisions.

1. Upper rags* . .
2. Fine freestones
3. Lower rags . . .

Coarse, shelly limestones
Tolerably fine oolites
Tough, brown, argillaceous limestone
Coarse, shelly limestones

Thickness.

~|
\ 20 to 53 feet.
J
10 to 30 feet.
10 to 40 feet.

1. The subordinate divisions composing the upper rags alternate together
several times. The coarse shelly limestones (1. a.), the beds to which the term
rag is generally confined, possess, for the greater part, an imperfectly oolitic
structure ; and the oviform spherules are sometimes entirely wanting. The
stone yields with difficulty to the saw, and the stratum immediately below the
Bradford clay is extremely tough, and loses almost all the characters of an
oolite. Some of the beds consist principally of Polyparia, and were identified
by Messrs. De Basterot and Desnoyers with the calcaire a Pob/picrs of
Lamouroux at Caen in Normandy. The colour of the stone is chiefly yellowish white, but at the junction of the Bradford clay it is blue. The tolerably fine oolites (1. b) sometimes possess a beautifully distinct texture, the
spherules being perfectly defined. These beds are easily worked, but appear
to be of a more perishable nature than the fine freestones (2.). The tough,
brown, argillaceous limestone (1. c) is of a close, compact structure; it incloses organic remains, and after long exposure to the weather often acquires
a cavernous appearance, similar to that which is called rustic work by architects. A bed of clay occurs about the centre of the upper rags. It is of a
pale blue colour, and contains a few slabs of a brownish limestone.
2. The fine freestones vary in the number and thickness of their beds.
They are principally distinguished from each other by the greater or less
decisiveness of the oviform particles, which are occasionally so very obscure
that the rock becomes earthy and indistinct in its texture.
3. The lower rags consist partly of shelly limestones, in which the organic
remains are sometimes so numerous as to compose almost the entire mass, and
partly of coarse freestone, used occasionally for rough walls, and formerly to a
considerable extent in building.
The bottom bed, which rests immediately
* The word " rag" is applied by the quarrymen to those beds of the great oolite which contain
many fragments of shells, and are not easy to work.
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upon the fuller's earth, is a fine-grained stone, scarcely oolitic, and crystalline
in its structure. On the ridge to the north of Wellovv is a peculiar stratum
belonging to this division of the great oolite. It is composed of a tough,
rubbly rock, containing much argillaceous matter, and in some parts numerous, small, globular grains of oxide of iron. It abounds with Terebratulae
and Ostrea acmninata.
For the sake of illustrating the arrangement of the beds of the great oolite
and the local variations, a series of sectional lists is subjoined. The first is
from Farley Down near Bathford. The upper rags (I.) are partly concealed
by vegetation.
Ft.
8 In, Coarse, shelly oolite.
r Yellowish, argillaceous limestone, containing many fragments
2
\
of organic bodies.
0
!•<! Pale blue, stiff clay ... 1
„ f Principally composed of fossils united by indurated marl, but
Rubbly stone
3
\
in some parts oolitic.
Soft rag
11 0 Perishable freestone.
f Rubble
Hard rag

„

,
°

"Capping
Grey bed
White bed
Hard bed
LRedbed

1
3.

/I

nJ

["This stratum varies greatly ; in some parts it is a coarse
oolite ; in others a brown or yellowish, argillaceous limeJ
stone, enveloping large masses of Polyparia, and casts of
L shells filled with calcareous spar.

1 6
1 8
10 0
2 6
9 0

Lower rags.

Ancliff near Bradford.
pRubhle
I Soft oolite

5 0
15 0

l.< Clay
I Rag
LSoft oolite

1 0
6 6
5 0

Abounding with Polyparia.
This is the bed celebrated for the Ancliff fossils.
Containing small sponges and many fragments of shells.
Very coarsely oolitic.

Comb Down.
Ridding
1-S
Crane bed

9
1

Clay 3 to 12 inches . . 0
Rag beds
7
Picking beds
4
Cockle bed (in some"!
. quarries wanting)./

^

{Many beds of stone differing in characters : some of them are
rubbly, and resemble the "crane bed ;" others consist of
an earthy, brown limestone.
^ f Lightly coloured, earthy limestone, with imperfectly formed
\
oolitic particles.
7
0
0

An indistinct oolite, with a few fragments of shells.
Soft freestone.

^

Earthy, hard limestone, with casts of Polyparia.
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Ft. In.
_ f Good freestone 251 c,_ ^

^'l toSOfeet
3.

Lower rags

r^

10

^

0

Bradford Quarry, between the Trowbridge Road and the Canal.
(-Bradford clay
j Rag
1."^ Coarse freestone
Rag
L Indifferent freestone . ,

0
6
4
1
6

0
0 Hard stone, varying greatly in its character.
0
6 Coarse oolite, containing many beautiful casts of Polyparia.
0 The stratum is divided by lines oblique to the plane of the bed.

Murrel Quarry near Winsley, and about one mile W. from Bradford
Ft. In.
Rubble, partly an oolitic, partly
12
■<a compact, limestone
Rag
;
2
Clay with lamina; of hard limestone
Rag
White rag (finely grained free. stone)
f Good freestone
2. i
L Soft freestone
fRaff
Rag
Rag
3.<
Rag
Clay
.Rag

0
0

Rag
liag
3.
I^ag<
Oaty beds, coarse freestone ...

3 0
1

6

1
7
3
2
1
1
1
0
1

3
0
0
0
3
3
6
4
0

In.
Ft
1
3
2
3

Rag
Rag
Oolitic clay

2 0
2 0
1 6

Iron bed, hard coarse oolite. .
Rag
Coarse freestone

4

0

3
7

00

1
1
2
0

6
0
0
8

Rag
Rag
Rag

,

Rag
Fuller's earth.

Box Quarries.
Ft.
20

Rubble or soft freestone

i<

Soft freestone split obliquely into blocks

In.
0

17 0

Black rag
10 6
Red rag
.,
Malmy'r^g )^Coarse, shelly oolites 9 to 12 feet
Corn-grit.

Finely grained freestone

'{

Rag, 18 inches to 3 feet
Ground stone, 4 beds.

0
0
0
0

17 0
2

Good freestone.

0

12 0
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The western boundary of the great oolite ranges along the brow of the
downs from Tog Hill near Wick, to Huddock's Hill near Dunkerton ; but
between these localities it is frequently intersected by deep valleys, which occasionally isolate the hills, and then render the oolitic table lands, by which they
are surmounted and distinguished, outlying- portions. A line drawn nearly
east from Huddock's Hill to Hinton Field Farm, about mid-way between
Hinton and Norton, would define the southern boundary of the great oolite.
At the Farm just mentioned is a small quarry in this formation ; and a narrow
band, apparently belonging- to it, extends around a projecting knowl opposite
the quarry. Beyond this point the great oolite cannot be traced. It might
however be conceived, that the termination is only a lithological change, and
that here, as elsewhere, the great oolite merely assumes the characters of the
forest marble. The thin bed of sandy clay and grit which constitutes the
bottom of the latter formation, and the Bradford clay, attain under these circumstances agreat importance. At Norton, and through the whole of the
southern range of the district, either one or the other of those strata, is visible
resting on the fuller's earth, and thus proves clearly that the disappearance
of the great oolite is not deceptive but real*.
The accompanying diagram will illustrate the relative positions of the three
formations, and the thinning out of the intermediate one.

Sandy clay and grit,

The superior boundary of the great oolite, or that which defines its separation from the Bradford clay and forest marble, extends in an undulating hne
from Yatton Keynell by Giddy Hall, and the brow of the hills overhanging
the Box brook to the Chippenham road, which it crosses to the westward of
Pickwick : thence it follows the curvature of the hills, but keeps a little to the
east of their escarpment, to Wadswick and the Devizes road, which it passes
near Wormwood Farm : from this point it turns westward, and ranges along
the descent which bounds Kingsdown and Farleydown on the south, and
crosses the Bradford road a little above Monckton Farley : it afterwards de* The points most favourable for examining the connection of the lower grit with the fuller's
earth, are : the top of the Lane leading from Falkland Knowl to Stone)' Littleton ; the descent of
the road from Frome towards Wells ; Buckland Denham ; and the brow of the hill above Green
Parlour near Radstock.
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scribes a line nearly parallel with the heights on the right bank of the Avon
to Bradford ; and from that town it may be traced by Upper Westwood to
Iford Mill and Farleigh Hungerford, where it dips beneath the forest marble.
Bradford Clay.
If it were not for the inconvenience which arises from the change of
nameSj it would be desirable to consider the Bradford clay as a portion of the
forest marble. In external characters, the argillaceous deposit we are now
describing, cannot be distinguished from the beds of clay which are interstratified with the grits and shelly limestone of that formation. In both
instances the clays contain thin layers of limestone and laminae of grit, which
are identical in composition ; and Apiocriniits rotundus, tJie fossil to which
the Bradford clay has been indebted for its celebrity, is likewise found in
the forest marble.
Considered however by itself, this deposit consists of a pale grey clay containing a small proportion of carbonate of lime, and inclosing thin slabs of a
tough, brownish limestone, and laminae of calcareous sandstone or grit.
The greatest thickness of the Bradford clay appears to be in the neighbourhood ofFarleigh, where its dimensions are said to be from 40 to 60 feet.
It is however frequently wanting.
The Bradford clay appears forming a thin bed in the neighbourhood of
Yatton Keynell and Giddy Hall; but between the latter point and Berfield,
near Bradford, it is wanting, the forest marble being visible resting on the
great oolite at Pickwick and Wormwood. At Berfield the clay re-appears,
constituting a thick stratum, which may be traced from that village by Bradford and Upper Westwood to Farleigh. It likewise occurs underlying the
forest marble in the ridge to the north of the road from Farleigh to Charter
House Hinton ; but through the southern part of the district it is difficult to
separate the Bradford clay, if it exists, from the fuller's earth.
Forest Marble.
The strata which are interposed between the great oolite and the cornbrash,
when exhibited in their simplest manner, admit of the following arrangement.
Thickness.

1. Clay, with occasional laminae of grit ...
2. Sand and grit

15feet.
40

3. Clay, with thin slabs of stone and la- "1
mina; of grit
/ ^^
4. Shelly limestone or coarse oolite
25
5. Sand or sandy clay and grit
10
6. Bradford clay.

Kington St. Michael's, Norton, &c.
Ibid. Ibid.
Frome, &c.
f Wormwood, Pipe House Hill near
\
Midford.
Wormwood, Frome, &c.
Frome, Norton, Baggeridge, &c. &c.
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1 . The top bed of clay is of a pale grey colour, rather smooth to the touchy,
and effervesces with acids. The lamina of grit contain a considerable proportion of calcareous matter. At Norton St. Philip it incloses near its upper
part a stratum of rubbly, indurated marl, abounding with fragments of a small
Ostrea and Terebratulae.
2. The sand and sandstone appear to be the representative of the Stonesfield slate of Oxfordshire. The sand which sometimes forms the greater part
of the bed, but which sometimes is almost wanting, is of a very fine grain,
and varies in colour from reddish brown to almost white. It is occasionally
mixed with a small cjuantity of clay or lime, and then becomes a friable sandstone, alternating in thin beds with a calcareous grit. Layers and irregular
beds of clay likewise often occur associated with the sand. The sandstone or
grit forms, either large spheroidal masses aggregated together and contained
in the sand, or tabular strata. The true pot-lid shape is of rare occurrence,
and appears to be confined to Ridge near Beckington. The stone possesses
a tendency to split into thick flags parallel to its position in the bed, but never
into thin tiles. The cross fracture is splintery, and in general exhibits small^
shining, parallel facets. The grain of the grit is for the greater part exceedingly fine, though it not unfrequently acc[uires an oolitic character; and in
the same specimen one portion will be a sandy oolite, and the rest a calcareous sandstone. Patches, or small almond-shaped nodules of soft clay are often
imbedded in, the stone; and on being removed, by exposure to the weather,
the emptied cells give it a vesicular appearance. Organic remains are not
universally disseminated through the grit, but in some localities they are sufficiently numerous to compose the principal part of the block or stratum, and
convert it into an impure, shelly limestone. All the varieties of the grit
effervesce very strongly. The prevailing colour is pale brown, but some of
the beds are of a deep blue.
3. The clay is of a pale brown colour, is slightly calcareous, and contains
patches of a hard, closely grained, shelly limestone sHghtly oolitic, and laminae
of calcareous sandstone or grit. It is occasionally wanting.
4. The shelly limestone or coarse oolite is the bed to which the term forest
marble is peculiarly applied. The prevailing fossil, a small species of Ostrea,
is occasionally so abundant as to constitute the greater part of the stone ; but
it is oftener more sparingly diffused through it. The basis by which the
organic bodies are united is frequently composed of crystallized carbonate of
lime, though sometimes of a yellowish or bluish marl, and sometimes of a pale,
earthy limestone. Oolitic particles are more or less numerous in each variety.
Some of the beds are of a close texture, tough and heavy ; others are porous.
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and yield readily to the hammer. In this state the forest marble approaches in
character to the rags of the great oolite. The colour of the stone is generally
a pale yellowish brown, but is not unfrequently blue or red, from the presence
of oxide of iron. Thin layers of ochreous clay traverse several of the strata,
and give them a striped or ribbon-like appearance. The majority of the
beds possess a fissile structure, by which they may be cleaved into thin flags
obliquely to the plane of stratification. The line of separation is determined
either by a layer of organic remains, or the interposition of laminae of clay.
Though this character is prevalent in the forest marble, yet it is not of universal occurrence, the beds being occasionally massive, and dividing only into
large irregular blocks. Strata of pale clay or sandy clay, in many localities,
separate the beds of shelly limestone, and vary in thickness from an inch to
three feet.
5. The lowest division of the forest marble, the sand or sandy clay and
grit, does not invariably occur, and when present is often so thin as to escape
the notice of a hurried observer. The grit is calcareous, sometimes slightly
oolitic, of a pale brown or blue colour, and tolerably hard. It forms either
thin layers alternating with sandy clay, or large masses inclosed in loose sand.
The following series of lists is given to illustrate the variations which take
place in the different groups of the forest marble.
Right bank of the brook between Lullington and Woolverton, about three
miles to the north of Frome.
Group 1.
2.

Clay, with lamina; of grit
Quick sand, with concretions of grit

8 feet.
9 feet.

Quarry between Lullington and the Factory.
Group 1.
2.

Clay, with thin laminae of grit
Irregular beds of sandstone, parted by layers of sandy clay. ...

8 feet.
10 feet.

Kington Bottom near Kington St. Michael, about three miles to the north of
Chippenham.
Cornbrash.
Group 1.
2.

Clay
15 feet.
Sand, containing large masses of calcareous grit, some of which
are partially oolitic and shelly
9 feet.

Beckington Quarry, in the Lane leading to Carpenter's Mill.
Group 2.

Sand, with large masses of grit containing fragments of wood . . 18 feet.
Sandy clay
1 foot.
/
Irregular beds of grit, separated by layers of sandy clay
5 feet.
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Seventh Milestone from Bath towards Bradford.
Sand, with patches of clay and irregular concretions of grit .... 5i feet.
Blue clay, containing numerous thin lamina; of grit
18 inches.
Hard, blue, shelly limestone of irregular thickness
18 inches.
3. Clay.

Group 2.

Great CamberweU, about one mile north of Bradford.
Group 3. Clay, with thin laminae of stone and grit
4. Shelly, oolitic limestone
Pale blue clay
,
Shelly, oolitic limestone

Wormwood

10 feet.
3 feet.
2^ feet.
3 feet.

Quarry^ about seven miles from Bath towards Devizes.

Group 3.
4.
Great Oolite.

Clay, containing irregular patches of stone
6 feet.
Shelly limestone, split into thin layers obliquely to the plane of
stratification
10 feet.
Four strata of freestone, split into irregular masses

14 feet.

Cross Keys, nine miles and a half from Bath towards Chippenham.
Group 3.

Irregular masses of laminated stone, partly shelly, partly gritty.

Clay
4. Shelly, oolitic limestone split obliquely, the laminae often parted
by a thin layer of shelly limestone
Clay, sandy in the upper part
Shelly limestone, thinly laminated
Bradford Clatj.
Great Oolite.

2 feet.
8i feet.
2| feet.
18 inches.
6 inches.

Clay abounding with Terebratulu digona a.nd T.coarctafa, and
inclosing shelly concretions
18 inches.
Coarse, oolitic limestone
3^ feet.
Clay
Coarse, oolitic limestone

3 inches.
3| feet.

Coarse, shelly, oolitic limestone

4 feet.

Quarry near the Wells Turnpike, Frome.
Group 4. Shelly limestone, in irregular beds
5. Grit, with sand or sandy clay

15 feet.
12 feet.

Quarry at the turning- to Hardington from the Frome Road.
Group 5.

Hard, calcareous grit, containing a few shells
Sand, with large masses of grit

8 feet.
5 feet.,

Quarry between Buckland Denham and Lydes-Water.
Group 5.

Irregular beds of grit, separated by layers of sandy clay

....

Brow of the Hill above Green Parlour near Radstock.
Group 3.

Thin slabs and lamina; of calcareous sandstone, imbedded in
sandy clay.

20 feet.
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The western boundary of the forest marble^ as far as Norton St. Philip, has
been aheady described, in detaihng- the superior boundary of the great ooHte.
From Norton it winds around Baggeridge to Falkland Knowl, Falkland, and
the brow of the hill descending to Radstock : there it turns eastwards, and
keeps nearly parallel with the main road to Frome. The line which separates
the forest marble from the cornbrash being extremely irregular, it is purposed
to mention only the leading points through which it passes. From the neighbourhood ofYatton Keynell, where the breadth of the formation is small, the
boundary pursues an undulating course by Biddestone to Lower Pickwick,
where it takes an eastern direction by Pound Pill, Linleys, Gastard, and Sand
Pitt to Potter's Mill ; then by Shut-in-Lane, Wick Farm, Chapel Knap, and
Whitley to Atford ; whence it passes by Cottle's Farm, Flinch Bottom, Upper
Wraxhall, New House Farm, Ford Farm, Bradford-Leigh, Wooley, the Folly
near Bradford, Westvvood, Telisford, Langham Mill, Roade and Shoalford, to
Beckington. At this village an elevated ridge of forest marble commences,
and extends to Cutteridge. Beyond Beckington the boundary may be traced
by St. George's Cross, Oldford Hill, Fromefield, and Stiles Hill to Keyford.
The greatest breadth of the forest marble is from Pert (a small hamlet a
little to the south of Norton), to the brow of the hill descending towards
Radstock by Green Parlour. The horizontal distance between these points
is about four miles, and, but for the denudation around Hardington, would
there constitute a leading feature in the geological structure of the country.
Coriibrash.
This formation possesses but little interest. It appears generally as a thin
stratum of rubbly stone, having considerable uniformity of character. The
nodules or masses are seldom more than a foot in diameter, and are for the
greater part much less. In those localities where circumstances have preserved
the deposit from denudation, the bottom bed affords a tolerably compact rock,
fitted for the construction of rough walls. The stone is exceedingly tough,
and varies in colour from almost white to a dingy brown ; but the lower part
of the stratum at the junction of the subjacent clay is frequently blue. On
being broken, the substance of the nodules exhibits generally a close, pasty, or
earthy texture, sometimes of great evenness of composition, sometimes of a
variable degree of consistency, irregular layers of a soft nature traversing the
blocks, and apparently pointing out that their decomposition is the origin of
the rubbly form of the superficial or exposed parts of the deposit. The cornbrash assumes occasionally a crystalline structure.
The surface occupied by this formation is comparatively small, and ex2l2
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tremely irregular. The western boundary has been ah'eady given in detaihng
the extent of the forest marble. The eastern defines a waving outline, from
the nei"-hbourhood of Kington St. Michael, by Chippenham, to Laycock. At
that village the two boundaries merge into one ; and the cornbrash forms a
narrow band by Shut-in-Lane, Wick Farm, and Whitley, to Atford, where
it acquires a greater importance ; and the eastern boundary may be traced
from the foot of Atford Common, by Linton Farm, Great Chalfield, Holt and
Widbook, to Midway. At this point the formation again contracts into another
band, which passes along the western extremity of Winfield Common to
Vagg's Hill, Langham Mill, and Rowde. From that village the cornbrash
takes an eastern direction, and circles around the elevated ridge of forest
marble, which extends from Beckington to Cutteridge, passing through
Mark's Lane, Lamber's Marsh, Southwick, Pole's Hole, Cutteridge-HouseFarm, Lower Ridge, and Standervvick Court, and thence to Clink and Stile's

Hill.

In addition to these continuous districts, the cornbrash appears on the summit of Pipe-House-Hill near Midford, and at Wick Farm near Farleigh. It
likewise forms a narrow strip extending from the neighbourhood of Upper
Studley, by Trowbridge and Hilperton, to Semington, and an outlier around
Chatley House, Woolverton, and Lullington.
Oxford Clai/.
The Oxford clay is seldom laid open in Wiltshire. On the surface it appears invariably as a stiff, pale blue or yellowish clay, which effervesces
vividly with acids. At the junction with the Kellovvay rock, a bed occurs of
a pale lead colour streaked with yellow ; and in some parts of the formation
strata are found of a chocolate hue, and thinly laminated structure.
Near the bottom of the Oxford clay is a bed of calcareous sandstone, from
three to five feet thick, and abounding with organic remains : it is usually
known by the name of the Kelloway rock. The fossils are occasionally so
numerous as to constitute nearly the whole of the stratum, but are often wanting; and the stone then agrees in character with the calcareous grit interposed
between the Oxford clay and the coral rag. The usual colour of the rock is
brown on the surface, but blue or grey in the interior.
The accompanying section was procured from the quarry at Christian
Malford.
Pale lead. coloured clay, streaked with yellow.
Rotten, ruhbly stone, highly charged with oxide of iron, and inclosing few organic remains

5 feet.
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Sandstone, abounding with fossils
Sand
Clay.

3 feet.
4 feet.

The Oxford clay composes a plain of great variableness of breadth. At
Melksham it is about six miles broad^ but at Laycock it is scarcely one. The
western boundary has been already traced under the head Cornbrash ; the
eastern, rauff-es about one-third from the summit of the coral-ra"-hiIls : and
passes from the neighbourhood of Ly nham^ by Charlcot, Bremhill Wick, Studley,
Redhill, Bovvden Hill, Spy-Park, Chitway, Sandridge, Nonsuch, Bromham,
Rovvde Hill, Seend Bridge, Sell's Green, Baldham Mill, Hinton, Cold Harbour,
Stourton Farm, Abury Common, Rovvde Ash ton Park, West Ashton, Heywood House, Brook Farm, Brumridge Farm, Dilton, the Black Dog, Berkley
Lodge, Heath -House-Farm, and Corsely, to Chapmanslade.
Corral Rag.
The coral rag formation in Dorsetshire, as described by the Rev. W. D. Conybeare in the "Outlines*," and by Professor Sedgwick in the Annals of Philosophy f;and in the Vale of Pickering by Mr. PhilHps;];, consists of two beds
of sand, separated by a third of limestone. In Wiltshire a similar arrangement exists, but the upper sand is for the greater part wanting ; and where it
occurs, it is thin and of little apparent importance. The following table
exhibits a general type of the Wiltshire beds.
nt§/
1. Upper calcareous g
lea- "1

2. Coral rag

3. Clay
4. Lower calcare.
ous grit§ . . .

Thickness.
Localities.
f
Between
West
Ashton and Dunge,
io ft.
Sand
\ and between Keevil and Rey Down.
10 ft. /Near Steeple Ashton and Westbury
J'erruginous clay
JCalne.
Perishable freestone
40 ft. I Field.
Rubbly oolite
Calne.
Steeple Ashton.
40 ft.
Steeple Ashton,
Irregular
beds of Poly- j"( 40 ft. < Calne.
paria
40 ft.?
Chilvester Hill, near Calne.
Sand, with beds of calca-") soft.
reous grit and impure i>
limestone
J

Spirthill, Bremhill, Sandridge, Stud-

{ ley, &c.

&c.

1 . The sand (1 a) is of a fine grain and of a ferruginous colour. The clay
(1 b) which underlies the sand, is slightly oolitic, and contains at Steeple
Ashton numerous specimens oi Belemnites ahhreviatus, a Mya, and occasion* p. 191 note, and p. 192.
f For the year 1824.
X Phil. Mag. vol. iii. p. 248.
Geol. of Yorkshire, p. 32.
§ This term is adopted from Mr. Phillips.
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ally an undescribed, discoidal Ammonites.

The sand and clay are almost

confined to the localities given in the preceding table*.
2. The second division may be described as consisting of an earthy limestone^ divisible into strata which do not preserve any definite arrangement,
and which pass insensibly into each other. The beds of Polyparia, to which
the division has been indebted for its name, sometimes occur near its top,
sometimes in its middle, and sometimes at its bottom. They are likewise of
limited extent.
The accompanying diagram, drawn from Pinnel's Farm near Calne, to the
quarry on the north-east side of the brook at Quemmerford, will illustrate
the passage of the different varieties of the coral rag into each other.

Lower greensand.
Kimmeridge
day.
Rubbly oolite.
Calcareous grit.

The freestone, or " Oxford oolite," (2 a) occurs only at Calne.
It is composed of alternations of hard, shelly oolite, used for flags, and soft, earthy.
* The sand is seen to the greatest advantage at Highworth, a town near the north-east angle of
Wiltshire : it is likewise visible about one mile from Lynham towards Wotton-Basset. The following section is from the Brick-kilns near Highworth.
Top.
"Calcareous grit, in some parts oolitic : — thickness small.
Rubbly oolite

Ft. In.
1

j Very fine sand, 1 foot to 3 feet
[_Sandy clay

2
3

"Rotten
%{ oolite
Oolitic clay
Indistinctly oolitic limestone
Friable oolite, with fragments of shells
Indistinctly oolitic limestone
Oolitic clay

2
1
1
0
0
0

Shelly, oolitic limestone

I

Rubbly oolite, containing numerous Caryophyllia
1
Shelly, earthy limestone
1
.Masses of blue, oolitic limestone, abounding with fragments of shells . 3
Calcareous grit.
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perishable limestone, which has scarcely a trace of oolitic texture. The beds
are divided into blocks by seams oblique to the plane of stratification. The
colour of the stone is pale yellow, except where it is in contact with the subjacent clay, when it is blue.
The rubbly oolite (2 h) constitutes the greater part of the coral rag of Wiltshire. Itis formed of a nodular limestone of an earthy aspect, a brownish, yellowish, or blueish- white colour, and abounds with fragments of Echini and
shells. Sometimes the nodules possess sufficient hardness to be used in the
repair of the roads, but they are much oftener soft and unserviceable. The
oviform particles are frequently very indistinct, or extremely small ; but in that
variety which is called pisolite, they are numerous, and are sometimes three
tenths of an inch in diameter. In the neighbourhood of Spirthill the stone
acquires a beautifully oolitic character, the spherules being regularly formed.
Thin beds of clay occur in many of the quarries, and give them the appearance of a regular stratification ; but these divisions are not to be traced for
any distance.
The irregular beds of Polyparia (2 c) consist of nodules or masses of crystallized carbonate of lime, which afford invariably evidences of the labours
of the Polypus ; and associated with them are others of earthy limestone,
which bear only partial proofs of an organic origin. The whole are connected bya pale blueish or yellowish, stiff clay. It happens frequently that
a bed is composed of one genus of Polyparia. At Calne and Westhook the
prevailing fossil is a small species of Astrea; at Hannington Hill near Highworth, Caryophyllia form the entire mass of the coral rag : but at Steeple
Ashton both these genera are associated with Agaricia.
The bottom bed of the coral rag occasionally affords a dark blue, crystalline
rock, which bears considerable resemblance to some varieties of the carboniferous limestone. Quartz crystals and flint sometimes occur in this division.
3. The clay which separates the strata we have been considering from the
lower calcareous grit has a pale blue colour, is of a stiff nature, and effervesces
slightly with acids. It is apparently co-extensive with the formation from
Lynham to Westbury Field.
4. The fourth division of the coral rag, the lower calcareous grit, consists
of a thick stratum of sand, inclosing irregular beds of a siliceous rock. The
sand is more or less intermixed with calcareous matter, arising principally
from the decay of organic remains. The particles are generally small, and
are never intermingled with rounded pebbles. The prevailing colour is dingy
yellow, of various shades. Thin laminae of clay are not unfrequently dispersed
through the sand.
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grit or siliceous rock is composed of fine grains of quartz, which
in general great uniformity of size in the same mass. Occasionally,
thin coating of lime upon some of the grains, the stone assumes an
character. Organic remains are scattered through all the beds, and

are frequently so numerous as to change the grit into an impure, shelly limestone. The masses or irregular beds of stone possess no definite cleavage,
and are generally so hard as to require the aid of gunpowder in dividing
them. On being broken, the fractured surface often presents small, shining,
parallel facets. In some localities a friable stratum occurs, which consists
almost entirely of decomposed fragments of shells. The colour of the grit is
principally pale brown on the exterior, but blue in the interior.
The accompanying lists are given, to illustrate the connexions between the
stone and the sandy strata.
Quarry at the foot of Seend Hill, and on
bridge Road.

the south-east side of the Trow-

Top.

Grit,
Sand,
Grit,
Sand,

split into irregular laminae, 1 foot to 3 feet
with occasionally masses of grit
with many fragments of shells
inclosing in some parts nodules of grit.

Very finely-grained grit, containing numerous fragments of shells,
and composed of flat masses, which are sometimes in contact, sometimes separated by sand
Sand

Ft. In.

2
1
1

0
6
0

1 0
3 0

Sand, with numerous fragments of shells, and intermixed with clay . . 0 3
Sand, containing masses of grit 2 feet to 4 feet
3 0
Grit, 4 to 6 feet, in some parts separated into two beds by a layer of
sand 6 inches thick
5 0
Sand, 6 to 18 inches
Grit, a very hard stone
Sand
Grit
Sand

1
1
1
1
3

0
4
6
3
0

Quarry at Spirthill, between Calne and Lynham.
The clay which separates the coral rag from the lower calcareous grit
Grit
Sand, containing much calcareous matter, and thin laminae of clay :
greatest thickness
Irregular beds of calcareous grit, varying in their characters, and near
the upper part assuming the appearance of a blue, shelly, impure
limestone
Sand.

12 0
0 10
3

6

6

0

The surface occupied by the coral rag in the district to which this memoir
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belongs is extremely small. In some parts the oolitic beds are wanting, and
in others the presence of the formation is concealed by transported matterTo the north of Calne the coral rag is bounded on the west by the brow of
the hills ranging from Lynham to Bencroft near Bremhill, and on the east by
a line passing from Preston to Hillmarton, Calne, and Quemerford. To the
south-west of Calne it is displayed in the denudation in which is situated
Bowood Park ; and it forms a narrow but continuous band by Studley, Derry
Hill, Red Hill, Bovvden Hill, Spy Park, Chitway, Sandridge, Bromham, Rovvde
Hill, Seend Bridge, and around the western side of the eminence on which
Seend is built. To the south of that village the coral rag attains a greater
superficial importance : the western boundary passes by Baldham Mill, Hinton,
Stourton Farm, and Rowd-Ashton Park to West Ashton ; and the eastern
extends from Hender's Copse by Keevil, and the north-western extremity of
Rey Down to Dunge. Between this hamlet and Westbury Field the formation isnot visible, but it reappears at that locality, and constitutes a narrow
strip to the lane leading from Westbury Leigh to Brumridge Farm. Beyond
this point the coral rag is concealed by the overlying of other formations.
Kimmeridge Clay.
This great argillaceous deposit presents in Wiltshire no natural facilities
for examining its characters. It appears on the surface as a reddish brown
or lead-coloured clay, which has generally an unctuous feel, and occasionally
effervesces vividly with acids. When a small section is laid open, beds appear
both of a massive and fissile structure, and vary in colour from light grey to
almost black. The fissile or laminated property sometimes arises from the
presence of vegetable matter. Strata of a bituminous nature, and said to have
been used for fuel, were discovered in sinking a shaft at the brick-yard on
the north side of the Bath Road, near the foot of Devizes Hill. Towards the
top of the Kimmeridge clay irregular masses of argillaceous limestone occur,
inclosing fragments of shells, particularly of a thickly ribbed Ammonites :
blocks of sandy marlstone occupy a similar position ; and nodules of argillaceous carbonate of iron are frequently met with.
Ostrea deltoidea is the only fossil which I have found in a perfect state in
this formation.
In the neighbourhood of Calne the Kimmeridge clay constitutes the greater
part of the low ridge near Sand's Farm, and a small denudated district which
may be included within a line drawn from Quemerford Bridge by Rough
Leaze, Stockley Common, Tossel's Farm, and around the western side
of the knowl on which is situated Pinhill's Farm, back to Quemerford.
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Between Pinhill's Farm and Locksvvell Heath the Kimmeridge clay has been
removed^ but at the latter locality it appears as a thin bed underlying the
lower green-sand, and may be traced along both the eastern and western
sides of the heath, and from Bowden Hill, by Spy Park, to Westbrook, and
Nonsuch. At Bromham the formation is wanting, the lower green-sand being
in contact with the calcareous grit. Near Rovvde Hill it reappears as a very
thin bed ; and at Rowde Wick Farm it begins to assume an important feature
in the geological structure of the country. From that point the western boundary follows the brook to the Kennet and Avon Canal, then passes around
the western side of Seend Hill, and afterwards by the east of Hender's Copse
to Keevil, Rey Down, Dunge, Heywood House, Westbury Field, Penleigh,
and Dilton : the eastern boundary ranges from Rowde Hill by Smy thick's
Farm, the western brow of Polshot Green, Polshot, and Five Lanes, to
Cuckold's Green. At this point its continuity is interrupted by several overlying- strips of the lower green-sand; but from Earl Stoke it describes a
line by Coulston, Hud Mill, Westbury Mill, and Penleigh Mill to Dilton.
Beyond this villag-e the formation cannot be distinctly separated from the
Oxford clay, on which it immediately reposes. In the lane leading- from
Dilton towards the Marsh, I found fragments of Oslrea dcltoidea.
The greatest breadth of the Kimmeridge clay is from the neighbourhood
of Baldham Mill to Coulston, a distance of rather more than three miles.
The thickness of the formation has never been ascertained in that part of
the district where its superficial extent is most considerable.
Lower Green Sand.
The formation which is now to be described was considered, until the late
investigations in the south-west of England, as a portion of those arenaceous
beds to which the general term " iron-sand" was applied. The accompanyingtable exhibits the leading characters of the lower green-sand of Wiltshire.
"Ileddington Wick.
Calcareous
Crockwood Mill near Urchfont.
Sandston
e grit with sandy clay. . • • ")j
Sand contain. . u Quartzose conglomerate
i „„ , J Lockswell Heath.
ing beds of ) (/ Spheroids ofconcentric crusts of iron
I Seend. Griffin Lane, summit of
stone
j
Bowden Hill.
Chert
LNear Greenland's Farm.

The sand, of which the formation is principally composed, consists of siliceous particles,_e which vary considerably in their size ; and it often incloses
quartzose pebbles. The colour is generally yellow, but is occasionally pale
brown, and sometimes light greenish grey, or dingy yellowish green. The
two latter varieties bear considerable resemblance to some portions of the upper
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Great Clieverell and Worton, and near

Cuckold's Green.
The sand is ahnost universally friable.
a. The calcareous grit appears at Heddington Wick, and near the top of
the formation. It is composed of thin lamina of a reddish white colour; it
is tolerably soft^ and is imbedded in sandy clay.
b. The sandstone is displayed only at Crockwood Mill near Urchfont, where
it forms two strata immediately under the g-alt. It consists of rather coarse
grains of quartz cemented by carbonate of lime, and contains many, very small,
polished particles of brown iron ore. Fragments of a large Pecten, with
nearly equal ears, are common in both strata. The natural divisions between
the blocks of stone are generally coated with crusts of argillaceous carbonate
of iron.
c. The conglomerate is composed of pebbles of quartz cemented by a
highly ferruginous sand. The pebbles are generally small, seldom attaining
an inch in diameter, and are very unequally dispersed through the basis :
sometimes they form the greater part of the mass, but at others are almost
wanting. The oxide of iron, forming the cement, is frequently so abundant as to constitute a rich ore, which was formerly smelted to a considerable
extent. The conglomerate seldom possesses any great degree of hardness,
but yields with facility to the hammer, and appears occasionally as a loose
rubble, locally called gravel. The colour of the basis is a deep brown, and
that of the pebbles white. The blocks of which the conglomerate consists
are imbedded in an irregular manner in the sand.
d. The spheroids are formed of concentric crusts of iron-stone, either in
contact, or separated by zones of sand, and have a nucleus of loose sand or
sandstone. They occur chiefly at Seend and Griffin Lane, and are either
placed in juxtaposition, when they interfere with each other's form, or are
parted by layers of sand.
e. Chert is comparatively rare in the lower green-sand ; but a stratum containing the casts of an Astarte, aTrigonia, and a Natica, is occasionally worked
near Greenland's Farm ; and close to Crockwood Mill is a cherty sandstone
with green particles.
Organic remains have hitherto been observed by me at only two localities;
the one just mentioned, and Lockswell Heath, where casts of a beautifully
imbricated Patella, and three or four species of bivalves, are to be found in a
bed of the quartzose conglomerate.
The extent of the lower green-sand in Wiltshire is limited ; and between
Calne and Great Cheverell, the southern boundary of its range, it has been
removed in many places by denudation.
In the neighbourhood of Calne it
2m2
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constitutes the summit of the knovvl near Sand's Farm, and of the hill on
which is situated Pinhill's Farm : it occurs hkewise between the Lodge and
the Devizes Road in tiie new approach to Bowood from Quemerford. Its
first appearance as a continuous stratum is at Lockswell Heath ; whence its
western boundary may be traced by Peter's Farm^ Bowden Hillj the upper
part of Spy Park, Chitway, Nonsuch, Bromham (where the lower green-sand
and the calcareous g-rit are in contact), RowdeHill, Rowde Wick, Smythick's,
Barley-Hill Farm, and the western brow of Polshot Green to Polshot. Here
the continuity of the boundary is interrupted ; but the lower green-sand reappears on the ridge to the south of Worton,and may be traced thence to StoveCroft near Earl Stoke. The eastern boundary passes from Lockswell Heath
by Sandy Lane to Wands House, where it turns east, and follows nearly the
line of the Roman Road to Heddington Wick : at that hamlet it once more
takes a southern direction, and proceeds by Bromham House to Nether Street,
and by the brook nearly to Rowde Farm : afterwards it ranges by Conscience
Lane, the turnpike at the foot of Devizes Hill, and the eastern side of Polshot
Green, to the junction of the brooks flowing- from Whistley and Devizes.
Between this point and Cuckold's Green near Worton, the formation is concealed but
;
from the latter locality it may be traced by Rashley Common to
Crockwood Mill, and lastly by Pottern-Park Farm to Dues Water, Greenland's Farm, and the knowl between that point and Long Street.
Seend Hill and the summit of the two eminences on the north and south of
the main

road between Seend Bridge and Foxhanger_, are outliers of the

lower green-sand.

Gait.

The usual appearance of the gait in Wiltshire is that of a blue or yellowish
clay or marlstone. The former, which constitutes the greater part of the
formation, is generally of a friable nature, and yields readily to the frost.
Some of its beds effervesce, but others do not. It occasionally contains
nodules of indurated marl and small septaria. It is used in the manufacture
of bricks. The yellow clay, which is not of universal occurrence, is stiff, and
soapy to the touch ; it yields less readily to the frost, and is employed in the
making of tiles. Both the clays abound with minute spangles of mica. Near
the junction with the upper green-sand the gait sometimes becomes sandy,
and contains many particles of silicate of iron.
Pyritical wood is the only organic body which I have found in the formation.
The gait is concealed for the greater part of its extent by transported
matter from the Chalk Downs ; but it is visible at Blacklands, Calstone Wil-
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lington, Heddington, Dunkirk, the Canal Locks near Devizes, Drews Pond,
Eastvvell, Crockwood Mill, the side of the hill near Lavington Lodge, the brickyard between Dues Water and Great Cheverell, Coulston, Bratton, Eden
Vale near Westbury, and Westbury Leigh, and may therefore be inferred to
constitute a band ranging at the foot of the Chalk Hills.
Upper Green Sand.
' This formation is composed of siliceous sand, containing beds and nodules
of calcareous sandstone and chert.
The sand is generally of a very fine grain, the particles being for the
greater part not distinctly visible to the unassisted eye; but it is sometimes,
though rarely, of a coarser texture. The colour varies from light grey to dark
green, and is occasionally of different shades of yellow. No permanent order
is visible in the arrangement of the colours, but in some districts (Earl Stoke,
Coulston, Urchfont,) the dark green occupies the upper part of the formation,
the grey the middle, and the yellow the bottom. The sand seldom possesses
any great degree of compactness; but, from the presence of argillaceous matter,
it becomes sometimes a friable sandstone.
The calcareous sandstones are likewise principally of a fine grain; occasionally, however, they pass into quartzose conglomerates ; and from certain
portions being tinged with oxide of iron, they not unfrequently assume
the characters of a breccia. The calcareous cement often appears in distinct
crystals, and gives the rock a glistening aspect. The colour varies from light
grey to dark green and yellow. The hardness of the sandstone is sometimes
considerable, but at others it is trifling. Blocks are occasionally found, of
which organic remains constitute the greater part.
In the lower portion of the formation near its junction with the gait, small
patches or streaks of blue clay are frequently visible.
Spangles of mica are generally diflused through the sand and sandstones.
Chert occurs abundantly in the neighbourhood of Warminster ; but in the
district to which this memoir in particular belongs, it appears to be entirely
wanting.
The upper green-sand forms a narrow band ranging along the foot of the
Chalk Hills from Cherhill by Calstone Willington, and Heddington to
Roundaway. At New Park near Devizes, commences a narrow plain belonging to this formation, and extends by Wick Green to Pottern, and thence to
Sleight Farm, Stert, Urchfont, Market Lavington, and Little and Great Cheverell to Earl Stoke, where the superficial dimensions again contract to another
narrowband, which may be traced by Tinhead, Edington, Bratton, Westbury,
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At this village begins a projecting ridge
and Westbury Leigh to Isomley.
of upper green -sand, which reaches by Chapmanslade to Berkley Lodge.
Chalk Marl.
The chalk marl presents no peculiar characters. Its general appearance is
that of a grevish white, argillaceous, soft limestone, the detached blocks of
which on exposure to the weather descpiamate into small globular or spheroidal masses. Near Warminster some of the beds contain much fine sand
disseminated through the cretaceous basis. Streaks of grey or pale blue frequently traverse the strata, and become on being wetted almost black. The
passage from the upper green-sand into the chalk marl is often well displayed,
and is generally effected in a very few feet.
The chalk marl ranges along the centre of the escarpment of the hills bordering on the Marlborough Downs and Salisbury Plain. At the gorge of the
vale of Pewsey it has been almost entirely removed by denudation, only two
small eminences being left, the highest of which is called Etchilhampton Hill.
Lower Chalk.
The lower chalk, which forms the summit of the downs in this part of Wiltshire, consists of beds of soft chalk alternating with others composed of
roundish nodules, and with strata of a hard, splintery limestone, which yields
to the frost. The accompanying section from Bratton Castle near Westbury
will illustrate the connection of these varieties of stone.
Top.

Ft.

In.

1

6

0

9

Malm, or rather soft chalk
A layer of flints.
Roundish nodules of hard chalk, of a ferruginous colour
Hard, splintery, white limestone
Malm

1 0
2 6

Roundish nodules of hard chalk of a ferruginous colour

1 2

Hard, splintery, white limestone
Malm.

1 6

At Cherhill, well known to the traveller by its White Horse, the hard,
splintery, limestone is wanting, and the formation is composed of alternations
of malm and round nodules ; but the former greatly preponderates in quantity.
Gravel.

Extensive beds of gravel accompany the Avon through the whole of its
course from Kelloway to Keynsham, but they do not present any peculiar
features, and are formed of the debris of the neighbouring rocks. !n the
vicinity of Farleigh are likewise widely spread accumulations, composed of
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water-worn pebbles of every formation from the Wiltshire Downs to the
Mendip Hills. The most interesting circumstance connected with the gravel
of the district to which this memoir belongs, is the existence of chalk flints on
some of the isolated downs and hills in the neighbourhood of Bath. They
occur abundantly on Farleigh Down and Hampton Down ; but the latter is
separated from the former by the deep valley of Warley, and its prolongation
is everywhere bounded by precipitous escarpments. In the vicinity of Cherhill the surface of the chalk has been worn, in many places, into deep pits,
and afterwards filled with flints, which are now dug for the repair of the roads.
The sides of the pits are often lined with layers of a very ferruginous clay,
which has a smooth, slickenside appearance.
In the gravel-pits in the neighbourhood of Bath the remains of Mammalia
are frequently found. At that near Larkhall the following vestiges of the
former inhabitants of this island have been procured :
Elephas
Sus

Grinders of the Mammoth.
Molar teeth.

Rhinoceros t ichor hinus , ,Mo\a.r teeth, scapula? and metatarsal bone.
Equus
Incisor and molar teeth.
Bos
Molar teeth, tibia;, humerus, astragalus, os calcis, and cervical
vertebras.
Ursus?

Canine tooth.

Alluvium*.
The springs used for domestic purposes in Bath abound with carbonate of
lime, which they precipitate in great quantities in the pipes by which the
water is conveyed to the city. The rivulets are likewise strongly charged
with lime, and often coat their banks with a thick crust of tufaceous matter.

Organic Remains \.
Class.
Genus.
Geol. Position.
Lias
. . Polyparia. Alcyonium?
Radiaria.
Pentacrinites
Echinus.
Crustacea.
Conchifera.Pholadomya
Cardita?
Unio
Modiola
Lima
Avicula

References.

Species.
tuberculatus.

Miller, Crinoidea.

ambigua.

Min. Con. Tab, 227.

concinnus.
Hillana.

Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.

antiquata.
iofcquivalvis.

Plagiostoma
gigantea.
punctata.
duplicata.

Tab.
Tab.
Tab.
Tab.
Tab.
Tab.
Tab.

223.
212.
214.
24i.
77.
113.
559.

f. 1.3.
f.2.
f.2.
f. 2. 3.
f.1.2.
f.3.

Weston.

Loch

Ibid.
Ibid.
Saltford.
Radstock.
Corston.
Weston.
Ibid.
Ibid.
Ibid. Radstock
Ibid.
Ibid.
Ibid.

* The author is indebted for the above list to bis friend II. Woods, Esq. F.Z.S. &c.
f In this Table those fossils only are detailed whicli were procured by the author.
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Geol. Position.
Class.
Genus.
Lias . . . Conchilera.Plagiostoma
Pecteii
Gryphaea
Ostrea
Terebratula.
Mollusca.

Spirifer
Helicina
Turbo.
Trochus
Turritella.
Belemnites

Nautilus
Ammonites

References.

Hcrmanni.
Species.
barbatus.
incurva.

Min. Con. Tab. 231.
Ibid. Tab. 112. f. 1.2.
Ibid.Tab. 112. f.S.

obliquata.
Maccullochii.
laeviuscula.

Ibid. Tab. 547. f. 1—3.
Ibid. Tab. 488. f. 1.

Walcotli.
solarioides.

Ibid. Tab. 877. f. 2.
Ibid. Tab. 273. f. 4.
Ibid. Tab. 285.

polita.
Anglicus.

Ibid. Tab. 142. T. similus.

. Mollusca.

larlstone .

longissimus.
lineatus.
Greenonghi.
Bucklandi.
rotiformis.
Johnstoni.

nferior Oolite.

'

planicosta.
Ichthyosaurus communis.

Plesiosaurus
Ammonites

Polyparia. Astrea.
Annulata.
Serpula.
Conchifera.Mya.
Pholadomya.
Lutraria?
Mactra.
Crassatella?
Astarte.
Cardita.
Isocardia
Cucullaea
Area.
Trigonia
Unio
Axinus
Modiola
Pinna.
Lithodomus.
Perna.
Avicula
Lima
Plagiostoma.
Pecten

Conybeare, Geol. Trans. 2nd
series, vol. i.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Smith, Stratigraphical System,
p. 114. A. Strangwaysi, Min.
Con. Tab. 254. f. 1.3.

platyodon.
tenuirostris.
dolichodeirus.
undulatus.

rostrata.
oblonga.

Min. Con. Tab. 295. f.S.
Ibid. Tab. 206. f. 1.2.

costata.
concinnus.
obscurus?

Ibid.
Ibid.
Ibid.
Ibid.

Tab.
Tab.
Tab.
Tab.

85.
223.
314.
211. f. 2.

gibbosa.

\
inaequivalvis.

Ibid. Tab. 244. f. 2.3.
Ibid. Tab. 264.

proboscidea.
aequivalvis.
barbatus.

Ibid.
Radstock.
Weston.
Ibid. Corston, Radstock, kc.
Camerton.
Ibid.
Ibid.
Ibid.
Weston.

Camerton.
Miller, Geol. Trans. 2nd series,
Weston, &c.
vol. ii. PI. 8.
Ibid.
Ibid.
Ibid.
Min. Con. Tab. 41.
Ibid.
Ibid. Tab. 132.
Weston.
Keynsham.
Ibid. Tab. 130.
Ibid. Tab. 453.
Ibid.
Ibid. Tab. 449. f. 1.
Ibid.
Ibid. Tab. 131.
Ibid.
Ibid.
Ibid. Tab. 95.
Ibid.
Ibid. Tab. 167.
Batheaston.
Ibid. Tab. 73.
Weston.

aduncatiis.

Conybeari.
armatus.
obtusus.
Pisces *.
Reptilia.

Localittes.
Weston.
Ibid.
Ibid.

Ibid. Tab. 136. f. 1.
Ibid. Tab. 231.

» Teeth.

Ibid.
Ibid.
Ibid.
Ibid.

Box.
Midford
Hill, Widcomb Hill.
Canal banks opposite Limplcy
Ibid.
[Stoke.
Ibid.
Ibid.
Widcomb Hill.
Ibid.
Ibid.
[Stoke.
Canal banks opposite Limpley
Ibid.
Ibid. Widcomb Hill.
Ibid.
Ibid.
Ibid.
Ibid.
Widcomb Hill.
Sion Hill.
Ibid.
[Stoke.
Canal banks opposite Limpley
Near the Dundas Aqueduct.
Beacon Hill, Widcomb Hill.
Canal banks opposite Limpley
Ibid.

[Stoke.
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Genus.
Class.
Geol. Position.
Inferior Oolite. Conchifera.Ostrea

Terebratula

^

MoUusca.

-

Natica.
Trocluis
Cirrus
Terebra.
Belemnites
Nautilus
Ammonites

Fuller's Earth . Annulata. SerpuJa.
Conchifera.Pholadomya
Mya
Astarte?
Isocardia
Area.
Modiola

*

Avicula

Mollusca.
Great Oolite

.

Polyparia

spinosa.
elongatus.
granulatus.
carinatus.
abbreviatus.
obesus.
annulatus.
subla-vis.
lyrata.
angulifera.

Millepora.
Tcrebellaria
Spiropora
Idmonea
Meandrina.'
Astrea.
Explanaria?
Eunomia
Alcyonium ?
Apiocrinites
PenLacrinites
Cidaris.

Ibid.
Ibid.
Ibid.
Ibid.
Ibid.

Tab.
Tab.
Tab.
Tab.
Tat).

101. t". 1.2.4.
101. f.C.
15. f. 1.2.
83. f. 0.
83. f. 5.

Min. Con. Tab. 193. f.2Ibid. Tab. 220. f. 2.
Ibid. Tab. 429. f.3.

dichotoma*.
clavaroides*.
chiarata*.
DamiECornis*
spinosa*.
ramosissima*.

cffispitosa ''.
triquetra*.

radiata*.
Prattii.
rotundus.

Canal
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.

mb Hill,
banks opposite Limpley
[Stoke,

[Stoke.

Ibid.
Ibid.
Ibid.
Ibid;

Miller, Geol. Trans. 2nd series,
Bathcaston.
vol. ii. PI. 7. f.9.
Smallcomb Wood.
Min. Con. Tab. 124.
Ibid. Tab. 222.
Canal banks opposite Limpley
Ibid. Tab. 54.
Foot of High Barrow Hill, &c.
Ibid.
Ibid. Tab. 197. f.3.
Ibid. Tab. 224. f. 6.7.

Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.

diluviana*.

-4.

Canal
VVidco
Ibid.

Localities.
banks opposite Limpley

Ibid.
Smith's Stratig. System, p. 108. Ibid.

Hillana?

Ammonites

Chrysaora

References.
Con.Tab. 'J52. f. 1.4.
Tab. 136. f. ■i. 3.
Tab. 488. f. 2.
Tab. 43.5. f. 5.

Ibid. Tab. 491. f. 1.

media.
globata.
concinna.
acuta.
sublaevis.

Berenicea

Min.
Ibid.
Ibid.
Ibid.

concentrica.

Ostrea
Terebratula

Spongia
Theona

,

emarginata.
ornithocephala
obovata.
subrotunda.
concinna.
media.

plicata.
inaequivalvis.
echinata.
acuminata.
bullata.

Flustra.
Alecto

Radiaria.

Species.
Meadei.
acuminata.
obscura.

Tab.
Tab.
Tab.
Tab.
Tab.
Tab.
Ta6.
Tab.
Tab.
Tab.
'lab.

2 12. f. 2.
248. f. 1.
244. f. 2. 3.
243.
135. f. 2. 3.
435. f. 4.
436. f. 1.
83. f. 5.
83. f 6.
130. f. 1.2.
54.

BathfordHill,browof Charmy[Stoke.
Midford Hill. [down, &c.
Brow of Charmydown, WidFrome.
[comb, &c.
Bathford Hill.
Green Parlour near Radstock.
Bathford Hill.
Ibid.
Ibid.
Near Cold Ashton.
Gloucester
Road, 5^ miles
Ibid.
[from Bath.
Frome.
Ibid.
Bathford Hill.

Lamouroux, Exp. Meth.
Tab Bradford.
84. f. 12. 14.
Murrel near Bradford.
Ibid. Tab. 81. f.l2. 14.
Bradford.
Murrel near Bradford.
Ibid. Tab. 84. f. 8—10.
Ibid. Tab. 80. f. 17. 18.
Kingsdown near Bradford.
Corshamside near Corsham.
Ibid. Tab. 81. f. 8. 9.
Ibid. Tab. 81. f. 6. 7.
Murrel.
Ibid., Corsham-side, Bradford.
Ibid. Tab. 82. f.l.
Kingsdown,
Ibid.
Ibid. Tab.82. f.l 1.12.
Bradford.
Ibid.
Ibid. Tab. 80. f. 1,3—15.
Kingsdown.
Ibid. Tab. 81. f. 10. 11.
Gray, Phil. Mag. Sept. 1828.
Miller, Crinoidea, PI. 1—7.

Farleydown near Bathford.
Murrel.
Lansdown.

[Hamjiton.

Hamptondown
near
BathLansdovvn, Bannerdown, near
Bathcaston.
Bannerdown, Hamptondown.

* These fossils are found in the Calcairc cL Polypiers at Caen in Normandy.
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Genus.
Geol. Position.
Class.
Great Oolite . Radiaria.
Species.
Clypeus.
Annulata. Serpula.
orbicularis.
Conchit'era.Astarte
Lima.
Plagiostoma. costata.
Ostrea
Terebratula
digona.
furcata.
coarctata.
Mollusca. Pileolus
acutus.
Acteon
plicatus.
obtusus.
Turbo
Ammonites.
*.
lladiaria.
Bradford Clay . Pisces
Apiocrinites
Annulata. Serpula.
Conchifera.Arca.
Nucula
Avicula
Chama.
Ostrea.
Terebratula
Trochus.
Forest Marble t Polyparia. Berenicea.
Millepora.

rotundus.

Mollusca.
Pisces |.

Cornbrash .

Patella
Natica.
Turritella.

. Polyparia. Fungia
Radiaria.
Annulata. Clypeus.
Serpula.
Vermicularia

Ibid.
Ibid.
Ibid.
Ibid.

Tab.
Tab.
Tab.
Tab.

312.
432.
455.
551.

f. 1—4.
f. 1—4.
f. 2.
f. 2.

Miller, Crinoidea, PI. 1 — 7.

digona.
coarctata.

Ibid. Tab. 96.
Ibid. Tab. 312. f. 1— 4.

Bannerdown, Hamptondown.
Ibid.
Hamptondown.
Farleydown.
Huddock'sHillnearDunkerton.
Hamptondown.
Ibid.
Ancliff.
Hamptondown.
Kingsdown.
Ancliif.
Ibid.
Huddock's Hill.
Box.
Bradford.
Ibid.
Ibid.
Ibid.
Ibid,
[bid.
Ibid.
Ibid.
Ibid.
Ibid.
Pickwick.
Ibid.
Near Atford.

ramosissima.

rotundus.
Apiocrinites
Pentacrinites
Cidaris.
*
Annulata. Serpula.
Conchifera.Corbula.
Nucula.
Exogyra?
Chama.
Plagiostoma f
fibrosus.
Pecten

•

Ibid. Tab. 488. f. 3.
ibid. Tab. 96.
Ibid. Tab. 535. f. 2.

Min. Con. Tab. 192. (.6.7.
Ibid. Tab. 244. f. 1.

Radiaria.

Ostrea
Terebratula

Min. Con. Tab. 444. f.4 — 6.

pectinata
costata. ?

Mollusca.

Spongia.
Terebellaria

Localities.
References.

vagans.
many species
maxillata.
digona.
obsoleta.
coarctata.
rugosa.

orbulites.

Laraouroux, Exp. Meth. Tab.
82. f.l.
Farleigh Ilungerford.
Miller, Crinoidea, PI. 1 — 7. Near Pickwick.
Farleigh Ilungerford.
Wormwood.
Pickwick.
Farleigh Hungerford.
Ibid.
Wormwood.
Min. Con. Tab. 136. f. 2.
Ibid. Tab. 543. f. 3—5.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.

Tab.
Tab.
Tab.
Tab.
Tab.

436. f.4.
96.
83. f.7.
312. f. 1— 4.
139. f. 6.

Giddy Hall near Marshfield.
Wormwood.
Ibid.
Ibid. Pickwick, &c.
Pickwick.
Ibid.
Ibid.
VVormwood.
Lypeat near Corsham.
Ibid.
Ibid. Wormwood, &c.

Lamouroux, Exp. Meth. Tab
Atford.
83. f. 1 — 3.
Ibid.
Ibid.
Near Chippenham.

• Palatal teeth.
t On the surface of the masses of grit are almost invariably found cylindrical bodies, some of which present no traces
of organic structure, but others exhibit striffi, which have occasionally a longitudinal and occasionally a transverse direction. Similar bodies are obtained, though rarely, with Serpute or Bereniceap attached to them. No impressions of the
fronds of ierns, or the leaves of other plants, occur in any of the Wiltshire quarries; but large masses of bituminized
vegetables are abundant at many localities; and the planes of separation between the blocks of grit are frequently
covered by thin layers of carbonized matter.
I Teeth, palatal bones, scales, and rudii.

I

Mr. Lonsdale on the Oolitic District of Bath.
Class.
Genus.
Geol. Position.
Cornbrash .
Conchifera.Pholadomya
Lutraria ?
Astarte.
Cardium
Isocardia

Mollusca.

Trigonia
Chama?
Modiola
Avicula
Ostrea
Terebratula
Ammonites

Pisces *.
. Conchifera.N iicula.
Gryphaea
Mollusca. Ammonites

Oxford Clay

Kelloway Rock

Polyparia. I'ungia
Conchifera.Pholadomya.
Mya?
Cardium.
Isocardia
Trigonia.
Unio ?
Modiola
Pinna?
Avicula
Lima ?
Gryphjea
Terebratula

Mollusca.

Coral Rag .

Magas.
Ammonites

References.
Min. Con. Tab. 197. f 1.
Ibid. Tab. 197. f 3.

Species.
producta.
lyrata.
striatulum .■'
minima.
elongata.

Ibid. Tab. 553. f.l.
Ibid. Tab. 295. f. 1.
Ibid. Tab. 431.

imbricata.
echinata.
Marshii,
bullata.
discus.

Ibid.
Ibid.
Ibid.
Ibid.
Ibid.

Tab.
Tab.
Tab.
Tab.
Tab.

212. f.l. 3.
243.
48.
435. f. 4.
12.
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Localities.

Atford.
Ibid.
Ibid.
Near Chippenham.
Cutteridge.
Hiiperton.
Ibid.
Atford.
Ibid.
Ibid.
Ibid.
Ibid.
Cutteridge.
Atford.

dilatata & var. 0. Ibid. Tab. 149. f.l. 2.
Gulielmii.
Ibid. Tab. 311. f. 5.
orbulites.
Lamouroux, Exp. Meth. Tab. Kelloway Bridge.
83. f. 1—3.
Ibid.
Whitley near Melksham.
Kelloway Bridge.
Min. Con. Tab. 295. f. 2.

tener.

Ibid. Tab. 210. f.3.4.

bipartita.

Ibid. Tab. 244. f. 2. 3.

inaequivalvis.
dilatata var. /3.
nana.
ornithocephala.
tetraedra.

Ibid.
Ibid.
Ibid.
Ibid.

Tab.
Tab.
Tab.
Tab.

149. f. 2.
383. f.3.
101. f.l. 2. 4.
83. f.4.

Kcenigi.
Calloviensis.
sublaevis.

Ibid. Tab. 263. f. 1—3.
Ibid. Tab. 104.
Ibid. Tab. 54.

Belemnites.
. Polyparia. Caryophyllia.
Agaricia.
Astrea.
Cidaris. Threp__ snfcips
at Ifiast.
_,
Echinus.
sinuatus.
Parkinson, Introd. p. 123.
Clypeus
Annulata. Serpula.
Conchifera.Mya?
Lutraria?
costata.
Min. Con. Tab. 85.
Trigonia
Lithodomus.
Pecten
fibrosus.
Ibid. Tab. 136. f. 2.
Perna
aviculoides.
Ibid. Tab. 66.
Ostrea
Ibid. Tab. 111. f. 1.3.
striata.
Ibid. Tab. 47.
Mollusca. Terebra
gregarea.
Heddingtonensis. Ibid. Tab. 39.
Natica.
muricatus.
Turbo
Ibid. Tab. 240. f. 4.
Trochus.
Turritella
muricata.
Ibid. Tab. 499. f 1.2.
abbreviatus.
Belemnites
Miller, Geol. Trans. 2nd series,
vol. ii. PI. 7. f 9.

Ibid.
Ibid.
Christian Malford.
Kelloway Bridge.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.t
Ibid.
Steeple Ashton f.
Ibid. Calne, Westbrookt
Calnet-

Radiaria.

.

• Wolar teeth.

t Coral rag.

2 n2

Steeple Ashton tLynham near CalnetCalnetIbid.t
Ibid.t
Steeple Ashton tCalne
Ibid.t tSeendtWestbrooktIbid.t
Steeple Ashton tIbid.t
Ibid.t
Ibid.t
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Class.
Ceol, Position.
Mollusca.
Coral rag .

Kimmeridge
Clay
.
LowerGreensand
.

Genus.
Ammonites

1
./ Conchifcra.Ostrea
1
./
Conchifera.Astarte.

Trigonia.
Mollusca.
Patella.
Natica.
sand . • •!J
UpperGreen-" Polyparia. Alcyonium?
Ilallirhoa

catena.Species.
perarmatus.
vertebralis.
annulatus.
cordatus.
deltoidea.

Dilton
Seend
Ibid.**.Marsh near Westbury.

Near Greenland's Farm.
costata.

fungoides.

Clypeus.
Cassidulus
Galerites.

lapis cancri.

Parkinson, Inlrod. p. 125.

Trigonia
Cucullsea
Exogyra
Gervillia
Pecten
Terebratula
Conchifera.
Mollusca. Ammonites
. Pisces J.
Conchifcra.Mya?
Mytiloides

retusus?
punctatus.
concava.
major.
striata.
alitbrmis?
haliotoidea.
glabra.
solenoides.
asper.
quinquecostata.
quadricostata.
lata.
lyra.
inflatus.
varians.

Ibid.Tab. 5)0. f. 1— 4.
Ibid. Tab. 370. f. 1.
Ibid.
Ibid.
Ibid.
Ibid.

Tab.
Tab.
Tab.
Tab.

56. f.4— 8.
56. f. 1.2.
138. f. 2.
100.

Ibid. Tab. 178.
Ibid. Tab. 176.

3. f. 4.
.Min. Con. Tab. 108.
Ibid. Tab. 176.
Ibid. Tab. 36.

Nutfieldiensis.
varians.

Turrilites
Galerites.
Ananchytes.

costata.

Lladiaria,

Terebratula

p. 141.
Ibid.
Con. Tab. 57. f. 1— 5.
Tab. 513. f.l — 4.
Tab. 520. f.l.
Tab. 215.
Tab. 67.
Tab. 25.

Cuvier, Oss. Foss.Tom. 2. Tab

Ammonites

Spalangus.
Conchifera.Inoceramus

Ibid.
Ibid.
Min.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.

labiatus.

Mollusca.
.

Seend*.
Studley*.

Hippalimus
Echinus.

Annulata. Vermicularia
Conchitera.Thetis
Astarte

Lower Chalk

Localities.

Lamouroux, Exp. Meth. Tab.
78. f. 1.
Neighbourhood
Ibid. Tab. 75. f. 9. 10.
Ibid.
Ibid.
Ibid. Tab. 79. f.l.
Ibid.
Ibid.

Spatangus

Chalk Marl

Con. References.
Tab. 420.
Tab. 352.
Tab. 165.
Tab. 222.
Tab. 17. f.2.4.
Tab. 148.

iSTear Greenland's Farm.
Ibid.
Ibid.*
Lockswell Heath.

Chenendoporafungiformis.
Radiaria.

Min.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.

mytiloides.
concentricus.
biplicata.

Ibid. Tab. 442.
Ibid. Tab. 305.
Ibid. Tab. 90.

of Warmin[ster f.

|

Ibid.
Ibid.
Ibid.
Westbury.
iSTear Coulston.
Devizes.
Ibid.
Edington.
Neighbourhoodof Warminster.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.

1J

Near Coulston.

1

Edington.
Compton near Calne.

!

Ibid.
Ibid.

'

Ibid.

J

Ibid.
Ibid.
Warminster.
Ibid.

"

Ibid.
Ibid.
Ibid.
Ibid.

.

•

* Calcareous grit.
f Although Warminster is not included within the boundaries of the district described in the preceding pages, yet the
author has thought it advisable to enumerate the fossils which he procured from its neighbourhood. J Teeth.

XV. — On a Fossil Fox found at (Eningen near Constance ; with an
Account of the Deposit in which it was iinhedded.
By RODERICK

IMPEY

MURCHISON,

Esq. Pres. G.S. F.R.S. F.L.S.

[Read January 18th, 1830.]

iHE remarkable fossil quadruped which has given rise to this memoir was
found in the quarries of ffiningen near Constance^, in the autumn of 1828^
immediately before my first visit to them. The novel occurrence of an entire
carnivorous quadruped regularly imbedded in stone led me to put together a
few observations on the deposit which contained it; but 1 deferred the publication of them until the specific character of the animal should have been
correctly ascertained. This point has now been accomplished through the
scientific labours of Mr. Mantell, and I have since re-examined the locality
accompanied by Professor Sedgwick.
It may be well to preface the following observations by a short sketch of
what other naturalists have written on the same subject.
The quarries of ffiningen are known to have been worked as early as the
year 1680; and when tiieir contents were first described and figured by
Scheuchzer in his Herbarium DiLiivianum* , so great an interest was excited,
that numerous collections were rapidly formed by Gessneiv, Lavater^ Ammann,
and other naturalists of the neighbourhood I.
Up to the beginning of this century various authors have written on the
deposit of ffiningeUj or some of its contents ; amongst whom may be specified Andraea, Gessner+, de Saussure§, Razoumofsky ||, and Blumenbach f.
Of these works the relation of Razoumofsky is the most detailed. He was
followed by Karg of Constance, who in tiie year 1800 published a clear and
faithful section of the quarries,, with a very copious list of all the animal and
* Published 1700.
t The most complete collection was that made by Professor PfeiflFers, under the patronage of
the Bishop of Constance, In the year 1784, and placed in the palace of Mersburg, from whence
it has passed to the Grand Ducal museum of Carlsruhe.
X Lcttres sur la Suisse.
§ Voyage duns les Alpes, vol. iii. p. 331.
II Memoires de Vuicademie de Lausanne, vol. iii. H Manuel, und Gotha Magazin.
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vegetable remains*. The variety of this list would astonish any geologist
unacquainted with the wonderful fertility of these quarries; for in it are
mentioned several quadrupeds and birds, a vast number of fishes, reptiles,
insects, and innumerable plants, all of which were by him, as well as by
Razoumofsky and other cotemporary writers, identified with existing species tAt that period, however, fossil zoology had not the fixed character which it
has since assumed through the labours of the illustrious Cuvier, who has
clearly shown that several of the organic remains of ffiningen have in fact no
exact types in living nature, and that the celebrated Homo diluvii testis of
Scheuchzer was in reality an aquatic salamander;};. Much however remained
to be examined ; for it was still left in doubt whether amidst the fishes, insects,
shells, and plants, many might not yet prove to be of existing species. Cuvier
satisfactorily established, that all the mammalia discovered in this deposit up
to the time of the publication of his work were Rodentia, and that no carnivorous quadruped had been hitherto found in it.
Previous to the appearance of the Ossemens Fossiles M. Brongniart had
* Denkschrijten der Vaterldndischen Gesellschuft der aerzte und Naturforscher Schwa,
bcns^ vol. i. p. 1. Tubingen, 1805.
t In the memoirs of Scheuchzer, Razoumofsky, and Karg, will be found the three principal
theories by which it has been attempted to explain the nature of the CEningen formation.
1st. Scheuchzer referred the whole to the Mosaic deluge, bringing forward, as a proof of it,
his Homo diluvii testis^ an animal which subsequent German authorities considered to be a
skeleton of a large fish, but the true nature of which was only established by Cuvier, who has
clearly shown that it was an " aquatic salamander."
2ndly. The hypothesis of Razoumofsky {Annales des Sciences dc Lausanne^ vol. iii.) was, that
the sea in retiring had left a vast freshwater lake which extended fifty-nine leagues in length,
covering all the country between the lakes of Geneva and Constance. In support of his theory
this author identified the fossil species of this lacustrine deposit with those of the lignite beds near
Vevay, where it is now well known that a few land andfluviatile shells,diff'eringentlrely from those
of CEningen, are mixed up with marine remains. He further imagined that volcanic subterranean
agencies had indurated, altered and bituminized the marls, calcined the shells, and carbonized
the plants. It is remarkable that this author seems to have been unacquainted with the existence
of the adjoining volcanic group of Hohentwiel, which might have served to confirm his views as to
the igneous consolidation of the deposit. (See a description of the volcanic rocks of Hohentwiel.
Denkschriftcji der Naturforscher Schzcabens, vol.i. p. 204.)
Srdly. Karg and others imagined that the strata were formed in tanks or fish-ponds within
the period of history. This singular notion was adopted under the false supposition, that as all
the animals and plants were of existing species, they most probably inhabited ancient fishponds which the legends of the adjoining convents asserted to have formerly existed in this neighbourhood.
X Ossemens Fossiles, vol. v. part 2. p. 431.
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visited (Eningen, of which he has given a section and description*,, and in
which differing- from Karg, who had not only asserted that the deposit was
superposed to all other formations of the neighbourhood^ but had even been
accumulated within the historic period, he endeavours to prove that it is
subordinate to the adjoining molasse, and of about the same geological age
as the Paleeotherian strata of the Paris basin. My observations, however,
whether derived from actual sections, or from a consideration of the orsranic
contents of the quarries, have induced me to come to diff"erent conclusions
from both these authors, and to think that the (Eningen formation is exclusively ofancient, lacustrine origin, yet entirely posterior to the molasse
of Switzerlandf.
To prove this position 1 shall offer,
1st, A description of the deposit and its relations to the surrounding
country, with actual sections of the quarries.
2ndly, A sketch of their contents, including a special account of the carnivorous quadruped by Mr. Mantell, and a synopsis of other organic remains
formerly and recently discovered.
..
;
3rdly, Conclusions drawn from the previous details.
The Rhine, in its course from Constance to Schaff'hausen, flows for many
miles in a depression of the tertiary marine formation known by the name
of Molasse, which being cut through transversely, is exposed in hills on both
banks, at heights varying from seven to nine hundred feet. These hills,
consisting of micaceous sandstone and conglomerate, form the western prolongation ofthat great range of tertiary deposits which extends along the
flanks of the Austrian and Bavarian Alps, and has been described by Professor Sedgwick and myself. The marls and limestone of ffiningen are
recumbent on this molasse, and are seen in various patches on the sides of the
hills,
Rhine.and are worked in two quarries at diff'erent elevations overlooking the
Section across the Valley of the Rhine, shozving the Relations of the Lacustrine Format ivii
of (Eningen to the Inferior Marine Molasse.
<£

N.
Schienen gebirge.
^^;;>^^>-s^^^^^

Upper quarries.

Moh^e.-y^y^^^^^^^^^^L^

Lower quarries.

JVangen.

^
River Rhine.

• Environs de Paris, p. 307.
t Injustice to M. Brongniart it is right to state, that the quarries had not been worked for
some years previous to the period of his visit, and were probably then too much encumbered
with rubbish to admit of his making a satisfactory section. (See his observations, Env. dc Paris,
p. 308.)
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The quarries seen in the accompanying- wood-cut are situated on the right
bank of the Rhine, just where the river re-issues from the Zeller-See or lesser
lake of Constance, about two miles distant from the village of (Eningen, and
three miles west of the town of Stein. The lowest of these is near the village
of Wangen, about two hundred feet above the level of the river ; the highest is
nearly one mile further distant from the Rhine, and about six hundred feet
above its level. In both the upper and lower quarries are found an abundance
of freshwater and terrestrial remains, to the entire exclusion of anything
marine; and in both cases the marl beds rest upon molasse, which rock thus
forming the bottom of the basin, is exposed beneath the lower quarries in the
denudation of the Rhine, and rises behind them into the woody hills of
Schienen. It would therefore appear from the configuration of this district,
that the valley in which the Rhine now flows was, at a remote period, deeply
excavated in the molasse, and that subsequently, a lake was formed in one of
the broader parts of this valley, in which marls and limestone were gradually
deposited : indeed the arrangement and shape of the strata scarcely allow of
any other hypothesis ; for the beds though nearly horizontal, thicken slightly
towards the centre of the basin, whilst the nature of the organic remains,
and their deposition in successive layers, not only prove the long period of
time which must have elapsed during their accumulation, but also demonstrate
the lacustrine origin of the deposit*.
Lower Quarries,

The lower quarries have never been extensively worked on account of the
incoherent nature of the stone, nor have they afforded the same quantity
of organic remains as the upper quarries ; they are however at present exposed to the depth of about twenty-five feet. The principal beds are creamcoloured marlstones, with a blue, internal fracture, and have in parts a considerable proportion of sand and some mica, which seem to have been
derived from the detntus of the formation of molasse on which they rest.
These strong beds are separated from each other by thin way-boards of
unctuous, argillaceous marl. Plants chiefly dicotyledonous, fishes, and shells,
are distributed throughout the finer bands of marlstone, which separate the
coarser beds from each other. Amongst the plants I here found that remarkable impression of a leaf described in the sequel as Populus cordifo
several small fishes, a few shells of Anodonta, &c.
* In corroboration of these Tiews, see Karg's Memoir, cited, p. 278.
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Upper Quarries.
These were ascertained by the barometrical observations of de Saussure to
be six hundred feet above the town of Stein ; but Karg, who examined the
formation thirteen years later^ places them at only five hundred feet. This
discrepancy is easily reconciled ; for in fact numerous quarries of freshwater
limestone have at distant periods been opened on the sides of the Schienengebirge at very different elevations : hence it follows that the sections made
by geologists who may visit this locality at different times will seldom precisely correspond*. It will be found however, on comparison, that Karg's
section, made in the year 1800, accords very nearly with my own. The present quarries consist of two sets of works at slightly different levels, and
separated from each other by about one hundred paces. The carnivorous
quadruped was found in the lowest of these, and overlaid by upwards of
twenty feet of marl, limestone, and building- stone, the beds being arranged
Ft. In.
in the following- descending- order.
1. Superficial covering of brown, stiff, argillaceous, marly earth
5 to
2. Crumbling and incoherent, calcareous marls, with broken vegetable remains
and shells, &c
5 to
3. Fissile, fetid marlstone, splitting into thin slabs, containing many impressions
of leaves and stems of plants in the laminaj of division, a few flattened
shells of Planorbes, and a small Limnea
4. Thin wayboard of dark. coloured marl
5. Strong bed of cream-coloured, fine-grained, hard and fetid limestone of dull
fracture, earthy texture, high specific gravity, with here and there a minute scale of mica, and an occasional transverse vein of carbonate of lime.
Fishes are sometimes found in the lines of separation
6. Very finely laminated, white marlstone, the surface spotted over with innumerable, blackish stems of plants and carbonized vegetables. Insects
abundant in the finest and most paper-Iike laminaj.
Fishes, Crustacea
(Cypris) and shells (Flruiorbis) also occur in these thin layers

6

0

7

0

2
0

0
2

4

0

1

2

7 Darker coloured, thin layer of marlstone, in which was found
this year (1829) a magnificent specimen oi ajbssil tortoise,
probably the largest ever seen. It is about three feet in
length. Three of the pats, the head, the neck, and tail,
being well preserved and adherent to the body f
0

4

20

8

* In the time of Karg the quarries were much larger than at present.
t This splendid fossil tortoise may possibly still find its way into an English museum : in the
mean time I would remark that the only existing species that has reminded me of the fossil, is a
large Testudo Indica which I recently saw in the museum at Leyden, — Jan. 1831.
VOL.

III. SECOND

SERIES.
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Brought forward ....

Ft.

In.

0

5

20

8

8. Thin band of highly fetid, finely laminated, whitish grey
marlstone. This bed contained the fossil fox. The fissile
nature of this stone has occasioned it to split into two slabs
with such uneven surfaces, that characteristic portions of
the bones or impressions of them are seen in each. The
slab containing the more perfect portion of the animal has
been selected by Mr. Mantell for his operations of clearing
away the surrounding rock. It is worthy of remark, that
the fox and the great tortoise present themselves in their
fossil state in such an undisturbed position, that we may
suppose them to have scarcely moved after they sunk down
amidst the fine silt and mud of the ancient lake, with which
their bones have since become partially mineralized. In
this layer also occur other organic remains, among which
are fishes of great size, one of which in a very perfect state
had just been found previous to my first visit, and resembled
a large pike
9. Two or three fine layers of marlstone, differing very little from Nos. 7. and 8.
and containing leaves
,
10. Great building stone of granular texture; it resembles somewhat No. 4. but is
harder, and is considered the best building stone of the quarry. In its less
adherent parts shells of Anodoiita Ijuvateri are disseminated, with their

0 10

"nacre" well preserved; and fishes are also found between the lamiuce of
division

4

g

1 1 . Finely laminated, white, slaty marlstones, resembling Nos. 7. 8. and 9. in slabs
of three to six inches each, and containing fishes, plants, Anodonta, &c.,

2

0

28

b

Here the work was stopped by water, in the autumns of 1828 and 1829,
owing to the wetness of those seasons ; but in dry weather several inferior,
slaty layers are to be seen, and beneath them the micaceous sandstone or
molasse.
The adjoining quarry, which is to the north-west of the preceding, consists
of beds of rather a more arenaceous texture, and of a darker colour than those
just described. These beds contain plants and fishes, and a great number of
Anodonta Lavatcri, but none of the insects which characterize the more
finely laminated layers of the middle and lower beds.
All the strata are nearly horizontal, having only a very slight inclination of
two or three degrees to the south ; and hence it may be inferred, that the
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upper beds, which are about one mile from the river, were originally continuous over those of the lower quarries, which are about half a mile distant,
and nearer to the Rhine*. This conclusion is further borne out by the differences ofmineral character, and by the absence in the lower quarry of many
of those organic remains which characterize the upper.
Several distinguished naturalists have examined and described the organic
remains which I collected ; and to their observations I beg to add a short
synopsis of some other CEningen fossils which have come under my notice,
and which are now scattered through the principal museums of Europe, in the
hope that such a list, however imperfect, may stimulate other inquirers to complete the identification of a vast number of objects which are yet undescribed,
or which in former times have been inaccurately named. To commence,
however, with the carnivorous quadruped. The following account of it is
given by Mr. Mantell in a letter to myselff.
" In compliance with your request, I beg to offer a few remarks on the
osteological characters of the extraordinary fossil discovered by you in the
CEningen limestone ; a fossil which far surpasses in interest any of the wonderful remains which had been found in that deposit.
" When you first submitted this matchless specimen to my chisel, you expressed your conviction that it would ,prove to be a species of fox ; and as I
proceeded in the interesting task of removing the stone from the skeleton, I
found myself warranted in agreeing with you in that opinion. When the
specimen was entirely exposed, I procured a recent fox, and dissected the
skull, extremities, &c., and upon comparing them with the fossil could detect
no essential difference. Through the kindness of Mr. Clift I have since been
able to examine the skeletons of several varieties and species of the genus
Vulpes in the museum of the College of Surgeons ; namely, five or six individuals ofthe Vulpes communis ; the black fox, the cross fox, and the Isatis,
or white fox. The skull of the last-mentioned species is more obtuse than
that of the fossil; but the skulls of the common fox and its varieties do not
differ more from the fossil than from each other; in fact there was not a
greater difference observable than between the skulls and teeth of individuals
of the recent animal, of various ages and countries. In making this observation Iwould, however, particularly remark, that the skull of the fossil is unfortunately so much broken and defaced, that the true form of the frontal
bone, post-orbital apophyses, &c., cannot be correctly determined, and that
these alone might be expected to afford essential, specific characters.
" In the other parts of the skeleton, the only differences I noticed were the
* See Wood-cut, p. 279.

f Plates XXXIII.

and XXXIV.

fig. 1, 2 & 3.
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following; viz. the spinous process of the dentatus appeared to be more expanded ;tiie radius more cylindrical and elegant near its brachial extremity ;
and the Jibnlce larger^ and more rounded^ than the corresponding parts of the
skeletons of the Vulpes communis, which I had an opportunity of examining.
I do not, however, think that these slight variations in osteological structure
are alone sufficient to establish a variety, much less a species. Near the angle
of the lower jaw of the fossil, there is a process of hone so like the sti/loid in
form, and occupying the situation which it might be supposed to occupy, if
these animals possessed such a process, that its appearance was at first very
puzzling: upon minute examination 1 am inclined to believe that it is a spiculum of bone, displaced by the fracture and compression which the skull has
sustained, and that its situation is accidental ; it is, however, too remarkable
an appearance to be passed by without comment.
"I very much regret that from my limited means of observation I cannot offer
more satisfactory results : the remark of Baron Cuvier on the bones of the
animals of this genus found in caverns, ' that they may with almost equal propriety be assumed to belong to one recent species as to another*,' will apply
also to the splendid specimen before us. If the skull were perfect, more
rigid conclusions might be obtained ; but as this is not the case, I beg to submit that the only inferences we are warranted in deducing are the following :

" 1st. That the fossil animal belonged to the genus Vulpes.
" 2ndly. That it bears a closer analogy to the V. communis than to any
other with which it has been compared.
" Lastly, that notwithstanding its resemblance to the recent, it may possibly
belong to an extinct species, since specific differences cannot always be detected inthe skeleton."
In addition to what Mr. Mantell has said of this animal, I have to observe,
that the occurrence of a portion of black-coloured matter in the place of the
abdomen, immediately beneath the lumbar vertebrae, induced me, under the
supposition of its being the fossil fgeces of the animal, to submit a portion to
the examination of Dr. Prout, who, after analysis, has pronounced it to be of
the same nature as the balls of Album Grce.cnm, and coprolites of Dr. Buckland. This is the first instance in which this fossil substance has been found
in the body of a land quadruped, although Dr. Buckland had observed that it
occurred in the abdominal regions of saurians. In tiiis case, however, it is
not the coprolite alone which contains phosphate of lime; for by otlier experiments of Dr. Prout it appears that the entire block of the surrounding marlstone is also impregnated with the same mineral.
There seems therefore to
* Ossemens Fossilcs, torn. iv. p. 4G5.
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be every reason to conclude, that the bituminization of this mass of rock* is
due, in a great measure, to the destruction of the large quantity of animal
matter contained in it ; for the coprolite itself only differs from the surrounding
matrix in containing a greater proportion of phosphate of lime.
All the other mammalia hitherto found at ffiningen are llodentia ; and
for an account of several of them 1 refer to the works of Baron Cuvierf. One
specimen of these, which is in the British Museum, has subsequently been
figured, and named by Mr. Konig Anooema GE7iingensisl.
Another animal of this order was brought from the quarries this year by
Professor Sedgwick, which M. Laurillard of the Jardin du lloi, Paris, refers
to Lagomys.
Birds.
These are considered by Blumenbach and Karg to be chiefly aquatic, and
according to the former they consist principally of Gralla. The latter author
enumerates birds of other classes,, as well as detached specimens of beaks and
feathers §.
Reptiles.
Of these the most curious is the large aquatic Salamander, described by
Cuvier, and of which there are several individuals ; one of which, in admirable
preservation, is in the British Museum. In the Carlsruhe Museum I observed specimens of Rana and of Testudo. Besides the splendid individual
mentioned, p. 281. in the section of the quarries, the Testudo orbicularis? is
said to have occurred ||.
Fishes.
The fishes of ffiningen have not yet been fully described, although Andrsea,
Lavater, Knorr and Scheuchzer, published and figured many genera and
species, comprehending lamprey, trout, pike, seventeen species of carp, &c.
Cuvier and Blainville doubt the accuracy of many of these identifications, although they both allow they have not as yet seen a sufficient number of specimens for comparison, and the former distinctly reserves his opinions for a
* See similar conclusions as to the cause of the bituminization of the rock at Seefeld in the
Tyrol containing fossil fish, in a memoir by myself read before the Geological Society, and published in the Philosophical Magazine and Annals of Philosophy, July 1829.
t Ossemens Fossilcs, tome v, Partie 1. p. 61 — 64.
J Icones Fossilium Seciiles, inedited.

§ Karg's list of organic remains is not given, because many of his specifications cannot be depended upon. Of the specimens alluded to by him the greater number are now in the Carlsruhe
Museum ; others are in the British Museum, and a few are at Paris and Vienna.
II Karg's Memoir.
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subsequent work on Ichthyolites. Blainville^ however, recognizes the Esox
lucius* to be a true pike, but is not quite decided that it is of the common
species. Ci/prinus jeses and C. hipunctatus are also identified by him, but with
a sHght doubt f.
Insects.
These are found in abundance when the quarries are in activity, but being
disregarded by the workmen are usually thrown away with the refuse : 1 could
therefore collect only a few specimens, one of which is referred by Mr. Curtis
to the family of Formicidae, and another to the Hymenopterae }. Amongst the
(Eningen insects in the British Museum;};, Mr. Samouelle has noticed the
larvae of two species of Libellula; Anthrax two species, Coccinella one, Cimex
one, Cerambyx one, Blatta one, Nepa one. Now it is highly interesting to
remark that several of these insects, such as Anthrax, Cerambyx, &c., are in
living nature found upon such marshy plants as they are here associated with
in a fossil state, so that we can have little difficulty in supposing that they
dropped into this ancient lake from the vegetation which surrounded it.
Again, the larvae of Libellula above mentioned, exactly resemble our common English species Libellula depressa, which is aquatic, the perfect insect
frequenting lakes and stagnant waters; whilst the Nepa is a well known inhabitant of the bottom of muddy pools.
Mr. Stokes has obligingly granted me the use of some nearly perfect insects from CEningen, three of which have been kindly drawn for me by Mr.
Swainson, and described by Mr. Curtis in these words :
" Plate XXXIV.
.

fig. 4. A young larva of an a?,shna (Libellula Linn.) perhaps Oi^. grandis.
fig. 5. The underside of a pupa of the same insect, showing the curious

mask, the insertion of the legs, and the spiraculae.
. — fig. 6. An Agrion, perhaps A. sangaineum.
The stigmata of the wings
not being visible is what might be expected, because even in recent specimens, soon after their
exclusion from the chrysalis, those parts are of so pale a colour as not to be apparent, and must
consequently be injected by fluid to colour them, which by pressure or absorption would disappear from the stigmata as well as the nervures."

In examining these bodies the entomologist can neither assert nor deny the
identity of the greater number of them with existing species §. We may safely
state, however, that although they are very unlike those of the gypseous ter* Sec Knorr, t. 1. tab. 26. and Scheuchzer, Pise. Quer. tab. 1.
-j In the British Museum there are many fine specimens of QEningen fishes yet undescribed.
X Ammann and Lavater's original collections.
§ it is very much to be desired that some able entomologist may soon examine the splendid
collection of these insects, now placed in the grand Ducal Museum at Carlsruhe.

and the Deposit in ivhich it was imbedded.

287

tiary formation of Aix in Provence*, yet both there and at ffiningen the forms
and generic characters of the fossils, with few exceptions, accord with those
of the insects now living in each district.
Crustacea.
A species resembling- Cancer Jluviatilis (Potamophilus of Latreille), is cited
by M. Brongniartf ; and crabs are figured by Karg from the Lavater and
Gessner collections. Other specimens of Crustacea are to be seen in the
museum at Carlsruhe. Cypris resembling^ C.faha, occurs abundantly, as has
beeil noticed in the sections of the quarries.
Conchifera.
Anodonta Lavateri^ is the only bivalve which I have observed ; but it is
very abundant.
MoUusca.
Limnea resembling L. oviwi^; and a very small, much flattened, Planorbis
of a species not yet determined jj.
Plants.
A very long catalogue is to be seen in Karg's memoir, wherein he mentions many species of modern European forest trees, shrubs, flowers, ferns, &c.,
for some of which he refers to the figures in Scheuchzer and Knorr.
M. Gmelin, Professor of Botany at Carlsruhe, has also assured me that many
of the fossil vegetables of ffiningen in the museum of that place were not distinguishable from existing species 1[. If these identifications have been pushed
too far, the specimens in this country, which have been closely examined by
eminent botanists, prove that most of the ffiningen leaves in the British Museum belong to dicotyledonous plants, and that they all have a modern character. A pentapetalous flower in this collection has been recently figured
by Mr. Konig, and named by him Viburnmn CEningcnse**.
Mr. R. Brown has discovered that among these plants, one is almost undis* Described by Mr. Curtis in a Memoir by Mr. Lyell and myself; Edinb. Phil. Journal.
No. XIV. p. 287— 298. See also by M. Marcel de Serres.
f Cuvier and Brongniart, Env. de Paris, p. 309,
I Ibid.
§ Ibid.
II Patella (Anci/lus) lacustris? and other shells are cited by Karg.
% Amongst these he enumerates Populus tremula, Beiula Alnus, Sulix caprea, S. alOa,
S. viminalis, S. Helix (purpurea), Acer pseudo-platanus, Fraxinus excelsior, Sparganium
erectum, Potamogeion naians, P. pusillum, Confervse, &c.
** Icones Fossilium Sectiles, ined.
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tinguisliable in the leaf, from the Acer villosum, a species of maple brought
from Nepaul by Dr. Wallicli.
The specimens which I collected have been referred to Mr. Lindley, who
has favoured me with the following- report. "I have again examined your
(Eningen fossil vegetables^ but with as little success as before. That some
of the leaves may have belonged to plants still existing is highly probable;
but the evidence about many of them is not perfect enough to enable a
botanist to speak positively. I retain the opinion which I expressed to you
last year^ that one of them is the lateral pinna of Fraxinus rotundifolia ; and
I see no reason to change my belief that the lobed ones have belonged to
some kind or kinds of Acer. If they all belonged to one kind, it must have
been a species more variable in the foliage than any at present existing; but
it is possible that two kinds may have been intermixed. Some of the impressions, particularly a beautifully perfect one, are not to be distinguished by
comparison from the young leaves of Acer opidifolunn, a species still existing
in Dauphiny and Piedmont; others are extremely like Acer pseudo-platanus
(the common Sycamore), but I cannot assert that they are the same; indeed
I incline more to consider them dilTerent. The fact is, that these forest trees
vary so much in the outline of their leaves, that it frequently is difficult to
determine them even from fresh specimens.
" Among tlie fossils is however one in so good a state of preservation, that I
am able to say with confidence that it is not of any species at present native of
Europe, and I think unknown elsewhere. It is a large cordate roundish leaf with
the remains of a petiole, a coarsely toothed margin, and a distinct impression
of two elevated glands, at the point where the leaf joins the petiole. Now
there are no European trees in which these glands exist, that need be compared with the fossil, except the poplar tribe ; and there is no known poplar
which bears leaves that do not essentially differ in character from this : I have
therefore named it Populus cordfolia. Populiis nigra, and all its varieties,
have smaller leaves, which are truncate, never deeply cordate at the base, and
their glands are both smaller and differently formed, Populus catiescens, in
which the leaves are cordate in an equal degree, and as large, has no glands,
and its outline is more ovate. Populus grccca has leaves with two glands
placed as in the fossil, but the leaves are much less cordate, and without
toothing at the margin.
" Upon the whole I should say the fossils may be considered to consist of
one or two species of Acer, possibly referable to existing European species,
but probably extinct;— A plant tliat is not distinguishable from Fraxinus rotund i/bli a ; — An extinct species of Poplar; and some other plants bearing a
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great general resemblance to the leaves of existing trees^ but not in such a
state as to be satisfactorily identified/'
In addition to these observations 1 may remark, that the greater number
of the leaves of forest trees have their petioles still adherent, as if they had
fallen off spontaneously, and in their due season.
In conclusion it may be observed,
1st. From the nature of its organic remains, that the deposit of (Eningen
is of unmixed lacustrine origin ; and, from the fine lamination and structure of
the beds, that they could only have been formed during a long period of time.
2nd. This deposit of marl rock having taken j)lace in a basin of the molasse,
that formation must have been deeply excavated prior to the existence of the
lake in which the marly strata were accumulated.
3rd. From the intermixture of species undistinguishable from those now
existing, with others decidedly extinct, this deposit may be considered an
important link in the history of the earth's structure, indicating an intimate
connection between the ancient state of nature and that which now prevails.
4th. The deposit differs essentially in its organic remains from any other
freshwater formation at a distance from it with which we have hitherto been
made acquainted, either in France, or in the adjacent regions of Germany*;
thus satisfactorily affording proof of the independence and isolation of these
lake formations, amongst which, this of ffiningen, both from its contents and
superposition to the molasse, must be considered one of the most recent.
5th. Yet recent as must have been the epoch of this formation, the basin in
which it was deposited has subsequently been re-excavated to a considerable
depth ; the proof of which is, that horizontal beds still present escarpments
several hundred feet above the Rhine, without any barrier between them and
that river.
Lastly. However long the epoch of this accumulation must have preceded the period wlien the Rhine attained its present level, we are taught by
* The freshwater limestone of Ulm is deposited in Jura limestone, and contains the Helix
moi'ognesi, the Limnea ova(a, and other shells, wliich peculiarly characterize the lacustrine
formations of the Limagne d'Auvergne, and a striated Planorbis, like that of the Isle of Wight.
At Steinheim near Heidenheim the freshwater strata are also deposited on Jura limestone, and
contain the Linuiea vcntricosa (Brongn.) of the Paris basin, and a shell (Paludina variabilis
of Bronn) which M. Deshayes refers to " Ampullacere," a genus of New Holland, &c.
At Bouxweiller near Strasbourg, the lacustrine limestone rests upon a rock of about the age of
tTie great oolite of England, and some of its fossils are identical with those of the freshwater formations ofthe Isle of Wight. These and several other analogous formations in Swabia, &c. were
visited by Professor Sedgwick and myself, on our return from the Austrian Alps, in the autumn
of 1829.
VOL.

III. SECOND

SERIES.

2 P

290 Mr. MuRCHisoN on a Fossil Fox found at (Eningen near Constance.
the organic remains, tliat even in those early days, though some few species
were distinct from any now known, the meadows teemed with plants of a
very modern type — that the lakes were filled with fishes, and their banks
covered with insects, dilfering little or not at all from existing species — whilst
the forests contained birds and beasts, from among which the carnivorous
quadruped here described has been perfectly preserved in its stony envelope,
and is scarcely distinguishable from the common fox now inhabiting our
latitudes.

XVI. — Anatomical Description of the Fox.
By GIDEON

MANTELL,

Esq., F.G.S., F.R.S., F.L.S.

J. HE skeleton is attached to the stone by its dextral aspect; the head and neck are slightly extended ; the tail is rather elevated ; and the left fore-leg is placed immediately in front of the right.
Although in the drawing a general outline of the skull appears, yet this must not be assumed as
exhibiting the true form of the original, since the frontal bone, the zygomatic apophyses, &c.,
are too much broken to afford any decisive characters ; and the skull being irregularly separated
vertically, some parts are attached to the slab of stone here represented, while others are imbedded in the corresponding portion; the external surface of the skull and jaws is therefore seen
but in few places.
Fig. 1. represents the specimen diminished one half.
Fig. 2. the skull (seen as in fig. 1.) of the natural size.
Fig. 3. the corresponding portion of the skull attached to the other slab of limestone. — As the
latter contained no other essential parts of the skeleton, it was not considered necessary to represent the whole.
Head. — The skull appears to be too deep in proportion to its length, as compared with that
of a fox : but this is owing to the displacement of the lower jaw, the right ramus of which (B) is
thrown above the left (A).
Jazos. — A. The left lower jaw ; the fractured surface only appears ; traces of the alveoli of
some of the molares are seen at * * * : at A. (fig. 3.) the corresponding part of this bone with the
teeth is represented.
B. The inner surface of the right lower jaw, with the molares ; some of the teeth are broken
and displaced ; the canine tooth of this jaw is seen (6) passing under the corresponding tooth of
the right upper jaw {b").
C. The fractured inner surface of the right upper jaw; portions of the molares (g. g.) and a
perfect canine tooth (6") remain.
D. (fig. 3.) The fractured surface of the left upper jaw, with the canine tooth (b).
Teeth. — From many of the teeth having suffered fracture and displacement, it is scarcely pos.
sible to point out the entire series in the drawing ; but on a careful comparison of the fossil with
the skull of a recent adult fox, there appeared no doubt that the dentature of both was the same ;
viz. incisors g, canine ^, molar !^^. Total 42.
In the lower jaw (A. fig. 3.) the following teeth are seen.
a. one of the incisors.
b. canine tooth.
c. d. e.f. four tearing grinders (fausses molaires).
g. chewing grinder (faiisse carnassiere).
h. i. two bruising grinders (fausses tuberculeuses).
The spicula of bone near the lower jaw, previously mentioned, is shown at k.
Vertebra:. — As in the fox, there are seven cervical (E. E.), thirteen dorsal (F. F.), seven
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lumbar (G. G.), three sacral (II II II), and nineteen or twenty caudal vertebrae (K. K.). The
spinous process of the dc7itutits (L) seems to be rather larger than in the fox, but this appearance
may perhaps arise from compression.
Ribs. — Almost all the ribs are seen, although in some instances they are displaced, and lie in
confusion ; those of the left side are marked (M, M.), those of the right (N. N.).
Sternum. — The greater part of the sternum remains (O. O. O.).
Scupulce. — P. the left, and Q. the right scapula. The head of the left scapula is seen at (w.),
the body of the same («.) is displaced and lies above the dorsal vertebra?. The right scapula is
not broken, and extends under the vertebra? and displaced portion of the left.
Humerus. — R. the left, and S. the right humerus ; the heads of the bones lie in contact with
the glenoid cavity of the scapulae.
Ulna. — T. the left, and V. the right ulna.
Radius. — U. the left, and W. the right radius. It has already been mentioned that the head
of this bone appeared to be more cylindrical, and the shaft more rounded, than in the common
fox with which it was compared. In conjunction with other osteological differences this might
have been important.
Pelvis. — X. The pelvis is unfortunately in a very mutilated and indistinct state: the ischium
is seen at (o).
Femur. — Y. the left, and Z. the right femur.
Patella. — &. Probably one of the patellae.
Tibia.— A"-' The left, and B"- the right tibia.
Fibula
C"-- The left, and D"- the right fibula.
Carpus
The bonestof the left carpus are seen at E"", those of the right at F"*- ; the phalanges are marked 1. 2. 3, the ungueal 4.
Tarsus. — G". The left os calcis or calcaneum, and H". the right.
I". The right astragalus, and K". the left.
L". Other bones of the tarsus.
The phalanges are numbered like those of the carpus. Several of the sesamoid bones remain ;
two are seen almost i?i situ at 5. 5.

XVII. — On the Astronomical Causes ichicli may influence Geological
Phcenomena.
By J. P. W. HERSCHEL,
CORRESPONDENT

OF THE

ROYAL

Esq. M.A. F.G.S. P.R.S.
ACADEMY

OF SCIENCE

L. & E.

OF PARIS^ &C. &C.

[Read December 15, 1830.]

Although the more immediate object of g-eologists in the actual state of
their science is rather the collection of facts^ and such an induction of conclusions from them as shall be, so far as possible, independent of theory ; yet
when theory confines itself to pointing out the influence of causes which we
know to exist, in modifying- the general condition of our globe, and enables
us to estimate the extent of their action, it may be regarded as rendering a
real service to science. It thus tends in some degree to diminish the complexity ofthe problems to be resolved, or at least to reduce them to their true
difficulty, by showing what portion of them can and what cannot be accounted
for on known principles, thereby narrowing the field of research, and directing the efforts of future speculators to the discovery of causes of another description.
This consideration has induced me, not without some degree of hesitation,
to offer to this Society, though in a very crude and imperfect state, some views
which have occurred to me of a possible explanation of a portion, at least, of
that great geological phaenomenon, — the difference between the actual climates
now prevailing over extensive regions of the earth's surface, and perhaps over
its whole extent, and those which the organic remains discovered in its strata
lead us to conclude have formerly subsisted during very long periods of time.
The ingenious attempts which have been lately made to account for this
remarkable fact, while they show the sense of geologists of the importance of
the subject, seem to indicate an impression that it is one on which we need
not despair of coming to just conclusions, and that in consequence no inquiry
will be considered as irrelevant which has for its object to bring into view the
action of causes which demonstrably must have an influence, and respecting
which the only question is its amount.
Impressed with the magnificence of that view of geological revolutions
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which regards them rather as regular and necessary effects of great and general causes, than as resulting from a series of convulsions and catastrophes
regulated by no laws and reducible to no fixed principles, the mind naturally
turns to those immense periods with whose existence in the planetary system
the astronomer is familiar ; at first attracted by the analogy offered by a duration commensurate to those lapses of time which geology contemplates, and
afterwards with a hope of discovering something in the fluctuations to which
the orbit of our own planet is liable, which may tender a reason for at least
some of the events in its geological history.
The sun and moon are the only bodies in our system whose influence can
at all directly affect the condition of our globe : both by their effect in causing
tides — the former by its heat. The tide produced by any luminary is, as is
well known, inversely as the cube of its distance. Hence it is evident that
any considerable approach of the moon to the earth would greatly increase
the tides. If, for instance, the mean distance of the moon were diminished
by only one tenth of its actual amount, the mean rise and fall of the tides
would be increased by a full third of their present quantity, which would of
course produce a great increase in their erosive action on the continents, as
well as in the transporting power of the waters of the ocean over the materials
of the land.
The mean distance of the moon is actually on the decrease, and has been
so from the earliest ages, producing the astronomical phajnomenon known by
the name of the "acceleration of the moon's mean motion." But this decrease,
which takes place with extreme slowness, has been demonstrated by Laplace
to be incapable of going to any such extent as that above spoken of, and, after
a period of enormous length, will be again converted into an increase, which,
in like manner, will never be so great as to make any considerable change in
the relations now contemplated.
The excentricity of the lunar orbit is also liable to fluctuation ; and it is far
from proved that, if we extend our views backwards for many millions of years,
it may not formerly have been materially greater than at present, in consequence of some extensive periodical inequality, or the accumulation of many
such. Now should this ever have been the case, the tides in the perigee of
the moon would of course have experienced a corresponding increase. But
there is no reason to believe that any possible approximation of the moon to
the earth, arising from increased excentricity in her orbit, sliould have brought
her to within two thirds of her actual perigean distance ; in which supposition
(purposely assumed as an extravagant one) the lunar tide would still have had
less than 3|^ times its present magnitude ; one which no doubt would suffice.
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if at once attained^ to cause great local devastations in estuaries and confined
channels, but wliich would not account for any great diluvial phaenomena,
especially when it is considered that, the change taking place gradually, they
would become modified in their form by insensible gradations, and thus accom odated tothe altered circumstances ; a remark which may be extended
to the general outlines of coasts, which would be no doubt in some degree
altered. It does not appear, therefore, that any admissible extent of perturbation produced by the sun's action on the lunar orbit can have materially influenced the geological state of the earth.
Let us next consider the changes arising in the orbit of the earth itself about
the sun, from the disturbing action of the planets. In so doing it will be obviously unnecessary to consider the effect produced on the solar tides, to
which the above reasoning applies much more forcibly than in the case of
the lunar. It is therefore only the variations in the supply of light and heat
received from the sun that we have now to consider.
Geometers having demonstrated the absolute invariability of the mean distance of the earth from the sun, it would seem to follow that the mean annual
supply of light and heat derived from that luminary would be alike invariable:
but a closer consideration of the subject will show that this would not be a
legitimate conclusion ; but that, on the contrary, the mean amount of solar
radiation is dependent on the excentricity of the orbit, and therefore liable to
variation. Without going at present into any geometrical investigations, it
will be sufficient for the purpose here to state it as a theorem, of which any
one may easily satisfy himself by no very abstruse geometrical reasoning, that
"the excentricity of the orbit varying, the total quantity of heat received by the
earth from the sun in one revolution, is inversely proportional to the minor
axis of the orbit." Now since the major axis is, as above observed, invariable,
and therefore, of course, the absolute length of the year, it will follow that,
the 7nean annual average of heat will also be in the same inverse ratio of the
minor axis ; and thus we see that the very circumstance which, on a cursory
view, we should have regarded as demonstrative of the constancy of our supply
of solar heat, forms an essential link in the chain of strict reasoning by which
its variability is proved.
The excentricity of the earth's orbit is actually diminishing, and has been
so for ages beyond the records of history. In consequence the ellipse is in a
state of approach to a circle; and its minor axis being therefore on the increase, the annual average of solar radiation is actually on the decrease.
So far this is in accordance with the testimony of geological evidence, which
indicates a general refrigeration of climate ; but when we come to consider
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the amount of diminution which the excentricity must be supposed to have
undergone^, to render an account of the variation w^hich has taken place, we
have to consider that, in the first place, a great diminution of the excentricity
is required to produce any sensible increase of the minor axis. This is a
purely geometrical conclusion, and is best shown by the following- table.
Excentricity.
0.00
0,05
0.10
0.15
0.20
0.25
0.30

Minor axis.
1.000
0,999
0.995
0.989
0.980
0.9G8
0.954

Reciprocal, or Ratio
of Heat received.
1.000
1.002
1.005
LOU
1.021
1.032
1.048

By this it appears that a variation of the excentricity of the orbit, from the
circular form to that of an ellipse having an excentricity of one fourth of the
major axis, would produce only a variation of 3 per cent, on the mean annual
amount of solar radiation ; and this variation takes in the whole range of the
planetary excentricities, from that of Pallas and Juno downwards.
I am not aware that the limit of increase of the excentricity of the earth's
orbit has ever been determined. That it has a limit has been satisfactorily
proved ; but the celebrated theorem of Laplace, which is usually cited as
demonstrating that none of the planetary orbits can ever deviate materially
from the circular form*, leads to no such conclusion, except in the case
of the great preponderant planets Jupiter and Saturn ; while, for anything that
theorem proves to the contrary, the orbit of the earth may become elliptic to
any amount.
In the absence of calculations which, though practicable, have, I believe,
never been made, and would be no slight undertaking, we may assume
that excentricities which exist in the orbits of planets both interior and
exterior to that of the earth, may possibly have been attained, and may be
attained again, by that of the earth itself. It is clear that, such excentricities
existing, they cannot be incompatible with the stability of the system generally ;and that therefore the question of the possibility of such an amount in
the particular case of the earth's orbit, will depend on the particular data
belonging to that case, and can only be determined by executing the calculations alluded to, having regard to the simultaneous elfects of at least the four
most influential planets Venus, Mars, Jupiter, and Saturn, tiot only on the
orbit of the earth, but on those of each other.

The principles of this calcula-

* Mecanique Celeste^ Book II. No. 57. — Equation (u).
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tion are detailed in the article of Laplace's work cited. But before entering
on a work of so much labour, it is quite necessary to inquire what prospect of
advantage there is to induce any one to undertake it.
Now it certainly at first sight seems clear, that a variation of 3 per cent,
only, in the mean annual amount of solar radiation, and that arising from an
extreme supposition, does not hold out such a prospect. Yet it might be
argued, that the effect of the sun's heat is to maintain the temperature of the
earth's surface at its actual mean height, not above the zero of Fahrenheit's
or any other thermometer, but above the temperature of the celestial spaces
out of the reach of the sun's influence ; and what that temperature is, may be
a matter of much discussion. M. Fourrier has considered it as demonstrated
that it is not greatly inferior to that of the polar regions of our own globe;
but the grounds of this decision appear to me open to considerable objection*.
If those regions be really void of matter, their temperature can only arise, according toM. Fourrier's own view of the subject, from the radiation of the
stars. It ought therefore to be as much inferior to that due to solar radiation,
as the light of a starlight night is to that of the brightest noon day ; in other
words, it should be very nearly a total privation of heatf , — almost the absolute
zero, respecting which so much difference of opinion exists ; some placing it
at 1000, some at 5000 degrees of Fahrenheit below the freezing point, and
some still lower, in which case a single unit per cent, in the mean annual
amount of radiation would suffice to produce a change of climate fully commensurate tothe demands of geologists.
Without attempting, however, to enter further into the perplexing difficulties
in which this point is involved, which are far greater than appear on a cursory
view, let us next consider, not the mean but the extreme effects which a
variation in the excentricity of the earth's orbit may be expected to produce
in the summer and winter climates in particular regions of its surface, and
under the influence of circumstances favouring a difference of effect. And
here, if I mistake not, it will appear, that an amount of variation, which
we need not hesitate to admit (at least provisionally) as a possible one, may
be productive of considerable diversity of climate, and may operate during
* Mem. de I' Acad. Royale des Sciences, 1827, torn. vii. p. 698.
t The proportion of the light of the sun to that of the moon has been estimated by Bouguer
as 300,000 to 1. If we regard the illumination of full moonlight as only 100 times greater than
that of a bright starlight night, which is a very moderate supposition, we shall have a ratio of
30,000,000 to 1 for the illuminating power of the sun compared to that of all the stars in our
hemisphere, and consequently 15,000,000 to 1 for the ratio of the heating effect of the sun to
that of all the stars in both hemispheres.
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great periods of time either to mitigate or to exag-gerate the difference of
winter and summer temperatures, so as to produce alternately in the same
latitude of either hemisphere a perpetual spring-, or the extreme vicissitudes
of a burning summer and a rigorous winter.
To show this, let us take at once the extreme case of an orbit as excentric
as that of Juno or Pallas, in which the greatest and least distances of the
sun are to each other as 5 to 3, and consequently the radiations at those distances as 25 to 9, or very nearly as 3 to 1. To conceive what would be the
extreme effects of this great variation of the heat received at different periods
of the year, let us first imagine in our latitude, the place of the perigee
of the sun to coincide with the summer solstice. In that case the difference
between the summer

and winter temperature would be exaggerated in the

same degree as if three suns were placed side by side in the heavens in the
former season, and only one in the latter, which would produce a climale perfectly intolerable. On the other hand, were the perigee situated in the winter
solstice, our three suns would combine to warm us in the winter, and would
afford such an excess of winter
teract the eflect of short days
season into the winter months.
The actual diminution of the
a state of the orbit, such as we

radiation as would probably more than counand oblique sunshine, and throw the summer
excentricity is so slow, that the transition from
have assumed, to the present nearly circular

figure, would occupy upwards of 600,000 years, supposing it uniformly
changeable; — this of course would not be the case : when near the maximum,
however, it would vary slower still, so tliat at that point, it is evident, a period
of 10,000 years would elapse without any perceptible change in the state of
the data of the case we are considering.
Now this, adopting the very ingenious idea of Mr. Lyell*, would suffice, by
reason of the combined effect of the precession of the equinoxes and the
motion of the apsides of the orbit itself, to transfer the perigee from the sum* Principles of Geology, p. 110. — Mr. Lyell, however, in stating the actual excess of eight days
in the duration of the sun's presence in the northern hemisphere over that in the southern, as productive ofan excess of light and heat annually received by the one over the other hemisphere, appears to have misconceived the effect of elliptic motion in the passage here cited ; since it is demon,
strable that, whatever be the ellipticity of the earth's orbit, the two hemispheres must receive equal
absolute quantities of light and heat per annum, the proximity of the sun in perigee exactly compensating the effect of its swifter motion. This follows from a very simple theorem, which may be
thus stated : "The amount of heat received by the earth from the sun while describing any part
of its orbit, is proportional to the angle described round the sun's centre." So that if the orbit
be divided into two portions by a line drawn in any direction through the sun's centre, the heats
received in describing the two unequal segments of the ellipse so produced will be equal.
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mer to the winter solstice^ and thus to produce a transition from the one to
the other species of climate, in a period sufficiently great to give room for a
material change in the botanical character of a couniry.
The supposition above made is an extreme, but it is not demonstrated to be
an impossible one; and should even an approach to such a state of things be
possible, the same consequences, in a mitigated degree, would follow. But
if on executing the calculations it should appear that the limits of the excentricity of the earth's orbit are really narrow ; and if, on a full discussion of the
very difficult and delicate point of the actual effect of solar radiation, it should
appear that the mean as well as extreme temperature of our climates would
not be materially affected, — it will be at least satisfactory to knoio that the causes
of the phaenomena in question are to be sought elsewhere than in the relations of our planet to the system to which it belongs ; since there does not
appear to exist any other conceivable connection between those relations and
the facts of geology than those we have enumerated, the obliquity of the
ecliptic being, as we know, confined within too narrow limits for its variation
to have any sensible influence.
,J. F. W. Herschel.
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Preface.
following Memoir contains a series of papers, presented by the authors
their visit to the Austrian and Bavarian Alps in 1829, which would have
already published, but for an unavoidable delay in printing the present
of the Transactions. The abstracts of these papers no sooner appeared
they were combated, both in British and foreign journals, by Dr. Boue,

who, in his system, placed in the lower green-sand what the authors regarded
as a connecting link between the great secondary and tertiary deposits. As,
however, in confirmation of his own views, he cited phenomena they had not
seen, it was important that at least one of them should visit the places referred
to ; and it also became necessary to describe in greater detail the formations
they had considered of the age of the green-sand and chalk, and to prove them
inferior to those peculiar deposits which they regarded as intermediate between
the chalk and the well-known tertiary groups.
For this purpose Mr. Murchison, during the summer of 1830, again visited
the Eastern Alps, and communicated the result of his observations in a memoir,
of which an abstract has been recently published in the Proceedings of the
Society.
During the progress of the present Part of the Transactions, it became a
question with the Council in what order the papers on the Alps should be
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printed ; and it was resolved that they should, if possible, appear in one memoir, arranged in such a way as to show the relations of their several subdivisions to each other. Published in this manner, it was supposed that they
would be more instructive: and it seemed anomalous, that in the same Part of
the Transactions there should be two sets of communications — one intended
to explain or correct the other.
Ag-reeably to this resolution, the authors were directed to rearrange the materials before them, and to place them, as far as they are able, in a natural
order. For this purpose they, in the first place, give such a sketch of the
structure of the Eastern Alps as may, they hope, convey a general notion of
the distribution of the great mineral masses of the chain, and show the nature
of the difficulties they endeavour to clear up in their detailed sections. They
then describe a succession of such sections, commencing with the secondary
and tertiary systems at the head of the Lake of Constance ; and proceeding
towards the east along the northern skirts of the chain, they notice, in order,
the deposits in the valley of Sonthofen ; the junction of the secondary and tertiary systems at Nesselwang ; the section along the banks of the Traun, from
the mountains above Arzt to the plains of Bavaria below Traunstein; and the
sections through the iron-works of Kressenberg, and through the secondary and
tertiary groups north of the Untersberg. Taking the relations of the successive groups on the outskirts of the chain as a clev/ to explain still more difficult
phenomena, they then give detailed sections of the overlying deposits of Gosau,
Zlam, Windischgarsten, Griinbach, and Wand. Having by this general comparison endeavoured to vindicate the justness of their former conclusions respecting the age of the overlying deposits of Gosau, &c. ; they proceed to
describe the insulated basin of Haring, some deposits of lignite on the flank
of the Bavarian Alps, and some horizontal cretaceous and tertiary deposits at
Ortenburg, near the junction of the Danube and the Inn, The tertiary formations ofStyria are then described and compared with the newer formations
of the Vienna basin : and, finally, the general results, derived from a consideration of all the facts detailed, are exhibited in a short summary.
The largest portion of these descriptions is derived from the observations
of Mr. Murchison ; and the details respecting the valley of Sonthofen, the section along the banks of the Traun, and the account of the deposits at Zlam,
Windischgarsten, Griinbach, Wand, and Ortenburg, are exclusively his own.
Both the authors are, however, to be held responsible for the opinions advanced in this memoir, as they entertain the same general views on the structure of the Eastern Alps, and have together reconsidered the evidence on
which the several conclusions are founded. — A. S.
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Chap. I.
* On the general Structure of the Eastern Alps.
Having, in a paper already publislied_, explained our views respecting- the
general structure of the Eastern Alps, we shall here avoid all details, excepting such as are necessary to make our local descriptions understood, and to
supply the deficiencies in some portions of our former transverse sections*. We
stated — that the chain, when considered only in a general point of view, was of
very simple structure, having an axis of primary or transition rocks, chiefly of
slaty texture, flanked and surmounted to the north and the south by two great
secondary calcareous zones, which are in their turn surmounted by tertiary
sandstones, conglomerates, and clays, descending on one side into high plains
of the Upper Danube, and on the other into the Subalpine plains of Italy —
that the primary and secondary portions of the chain gradually diminish in
elevation in their range towards the east — and finally, that they seem to pass
under the recent deposits of the Vienna basin and of Lower Styriaf.
The moment, however, we enter on a detailed examination of any portion of
this great chain, the apparent simplicity of its structure vanishes ; for it has
undergone movements of elevation at several successive epochs, probably
from some of the oldest down to the newest geological periods. By these
movements the relative position of all its subordinate parts has been greatly
deranged : the northern and southern calcareous zones are in many places
completely rent asunder ; and their component groups of strata are not merely
thrown into most violent contortions, but are placed in such positions that it
is impossible to determine their relative age by any single section. In proof of
this we need only state, tliat in many places on the northern flank of the Alps,
the newest secondary deposits, generally considered of the age of the greensand, are broken off" by enormous faults, from the calcareous zone, under
which they appear to dip towards the centre of the chain ; and that, deceived
by this appearance, a geologist of great experience was induced, only a few
years since, to place the older Alpine limestone on the same parallel with the
chalk.
To the east of that part of the valley of the Inn which traverses the great
secondary zone, the derangements are, however, we believe, in no instance
so great as to produce an entire inversion of the calcareous groups: the transition rocks and red sandstone on the flanks of the central axis are uniformly
surmounted by the oldest portion of the system of Alpine limestone; and the
* See Phil. Mag. and Annals of Philosophy, N. S. vol. viii. August 1830.
■ t^See Plate XXXVI, fig. 1.
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secondary rocks on the outskirts of the chain^ however anomakjus their dip or
j)osition, belong in general to the newest part of the series. But when we
pass to the west side of the great chasm through which the Inn escapes into
the plains at the northern base of the Alps, the dislocations become much more
complex; and there are, if we mistake not, two distinct axes of elevation
ranging nearly parallel to each other; one through the old central line of the
Alps, the other through the centre of the northern calcareous zone. The
effect produced by the second axis is such, that some of the higher secondary
calcareous groups are carried, with an inverted dip, right against the old
rocks of the central chain, and appear to pass under them. This extraordinary
derangement of the strata passes through the dolomitic peaks of the Rhetian
Alps at Mittenwald ; and we have been informed, that derangements of a
similar kind have been traced into the heart of Switzerland.
Notwithstanding the difficulties arising from these great derangements in
tiie relative position of the formations, and the frequent absence of any distinct mineralogical subdivisions, the successive deposits of the great chain
may, we think, be separated into a series of natural groups, admitting of at
least a general comparison with the principal geological groups of England.
These natural groups, in the ascending order, are as follows. 1. Primary
crystalline rocks forming the mineralogical axis of the chain. 2. Crystalline
rocks with calcareous beds, in some rare instances containing traces of
organic remains ; the system graduating, at its upper extremity, into rocks
conforming to the ordinary transition type. 3. Red marl, sandstone, and
niagnesian limestone, &c. &c. ; with subordinate beds and masses of gypsum,
and, more rarely, with rock salt. 4. Older Alpine limestone. 5. Shale limestone and sandstone, with brecciated saliferous deposits. 6. Younger Alpine
limestone — The groups 4, 5, 6, are supposed to represent the lias and oolitic
series. 7. Alternations of limestone, calcareous gritstone, sandstone, and marl.
Sec. &c., with numerous impressions of fucoid bodies, and sometimes with other
fossils, apparently of the age of the green-sand or chalk. 8. All deposits
superior to the chalk, comprehending several distinct tertiary groups.
In the paper above alluded to, the sixth and seventh groups were both
included in the "younger Alpine limestone." But we distinctly stated, that
under this name were comprehended two groups of deposits; the lower '' commencing intheuppersystemof the oolitic series," and the upper "terminating
on the outskirts of the chain, in ridges of indurated shale, sandstone, and limestone, supposed to be the equivalents of the green-sand and chalk*." We
lurther staled, "thai these outer ridges appeared to be greatly expanded
* See Phil. Mag. and Annals, N.S. vol. viil. August 1830.
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towards the eastern termination of the chain ;" but being unable to define
their lower limits, we did not think it necessary, in our mere outline sketch,
to attempt their separation from the younger Alpine limestone.
1. Primary Rocks of the Central Axis.
We stated that the rocks of the central axis have their culminating- peaks
on the eastern borders of the Tyrol, where the Grosse Glockner and the
Venediger Alp rise to the respective elevations of 12,281 and 12,201 English
feet above the level of the sea* ; that in their range to the east, the central
ridges, dividing Carinthia from the Salzburg country, diminish gradually in
elevation ; and tliat after following the direction of the Mur for a considerable
distance, they finally separate into two irregular branches, one of which is
prolonged into the Bacher Gebirge, and forms the south-western boundary of '
the Gratz basin ; while the other is continued in the direction of the principal
axis of the Alps, and forms the boundary between the basins of Vienna and
Styria.
Such a general description was sufficient for our purpose, and we
added, chiefly on the authority of V^on Buch's map, that the main branch, in
the direction of the central axis, after disappearing under the recent deposits
connected with the basin of Vienna, emerges in the neigiibourhood of Presburg, and is prolonged into the mountains which range in a north-easterly
direction towards the Carpathian chain.
In 1829 we had no means of ascertaining whether the old rocks of the
principal axis of the Alps rose from beneath the newer deposits in any part
of the basin of Viennaf ; but during last summer Professor Partsch and one
of the authors ascertained the existence of a nucleus of primary or transition
rocks in the low ridge of Leitha Gebirge, which separates Austria from Hungary. The old rocks of this ridge form a true anticlinal axis, from which the
tertiary deposits dip in opposite directions ; and there can no longer be any
doubt of the prolongation of the Alpine chain in the direction above indicated.
Any mineralogical details connected with the structure of the primary axis
would be out of place in this introductory sketch. We may however observe,
generally, that in its range towards the east, the granite or granitoid gneiss,
which forms some of its higher western elevations, seems gradually to give
way to mica schist and other primary slaty rocks ; and that in some places on
* The published heights which we have copied and reduced are 11,775 and 11,698 Vienna
feet above the level of the sea.
t We were however aware, on the authority of Von Buch's map, that the primary system
did emerge near the south end of the Neusiedler See.
VOL. III. SECOND SERIES.
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the northern side of the chain, the central system seems to pass gradually into
the next superior group^ through the intervention of argillaceous and chloritic
schist, with subordinate bands of limestone*.
2. Cry stalUne Rocks icith Calcareous Beds, in some rare instances containing
traces of Organic Remains, the sj/stem graduating at its upper extremity into Rocks conforming to the ordinary Transition type.
We pretend not to define the inferior limits of this subdivision, nor do we
assert that it can be followed throughout the chain; but it unquestionably
exists, as a natural group, in the eastern Alps, as we have proved in our published paper f. The occurrence of encrinital limestone in association with
mica slate and chlorite slate (near the village of Tweng, at the foot of the
Tauern Alp), was a new and important fact in the history of this portion of
the chain. Similar mineralogical associations, however remarkable at first
sight, have been observed in the western Alps ; and encrinital stems do not
by themselves define the age of any rock. But we have shown that in this
instance the encrinital limestone is not only interlaced with the central system
of the chain, but that it is inferior to a long series of strata which every geologist has placed below the secondary system of the Alps. In short, this singular group, with the subordinate encrinital limestone, is surmounted by an
immense succession of deposits, which gradually present a coarser and more
mechanical texture, and at length acquire an undeviating inclination towards
the north, by which they are carried under the great precipices of secondary
limestone. At the upper limit of these deposits, and therefore on the confines
both of the secondary and transition systems of the Alps, occur those great
masses of sparry iron ore which are so extensively worked on the northern
side of the central axis|.
At Bleiberg in Carinthia, on the south side of the central axis, we also
found transition rocks with organic remains precisely in the place where,
theoretically, they might have been expected. In that region the metalliferous
dolomites are based upon red sandstone and red gypseous marls ; and the
whole secondary system rests unconformably upon coarse greywacke passing
* See Phil. Mag. and Annals, N.S. vol. viii. August 1830.
t Phil. Mag. and Annals, N. S. vol. viii. p. 87—91.
X The sparry iron ore of the Hartz is subordinate to the slate rocks, and is we believe in some
instances arranged in irregular masses round the protruding bosses of granite. This position
seems to indicate an origin of the sparry iron ore connected with some of the causes which produced the protrusion of the granite.
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into conglomerate and g;reywacke slate, with subordinate calcareous beds full
of organic remains. Among- the fossils collected by ourselves from this locality
are the following : Producta hemisphcp-rica, Prodiicta latissima, a species
resembling Producta Martini, and a Pecten resembling a species in the transition series of Cork; to which we may add fragments of shells of the genus
Spirifer, Encrinital stems, &c. &c.
These facts demonstrate, that transition rocks with organic remains are
not, as has been sometimes asserted, altogether wanting in the eastern Alps.
Of this error we ourselves partook before we visited the places above mentioned. Adeposit full of organic remains, ranging through the very mineworks of Carinthia, could not possibly have escaped notice; but in no memoir
with which we were acquainted had these very remarkable fossils been described insuch a way as to lead to any intelligible conclusion.
After what has been stated we might perhaps affirm, that many parts of the
supposed primary axis are probably of the transition age, their present crystalline texture having been superinduced by some cause which, with rare
exceptions, has obliterated the traces of their organic contents. In using the
terms primary and secondary, we merely endeavour to conform to the language current among geologists. The two classes of rocks cannot, perhaps,
in any case be precisely separated from each other : and as far as regards the
central peaks of true granite, they may be of any age, and some of them are
probably among the most recent mineral masses of the chain.
3. Red Marl, Sandstone, Magnesian Limestone, ^c, with subordinate beds
and masses of Gypsum, and more rarely icith brecciatcd Rock-salt and
Brine Springs.
The great calcareous zones of the Alps often present enormous, bare, mural
escarpments towards the central axis, and in consequence the primary and
secondary systems of the chain are separated from each other by a succession
of deep longitudinal valleys. The waters collected from the central crests roll
down these valleys, till they meet with a great transverse cleft or fissure
(probably formed during some period of elevation), through which they escape
into the comparatively low regions on the outskirts of the chain. This phenomenon isso general and striking as to force itself on the observation, and
has been noticed by almost every one who has written on the structure of the
Alps.
The great calcareous precipices above mentioned do not however rest immediately upon the transition rocks of the central region, but are separated
2r2
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from them, on both flanks of the chain, by a deposit, remarkable for its
character and continuit)', described by us in some detail in a former paper*.
This deposit sometimes forms a single terrace, composed of red sandstone and
red or variegated gypseous marls, not to be distinguished mineralogically from
the new red sandstone series of this country. In other places it contains great
subordinate beds of rauchwacke and magnesian limes-tone, and is extended
into a succession of undulating ridges, ranging nearly parallel to the escarpment of the Alpine limestone. Excellent sections of it, in its more simple form,
are seen near Bleiberg in Carinthia, and near the gorge of Werfen on the
Salza ; and it is finely exposed, in its more complex form, on the left bank of
the Inn, from Hiiring to Schwatz. On the southern flank of the chain it is
frequently associated, as is well known, with masses of trap and porphyry ; but
on the north flank, igneous rocks are, with very rare exceptions, unknown in
this formation. We do not however wish to repeat our former statements, and
we only allude to them here for the purpose of introducing- some additional
facts observed by one of the authors during his last visit to the eastern Alps.
(1.) T\\e rauchwacke , OY magnesian limestone, associated with the new red
sandstone, is as largely developed near the eastern termination of the Alps as
it is in the prolongation of the chain into the Tyrol. Highly instructive sections of this rock were seen at Sobenstein in ascending the valley of the Leytha,

previous to a traverse of the primary ridge separating the basins of Lower
Styria and Vienna. It is also exposed on the edges of the mountains which
close in the south-western corner of the basin of Vienna, whence it runs up
into the valleys of St. Johann and Rosenthal, where it is associated with a
slaty, red and green sandstone containing casts of certain elongated bivalves
resembling Mytilif. Near Kirch-biickl it is traversed by two dykes of sersouth.

pentine, irregular in their directions, but generally bearing- about north and

In its mineral characters and relations^ this porous rauchwacke and yellowish magnesian limestone is nearly identical with the rocks in the valley
of the Inn, between H'aring and Schwatz ; and like them it forms low ridges
and terraces, the beds of which plunge under peaks of Alpine limestone.
(2.) In the sections illustrative of the general structure of the Austrian
Alps;{;, the formation we are describing was made only to appear along- the
* Phil. Mag. and Annals, N. S. vol. viii. p. 92—96.
f Similar casts of bivalves occur in the same red sandstone of the Salzburg Alps. The presence of organic remains in this formation is in harmony with the facts discovered in Alsace by
M. Voltz and others.
\ Phil. Mag. and Annals, N. S. vol. viii. pi. 2.
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lines of the longitudinal valleys at the base of tlie great escarpments of the
calcareous zones. More recent observations have, however, shown that it
occasionally reappears in other longitudinal valleys further removed from
the central axis, being sometimes brought into unconformable contact witii
deposits of a much younger age. This is clearly seen in the country south of
Salzburg : for the red sandstone, which at Werfen dips under the Alpine
limestone of the Tannen Gebirge, is either by a great flexure or by a break
reproduced in a parallel valley, extending from GoUing to Abtenau, where it
passes on one side under a slaty, black limestone and shale, which are, for
reasons hereafter to be given, referred to the lias ; whilst on the other side of
the valley it abuts against the shelly deposits of the adjoining valley of Gosau*.
The same deposit reappears in like manner in other longitudinal valleys ;
a fact which seems to prove that during some period of elevation were produced a series of enormous breaks or flexures, ranging nearly in the direction
of the principal axis of the neighbouring region of the Alps : and the parallelism of these lines of dislocation confirms, at least in part, some of the great
views published in the researches of M. Elie de Beaumont, which will be
referred to more than once in the subsequent portions of this paper.
This formation of red sandstone may be traced in great detail in the valley
of the Lammer, between Golling- and Abtenau. At Schaffau the slaty beds
contain imperfect casts of bivalves, and bosses of gypsum, with much iron
glance here and there scattered through them. Near this place there is also
a small protuberance of basaltic greenstone, a rock of very unfrecjuent occurrence in these regions ; but, unfortunately, the thick covering of detritus,
and the vegetation which surrounds it, make its immediate relations obscure.
The limestone nearest to it on one side is dolomitic ; and the strata of red
sandstone on the other dip away from it to the east, passing under the black
shale and dark limestone of the Stub-bergf. The greatest extent of denudation of the red sandstone is in the bowl-shaped valley of Abtenau ; and
there the banks of the Lammer present very fine sections of gypsum, the mineral being seen, for the distance of several miles, in most of its modifications,
forming cliffs of 100 and 150 feet in height; in one place made up of gypseous
and brecciated clays, in another of finely laminated gypsum and marl, and in
a third of compact and thick-bedded gypsum, approaching in character to
common alabaster.
* See Plate XXXVI. figs. 2 & 10.
f These rocks, and some, hereafter to be described, in tlie Bavarian valley of Sonthofen, are
the only examples of igneous rocks, in the northern calcareous zone of the Alps, which fell under
our observation.
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Three or four salt springs rise in this valley ; and as the red sandstone
plunges on both sides beneath the lowest strata of the Alpine limestone series^
there can^ we think, be no doubt that these salt springs (unlike those of Ischel,
Aussee^, and Hallein, which have been shown in our published sections to be
included in the Alpine limestone) are of the same, or very nearly of the same,
age as the great salt deposits in England.
(3.) We are now also disposed to classify the salt deposit of the valley of
Berchtesgaden with the red sandstone which is inferior to the Alpine limestone :for the brecciated saliferous masses of that place, associated with
variegated marls and red sandstone, not only rise from beneath the lower
strata of the Hohe Gbll ; but after a great flexure plunge towards the north
under the base of the Untersberg, and are surmounted by a vast succession
of strata representing, we believe, the whole Alpine limestone series*. The
coloured map accompanying this paper will serve to indicate the valleys in
which the red sandstone group is reproduced, on successive lines nearly parallel to each other and to the central axis of the chain f.
Dr. Buckland was, we believe, the first who ventured to regard the group
above described as the equivalent of a part of the new red sandstone and
magnesian limestone series of England, thereby excluding every part of the
great zone of Alpine limestone from the order of transition rocks. This by
itself was a great step towards an explanation of some of the perplexing
phenomena of the Alps ; and all geologists who have examined the question
appear to be now so far agreed, as to place the red sandstone and gypseous
marls at the base of the secondary system of the chain. There may be
some difficulties in drawing any precise line of separation between the
transition and secondary systems ; as we, indeed, before acknowledged in
alluding to the great masses of sparry iron ore on the north flank of the
* During our visit to the eastern Alps in 1829, we supposed that the saliferous deposits of
Jlallein and Berchtesgaden were of the same age, and that both of them were superior to the
red sandstone which forms the base of the secondary system of the Alps. We were led into what
we now believe to have been an error, by connecting (agreeably to the published system of M.de
I>ill)the section through theTannen Gebirge and the salt-works of Ilallein, with the range of the
Untersberg. (Phil. Mag. and Annals, vol. viii. pi. 2. fig. 2.) In point of fact this connexion is
interrupted by an enormous dislocation ranging between the two deposits. M. de Lill, whose
nil moirs have thrown a great light on the structure of the Salzburg Alps, has considerably modified his opinions since the time of their first publication ; and it is right to state, that in the year
1829 (though he then connected the Ilallein and Untersberg sections as we represented them)
he maintained that the saliferous brecciated formations of Hallein and Berchtesgaden were probably not of the same age.
t Plate XXXV

& XXXVI.

fig. 9.
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Alps*. But mineraloj^ical anomalies interfere with every extensive system
of geological arrangement, and in this instance throw no real dijfficulties in
the way of the classification here adopted.
4. Older Alpine Limestone, representing the Lias and lower part of the Oolitic
Series ?
In the general, transverse section accompanying this paper the scale is so
small that the whole Alpine limestone series is represented by one colour :
but we adopt the three subdivisions of M. de Lill, as being founded on the
evidence of natural sections, and at the same time convenient for description f.
The present subdivision has its superior limits extremely ill defined ; but it
is supposed to include all the strata (often forming great bare precipices of
limestone) between the red sandstone and gypseous marls, and the parallel of
the upper saliferous breccias of the Alps.
We stated in our published paper, that the lower Alpine limestone was
separated from the red sandstone and gypseous marls by dark beds of fetid
limestone alternating with shale : and having discovered specimens of the
Gryphcea incurva in the lower parts of this system near Bleiberg in Carinthia,
we ventured to conclude from analogy, unopposed by any conflicting evidence,
""that the Alpine limestone, immediately overlying the red sandstone group,
commences on both sides of the chain with the lias." As, however, this conclusion does not accord with the published opinions of Dr. Boue and some
other writers on the structure of the Alps, we now proceed to notice other
groups of strata on the north flank of the chain (pointed out to one of the
authors by M. de Lill in the summer of 1830), which we are also disposed to
class vvith the lias.
The red sandstone of Abtenau and Schaff'au dips unequivocally under great
masses of dark-coloured limestone and shale. These rocks are seen in the
mountains of Stub-berg and Schwarzenberg, and as they are well exposed in
the parallel valley of Gaisau, nearly due east of Hallein, and are there characterized byorganic remains, we proceed to give a detailed account of their
relations in that locality. These fossil strata are exposed beneath the village
of Crispel in a deep gorge of the Mertelbach, a tributary torrent of the Salza,
from the banks of which we obtained the following section J.
I. Lowest beds, — bluish and greenish marls, with stone-bands of greyish,
calcareous grit.
* Phil. Mag. and Annals, N. S. vol. viii. p. 93.
+ See Plate XXXVI. fig. 2.

\ See Plate XXXVI.
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"■2. Thick-bedded, brown-coloured, coarse limestone.
3. Cream-coloured, compact, argillaceous limestone, with a conchoidal fracture, very much resembling the white lias of Somersetshire, and containing
true Ammonites of a large species, one of which approaches Ammoniles
biplex.
4. Dark, thinly foliated, calcareous shale, with occasional bands of marlstone.
5. Dark, marly shale, with small nodules of dark blue, argillaceous limestone,
in the centres of which are frequently Ammonites and other organic bodies.
These concretions are undistinguishable from the cement stones of the lias
shale of Whitby. The higher beds of shale are separated by stony beds of
dark-coloured, bluish limestone, and in a cliff near the Waterfall are not less
than 300 feet in height.
Among the fossils we collected are the following.
Anmionites Conybeari, or a variety of it, identical with an Ammonite of
the lias of Wirtemberg.
a new species.
Mya ?
Pecten, very near Pectcn dentatus and three other undescribed species.
Perna, of more than one species.
Terebratula, near T. hastata of the mountain limestone.
Ostrea.
Small Gryphaea ?
Other indescribable minute spiral shells.

Caryophyllia (?), &c. &c.
in the preceding section we find that the dark bluish shales and limestones
pass, in descending order, into strata of greenish marl with bubordinate stone
bands, which we consider as the upper portion of the new red sandstone.
None of the shells in the overlying limestone bands belong to the peculiar suite
of the mnschelkalk. One elongated bivalve, indeed, somewhat resembles the
Mijtilus soclalis of Schlotheim ; but all the specimens of chambered shells are
true Ammonites, and admit of no comparison with the peculiarly chambered
shells {Ammonites nodosns, &^c.) of the mnschelkalk. Prom the mineral
character of the upper group of blue shale and limestone, as well as from its
position above the red sandstone, and from its group of fossils, we venture to
place it on the parallel of the lias.
it may be objected to the preceding classification, that it is founded on

imperfect zoological evidence, inasmuch as, perhaps, none of the fossils enumerated can be strictly identified with species found in the lias formation of
this country : but the same argument would apply with almost equal force to
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the whole calcareous zones of the Alps, and shut them out from any comparison with our great secondary groups. It is at least probable, that the
distribution of organic forms, during ancient periods in the history of the
earth, was governed by the same laws which regulate their distribution in the
existing seas. Hence, in cases where contemporaneous formations are widely
separated from each other, and have been deposited under widely different
circumstances, we have no right to look for any thing more than a o-eneral
accordance in the characters of their fossils : and we venture to assert, that
there is this general accordance between the fossils of the great secondary
groups of the Alps, and those of certain corresponding groups in England.
The lias-like shale and limestone of Gaisau, above described, are overlaid
on both banks of the Mertelbach by a deep red-coloured limestone, distinguished bya multitude of broken stems of Encrinites, together with some
Ammonites, Belemnites, casts of bivalves, &c. This limestone is largely developed inthe great valley of the Salza, on the west side of which it ranges
beneath the salt deposit of Hallein, and on the east side it is extensively
quarried at Wiesthal as well as some other places. Thence it ranges to the
east, and reappears in several valleys : we particularly observed it at the
southern end of the lake of Halstadt, and again in the neighbourhood of
Aussee. In no place, however, is the position of this rock better seen than at
Gaisau, where it surmounts the black shale, and is in its turn covered by a
grey limestone, forming the higher ridges of the Schnittenstein *.
Near Aussee the red, encrinital limestone is well exhibited in the small,
elevated valley of Wiesau, about one league above the salt works, forming a
conical hill called the Brunn Kogel ; the eastern flank of which is washed by
a rapid torrent, separating it from the Pissenstein. The latter mountain is
chiefly made up of deep-coloured shale, containing bands of flinty, black slate,
approaching in character to Lydian-stone, and much resembling the altered
shales of the lias in the south coast of Mull and other parts of tiie Hebrides.
All the strata in the Pissenstein are much contorted, highly inclined, and dislocated, so that their exact relations to the red limestone of the Brunn Kogel
are not clearly seen : but as similar, black shale and subordinate, flinty beds
occupy the base of the adjoining mountains of the Loser and the Sandling,
and appear to plunge beneath the salt beds of Aussee, we are disposed to
refer them to the above-described lias group of Gaisau.
The section of the Brunn Kogel not only shows the red, encrinital lime* See
VOL.
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stone^ but also a thick-bedded, greyish limestone containing Ammonites and
numerous specimens of a heart-shaped bivalve. The latter fossil is very prevalent in the Salzburg- Alps, where it always seems to appear nearly on the
same geological parallel ; that is, among rocks corresponding to the lower
portion of our oolitic series : but we never procured specimens sufficiently well
preserved to have their specific characters determined.
The Ammonites of the red limestone are of at least five species. None of
them can perhaps be strictly identified witli any English species; there is
however one, which if not identical with, at least very nearly approaches to,
the Ammonites rmdlicostatus of SowerbyIt would be entirely foreign to our present purpose to enter on any general
details respecting the formation of the lower Alpine limestone, or to point
out its enormous expansion in some of the great inner escarpments of the
calcareous zones ; nor shall we now describe the modifications of structure
by which it passes into vast, crystalline masses, sometimes dolomitic, and loses
nearly all traces of stratification, and of all subdivisions similar to those we
have attempted to establish. These modifications are now well known, and
have been often described by persons possessing iucomparably better means
than we had of studying- the mineral structure of the chain.
5. Shale, Limestone, and Sandstone, with brecciated, saliferous Deposits.
"We showed in our former paper that some of the great saliferous deposits
of the Alps, occupy an intermediate position between the older and younger
portions of the calcareous zones. Such is the position of the saliferous
masses of Hall, Hallein, and Ischel, given in our published sections*. We
now add, in confirmation of our views, a section throug-h the salt works of
Halstadtf.
The salt of Halstadt occurs at a considerable elevation, in a depressed or
contorted mass of the Alpine limestone. To reach the works, you ascend
from the lake up an almost precipitous face of limestone ; first to a boss, on
which is built the ancient tower of the Emperor Rudolph, and afterwards to
the height of about 1200 English feet above the lake, where you reach the
level of the lowest gallery. There are eight principal galleries by which the
salt is extracted, and as the highest is 2343 feet above the lake, the salt mass
must be at least 1100 feet in perpendicular thickness. Its total thickness
however is not yet ascertained ; because no gallery can be driven at a much
* Pliil. Mag. and Annals, N.S., vol. viii. pi. 2. figs. 1,2, 5, 6.
t Pla(e XXXVI. fig. 10.
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lower level than No. 8. of the existing- section, so long- as the present mode
of working- the mines is continued*.
The salt mass here, as well as at Ischel, Aussee, Hallein, &c., is a hreccia
of saliferous clay and gypsum, separated from the surrounding, grey limestone
by an envelope of blue, gypseous shale. The highest galleries, 1, 2, and 3,
traverse the salt mass completely, and reach the overlapping limestone of
the Blossen ; but the extent of the range of the deposit beneath that mountain
is unknown, as the remaining five galleries terminate in the salt without
piercing through it. On whatever side of the works the broken rocky region
be examined, there are no traces of red sandstone, not even in gorges more
than one thousand feet beneath the lowest gallery ; on the contrary, nothingis seen at the base of the mountain except compact, Alpine limestone.
By comparing the previous account with what we have already published,
it appears, that the salt deposits of Hall, Hallein, Halstadt, Ischel, and Aussee,
occur nearly under the same circumstances ; being- all associated with great,
insulated masses of brecciated marl and sandstone, rolled up and encased
among- contorted beds of Alpine limestone f. As they are entirely separated
from each other, it would be impossible to prove, without a much better series
of organic remains than we have yet seen, that they are all exactly on the same
parallel : but we have no hesitation in so far adopting- the system of M. de Lill,
as to place them in the middle division of the Alpine limestone series.
In the limestone beds associated with these insulated masses of saliferous
breccia are indeed many fossils, few however which are well preserved :
among them are Orthoceratites, and Ammonites of which the concamerations
are marked by simple or undulating lines : both might seem to indicate strata
older than any part of the oolitic series : but along with them are true Ammo* The process employed here (and we believe in all the Austrian salt mines) is, to excavate a
chamber in the saliferous mass, and then to fill it with water. All issue being completely closed,
the chamber is left in this condition for several months, during which the water gradually dissolves
the saline matter, whilst the associated clay and gypsum fall to the bottom and form a sediment.
When fully saturated, the brine is let out, and conveyed by pipes to evaporating. houses in the
neighbouring valleys, where the water is driven off by the heat of furnaces fed by wood from the
pine forests. From the works of Halstadt the saline solution is transported to so great a
distance, previous to evaporation, that the channel of conveyance necessarily commences at a
considerable height above the level of the lake.
-j- We believe that our published plate (Phil. Mag. and Annals, N.S., vol. viii. pi. 2. fig. 2.)
correctly represents the position of the salt of Hallein ; the error, alluded to in a previous note,
was in connecting the Hallein system with that of the Untersberg. They are separated according to our present views by an enormous derangement, w hich brings in the lower Alpine limestone
a second time at the Untersberg.
See Plate XXXVI. fig. 9.
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nites with the ordinary concamerations, one of which is very near to A. mutabilis ; spheroidal masses like the Alcyconic fossils of the green-sand ; many
casts of shells resembling organic remains of the oolites, and a singular body
(found in our Kimmeridge clay and abounding in the Solenhofen slate) to
which the name Tcllinites solenoides has been sometimes given. At Aussee,
in the beds of limestone containing the saliferous marls, there are, along with
other fossils, Pentacrinites, and Corallines of the genera Tubipora and
Astraea*.
If the obscurity of the subject prevent us from determining the exact place
of the great, saliferous system of the Alps, it is at least certain that the deposits
at Aussee, ilalstadt, Ischel, and IJallein, are superior to a great mass of
strata above described, wiiich we have endeavoured to compare with the lias
and the lower part of the oolitic
posits of the Alps ; one probably
formations of England, the other
we are acquainted with in this

series. There are, therefore, two salt deof the same age with the principal rock-salt
in a position higher than any like formation
country. Recent discoveries have indeed

proved the existence of salt among rocks of almost all ages. It is daily accumulating in certain inland lakes and marshes ; in Poland it probably exists
principally, if not entirely, among tertiary rocks ; in the Austrian Alps we
have placed it in the oolitic system ; in Switzerland it is placed by Mr. Bakewell in the lias ; in Wirtemberg, Alberti has proved it to be in the muschelkalk ;
in England^ our greatest salt mines are in the new red sandstone; but there
are two or three copious salt springs in the coal formation, from one of which
salt has been largely extracted. In certain parts of the United States, saltsprings issue from old transition slate roclcsf ; and, lastly, a spring containing
a great proportion of salt, rises near Keswick, from the lowest division of the
slate rocks of Cumberland.

6. Younger Alpine Limestone — Upper Portion of the Oolitic Series?
Under this head we do not, as in our former paper, include all the remaining secondary deposits of the chain, but only those parts of them which intervene between the saliferous system last described, and an outer zone supposed to be of the age of the green-sand or chalk.
As the parallel of the
* While tliis sheet was passing through the press, we were favoured with the sight of the fossils
collected by Dr. Buckland from the saliferous limestone of Halstadt in 1820. They have been
carefully examined by Mr. J. Sowerby, who refers them to the following genera: Ammonites,
Orthocera, Buccinum, and Trochus ?
t Phil. Mag. and Annals, N. S., vol. vii. p. 200.
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upper saliferous series is ill defined^ the base of the younger Alpine limestone
cannot in all cases be precisely limited. We may, however, state in general
terms — that the formation is very extensively developed — that it exhibits all
the irregularities of structure and position peculiar to the calcareous zone —
that it now and then rises into peaks of peculiar, fantastic forms, becomes
crystalline, and loses nearly all traces of stratification ; in which cases it is
often dolomitic — and lastly, that it cannot in general be distinguished, by its
subordinate minerals or its structure, from the lower division of Alpine limestone.
It is not our intention in such a sketch as this to enter on any details respecting these phenomena, for an account of which we must refer to works
expressly devoted to descriptions of the Alpine chain, and especially to the
various essays of Dr. Boue*. We shall, therefore, confine our remarks to a
brief notice of one or two localities, where the characters of this part of the
series are Avell exposed.
The crystalline structure of the younger Alpine limestone is seen in the
mountains on the east side of the Traun-see, where, from the red, encrinital
limestone near Ebensee (which may be assumed as the base of the series in
the absence of the saliferous deposits) to the grey precipices of the Traunstein, the whole system appears to have undergone some great modification
since the period of its first deposition.
At Aussee the system we are describing, is remarkable for the great development ofa compact, dull grey, thin-bedded limestone, containing numerous,
black, siliceous bands and concretions, and with subordinate strata abounding
in several species of Terebratulge. Rocks of this kind range over the salt
deposit, occupying a great part of the Sandling and Loser Mountains, and
are well exposed in the Leissling Wand.
Among the formations of the Untersberg, a similar, grey rock is overlaid by
a variegated and brecciated, subcrystalline limestone, largely cjuarried under
the name of Salzburg marble ; and the marble is surmounted by a grey hippurite-limestone.
In our published sections, the younger Alpine limestone is represented as
entirely occupying a broad zone, including several successive ridges between
the line of the salt deposits and the northern outskirt of the chain. After
what has been above stated, it is obvious that this representation can only be
* Dr. Boue states, that dolomite prevails more in the upper groups of Alpine limestone than
in the lower. Our own observations, as far as regards the Tyrol, were in accordance with this
remark. In the Salzburg Alps this variety of limestone is much more rare. — See some remarks on
the Ichthyolites of theSeefeld, by one of the authors (Phil. Mag. and Annals, N.S., vol. vi.p. 36.).
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admitted with modifications. The upper limits of the system (partly in consequence ofthe enormous derangements of the Alps) are often almost impossible
to determine. On the north flank of the Untersberg- it ends, however, naturally with the beds of the hippurite-rock*. At the Wand, Windishgarsten,
and in the valley of Gosau, there are also bosses of this rock most intimately
associated with, and apparently forming a part of, tlie upper Alpine limestone
series, and dipping under certain deposits which we consider of the age of the
green-sand. Hence we are disposed to separate the hippurite-rock from the
green-sand, and to place it in the highest part of the younger Alpine limestone.

7. Alternations of Limestone, Calcareous Grit, Sandstone, Marl, &;c.; with
numerous Impressions of Fucoid Bodies, and sometimes with Fossils of the
age of the Green-sand ami Chalk.
There are many portions of the Alps, where we believe no mineralogical
separation can be established between the lower part of this, and the higher
part of the preceding subdivision : and as the hippurite-rock is by no means
continuous, being only found here and there in unconnected masses, it is obvious that the base of the system of beds, we are describing, must be very ill
defined. It was this difficulty which prevented us from separating it, in our
published "Sketch of the Structure of the Austrian Alps," from the younger
Alpine limestone. We however distinctly recognized its existence on the
outskirts of the Salzburg and Bavarian Alps, and stated — "that it formed
a succession of ridges close to the tertiary system — that it was composed of
alternations of limestone, sandstone, and shale; and being more thin-bedded
than the older parts of the chain, had been exposed to extraordinary breaks
and contortions ; sometimes dipping towards the mineralogical axis, and
sometimes from it ; in one place being vertical, and in another twisted into
saddle-shaped masses, and being in some instances absolutely inverted."
We further stated — "that this series appears to be greatly expanded near the
eastern termination of the Alps — that from the outskirts of the calcareous
zone near Reichenhall to the valley of the Rhine, it forms, in the position
pointed out, a nearly continuous succession of ridges, easily distinguished from
the inner portions of the chain — that in some parts of the series the beds
of limestone almost disappear, in which case it passes into a formation of
sandstone and shale, not to be separated, without the help of fossils, from the
superior tertiary groups — that in other places, lower in the system, the calca* Plate XXXVI.

fig. 9.
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reous beds are of much g-reater thickness, and have all the common, mineral
characters of the Alpine limestone/' &c. &c.
Again, we distinctly stated — "that the ridges of indurated shale, sandstone,
and limestone, on the northern outskirts of tiie chain, were considered as the
equivalents of the green-sand and chalk ; the conclusion being apparently
borne out by the position of the subordinate beds, as well as by their fossils,
and in some instances also confirmed by their mineral contents." Extending
our remarks to the southern Italian Alps, we alluded to the observations
of MM. Maraschini and Catullo ; adding — "that the latter gentleman had, by
the help of a great suite of organic remains, proved the existence of beds of
the age of the green-sand, superior to rocks containing organic remains of the
oolitic series — and that, nearBelluno, Feltri, Canal di Brenta, &c., the system
terminates in ared-and-white, fissile limestone (sc«gZ/a), with many flints, which
from its structure, position, and fossils, has been identified with the chalk."
Again, appealing to our personal observations made in the summer of 1829,
Ave described the vast development of a nummulite-limestone between Adelsberg
and Trieste, but were unable to decide how far it descended into the secondary
series. We however added — "that the formations in the ascending order
undergo a great change before they reach the Adriatic ; the calcareous beds
(chiefly composed of a compact, light-grey limestone, full of Nummulites) no
longer predominating; but becoming subordinate to great masses of bluish
grey, micaceous shale, and of sandstone of a grey or greenish grey colour,
and here and there containing a few traces of carbonaceous matter — that
along the shores of the Adriatic for several leagues south of Trieste, the micaceous shale is so abundant as to produce a succession of ruinous cliff's, apparently held together only by the subordinate bands of sandstone and nummulite-limestone"— and, finally, "that this upper system is now generally
regarded as the representative of the green-sand and chalk — a conclusion in
perfect accordance with our views of the structure of the district*."
We have made these quotations, partly because they give a correct description ofsome portions of the group we are describing ; but chiefly because
it has been repeatedly stated by Dr. Boue during the past year, both in British
and foreign journals, that we either overlooked this group altogether, or
where we did notice it, classed it with the tertiary deposits. Both these assertions are entirely erroneous. It was impossible to overlook the beautifully undulating ridges, (composed of calcareous gritstone, fucoid sandstone, shale, &c.)
ranging almost without interruption from the head of the Lake of Constance
to Vienna ; often widely expanded on the skirts of the chain, and always contrasted bytheir forms, their vegetation, and their forests, with the bare, sterile
* See Phil. Mag. and Annals, N.S., vol. \\\\. p. 103—108.
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precipices of the older limestone* : and although we did not attempt to follow
their range^ and had few observations to oiler respecting them which we
thought worth recording, we were acquainted, through the maps of Keferstein,
with the general facts of their geographical distribution.
The peculiar character and position of this group when regarded as a whole,
the importance given to it by the elaborate descriptions of Dr. Boue, and its
enormous expansion in some of the eastern parts of Europe, make it convenient now to separate it from the older secondary system of the Alps, and
to consider it as a distinct formation. Whether it be called Flysch or Vienna
grit, or by whatever name it be hereafter designated, is a matter of very small
importance.
It will be our object to show, in the subsequent details of this paper, that
some portions of this group admit of at least two subdivisions; a lower, characterized bythe Vienna fucoid grits and shales ; and an upper, here and
there abounding in Nummulites and many other fossils, and containing subordinate beds of arenaceous iron ore : the two are, however, so intimately
blended, and have so many characters in common, that we do not venture to
separate them ; but consider them together, in a general way, as the representatives ofthe green-sand and chalk. We shall endeavour further to show
— that the nummulitic series is enormously developed, and that in some parts of
the chain it is placed so exactly on the confines of the secondary and tertiary
systems, that the lower portions abound in fossils almost exclusively secondary,
while the upper portions contain a great excess of tertiary genera or species
— in short, that on the north flanks of the Alps there is an occasional passage
from the secondary to the tertiary systems.
To convey a correct, general notion of the distribution of this formation, we
must refer to the small, coloured map accompanying this paperf , which has
been constructed partly from our own observations, and partly from the
inedited maps of M. Partsch of Vienna, and also from an inedited map of
the Archduchy of Austria, transmitted by Dr. Boue to the Geological Society
during the past year;];.
Jt was not our object to trace this system into Switzerland, where it appears
* The same remark applies to the corresponding series on the south flank of the cliain. Thus
the scuglia and green-sand of the Possagno Hills, forming an outer fringe of the Alps of Bassano,
are verdant to their summits (2000 feet above the tertiary deposits), and form a striking contrast
with the bare, arid faces of the neighbouring mountains.
t Plate XXXV.
1 M. Partsch occupies a considerable part of every summer in collecting materials for a geological map of the Austrian Alps, &c. Detached sheets of the Austrian ordnance map arc
coloured by him, year by year, on the spot; and when the survey is completed, the colours will
be transferred to a general map on a smaller scale, and published.
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to be considerably expanded ; but in following it along a portion of the skirts
of the Bavarian and Austrian AIps^ we found it forming a zone of very irregular breadth, consisting sometimes of a number of parallel ridges bearing
generally about E.N.E. and W.S.W., and sometimes thinning off to a single
ridge and almost disappearing.
After stretching through the valley of the
Allgau and the ridges above Nesselwang (at both of which places sections
will be noticed), it gradually thins off at Fusscn, but again expands to the
east of the river Lech, and is still more expanded beyond the rio-ht bank of
the Inn.
It offers most instructive sections near the banks of the Traun,
which will be described in their proper place; and from thence the slaty, fucoid,
calcareous grits and shales, form a succession of characteristic ridges, terminating on the left bank of the Saal in the Hogl hills, which shut in, to the
N.W., a great bay or recess of the Alpine limestone.
It deserves remark,
that the slaty, greenish sandstone of these hills, dips at a considerable angle
nearly south from the sides of the Staulfen, and directly towards the Untersberg, a mountain forming the northern skirt of the Alpine limestone between
Reichenhall and the Salza.
Immediately north of the Untersberg, there is
only a thin and partial covering of the lower green-sands, but there is a large
development of the overlying cretaceous and nummulitic deposits*.
The green-sand series occupies an extensive tract to the north of Salzburg,
extending into the hilly region of the Haungsberg, and thence without interruption to the Mond-see. At the southern end of that lake, the shales and
slaty sandstones, are placed vertically by the side of a precipice of dolomitic
Alpine limestone, but at its northern extremity they dip off" from the older
system, at a great angle, towards the north.
The fucoid slates and grits occupy a considerable breadth, from north to
south, between the Mond-see and the Traun-see ; but to the east of the latter
lake they again thin off* into a narrow belt, so greatly displaced by an enormous
fault, that the upper system of nummulitic strata is thrown unconformably
against the precipitous face of the Traunstein, which is composed of Alpine
limestone f. This remarkable dislocation and inversion of dip, continues to
affect the formation in its eastward range beyond the Enns.
* PI. XXXVI. fig. 9.
f The physical outline of the group wo are describing (especially where it is but slightly ex.
panded) approaches very nearly to that of the tertiary series; so that in a hasty passage through
the country, when we have not an opportunity of examining the natural sections in detail, we
run an occasional risk of confounding one system with the other. It was in consequence partly
of this circumstance, and partly of the detestable weather which prevented us from examining the
gections at the base of the Traunstein, that we were led into an error in colouring the extreme
VOL, III. SECOND SERIES.
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To the south of Steyer a transverse section through the wooded mountains
of Raming- and Tamberg', by Unterwald, exhibits a series of beds composed
of calcareous grit — of argillaceous^ smoke grey or bluish grey, slaty limestone,
crossed with white veins, often nearly compact and with a fine conchoidal
fracture, and alternating with grits and shales containing among other Algae
the Fucoides intricatiis in great abundance — also of a vast thickness of
greenish grey sandstone surmounting the preceding. In this sandstone series
many parts are fine-grained, micaceous, and thin bedded; but they are associated with a coarser, green sandstone, passing through a very coarse grit into
a conglomerate (used for millstones in several parts of the chain), not, however,
by any means to be confounded with the very coarse conglomerates of the
tertiary system. These various rocks rise in the hills, above mentioned, to the
height of more than 'iOOO feet, close to the valley of the Danube; and beds of
the same structure extend for some distance up the Alpine gorges of the Enns,
as well as up the lateral depression through which the waters of the Teicher
escape from the high valley of Windischgarsten.
We have no intention of offering any description of the formation, as it
ranges into the great promontory near Vienna, constituting the north-eastern
termination of the Austrian Alps (Wiener Wald). On this subject we must
refer to the ample details, published in various memoirs, by Dr. Boue. He
states that in the thin-bedded, blue limestones, facoid grits and shales, which
are so extensively developed in that extreme portion of the chain. Ammonites
and Belemnites are occasionally found ; and that in the same series there are,
here and there, thin bands of coal.
We may finally mention, that in the western sinuosities of the chain in
Styria, are some magnificent sections of the fucoid grits and shales : for example, in the gorges of the Kainach, and also at Rheinthaler-Hof, where the
grits are extensively quarried. The upper beds consist of slaty, micaceous sandstone ;the middle beds of fine-grained, bluish grit, used for whetstones ; and
the lowest of coarser grained, strong gritstone, passing into a conglomerate
with rounded pebbles, and used for millstones. Among these beds no organic
remains were discovered except fucoids, of which there is one very large,
unpublished species. With the exception of a few patches of limestone,
these grits and shales are the only deposits, interposed between the primary
chain of the Pach Alp and the tertiary formations of Lower Styria.
We have already stated our opinion, that no precise line of separation can
be drawn between the group of deposits last described, and the highest pornorthern portion of our transverse section of the Alps, accompanying the paper in the Annals of
Philosophy above referred to. This error has been very properly pointed out by Dr. Boue.
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don of the younger Alpine limestone : it is therefore possible, that some of the
lowest fucoid grits and shales, may descend into the oolitic series. In a part
of the g-reat Vienna promontory they alternate with thick masses of limestone,
which, in our visit to that portion of the chain in 1829, we were unable to
separate from the older, secondary system of the Alps. Dr. Boue may, therefore, be correct in classifying a portion of these fucoid grits and shales with
the upper Jurassic formations : but we repeat our conviction, that in the
greatest part of their range along the flanks of the Austrian and Bavarian
Alps, these fucoid grits are completely subordinate to, and form a part of, the
green-sand series.
8. All Deposits superior

to the Chalk, comprehending several, distinct,
tertiary Groups.

The accompanying map * will show the general distribution of these deposits, which, with very limited exceptions, we shall not attempt to describe
in detail. A transverse section at the head of the Lake of Constance,
shows the position of a great succession of the newer deposits, which there
begin to conform to the type of the series in its range westward through
Switzerland. The sections at the eastern termination of the chain through
the plains of Styria, also give a long succession of tertiary groups ; but, in
general, the most important parts of the succeeding details, are confined to
the phenomena exhibited at the junction of the former group (No. 7.) with
the great tertiary system, which sweeps down from the foot of the Alps to the
plains of the Danube.
The preceding account of the general structure of the Eastern Alps, has
been given as an introduction to the facts, exhibited in a series of detached
sections, the meaning of which could not be fully understood without it. If
our slight sketch serve in any way as a help towards a more detailed and perfect classification of phenomena, avowedly of great difficulty and obscurity ;
and if it should induce any geologists of this country to visit the regions we
describe, and become acquainted with the researches of the authors to whom
we have referred — our purpose will be more than answered.
* PI. XXXV.
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A Series of Transverse Sections, intended to explain the Connexion of the
Secondary/ and Tertiary Systems of the Eastern Alps, 5fc.
] . Transverse Section through the Formations near the Head of the Lake

of Constance *.
On the east side of the lineofsection^ the tertiary system, composed of great,
alternating masses of sandstone, marl, and coarse conglomerate, rises into hills
of considerable elevation, which form the parting of the waters of the Rhine,
and of the last ramifications of the Danube. The prolongation of these masses,
towards the west, is interrupted by the wide chasm through which the Rhine
makes its way into the Lake of Constance ; and in consequence, the hills ranging along the eastern extremity of the lake, give a succession of transverse
sections on an enormous scale, in which the structure and relations of some
portions of the tertiary groups are finely exhibited.
Our present section commences ten or twelve miles south of Bregenz, with
the secondary, calcareous rocks on the right bank of the Rhine, which, after
rising into the Stauflen and some other finely pointed summits, rapidly descend
into the plains, and, near their base, present some great, mural escarpments
singularly marked by contorted lines of stratification. From the base of these
precipices, a chain of low hills, almost buried under transported materials,
extends about a mile and a half to the village of Obersdorf, where a mountain torrent works its way through a great ravine into the plains bordering
on the lake.
The valley of Obersdorf is shut in, towards the east, by a mountain ridge
called the Rexberg, ranging nearly north and south, and connecting the precipices of secondary limestone with the ridges of molasse and conglomerate.
The geological features of these mountains are obscure ; but we conceive that
the secondary and tertiary formations, meet not far from the northern extremity of the Rexberg ridge ; and, in that case, their place of junction must be
at a great elevation above the level of the Lake of Constance.
The precipices forming the north flank of the Stauffen rest on black shale,
which at Haslach is obscured by great blocks of limestone fallen from the escarpments above, and containing innumerable Nummulites. Of these blocks,
some are light grey and compact, like the commonest limestone of the Alps ;
others are of a dark blue colour, and resemble mountain limestone ; some are
* Plate XXXVI.

fiff. 3.
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tinged green by disseminated particles of green-sand ; others are red and ferruginous ;and some of the grey and nearly compact limestone contains balls
of pyrites. Above these fallen masses are some compact^ &i'Gy beds of limestone containing several fossils, among which are large ribbed Terebratulae,
Oysters, and Pectens. Over the preceding is a sandy bed, the lower part
black and calcareous; the middle part of a rusty brown colour, highly ferruginous, and passing, here and there, into a true htematite forming a subordinate
bed about four feet thick, which has been extensively worked for use. The
upper part passes into a beautiful green-sand, full of Nummulites, and is surmounted byalternations of black shale and limestone.
This whole system dips nearly south, at an angle of 30° or 40°, and seems
to plunge under the great, contorted precipices of the Stauflfen, which are also
carried, with an inverted dip, towards the centre of the Alps. As we found
no indications of great faults, nor any thing in the suite of fossils to contradict
the arrangement, we considered the nummulitic and iron-stone beds as forming a part of the newer, secondary groups of the Alps ; probably about the
same age with a portion of the chain, containing the ferriferous, nummulitic
beds of Sonthofen. From Haslach to Obersdorf no section was observed ; but
in the gorge above the latter place, are beds of grey, indurated marl and calcareous shale, of black shale, and of green-sand, alternating with a few bands of
sandy, veined limestone ; the whole dipping south at an angle of 70°. In the
village are some ill exposed beds of blue and red, impure, sandy limestone, containing many Nummulites. We consider these beds as secondary : for those
in the gorge exactly resemble many of the strata of the green-sand and cretaceous series of the Alps ; and the nummulitic limestone may be only a repetition ofthe secondary, nummulitic rocks of Haslach*. For about half a mile to
the north of Obersdorf, all the beds are covered with transported materials,
washed down from the nearest mountains ; but the numerous blocks of greenish, micaceous sandstone and of conglomerate, prove that the tertiary system
cannot be far off. Further north we found a quarry, in which the beds
dipped S.W. 75°, and gave the following section :
1. Friable, micaceous, slaty sandstone, much charged with carbonaceous matter, and with
stems of carbonized plants at the partings of the laminas
2 feet
2. Coarse calc. grit, passing into millstone; outside brownish, inside greenish blue
. . 5 feet
3. Bands of micaceous sand with coaly matter
1 f*^"t
* The details of this transverse section were read to the Society as they are now printed, not
long after our return from the Alps in 1829 ; yet it has been erroneously stated (both in British and
Foreign Journals), that we had described the deposits of Haslach and Sonthofen as tertiary.
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4. Fine, bluish and greenish, micaceous sandstone, -with many irregular partings, contain.
ing a few fragments of slate clay, and, here and there, large carbonized stems, not
parallel to the beds, but lying in all directions
20 feet
5. Slaty, brown and bluish, micaceous sandstone ; the bands, here and there, much charged
with coaly matter, surmounted by fine, grey, micaceous sandstone
25 feet

It is difficult to convey a clear notion of such a succession of beds by mere
verbal description^ or to determine their exact place in the series : but when
examined on the spot^ we were inclined to consider them of the tertiary age^
because they admitted of a very close comparison with the lower^ carboniferouS;, tertiary strata^ which we had seen in some other parts of Bavaria. We
however regard their place as doubtful.
Still further to the norths above the village of Haselstauden, a great ravine
lays bare a series of nearly vertical beds, among which a hard, green, micaceous,
sandstone is seen to alternate with, and pass into, a coarse conglomerate.
Among the blocks which had rolled down from the mountain side, were some
in which the cement was highly calcareous. Many of these masses exactly
resemble the most ordinary, tertiary rocks of Bavaria. A green, micaceous
sandstone, not to be distinguished from the molasse of St. Gall, then begins
to predominate ; and near a place called Fehlen, beds of this kind are seen to
dip S.W. at about 50^
On the south side of the mountain, which extends from Obersdorf to Schwartzach, the dislocations of the strata add greatly to the difficulty of drawing any
exact line of separation, between the secondary and tertiary formations : but
on the north flank of the mountain the groups recover what may be considered
their natural position ; and near Schwartzach may be seen dipping at a high
angle of inclination, towards the north. From the last-mentioned place the
tertiary beds are prolonged, above the villages of Reichenbach and Wolforth,
to the hills on the Ach above Bregenz ; and in this whole range dip to a point
about magnetic north. They are extensively cjuarried ; and in their mineralogical character exactly resemble the fine, green, micaceous molasse of the
opposite ridges of St. Gall. Though varying considerably in texture, they
seldom pass into a conglomerate form. Sometimes they exhibit traces of carbonaceous matter ; and we have seen specimens of lignite, derived from this
part of the formation in the hills south-east of Bregenz.
The united thickness of the whole succession of the tertiary beds, we have
been describing, must be very great. Respecting that of the inferior, disturbed
strata, it is difficult to form any correct estimate, nor do we pretend to define
their limits : but some notion may be formed of the thickness of the molasse.
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when it is stated, that a line drawn directly transverse to the strike of the beds,
from the point where they set on with a regular, northern dip, to the hills on
the Ach immediately behind Bregenz, is not less than six miles in length ;
and that along the whole of this line the average inclination of the beds is not
less than 20° or 25°.
Pursuing the same line of section across the river Ach, which here empties
itself into the Lake of Constance, we find an escarpment several hundred
feet high, composed of brownish red, coarse conglomerate, alternating with a
reddish, cjuartzose sandstone, so fine in parts as to resemble grauwacke ; but in
other and higher alternations with the conglomerate, it passes into a soft, yellowish and brown, micaceous sandstone. In the upper beds of the cliff on
which the castle stands, are some large Ostreee, and fragments of smaller
and more destructible shells. The conglomerate is chiefly made up of the
detritus of Alpine limestone, and its higher subdivisions begin to alternate
with sandstone beds of a slaty character : behind the town of Bregenz it
passes under a well-defined molasse, undistinguishable from that which
abounds so much in the lower parts of this sectional line, as well as from the
77wlosse of Rheineck and Roshach on the opposite side of the valley of the
Rhine.
This Bregenz inolasse is largely quarried, and is a good example of that
fine, greenish, micaceous sandstone which appears in all the public buildings
around the Lake of Constance. Certain varieties of it are used for whetstones
or grindstones ; a fact, however, from which alone no inference can be draw n
respecting the age of the deposit, inasmuch as both the secondary and tertiary,
greenish sandstones of the Alps, are occasionally used for these purposes. In
the upper and less coherent beds of these quarries, are imperfect casts of
bivalves : much finely comminuted, black, carbonaceous matter is also disseminated, especially in the planes of separation of the more slaty masses. This
molasse is again overlaid by a vast thickness of conglomerate, like that of the
castle-hill, with a reddish brown, siliceous cement, and with imbedded pebbles
varying from one to eight inches in diameter. Still higher these conglomerates alternate with yellowish, sandy grits, which are marked by red and green
spots and concretionary, argillaceous blotches. Then follow sandy marls and
thin-bedded sandstones, again surmounted by strong courses of conglomerate :
and this system is continued along the hills for several thousand feet, beingdistinguished in the ascending order by some subordinate beds of grit of a
brick-red colour ; and by others of green and grey colours.
The rugged outline of this portion of the ridge, is due to the structure we
have just described.
For the elements have washed away many masses of
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the incoherent sandstone, and left many knotty protuberances of the less destructible conglomerates, standing out upon the crests and sides of the mountains.
The beds we have so far described, to the north of the river Ach, may be
considered as the middle group of the tertiary system, exposed in this section.
The upper group may be supposed to commence about three miles north of
Bregenz : for bands of white sandstone containing some green grains there
begin to prevail, and the conglomerate beds to diminish in thickness and in
number. On reaching the castles of Hofen and Halberstein, a most marked
change was observed ; for the conglomerate series was found to pass under
thick beds of variegated, argillaceous marls, A magnificent, vertical section
of these argillaceous beds, is exhibited in the upper extremity of the Russbach stream, in the face of the Hand Reutti hill. The beds (which gradually
diminish in inclination to the north of Bregenz) are there nearly horizontal,
and are seen in regular superposition in the face of escarpments several hundred feet high.
The prevailing masses in these escarpments, are composed of bands of variegated marls, some of which are very unctuous, alternating with thin courses
of white sandstone, which occasionally passes into a hard and nearly compact
gritstone. Among these beds traces of the conglomerates are still met with ;
and near the summit of the hill there are some considerable bands of it, subordinate to the marl and the sandstone.
With these beds our transverse section terminates ; and we may remark
that they are of a structure analogous to that
system of Bavaria, especially as it is exposed
Schongau, This agreement might almost have
of the Hand Reutti, being at a great elevation

of the upper part
on the banks of
been anticipated
and inclined at a

of the tertiary
the Lech near
; for the strata
comparatively

small angle, are probably in their range tovvards the north, spread over a considerable portion of the lower plains of Bavaria.
The preceding section places in a striking point of view, the position and
enormous development of the tertiary system on the north flank of the Alps;
but it derives its chief interest from the green, micaceous sandstone (niolasse),
which enters so largely into the composition of the lower and middle groups
above described. In this way the sandstones and conglomerates of the high
plateau of south-western Bavaria, become connected with, and pass into, the
tertiary series of Switzerland. Nor is this conclusion founded upon a merely
accidental, mineralogical resemblance ; for the beds of molasse, composing so
large a portion of the hills south-east of Bregenz, reappear with the same
Mrike and dip on the other side of the broad valley of the Rhine, and rise into
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the northern mountains of the Canton of St. Gall; from which they descend
in a long succession of inclined terraces to the south shore of the Lake of
Constance. Whatever conclusions Professor Studer and other writers have
been enabled to establish, by the help of large suites of fossils, respecting the
age of the 7nolasse of Svt'itzerland, may therefore be extended to at least
a portion of the newer deposits of Bavaria. This inference is the more important, because the upper tertiary system of Bavaria is often buried under
great accumulations of alluvial matter; and in the places where it is laid bare,
we were often unable to find a single fossil, to assist us in making out its
relations.
In other respects, the preceding section is comparatively imperfect; as we
have not determined the base line of the tertiary system, or derived a single,
well-preserved fossil from any bed of it * ; nor did we extend our examination,
so far up the right bank of the Rhine, as to see the junction of the green-sand
series with the Alpine limestone,
2. Transverse Secttoti through the Valley of Sonthojen, and across a
Succession of Parallel Ridges on the Banks of the Iller.
A part of the tertiary series, above described, after rising into a high, irregular p/«^e«M, between the basins of the Rhine and the Danube, runs olf into
ridges composed of inolasse and conglomerate, ranging nearly parallel to the
secondary rocks of the chain ; generally, however, separated from them by a
longitudinal valley. In this way they cross the Iller at Immenstadt, nearly
shutting in, towards the north, the great transverse valley of the Allgau. They
there form what might almost be called an irregular, vertical wall of conglomerate and sandstone, entirely unconformable to the older system f; and
diminishing gradually both in inclination and elevation, they descend into the
newer deposits of Bavaria, containing tertiary shells and lignites. From their
place in the section, as well as from their mineral character, they are quite
distinct from any rocks entering into the newer, secondary system of the
Allgau ; we therefore continue to regard them, as an undoubted part of the
tertiary series;];.
* In the prolongation of the molasse to the left bank of the llliine, near llheineck, organic
remains are much more abundant, and in a better state of preservation. In a single visit to a
quarry near that place we collected several Pectens, several Terebratula, one near to T. Man.
teUianu; two species of Cardium ; a Pholas ; &c.
t Plate XXXVI. fig. 4.
X In this conclusion we differ from Dr. Boue, who classes the conglomerates and grits of the
Rethenberg with the lowest part of the green-sand.
VOL. 111. SECOND SERIES.
2 U
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To the south (or towards the mineralogical axis of the Alps) the valley of the
Iller extends by Fischen to Ober Mieselstein, above which it is almost closed
in by the longitudinal ridge of the Schwarzenberg-. The river has its source in
a narrow glen called the Waliser Thai, and in its course by Fischen and Sonthofen, after being swollen by various minor torrents which descend from longitudinal gorges of green-sand, finally quits the mountains by a chasm in the
ridge of conglomerate above described, and falls into the plains of Bavaria*.
On entering this valley from the north-east, we skirt the western foot of the
iiigh, serrated ridge of the Griinten, the lowest strata of which are composed
of a thick-bedded, close-grained, brown, siliceous sandstone, occasionally
passing into chert, and are nearly vertical. These are succeeded by bluish
g-reen grits, which graduate into a very hard, dark blue, calcareous grit with
green grains, traversed by white veins of carbonate of lime, the beds gradually acquiring a dip of about 70" S.S.W. The weathered surfaces of many
of these beds present the ordinary appearances of the green-sand of England ;
and among their fossils Mr. J. Sowerby has recognized small casts of Ammonites, Inoceramus concentricus, Plicatula pectinoides, TerebratulaB, two species, Gryph(Ba vesiculosa (?), and a univalve very near to Cirrus plicatus.
These fossils are characteristic of a portion of the green-sand of England ;
and as the beds which contain them rest upon masses of chert undistinguishable from that of our green-sand, we have little hesitation in referring the
strata at the north-western base of tiie Griinten, to the lower or middle
groups of that formation.
The analogy with the English series, is further confirmed by the overlying
beds, which are composed of a dull grey, marly limestone, containing large Ammonites, and resembling the upper green-sand or malm rock of this country ;
these are surmounted by a thin-bedded limestone (rising into the highest peak
of the Griinten, called the Ilohe Wand), of a red or variegated colour, and
sometimes of an earthy texture, but more frequently hard, compact, having a
conchoidal fracture, exhibiting obscure traces of fossils on its weathered surface, and resembling the scaglia of the southern Tyrolese Alps. In some
deeper sections of this mountain, there are quarries of sandstone of so bright
a green colour, as to form a perfect^ mineralogical ty])e of the green-sand formation : and it deserves remark, that this rock (like certain corresponding
strata of our country) is used as afire-stone in the construction of the neigh* We have, as a general rule, described our transverse sections in a regular, ascending order.
But we tliought it better, in this instance, to notice the successive phenomena nearly in the order
in wliich they appear, as one penetrates the chain by the banks of the Iller ; and in consequence,
the several deposits are described in a descending rather than an ascending order.
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bouring- iron furnaces. So far, the strata of the Griinten offer striking- analogies
to certain, well-known formations of the age of the green-sand, and probably
also of the chalk; but in the gorge by which the Starzlach flows into the Iller, we
meet with a series of beds entirely unlike any of the British, secondary groups.
Prom the repeated changes of dip on the south side of the Grihiten, it
becomes extremely difficult to determine the exact order of the strata. But
the scagiia (or red chalk ? ) and the marly limestone (or planer kalk ? ) are
thrown off towards the west from the Hohe Wand, and are seen no more
between that peak and the Starzlach. The rocks between the highest ridge
and the river gorge, being in a nearly vertical position and in different degrees
of induration, have weathered into sharp ridges of rugged pinnacles, following the range and flexures of the several beds from the degradation of
which, they have derived their form. The most northern of these extraordinary ridges, is made up of a coarse, brown, gritty limestone, passing into slatv
beds of calcareous, indurated marl, in which are obscure traces ofTerebratuke.
The next is composed of a bluish limestone with white veins, weathering to a
brownish red colour : it contains innumerable Nummulites, some fragments
of shells, and a few specimens of Spatangi. The third ridge occupies the
precipices on the banks of the Starzlach, and consists of indurated, dark coloured, calcareous shale, separated by stone bands of blue grit with white veins.
Subordinate to these calcareous shales are vast masses of irregularly bedded,
arenaceous iron ore, filled with a profusion of casts of shells, Crustacea, Echini,
&c. So convulsed are the strata containing the iron-stone, that the mineral, in
one mine, is reached by horizontal galleries from the sides of the ravine, the
ore being extracted from tortuous and nearly vertical beds with a slight inclination to the south ; in a second, it is worked by shafts, the mineral beds
plunging to the north under a mass of calcareous, slaty shale ; in a third mine,
the same beds are snapped off at right angles to the preceding, and though
accompanied by numerous contortions, are on the whole nearly horizontal.
On the great scale, the calcareous shale and grit containing the ore, may
be considered subordinate to the system of nummulitic limestone, which to
the north separates the iron mines from the Griinten ; and to the south of the
Starzlach rises into another parallel mountain chain, called the Mos, in which
iron ore is also partially worked. This limestone appears to contain three
species of Nummulites hitherto unpublished — one of them somewhat resembling N. elegans is found also in the nummulitic beds immediately overlying
the green-sand and cretaceous system of the Untersberg* ; a second species
* See Plate XXXVI.
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resembles the A^. Ixcvigatus ; a third is distinct from any species we have seen
fig-ured.
The limestone also contains Spatangi, Pectens, &c.
The fossils in the calcareous shales and beds of iron ore are very numerous ;
but unfortunately they are nearly all in the state of casts, so rude as not to
permit their species to be well distinguished. Amongst them are Spatangi resembling those of the chalk and green-sand * ; several species of
Terebratulae, one of which resembles T. suhrotimda, another is near T. lampas ; Spondylus ; Plicatula ; a univalve near to Cirrus plicatus ; Astarte ;
Anomia ; Isocardia ; Gryphcea vesiculosa (?); two or three species of
Pecten, one of which resembles P. rcconditus ; Serpula ; and Belemnites;
but the most abundant fossils of the deposit are Crustacea.
Prom these details, and the accompanying section, it appears that the nummulitic limestone and iron ores of Sonthofen, are in the highest part of the
green-sand and cretaceous system of the Alps. But in following the secondary
ridges towards the east, we shall afterwards show that this numnuditic system
is very largely developed, and that it passes into higher strata, in which the
secondary fossils gradually disappear, and the greater number of the imbedded
shells begin to conform to the tertiary type.
If the line of section, just described, be prolonged to the south of the Starzlach, the nummulitic limestone is, as before stated, again found to alternate
with calcareous, black, slaty shale and fine-grained grits ; the prevailing dip
being to the south f . But if another section, parallel to the former, be made
on the opposite or western side of the valley of Sonthofen, it traverses a succession of ridges of fine green-sand, having the same general direction (from
W.S.W. to E.N.E.), and the same prevailing dip. They are, however, nowhere overlaid by the strata containing iron ore.
In the higher part of the Sonthofen valley, near Ober Mieselstein, is a tributary torrent called the Schinberger-Ach, flowing between the Schwarzenberg;
and the ridge of the Bolghen. The former mountain is composed of compact
limestone and calcareous, green grits ; the latter of thick-bedded, brownish,
cherty sandstone surmounted by grits and calcareous shales with innumerable
impressions of Fuci, amongst which are Fucoides intricatus, F. Targioni,
and F.furcatus of M. Adolphe Brongniart. In other ridges on the left bank
of the Iller, between Ober Mieselstein and Sonthofen, there are similar asso* These fossils are unquestionably distinct from any of those in the iron beds of the Kressenberg (Plate XXXVI. fig. 7.), described by Goldfuss and Count Miinster.
t Plate XXXVI. fig. 4.
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ciations of sandstone (sometimes passing into chert and sometimes containing
green grains) with the fucoid grits and shales*.
This fact ahnost demonstrates^ that the largest portion of the fucoid shales,
are subordinate to the green-sand series. According to M. Adolphe Brongniart^
fucoids are highly characteristic of the green-sand and cretaceous periods ;
and from our own observations in the Eastern Alps^ we are disposed to subscribe to that opinion : for in these youngest, secondary groups of the chain,
we have never detected the trace of any of those vegetables, which are considered more peculiar to the oolitic series; nor, on the other hand_, has the Alpine
limestone afforded us a single specimen of a fucoid. By combining these positive
and negative facts with the evidence derived from the order of superposition,
we are induced, as is stated in the previous chapter, to place the fucoid strata
near the base of the green-sand series. This is, at least, as perfect an arrangement, as our present knowledge enables us to venture upon ; a more minute
acquaintance with the fossil history of the Alps, may hereafter lead geologists
to a better defined subdivision of these groups.
It will be seen from the section f , that the green-sand ridges on the left
bank of the Iller, to the north of Ober Mieselstein, have all a northerly dip ;
but in the neighbourhood of that place the beds dip in every direction, and
appear at almost every angle of inclination. Breaks and contortions are found
in all parts of the calcareous chain, but can seldom be referred to any visible,
disturbing cause. In this instance we are however more fortunate ; for in
the gorge of the Schinberger-Ach several large dykes of basaltic green-stone,
are seen to rise to the height of forty or fifty feet up the abrupt face of the
mountain, and there to terminate in wedge-shaped masses ; which, from the
effects they have produced, and their manner of association with the tilted
beds of limestone and green sandstone, offer the clearest proofs of their forcible
protrusion J. The rocks in contact with the trap are hardened and altered ;
and some of the green-sand beds are almost reduced to a compact state, and
from being traversed by joints or fissures separate into prismatic masses. Indeed there is, here and there, so apparent an admixture of the stratified and
the igneous rocks, that we could with difficulty draw a line of separation between them. The strata are highly inclined and nearly vertical in the lowest
part of the gorge, where they are associated with the basalt; and the overlying calcareous masses of the Schwarzenberg, to which it has not penetrated,
* This sandstone is much quarried as a building stone, and in several places cannot be distin.
guishcd from the quader-sandstein (grcen.sand) of tlie north of Germany.
t Plate XXXVI. fig. 4.
X Our attention was called to these dykes by M. Betterich, % venerable pastor of Mieselstein.
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are bent into irregular, flattened domes arching over the dykes, and probably
over a still larger, concealed mass of trap below.
On the opposite side of the gorge there are other phenomena, placing
perhaps in a still more striking point of view, the nature of the elevatory forces,
which have acted on the neighbouring strata. From the north side of the
Schinberger-Ach rises a mountain called the Bolghen, the base of which is
presumed to be of primary rock, because large, angular masses of granitoid
gneiss and mica schist, are there seen to rise through the thick, grassy covering.
On ascending the mountain side, we again found gneiss protruding above the
surface for 300 or 400 feet ; and from these facts we concluded that all the
masses of primary rock were in situ.
Upon a close examination, the granitoid rocks are found to be brought into
contact with various members of the green-sand series, which are thereby so
singularly displaced as to render it almost certain, that the crystalline masses
have been upheaved at a period posterior to the deposition of the overlying
beds. For, within the distance of less than a mile, the crystalline rocks are in
one place brought in contact with a coarse millstone grit; in another, with slaty,
ereen, micaceous sandstone: and in a third, with calcareous, fucoid shales;
all of which beds are tilted off in every possible direction, and at high angles
of inclination, from the various, salient points of the primary masses. As the
basaltic dykes appear only at a short distance on the opposite side of the gorge,
and penetrate the same series of sandstones and shales, it seems probable that
the volcanic matter, which was driven up among the strata of green-sand, did
not make its way through the gneiss ; but acting on it in mass, raised it up,
as a great lever, among the overlying deposits, dislocating them, and breaking
them in the manner above described*. In this locality we seem, therefore,
to have a key to the explanation of the real nature of some of the great, elevatory movements of the Alpine chain f.
Before we quit this subject, we may remark, that the last, great movements
of elevation, must have taken place after the deposition of the sandstones and
conglomerates of the outer ridge of the Rethenberg, as must be evident by
* We did not examine the eastern side of tlie valley opposite Ober Mieselstein : we must tlieieforc refer to the published memoirs of Dr. Boue for an account of the minerals and trap rocks
which occur in that locality. We are at a loss to comprehend how he can include the primary
masses we have been describing in a conglomerate of the green. sand ; and we are still more surprised that he should attempt to assimilate this supposed conglomerate to the system of the
Rethenberg, which is exterior to all the secondary portions of the chain.
\ A similar instance of the upheaving of primary rocks in a solid state, and a consequent derangement ofthe overlying shelly strata, was described, by one of the authors, in a memoir on the
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a mere inspection of the accompanying section. We may further remark,
that notwithstanding the enormous disruptions of the strata on the banks of
the Iller, all the mountain-ridges preserve a very exact parallelism^ rangingthrough the Allgau in a direction about W.S.W. and E.N.E. These facts^
as far as they go, confirm some of the remarkable speculations of M. Elie
de Beaumont, on the elevation of the principal chain of the Alps. Finally,
we may observe, that notwithstanding the constancy of the dip and the parallelism of the ridges, some portions of this section would probably give an
exaggerated notion of the thickness of the green-sand series. The great,
longitudinal breaks must unquestionably have been accompanied by vertical,
relative movements of the stratified groups ; in consequence of which some of
the groups may now be several times repeated on the same line of section.
The same observation may be applied to many other parts of the chain, and
will assist us, in some measure, in reducing our estimate of the total thickness
of the secondary series of the Alps.
3. Transverse Section through the Alp-Spitz and Nesselwang, <^c.
On skirting the Alps from Immenstadt to Nesselwang, a distance of about
fourteen miles, we saw many fine examples of derangements similar to those
above noticed ; and at the latter place we examined, in some detail, a transverse section, which we now proceed to describe*.
Immediately to the south of Nesselwang is a peaked range called Alp-Spitz,
the highest point of which rises about 1800 feet above the level of the town,
and consists of a bluish, thin-bedded limestone of shattery fracture, containing
Belemnites and many broken shells. These beds form a saddle at the summit ;
and in their range towards the south compose a succession of woody elevations, most remarkably contrasted with the bare precipices of older limestone,
which rise up beyond them.
On the northern side of the Alp-Spitz, the strata decline from a nearly vertical position, acquire a northern dip, and are overlaid by a thin-bedded,
grey limestone, containing large, turriculated shells, and many pyritous balls
(varying from the size of a pea to that of a walnut), which, in decomposing,
Brora Coal-field. In that case, however, no trap rocks are visible ; but in the Isle of Arran the
secondary rocks are penetrated by trap, and are also elevated by the granite of Goatfell. The
granite was probably raised in mass by the same moving forces which propelled the trap. The
dislocation seems to have been precisely of a similar kind to that of the Bolghen. See Geol.
Trans. N. S. vol. ii. p. 293. and vol. iii. p. 34.
* Plate XXXVI.

fig. 5.
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leave small cavities in the rock*. Some of the more compact varieties of
these thin beds, resemble the indurated chalk of Antrim ; others are not unlike ordinary, upper green-sand, or planer kalk of the Germans. These are
succeeded by a great system of shivery, dark-coloured, micaceous siiale and
marl, with numerous, strong- bands of calcareous grit, on the surfaces of which
are very large Gryphites (?), TrigonijE, Terebratulte, &c. f . In this group
we also observed some beds of black, hard limestone, and of dark-coloured,
greenish sandstone, with concretions of chert. The whole of the strata composing the summit and flanks of the Alp-Spitz we refer, on a broad scale of
comparison, to the chalk and green-sand series.
Overlying the preceding group, is an immense development of very
coarse conglomerate (quite distinct from the millstone grits of the Alpine greensand), and of hard gritstone and shale ; which, between the Alp-Spitz and the
town of Nesselwang, are exposed in the castle -hill, being cut through by a
mountain-torrent, and exhibit a thickness, according to our estimation, of
more than 2000 feet — the whole being in a nearly vertical position, and quite
parallel to the group last described. The lowest members of this series are
composed of an indurated, red conglomerate, the inclosed fragments of which,
are made up of Alpine limestone and red sandstone, some rounded and others
angular, followed by sandstone and indurated shale. The red conglomerates
again set on, in beds from twenty to thirty feet thick each, alternating with
strong bands of calcareous grit, and, here and there, separated by courses of
thin-bedded, red shale and sandstone.
After many repetitions of similar strata, in which the conglomerates always
predominate, is seen a bed of lignite about twelve feet thick. This lignite is
placed between an indurated, red, sandy, micaceous shale, in some places so
hard as to look like grauwacke , and a fine red conglomerate. It is exposed
by the side of the torrent in a nearly vertical position, and was formerly
worked by horizontal galleries \. Above the coal are variegated shales and
marls, containing traces of another coal seam, and with subordinate beds of
grit, having a prismatic structure, transverse to their vertical direction.

Fi-

* In the lowest part of the Bregenz section (Plate XXXVI. fig. 3.), rocks of a precisely
similar structure appear on the northern base of the Stautfen, associated with the ferriferous
nummulitic deposits of Haslach.
t This series of shales and calc-grits is of great thickness, and is probably on the parallel of
the nummulitic iron ores of Sonthofen, forming the extreme limit of the secondary system of the
Alps.
We did not, however, discover any nummulitic beds in this section.
X It was extensively worked about fifty years ago ; but the cheapness of wood-fuel in Bavaria
caused the works to be abandoned.
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nally, overlying- all these, are strong- bands of calciferous grit, exhibiting- on
fracture a cliatoi/ant lustre, and seeming- gradually to pass into a superior,
conglomerate system.
The range or strike of this series is from E.N.E. to W.S.W.*; and
on the whole the strata may be considered vertical : but the inclination
is carried a few degrees beyond the perpendicular in some of the youn^-er
beds; which thus, by their excess of dislocation, present (as in several other
previously described parts of the chain) an appearance of dipping under the
older.
The beds immediately superior to the above, are lost in the denudation of
Nesselwang ; but still higher beds, chiefly composed of conglomerate, appear
in the ridges to the north of the town, with the usual range and northerly dip,
and are from thence prolonged, without interruption, into the plains skirting
the base of the Alps.
The absence of the nummulite-beds takes away from the interest of the
preceding section. It however exhibits the peculiar structure and position
of the outer secondary system, and, indeed, shows very clearly the relative
position of all the successive groups. We did not extend our section far to
the north of Nesselwang, as the conglomerates and sandstones in that direction are obviously the lower part of the great tertiary series, which descends
into the Bavarian plains. As the best arrangement which the precedingdetails enable us to give, we commence the tertiary system with tlie coarse
conglomerates, and therefore include the Nesselwang- lignites in one of the
lower portions of it.
4. Section, in the ascetuling order, on the Banks of the Traun.
Phenomena, similar to those above described, are exhibited in many other
neighbouring portions of the chain : but we now proceed to describe two
transverse sections (one from the banks of the Traun, and the other through
the iron-mines of the Kressenberg, near the south-eastern frontier of Bavaria);
as they mutually explain each other, and when taken together, place in a clear
point of view the relations of the nummulitic deposits, and the connexion
between the secondary and tertiary systems of the north-eastern Alps.
* We adopt the word strike from the German geologists : it means the direction of a line drawn
ill the plane of any stratum at right angles to its line of dip. The word range is by no means so
expressive. Besides, a word is wanted to express the line of intersection of any stratum with the
actual surface of the earth. This line hardly ever coincides exactly with the strike, and its direction might be very conveniently defined by the technical use of the word range.
VOL. HI. SECOND
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The former of these sections (to which the attention of one of the authors
was directed by Dr. Boue) exhibits, more or less perfectly, a long succession
of deposits from the ridges of Alpine limestone to the tertiary marls, near the
town of Traunstein. Each of these deposits we now proceed briefly to notice
in the ascending order*.
1. Compact, Alpine limestone, &c., occupying the south side of the gorge of the Miesenbach.
This was not examined in any detail, as our attention was chiefly directed to the superior groups.
"2. Hills of sandstone and calcareous shale ;— the exact relations of the beds exceedingly obscured byvegetation and forests. At Loheim, a cellular, grey, tufaceous limestone, resembling
coarse raucks:ackef, has been extensively deposited on the sides of the hills.
3. Black, calcareous, slaty shale, with brown and blue, calcareous sandstone, slightly micaceous,
traversed by white veins of carbonate of lime, and breaking into small, cubical fragments : dip
W.S.W. 40°. All this part of the series (from the gorge of Miesenbach to the glen of Dieselbach),
though of great thickness, is ill exposed : it represents the Vienna grits, and in parts is quite
identical with the fucoid shales of the valley of Sonthofen.
4. Thinly foliated, blue and dark green marls in beds nearly vertical ; imperfectly seen in the
glen called Dieselbach. From this point the strata are more clearly exhibited in precipitous cliffs
on the left bank of the Traun, beginning nearly opposite to the town of Arzt.
5. Ochreous and ferruginous, coarse-grained grit, with Nummulites, Spatangi, large, broken
bivalves, &c., in thick beds, with a northerly dip of 80°. These beds contain many brown quartz
pebbles, and pass into the next superior group.
6. Hard, thick-bedded, calcareo-ferruginous grit, full of Nummulites, and with traces of many
fossils ; among which large Pectens and Spatangi are the only well-preserved genera.
7. Strong beds of calc-grit with Nummulites ; of a still firmer texture than the preceding beds ;
from which they differ, in being of a greenish blue colour, and speckled with grains of brown iron
ore. The strike of all these strata is east and west ; they are quite vertical, and their thickness
is at least 800 feet. The hill they occupy is opposite the town of Arzt, and is called the Erzberg, probably from the quantity of iron ore disseminated through the rock.
These strata (4, 5, 6 & 7) appear to occupy about the same place in the series asthenummulitic,
calcareous grits and iron ores of Sonthofen, and like them, do not contain any fossils of a decidedly tertiary character. Beyond them is a denudation extending for several hundred yards to
the banks of the river ; and through this interval it is impossible to trace the successive deposits ;
but from the nature of the strata which are next met with, it is probable that the space denuded
was occupied by marls or cretaceous shales.

* Plate XXXVI.

fig. 6.

-j- The rock in question is of an open, tufaceous structure, and does not appear to be of the
same age as the beds with which it is associated. Our reasons for this opinion are : 1. Because
the tufaceous rock dips to the east from the peaked hills above Loheim, while the regular strata
dip west and south : 2. Because we were unable to find it in the bed of the Traun below the
quarries; where, had it been continuous, it must have been seen alternating with the slaty grits
and shales of the section. We therefore concluded, that this rock (regarded by Dr. Boue as a
secondary rauchwacke) is an ancient travertino^ produced long after the contiguous formations
were consolidated.
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8. Light green and red, thinly foliated marls ; they are vertical, and parallel to the nummulitegrits just described.
We may here observe, that all these vertical strata are capped by a vast thickness of horizontal
coarse conglomerate, made up chiefly of the detritus of Alpine limestone.
In its ran^e from the
flanks of the chain towards the plains, it passes in succession over the edges of all the vertical or
highly inclined deposits we are describing.
9. Greenish grey, fine-laminated marls, passing in the ascending order into sandy, calcareous
grit.
10.
white
11.
12.

Light grey, calcareous grit, with many green grains, and with some minute pebbles of
quartz.
Thick beds of coarse, granular limestone, containing many broken stems of corals.
Coarse, calcareous grit of a brownish grey colour.

13. Greenish marls, passing into a cream-coloured marlstone, with a conchoidal fracture;
very like some varieties of chalk-marl.
14. Thick beds of coarse granular, coral limestone, with precisely the same characters as
No. 11. The arrangement of the corals and comminuted shells in these beds nearly resembles
that of the coarse, coralline beds which immediately surmount the chalk at Maestricht.
15. Light grey, calcareous and porous grit : the cavities occupied by many crystals of carbo.
nate of lime.
This rock is quarried as a building stone.
16. Cream-coloured marl, with a conchoidal fracture.
17. Incoherent green-sand, charged with myriads of Nummulites of an undescribed species,
having a central depression in the disk.
18. Fine-grained, grey, calcareous grit, with numerous minute, green grains. It is extremely
difficult of fracture, and rather thick-bedded : its strike is due E. and W., and therefore parallel
to that of the preceding groups. Its vertical edges are well exposed on both banks of the stream,
where it is surmounted by thick masses of the horizontal conglomerate.

From the preceding group to the village of Siegsdorf, our section is interrupted bya longitudinal valley of denudation about a mile in breadth, within
which the beds are all buried under alluvial accumulations. By a spectator
looking up this valley to the east (or in the exact strike of the vertical groups
above described), a succession of undulating hills would be seen in the distance,
ranging directly through the Kressenberg : and as the strike of the beds in all
this region is remarkably constant, it is obvious, independently of other geological evidence, that we must seek among these hills for a series of strata to interpolate between the group last enumerated (No. 18), and the deposits north
of Siegsdorf*. On examination, the ferriferous beds of the Kressenberg are
found exactly to satisfy these conditions ; inasmuch as they possess an intermediate character, between the nummulite-grits last described, and the newer
deposits north of Siegsdorf.
We postpone, however, the description of these
* The accompanying section (PI. XXXVI. fig. 6.) has by mistake become reversed in engraving. The Loheini ridge ought to have been on the right hand ; and in that case, the low ridges
seen up the valley south of Siegsdorf would represent the place of the Kressenberg series.
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ferriferous beds, as it would interrupt the order of our narrative ; and we now
proceed to enumerate, in the ascending- order, the successive groups from
Siegsdorf to Traunstein, commencing with the beds laid bare on the right
bank of the Traun in the Hochberg and the Tolberg-.
1.
2.
3.
4.
5.
6.
7.

Sandy conglomerate, with small pebbles, both of the primary and secondary rocks of the Alps *.
Sandy, bluish marls and marlstone bands, occasionally with fragments of plants.
Conglomerate of small, rounded pebbles alternating with micaceous, yellowish sandstone.
Micaceous sandstone of a greenish hue.
Dark coloured marls, with bands of marlstone, and thin, irregular seams of black lignite,
Pebble beds with sand, and sandy marlstone.
Grey and blue marls.

The lowest beds near Siegsdorf are inclined, to the north, at an angle of
about 50°; but as we advance on the line of dip, from the Alps towards the low
country, the angle diminishes gradually, so that the strata, last enumerated, dip
N. at an angle of not more than 40°. We may however observe, that the strike
of all this series is perfectly parallel to that of the underlying nummulitic
systems of Arzt and Kressenberg.
8. Pebbly conglomerate like the preceding, and of a considerable thickness.
9. Finely laminated, micaceous, sandy, blue marls, separated by bands of marlstone and mo^a«*e.

About three-quarters of a mile
of the river offers a more decided
below the village of Haslach the
hundred yards ; and as it contains

above the town of Traunstein, the left bank
escarpment than the right ; and immediately
preceding group is seen in a cliff for several
no beds, like the conglomerates, produced by

any violent mechanical action, we found in it, as we expected, some well preserved though extremely fragile fossils. They have been examined by Mr. J.
Sowerby, who has had the kindness to return us the following list.
Cerithium (or Potamides), resembling Cfunatum. Min. Con. Tab. 128,
London clay.
Cerithium, species uncertain.
Melanopsis incerta.
Hist. Nat. Gen. et Particul. des MoUus.
Sestos.
Ampuliaria or Natica, two species, one of which is found at Marzoll.
Corbula revoluta. Min. Con. Tab. 209,), fig.
®8— IS'I> London
.
,
clay,
,
Pisum. Ibd.
.i^.
^
J ? Turritella,
fiff. 4. Turbo
Crassatella .? Area. Cyclas, Mitra ? Nassa,
&c.^
all probably of new species.
* Some of the harder varieties of these conglomerates might easily be mistaken for transition
rocks, if we judged only by mineral characters. Dr. Buckland found a similar conglomerate, north
of Teisendorf, containing sharks' teeth.
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This assemblage of fossils presents us with an admixture of marine and freshwater shells, similar to that which occurs in the London and Paris basins.
Indeed this admixture is so common to tertiary formations, that we are led to
conclude many of them must have been deposited in large estuaries. The dip
of the beds at Haslach is not more than 30°, but their direction is still due
east and west, like that of all the underlying strata. This inclination carries
them rapidly beneath the same coarse, horizontal conglomerate, which we had
seen resting upon the vertical, numrnulitic formations near Arzt, the highly
inclined edges of the molasse and pebble beds, and lastly, upon the blue
marls of Haslach, from which it passes over the plains at the extreme northern
limit of our section.
The section of the Traun exposes phenomena in strict accordance with
those on the southern flank of the Alps in the Canal di Brenta. In both cases
the parallelism and inclination of the younger strata aflbrd satisfactory proof,
that the last, and perhaps the greatest elevation of the chain, took place after
the accumulation of most of the shelly, tertiary deposits, and that no great
dislocations took place between the secondary and tertiary periods. The section of the Traun further shows, that this epoch of elevation was succeeded by
a period of violent mechanical action, during which vast masses of coarse,
horizontal conglomerate and gravel, were spread over the inclined edges of
the strata on the outskirts of the chain *.
5. Section through Kachelstein and the Iron Beds of the Kressenherg, ^c.
This section commences with the metalliferous, Alpine limestone of the
Rauschenberg, the beds of which plunge at a considerable angle to the south,
and the line passes nearly due north over the Kachelstein and Kressenberg ;
it afterwards ranges over some undulating ridges north of the village of
Neukirchenf. The Kachelstein ridge is composed of alternations of limestone, calc-grit, sandstone, and shale, and (though rarely) contains Ammonites and Belemnites. The limestone is generally compact and thin bedded;
the shale is most frequently of a bluish colour, but is sometimes red or variegated, and the sandstone is generally micaceous, and has a greenish grey
tinge. The beds of this hill are much concealed by vegetation, but on its
northern brow we obtained the following ascending section.
* Enormous masses of liorizontal, coarse conglomerate are found in many Alpine valleys ; and
there are instances where the rivers have eroded gorges out of them to the depth of 600 or 700
feet. In the valley of the Inn near Inspruck, and in that of the Drave between Klagenfurth and
Marburg, there are splendid examples of these phenomena.
t Plate XXXVI. fig. 7.
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1. Light grey, calcareous marls, with indurated bands resembling jylaner-kalk.
2. Bluish grey, micaceous marls, of considerable thickness, and with calcareous bands ; soaie
of which are composed of calc-grit, others of compact, argillaceous limestone resembling blue and
white lias.
3. A great series of bluish grey flag-stones, alternating with marls, generally blue, but here
and there of a red or greenish red colour.

It is unnecessary to enter on any further details respecting- the structure of
this ridge, as it obviously occupies the same part of the series as Loheim^ AlpSpitz, and other hills described in the previous sections. On its south side
some of the strata are contorted ; but on its northern escarpment they have a
constant dip to the south at an angle of about 40", and therefore seem to
plunge under the Alpine limestone. This collocation can only be accounted
for, on the supposition of one of those longitudinal faults, so common in the
Eastern Alps, ranging along the base of the precipices of the Rauschenberg.
After descending down the northern side of the Kachelstein ridge, and
crossing a narrow ravine, we meet with a series of brown, ferruginous, nummulitic calc-grits, dipping south at an angle of 80°, and rising into a peak
called the Kleine Kachelstein, which is connected with, and forms a part of,
the Kressenberg system. The difference in the inclination of the strata of the
Kachelstein and Kressenberg ridges, their difference of mineralogical character, and the appearance of the ravine between them, would have induced
us, independently of any other considerations, to suppose that a second great
fault ranged along this ravine at the northern base of the Kachelstein, in a
direction nearly parallel to the former; and when we compare the details of
this section with those derived from the neighbouring parts of the chain, we
find our supposition established beyond any doubt. To place the nummulitic
series of Kressenberg under the Kachelstein ridge, would be a direct inversion ofthe sequence of deposits observed throughout the Eastern Alps.
Ascending by the highly inclined nummuhte-beds above mentioned, we
pass over a number of sandy and nearly incoherent strata deeply tinged with
hydrate of iron, and here and there containing green grains. Several of the
groups could not be mineralogically distinguished from ferruginous varieties
of the English green-sand ; and in some places, especially where they contain
fossils, they pass into calc-grit. We found among them no traces of the blue
shale and compact limestone ; and indeed we may state generally, that there
is little resemblance between the structure of this and the Kachelstein rid":e.
Further to the north the section crosses a series of highly inclined and
ferruginous strata, occupying a surface about 800 feet wide, composed
of calc-grit, sand, and sandstone. In general they are deeply tinged with
hydrate of iron, and some of them contain green grains, and specks of brown
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hasmatite : and subordinate to the system are eleven beds, varying in thickness from five to seven feet each, so impregnated with these granular ores, as
to yield on smelting not less than forty per cew^ of iron. Their prevailinocolour is rusty brown, occasionally shaded with green ; but here and there
they become almost black, from the prevalence of the protoxide over the earthy
hydrate and brown haematite. Innumerable fossils are diffused through them;
and nature has in some parts of the beds so adjusted the proportions of shelly
and ferruginous matter, that the ore is smelted with no other preparation than
that of breaking up the masses, and throwing aside such gritty portions as are
too siliceous. They are worked by long, open, horizontal drifts, following the
beds in the Kressenberg for the space of 4000 feet; and as their inclination isnot less than 70°, they might at first sight be mistaken for true
mineral veins. Following their range from west to east, they are found again
in the adjoining hill called Prieberg, where they have been also worked,
though not to the same extent.
By referring to the accompanying plate*, it will be seen that in the prolongation of the section towards the north, the inclination of the strata gradually diminishes; and in various quarries of yellow sand and nummulitecalc-grit, beyond the village of Neukirchen, the angle of dip is not more
than 43°. The elevation of the Kressenberg ridge is four or five hundred
feet above the neighbouring northern plains : the ridges north of Neukirchen not only diminish in elevation, but are so covered with transported
materials (among which are enormous boulders of primary rocks from the
central chain), that we were prevented from following the section in that
direction.
So far we have confined ourselves to a description of the position and structure of the successive beds. We now inquire in what part of the geological
series we are to place the great Kressenberg group ? In attempting to answer
this question, we would in the first place observe, that all the component
strata of the group are probably presented in an inverted order. We were
induced to make this supposition, from a comparison of the successive beds
with those of other sections, as well as from the position of the beds themselves. In a country less violently broken up, this might seem a bold hypothesis ;and whether it be true or false is a matter of little moment, as the
Kressenberg beds unquestionably form but one group.
Notwithstanding the enormous dislocations of the chain, we have stated that
the beds often preserve their parallelism and their strike, through regions of
considerable extent ; thus the nummulitic series on the banks of the Traun, in
its range towards the east, strikes the Kressenberg hills. We also stated that
* Plate XXXVI

fig. 7.

344

Professor Sedgwick and Mr. Murchison on the

the numnmlite-grits of the Kressenberg- probably belonged to that part of the
series^ which is buried under the alluvion of the valley south of Siegsdorf*,
Now on examining- the fossils associated with the iron ore and other beds of
the Kressenberg system^ we found that they presented a series diderent from
any we have before described. Among them were no Ammonites or Belemnites, and no Spatangi like those in the lower g-roupsf; but tiiere were manyEchini of other genera, out of which we may mention the magnificent Clypeaster of Goldfuss, and one or two other species of that genus J. We further
remarked, that the other fossils, though generally ill-preserved and specifically
unknown to us, resembled those of tertiary rather than of secondary formations. We therefore concluded, not only that the Kressenberg iron ores
were in the highest part of the great nummulitic groups, but that they were
superior to the chalk.
Our own imperfect collection might be thought insufficient to warrant such
a conclusion H ; but during a preceding year Count Miinster had obtained an
immense series of fossils from this locality, and after an elaborate examination
of them, published the following results.
J St. Of 172 species of these fossils, 42 exist in, and are characteristic of,
the tertiary formations of Germany, England, Prance and Italy.
2nd. There are three species, two of which resemble, and one of which
{Ostrea semiplana) is identical with, certain fossils of the chalk.
3rd. Of the remaining 126 species, some are new, and others indeterminable ;but for the most part they belong to such genera as are commonly
found in tertiary formations.
* Plate XXXVI. fig. 6.
t Dr. Boue (according to our view misled by tlie analogy of the Sonthofen deposit) appears to
assert that Belemnites are found in the Kressenberg. {Biillcdn des Sciences, Jain 1829, p. 329,
&c. &c.) We doubt the correctness of this assertion ; not as being opposed to our own observations, but on the authority of the Berg-Meister, who is the instructor of a small school of
mines, has personally superintended the excavation of the deposit for many years, and been in
the daily habit of collecting fossils from it. He not only denied that Ammonites and Belemnites
were ever found in it, but he pointed out to us, before we had examined the Kachelstein ridge,
that the Kressenberg (notwithstanding the deceptive nature of the dip) belonged to a higher
system.
X See Petrejacten von Dr. Goldjuss, PI. 41. Fig. 6. 7. 8.
•I It was formed during a season of heavy rain, when the marls were in such a state, that the
fossils could hardly be separated from them. They chiefly consist of casts which give no specific
characters. Mr. Sowerby has, however, made out the following list of genera from them : — Cardium, Venus, Area? Lucina, Crassatella? Gryphsa, Terebratula, Dianchora, Spondylus, Teredo, Turbo, Natica, Conus, Voluta, Murex or Rostellaria? Cypraea ? Trochus or Solarium,
and Nummulites. He adds that a Terebratula, Dianchora, Turbo, and Natica, resemble fossils
of the chalk, or green-sand, though the prevailing character of the group is tertiary.
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4tli. Of the characteristic chalk fossils (Ammonites^ Belemnites^ Hamites,
Scaphites, Turrilites,, &c.);, there is not the least trace : neither are there any
traces of the Giyphcea Colnmba, of Inocerami, plicated Terebratulse, &c. &c.
5th. The only species (excepting the three above mentioned) which at the
first glance seem to belong to the chalk, are a Plagiostoma and a Gryphaa.
But on a closer examination, they not only differ from the fossils of the chalk,
but are ascertained to be of the same species with certain fossils found in the
tertiary formations of Ortenburg and Sternberg.
Such is the statement of Count Miinster, an accomplished naturalist, possessing the best possible means of forming a correct judgment on this question ; and as we have no direct geological evidence to oppose to it, we willingly adopt his conclusion (at which indeed we had arrived, on much more
imperfect evidence, before we were acquainted with his paper), that the ironsand of the Kressenberg is a formation newer than the chalk. If indeed such
suites of fossils as he has described exist in the green-sand below the chalk,
then there is an end of all zoological distinction between secondary and tertiary formations : but we believe that among the perplexing phenomena of
the Eastern Alps, there will be nothing found to justify so anomalous a conclusion.
On the whole (as far as regards this and the preceding section) the geological and zoological phenomena appear in perfect harmony. Zoological evidence leads us to conclude that the Kressenberg beds are newer than any of
the nummulitic groups of the previous section *. Geological evidence does not
invalidate, but confirms this conclusion, and leads us to place these very beds
over the other nummulitic groups, so as to fill up the valley of denudation south
of Siegsdorf : and when this is effected, we have then before us a vast development of the nummulitic series, the lower part graduating into the highest
secondary, and the upper part into the lowest tertiary system on the north
flank of the Alps ; and also forming a portion of a series which ascends without any break of continuity into the tertiary marls of Haslach.
It may be objected to the previous conclusion, that it is after all founded
solely on zoological evidence ; inasmuch as our direct geological evidence is
only derived from the hypothetical union of two sections several miles distant
from each other. We therefore, in the next place, proceed to describe a
section, through corresponding groups of the series, further to the east, in
which there is no interruption in the sequence of the several deposits.
* Plate XXXVI.
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6. Transverse Section from the Ridge of the Untersberg to the Vallei/ of
the Saal.
The accompanying figure* commences with the Alpine ridge of Hohe
Giill, and thence crossing the saliferous system of Berchtesgaden ranges
over the crest of the Untersberg ; the beds of which have a reguhir, northern
dip, and terminate in the ascending order witli a white^ close-grained^ subcrystalline limestone containing an extraordinary congeries of Hippurites.
M. Deshayes enumerates two species from this locality ; the most abundant
of which is found also in the Pyrenees, and has been figured by Picot de la
Pey rouse tThe hippurite-rock is considered as the base of the following ascending
section ; the details of which are derived from three or four independent,
parallel traverses from the base of the Untersberg precipices to the banks of
the Saal ; the greatest number of beds are, however, laid bare in a ravine by
which a torrent descends past Schweiger Miihle into the plains.
1. Fucoid grits and shales very ill developed, and only seen in one section near Kogel Miihle.
2. A regularly bedded series of very great thickness, composed of stiff, unctuous marls with
bands of marlstonc, which partake both of the range and the high inclination of the Untersberg
strata. The lower portions of these marls are in some places of a purple colour, but their prevailing colours are yellowish grey or greenish grey ; and the harder bands, when broken, often
exhibit dendritic impressions, and resemble the pldner-kalk of northern Germany.
3. A group closely associated with the preceding. The marls are more laminated, of a green,
red, or variegated colour, and are traversed by indurated bands not to be distinguished by hand
specimens from the red chalk of Hunstanton Head and Speeton Cliff on the east coast of England. Some of the hardest specimens resemble scaglia, and in some of the sections gypsum
occurs in this part of the series.

From different localities in the two preceding groups we obtained the following fossils.
Trochus linearis (a fossil of the upper green-sand, or chalk marl). Mantell,
Geol. of Sussex. Plate xviii. fig. 17.
InoceramusCripsii {chalk marl). Mantell, Geol. of Sussex, Pl.xxvii. fig. H.
Lucina.
Belemnites and Baculites.
Spatangi, resembling those of the upper green-sand or lower chalk.
4. Marl beds not so unctuous as the preceding, but becoming sandy and micaceous, and
alternating with bands of coarse sandstone passing into conglomerate. These are overlaid by
blue, green, red, and variegated marls, some of which contain innumerable crystals of selenite,
and bands of gypsum rich enough to be worked for use.
In the ravine descending to Schweiger
* Plate XXXVI.

fig. 9.

t Descriftion de quclques Orthoceratites : 1781.
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Miihle there is no red chalk in this part of the series, but it is traversed by bands of coarse sand,
stone, and of calcareous grit full of Nummulites, some of which are found ranging through the
gypsum quarries.
5. A system of great thickness, but much concealed by horizontal, overlying masses of gravel.
It is composed chiefly of brown and bluish green, micaceous sandstone, alternating with blue,
micaceous, laminated marl and shale, and is supposed to terminate a little below Schweiger Miihle.
6. Alternating beds of pebbly sandstone, gritstone, and blue marl, of great thickness and much
concealed like the preceding, but laid bare by some of the torrents descending to the Saal. The
upper portion of this group is chiefly composed of micaceous, blue marls, with subordinate bands
of calcareous grit, containing many fossils. Though the inclination of the successive beds
gradually diminishes as we advance to the north, the dip is considerable even to the extreme
limits of the section, where all the strata disappear under the alluvion of the Saal.

Different parts of the group (No. 5.) overlying- the variegated, gypseous
marls contain, in addition to the Nummulites, several species of fossils. From
our collection Mr. J. Sowerby has made out the following list.
Pectunculus.
Pecten.
Natica canrena (green-sand),
Vermetus.

Parkinson, vol. 3. Plate vi. fig. 2.

Nummulites, two species.
Operculiiia (D'Orbigny).
Dentalium.
Serpula, &c. — To which we may add stems of obscure organic bodies,
which seen on the fractured surfaces of the calcareous grit might be mistaken
for Belemnites.
The blue marls forming the upper portion of the highest group (No. 6.)
have a much better preserved suite of fossils. Out of our small collection
Mr. Sowerby has selected the following, some of which are identical witii
shells found in the overlying deposits of Gosau.
Pectunculus calvus.
Sowerby, Plate xxxviii. fig. 2.
Cardium productum.
xxxix. fig. 15.
Rostellaria granulata.
xxxviii. fig. 2.3.
Pleurotoma, very neur P . prisca of the London clay. Min. Con. Tab. 386.
Dentalium grande. Calcaire grossier. Deshayes, Mem. de la Soc. d'Hist.
Nat. tome 2. Plate xvii. fig. 1, 2, 3.
Ampullaria, or Natica, of the same species as one in the highest blue marls
of Traunstein*.
Auricula simulata.
London clay.
Volvaria.
Corals, &c. &c.

Min. Con. Tab. 1G3, fig. 5 — 8.

* Plato XXXVI.
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We believe that MM. de Lill and Boue^ as well as every one who has
recently examined this portion of the Alps^ identify the blue marls containing
these fossils with a portion of the overlying series of Gosau. As we partake
of this opinion, and intend to describe the Gosau fossils in a subsequent part
of the paper, it is only necessary in this place to state, that the shells of the
MarzoU marls, considered as a group, have unequivocally a tertiary character,
and that in the direction of our line of section they are overlaid by no other
regular deposit*.
It appears, therefore, from the preceding details, that on the north flank of
the Untersberg, there is an uninterrupted series of conformable deposits, of
very great thickness, which may be naturally subdivided into the following
groups.
1. Fucoid grits and shales resting on the hippurite-rock.
2. A double group of cretaceous marls with a very characteristic suite of fossils, similar io that
which in England is found in the green-sand and chalk marl.
3. A large, arenaceous group (graduating at its lower extremity into the preceding), abound,
ing in Nummulites, and with a peculiar suite of fossils, some of which resemble secondary, and
some tertiary species.
4. An arenaceous and argillaceous group, the upper portion of which contains many shells of
genera and species considered characteristic of tertiary formations.

There is nothing hypothetical in this arrangement ; it is, we believe, a
mere statement of facts as they occur in one of the clearest sections on the
northern skirts of the eastern Alps ; and the conclusions to be drawn from it,
are in accordance vvith those to which we have pointed in our description of
the former sections.
7. Nummuliie-beds at Mattsee and St. Pancratz.
Before we quit this division of our subject, we may shortly notice some
detached and nearly vertical portions of the ferriferous nummulite-grits at
St. Pancratz and Mattsee ; the former place on the north-western, and the
latter on the north-eastern, side of the Haungsberg ridge, which stretches to
the east of the Salza.
* Dr. Boue (commenting on certain parts of our memoir, with which he became acquainted
through the abstracts of the Geological Society's Proceedings) contends that this section ought
to be prolonged to the Hogl hills north of the Saal. We reply, that to have extended the line
in that direction would have vitiated our section, inasmuch as the fucoid grits and shales to the
north of the Saal are thrown off from the Stauffenberg ridge, which plunges towards the south,
and are in no way directly connected with the Untersberg elevation. To have produced our
section to the Hogl hills would have made it not natural but hypothetical, and might have introduced an error similar to that of our published paper, where we joined the saliferous breccias of
Hallein with the Untersberg ridge.

(See Phil. Mag. and Annals, N. S. vol. viii. Plate 11. fig. "2.
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At St, Pancratz an ancient chapel stands on the vertical edges of a highly
ferruginous numniulite-grit, containing numerous large Pectens and Echini
of the same species as those at the Kressenberg.
At Mattsee there are two, parallel, low ridges composed of highly inclined
beds of grit, calcareous shale, and limestone, which run out into a promontory
separating the lake from that of Trum. The lowest of these beds are seen on
the lake of Trum, and are chiefly made up of calcareous shales, charged with a
Gryphaea (G.expansa*), which, after a careful examination, is found to differ
specifically from the G. Cohimba, or any known fossil of the green-sand and cretaceous period. These gryphite-beds dip at an angle of about 70° under a system
of thick-bedded, ferruginous, hard grits, full of Pectens and very large Echini.
The higher groups are interrupted by a denudation, into which extends the
southern end of the little lake of Mattsee ; and on its opposite side the older
members of the green-sand series rise out from beneath large accumulations
of alluvial matter. We are thus prevented, as at the Kressenberg, from tracing
any passage between the nummulitic system and the fucoid grits and shales.
The calcareous shale with Gryphites seems, however, to occupy a place intermediate between the two groups.
As there is precisely the same difficulty in determining the relations of the
strata at St. Pancratz, we have little doubt that a great fault (similar in kind
and direction, and probably of the same age with that of the Kressenberg)
ranges through this part of the series ; throwing the ferriferous, nummulite
grits into a vertical or very highly inclined position, by the side of the older
and less inclined system of the green-sands and fucoid shales. Without
attending to these great derangements, which affect so many of the exterior
portions of the chain, one might form a very erroneous estimate of the relative
ages of the several groups of strata above described.
Conclusion.
To the east of the Mattsee we did not find any distinct traces of the nummulitic group; but we have stated enough in the preceding parallel sections
(commencing at the valley of the Rhine, and ending near that of the Salza),
to show its importance in the natural history of the portions of the chain above
describedf- Independently, however, of specific characters and the direct
evidence of sections, Nummulites prove nothing respecting the age of any
rock, inasmuch as the genus abounds both in secondary and tertiary for* Plate XXXVIII. fig. 5.
f We have before stated, that a secondary numrauli(e-rock is very largely developed in some
parts of the south flank of the Alps, and probably descends as low as the upper oolites.
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inations. Mr. Lonsdale, who has entered on a minute examination of the
NummuHtes found in the various localities above described, distinguishes (in
addition to several discoid bodies with a coralline structure, which have often
been mistaken for Nummulites) no less than eight species, all apparently new,
and only one of them common to all the ferriferous deposits. This shows
the risk we run in attempting to define the age of a formation from the mere
fact of its containing fossils of this genus.
On reviewing the phenomena of the six preceding sections, we return to
our former conclusions — that along the north flank of the eastern Alps the
nummulitic series is very largely developed — that its lower portion graduates
into, and forms a part of, the upper green-sand and cretaceous system — that
its higher portions contain many fossils hitherto, we believe, unobserved in
secondary, but abounding in tertiary, formations — that it is surmounted by,
and appears to pass into, higher conformable strata with a large group of tertiary shells — and that, considered as a whole, it may therefore be regarded as
a great, transition group between the secondary and tertiary systems of the
chain*. We think this statement in no respect hypothetical, and that it is
only a translation into intelligible language of the phenomena exhibited in a
series of actual sections. If, indeed, the higher strata described in this
chapter (for example, those at the northern end of the Untersberg section)
Avere overlaid by any known secondary deposit, we should then be entangled
in new difficulties, and might have to account for the peculiar succession and
distribution of organic forms in the Eastern Alps, We are not, however,
called upon to combat difficulties in the existence of which we do not believe.
As the preceding conclusions are not only important in themselves, but are
connected with the general scope of this paper, it may be worth while to
fortify them by the following observations.
1. All the previous sections prove that a part of the Alpine chain has undergone a movement of elevation at a very recent geological period ; but none
of them proves that any great or general movement took place between the
secondary and tertiary periods ; and, under such circumstances, have we not
a right to look for (what in point of fact we find) a continuous succession of
deposits between the newest secondary and the oldest tertiary groups }
2. Between the secondary and tertiary formations, both of Prance and

* Nummulites, though highly characteristic of certain groups of strata, are of course not equally
diti'used through them. There are several places in the Eastern Alps where, if we mistake not,
a transition is effected, from the secondary to the tertiary system, through the intervention of
strata in which Nummulites have not been observed.
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England, there is an entire solution of continuity ; their position is discordant,
and they have not perhaps a single fossil in common. But what right have
we to assume, that the forces by which this geological continuity was broken,
acted equally over the surface of the earth ? Agreeably to all analogy, ought
we not rather to look in distant regions for some intervening deposits to fill
up the chasm and interpolate between the calcaire grassier and the chalk ?
3. In the neighbourhood of Maestricht, beds are found superior to the
chalk, distinct from it in mineral character, and with a suite of fossils, in which
are both secondary and tertiary species*. These beds are, therefore, intermediate between the calcaire grassier and the chalk ; and, if we mistake not,
are on the same parallel with a part of the series described in the previous
sections. This analogy is so far important, that it entirely removes the improbability of finding an intermediate series between the secondary and
tertiary systems of the Eastern Alps.
That the Maestricht beds are superior to the chalk is universally admitted ;
and if any one chooses to class them with the chalk, or consider them secondary, we wish to have no dispute with him, and only observe that he must
previously define his terms, as he uses them in a sense in which no one has
used them before.
Our conclusions are g-reatly strengthened by other phenomena we are about
to notice : as, however, they occur in insulated positions, sometimes far within
the limits of the chain, we have reserved their description for a separate
chapter.
Chap.

III.

On a Series of Overlj/ing Deposits ichich appear at various Elevatiotis within
the Chain, and connect the Secondary and Tertiary Systems of the Alps.
After the details of the preceding chapter, which so clearly prove the great
internal dislocations of the chain, we might naturally look for the occurrence
of some of the newer groups within the limits of the older formations: and in
this position we sometimes find them among the serrated Alpine peaks, torn
from the beds of which they once were a continuous part, and lifted out of
the basin of the Danube several thousand feet above their natural elevation.
Of the insulated deposits in this extraordinary position, the valley of Gosau
offers perhaps the most instructive example : and we commence witli its
* See the abstract of a paper by Dr. Fitton,
Feb. 1830, p. 140.
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description, as we have examined it in all its bearings, and have procured from
it a better series of fossils than from any other corresponding^ locality.
1. Overh/ing Deposits of the Vallei/ of Gosau*.
Before we visited the Alps, these deposits had been described by MM,
Keferstein and De Lill. The former author had been led, partly by an erroneous identification of several of the Gosau shells with certain secondary
fossils, and partly by some deceptive appearances in the dip of the strata, to
consider the whole of them as inferior or subordinate to the adjoining- saliferous limestone. Our friend M. de Lill too clearly perceived the overlyingposition of one portion of the strata, and was too well acquainted with the
structure and fossils of all the neighbouring formations, to commit the error
of M. Keferstein : he therefore regarded the insulated deposits of Gosau as a
system of newer secondary beds, resting unconformably on the saliferous limestone. We, however, think that he placed them lower in the series than they
ought to be, and that he also in some measure misinterpreted the evidence
of the fossils f. Before we proceed to describe the accompanying sections, it
may be expedient briefly to notice the position of Gosau Thai, and the structure of the surrounding mountains.
In ascending the valley of the Traun from Traun-See to the Lake of Hallstadt, we pass a magnificent succession of phenomena, and almost at every
step see proofs of the vast dislocations of the chain.
An Alpine gorge, called Gosauwang, commencing on the west side of the
Lake of Hallstadt, and running several miles nearly due west, ascends rapidly,
through an elevation of more than 800 feet, to the valley of Gosau. Every
part of this gorge is narrow ; and in many places it presents on both sides a
succession of mural escarpments, between which there is no vestige of any
deposits extraneous to the secondary limestone : and it might be described
as a great cleft in the older calcareous chain, which had allowed an escape to
the waters of the upland valley.
It forms no partof our object to describe the picturesque features of the beautiful valley of Gosau; but we may observe, that it is shut in towards the south
by a gorgeous, serrated barrier of Alpine limestone, the highest pinnacles of
which (in the Dachstein) reach the elevation of more than 10,000 feet above
the level of the sea ; whilst to the east (with the exception of the gorge above
* See Plate XXXVI. fig. 10. 1 1. & Plate XL.
t As far as regards the age of the overlying deposits of Gosau, M. de Lill's opinions seem to
have been nearly adopted by Dr. Boue, none of whose memoirs on this subject had, we believe,
appeared when the abstract of our paper was published by the Geological Society.
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described) it is closed in by the lofty liniestone-ri(!g-e of Blankenstein ; and
to the north by a ridge extending from the precipices on the south side of
Gosauwang to Gross Rosen-Kogel*.
In all these mountains the limestone is subordinate to the great secondary
system of the Alps, is often highly inclined and contorted^ contains Ammonites
and Belemnites, and in other respects exhibits many of its ordinary mineralogical characters.
It would be quite foreign to our object to describe these secondary rocks in
detail. We may however remark — that the lofty serrated peaks which shut
in the vale to the souths are composed of several varieties of compact, subcrystalline and scaly limestone, some of which probably pass into dolomites-^that in the Henner-Kogel there are subordinate beds of brown chert penetrated
by white, siliceous veins, and sometimes divided in a septarian form by veins
of carbonate of lime — and that in the Moderer-berg the ])revailing rock is a
white marble, in one place compact and witii a scaly fracture, in another granular, with cylindrical, crystalline stems probably of organic origin, and with
weathered surfaces rarely exposing Terebratulae and other obscure fossils.
Again, we may remark — that on the north-east side of the valley the ridge
of the Rosen-Kogel exhibits a white, crystalline limestone^ and a compact, pink
and white-coloured marble, with veins of carbonate of lime and thin, subordinate bands of chert — and that rocks of this kind are overlaid by bosses of
hippurite-limestone, the largest of which, called tiie Balvenstein, juts out in
the dense pine forests on the mountain side north of the village.
Lastly, we may observe — that the secondary mountains shutting in the valley
to the east, are not exclusively composed, like Blossen and the highest ridges
of Blankenstein, of Alpine limestone — on the contrary, that the lower ridges
of Blankenstein consist of a brown, slaty, calcareous sandstone, and a dull
grey, arenaceous limestone, in some parts brecciated, in other jiarts made up
of minute fragments or concretions, giving the rock an appearance of oolitic
structure — that in these beds are some Belemnites, and many small Gryphites
(identified with the Gryphaa glohosa of the chalk or chalk marl) — that in
their range westward they graduate into earthy, impure, arenaceous limestone, of grey, green, and pinkish colours — and that the whole system, at the
Brill Graben, abuts against, or is carried under, the marls and slaty sandstones
of a still newer series composing the Ressenberg ridge f.
Such are the secondary rocks surrounding the valley of Gosau. The hippurite-rock on the south side of the Rosen-Kogel, and the green-sand series
* Plate XL.
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on the west flank of the Blankenstein ridge, escaped our observation during our
first visit to this valley : and their discovery was not without importance, as
they olTer us a new proof of the enormous derangements of the chain, and
give us new terms of comparison between these overlying deposits and others
of the same age, on the outskirts of the Alps, described in the former chapter*.
The waters which descend from the glaciers of the Dachstein are first received in a basin of Alpine limestone, where they form a lake, called Hinter
Gosau See, 1300 feet above the level of the valley : thence they rapidly descend
through a narrow gorge into a larger lake, called the Vorder Gosau See. From
this basin they emerge into the fiat and cultivated meadows of Gosau Thai ;
out of which, after meandering southwards for several miles, they suddenly
deflect to the east, and rush down the gorge of Gosauwang into the Lake of
Hallstadt.
On the west side the valley is shut in by a remarkable ridge, the highest
part of which, cafled the Horn, is, according to our computation, more than
2000 feet above the level of the village, and therefore about 5000 feet above the
level of the sea. This ridge abuts against the great, serrated barrier before
mentioned, then ranges nearly due north, and in that direction terminates
against the Kalenberg : it also forms the parting of the waters, which on the
west side descend to Abtenau, and after traversing a gorge of Alpine limestone
flow into the Salzaf.
In mineralogical character the beds of this ridge diff"er entirely from those
of the surrounding calcareous mountains. They are much less inclined, are
not contorted, and are composed of variously coloured sandstones, marls, and
shales ; some of which contain innumerable organic remains in a state of
perfect preservation.
In following these beds towards their north-western limit near Pass Geschitt,
we did not find them in (heir line of prolongation plunging under the older
calcareous chain of Rosen-Kogel : on the contrary, some of the inferior beds
ogradually acc^uired a considerable inclination, and were found to rest upon a
highly-inclined conglomerate. This conglomerate, here and there presenting
appearances of alternating with some of the marl and shale beds, rises to a
great elevation on the side of the neighbouring chain, passing above the
forests to the base of the highest precipices of limestone. From thence it
descends, and continuing throughout in a position perfectly unconformable to
the older rocks, passes under the whole system of the Horn, reappearing at its
base in the valley of Russbach ; where it separates the secondary red sand* Siqrra, p. 346, &c.

f Plate XXXVI.

fig. U.
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stone and g-ypseous and saliferous marls of Ablenau (described in the first
chapter*), from the unconformable system of the liornf.
Were there any doubt that the beds of the Horn are unconformable to the
surrounding secondary strata, it is cleared up by the section of Ressenbero-,
on the opposite side of the valley. The beds composing- that mountain form
a collective mass not less perhaps than '2000 feet thick : from top to bottom
they are very nearly horizontal ; and the long horizontal lines which separate
the several beds_, may be traced almost into contact with the inclined masses
of the older system. Here again we meet with the same mineralogical
characters we had remarked in the corresponding parts of the system of the
Horn. The whole mountain is composed of beds of sandstone, sand, variegated marl, and shale, containing multitudes of fossils identical with those in
the sections near Pass Geschitt, and on the flanks of the Kallenbersr. We
may therefore safely conclude, that the beds of Ressenberg and the Horn do
not belong to the system of the saliferous limestone. Their age can, then,
be only determined, like that of every other independent formation, by their
collective characters, and especially by their organic remains;};.
Section of the Overlying Deposits of Gosau in the ascending order ; Sgc.
Having described the position of the overlying deposits of Gosau, and their
relations to the neighbouring mountains, we now proceed to enumerate the
principal natural groups into which they may be subdivided.
1. A coarse conglomerate system, chiefly composed of fragments, more or less rounded, of
Alpine limestone. It is of great thickness at the Kreutz-Graben, and in other places near the
side of the pass leading from Gosau to Abtenau, where it rises to a great elevation up the steep
sides of the mountains, and rests against beds of Alpine and hippurite-limestone (fig. 11.). It
is seen again, as above stated, in the valley of Russbach, on the west side of the Horn, separating
the secondary red sandstone and gypseous marls from the overlying series (fig. 10.) ; and it there
appears to have derived its prevailing red colour, and some of its other characters, from the older
system on which it rests, and by the partial destruction of which it has been formed.

* Supra, p. 309.
\ Plate XXXVI. fig. 10. Figure 11. has become reversed in engraving. To see the strata
as here represented, the spectator must be placed in the valley of Abtenau to the west of Gosau.
Had Rosen-Kogel been on the right hand of the Plate, it would have then represented the ridge
of the Horn as seen from the valley of Gosau.
+ In Plate XL. the great serrated chain of Alpine limestone is seen in front ; and the woody
flanks of the overlying ridges of the Horn and the Ressenberg are seen respectively on the right
and left sides of the picture.
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The following section of this group was obtained from the side of a torrent
descending into the valley of llussbach.
a. Coarse conglomerate at the base of the group ; the whole thickness not visible.
b. Beds of red and green marl ; with some white, granular gypsum ; also with some irregular
layers containing plates and regular crystals of seienite.
c. Red and green marl like the preceding, with bauds of blue marl containing small crystals
of seienite.
d. Red conglomerate, with a calcareous cement, containing many qnartz pebbles.
e. Deep red-coloured marls
preceding. On the N.W. side
durated, blue marls containing
nating with bands of calcareous

of irregular thickness, and mixed with conglomerates like the
of the Horn these red marls are immediately surmounted by inCerithia (the first shells seen in the ascending section), and alterand micaceous grit.

The preceding group has probably in some places a thickness of two or
three hundred feet; neither its subdivisions nor its thickness appear, however,
to be by any means constant.
2. A group immediately superior to the preceding ; of the computed thickness of 1 50 feet, and
probably in some places thicker ; composed of arenaceous limestone or calc.grit, here and there
in strong bands, alternating with beds of pebbles and great masses of marl. In its beds arc fossils
of the genera Exogyra, Trigonia, and Inoccramus, — a Pecten not perhaps to be distinguished
from the P. quinqueco status oi i\\e green-sandj to which we may add two species of Hippurites,
a large Nerinea, Tornatella gigatitea, &c.* So far the fossils might be considered of a secondary
rather than a tertiary age. But along with the genera enumerated are found Corals, (Fungiag,)
shells of the genera Cerithium and PIcurotoma, &c. ; which in their mode of preservation, as well
as their specific characters, resemble fossils of tertiary formations.

The section of this group on the N.W. side of the Horn is as follows :
a. Indurated, blue marlstone, with bands of calcareous and micaceous grits. It contains a
few Cerithia, and immediately overlies the highest division (e) of the preceding group.
b. Conglomerate of rounded quartz-pebbles, alternating with beds of calcareous grit.
c. Slaty sandstone, more or less calcareous, with carbonaceous stains apparently derived from
plants.
d. Thick beds of shale with a few bivalves, and a few siliceous pebbles scattered through the mass.
e. Bands of grey, calcareous grit.
/. Compact, blue marlstone, with white veins of carbonate of lime.

The total computed thickness of the beds in this section is about 150 feet.
The following ascending section, taken at the Wegshad Graben, on the road
leading over the Pass Geschitt to Abtenau, is very nearly on the same parallel,
but is of greater thickness.
a. Blue marls with bands of grit.

In this division are traces of shells.

b. Fine conglomerate. The upper part formed of rounded, black, siliceous pebbles in a calcareous cement.
* Plate XXXVIII.

fig. 9.
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c. Blue marls with bands of grit. In the marls are numerous fossils, among which the genera
Crassatella and Cerithium arc abundant ; and in the same beds are lumps or concretions of blue
limestone, with two species of Ilippurites.
d. Great band of hard calc-grit, traversed by many white, calcareous veins.
e. Blue marls with many fossils ; among which may be enumerated Fungiae ; many shells
resembling those of tertiary formations ; Hippurites ; a Gryphaja of a new species, but resembling
G. Columba ; &c. &c.
/. Strong beds of a grey, arenaceous limestone with bluish veins.
g. Blue and greenish marls and bands of sandstone ; with obscure vegetable impressions.

The two preceding- sections will serve to convey at least a general notion of
the mineral structure of this group.
3. A great system of blue marls, here and there with bands of indurated marl, calc-grit, or
sandstone, and abounding in well-preserved organic remains.

These shell-marls are of very great thickness, and vary considerably in their
composition ; being* in some places greasy and unctuous, and in others meagre
and micaceous : but throughout they contain innumerable fossils. In consequence of a slight inclination of the strata to the east, the shell-marls of the
Horn are brought down almost to the level of the valley of Gosau *, and are
laid bare by the torrents descending from the mountain side. They also
appear at Edelbach Graben, and in various ravines excavated by the waters on
the north side of the village of Gosau. In some deep gulleys near the base of
the Ressenberg, they are seen resting on thick beds of red and variegated
marls, which are probably connected with one of the lower groups.
We may further observe, that the shelly marls of Edelbach Graben and
other ravines to the north of the village, are thrown off at various angles of
inclination from the salient masses of Alpine limestone (on which the whole
series rests unconformably), and are thus carried under the higher groups of
the Horn and the Ressenberg.
The extraordinary abundance of well-preserved fossils gives a great importance to this subdivision of the ascending section. In it the Exogyrs, Hippurites, Trigonas, &c., of the preceding group (No. 2) are we believe wanting,
and their places are occupied by myriads of Pectunculi, Cerithia, Volutae,
Fusi, Mitrag, &c. &c. ; a very few Inocerami, and a very few Pectens (of a
species approaching P. quinquecostatus) , only remaining to remind us of
secondary strata.
4. A series of strata (best exposed on the sides of the Ressenberg), in the following order :
a. Blue and green marls, with bands of sandstone, and with obscure traces of vegetable
remains : apparently forming a passage into the lower group (No. 3).
* Plate XXXVI.

fig. 10.
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(). Alternations of blue and grey marls. Both this and the preceding subdivision are of
considerable thickness.
c. Alternations of yellow, micaceous sand and sandy marls.
5. Greenish grey, micaceous, thin-bedded sandstone. The finer varieties are largely quarried
for grindstones ; of the coarser varieties, some resemble the Pennant grit of the Bristol coal,
field, and others pass into a fine conglomerate with quartz pebbles. This group is of a thickness
amounting to several hundred feet, and portions of it are well exposed near the top of the Ressenberg.
6. Partly on the same parallel with the preceding group, but apparently rising still higher in the
series, is a system of beds forming the highest ridges of the Horn, Their aggregate thickness is
not less than five hundred feet ; and they are chiefly composed of red, slaty, micaceous sandstone
(variegated with green and grey blotches, and so far resembling new red sandstone) alternating
with greenish and reddish arenaceous marls, and without organic remains.

Such are the groups composing the great overlying deposits of Gosau; and
we believe we may assert with the greatest confidence, that in the neighbouring mountains no strata are found of a higher geological order, or which have
the semblance of passing over them. They seem to have been deposited in
a deep bay of the Alpine limestone, and to have originated in the degradation
of the surrounding rocks : and if we suppose that the strata of the Horn were
in part regenerated from the new red sandstone of Abtenau, and the strata of
the Ressenberg from the green-sand on the west side of Blankenstein, we
shall have a probable explanation of some of the appearances put on by the
preceding groups.
If we inquire respecting the age of these overlying deposits, the question
can only be answered by appealing to their structure, their relations to the
older strata, and their fossils ; and arguments derived from these sources may
be strengthened by the evidence of analogous sections in other parts of the
chain. Now, there is nothing in the structure of the Gosau series to prove
that the whole of it is older than the chalk ; and by the evidence of actual
sections it appears to be superior to the secondary hippurite-rock, as well as
to a part of the green-sand series of Blankenstein. It seems, therefore, to be
precisely on the same parallel with a portion of the beds on the north side
of the Untersberg section* above described.
Again, the upper shell-tnarls of Gosau not only contain innumerable fossils,
especially univalves, in their mode of preservation as well as in their other
characters, resembling those of known tertiary deposits ; but several of them
are also identical with species, found in the highest shell-marls of the Untersberg section. Every inference derived from that section might therefore, we
* Plate XXXVI.

fig. 9.
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think, be safely applied to the overlying- deposits of Gosau ; and we might
conclude, without more evidence, — that a portion, at least, of these deposits is
newer than the chalk, and belongs to a transition group in a long unbroken
series of formations in the Alps, which we have to interpolate between the
calcaire grassier and the chalk.
If the preceding- conclusion be admitted, the sandstone groups at the top of
the Horn and Ressenberg- must be classed with the tertiary, micaceous sandstone (or molasse), which alternates with conglomerate, and forms so large a
portion of the tertiary system on the skirts of the Bavarian Alps.
In order to leave none of the evidence for the system we have adopted unexplained, we proceed to a more particular description of the fossils in the
preceding- groups (Nos. 2. & 3.). As their specific determination is the work
only of experienced conchologists, we have gladly availed ourselves of the
kind assistance of Mr. J. Sowerby, and have added two plates of characteristic fossils, which are figured and described by that g-entleman*.
Fossils of the Overlying Deposits of Gosau.
1. The first time we saw the Gosau sections we felt a strong- conviction,
that at least a portion of the component groups were superior to the chalk,
and probably of the same age as some of the oldest tertiary deposits (namely
those at Bassano, Asolo, the Vicentine, &c.) on the southern flank of the Alps.
Our first impressions were greatly strengthened by the opinion of an accomplished naturalist, to whose examination we submitted some of the fossils we
had derived from the groups in question. Out of more than eighty species
M. Deshayes did not detect a single known secondary or tertiary fossil, but
he considered the whole suite as decidedly characteristic of an old deposit
superior to the chalk. Mr. J. Sowerby, to whom we submitted a still larger
collection, especially of the fossils derived from the inferior shelly g-roup
(No. 2.), coincided generally with this opinion, but thought that we might
identify some of the fossils both with known secondary and tertiary species ;
and he further pointed out the perfect identity of aTurbinolia and a Fungia of
Gosau, with species derived from the tertiary beds of Bassano.
Since the return of one of the authors from his second visit to the Eastern
Alps, a much larger and more perfect collection has been examined by Mr. J.
Sowerby, and his re-considered opinions are recorded in the following- list.
It will be seen that he still identifies a few of the Gosau fossils with known
secondary and tertiary species.

For example, the secondary fossils Cucullcea

* Plates XXXVII.

& XXXVIII.
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carinaia, Trigonia aUeformis {\£ir.), and Pectcn qv inqucco statu s ; and the
tertiary fossils Fusits intortus, Auvicida simulata, Pectuncnlus Plumstediensis ,
P. hreviroslris, Nucula amijgdaloides, and Cijclas cuneiformis, will appear in
the list at the end of this paper. We may further remark, that the above
tertiary species are associated with myriads of shells of the genera Mitra,
Voluta, Terebra, Volvaria, Cerithium, Pleurotoma, Fasciolaria, and Fusus,
which have hitherto been considered characteristic of beds above the chalk.
M. Goldfuss's work* furnishes an additional confirmation of our views
respecting- the age of the Gosau deposits. They contain many beautiful and
well-preserved corals, several of which he identifies with species which occur
in tertiary formations ; such are, TurhinoUa duodcchncostata , T. cuneata,
Lithodcndron grannlosnm, and Fungia polijmorplia ; to which we may add
Diploclenuim cordaliun, whicii occurs both at Gosau and Maestricht.
2. We are fully aware of the extreme difiiculty of identifying fossil species,
especially when derived from localities distant from each other. Very experienced naturalists have differed in the identification of certain species derived
from Gosau. For example, a Gryphiea has by some been identified with the
G. columba ; but M. Deshayes contends that it is a new species. From the
time we saw this fossil in the cabinet of M. De Lill, before we first visited
Gosau, we have entertained the same opinion. It has been contended, that
in the absence of specific characters we have no right to decide on the tertiary age of any part of the Gosau series. We reply, that, even granting the
statement, the argument is worthless. For if any one chooses to affirm that
none of the Gosau beds are tertiary (or newer than the chalk), because we
know not the species of the imbedded fossils ; we have the same right to affirm,
from the absence of known secondary species, that none of the beds are secondary. In cases of this kind we can only foim a probable opinion from the
aggregate character of the fossils. And that this aggregate character is in
favour of our conclusion, we affirm, not on our own experience only, but on
the authority of every fossil conchologist whom we have consulted f.
3. It perhaps deserves remark — that in the upper shelly group of the general
section (No. .'3.), univalves greatly predominate over bivalves — and that almost
* Pedefacten von Dr. Goldfuss.
t Because M, Deshayes has not adopted our specific enumeration of a few of the Gosau shells,
his authority has been very erroneously quoted as opposed to our views on the classification of
the whole deposit. On a question of this kind his authority is of great importance ; and from
the first he has contended that the Gosau shells, considered as a suite, are such as would characterize an old series of strata superior to the chalk. In short his opinion, founded solely on the
organic remains, is in perfect accordance with that which we formed, both from the organic
remains and the relations of the component strata.
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without exception the myriads of shells are in a state of calcination and not
of petrifaction. In these respects they resemhle tlie tertiary groups of the
Hampshire coast and the Isle of Wight. In the lower group most of the
shells are also in a calcined or earthy state^ but among- them are some species
in the ordinary state of petrifactions ; for example, the Gryphaga above mentioned, and both species of Hippurites. This structure gives them (especially
when contrasted with the other shells) the exact appearance of secondary
organic remains : and, after all, may not some of them be true secondary
fossils, derived mechanically from older strata by the destruction of which the
overlying groups were formed? We do not build upon this, and only throw
it out as an hypothesis. But it is in some measure sanctioned by the bosses
of secondary hippurite-rock which stand out close to the brim of the Gosau
basin : and we think it possible that what we have (in our general section
No. 2.) described as concretions of blue limestone subordinate to beds of
marl, may in point of fact be rolled masses of the neighbouring secondary
hippurite-rock*.
We have now stated all the facts connected with the overlying deposits of
Gosau which appear, as far as we are acquainted with them, of any importance to their history ; and after a general review of the whole question, we
are compelled to return to our hrst conclusion — that there is nothing in the
structure of the beds themselves, in their relations to the surrounding strata,
or in their large series of organic remains, to justify us in considering them as
exclusively of a secondary period, and still less in placing them with Dr. Boue
on the parallel of the lower green-sand. And, on further comparing the several
groups with other analogous deposits on the outskirts of the chain (especially
as seen in the Arzt and Untersberg sections |), we find that the development
of the newer formations, in all the Alpine regions we have described, is in
perfect harmony, and that our first hypothesis, so far from being opposed, is
confirmed by the direct evidence of natural sections.
Those who have classed the Gosau deposits with the lower green-sand, have
been apparently led to that hypothesis, by the difficulty of explaining their
* If this conjecture be true, it will account for the absence of Hippurites in the corresponding
group (No. 2.) under the Horn on the Abtenau side; for the deposit is there at a considerable
distance from the bosses of secondary hippurite.limestones. Our specimens from this limestone
are unfortunately very imperfect. Of the two species of Hippurites found in the overlying marls,
M. Deshayes considers one as identical with a species in the Pyrenees, described by Picot de la
Peyrouse {Description de qticlques Orthoceratites, p. 23.), and figured by him in Plate 5. :
the other he considers as an undescribed species, which is found also near Toulon.
t Plate XXXVI. fig. 6. & 10.
VOL. III. SECOND SERIES.
3 A

363

Professor Sedgwick and Mr. Murchison on the

present insulated and elevated position. We would however remark, that it
is equally difficult to explain their present position among the serrated peaks
of the Alps, whether they be considered secondary or tertiary. For we have
shown, that similar deposits with the same fossils exist on the outskirts of the
chain at low levels ; from which it follows, that enormous movements of elevation must have taken place since their formation, whatever may be their age.
Now among the phenomena we have so far described in this and the preceding chapter, there is unquestionably nothing which limits the movements
of elevation to the secondary periods.
When the doctrine of elevation is admitted, difficulties like that we have
just considered at once vanish. We have no right to limit the powers of
nature. The forces which upheaved the colossal chain of the Alps may
have raised some parts of it without greatly deranging the inclination of the
subordinate strata ; and by such a movement the overlying beds of Gosau
appear to have been lifted up to the high level which they now occupy. After
the full details we have given respecting the overlying groups of Gosau, a
much more concise description will suffice for other corresponding deposits.
2. Section through the Valley of Zlain tiear Aussee.
One of the authors having, during the last summer, seen traces of the
Gosau beds near Old Aussee, was induced to ascend, by the side of a mountain
torrent called the Weissenbach, to the summer pastures of Zlam. They
stretch for about a mile in a direction nearly east and west; their greatest
breadth is not more than half a mile, being shut in towards the north and
south by mural precipices of Alpine limestone ; and they are at an elevation
probably of not less than 5000 feet above the level of the sea. The Weissenbach flows from a combe at the higher (or eastern) end of this extraordinary
little valley, and lays open a series of shelly deposits which occupy all the
lower portions of it*.
The lowest of the overlying beds are on the northern side of the valley,
and consist of a red conglomerate of Alpine limestone, which, as at Gosau,
graduates into bluish marlstone with the large univalves, Tornatella and
Nerinea ; the whole series being inclined at a considerable angle against the
overhanging precipice of the Gros-Berg, on the sides of which the conglomerate rises to the height of about 300 feet above the level of the rivulet. The
overlying beds of blue marl contain small Cerithia, Corals, (Fungije) Sharks'
teeth, and several species of Gosau shells, (for example Cerithium conoideum,
* Plate XXXVI.

fig. 12.
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Tornatella gigantea, Fungia poltjmorpha, t^c.) and abut against the opposite
wall of Alpine limestone called the Telschbeig ; their absolute contact is howevei'j for the most part^, hidden by a talus of fragments from the mountain side.
This southern ridge consists of red, melalliferous, encrinite-limestone, which
we are disposed to refer to the lower system of the oolitic series.
The northern wall of secondary limestone called the Gros-Berg, is chiefly
composed of a compact grey rock, with obscure impressions of some bivalves
and Ammonites. The face of this rock is singularly scooped out into grooves
or furrows, which, wherever the surface is nearly vertical, are straight, semicylindrical, and deeply engraven ; but where the limestone sweeps down in
a slope, they are wider and shallower, and increase in number, branching out
from each main trunk so as to look like gigantic arms with expanded and
pendent fingers. These furrows offer an instructive example of the gradual
erosion produced by the almost continued descent of water during the summer
months from the melting snow, and may, indeed, be considered as so many
rude, independent chronometers to help us in counting the periods of time
during which the surfaces of the neighbouring rocks have been exposed to
the action of the elements.
The Gros-Berg shuts out the valley from the beautiful, narrow lake called
Griindel-See, the level of which is about 2500 feet below that of the Weissenbach in Zlam ; and by this we may form some estimate of the intensity of the
moving powers by which the shelly marls were lifted up to such snowy Alpine
elevations as we have here described.
No drawing or description can convey more than a faint idea of the extraordinary contortions and dislocations of the rocks which surround the little
upland valley of Zlam. The geological phenomena, however modified by
local causes, are obviously of the same kind with those of the valley of Gosau :
and we have the more pleasure in submitting them to the notice of the
Society, as they appear, so far, to have escaped the observation of those who
have written on the structure of the Eastern Alps.
3. Section of the Overlying Strata of Windischgarsten, S^c.
We now proceed briefly to describe some other insulated groups of strat'^
in the prolongation of the Eastern Alps, cited in various memoirs by Dr. Boue :
and though we fully agree with him in referring them all to a common system,
we deny that they offer any evidence subversive of the conclusions we have
drawn from the shelly deposits of Gosau.
The first example we wish to notice is seen among the ramifications of the
3 a2
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Teucher, one of the tributories of the Enns. A series of overlyin*^ grits and
shell-marls, nearly bounded to the east by a line drawn from Windischgarsten
to Spitlal-am-Prynn, are extended towards the west over a triangular area of
low undulating hills, and occupy a broad bay, which, though in the very
heart of the rugged calcareous chain, communicates through a long transverse
rent with the drainage of the Enns and the tertiary plains of the Danube.
As these shelly beds are much less inclined than the strata of the secondary
system surrounding them (some of which are almost vertical), they offer an
obvious and perfect analogy, both in their structure and relations, to overlying
groups of Gosau.
In detached hills occupying a part of the valley north of Windischgarsten
is a coarse, granular, white limestone, in some places almost made up of small
Terebratulai of four or five distinct species, in other places nearly passing
into an irregularly oolitic structure. The relations of this rock are obscure ;
but it seems from its position to be a part of the green-sand series. The
sections on the north-eastern side of the town are, however, much more
instructive, and give the following successive groups in the ascending order.
1.
2.
3.
series

Younger Alpine limestone passing, at its superior limits, into hippurite-limestone,
Calc-grit, fucoid shale, and sandstone.
Overlying hills made up of grits, shell-marls, &c., containing many fossils of the shelly
of Gosau, especially such as are found in the lower group.

The facts of this section are so entirely in accordance with what has been
described above, as to rec^uire no further amplification or comment.
4

Sections of the Overb/ing Deposits at Piesiing, Neue- Welt, Griinhach, ^c.

Near the termination of the zone of Alpine limestone on the confines of
the basin of Vienna, deposits similar to those above described occupy several
inosculating valleys on the eastern side of Schneeberg and the Wand. Near
Piesting, for example, there is on the left bank of the stream a succession of
conglomerates, marlstones, and marls, containing Corals (Fungise), and various
Gosau shells, dipping to the east from the Alpine range, and passing beneath
the acknowledged tertiary formations of the basin of Vienna near Wollersdorf.
A lofty mural ridge of Alpine limestone called the Wand, ranges from the
valley of Piesting to that of Grunbach, in a direction about north-east and
soutb-west, and forms the north-western boundary of a singular, longitudinal
valley of elevation called the Neue-Welt (New World), which, though very
near to the plain of Steinfeld and Neustadt in the basin of Vienna, is entirely
shut out from it by a second mural ridge of Alpine limestone parallel to the
Wand, but at a lower elevation.
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This Neue-JVelt is filled with deposits like those of Gosau, the lowest beds
of which are thrown up into a nearly vertical position against the face of the
Wand ; but the superior marly beds are lost in the narrow valley underneath
great masses of detritus. Instructive sections are seen at Stahrenberg- and
near the village of Dreystetten^ where the following groups of strata,, in the
ascending order, are piled up vertically against the mountain side.
1. Reddish calcareous conglomerate alternating with calcareous grit.
2. Blue, impure, arenaceous limestone with Tornutcllu g/gantea, Nerinea, &c.
3. Reddish calcareous grit.
4. Bluish, gritty limestone, with the above fossils, and one very small species of Tornatella.
5. Dark-coloured marls with shells, amongst which are a Fusus, a minute Turritella, a small
Cerithium, and a Venus, all of species found at Gosau. Of the bivalves, one resembles P/zc«/z//«
aspera*, also found at Gosau, and another appears to Mr. J. Sowerby almost undistinguishable
from Cyclas ciineiformis\ of the Woolwich tertiary beds.

These marls and marlstones, dipping rapidly to the east, are soon lost under
hillocks of alluvium and pebbles, which cover the surface of the Neue-Welt,
and conceal the relations of the higher shelly strata to the lower ridge of
Alpine limestone on the east side of the valley.
Near Meyersdorf blue, micaceous shale and marl crop out at the foot of the
Wand from beneath a heap of fallen fragments. In these beds we detected
minute, flattened specimens of a Placentula ? (Ijamarck.) It has been stated
that Lituolites are found near this place, but we could discover no traces
of them.
The best exhibition of the overlying strata in this region is obtained by a
section from the south-western face of the Wand to the village of Griinbach,
in the narrow transverse valley of that name;};.
The Alpine limestone with which the section commences has a brecciated
structure, is semi-crystalline, and of a pinkish hue, so as very much to resemble
the Salzburg marble found on the north side of the Untersberg. It graduates
into a grey limestone forming small conical bosses, containing two or more
species of Hippurites, a Sphaerulite or Radiolite, and a singular, attached shell,
which at first sight might be mistaken for a Nautilus, but has been proved,
by means of a polished, transverse section, to be a bivalve];.
* Plate XXXVIII. fig. 7.
X See Plate XXXVI. fig. 13.

t Min. Con. Tab. CLXII. fig. 2. & 3.

§ M. Deshayes, who has seen these fossils, states, that of the Hippurites two species are
entirely new ; that the Sphaerulite or Radiolite is also a new species, but that analogous specimens are found in the cretaceous or upper green-sand formation of Angouleme ; and that the
attached bivalve (which is found also in the hippurite-rock of the Pyrenees) must probably be
formed into a new genus.
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These beds of hippurite-limestone are well exposed near the village called
Adrigang, and are covered by a greyj hard grit probably of the green-sand
series.
The strata of the ascending section are best exposed along the course of a
small rivulet which descends to Griinbach, a little to the west of Adrigang.
On that line we have the following groups of strata ; and we may observe, that
as they advance into the valley they gradually become less inclined, those
near the side of the Wand being quite vertical.
a. Yellowish sandstone with green grains, alternating with bands of shale : the whole thickness of this group is not exposed.
b. Coal, two to three feet thick, worked on the strike of the beds by horizontal galleries
driven from the side of the rivulet.
c. Sandy shale and finely laminated marl, at least 300 feet thick, and of various colours,
yellowish, blue, grey, and green.
d. Coal. An upper bed of about the same thickness as the preceding, and worked in the
same manner. The carbonaceous and hard calcareous grits forming the walls of this seam are
full of small, compressed shells, among which a bivalve, probably a Cyclas, is the most charac.
teristic ; and a small Turbo appears to be of a species found at Gosau. The best parts of the
coal are of good quality, but the refuse is so pyritous that it ignites spontaneously by exposure,
to the atmosphere.
e. A series of marl and shale beds, ill exposed, being partly obscured by alluvial covering, and
partly carried away by denudation.
/. Hard nummulitc-grits rising into a ridge. In these beds we could detect no other fossils ;
and the Nummulites themselves are so cemented in the solid rock as to make it almost hopeless
to look for specific characters,
g. An interval in which a series of soft beds have been nearly washed away. They appear
to have been composed of blue marls, and to have contained many fossils (such as Fungias, &c.),
which are found scattered )ipon the surface.
h. Harder and more arenaceous beds near the village of Griinbach, with shells of the genera
Inoceramus, Pectunculus, Rostellaria, &c.

The rocks south of the village consist of micaceous and calcareous sandstone, and are specially distinguished by serpuline bodies very similar to those
found in the nummulite-grits which overlie the cretaceous group of the
Lntersberg section, and underlie the blue marls with Gosau shells*. On
this account we are disposed to consider these grits as a part of a group
older than the marls in the centre of the valley of Griinbach.
To make the preceding section complete, it ought to be prolonged across
the valley and joined to the outer or south-eastern ridge of Alpine limestone.
We have, however, abstained from this, as we wish none of our illustrative
* Plate XXXVI.
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sections to be hypothetical. Both the succession and position of the overlyinggroups in that direction are obscure ; but we think it probable that the lower
groups are again brought up and tilted at various angles against the second
Alpine ridge. In that case the whole system will have somewhat of an
irregular^ trough-shaped arrangement; and in a narrow valley of elevation
like that of Griinbach, such a collocation of the overlying masses is not improbable.
It has been stated by Dr. Boue, that Belemnites are found in the overlying
series of Griinbach. Professor Partsch and one of the authors of this paper^
after an assiduous search^, could not discover the least trace of them. The only
bodies they found, of which certain fragments might by chance be mistaken
for Belemnites^ were the large Serpulae before mentioned. Did Belemnites
exist as true characteristic fossils of the beds in question, we should still (after
the facts above stated) deny the inference which has been drawn from their
supposed presence.
We believe that the several overlying deposits described in this chapter are
nearly of the same age, and belong to one common system of formation. The
succession of strata, and the groups of organic remains in the Gosau sections
(especially when brought into comparison with the series of deposits north
of the Untersberg), were the foundation of conclusions we need not again
repeat. None of the subsequent details of this chapter offer evidence by any
means so complete : we venture, however, to affirm, that as far as it goes it
does not invalidate but confirms our previous inferences, and is in harmony
with our theory respecting the succession of organic forms in the Eastern
Alps.
If the elevations of the various groups described in this chapter offer us a
clear proof of the vast movements which have affected the chain within a comparatively recent geological period, the insulated position of the overlying
masses seems also to make it probable that they never existed on the outskirts
of the chain, but were deposited within it in deep bays or estuaries. May we
not suppose that the shell-marl among the Alpine peaks of Zlam and Gosau,
and similar masses of shell-marl which appear (e. g. in the valley east of Ischel,
and in one or two lateral valleys on the east bank of the Traun-See) at levels
lower by two or three thousand feet, were once almost continuous in a deep
bay, of which all traces have been since obliterated by vast disruptions and
movements of elevation ? We only offer this as a natural mode of explaining
a very great difficulty, arising out of the position of the overlying masses — one,
however, which is not immediately connected with any question respecting
the age of these masses, or the conclusions we have drawn from their exami-
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nation. Our supposition will, we think, l}e rendered still more probable by
the position of the lignite basin of Hiiring-, which we shall attempt to describe
in a part of the next chapter.
Chap. IV.

On the Lignite Basin of H'ching in the Valley of the hm, and on some other
Deposits of the same kind on the Outskirts of the Austrian and Bavarian
Alps. Section at Ortenburg, near the Junction of the Danube atid the
Inn, Sgc.
Before we enter on a detailed section of the tertiary coal formation of
Haring,, it is necessary to notice the peculiar dislocations of the neighbouring
portions of the Alps.
In traversing the mountain gorges by the road from Reichenhall to
Inspruck, we find that vast disruptions and inversions of dip have thrown all
the central portions of the secondary region into inextricable confusion.
Before the road emerges from the calcareous chain into the plains of St.
Johann, the strata^ however, recover their usual position and elevation ; and
from that village, bare mountains of the older Alpine limestone (dipping to
the north, presenting mural precipices to the south, and resting on terraces
of red marl, sandstone, and conglomerate) are seen to range, on one side in
the direction of Salzburg, and on the other towards the valley of the Inn.
Following the chain towards the east by the foot of the great escaipment, we
may remark, that the position of all the component strata is once more disturbed before they reach the right bank of the river near the village of
Haring, and that the whole Alpine limestone series of the Bolfen, along with
the red sandstone and conglomerate, pitch down at a great angle to the northwestj and plunge under the level of the valley.
One might expect, from the bearing of the chain, that the several groups of
strata would, in their prolongation, strike the mountains on the left bank of
the river. The order is, however, once more broken, and none of the beds,
last described, reappear on that side of the Inn : for we there find a great
succession of calcareous precipices composed of a younger part of the Alpine
limestone series, without any indications of the red sandstone and conglomerate, and dipping at a high angle towards the north-west ; and this dip
continues, almost without interruption, as far as Inspruck through the whole
saliferous chain ; the beds of which have, in consequence, the appearance of
plunging under the older formations of the central Alps.
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If, on the contrary, we ascend from Haring- by the right bank of the Inn,
we first see masses of red sandstone and conglomerate at the base of the irreat
precipices of Alpine limestone, and then we find, rising regularly from beneath
them, a long succession of dolomitic beds, alternating with red marl and sandstone, dipping to the north, and forming a succession of low ridges as far as
Schwatz, where they rest against the primary rocks of the central axis.
In this way all connexion between the strata on the opposite sides of the
river is entirely interrupted. A great complex movement of elevation seems
to have broken up the neighbouring portions of the chain, and thrown them
into positions the most discordant, and at the same time to have formed that
long transverse chasm through which the waters of the Inn escape into the
plains of Bavaria. What was the date of these internal movements we do not
now inquire ; but it is obvious that they were anterior to the existence of the
unconformable tertiary basin which we now proceed to describe*.
The dislocated secondary rocks which flank the Inn on either side, are
expanded between the towns of Rattenberg and Kufstein, in such a manner
as to leave between these two places an elliptical basin about twenty miles in
lengtii, and four or five in its greatest breadth, on the sides of which are
found the remnants of ancient tertiary strata. They are exhibited on tiie
largest scale near the village of Haring, where they form hills seven and eight
hundred feet high, and contain a subordinate mass of coal of great thickness,
which is extensively worked. No traces of them have been observed higher
up the valley than Kranzach near Rattenberg; and all vestiges of them are
lost near the narrow gorge of Kufstein, although formations apparently of the
same age are largely developed beyond the gorge, and connect themselves
with the great tertiary system on the north flank of the chain. It is, however,
probable that the overlying beds were once much more extended than they
are now ; and notwithstanding the few fragments of them which remain, they
may formerly have occupied a considerable portion of the whole elliptical
basin in the valley of the Inn.
They are not only distinguished by the vast quantity of good, compact
lignite which they contain, but also by an abundance of land shells, and by a
profusion of vegetable fossils mixed witli shells both fluviatile and marine.
The form of the country and the structure of the beds, at first sight led us
to consider that they were entirely of lacustrine origin. But the presence of
marine shells in many of the beds (one or two of which resemble fossils of
the older tertiary periods), compelled us to conclude, that an arm of the
* Plate XXXVI.
VOL. III. SECOND

SERIES.

3 B

fig. 8.

370

Professor Sedgwick and Mr. Murchison on the

ancient sea penetrated this part of the valley of the Inn during, and long
after, the deposition of the coal.
The general relations of the whole system to the neighbouring secondary
rocks, will be best seen by referring to the accompanying section ; which
shows that it is basin-shaped, and that it dips from the mountain chains, on
both sides of the Inn, towards the centre of the valley.
The several horizontal galleries by which the coal of Haring has been
reached at dilferent levels, exhibit a gradual thickening of all the associated
beds as they descend, unconformably, from the sides of the secondary rocks
into the valley of the Inn. Thus the coal which had only a thickness of
twelve or thirteen feet in the early works, where the mineral rose to the day
on the mountain side, was found to have increased to twenty-five feet when
the Francisci-Stollen was driven ; and it has a thickness of thirty-four feet
where it is now worked at a still lower gallery, the Barbara-Stollen.
For like reason, the lower adit or Barbara-Stollen offers a more expanded
section of the several groups than the Francisci-Stollen, which is 160 feet
higher; the former extending 730, and the latter only 550 feet through the
same series of beds above the coal : and so greatly do the strata swell out in
the prolongation of their dip, that were a gallery to be driven on the level of
the Inn, it must extend more than 1200 feet through the same overlying beds
in order to reach the coal, which at that depth has been proved by actual
boring to be about 50 feet thick. From these data, combined with the average
inclination of the beds, it has been calculated that the greatest thickness of
this tertiary group, when measured on a line perpendicular to the planes of
stratification, is not less than 700 or 800 feet.
The gradual thickening of the beds from the sides to the centre of the
basin, is a strong proof that the deposit was accumulated in an estuary ; for
such appears to be the manner in which matter is now deposited at the mouths
of rivers which empty themselves upon a steep shore. This analogy is confirmed byother peculiarities of the Haring formation ; for the beds accommodate themselves to, and are moulded upon, the declivities of the older formations. Thus we find the overlying strata slightly inclined at their highest
level on the mountain side, but their dip increases to 36° (its maximum) at the
Barbara-Stollen, which appears to have been the steepest part of the ancient
shore ; and below it the inclination of the beds again gradually diminishes
with the augmentation of their thickness.
The structure of some of the subordinate beds further confirms the propriety of a comparison of this deposit with modern estuary accumulations :
for among several parts of it, which by themselves would be difficult to account
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for, we find indurated and finely levigated river silt, charged with plants
and land shells^ and occasionally mixed with marine shells ; and amidst these
masses are, here and there, a few alternating- layers of conglomerates, containing pebbles derived from the neighbouring mountains. It seems almost
impossible to explain the origin of such beds otherwise than by supposing
them to have been drifted by rivers or mountain torrents into an ancient
estuary or arm of the sea, extending up this part of the valley of the Inn. In
thus endeavouring to account for the position of the overlying groups of
Haring, we by no means wish to exclude any agent which has been at work
since their deposition. Not only may a great part of them have been swept
away from the valley of the Inn, but the position of those which remain may
also have been considerably modified, by the disturbing forces which have
since acted on the chain.
1. Detailed Section of the Coal Formation of Haring.
The following section of the beds associated with the tertiary coal formation of Haring is exhibited in the Barbara-Stollen, one of the adit levels; and
the details here given are derived partly from our own observations and the
existing documents at the mine, and partly from the information kindly communicated byMr. Pohringer of Halle, under whose direction the adit was
first undertaken. A very detailed history of the works is given by Professor
Fliirl of Munich, in his " Steinkohlen Gebirge von Haring," from which we
have also abridged some parts of the following section. As this author has
misnamed several of the organic remains, we are unable, in everything which
relates to the zoological history of the strata, to place much reliance upon his
specifications*. But with this limitation, his memoir is a valuable official
record ; although, perhaps, unnecessarily expanded.
The following groups are given as they appeared in driving the adit, and
are consequently in the descending order.
Ft.

1. Layers of yellowish, grey, micaceous, indurated marl, with a few wellpreserved organic remains
120

In.

0

2. Conglomerate made up of angular fragments of smoke-grey and reddish
* For instance, the land shells of the genus Caracolla (of which many flattened specimens
exist in the coal beds) are called by him small Ammonites. A single error like this affects the
whole nature of the zoological evidence exhibited by the strata. We had no opportunity of see.
ing many of the organic remains described in Professor Fliirl's list. In some of the collections
of the country we, however, saw many fossil shells said to bo derived from Hiring ; but the
information they communicated was considerably diminished by their not having been carefully
separated from the fossils of the secondary limestone.
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limestone, cemented by light grey, indurated marl : the smaller fragments
are of the size of nuts, and the larger are several inches in diameter.
Small ill. preserved organic remains are seen in the lower part of this bed.
4
3. A great development of dark grey marls, with a few marine shells
120
4. Thin layer of fine-grained, calcareous sandstone, in its lower part passing
into a fine, calcareous conglomerate containing various shells, as Ostreae,
Pectens, &c
20
5. Thin. bedded marls with many incoherent, indeterminable shells. Thin lines
of white earth made up of these decomposed shells mark the lamina; of
deposit. In other layers these shells constitute the whole mass. The
more the beds approach the underlying fetid limestone, the better are the

0
0

8

organic remains preserved
1 30
6. Bed of very indurated bituminous marlstone of dark colour, and highly
fetid : siliceovis sand is mixed irregularly with the mass. This bed is
stated by Fliirl to have contained corals and other marine shells. We
observed Serpulae (probably derived from this bed), which Mr. Sowerby
considers of the same species with those of Gosau, but saw no madrepores
like those described by Fliirl
.{Thickness not given.)
of rounded pebbles of
up
made
partly
7. Conglomerate, partly brecciated,

0

compact limestone, with some fragments of shells
8. Stinkstone — a great development of a highly fetid, slaty, cream-coloured
marlstone, with many plants and some shells. It forms the roof of the

6

4

lignite, and usually splits into finely laminated slabs, like the lithographic
slate of Solenhofen, offering a prodigious number of carbonized impressions of leaves and plants between the lamina;.
{Thickness not given.)

In the stinkstone the following mineral varieties have been noticed.
a. Hornstone — in small, irregularly spheroidal concretions.
b. Brand.schiefer — a kind of porcelain earth in a thin layer above the coal, to the spontaneous
combustion of which some of its characters are probably due. A part of this "burnt earth" on
weathering resembles bituminized wood, and burns rapidly, leaving out of 800 parts 334 of
ashes; so that b7\ per cent, of bitumen and water pass off during the combustion.
c. Carbonate of lime — traversing, in small transverse veins, all the beds of stinkstone and overlying marls. Some of the crystals of carbonate of lime are so charged with bitumen, that when
subjected to great heat they give off petroleum.
d. Agaric mineral or mountain milk — subordinate to the fetid marlstone, and similarly laminated. Itis called " nichts" by the workmen.
c. Pyrites and Selenite — in crystals between the lamina;.

Mr. Fliirl conceives that some of the bituminized and altered fetid marlstones are due to an ancient, spontaneous combustion of the coal.
Among the fossil plants are many which the older authors compared to
existing species of Salix, Ligustrum, Rhamnus, Erica, &c., as well as to
Ferns and Mosses. We have, however, seen none which appeared to justify
such comparisons : and from a considerable number we obtained on the spot.
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chiefly through the hherality of the Berg-Meister, we are enabled to give
the following- results, which we communicate, as nearly as possible, in the
words of M. Adolphe Brongniart, who kindly undertook an examination of
our specimens,
"After an examination of all the specimens, I am still in doubt as to the
greater number of them ; for, either from their being too incomplete, or from
not having made a sufficient number of comparisons, I am unable to arrive at
very precise results.
They appear to me to belong to eleven species.
" 1. Juniperites suhulata. The form and the insertion of the leaves appear
to me to indicate a Juniperus, allied to, though distinct from, that found in
the lignite formations of Bohemia, which I have named in my "Prodromus"
Juniperites acutifolia. I possess specimens from the freshwater formation of
Armissau near Narbonne, apparently of the same species.
" 2. Juniperites (??) cespitosa, {hycopodiolites cespitosus Schloth. ex
specimine ctb auctore tnisso). The leaves, which are linear, obtuse, and
dilated at the base, are more numerous than in the preceding species, and are
disposed without any distinct order, which induces me very much to doubt
whether it be a Juniperus, or even one of the Conifera. A specimen of my
own from the same locality, which appears to me decidedly of the same species, presents capitula of fruit at the extremity of the branches, much more
resembling a capitulmn of the Compositce than the fruit of a Cupressus, or
any other of the Coniferce. The place of this plant is therefore entirely uncertain.
"3. Thuja nudicaulis. Branches naked, with small opposite tubercles and
a laterally inserted fruit, having only a single scale, and therefore closely
resembling the fruit of the Thuja. If the fruit really belong to this branch,
it is beyond doubt a Thuja, and allied to T. articulata.
" 4. Comptonia hreviloha. A new species intermediate between the living
species and the two known fossil species.
"5. 6. 7. 8. Phyllites, four species, differing from all the fossil species I
am acquainted with. Judging from the analogous arrangement of their nerves,
and the shape of their dentations, they belong apparently to the same genus
of plants. It might perhaps be determined to what family they belong, but
very numerous comparisons are yet wanting.

"^■^ 9. 10. P/?j///«<es, indeterminable.
"11. Ph?/ llites, with three nerves — very distinct, however, from another
species with three nerves (common in many tertiary formations), the margin
of which is entire, while the margin of this is regularly toothed.
" It is very remarkable that among the multitude of fossil leaves I possess
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from tertiary formations, there is not one quite identical with any of these
specimens ; and the forms, elsewhere very abundant in such formations, are
not met with at all at H'aring. For example, I have never seen among the
plants from this place any of the lobed leaves analogous to those of the Maple,
which are so common in the brown coal of Frankfort and other places*."
Mixed with the plants are some casts of small bivalves, especially of the
genus Cyclas. Where the stinkstone is compact, the shells are generally rare :
it was however in one of the most compact layers that we found the Auricularia simulaLa (?) of the London clay, a small Rostellaria, and several minute
Ostreas. In the lower marly laminse land shells begin to appear; and a tortoise, measuring six inches by three and a half, is stated to have been found
in this part of the series.
9. Coal beds. — In the upper part of these beds fetid marlstone and marl alternate with imper.
fectly formed coal, containing numerous land shells. They are usually flattened and of a spiral
shape, and were at one time mistaken for Ammonites. These shells are now referred to the genus
Caracolla, and are of two species f. All traces of shells and plants gradually disappear, and the
coal passes into a nearly compact mass, of which there are several varieties distinguished by the
miners as follows.
a. Pech.kohle — colour velvet black, and with little bitumen.
I>. Schiefer.kohle — slaty coal.
c. Schiippen.kohle — a variety resembling Cannel coal.
d. Glanz-kohle — a sort of coke or anthracite, the bitumen having probably been driven oflf at
the period of combustion when the porcelain earth was produced.

Iron and copper pyrites pervade the upper part of the coal ; the latter
mineral occasionally giving a metalloid lustre to the flattened land shells. The
total thickness of the coal beds pierced by this gallery is thirty-four feet ; of
which more than two-thirds is of good quality, and is largely extracted for the
use of the salt-works at Halle near Inspruck.
We have before stated, that the coal increases in thickness on the line
of dip, and that by boring below the present works, nearly to the level of
the river Inn, it has been proved to be fifty feet thick. The mineral is
worked on the strike of the beds, which is from N.E. to S.W. ; and the dip
where the Barbara-Stollen cuts the coal is nearly at its maximum, about 36°.
The thickness of the fetid beds overlying the coal is considerable, but it is
omitted by Fliirl, and we had no means of ascertaining it with precision.
* The plants above described will be figured in a future Number of M. Adolphe Brongniart's
Ilistoire des Vegetaux fossiles.^''
f Dr. Buckland has favoured us with a series of specimens collected by himself at Hiring in
the year 1820. Among them are the following fossils. Caracolla; Cerithium (?) ; Cyclas (?);
Paludina(?) ; Rostellaria, near to R. Pes Pelicani; Crenatula or Perna.
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Below the coal there are irregular bands of argillaceous marl, with thin
laminse of imperfect lignite, traversed by numerous small veins of carbonate
of lime ; and pyrites is so abundant in these thin beds, that much vitriol has
been extracted from them.
Finally, the whole deposit is separated from the secondary system, on
which it rests unconformably, by a thin, irregular band of conglomerate,
almost entirely made up of fragments of Alpine limestone, in which are seen
the organic remains peculiar to it, such as Terebratulae, Belemnites, &c.
The thickness of the beds in the previous section is estimated in Vienna
feet, and in the direction of the horizontal drift line. As, however, the several
groups of strata along this line are on the average inclined at about 36°, it is
obvious that their true thickness, estimated in the direction of a line perpendicular to their planes, is only a little more than half that which is indicated
by the numbers affixed to them.
The preceding details have, we hope, conveyed a correct, general notion
of the relations of the Hiiring lignites ; and we may remark by way of
conclusion, 1st, That the overlying groups on the left bank of the Inn are
brought successively into contact with the older Alpine limestone, the red
marl and conglomerate, and the dolomitic beds associated with them — that
on the other side of the basin, the same groups come into contact only with
the younger divisions of the Alpine limestone — and that this collocation
arises out of their unconformable position among the ancient formations
of the chain. 2dly, That during the progress of the deposit, the sea penetrated far up the valley of the Inn — and that, consequently, the chain
must have undergone a great movement of elevation since the completion of
the overlying groups. Srdly, Notwithstanding this last movement of elevation,
and the subsequent degradations of the chain — that the valley of the Inn
existed somewhat in its present form before the commencement of the deposit
— and, consequently, that the great disturbing forces which dislocated and
broke up the older parts of the neighbouring chain had come into action at
a time anterior to the existence of the whole overlying series.
2. Sections on the Banks of the Lech; various Deposits of Lignite, Sgc.
None of the previous sections, excepting that of Bregenz *, conveys any
adequate notion of the enormous thickness of the tertiary series between
the north flank of the Alps and the plains of the Danube. Our attention was
so much given to the dislocated groups on the skirts of the secondary system,
that we had no time for any detailed examination of the strata descending
* Plate XXXVI.
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towards the northern plains ; and in the few traverses we made in that
direction^ we found the regular deposits so much concealed by masses of
horizontal conglomerate, like that of the accompanying sections (fig-. 6.& 9.),
as to give very little definite information. Their correct description can only
be attempted after a patient comparison of many parallel sections : for the
purpose, however, of conveying a general notion of these deposits, we may
briefly refer to some of the phenomena on the banks of the Lech between
Fussen and Schongau.
The river, after emerging from the side of the chain at Fussen, runs for
some miles in a broad plain covered by the waterworn detritus of the mountains, and then traverses for about ten miles, in a direction nearly due north,
a hilly region marked by low, irregular ridges of coarse conglomerate ranging
parallel to the chain. Though the beds are ill exposed in the greatest part
of this long traverse, we have evidence enough to prove — that they are
highly inclined and have an almost undeviating dip to the north — and that
the conglomerates (which give an impress to the whole character of the
country) alternate, here and there, with micaceous, sandy marl, and greenish
micaceous sandstone, hardly to be distinguished from the tnolasse of the Lake
of Constance*. There may be some unobserved faults and dislocations, producing a repetition of certain parts of this system : but after every possible
deduction, its aggregate thickness must be enormous.
At Lech Bruck (about twelve miles north of Fussen) we have the following
ascending section of a remarkable group of strata, which dip nearly due north
at an angle of about 60°, and occupy the bed of the river for three or four
hundred paces.
1. Micaceous, flaggy sandstone, with traces of carbonaceous matter.
2. Thick-bedded sandstone, with broken stems and carbonized fragments of plants, overlaid
by a
3.
4.
5.
6.

bluish marl.
Fine-grained sandstone, here and there passing into a conglomerate.
Greenish grey, micaceous shale, with a seam of coal about three feet thick.
Coarse-grained micaceous grit.
Beds of coarse and fine grits surmounted by red and variegated marls, with a band of reddish, concretionary limestone resembling the cornstone of the old red sandstone.
7. Hard, calcareous sandstone.

These strata have no characters which are not found in secondary deposits;
and we did not see a single fossil in any one of them to assist us in deter* A fine, greenish, micaceous standstone is extensively quarried to the north of Fussen, but we
do not venture to decide upon its relations, as we did not visit the works, and know of no mineralogical means of certainly distinguishing the secondary and tertiary green sandstones of the Alps
from each other.
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mining their age. Notwithstanding- this, from the general position of the
group, as well as from the analogy of other sections, we think it undoubtedly
a part of the tertiary system.
After quitting the group last described, the river again winds among low
round-topped elevations, undeserving of notice, till it passes near the base of
Weibach, Peissenberg, and other hills in the neighbourhood of Schongau,
where it exposes a considerable succession of beds, dipping still toward the
north, but at a small angle of inclination. The strata, indeed, in this latitude
seem to have been comparatively little affected by any elevatory movements
of the Alps. The following section, in the ascending order, derived from the
escarpments south-east of Schongau, will give a general notion of the structure of these upper tertiary groups.
Feet.

1. Yellow and blue, unctuous marls, with hands of greenish grey, micaceous sand.
stone containing a few rolled pebbles
Thickness exposed 28
2. Conglomerate, with a cement of sandstone
3
3. Unctuous marls throwing out springs
20
4. Bluish grey marls, with obscure traces of shells
12
5. A system of blue and yellowish marls ; in some parts unctuous, in others sandy
and micaceous: containing bands of coarse, brown sandstone, of greenish blue,
micaceous flagstone, of calc.grit passing into conglomerate, and, near (he top,
of indurated marl, assuming, here and there, a septarian form
100
6. Yellow, ferruginous sand, with bands of ferruginous and micaceous sandstone. , 30
7. Great masses of conglomerate, obscurely stratified, containing some large, angular masses both of secondary and tertiary rocks, here and there mixed with,
and seeming to pass into, coarse sand and greenish, micaceous sandstone, ...
80

We have little doubt that the conglomerates (No. 7.) belong to the old,
horizontal formation above alluded to. They cannot, however, be so readily
separated from these slightly inclined groups, as they were from the highly
inclined strata of the Arzt and Untersberg sections*.

The marl beds of

* Plate XXXVI. figs. 6 and 9. We before stated, that the horizontal overlying conglomerates
were probably formed immediately after one of the most recent elevations of the chain ; and that
they are not only spread over the edges of the strata descending to the northern plains, but also
penetrate within the lateral valleys of the Alps. As a remarkable, additional instance of this
kind, we may here mention a horizontal deposit, two or three hundred feet thick, which appears
on the left bank of the Isar, below Mittenwald, twenty or thirty miles from the place where the
river emerges into the tertiary plains. It consists of a coarse conglomerate of rounded calcareous
pebbles irregularly mixed with sand, sometimes cemented into a solid rock, and of strong beds of
yellow sand, here and there, containing subordinate, irregular beds of yellowish white, semiindurated marl, called chalk (kreiile), which is worked and exported to Munich and Vienna.
The regularity and great thickness of many of these deposits make them very unlike the diluvial
formations in our island.
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the preceding section occupy the banks of the Lech for some distance to
the north of Schongau ; but we did not follow the river in that direction,
and the plains stretching- northwards are nearly covered with the horizontal
conglomerates. The bands of marlstone and calc-grit alternating with the
marls and conglomerates of the Peissenberg hills, contain some well-preserved fossil shells ; and we found that coal had formerly been worked in the
lower strata of these hills at several places near the banks of the Ammer.
Meagre as is the information conveyed by this traverse from Pussen to
Schongau, it is more instructive than any other similar section we are able to
offer; and it at least demonstrates the great, and almost incredible, thickness of
the newer deposits on the outskirts of the Alps. It further shows that lignite
is, by itself, no test of the age of any tertiary deposit; in as much as we have
on the northern skirts of the Alps, two, or more, courses of that mineral,
one in the lower and another in the higher part of the series, separated from
each other by vast sedimentary formations. Without assuming the former
continuity of distant deposits of lignite, we think it evident that they were
developed through a considerable extent of the lower tertiary groups, between
the Lech and the Inn : for, in addition to the localities above mentioned, we
find traces of them at Pensberg, a few miles N.W. of Benedict Bayern ; at
Tolz, on the right bank of the Isar; and at Parsberg, near Miesbach — all
which places seem to be nearly on the same parallel.
A level was driving to the Pensberg coal when we visited that district in
1829 ; but we have not heard whether the works have been since prosecuted.
In a mass of bituminous and calcareous shale derived from the excavations,
we found many flattened or broken and a few well-preserved fossils, among
which were the following genera : Cyclas ? two species ; a transverse bivalve
resembling a Mya ; Cardium ; Venericardia (?) ; Cerithium or Potamides, and
Calyptrffia.
The works at Tolz and Parsberg have been many years deserted ; we
however visited the latter locality, and found that the place where the lignite
bed had been last opened was in a deep ravine, called Sulz-graben, on the
left bank of the Leignach, about a mile south of the village. The coal is not,
however, confined to this ravine ; for it has been traced in several parts of
the tertiary hills, which range near the north end of the Tegernsee (parallel
to the ridges of secondary green-sand), and are traversed by deep gorges,
laying bare their interior structure.
The sections at the Sulz-graben show the following groups in the ascending order.
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1 . Yellow sands.
2. Yellow sands with beds of pebbles.
3. Greenish, micaceous sandstone.

4. Blue and greenish, arenaceous, shelly marls, with bands of blue, impure, argillaceous limestone, and greenish, micaceous sandstone.
5. Dark, fetid, bituminous marls, with a bed of lignite three or four feet thick.
6. Dark-coloured, shelly, arenaceous marls, with stone bands.
7. Micaceous sandstone, weathering brown, but on fracture exposing a greenish surface.

These g-roups rise into undulating- hills 500 or 600 feet high ; and all the
subordinate strata have an undeviating- dip S.S.W., at an angle of about
60°; and therefore appear to plunge under the secondary system of the Alps
- — a new example of what has been several times noticed in the previous
parts of this paper.
The lignite varies in quality ; some parts crumble into small, black, cuboidal
fragments, and others have almost the external appearance of jet. The argillaceous stone bands, above and below the lignite, contain many fossils, and
are extremely fetid under the blows of the hammer. The parting-s of the
stone bands are sometimes almost covered with flattened shells of the genus
Cyclas : in the marls many of the shells are in a stale of beautiful preservation, but cannot probably be identified with any published species. From
some of the g-roups above mentioned, we collected specimens of the following-genera :viz. Melanopsis ; Cerithium; Cyclas, very nearly resembling- a
Cyclas of the Woolwich beds ; Lucina, of the same species as one found in
the MarzoU marls* ; and an unknown bivalve.
We might now proceed to notice the lignite deposits of Pielach near Molk,
and other places on the Danube, but we think it better to postpone their
description to a subsequent chapter. We have stated enough to show, that
there are many deposits of lignite on the northern skirts of the Eastern Alps,,
and that they are not all on the same parallel. The one last described is
subordinate to the lower tertiary groups, and 7naij be of the same ag-e with
the deposit of H'aring. We offer this merely as a conjecture; for although
the fossils of the H'aring system unequivocally prove it to have been formed
in waters communicating with the sea, they are by no means sufficient to
prove that it was contemporaneous with the coal of Parsberg. The diff"erence
of mineral structure in the two deposits may, perhaps, be explained by their
entire difference of position in respect of the secondary Alpine formations.
The previous details of this chapter prove — that during the successive
periods when the lignites were deposited, an ancient sea washed the northern
* Untersberg section, Plate XXXVI.
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base of the Alps (then presenting- an elevation widely different from what
they do at this time) — and that its bays or estuaries in some places penetrated
far within the exterior limits of the chain. In this way the details seem to
confirm the hypothesis by which we endeavoured (at the end of the former
chapter) to account for the presence of the overlying groups of Gosau, so far
within the secondary regions of the Alps. In making this remark, we do not
assume that the deposits of Gosau and Haring are of the same age ; all we
contend for is, that what we can prove to have taken place during one period
in the history of the Alps, may have taken place during another.
3. Section fro7n Ortenburg, throngh Furstenzell, to the Banks of the Inn, 8^c.
So far we have described a series of sections which, almost without exception, tend to prove the recent elevation of the Eastern Alps. If, however, we
cross the plains of the Danube to the outskirts of the Bohemian chain, we
no longer see the secondary and tertiary formations thrown up against it at a
high angle ; but we find them resting almost horizontally, like the deposits of
an ancient shore, among promontories and islets of primary rocks. Such is
their position in the section we are about to describe ; which extends, in a
direction about N.W. and S.E., from the hills near Ortenburg to the Inn, a
little to the west of the confluence of that river with the Danube*.
A detailed description of this section would belong to the history of the
Bohemian, rather than of the Alpine chain. As it is, at least, geographically
connected with the subjects of this chapter, we may give it a passing notice
before we quit the north flank of the Alps, and proceed to describe the
deposits in the basins of Styria and Vienna.
The section commences, towards the N.W., with a mass of granite, which
comes out, as a spur from the Bohemian chain, to the south side of the
Danube. It is a small-grained variety of the rock with much black mica.
The granite is surmounted by a white cretaceous rock containing black flints
and a few fossils : and from the whole of its characters, we could not help
regarding it, when seen on the spot, as a true chalk formation. Its planes
of stratification are marked by horizontal rows of flints, and it is overlaid by
sands, marls, and conglomerates.
The geological sequence appears to be interrupted at the surface of the
cretaceous rock : for it is worn down (precisely as in the chalk formation of
England) into irregular pits and hollows, which are filled up with yellowish
green-sand.

Higher up, these sands become regularly stratified, and contain
* Plate XXXVI.

Fis. 14.
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many fossils, especially large oysters. The oyster-beds are surmounted by
beds of pebbles ; which are, in turn, surmounted by blue clays and marls
with Cerithia and other tertiary shells.
The oysters and other shells are not perhaps specifically the same with the
fossils found in the marls and sands immediately overlying- the chalk in this
country ; neither do we venture to affirm that any of the beds of this section
are perfectly contemporaneous with our formation oi plastic clay. They do,
however, in their internal structure, their grouping-, their fossils, and their
position upon the inferior cretaceous rock, present a most perfect analogy to
the strata overlying- the chalk at Reading, Woolwich, and other well-known
places in this country.
The preceding facts seem to prove, unequivocally, that the neighbouringprimary mountains of Bohemia have undergone no great movement of elevation since the deposition of the chalk. But the conclusion does not rest here :
for, as we pass round the south-western skirts of the chain^ we find the Jurassic
limestone, on like ground, in an undisturbed, horizontal position : we therefore conclude, that the chain has not been elevated since the period of the
Jura limestone.
' It will be seen by an inspection of the map *, that the primary chain of
Bohemia, and the principal chain of the Alps, converge towards the east :
the former ranging from N.W. to S.E; the latter from S.S.W. to N.N. E.
According to the comprehensive theory of M. Elie de Beaumont, these two
lines of direction indicate two distinct periods of elevation ; and he places,
theoretically, the elevation of the Bohemian chain in a period immediately
subsequent to the deposition of the new red sandstone ; while the last great
movement of the Eastern Alps is supposed to have taken place after the completion of some of the newest, known, tertiary formations. It is obvious that
these grand and general views are in perfect accordance with many of the
facts stated in this and the preceding chapters.
There are, perhaps, no physical phenomena, within the limits of the whole
region we are describing, more striking than this entire geological separation
of the Alpine and Bohemian chains, though ranging at so short a distance
from each other.
* Plate XXXV.
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Chap. V.
On the Tertiary Formations of Lower St^ria, ^c.
INTRODUCTION.

We here quit the newer deposits on the north flank of the Eastern Alps,
and proceed at once to the tertiary formations of Lower Styria. They
occupy a region of extraordinary beauty, and are not only of great thickness,
but are well exposed in many fine natural sections : and they derive an additional interest from their being the extreme western prolongation of vast
groups of strata which form all the lower elevations between the Drave and
the Danube, and stretch into the heart of Hungary. As these widely extended groups are continuous, they must have had a common origin ; and
whatever we can prove respecting one portion of them^ ^^y, with proper
limitations, be safely predicated of all the others. By help of the clear succession of deposits in Lower Styria we may explain some of the phenomena
in the great plains beyond the termination of the Eastern Alps ; and in this
way we shall endeavour to account for the position and relations of the successive newer groups in the basin of Vienna.
The conglomerate, sandstones, and marls, entering into the composition of
the groups we are about to describe, appear to have been formed in a bay of
an inland sea; which once filled the basin of Hungary, and extended to the
base of the mountains forming the extreme eastern termination of the chain
of the Alps. For all these groups are of marine origin, and are nearly horizontal ; and at their western extremity, among the older and more elevated
formations, they fill an irregular, trough-shaped depression, through which the
waters of the Mur, the Raab, and the Drave, make their way to the Lower
Danube. From this region they are gradually expanded into the plains on
the confines of Hungary*.
The tertiary formations of Styria are bounded, towards the east, by the
frontier line of Hungary, and towards the south by the calcareous chain of
the Matzel Gebirge, and the great alluvial plain of the Drave. On the
south-western side the boundary line is irregular and ill defined. At Marburg it comes up to the ridges connected with the Bacher Gebirge ; and,
after ascending the Drave for some way, leaves the ridge of the Radlberg
t«) the west, and descends towards Eibeswald. From this place the western
boundary ranges

at the base

of the woody ridges

* See the accompanying map, Plate XXXV.
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from
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the flanks of the Schwanberg Alp and the Pach Alp ; passes to the east
of Rosen Kogel ; and thence, in a sinuous line, bearing- in a north-easterly
direction, to the valley of the Mur, near Gratz. After doubling the old, calcareous promontory of Gratz, it ranges in an undulating; line, bearin^-on the
whole about E.N.E., through the ramifications of the Raab, making a deep
bay towards Weiz, which is on the primary system. Doubling the hills to
the N.E. of these ramifications, it ranges about N.N.E. into the Safenbach, a
few miles to the south of Pollau ; thence to Hartberg, skirting the talcose
and micaceous ridges south of Pollau and Vorau ; and from Hartberg, after
ranging for some way towards the north, and being deflected by the primary
ridge of Friedberg, it passes into the frontiers of Hungary. The accompanying map is on too small a scale to show the several demarcations in any
detail, and what we have now given is merely an imperfect sketch ; but it is
sufficient for our present purpose*.
We entered the tertiary region at Gratz, and descended by the banks of
the Raab into the borders of Hungary. We afterwards examined the relations of the trachytic hills between the Raab and the Mur — the sections on
the banks of the Mur, from Radkersberg to Ehrenhausen— and the sections
laid bare on the banks of the Sulm, and other ti-ibutory streams which descend
from the Schwanberg Alp. Finally, we crossed the hilly region between the
Mur and the Drave, and traced the tertiary strata into contact with one of
the spurs of the Bacher Gebirge near Marburg. A second visit to these
regions, during the past year, enabled one of the authors to define the
northern and north-western boundaries of the tertiary groups ; by a traverse
from Friedberg to Hartberg, and thence to Gratz, Wildon, Voitsberg, and
Lankowitz.
During these various traverses, we not only ascertained the general distribution and relations of the tertiary groups, but also became in some measure
acquainted with the structure of the surrounding mountains. For example,
we found mica slate in the ridges north of Hartberg — talcose and micaceous
rocks near Pollau and Vorau — primary white limestone at Weitz — ridges,
apparently, of transition limestone, on the Mur above Gratz — mica and chlorite slate, with garnets, atLagist — white, laminated quartz rock at Voitsberg —
a rock composed of white, flaky quartz and silvery mica at the Pach Alp —
mica schist, at the bottom of some of the deep water channels on the flanks
of the Radlberg — &c. &c.
* Plate XXXV. Since this chapter was written, a beautiful, detailed, physical and geological Map of Upper and Lower Styria has been presented to the Society by His Imperial
Highness John Archduke of Austria.
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To enumerate mere mineralogical facts like these would be to little
])urpose ; but it is
the Styrian basin,
other by only one
Eibeswaldj and in

important to remark^ that all along- the western limits of
the primary and tertiary systems are separated from each
secondary formation. It is well seen in the hills above
a succession of broken eminences on the eastern flank of

the Schwanberg Alp ; where it is clad with forests and intersected by deep
ravines and gorges, in which the torrents have sometimes cut their way down
to the primary strata. It is chiefly composed of sand and sandstone, generally
soft and micaceous, and of a grey, greenish grey, or brown colour. Subordinate toit are beds of indurated shale, and of hard sandstone, occasionally
so coarse as almost to pass into a conglomerate form. We obtained no fossils
from this formation ; and, having other objects in view, our attention was
little directed to it : but we have no doubt that it is a prolongation of the
system of fucoid grits and green sand, of which we have already sketched the
range, from the north flank of the Eastern Alps into Styria.
The beds of the preceding group are all highly inclined, and are generally
separated from the nearly horizontal beds of the tertiary system by a longitudinal valley of denudation ; once probably occupied by incoherent sandy
and argillaceous strata, which have been since washed away. Notwithstanding the minute scale of the accompanying sections, we hope that one of
them will give a correct notion of the position of this group between the
primary and tertiary systems of Styria*.
The tertiary deposits, within the region of which we have traced the
boundary, though generally almost horizontal, and perhaps in no instance
very highly inclined, have a prevailing easterly dip ; so that in traversing
them from west to east we commence with the oldest and end with the
youngest strata. They may be conveniently divided into three principal
groups : the lowest of which occupies nearly the whole of the finely broken
region extending from the neighbourhood of Eibeswald, and the eastern
skirts of the Schwanberg Alp to the banks of the Mur. The component
strata of this group have yielded to the elements, and been so carved and
worn down by torrents as to rival in their miniature outline the serrated peaks
of the higher Alps. On this account, the wine-hills and woodlands by the
sides of the deep ravines, through which the Sulm and other tributary streams
!ind an escape into the Mur, present a succession of objects of endless comj)lication and beauty ; and if such a remark might be permitted in this place,
we would add, that the loveliness of the country is reflected in the moral
aspect of the inhabitants.
* Plate XXXVI.

Fig. 16.
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In the valley of the Sulm, and in some other deep ravines^ the waters have
cut through the whole tertiary series into a formation of transition or primary schist. Indeed the overlying strata, near the western limits of the basin,
have been deposited on so uneven a surface, that they never perhaps entirely
covered the higher protuberances of the older rocks.
By a comparison of various sections we find that this lowest group admits
of the following subdivisions. (1.) Alternating beds of shale and sandstone,
with lignite. (2.) Alternations of marl and sand ; in some places containing
many marine shells. (3.) Beds of sandstone, with bands of sandy shale; and
(near the protuberances of the older rocks) with irregular, alternating masses
of conglomerate, containing rounded siliceous pebbles, and resembling the
shingle of an ancient beach.
The second principal group is characterised by coralline and concretionary
limestone of a yellowish white colour: it is finely exposed in the escarpments
of Wildon, and in the hills of Ehrenhausen, on the right bank of the Mur.
The upper portions of this group occupy a considerable part of a hilly region
stretching on the south side of the Mur, in a direction nearly due east and
west, and are well exhibited in a succession of fine natural sections on the
right bank of the river. They are made up of marls, sometimes so calcareous
as to pass into irregular, concretionary masses of white limestone — of beds of
shale — and of sand and sandstone, occasionally so coarse as almost to pass
into the form of a conglomerate.
The third and highest group contains, like the two preceding, beds of
marl and sandstone ; but it is distinguished by a great variety of fossils, by
beds of indurated, coarse, calcareous sandstone, and especially by beds of limestone, here and there, exhibiting a perfectly oolitic structure. In this group
we include the yellowish, micaceous sands, with bands of sandy marl, and
occasionally with beds of small pebbles, which occupy a large portion of
the surface of the country near the frontiers of Styria and Hungary.
In travelling from the western to the eastern side of Lower Styria we gradually lose some of the grander features seen towards the Alpine boundary ;
and the country, chiefly composed of low, sandy eminences, becomes much
less beautiful and diversified as it sinks towards the neighbouring plains of
Hungary. An extensive region, which stretches across tlie valley of the
Raab from Riegisburg to the peaks of the Gleichenberg and the hills of
Straden and Potfendorf, offers however a striking exception to this remark.
Mountain masses of volcanic breccia, crowned with castellated ruins, flat-topped
eminences of basaltic lava, and domes of trachytic porphyry, rising above all
the neighbouring tertiary hills, give a new boldness to the outline of this
VOL. III. SECOND
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region, and a new interest to its mineralogical details. These phenomena
are the more important, from their obvious connexion with the old volcanic
operations which are known to have modified the features of a large portion
of Hungary.
This introductory sketch will serve, we hope, to explain our views of the
structure of Lower Styria ; and we now proceed to illustrate and confirm
them by two detailed sections — one drawn nearly from west to east, commencing with the hills above Eibeswald, and extending to Radkersberg on
Mur, close to the Hungarian border — the other nearly from north to south,
commencing at Riegisburg, passing through the volcanic region above
mentioned, and ending at Radkersberg, where it crosses the other line of
section*.
1 . Detailed Section of the Tertiary Formations between Eibeswald and
Radkersberg.
The accompanying section (fig. 16.) begins at the ridge of the Radlberg,
elevated about 2000 feet above the level of the Mur, and passing through
the inclined system of secondary green sand (beneath which the primary
schists are in several places laid bare), descends to the tertiary groups, which
we now proceed to describe, as they appear in the section, in the ascending
order.
1. Shale and sandstone with coal.

*

There are probably several seams of coal among the oldest beds of shale
and sandstone : one of the lowest is worked at a place call Pampana, very
near Eibeswald, and is about four feet and a half thick. It rests immediately
upon the grits and conglomerates of the Radlberg. From this point, a tortuous line drawn along the flank of the Schwanberg Alp intersects several
seams of lignite, as at Steierich, St. Tuluri, Sheineck, &c. Of these coal
beds, that at Scheineck is the most interesting, on account of its organic
remains. Beds of sandy, micaceous marl there occupy the right bank of a
little stream called the Weisse-Sulm ; and the coal is extracted from the
base of an escarpment by horizontal galleries which follow the line of
deposit. The coal itself is about three feet in its greatest thickness, but it
thins off to a few inches, in the face of the cliff from whence the drift
proceeds. It is imbedded in calcareous shale, which contains many large
stems of arundinaceous plants, and a considerable number of Gyrogonites,
* Plate XXXVI.

Fig. 15 & 16,
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among which the Chara tuherculata (?) is the most abundant. Opercula of
PaludinaB, shells of a Cypris, scales of fish, and fragments of the skeletons of
certain species of Mammalia are commonly found associated with the coal.
The few specimens of bones which we procured from this place are too imperfect to give any specific information ; but a fine jaw of a species of Anthracotherium (?), obtained from the works at Scheineck, is to be seen in the
museum at Gratz. These bones have precisely the same mineral character
and general appearance as those which occur in a similar deposit at Cadibuona,
in Piedmont. The lignite of the two places is undistinguishable, and occurs
in both at the base of the respective tertiary systems with which it is associated.
In certain laminte of the coal-bed of Scheineck a passage is, here and
there, seen from wood with a dicotyledonous structure into mineral charcoal ;
in other laminae the coal appears to have resulted from the compressed leaves ;
in those parts which enclose the bones (Anthracotheria ?) it is nearly in a state
of jet*.

2. Blue, calcareous shale and sand, &c.

The carboniferous strata are surmounted by sandy, blue and dark-coloured
calcareous shales, in which (especially near Kreitzpetter, along the western
side of the Sausal-hills) we discovered many well-preserved shells; several
* Lignite, of very different structure and age from that above described, occurs in many parts
of Styria. For example, the vast masses of lignite near Lankowitz and Voitsberg cannot in
any respect be assimilated to that in the old tertiary deposits, and arc moreover entirely cut
otf from the Gratz basin.
The river Kainach, in its course from the Stub and Pach Alp, flows through narrow gorges of
primary rocks, and waters successively several, small, bowl. shaped expansions, on the sides of
which the lignites are heaped up : and hence we may perhaps conclude, that these mountain depres
sions were local and temporary receptacles of great numbers of drifted forest trees, of turf, &c.
These lignites are in fact nothing more than brown coal in its first state of carbonization, the
•woody structure being still preserved ; in which respect they resemble the brown coal of the
Rhine, of Hesse Cassel, and of Bovey in England. To the Bovey coal they are also analogous
in containing no traces of any animal remains, marine, iluviatile, or terrestrial.
The most important of these deposits, at Oberdorf, near Voitsberg, has at one place a thickness of 72 feet, and is worked in a Iof(y, subterranean chamber 720 feet in length. It is in parts
very pyritiferous ; and near its base rests upon, and alternates with, unctuous pipe-clay and brick. .
earth. These clays are found abundantly all round Voitsberg and Oberdorf, deposited at one
place on mica schist ; at another on white, crystalline, primary limestone ; at a third on fucoid
shales and coarse grits, the only secondary rocks in the region.
The brown coal occurs at very dllTerent levels, being at Lankowitz several hundred feet higher
than at Oberdorf; and the beds, or rather heaps, of the mineral at the former place, are hori.
zontal or inclined, according to the nature of the broken surface on which they rest.
R. LM.
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of which, after a careful examination, Mr. J. Sowerby has pronounced to be
very nearly, if not quite, identical with species found in calcaire grossier.
The list is as follows :—
Lutraria convexa, Sowerby. Plate xxxix. fig. 1.
Ldicina mutahilis ? Calc. gross. Deshayes.
Coq. Fos. cles Env. de Paris.
Tab. xiv. fig. 6 and 7.
Liicina renulala.
Calc. gross. Deshayes. Cog. Fos. des Env. de Paris.
Tab. XV. fig. 3 and 4.
Pecten (fragments of).
Venus vetula.
Basterot.
Mem. Geol. Env. de Bordeaux. PI. vi. fig. 7.
Cardium (fragments of).
Cerithinm tiara.
Calc. gross.
scalaria ?

Lamarck A7in. du Mas. Tome 3, p. 343.

Nerita.
Bulla elliptica.

Calc. gross., London clay, Hordvvell Cliff.
Tab. cccclxiv. fig. 6.

Min. Con.

This shelly, blue marl, though of a thickness very inferior to that of many
of the groups we are about to describe, is highly important from its organic
remains, which are rare in most of the neighbouring strata.
3. Alternations of sand, marl, and sandstone, with subordinate masses of shingle, here and
there, cemented into a millstone conglomerate.

This group is largely developed, occupying the wine-hills of Sausal, and
all the broken district extending from thence eastward to the valley of the
Mur. It is traversed from W. to E. by the river Sulm, exposing on its banks
the old schistose rocks, with cappings, several hundred feet thick, of yellow
sands, marls, and conglomerates.
Shelly beds occur, here and there, in this group, of which we remarked a
good example at the mouth of the gorge, where the Sulm issues into the
broad valley of the Mur near Leibnitz. The inclined chloritic and micaceous
schists there rise to the height of about GO feet above the bed of the Sulm,
and are then covered with the following horizontal beds.
a. Breccia of angular fragments of the inferior rocks, cemented, apparently upon the spot, by
yellow calcareous matter.
b. Indurated, sandy, concretionary masses, occupying a thickness of about 30 feet, chiefly
distinguished by specimens of a very large Ostrea.
c. Arenaceous and calcareous marls of great thickness, but much concealed by vineyards and
vegetable soil.

Near Ehrenhausen the group contains thick, subordinate masses of conglomerate, which, in a valley to the W.S.W.

of the town, is quarried for mill-
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stones. The beds best adapted for this purpose are of a bluish <^rey colour,
and consist of smooth^ rounded pebbles of quartz, chlorite, schist, and other
primary rocks, varying- from the size of a pea to that of a pigeon's egg, held
together by a siliceo-calcareous cement. The upper and under beds are more
sandy and incoherent, but are equally charged with well-rounded pebbles ;
and, like the millstones, contain a few fragments and casts of tertiary shells.
Other alternating beds in different parts of this valley consist of rubbly calcareous grit, passing into conglomerate, and of beds of fine yellow sand, separated from each other by bands from two to three feet thick, of very coarse
calcareous grit, containing a few ill-preserved shells. These strata form the
highest members of the group we are now describing, and dip E. by S. at an
angle of about 15° (much above the average dip of the basin) under the coralline, white limestone of Ehrenhausen.
The appearance of the millstone conglomerate so far within the western
limits of the basin, is, at first sight, difficult to account for, especially as the two
inferior groups contain no similar beds, and seem to have been deposited in a
tranquil sea. On examination, however, we find that the primary rocks are not
only laid open by the Sulm, but rise from its banks into high ridges protruding through the tertiary formations on the west side of Ehrenhausen. By the
degradation of a portion of these ridges, which once existed as shoals or islands
in the old tertiary sea, the conglomerates in question were probably formed.
The considerable inclination of the millstone group is also an anomaly
in the structure of the basin, in part perhaps explained by supposing the
deposits to have taken place on an inclined surface of one of the protrudingprimary masses. A local movement of elevation would, however, at once
account for the position of these beds ; and the supposition of some sucli
movement is perhaps countenanced by the presence of trap rocks further to
the north, in a corresponding part of the basin.
Had our section commenced at the base of the Pach Alp, and been prolonged bythe drainage of the Kainach over the summit of Wildon, it would
have crossed a series of beds nearly agreeing with those of the three groups
above described. On that line the millstone conglomerates are wanting, but
the trap rocks, above mentioned, may be seen in a knoll on the left bank of the
Kainach, about three quarters of a mile west of Weiterdorf, among the lower
tertiary groups which, by a slight easterly dip, are carried under the southwestern escarpment of Wildon*.
* The trap is much concealed in a pine-wood, and the specimens brought away are in a state
of decomposition ; but they appear to be composed of basaltic greenstone, clinkstone, and clinkstone porphyry. They deserve notice, as the only igneous rocks in this part of the Styrian basin.

390

Professor Sedgwick, and Mr. Murchison on the

4. Coralline, white limestone, calcareous and arenaceous marl, kc.

The finest exhibition of this rock is seen in the tabular elevation of Wildon,
situated on the right bank of the Mur, near its junction with the Kainach.
This hill, celebrated as one of the astronomical stations of Tycho-Brahe,
rises to the height of 600 or 700 feet above the neighbouring plains; and
the upper part of it^ in thickness more than 400 feet, consists of a horizontal, strong-bedded, yellowish white limestone, here and there charged with
many coralline bodies, alternating with some thin wayboards of marl, and
with marl containing many irregular calcareous concretions. It is a splendid
example of a coralline limestone of a tertiary age, exhibited on a grander
scale than the English geologist has been accustomed to see in the secondary
coral rag of his own country.
Many of the masses have a mottled appearance, resulting from a number of
spheroidal and cylindrical concretions, formed of concentric layers of white
carbonate of lime, probably produced in the first instance by organic bodies,
the traces of which are now lost. In the harder and tiiicker beds there are
many cavities, originally containing various corallines, of which we now only
find the impressions standing out in relief from the interior of the cells*.
In the lower part of Wildon the limestone becomes more marly and concretionary, and passes into sandy argillaceous marls, which form the prolongation
of beds composing the wine-hills of Sausal.
A line drawn from Wildon about S. by E., at right angles to the prevailing
dip of the formations, falls upon the hill of Ehrenhausen, where the castle
stands upon a similar coralline and concretionary white limestone f.
The shells we found at Wildon and Ehrenhausen are a Mytilus, a Cardium,
two species of Pecten, of which the smaller is the Pecten infiwiatus of Deshayes ; one species of Cerithium, Conus Aldrovandl? of Brocchi ; Balanus
crassus ? of the English crag; small Nummulites, probably of the species
N.complanatus; many corals of the genera Astrea and Flustra; tubes resembling the cells left by a Teredo or Pholas ; club-shaped bodies (Pistulanae
of Lamarck) traversing corals, and the claws of a species of Crab.
* A. similar concretionary and coralline structure is seen in the mottled tertiary marble of Costa
Lun<-a, described by one of the authors in a former memoir " On the Tertiary Formations near
Bassano," Annals of Philosophy, vol. v. p. 401 : and the coralline limestone of Monte Viale
in the Vicentine, described by M. Brongniart, may also be cited as an analogous rock. These
examples of similar structure do not prove the several rocks to be of the same age. The leithakalk of the Vienna basin is however not only in structure very like the limestone of Wildon, but
is, we believe, exactly on the sawe parallel.
■\ Plate XXXVI. fig. 16.
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This coralline limestone, which is of such great thickness at Wiklon, is less
developed and less indurated at Ehrenhausen, where, after occupying- the
castle-hill on the right bank of the Mur, it passes under saponaceous marls
alternating with strong bands of brown, calcareous grit. These masses constitute cliff's which are continually crumbling away in consequence of the
decomposing nature of the marls.
4 a. White and blue marl with bands of sandstone, white raarlstone, and concretionary, whittlimestone,

Beds of this kind, representing the upper portion of the coral limestone
series in its expansion towards the east, are well exposed in a succession of
escarpments on the right bank of the Mur below Ehrenhausen. In that part
of its course the river is bounded to the north by the great plain of Strass and
Mureck, and to the south by a succession of tertiary hills composed of strata
like those we have just enumerated.
Descending from Ehrenhausen by the right bank of the river, we find the
coral limestone succeeded, and perhaps in part replaced, by light-coloured,
unctuous marl, with bands of micaceous calc-grit, which, near the bridge of
Strass, are superseded by blue, sandy marls.
We obtain a good transverse section of the district to the south of the river
by deviating from the direct line of section, and following the great road to
Marburg. This road first conducts us through the hills of Santa Egida, where
beds of concretionary, white limestone alternate with marls containing fossils,
among which we observed a Scalaria, a Cypraea, Ostrea Bellovicina, an(!
many fragments of Pecten pleuronectes (?). Still further to the south in t[ie
Zirknitz-thal (from which the waters flow into the Drave at Marburg), many
fossils have been discovered along the line of a new road : from amongst these
we procured a Clypeaster (Echinanthus marginatus (?) of Leske); Pectens
of gigantic size, one of which is the Pecten figured by Faujas from Maestricht; and Ostrea longirostra (Lamarck).
To the west of the valley of Zirknitz, and consequently in the line of bearing of the strata which succeed the coral limestone of Ehrenhausen, the system
of white marls, we are describing, assumes so compact a character, that at St.
Kunegund and some other places they are extensively quarried as a building
stone. This stone much resembles the compact beds of English clunch (or
indurated chalk marl), and is remarkable for its dark-coloured blotches, which
at a little distance resemble flints in chalk. It is sometimes finely laminated ;
but it is more frequently thick-bedded, with a dull, conchoidal fracture, and
has occasionally been employed in coarse statuary work*.
* The gigantic figures at the mausoleum of the castle of Ehrenhausen are of this stoiio.
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Returning to our former line of section along the right bank of the Mur,
between the bridge of Strass and Mureck, we find some slight undulations of
the strata ; but on the whole the beds are so nearly horizontal,, that the same
groups of variously coloured^ sandy, and unctuous marls continue till the river
passes the latter place. Below Mureck a very fine section through the unctuous marls exposes irregular, subordinate bands of a white, concretionary limestone, one range of which is about eight feet thick. The rock is soft in the
quarry, but hardens on exposure, and is extracted in large lumps, the outside
of which exhibits an earthy texture. The interior is very difficult of fracture,
and is made up of a number of small tubular and concentric layers, which at
first sight give the rock a pisolitic appearance. Some of the harder masses
are traversed by beautiful, contemporaneous veins of crystalline carbonate of
lime.
The beds in this section dip east at an angle of 6° or 8°.
In the calcareous beds alternating with the various inferior groups, we constantly remarked a tendency to concretionary structure ; and in the marls in
the upper part of the Sausal-hills, and of Santa Egida, we frequently found
balls three or four inches in diameter, made up of a congeries of spheres like
clusters of small grapes, which reminded us of some varieties of the magnesian
limestone of England. On breaking these balls the spheres were occasionally
hollow, but presented, here and there, obscure traces of organic structure.
5. Arenaceous marl and sandstone ; concretionary beds of calc.grit and oolitic limestone ;
micaceous, yellow sand, and small beds of pebbles, &c.

The white marls and concretionary limestone of Mureck, are succeeded on
the line of dip by a great, complex deposit forming the highest group of the
whole section. The lower members of this group consist of arenaceous, darkcoloured marl alternating with calcareous sandstone, which, opposite to SixtMiihle and at other places on the banks of the Mur, contain fossils, of which
we may mention the following genera : Cerithium, Modiola, Pecten, and
Cardium. From Sixt-Miihle to Radkersberg, the whole system becomes more
arenaceous ; and at the latter place, where the hills terminate towards the
plains of Hungary, the cliff which overhangs the Mur exhibits a good section
in the following°
ascending order.
Ft.

In.

70

0

a. Fine, incoherent, calcareous, grey and blue, micaceous sands and marls,
with a great profusion of small Cerithia, of which the most common species very closely resembles the recent species C. vulgatum. Associated with
it is"the Corbula complanata ? (Sowerby *), a minute Natica, a Nerita,
&c. These beds are so disintegrated that their exact subdivisions cannot
bedetermined. Their total thickness from the base of the cliflF is about
60 or 70 feet
* Min. Con. Tab. ccclxii. fig. 7 & 8.
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b. Yellowish siliceous limestone, with many casts of shells, amono^ which are
Ccrithium pictum * (Bast.) ; C. vulgatum ; C. pupceforme f (Bast.) ; and
three or four other species: TurritcUa incrassata | (Sow.); Cardium
transversum^; C. ot/wmAm/w 1| ; a Sanguinolaria ; a Venericardia ; Nummulites variolaria^? &c. &c. The lower part of these grits compose
beds from one to two feet thick, but the higher portions of them are made
up of thin slaty layers. The surfaces of the slabs are concretionary and
sometimes oolitic; and some of the masses, v^hen fractured, separate at
joints which are stained with black oxide of iron
c. Greenish, calcareous, iron-shot sandstone, with Cerithia
d. Thin layer of blue marl
e. Hard, micaceous calc-grits, of a greenish colour.
Some of them exhibit
flattened spheroidal concretions, and are quarried for building. They
are surmounted by yellowish and greenisli sandstone with casts of shells,
which finally pass into yellow and blue arenaceous marls
/. Yellow, micaceous sandstone and sandy marl, with many casts of shells. ...
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Several of the more calcareous beds of this section (especially in the second
subdivision marked h.), exhibit a tendency to the oolitic structure. As, however^ the tertiary oolites are more perfectly developed in beds exactly on the
same parallel, which are exposed in the transverse section from Regisberg to
Radkersberg-, we pass them over without further notice in this place.
Bones of several species of Mammalia have been found in some of the Radkersberg- beds ; and several interesting specimens of them are placed in the
museum at Gratz. This fact is important, as it not only assists us in comparing tiie upper tertiary systems of the basins of Vienna and Styria, but also
establishes an analogy between them and the younger deposits of the SubApennine regions.
We here terminate our description of the section through the successive
deposits of the Styrian basin. Though the order of superposition is sufficiently
clear, the groups are ill defined ; and one or two of them have been adopted
in the preceding details, more for the purpose of facilitating the description
of the whole series, than from their possessing any very distinctive characters
by which they are separated from the other contiguous groups. For the purposes of general comparison, we think (as we have stated in the introduction)
that three principal subdivisions of the whole series will be found sufficient.
The first comprising all the tertiary strata inferior to the great coralline limestone— the second, all the strata associated with the various forms of the coral* Env. de Bordeaux, PI. iii. fig. 6.
{ Min. Con. Tab. li.
II See Plate XXXIX. fig. 3.
VOL. III. SECOND
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§ See Plate XXXIX. fig. 2.
1 Min. Con. Tab. dxxxviii. fig. 3.
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line limestone — and the third, including all the higher deposits which occupy
nearly the whole country on the western frontier of Lower Styria.
2. Section of the Tertiary Groups near Hartherg.
If a line be drawn (nearly at right angles to the mean direction of the preceding section) from Radkersberg, through the crests of Gleichenberg, to
Riegersberg, and be then produced towards the north, it will meet the
primary ridges, at the north-eastern boundary of the Styrian basin, in the
neighbourhood of Hartberg : and in the whole of this long traverse, it will
pass either through strata subordinate to the highest tertiary group (No. 5.)
of the general section, or through igneous rocks associated with them.
The tertiary beds, on the north-eastern confines of the basin, rest immediately on the primary system ; and are so nearly horizontal, that they probably retain the same relative position, in respect of the Friedberg and the
Hartberg ridges, which they had at the time they were deposited. The lower
groups are almost entirely made up of alternating laminae of micaceous sand,
and unctuous marl, together forming a good brick-earth. In the ascending
order these beds become more indurated, and pass into a group made up of
alternating beds of marly limestone and sandstone, containing a few Cerithia.
Some of the beds of calcareous sandstone contain fragments of mica schist,
small quartz pebbles, &c., mingled with the Cerithia ; but in none of them is
there a trace of any secondary rock — a proof, in addition to the one offered
by the collocation of the beds in natural sections, that no secondary rocks
existed in this region at the time the tertiary deposits were forming.
The last-mentioned group is surmounted by a very remarkable calcareous
formation, to which the name of grauh-kalk or calcaire grossier has been
sometimes given. Mineralogically speaking, such a term may be correct;
but as a formation, it is of a much newer age than the calcaire grossier of
Paris ; being, if we mistake not, on the exact parallel of the limestone of
Radkersberg and Poppendorf. It is surmounted in the quarries south of
Hartberg, by beds of marl and sandstone, some of which resemble those of
the inferior groups.
The following descending section from the quarry of Schiildbach, south of
Hartberg, will show the nature of the deposits we are here describing.
1. Earthy marls at the surface, of Irregular thickness.
2.
3.
4.
6.

Coarse J micaceous grit, with small quartz pebbles
Unctuous marls ; part light green, part of a deep ochrous colour
White and grey, micaceous, laminated marl
Greenish laminated, arenaceous marl

Ft. In.
0
1
1
3

6
0
0
0

6. Thin layer of sand, with broken shells and black and white quartzose pebbles 0

3
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7. Green and yellow arenaceous and micaceous marl ; containing geodes, and
concretions of hydrate of iron

g

0

8. Green, unctuous marlSj separated by thin bands of ferruginous marlstone

..

7

0

9. Highest bed of shell-limestone, of porous structure, of rusty brown colour,
and full of Cerithia

1

0

10. Yellow ochrous coarse-grained limestone : it contains many Trochi and
other shells, and is burnt for lime

4

6

1
1

2
o

11. White limestone, stained by brecclated fragments of greenish marlstone: it
contains many Cerithia and other shells ; some in good preservation ....
12. Coarse, brown limestone, with shells
13. Fine-grained, strong-bedded, white limestone, with shells on the surfaces of
the bed. It splits up into slabs from six inches to a foot thick, and is used
in ornamental architecture
14. Limestone, nearly resembling the preceding
15. Green, blue, and yellow unctuous marl
'16. White, shelly limestone
1 7. Rough, shelly, ochrous bed of porous structure
18. Sandy bed, obscured by water at the bottom of the quarry

4 5
j 3
2 6
1 g
0 9
36 ii

Geodes and concretions of hydrate of iron (similar to those in No. 7.) occur
in all the ferruginous sandy beds^ and are also found in the sandy strata under
the limestone.
The preceding group is of considerable, economical importance ; but its
chief geological interest arises from its fossils. Among those we obtained
from it are the following :—
Solen.
Cardium — three species.
Pullastra.
Saxicava rugosa ? London-clay and crag. Min. Con. Tab. cccckvi.
Venus or Cytherea.
Mytilus Brardii. Mayence. Fauj. Ann. du Mus. tome 8, pi. Iviii. fig. 1 \, 12.
Cerithium vulgatu7n; C. pictwn (Bast.) ; C. plicatum (Bast.).
Trochus — some specimens of which are not to be distinguished from an undescribed recent species from the Pacific^ in the possession of Mr. G. Sowerby.
It abounds in the Hartberg limestone.
Turritella incrassata. Crag. Min. Con. Tab. li. fig". 6.
3. Section in a direction nearly South and North from Radkersherg to Riegisburg, showing the Structure of the Youngest Tertiary Groups of Styria,
and their Relations to a Series of Volcanic Rocks *.
For some miles to the north of Radkersberg, a broad plain of gravel and
* Plate XXXVI.

3e2

fig. 15.
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sand, probably derived from the degradation of the surrounding deposits, is
spread out from the left bank of the Mur, to the southern edge of several lofty,
serrated ridges of volcanic rocks. Our line of section passes through some of
the finest of these volcanic masses, in its range from Hainfeld, on the Raab,
through Gleichenberg, to Straden : and had it been drawn a little further to
the east, it would have passed over a volcanic ridge stretching southward as
far as Klech.
By skirting these volcanic ridges on their western side, we were led along a
succession of hills, of the youngest tertiary marine deposits ; in some places
offering clear, uninterrupted sections ; in others, alternating with, or overlaid
by, different varieties of the contiguous igneous rocks. At Straden, a hill rises
several hundred feet above the plain. It is composed towards its base of calcareous shelly sands, which pass upwards into compacted conglomerates, of
well-rounded pebbles, the beds of which incline towards the north,, and contain
shells similar to those in the escarpment of Radkersberg. The hill is surmounted bya thin cap of dark-coloured basaltic lava, imperfectly columnar,
upon which the village and church stand *, This rock is coarse and granular,
with a tendency to concretionary structure, contains olivine, and here and there
has the rough, open structure of recent lavas.
The tertiary strata of Straden strike to the north-west, and are seen in
several round-topped eminences, the mineral structure of which may be
best understood by the following detailed section of the adjoining hill of
Poppendorf.
4. Section of the Hill of Poppendorf
If this hill be ascended from the south, it has the appearance of being
divided into three terraces. The lower, on which the castle stands, consists
of thin-bedded, calcareous sands, marls, and conglomerates ; of blue, grey, and
rusty brown colours. They are much concealed by vegetation, but are partially bared on the side of a cross road.
The middle system is, in its general structure^ somewhat like the lower, and
is imperfectly exposed on the slope of the hills ; but a water-course enabled
us to observe the following succession of strata :
a. Yellow, micaceous, sandy marlstone.
b. Blue, green, and yellow marl, separated by bands of ferruginous calc-grit.
c. Thin layers of indurated sand.

* The church and principal buildings are made of a beautiful fine-grained oolite, extracted from
the adjoining quarries of Freesing and Poppendorf.
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d. Greenish, calcareous sandstone, with various casts of shells.

e. Micaceous, thick-bedded, calcareous sandstone, of bluish and greenish colours.
/. Sandy, micaceous, yellow niarlstonc with casts of a Venericardia ; Cerithium picttim ; a
Modiola, of the same species with one found at Sixt-Miihle ; a Pecten ; a Mactra ; a Turbo (?) •
a Trochus ; Nummulitcs vuriolariaij); and some other shells similar to those at Radkersberg.
g. Marl, and thinly foliated sandy beds.
h. Yellowish limestone, with casts of shells.
i. Green and white sand.
A:, White, sandy, micaceous marl, with calcareous concretions, and many bivalve shells which
fall to pieces on being touched.
I. Finely laminated, sandy marlstone, blue, white, and iron. stained ; with casts of shells.
m. Brown and blue, micaceous, argillaceous grit.
fi. Bands of light-coloured, calcareous and micaceous sand.
o. Sandy marls.

p. Micaceous and calcareous sandstone, with traces of carbonized wood and plants, passing upwards into a conglomerate.
q. Indurated conglomerate, and micaceous calc-grit, forming the summit of the second terrace
which is obscured by vegetation.

The base of the third and highest terrace is made up, to a considerable
thickness, of very micaceous sand, containing some pebbles. It is imperfectly
exposed ; but near some high vineyards, the sandy beds are cut through in
several places for the extraction of a fine-grained, perfect oolite, which is
quarried here, at Wasen, and at Preesing ; and has been extensively used in
the construction of the neighbouring churches and other public buildings. It
is an irregular, concretionary rock, formed in the midst of the calcareous sands,
marls, and conglomerates ; its thickness is consequently variable. In the Poppendorf quarries, the beds of the best building-stone are from four to six feet
thick; and their structure is so truly oolitic, that the most experienced geololist on seeing them in hand specimens, or the hewn stone of a building, might
confound them with the great oolite of Bath. In the quarries, he would however be soon undeceived by finding casts of Cerithia, and other tertiary shells
on the surfaces of the coarser and exterior beds. Amongst the oolitic grains
of the coarser beds, and sometimes within them, are minute fragments of
bivalves: in the same beds also several species of univalves; for example, a
Cerithium, a Murex, a depressed shell resembling a Planorbis, a Natica or
Nerita, a Turritella, a Turbo, &c.
Some of the spherules are hollow, but others are arranged about grains of
semi-crystalline calcareous matter, or particles of sand. The beds of true
oolite are overlaid by irregular, concretionary masses, partially oolitic, which
alternate with unctuous sandy marls. Some of these concretions are amorphous; some assume contorted tubular forms; others are finely laminated.
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This portion of the rock has occasionally the external appearance and fracture
of English cornbrash ; and exhibits stellated impressions of black oxide of iron
on its broken surfaces.
These quarries are surmounted by white, green, and iron-stained calcareous
sands, finely laminated in wavy lines ; and above them are repetitions of blue,
yellowish, and green, arenaceous marl, similar to that described from a lower
part of this section.
The total thickness of all the strata, from the base of the hill, cannot be
estimated at less than five or six hundred feet. From the evidence of the organic remains, as well as from the position and strike of the strata, there can be
no doubt that the group at Poppendorf is of the same or nearly the same age
as that of Radkersberg; and thus we find, that one of the last operations in
the formation of these great tertiary deposits, was the production of an oolite,
undistinguishable in many parts of its structure from the great oolite of
England*.
By referring to the accompanying section (fig. 15.), it will be seen, that in
the adjoining hill, the shelly sands and marls have not been deposited in the
same manner as at Poppendorf; but have been broken in upon by eruptions
of volcanic matter. These striking phenomena are seen in the hill of Perish,
between Poppendorf and Gnaess, the base of which (at the point where we
examined it, in a little combe on its south-eastern side), consists of a coarse
volcanic tufa and breccia, made up of earthy matter, containing many fragments of basaltic lava, scoria, decomposing ancient rocks, cjuartz pebbles,
crystals of vitreous felspar, olivine, and pyroxene, mixed up with broken tertiary shells.
A little above this tufaceous deposit, thick beds of the tertiary calcareous
sandstone alternate with a similar volcanic mass; and further in the ascending
series, some of the volcanic beds contain many well-preserved shells. Green,
micaceous, and calcareous sand of considerable thickness succeeds ; and it is
surmounted by a regularly bedded, greenish, dark-coloured volcanic breccia,
seven or eight feet thick, which is nearly horizontal, and so indurated as to be
much quarried for building.
This volcanic rock contains crystals of decomposing glassy felspar ; olivine ;
much scoriaceous and basaltic lava, with olivine and pyroxene; many fragments
of shells ; and pebbles probably derived from the shingle banks of the tertiary
* Considered as a suite, the shells at Poppendorf and Radkersberg are very nearly the same.
For a much more complete account of the fossils at all the localites above mentioned, we must
refer to the list at the end of this paper, and to Plate XXXIX. accompanying it.
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sea. It is much fissured, and the interstices are coated with crystals of carbonate of hme, and with that variety of the mineral which is sometimes called
rock-milk. The building-stone is covered at the top of the hill with finely
laminated, micaceous, earthy beds ; very much, we believe, resembling the
sediments which, in the present day, are occasionally produced, on the shores
of the sea, during periods of volcanic eruption.
The phenomena at Ferish and Straden occur on the western edge of the
volcanic region. To the east of these places, the tertiary sands are overlaid,
or broken through, by ridges of unmixed volcanic rocks. There are, we believe, no traces left of the ancient craters : but from the great predominance
of igneous rocks at Gleichenberg, that place may, perhaps, be considered not
far from the ancient centre of igneous eruption. The peaks which there rise
to the height of eight or nine hundred feet above the surrounding country
have all a trachytic character. In the ravines below the castle of Gleichenberg some of the subordinate masses are quarried for millstones; and are, apparently, of a structure quite analogous to the millstone porphyry of Hungary,
described by M. Beudant.
The base of this trachytic porphyry is chiefly composed of felspar, with much
disseminated black mica; and through it are distributed crystals of felspar, some
of which are in a very advanced state of decomposition : its prevailing colours
are reddish and greenish grey, with many irregular ferruginous stains.
Between Gleichenberg and Hainfeld, the volcanic peaks diminish in height ;
and masses, which are within a short distance of each other and seem to form
but one group, change their character completely, from a coarse trachyte into
a cellular lava, from which they graduate into a basaltic lava, v»^ith a tendency
to globular structure. Some of these varieties, not however including any true
trachyte, occur in the woody cone of Steinberg south of the castle of Hainfeld,
and are seen to overlie fine-grained volcanic silt and conglomerate, which
repose on the yellow sands that slope away into the valley of the Raab*. We
also observed near the basaltic lava at the top of this hill, many fragments of
light, cellular scoria.
From Hainfeld towards the north, the tertiary system of yellowish, micaceous
sand, marl, and uncemented beds of small pebbles, is uninterrupted for many
miles, forming a succession of round, woody hills : but at Riegisburg a magnificent tabular mass of volcanic breccia, crowned by an ancient castle and
fortress, appears to cap the tertiary sands. This rock contains quartz pebbles
and much detritus of the tertiary groups, mixed up with scoria, and fragments
* Plate XXXVI.

fie. 15.
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of basaltic lava, containing nests of olivine. The upper part of it is regularly
bedded, in which respect, as well as in its whole composition, it bears a close
relation to the volcanic conglomerates of Puy en Velay. The summit of the
Riegisburg is about four hundred feet above the level of the llaab ; and the
capping of volcanic conglomerates seems to be from two to three hundred
feet thick.
The account we have now given of volcanic rocks associated with the
youngest tertiary zone, are quite sufficient to explain the nature of their varied
geological relations; we, therefore, merely notice their occurrence at Fehring
and Kapferstein, where they are in the form of basaltic conglomerates ; at
Klausen, where they are basaltic and columnar; and at Seindlberg near Klbch,
where they are associated with scoria.
The juxtaposition of the various volcanic rocks, and their passage into each
other in some parts of the region last described, make it difficult, and perhaps
impossible, to establish any decisive tests of their relative age, founded upon
their mineralogical characters. The newest tertiary group is in one place
overlaid by prismatic and basaltic lava ; in anotiier by coarse granular lava,
almost passing into trachyte ; in a third by scoria ; and in a fourth, alternates
with basaltic tufa and conglomerate. All that we can affirm on this subject
is, that the whole of these volcanic rocks were probably produced during the
formation of the youngest tertiary deposits of the neighbouring region.
In igneous rocks of this age we cannot expect to find continuous streams of
lava, traceable to the crater from whence they flowed. The form of the country
however seems to indicate, as before stated, that the trachytic domes of Gleichenberg are situated near the principal focus of ancient eruption. Although
some of the masses of volcanic rock are so intimately associated with marine
deposits, as to leave no doubt of their having assumed their present form under
the sea ; yet the great abundance of scoriaceous matter, exactly resembhng
the commonest sub-aerial igneous products, led us to infer, that the principal
points of eruption rose above the sea which then occupied the basin of Styria *.
* We did not examine the volcanic region in detail ; and we skirted its western extremity almost
exclusively for the purpose of ascertaining the relations of the igneous rocks to the upper tertiary
groups. The central trachytic region we merely touched upon. In the hill of Ferish, the alternating beds of tertiary sand and volcanic tufa are nearly horizontal ; and certainly did not induce
us when on the spot to suppose, that the central trachytes of the Gleichenberg were posterior to
all the other igneous products. This hypothesis is, however, supported by Dr. Daubeny; who
founds his opinion chiefly upon certain inclined strata, on the Hanks of the Gleichenberg, which did
not fall under our observation.

See his " Description of Extinct and Active Volcanos," p. 1 10,
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Conclusion.
1. The slight inclination of the tertiary system at Eibesvvald, Hartber"-,
Marburg, and other places on the confines of the Styrian basin, naturally leads
to the conclusion, that the extremity of the Eastern Alps had undero-one its
chief movements of elevation before the existence of the several "-roups
described in this chapter.
!2. The formation of the lowest group probably commenced soon after tliese
movements of elevation had ceased ; and it is, at ail events, newer than any
of the inclined strata on which it rests, or against which it abuts. This consideration proves it to be younger than the secondary green sand and fucoid
shale, and proves nothing more : for there is nothing in the accompanying
details, which positively limits the great movements of elevation, and proves
them not to have extended to a period newer than that of the secondary green
sand,
3. The age of the lowest tertiary groups of Styria can, therefore, only be
determined by their structure and their fossils ; and on this evidence (as
above stated, p. 387, 388.) we are rather disposed to compare them with the
calcairc grossier and the London-clay, than with the newer Sub-Apennine
formations,
4. Although, as before stated, our subdivisions were in some measure arbitrary, and were adopted chiefly for the convenience of description ; yet the
tertiary system may be separated into, at least, tliree natural groups, each of
which seems to have been tranquilly deposited during a long period of time —
a conclusion justified by the condition of the beds and the distribution and
preservation of the fossils. If the lowest group be compared with the calcaire
grassier, the middle group may, with perhaps more certainty, be compared
with a portion of the great Sub-Apennine deposits, or with those of the Bordeaux basin. The highest group seems to be on a parallel with the higher
Sub-Apennine strata; but its limits are ill defined ; and we may pass it over for
the present, as its relations are perhaps better exhibited in the Vienna basin,
which we are about to notice.
5. The volcanic forces appear to have been called into action, chiefly during
the formation of the most recent group, and were probably continued, with
more or less interruption, during a long succession of ages. The varied structure of the different volcanic masses seems to have originated in mere local
causes, and we saw no reason for referring the great masses of breccia, of
lava, of scoria, and of trachytic porphyry, to distinct epochs of eruption.
6. Respecting the age when the igneous causes ceased, we can offer no
conjecture.
We find no traces of their action since the sea retired from the
VOL. III.
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bays of Lower Styria — as no igneous rocks follow the direction of the valleys
or inclined planes, presented by the existing- surface of the country. On the
contrary, they rise in steep insulated masses — formed, evidently, before the
rivers drained through their present channels ; and they offer most emphatic
proofs of the enormous degradation and waste of the country, since the formation of one of the newest regular deposits known in Geology.
5. Basin of Vienna : Comparison of its Principal Deposits with those of
Loiver Styria, ^c.
We stated in the first chapter of this paper *, that the central axis of the
Alps, in its extreme eastern prolongation, formed the boundary between the
basins of Vienna and Styria — and that after partially disappearing under the
newer deposits (connected^ in point of fact, with both these basins) it again
emerged in the neighbourhood of Presburg.
In applying the term basin, to the physical regions containing the tertiary
formations of Vienna and Styria, we use the customary language of Geology.
They were, however, nothing more than two deep bays in the ancient tertiary
sea, separated from each other by a great promontory connected with the central ridge of the Eastern Alps f : and we find, as might under such circumstances be expected — that the deposits they contain, are in the same horizontal
or slightly inclined position, and that they exhibit very nearly the same succession of phenomena. It is indeed owing to their slight inclination that the
lowest tertiary groups in the neighl)ourhood of Vienna are almost unknown ;
having been reached only by deep borings for water (through the inferior blue
clay called Tegel), and by other artificial means.
We subjoin the following synopsis of the successive deposits in the basin of
Vienna on the authority of M. Partsch, who has been long employed in working out the most minute details of their structure. Some of the facts were
verified by our own observations. The section (partly taken from the borings
above mentioned) is in the descending order :
Averageness in feet.
thick-

1. Alluvial loam called LosSy with terrestrial shells, of existing species (of the genera Pupa, Helix, and Succinea), mixed with bones of Elephants of extinct
species. The average thickness of this deposit is about 60 feet, but at some
places the thickness is much greater
2. Gravel and sand, with subordinate, concretionary, calcareous masses, sometimes
oolitic. This group contains bones of the Mastodon, Anthracotherium,
Tapir, &c
* p. 305.

t Plate XXXV.

60

70
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Average thick,
ness in feet.

3. b resh.water
limestone — only in patches (as at the Eich-Kogel) containing
LymnsBcE, Pianorbes, Helices, &c

140

4. Great, white coral. limestone (jLt'27/i«-A7i//>:), containing large Pectens, Echini,
&c. — also bones of the Tapir, Mastodon, Stag, and other Mammalia
5. Coarse, calcareous conglomerate, breccia, and calc.grit, forming the base of
the white coral-limestone of the Lcitha-Gebirge
6. Superior blue marl (Tegel)^ with a profusion of fossils *
7. Yellow sand, with calcareous grits, and many fossils, several of them

150

200
40

unde-

scribed — Cerithium pictutn, and two or three species of Ostrea abound in it.
8. Inferior blue marl {Tcgel) — only known by borings, and some partial excavationsfossils,
;
therefore, little known

120
300

9. White sands, &c., reached only by boring — thickness therefore entirely unTotal

known. _____
1080 feet.

In explanation of this tabular view of M. Partsch^ we venture to suggest
that Nos. 9. and 8. are on a parallel with the lower tertiary groups of Styria,
— that they are, therefore, of an older date than has been generally assigned
to any of the tertiary deposits in the Vienna basin — and that they are probably
on the parallel of some of the groups of the London and Paris basins.
The preceding supposition is not invalidated by the fact, that the fossils
of the yellow sand and superior blue marl (Nos. 6. and 7.), present several analogies to the shells of the Bordeaux basin, and of certain strata in the SubApennine regions f.
It is important to remark, that the g-reat coral limestone (No. 4.) is unequivocally superior to the whole system of marls and sands ; as it was at one time,
from its mineral structure, confounded with the calcaire grossier of Paris. It was
* Most of the organic remains, cited in the instructive memoir of M. Constant Prevos(, on a
portion of the Vienna basin (^Journal de Fhyslqiie, tome 91.), wert, we believe, from beds on
the parallel of this and the preceding group.
t A collection of fossils from Hirtemberg, in the Vienna basin, which one of the authors owes
to the kindness of M. Constant Prevost, has been compared by Mr. J. Sowerby with the fossils
of Lower Styria and of some other tertiary deposits, and gives the following results : —
1. None of the Hirtemberg shells are identical with the species found at Kreitzpetter in the
lower group of the Styrian basin {supra, p. 388.)
2. Considered as a group, they differ much from the fossils of the London-clay ; although two
species resemble Cancellariu cvulsa (Min. Con.) and Fusus complanatus (Min. Con.) — both of
the London-clay.
These results might have been anticipated, because the Vienna fossils are derived from beds
which are above the parallel of the lowest tertiary group of Styria.
3. Several of the Hirtemberg fossils seem to be identical with species in the Bordeaux basin and
Venericardia Jouanneti (Bast.); Area Diluvii (Lam.);
For example:
the English crag.
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examined by M. Partsch and one of the authors (during the summer of 1830),
on both flanks of the Leitha-hills, where it dips off from a primary axis, and
is seen, at its lower extremity, to pass into the calcareous conglomerate
(No. 5.). It was also examined at Loretto (where, besides the casts of numerous
shells, the beds contain bones of large land animals; such as the Stag, the
Mastodon, &c.), Eisenstadt, and Margarethen *; in the low range called See«»-ebir*i'e, borderin"- on the Neusiedler-See ; and at Briiner and Willersdorf on
the skirts of the Alps ; and we are convinced, from its place in the several
sections, its structure, and its organic remains, that it is cjuite identical with
the coral limestone in the central group of Lower Styria.
The fresh-water group (No. 3.) is only of partial occurrence in the basin.
The best example of it is in the conical hill, called the Eicli Kogel, between
Baden and Vienna; where it puts on the form of a hard, vesicular, lightcoloured limestone, containing shells of the genera. Helix, Lymnaea, and
Planorbis ; and rests on the calcareous conglomerates of the Lcitlia-kalk,
and the inferior system of marls and sand.
Where the fresh-water limestone is wanting, the Leitha-kalk is immediately
surmounted by the sand and gravel beds (No. 2.), containing the calcareous
concretionary masses and the bones above described. This group is spread
over all the low ground about Vienna. It possesses many of the same characters, and appears to be contemporaneous, with the upper group of Lower
Styria, which we have shown to be of the same age with the old volcanic
eruptions of that region.
Some portions of the preceding group might be confounded with diluvium,
and considered as due to the last tumultuous operation of the retiring waters
of a deluge. But independently of other phenomena (exhibited in certain parts
of the group), such a supposition seems to be entirely invalidated by the existence of a still higher group (No. 1.) ; which is not only of great extent and
thickness, but contains delicate shells of living species (such as Helix hispida,
Succinea amphibia, &c.), mingled with the bones, and sometimes with nearly
Naiica tigrinu ; Trochus patuliis, var. (Bast.) ; Cerithium picium (Bast.); a Cone, resembling
Coiius deperditus (Brug.); — all of which are Bordeaux fossils: and to these we may add,
Naticu hcmiclausa (Min. Con.), and Turritclla incrassuta (Min. Con.) — both of which occuiin the crag.
4. Some of these fossils are identical with shells found in the upper group of the Styrian basin.
For example : Turritella iiicrassata (Min. Con.) ; Cerithium vulgatum ; and C. pictum (Bast.)
all of which occur at Radkersberg and Hartberg, and the last also at Poppendorf.
* A magnificent section of this group (No. 4.) is exposed in the quarries of Margarethen,
where 70 or 80 feet of the thick-bedded massive limestone are laid bare, with scarcely a trace of
any zsay-board of division.
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entire skeletons of the Mammoth.
Such a deposit ill represents the rapid
operation of a retiring- flood.
It is greatly expanded near Krenis and St. Piilten ; reaching occasionally the
thickness of 140 feet^ and having, near tiiose places, tlie exact appearance of
the old alluvial hillocks in the valley of the Rhine, which have been described
by M. Voltz.
Unconformable masses of conglomerate appear (as has been already stated)
in several places on the north ilanks of the Alps* — apparently produced soon
after the last great movements of elevation^ which set on edge all the neighbouring strata. We do not however venture rigidly to conijmre the horizontal
conglomerates of Salzburg and Bavaria with any of the upper formations in
the basins of Vienna and Styria ; where, as we have seen, all the tertiary groups
are nearly horizontal, and where there does not appear to have been any break
of continuity between the oldest and youngest of the successive deposits.
To the N.W. of the Wiener-wald appears a similar phenomenon to that
already described at Ortenberg (p. 380) : the deposits in this part of the valley
of the Danube have, in common with all those on the Ilanks of the Bohemian
chain, escaped the influence of the last movements which dislocated the newest
strata on the flanks of the Bavarian Alps. For instance^ in several places
near the right bank of the Danube (and especially on the banks of the Pielach,
just above its confluence with that river at Miilk), are thick stratified masses
of marl and sand resembling the Tegel and other beds of the Vienna basin,
resting horizontally on inclined strata of gneiss and mica-schistf . One of these
masses of horizontal, blue marl contains a bed of lignite (too poor to remunerate
those who have attempted to work it) ; and many fossil shells, out of which we
collected several species of Ostrea, all we believe undescribed, but one resembling Ostrea jiaheLlula (Lam.); a Cardium; aNerita; three species of Cerithium; and several very minute, undescribed bivalves. The lignite, where it
has been worked, is about 200 feet above the level of the river ; and in general
the system of blue marls, in the little valley of the Pielach, is surmounted by
thick beds of yellowish sand without fossils. We have not materials sufficient to
define the comparative age of this deposit : but it is obviously much more
analogous to the lignites in the Styrian basin, than to any of the formations on
the north flank of the Alps described in the preceding chapter.
Lastly, we may notice the structure of the tertiary hills, surrounding the
alluvial basin of St. Polten, on the road from Miilk to Vienna.
They are
* Plate XXXVI. fig. 6 and 9.
f The convent of Molk stands upon the
primary strata, which occupy the banks both of the Danube and the Pielach.
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made up of three horizontal deposits — the lowest composed of blue marl and
sand (Tegel), probably the same with the blue marls on the Pielach — the
middle deposit made up of yellow^ micaceous sand, with concretions of sandstone and bands of coarse grit — the highest consisting of light-coloured loam,
with shells of living species, and bones of some animals of extinct species.
The analogies of this group to the higher deposits of the Vienna basin are
too obvious to require notice.
All these facts are in harmony with each other, and seem to prove unefiuivocally, that the last great movements of elevation, which dislocated and
contorted the newest formations of Switzerland and tlie Western Alps, and
extended their influence into Bavaria and Salzburg, produced little or no effect
on the position of tertiary groups near the eastern extremity of the chain.
Before we terminate this chapter, we wish briefly to allude to the great
erratic boulders of the chain, apparently independent of all the regular formations above described, but, if we mistake not, confirming by their distribution
the conclusion at which we have just arrived.
Every one is aware of the enormous masses of primary rock scattered on
the outskirts of some parts of the Swiss and Savoy Alps. Instances of this
kind occur also in a part of the chain described in this paper. One of the
most striking is seen in a narrow valley below Neukirchen*, where a block
of g-neiss, as large as a small house, is lying on the surface of the tertiary
strata. Similar blocks may be traced along the north flank of the Alps in many
other places, particularly between the Inn and the Tegern-see : of these, the
wefl-known " Grosse-stein" is perhaps the most gigantic. These phenomena
are not, however, confined to the glacis of the Alps : for we occasionally
find huge, irregular boulders, lodged in recesses and high gorges, midway
between the central axis and the outskirts of the chain. A very striking- example of such a lodgment occurs to the east of Seefeld in the Tyrol ; where
many primary boulders of enormous size are surrounded by the bare, lofty
peaks of Alpine limestone. These erratic blocks, now in the centre of the
calcareous zone, and at the height of more than 5000 feet above the level of
the sea, must have come from the south, and must consequently have traversed
the space now occupied by the valley of the Inn, which is excavated to the
depth of 2000 feet below them.
M. Elie de Beaumont has, we think, proved by most satisfactory details — that
the vast boulders of the Swiss and Savoy Alps were sent off by one of the last
* Plate XXXVI.

fiff. 7.
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great movements of elevation, and that these movements propagated their
influence in the direction of the Eastern Alps. The facts we have just stated
are in accordance with this theory.
Now, if we extend our examination to the eastern limits of the chain, we
look in vain for great, erratic blocks like those above described. We are aware
of the extreme difficulty of proving a negative proposition : but we may at
least venture to assert, that in the plains of Styria, and in parts of the basin
of Vienna which come up to the very confines of the Alps, boulders of this kind,
if they do exist at all, are almost unknown. To what then are we to attribute
their absence ? The answer seems to be obvious. The forces of elevation
which dislocated and contorted the
Alps, have left the tertiary groups of
as when they were deposited ; and
masses of granite over the mountains
on the eastern skirts of the chain.

newest tertiary groups of the Western
Styria and Vienna almost as horizontal
the forces which propelled enormous
of Savoy, exerted little or no influence

Chap. VI.
Concluding Remarks on the Successive Formations of the Eastern Alps —
Different Periods of Elevation — Modifications of the several Deposits since
those Periods, Sgc.
The

subjects treated of in the five preceding chapters are so numerous,

and at the same time so disjointed, that it seems expedient, before we terminate this paper, to recapitulate some of the leading facts already stated, and
to review the conclusions we have drawn from them. Before we proceed to
this task we wish to observe, that the accompanying Plate (XXXVI.) exhibits
a series, not of ideal, but of real sections. The first figure is indeed partly
an exception to this remark ; as it merely represents, in a general way, the
collocation of the great mineral masses on both sides of the central axis of
the chain, without giving the contortions and disruptions on any known
transverse line. The other sections are all founded on direct observations ;
and represent, or are at least intended to represent, the position, dip, and
(as far as so minute a scale admits) somewhat even of the external form and
relative height of the several groups.
Very few of our conclusions are to be considered as purely hypothetical :
they are, for the most part, founded on facts which we have endeavoured, to
the best of our power and opportunities of observation, to describe and interpret correctly. In subjects of such extreme complication it would be ridi-
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culous for us to assume that we have fallen into no errors of detail. The
facts^ however, and the phenomena remain ; and the value of the sections, as
far as they are true representations of phenomena, is in a great measure
independent of the interpretations we ma}' have put upon them.
The chief difference between ourselves and some other writers on the
structure of the Eastern Alps (especially Dr. Bouc), is in drawing the line of
demarcation between certain groups of strata, and determining the limits
between the secondary and tertiary systems. Even this difference, though
by itself not unimportant, does not affect the general accuracy of the accompanying sections. On this subject we have, however, written so fully in the
preceding chapters, that we need not repeat what we have stated ; we therelore, without further preface, commence our recapitulation.
J. Tlie general range of the primary axis of the Eastern Alps is seen in
the accompanying map*; and has been descril)ed in a jirevious paperf. It
is now made to emerge from beneath tlse tertiary system of the Vienna basin,
in the Leitha-gebirge ; which thus forms a connecting link between the
Eastern Alps and the primary chain commencing near Presburg+.
2. Stratified rocks, conforming to the common transition type, and with a
suite of characteristic transition fossils, are found, though rarely, in the Eastern
Alps. Beds of limestone containing organic remains are also found, though
still more rarely, associated with highly crystalline rocks of the central axis§.
These two facts show the difficulty, or, perhaps, the impossibility, of drawing
any exact line of separation between the primary and transition systems of
the Alps : and they make it probable, that the crystalline structure of some
of the stratified masses of the central axis, has been superinduced after the
deposition of the beds. They, however, introduce no confusion between the
primary and secondary systems of the chain ; which, in general, are clearly
separated from each other. We cannot even conceive such a change of mineral structure as could lead us to confound the great zones of Alpine limestone with the gneiss, mica-slate, &c. of the central portions of the chain.
.3. The primary and transition systems are surmounted (in some cases unconformably) by red sandstone, rauchiDcickc, red gypseous marls, &c. which
sometimes, though rarely, become saliferous. These masses form one large
group, supposed to be on the parallel of the new red sandstone. In addition
to the localities enumerated in a former paper [j, they have been traced to
* Plate XXXV.
t PliiU Mag. and Annals, N. S., toI. viii. p. 85.
+ Supra^ p. 305,
§ Supra., p. 306, 307.
11 Phil. Mag. and Annals, N.S. vol. viii. p. 92,
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the flanks of the primary ridge between the basins of Vienna and Styria. In
consequence of the enormous derangements of the chain, this group is brought
out in some longitudinal valleys within the limits of the secondary zone on
the north flank of the Alps; but, in general, it forms, on both sides of the
chain, the base of the great escarpments of secondary limestone, and rests
immediately on the upper strata of the central system.*
4. The preceding group is surmounted by the great zone of Alpine limestone, which is, in its turn, surmounted by, or passes into, a great series of
fucoid shales, green sandstones, and other rocks, referred to the green-sand
and cretaceous periods. The Alpine limestone, considered under the most
general point of view, is therefore on a parallel with the oolitic series. It is
separated, agreeably to the system of M. de Lill, into three great subdivisions.
The lowest is supposed to commence (at Bleiberg in Carinthia, and also in
the valleys of Abtenau and Gaisau) with beds of the age of the lias. The
middle subdivision contains the great, brecciated, saliferous deposits of the
Alps, which are, therefore, on a higher parallel than the deposits of rock salt
worked in England. The highest subdivision ends with the hippurite-rock,
which seems therefore of the age of some of our highest oolitic groups. This
last line of demarcation, though artificial, is the best we are able to adopt;
for the hippurite-rock seems to be more nearly connected with the Alpine
limestone than with the higher groups. But there are, if we mistake not,
many places where the upper Alpine limestone graduates insensibly into the
next superior group f.
5. To the younger Alpine limestone succeeds a vast series of beds composed of fucoid-shales and grits, green-sands and sandstones, cretaceous marls,
&c. &c. They are, as a whole, referred to the green-sand and chalk formations. The fucoid-shales may in some cases descend into the upper part of
the Alpine limestone ; but in general they seem decidedly subordinate to the
system we are describing. The upper part of the system, on the north flank
of the Alps, contains Nummulites and beds of arenaceous iron ore. On the
south side of the Alps, beds of nummidite limestone are in some places (for
example between Adelsbcrg and Trieste) very largely developed, and perhaps
descend as low as the Alpine limestone;];.
* Supra, p. 307 — 311. The identification of this group with the new red sandstone was pub.
lished by Dr. Buckland in 1821 ; and was, in itself, a step of no ordinary importance ; as it at
once separated tlie whole zone of Alpine limestone from the order of transition rocks. About
the same time Mr. BakewcU was employed in making a series of independent observations in the
Tarentaise, which led him to similar conclusions : they were not, however, published before
1823.
See "Travels in the Tarentaise," 2 vols.
t Supra, p. 311—318.
+ Siqyra, p. 320—322, and p. 333, 337, &c.
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The fossils of the different secondary groups, above enumerated, can seldom
be specifically identified with the fossils of the corresponding formations in
this Island. To this remark, however, the organic remains of the transition
slate of Bleiberg, as well as the organic remains of some parts of the greensand and cretaceous groups, may be quoted as partial exceptions.
G. On the north flank of the Alps the nummulitic groups are very largely
developed ; so as not only to enter into the composition of the green-sand
and cretaceous system ; but also to rise into a newer order of strata, containing many fossils hitherto unobserved except in tertiary formations, and
surmounted by still higher conformable strata with a large suite of unmixed
tertiary fossils. As these newer nummulitic deposits are overlaid by no
known secondary formation, we regard them as a transition group connecting the secondary and tertiary systems. We place them between the calcaire-grossier and the chalk ; and do not think that their equivalents are
found in any part of England, or in the north of France. This conclusion
is founded on the details given in the Arzt, the Kressenberg and the Untersberg sections*.
7. A similar transition is seen among groups of overlying unconformable
strata, existing here and there at high elevations within the limits of the
secondary system. The most remarkable phenomena of this kind are detailed in the third chapter.
8. The tertiary formations on the flanks of the Salzburg and Bavarian Alps
(essentially composed of alternating masses of marl, sandstone, and conglomerate), have a prevailing dip towards the north, but their angle of inclination gradually diminishes as they recede from the outskirts of the secondary
system. In their range towards the west the subordinate sandstone (molasse)
becomes greatly expanded, and they seem gradually to conform to the type
of the tertiary deposits of Switzerland t- In many of the low regions, extending towards the plains of the Danube, they are overlaid and almost entirely
concealed by horizontal deposits of coarse gravel and conglomerate.
9. There are several deposits of lignite within the limits of these tertiary
formations; but not all on the same parallel ; as some belong to the lower
and others to the higher groups. These deposits are not properly formations
of fresh water; but seem to have been drifted mechanically into marine bays
or estuaries. The most remarkable of
the Inn ; and though it has the external
trine formation, it contains some marine
tertiary groups.
It also contains many

them is at H'aring, in the valley of
characters and structure of a lacusshells, resembling those of the older
plants ; but out of eleven species,

* Supra, pp. 337, 341, & 346.

t Supra, pp. 324, 329.

Structure of the Eastern Alps.

411

examined by M. Adolphe Brongniart, there is not one which is identical with
any known tertiary fossil plant in his collection*.
10. All the deposits, so far enumerated, belong to highly inclined systems ;
but in the basins of Vienna and Styria the tertiary formations are nearly
horizontal, and may be subdivided into three groups. The lowest group, in
Styria (composed of marl, sand, and sandstone, in some instances passing into
a coarse conglomerate form) contains subordinate beds of lignite. It is ill
exposed in the Vienna basin. The middle group in both the basins is characterized bythe great masses of coralline limestone. In Styria the highest group
(essentially composed of sands, small pebble beds, shelly marls, highly calcareous marls passing into concretionary masses of limestone sometimes with a
true oolitic structure, &c.) alternates with matter ejected from the old volcanic
vents on the confines of Hungary. In the Vienna basin it is unmixed with
volcanic ejections; but is in some places separated from the middle group by
a deposit of fresh-water limestone. All the three groups contain bones of
Mammalia. The lowest we have compared with a portion of the deposits in
the London and Paris basins — the middle and upper, with the middle and
higher Sub-Apennine formations. The evidence for these several conclusions isgiven in the details of the fifth chapter. Lastly, the highest regular
deposits of the Vienna basin are surmounted by beds of alluvial loam containing bones of extinct Mammalia mixed with terrestrial shells of living species.
Such is a brief synopsis of the successive deposits noticed with greater or
less detail in the preceding chapters.
Most of the accompanying sections afford the clearest proofs of the elevations and disruptions of the chain ; but they seldom give us any direct indication, either of the nature of the powers employed in producing these effects,
or of the exact points on which the principal moving forces have acted. In
the section through the ridges near the banks of the Iller we however find,
that volcanic dykes have struggled to force a vent through the secondary
strata ; and that they appear to have driven before them great masses of primary rock among the superincumbent deposits — thereby producing all the
ordinary accompaniments of contortion and elevation f. Coupling these
phenomena with the appearance of granite, and other undoubted igneous
rocks, within the region of the central axis, we have no hesitation in referring
all the great movements of the Alpine chain to certain modifications of igne* Supra, p. 370—375, and p. 377—379.
t Supruy p. 333, and Plate XXXVI. fig. 4.

3g2

412

Professor Sedgwick and Mr. Murchison on the

ous action.
On this subject, indeed, all controversy seems now to be at an
end among practical geologists.
We have repeatedly mentioned phenomena which appeared to harmonize
with the theory of M. Elie de Beaumont respecting the recent elevation of
(he principal chain of the Alps ; we have also stated, that the eastern extremity ofthe chain has not been subjected to the same movement; inasmuch
as there all the tertiary deposits rest horizontally on the edges of the older
inclined strata. All the western and central portions of the chain described
in this paper seem to have partaken of the movements which elevated Mont
Blanc, and were propagated along the principal chain of the Alps, in a direction about E.N.E., after the deposition of the inolasse and other recent, tertiary groups. But tlie eastern extremity of the chain seems to be connected
with the Pyreneo-Apennine system of M. de Beaumont, which was elevated
after the deposit, both of the highest portions of the cretaceous system, and
of all those peculiar groups which we consider intermediate between the
secondary and tertiary series. The high inclination of the molasse, &c. on
the north (lank of the Bavarian Alps*, the direction of the great breaks and
fissures in the valley of the Allgauj, the position of the great, erratic blocks
noticed in the preceding chapter, and the horizontal position of the tertiary
deposits of the Vienna and Styrian basins, all seem to harmonize with this
theory.
If these views be correct, a double system of breaks and dislocations (connected with two distinct periods of elevation) must intersect each other somewhere in the line of the Eastern Alps ; and by such a supposition the apparently anomalous position of certain groups of strata within the regions above
described may be, perhaps, hereafter ex])lained.
The overlying horizontal conglomerates noticed in some of the preceding
sections:};, seem to throw some difficulties in the way of this theory, unless,
indeed, we can connect them with a part of the horizontal system of the
Vienna basin, which, on such a supposition, must extend much further up the
Danube than we have hitherto supposed. We wish not to incumber this part
of our subject with hypotheses, as our observations were too few and too disjointed to be of much value in establishing any particular theory ; but we
think ourselves justified in drawing the following conclusions from facts
ah'eady stated.
1. The old transition rocks of some portions of the Eastern Alps were consolidated and placed in a nearly vertical position before the existence of the
* .S'wprrt, p. 326, &c.

.

f Supra, p. 335.

% P'ate XXXVI.

ilg. 6, 9, &c.
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How far this fact is general, our observations do

2. Some of the primary rocks of the Bohemian chain seem to have undergone no great movement since the deposit of the cretaceous and oohtic seriesf.
3. The Alpine limestone was solidified and had undergone great movements of elevation before the deposition of the upper cretaceous system, and
of the intermediate groups between the secondary and tertiary series. This
is proved by the position of the overlying beds of Gosau, and by the conglomerates separating them from the older secondary groups. We may add,
that the existence of vegetable fossils in the overlying beds proves them to
have been deposited after a part of the chain had risen above the sea.
4. That a portion of the Alpine chain was, at a comparatively ancient
period, above tiie level of the sea, is further proved by the existence of beds
of lignite both in the secondary and older tertiary groups. The position and
fossils of some of these strata show how much the physical form and vegetation of the Alps must have been changed since the period when these lignites
were deposited.
5. The eastern extremity of the chain was elevated after the period of the
fucoid shales, and also after that of the overlying groups (of the Wand, &c.)
between the secondary and tertiary series;];, but hejorc the existence of the
neighbouring tertiary deposits. We may here observe, that the deposition of
the lowest horizontal beds of the Styrian basin probably commenced immediately after this elevation ; on which account, as well as for reasons already
stated, we are disposed to give them a lower place in the tertiary scale than
has generally been assigned to them.
G. A portion of the Bavarian Alps was elevated since the period of the
molasse of Switzerland, and of the marls and conglomerates by which it is
overlaid§. This is the last epoch of elevation here considered; and it seems
to correspond to the ninth revolution described in the researches of M. de
Beaumont, wliich includes the chain of the Eastern AIps||.
Whatever may have been the causes of this last elevation, they seem to
have acted with diminished intensity in their continuation towards the east.
The newer tertiary marls, sands, and conglomerates, seem to have been
formed in a mediterranean sea, which once washed the northern flanks of the
Alps, and must, at the time of their formation, have been all nearly at the
* Supra, p. 306. ; also Phil. Mag. and Annals, New Series, vol. viii. PI. II. fig. 3.
t Supra, p. 380.
+ See Chap. III. pp. 364, 367.
§ Supra, pp. 324, 329.
II See Recherchcs sur quelques-unes des Revolutions de la Surface du Globe, p. 156, 31 1 , kc.

414

Professor Sedgwick and Mr. Murchison on the

same level. But in the south-western parts of Bavaria, where they form the
water-shed between the Danube and the Rhine, they are greatly elevated
above the corresponding groups further towards the east, and are even at
higher levels than the old beds of the Inn and the Salza, many leagues within
the barriers of Alpine limestone.
It follows unequivocally from the preceding statements, that *the chain of
the Eastern Alps has been exposed to many shocks and independent movements of elevation. Some of the most violent of these shocks were followed
by the production of conglomerates. Thus we find conglomerates, where
they might have been expected, underlying the horizontal deposits of Gosau,
and overlying still newer deposits set on e(\^Q by the last movement of the
chain.
As a general rule, applicable to most parts of the Eastern Alps which we
have examined, conglomerates are not only much more abundant, but also of
coarser texture in the newer than in the older formations. This again is a
result which might have been anticipated. The oldest strata were formed
under the sea, perhaps before any Alpine chain existed. The deposits of the
middle age were formed on the sides of mountains much less elevated than
they are now, and therefore supplying fewer materials for mechanical degradation. But the tertiary groups had their origin in a sea which washed the
base of the Alpine chain already greatly elevated, and supplying, not merely
by debacles and other extraordinary movements, but by the action of the
waves beating on its sides, and by the erosion of torrents wearing their way
through its transverse valleys, abundant materials for the masses of conglomerate such as we have described.
The chain of the Eastern Alps has then been exposed, not only to the
shocks of elevation above indicated, but, undoubtedly, to many others, of
which we have not yet seen the physical trace. Long periods of ages elapsed
between the successive greater movements ; and during those periods mountain masses of conglomerate were formed, time after time, at the loss of the
pre-existing rocks. In such facts as these we have a ready answer to any
difficulties suggested by the appearance of the overlying groups (at Gosau,
Zlam, &c.) among the high valleys of Alpine limestone. The powers of degradation have been at work ever since the chain first rose above the waters :
and in bringing together, in imagination, the disjointed fragments of an
ancient deposit, we have no right to look among" them for any certain traces
of the shores and bays of that sea which beat against the sides of the Alps at
the time of their formation ; nor are the powers of degradation now sus-
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pended. This, at least, is proved by every torrent descending from the chain
to the levels of the tertiary plains.
Considered on a great scale the tertiary sand and conglomerates of southwestern Bavaria may be described as a series of inclined planes, down which
the rivers roll, in nearly undeviating lines, till they mingle themselves with
the Danube, presenting, in this respect, a striking contrast to the old sinuous
channels and gorges through which the waters struggle to escape from the
higher Alps. Some of these rivers run brawling over the surface like the
waters of a great land-flood, not having found any well defined course ; and
ages must yet elapse before they have worked for themselves anything like
permanent channels. Under such circumstances the alluvial deposits are
coarse in texture, and are spread far and wide, and, in future ages, should the
rivers ever change their channels, may be mistaken for diluvial formations.
We do not mean by this remark to assert, that there is no distinction
between alluvium and diluvium (to adopt the technical language now in use,
though not perhaps well chosen), or to confound the detritus of river channels
with the masses of incoherent matter left on the surface of the land by seas
retiring after some period of elevation. What we contend for is, that on the
confines of the Bavarian Alps (and the same remark applies to the outskirts of
many other mountain chains), the two classes of deposits cannot be easily
separated from each other : and in proof of this we may add, that in the parts
of Bavaria above described, as well as in other tertiary regions of the flanks
of the Alps, bosses of decomposing tertiary conglomerates are often mistaken
for patches of diluvial gravel — that where the beds are horizontal, and even
in some places where they are considerably inclined, we find it difficult to
draw a line between the diluvial gravel and the newer tertiary conglomerates
— and that the recent gravel on the banks of the rivers often differs very little
from the incoherent matter which caps the neighbouring hills.
That such must be the case is obvious, when we further consider the
manner in which the forces of degradation have acted on the newest deposits
on the north flanks of the Alps. By a movement of elevation the sea has been
driven from the whole region, and the retiring waters have left traces of their
ravages on the edges of the uplifted strata. It is to this very action that we
have referred the horizontal conglomerates of the Arzt and Untersberg sections*, and other phenomena above noticed. But every movement of elevation must produce a destruction of equilibrium among the waters of inland
drainage, and must, in mountain chains, have been necessarily followed by
debacles, capable perhaps of producing such horizontal masses as those above
* Plate XXXVI.

liir. 6. & 9.
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those above alluded to. If any of them have been produced by this second
mode of action, it cannot be called dilnvium, except by a use of the word
which differs from that for vvhicli it was first intended*.
Again, when the southern regions of Bavaria were lifted above the waters,
not only would the Alpine torrents be shot down into the Danube along the
inclined planes presented to them, but many lakes and pools must have stagnated in the hollows presented by the bottom of the old tertiary sea. Of such
expanses of stagnant water, many must have disappeared without leaving a
trace behind. But of some we see the marks in low, marshy regions at dead
levels, on the sides of which we, here and there, find lines of travertino and
other indications of the former action of water: and there are still in upper Bavaria many lakes and marshy tracts in such positions as would be unnatural in
any country of which the drainage had commenced in a more ancient period.
The inevitable effect of water thus pent up must have been the occurrence
of great floods, caused by the bursting of the l)arriers, differing only in degree
from the debacles before spoken of, and modifying the surface of the country
wherever they extended. Of tliis kind of operation there are traces almost
innumerable ; and we did not ascend a single rivulet which falls through the
south-western parts of Bavaria without remarking one or two, and sometimes
three or four parallel terraces, indicating (as in the parallel roads of Glen
Roy) the residence of nearly stagnant water at successive levels. The banks
of the Lech near Schongau ofler some fine examples of these phenomena, but
they are so common that it seems needless to refer to instances. By all these
causes combined, aided by the diurnal erosion of the elements, has the surface
of the country been modified since the last elevation of the Eastern Alps.
* We by no moans deny the reality of diluvial operations, when the word diluvial is used in
a limited, and not in a hypothetical, sense. Some of the low longitudinal valleys between the
secondary and tertiary deposits — the great breaks of continuity in the same system of strata — the
round-topped tertiary hills rising several hundred feet above the mean level of the country — the
irregular masses of transported materials, at high elevations, and not along the line of any river
drainage — these phenomena we attribute, not to the ordinary erosion of rivers however long
continued, but to the action of the retiring waters at the last period of elevation, or to great
debacles which soon followed them. By the same kind of action we would explain some of the
great erosions near the banks of the Danube. Thus, at the height of several hundred feet above
its left bank near Ulm, we find patches of a thick lacustrine deposit sticking on the sides of the
secondary hills ; and a precisely similar deposit caps some hills, on the Bavarian side, further
down the river, and several miles from its right bank. The lacustrine rocks were probably once
continuous, forming a part of an extensive formation which has been breached through, and in a
great measure carried off, by denuding currents.
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Table of Fossils found in the Gosau Deposit and its Equivalents in the Alps.
Class.
Genus.
Polyparia. Tragos.
Nullipora.
Madrepora.
Cellcpora.
Lilliodendron
Fungia
Diploctenium
Turbinolia

Species.

granulosum.
radiata.
polymorpha.
iindulata.
discoidea.
cordatum.

Ibid.
Ibid.
Ibid.
Ibid.
complanata.
duodecimcostata Ibid.
lineata.
Iljid.
cuneata.
Ibid.

aspera.
Cyathophylliim rude.
compositum.
Meandrina
agaricites.
Astrea
striata.
formosa.
reticulata.
agaricites.
grandis.
media.
formosissima.
ambigua.
tenera.
raniosa.
Annulata. Serpiila.
Conchitera.Tcredo.
Solen.
PaiiopKa
Anatina.
Crassatella
Corbula
Sanguinolaria
Liicina.
Astarte
Cyclas
Cytherea
Venus.
Venericardla.
Cardium
Isocardia.
CucuUaea
Area.
Pertunculus

References.
Goldfuss.
Ibid.
Ibid.
Ibid.
Ibid. Tab. 37. f. 12.
Il)i(l.Tab. 11. f. 8.
Ibid. Tab. 14. f.G.

plicata ?

Tab.
14.
Tab. 14.
Tab. 37.
Tab. 15.
Tab. 1 5.
Tab.37.
Tab. 37.

t".7.
f.
9.
f. 16.
f. 10.
f. 6.
f. 18.
f. 17.

Sowerby*,
Il)id. Pi. 37.PI.f.2.,'57. f.
Ibid. PI, 37. f.3.
Goldfuss, Tab. 38. f.
Ibid. Tab. 38. f. 11.
Ibid.Tab.38. f. 9.
Ibid. Tab. 38. f. 10.
Ibid. Tab. 22. f.9.
Sowerby, PI. 37. f.4.
Ibid. PI. 37. f.5.
Ibid. P1.37.f. 6.
Ibid. PL 37. f.7.
Ibid. PI. 37. f. 8.
Ibid. PI. 37. f. 9.

Mill. Con. Tab. 419. LZ.

iniprcssa.
angustata.
Hoilowaysii??

Sowerbv, PI. 38. f.3.
Ibid. PI. 38. f.4.
Min. Con. Tab. 159.

macrodonta.
cuneiformis?
Liivigata.

Sowerby, PI. 38. f. 8.
Min.Con.Tab.162. f.2.&3
Lam. Ann. du Mus. tome 7
p. 134.

Localitki in the Alps.
Gosau.
Ibid.
Ibid.
Ibid.
Ibid.

Other Localities.

Casteir Arquato (SubApennine).
Bassano and Daiiphiny

Ibid.
Ibid.; Zlam.
Ibid.
Ibid.
Ibid.

(oldest Sub-Apennine).
Maestricht.

Ibid.
Ibid.
Ibid.

Castcir Arquato (SubApcnnine).
Ibid.
(Ibid.)

Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.

sand).
Sandgate (lower green -

Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.;
Ibid.
Ibid.

don clay). Bay (LonBracklesham
(plastic clay).
Flanks of the Woolwich
sier).

Ibid.

[Wand. Grignon {calcaire gras-

Ibid.

produclum.

Sowerby, PI. 39. f. 15.

Ibid.
ibid.;
Ibid. Marzoll.

carinata.

Min. Con. Tab. 207. f. 1.

Ibid.
Ibid.

Blackdown(grcen-saDd).

Ibid.

Plumstead near Woolwich (plastic clay).
Bognor (London clay).

Pluinsteadiensis. Ibid. Tab. 27. f.3.
brevirostris.
pulvinatusf

Ibid. Tab. 172. f. 1.
Ibid.
Lam. Ann. du Mus. tome 6
Ibid.

calvus.

p. 216. PI. 38. f.2.
Sowerby,

Ibid.; Marzoll; Flanks
of the Wand.

Grignon [adcairc grassier) ; Bracklesham,
Sussex (London clay).

* The figures following the species named by Sowerby refer to the Plates which accompany this Memoir.
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Class.
Ge/ius.
Conchif -ra.Nucula
Tiigonia
IModiola.
Inoceramus
Avicula.
Pecten
Plicatula
Gryphfea
Exogyra.
Ostrea.
Tercbratula

Species.
amygdaloides.
concinna.
aliformis. var.

Sowerby, PI. 38. f, 1.
iVIin. Con. Tab. -310.

Cripsii.

Mantell,Geul.
Suss. Tab.-,"-'.
f. 11.

ijuinquccostatus.

expansa.

Btelania.
Meianopsis.
Natica

Nerita.
Solarium
Trdcluis
Turbo
Turritclla

ambulacrum.'

angusta.
bitormis.
rigida.
hi'viuscula.

Tornatelia

Pleurotoma

Fasciolaria
Fusus

Lamarckii*.
flcxuosa.
reticosuni.
conoideum.
pustulosum.
fusiforme.
prisca.?
spinosum.
elongata.
intortus.

lbid.Pl.38.
Ibid. PI. 38.
Ibid. PI. 38.
Deshayes.
Ibid. PI. 38.
Ibid. PI. 38.
Ibid. PI. 38.
Ibid. PI. 38.

f. 17.
f. 15.
f. 14.
f. 18.
f. 19.
f.20.
f. 9.

Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Min.

PI. 39. f. 10.
P1.S8. f. 16.
PI. 39. f. 17.
PI. 39. f. 18.
PI. 39. f.l9.
Con. Tab. 380.

Sowerby, PI. 39. f. 20.
Ibid. PI. 39. f. 21.
Ibid. PI. 39. f. 22.
Lam. Ann. du Mus. tome 2.

'

llostellaria

cingulatus.
plicata.

Sowerby, PI. 39. f.23.
Ibid. pi. 39. f.Q4.
Ibid. PI. 39. f. 2.5.
Ibid. PI. 39. f.26.
Ibid. P1.39. f.27.
Ibid. PI. 38. f. 22.

Barton

Cliff (London

Ibid. (Ibid.)

Ibid.
Ibid.

•

Ibid.
Ibid.
Ibid.
[stein.
Ibid. ; Bavarian TraunIbid.
ibid.
Ibid.; Zlam; Meyersdorf;GrLinbach; Dreystetten; Ilcitlau, &c.
Gams-Uebirge.
Gosau.
[bid.
[Traunstein.
Ibid.; Zlam; Bavarian
Ibid.
Ibid.; Marzoll.

Ibid, (ibid.)

Ibid.
Ibid.
Ibid.
Ibid.

p. 318. Encyc. pt. 2. 441.
f. 16. a. b.
heptagonus.
carinella.
muricatus.
abbreviatus.

Lewes (chalk); Chute
Farm and Blackdown

[Wand.
Ibid. ; Flanks of
the (green-sand), itc.
Ibid.
[Wand.
Ibid.
Ibid.

Sowerby, PI. 38. f. 10.
Ibid.
Min. Con. Tab. 1C3. f. 3 — 8. Ibid.; Marzoll.
Ibid.
Ibid.
Ibid.
Ibid. Tab. 372.
Ibid.
Sowerby, PI. 38. f. 11.
Ibid. PI. 38. f. 12.
Ibid.
Ibid. Pi. 38. f. IS.
ibid.; Zlani.

gigantea.

Nerinea
Cerithium

l!)id.

Ibid.
Ibid.
[Wand. llalldown (green-sand).
ibid. ; Flanks of the
Ibid.
Ibid.
Culcuire grossicr.
Deshayes .Alem. Soc. Hist. Ibid.; MarzoU.
Nat. t. 2.
clay).
Ibid.

grande .'
decurtata.
simulata.

quadratum.
spiniger.
arenosus.

Ibid.; iliuter Ileutter.
ParhamParkand i5larkIbid.
down (green-sa:i(l).
Ibid.
Ilamsey (chalk marl).
Ibid.;
Planks of the

Min. Con. Uab. '277. f. 5.

dimidiata.?

lyrata.
angulata.
bulbiformis.

OlhcT LocnliCies.
iMcaJities in the Alps.
Soulhend(Loiulun clay).
(Jusau.

Min. Con. Tab.oG. f. 4 — 3. ibid.
Sowerby, PI. 38. f.7.
Ibid. PI. 38. f.G.
Ibid. P1.3». f.5.

aspera.
elongata.

Axinus.?
TrigonL'llites.
Mollusc I. Deiitalium
Calyptra?a ?
Auricula

Min. Con.ReJlreiuTS.
Tab. 654. f. 4.

Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.

* Presented to the authors by Dr. Boue.

Grignon (calcairc grosiicr); iionca (tertiary).
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Genus.
Rostellaria

Species.
costata.

Nassa

granulata.
IcEvigata.
carinata.
affinis.

Mitra

pyramidella ?
cancellafa.
coronata ?
citharella?

Voluta

acuta.
coronata.
Iffivis.

Terebra
Volvaria

References.
Sowerby, Pi. 38. f. 21.
Ibid. PI. 38. f.23.
Ibid. PI. 38. f. 24.
Ibid. PI. 39. C. 28.
Ibid. PI. 39. f. 29.
Brocchi, tonic 2. Tab. 4. f. 5,

Ol/ier Localities.

Localities in the Alps.
Gosau.
Ibid.; Marzoll.
Gosau.
Ibid.
Ibid.
Ibid.
Ibid.

Sub-Apennine.
Ibid.
Near Turin (tertiary)

Soweiby,
PI. 39. f'.SO.
Ibid.
Broccbi, Tab.l5.f.7.
lirong. Terr, de Std. Tab. C Ibid.
f. 9.
Ibid.
Sowerby, PI. 39. f.31.
Ibid.
Ibid. pi. 39. f.32.
Ibid.
Ibid. PI. 39. f. 33.
Ibid.

Baculites or"lJ
Haniites.

Table of Fossils of Lower Styria, referred to in pp. 386, 398.
Class.
Cryptogamia
Vascularia.

Genus.
' Chara

Species.
tuberculata?
m edicaginula ?

"1
Phanerogamia*
(dicotyledonous).
J
Crustacea.
Cypris.
Mollusca.
Paludina. t
Pisces. 1
Anthracotherium.
Mammalia.
Lutraria
convexa.
Conchifera.
Lucina
mutabilis?
V^enus

Mollusca.

Polyparia.
Radiaria.
Crustacea. §
Cirripeda.
Conchifera.

Cardiuin.
Peclen.
Bulla
Nerita.
Scalaria ?
Cerithium
Flustra.
Astrca.

renulata.
vetula.

elliptica.
tiara.

Other Localities.
References. \ Local, in L^icer Sti/riu.
Isle of Wisht.
Lyell,Geol.Trans.2nd series, Coal of Scheineck
vol.ii. P1.13. f.7,8.p.94
Paris
and
Ad. Brong. Desc. Geol. des Ibid.
London
Env.de Paris, PI. 11. f. 7.
basins.
Ibid.
Ibid.
Ibid
Ibid
Ibid
Sowerby, P1.S9. f. 1.
Coq. Poss. des Env. de Paris,
Tab.14. f.6.&7.
Ibid. Tab. 15. f.3.4.
Bast. Mem. Geol. Env. de
Bordeaux, PI. 6. f. 7.
Min. Con. Tab. 4G4. f C.

.''inn.du Mus. tome iii. p.343.

Mytilus.
Pecteii

jGrignon
(^calcam
Ibid. Ibid.
Bordeau.x (tertiary).

Ibid.
Ibid.
Ibid.

\ grassier").

Ibid.
ibid.
Ibid.

Carton Cliff, Hants
(London clay).

Ibid.
Ibid.
Wildon;Ehrenhausen
Ibid.
Ibid.

Clypeaster.
Balanus
Teredo or!
IMiolas.
/
Fistulana.
Cardium.
Pectunculus

Marls of Kreitspetter
Ibid.

crassus ?

Min. Con. Tab. 84. f. 2.

grassier).
Zirknitz-thal.
VVildon;Ehre)ihausen.
Ibid.
Ibid.
Suffolk Crag.
Ibid.
Ibid,
Ibid.
Ibid.
Ibid.

infumatus.

Lamarck, Eos. Env. Paris

pleuronectes

Lam.
tome vi. Pl.i. p. 1C4.
p. 278.
Faujas.

* Leaves and fragments of wood.
X Trapezoidal scales measuring Ird of an inch by 4th.

Grignon

Ibid.

Ibid.
Ibid.
Ibid.
Ibid.
Ibid.
Ibid.

Santa Egida.
Zirknitz-thal.
-}■ Operculre.

Indian Ocean.
Maestricht.

§ Claws of a crab.

(catcaat
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Class. Genus.
Coiichifera.Ostrea
Mullusca.

Specks.
Bcllovacina.
lonsiirostris.

Scalaria.
Ccrithiiiin.
Conns
Cyprs-a.
NuuMnulites

Aldrovandi?
complanata?

Local, in Lower Styria.
Keferences.
Lam.Ann.duMiis. t.viii.l59 Santa Egida.
Zirknitz-thal.
Ibid. viii. p. 1(3'2.
Wildon;Ehrenhausen;
SaiUa Egida.
VVildon;Ehrenha\isen.
Santa Egida.
Brocchi, Tab. 2. f. 5.
VVildon;Elirenhausen.
Lam. Ann. duMus. tomev Ibid. Ibid.

Other Localities.
Beauvais.
Sceau.x.

Sub-Apennine.
Paris Basin.

Harlbcrg.
"CDiichifcra. Solon.
Mactra
Amphidesma
Corbula
Saxicava

truncata.
minimum.
complanata?
rugosa.

p. 242.
Sowerby, PI. 39. f. 5.
Min. Con. Tab. 362.
Ibid. Tab. 4CG.

Sanguinolaria
Lucina.
Cy therea ?
Veniis
Pullastra
Cardium

Cardita or
Venericardia.
Mytilus
Modiola

^,
1-^

Mollusca.

planicostatum

1

Sowerbv, PI. 39. f.O.
Ibid. PI. 39. f.7.
Ibid. PI. 39. f.Q.
Ibid.
39. f.
f'.3.
Ibid. PI.
PI. 39.
4.

Royden (Crag).
Sutlblk (Crag).

Brardii.

cymbapformis.
elegans.

variabilis.
incrassata.
pulchellum.
lincolatum.

vulgatum.
pictum.
pupffiformc.
plicatum.
duplicatum.
variolaria .''

Ibid,
bid.
Ibid.; Radkersberg.
Ibid. ; Radkersberg.
Ibid.
Radkersberg.
Hartberg.

/

disjunctum.
txirritella.

Buccinum
Nummulitcs

Ibid.
Ilartberg.
Radkersberg.
Hartberg.

obtusa.
nana.
transversum.
minutum.

Planorbis?
Ampullaria.
Nerita.
Natica.
Trochus
Tnrritella
Cerithium

Radkersberg.

Fauj. Ann. du Mus. t. viii
pl.58. f. 11, 12.
Ibid. PI. 39. f. 8.
Ibid.
Min. Con. Tab. 9.
Ibid.
Poppendorf.
Ibid. Radkersberg.
Radkersberg.
Ilartberg.
Sowerby, PI. 39. f. 9.
Min. Con. Tab. 51. f.O.
Sowerby, PI. 39. f. 10.
Ibid. Pl.'39.
f.ll.
Ibid.
PI. 39. f.
12.
Ibid. PI. 39. f. 13.

Iliid. Radkersberg.
Radkersberg.
Ilartberg.
Radkersberg.
Ilartberg.

Mayence.
Bognor(London clay).

Pacific Ocean.
Holywell (Crag).

.Mediterranean (reIbid.; Radkersberg.
[cent).
Ibid.
Radkersberg; Bordeaux.

Lamarck, tome vii. p. 68.
Basterot, Env. de Bord
PI. 3. f. 6.
Ibid. PI. 3. f.5.

Ibid.
Poppendorf.
Hartberg.

Brug. Diet. No. 21.
Sowerby, PI. 39. f. 14.
Min. Con. Tab. 538. f. 3.

Radkersberg.

Ibid.
Pontchartrain
and
clay).
Bordeaux.
Stubbington (London

XIX. — On the occun^ence of Agates in Dolomitic Strata of the New
Red Sandstone Fonnation m the Mendip Hills.
By the Rev. WILLIAM

BUCKLAND,

(professor of geology and mineralogy

D.D., P.G.S. F.R.S. F.L.S.
in the university of oxford.)

[Read June 19, 1829.]

JjlAVING had occasion to visit the cliOfs of Cheddar in November 1827, I
found in the collections of g-eodes and calcareous spar which are there exposed
to sale, a number of curiously figured agates, such as I had never before seen
during my numerous geological investigations of the Mendip Hills, nor in any
of the cabinets at Bristol which abound in the products of this district. I was
informed that they were ploughed out of the surface of some fields at the base
of the Mendips, and collected from holes dug for this purpose to a slight
depth where the plough indicated their abundance. I had then no leisure to
examine the spot whence they came, but wrote to a geological friend (the
Rev. D. Williams of Bleadon, to whom we owe the discovery of vestiges of
another hyena's den at Uphill), requesting him to ascertain the exact place
whence these agates were taken, and on being informed that it was in the
village of Sandford, about two miles east of Banwell, I visited the spot with
him in November 1828, and found their matrix to be the dolomitic strata of
the new red sandstone formation.
As they are the first examples I have ever met with, of the occurrence of
perfect agates in this formation, 1 send specimens to the Geological Society,
in illustration of the present communication.
In external form and size, these agates resemble the ordinary varieties of a
common potatoe ; they are, in fact, very nearly allied to those geodes, to
which the name of potatoe-stones has been generally applied, and which have
been long known to abound in the dolomitic beds of the new red sandstone
formation around the Mendip Hills. Their exterior is rugged, like that of a
truffle, and opaque ; but on being broken they present internally, on a larger
scale, the same structure and arrangement as the compound agates known in
jewelry by the name of bird's-eye agates, being made up of alternating bands
of chalcedony, jasper, and hornstone, disposed in irregular and concentric
VOL. III.
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curves : the outermost of these curved bands are conformable to the irregularities ofthe external surface, wliilst a number of minor agates nearly spherical in form^ and composed of the same materials as the external case^ are dispersed throughout an amorphous mass of chalcedony and hornstone, which
occupies the interior of the entire or mother agate.
The prevailing colours of these bands of chalcedony and hornstone are
various shades of gray ; some are opaque and white, approaching to cacholong; others are red, and pass into red jasper; some of the white bands are
filled with minute specks of red oxide of iron, like the specks in bloodstone.
The central part is either a cavity lined with crystals of quartz, or a solid
mass of semitransparent chalcedony, or of hornstone variously coloured by
iron.
The chalcedony is sometimes opaque and hydrophanous.
Thus far, considered mineralogically, our specimens differ but little from
the common agates of the trap rocks, but their geological relations are entirely different, and the circumstance of their matrix being a dolomitic bed
of the new red sandstone formation, presents a novelty worthy our attention,
and of which I now proceed to the details.
It has been mentioned in the account of the south-west coal district of England, byMr. Conybeare and myself, that the Mendip Hills are composed of
inclined strata of mountain limestone, and old red sandstone ; and that on the
sloping sides, and basset edges, and around the base of these inclined strata,
we find horizontal beds of dolomitic conglomerate, dolomite, red sandstone,
and red marl, which together make up our new red sandstone formation*.
The geodes which are found in many parts of this last formation have been
long familiar to mineralogists under the name of potatoe-stones, and are mentioned in the memoir now alluded to (p. 292) ; these rarely contain pure chalcedony, but are mostly composed of a case or shell of hornstone or quartz, of
variable thickness, lined internally, and often very prettily, with crystals of
quartz and carbonate of lime, being almost always hollow at the centre; they
vary from an inch to a foot in diameter, and have evidently been produced
by infiltration into cavities of the matrix, in the same manner as agates are
infiltrated into cavities of the trap rocks : these potatoe-stones abound near
Wells, and also in the villages adjacent to the agate bed at Sandford, viz., at
Hutton, Banwell, Churchill, Winscombe, Burringdon, Compton Bishop, &c.
Near Cheddar and Burringdon they assume the character of coarse jasperagate : nearly pure red jasper-agates occur also in the dolomitic rocks, on the
left bank of the Severn, in the villages of Worle and Clevedon.
* Geological Transactions, Second Series, vol. i. pp. 214, 225.
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The more perfect agates I am now considering are found in the dolomitic
beds of the new red sandstone formation. The spot on which I saw them,
lies between the villages of Banwell and Churchill, at the north base of a hill
called Sandford Hill;, where the junction of the wood with the cultivated land
marks the geological junction of the inclined mountain limestone with the
horizontal beds of dolomite. Here a shallow pit, which has been opened for
the express purpose of digging agates, presents the following section :
1. Yellow clay, mixed with carbonate of magnesia and carbonate of lime
6 inches.
2. Yellow dolomite, used as firestone in lime kilns ; it crumbles readily to a soft T
powder, and is filled with specks of manganese, and contains small veins and V G inches,
minute nodules of chalcedony
J
3. Yellow clay, falling to powder in water, like fuller's earth, and containing much "|
carbonate of lime and magnesia.
In this clay the agates are dispersed irre- |- 6 inches,
gularly, like nodules of flint in chalk, but not like them in horizontal lines. . J
4. Yellow clay and earthy dolomite, to the bottom of the pit
12 inches.

In the adjacent field is an open well, about twelve feet deep, showing the
continuation downwards of the same argillaceous, earthy dolomite which forms
the bottom of the agate pit.
These beds of dolomitic clay seem to be decomposed strata of dolomite, in
the cavities of which, before its decomposition, the agates may have been
formed. The soft, arenaceous, yellow dolomite. No. 2., would, by a very little
decomposition, be reduced to a state much resembli ig the yellow clay of
No. 3. In the more solid and crystalline slabs of the stratum No. 2. I found
siliceous concretions, which, on being broken, proved to be coarse potatoestones ; whilst the softer and yellow portions of the same stratum contained
thin veins of opaque and white chalcedony, and minute insulated nodules of
agate. The substance of these veins and agates is precisely like that of the
large agates in the clay immediately subjacent.
This union of potatoe-stones with veins of chalcedony, and with small
agates, in the solid dolomite immediately reposing on the clay containing the
larger agates, shows that their common origin may be due to an infiltration
of siliceous matter into cavities. I do not, however, contend that all these
agates and potatoe-shaped concretions have been formed by infiltration into
cavities of consolidated rocks : some may have been formed contemporaneously, whilst their matrix was yet plastic, and unconsolidated, and admitted
the separation of its siliceous from its calcareous ingredients, in the same
manner as contemporaneous concretions of flint have been formed in chalk,
and nodules of chert in various limestones, and as Septaria have been formed
in beds of clay.
3 I 2
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The theory of the formation of. agates in trap rocks by infiltration of silex
into their cavities is now generally admitted; similar infiltrations of chalcedony occur occasionally in other rocks, and in the cracks and cavities of silicified organic remains. The finest examples of organic remains containing
agates are the silicified woods and corals from the tertiary strata of Antigua ;
in a less perfect state they occur in silicified wood of other formations. The
conversion of fossil shells to chalcedony and jasper is due to this same process
of infiltration. Remarkable examples occur in the green-sand formation of
Devonshire, in shells from the Whetstone pits at Blackdown*, which are
turned to limpid chalcedony ; and in the shells of the same green-sand at
Little Ilaldon Hill, near Dawlish, which are converted to red jasperj.
I possess two agates from cavities of chert in the green-sand formation at
Lyme Regis, one having the structure of a box agate, the other of a fortification agate ; and from the same green-sand I have an Echinus, the interior
of which is nearly filled with bluish chalcedony. Chalcedony also occasionally assumes the form of agates, in veins and small cavities of primitive
and transition rocks ; and, indeed, wherever silex is present in a state of sufficiently minute division to be filtrated into any small cavity, there the formation of agates may proceed.
The occurrence of entire beds, as well as nodules of jasper and jasperagate in the mountains of dolomite near Palermo, which I agree w^ith Dr.
Daubeny in referring to our magnesian limestone formation, ailbrds a parallel
example of silex assuming the form of agates, jasper, and chalcedony in a formation ofthe same age with that containing agates in the Mendip Hills.
* In the collection of the present Dean of Bristol there is a specimen from Blackdown, in which
a small pond of stratified chalcedony occupies the cavity of one valve of a large Venus ; this
chalcedony is disposed in parallel and horizontal plates, like the plates at the bottom of a box
agate. The shell itself is converted to chalcedony, and mu.st have laid horizontally, when its cavity received in a fluid form the silex, which is become an onyx composed of thin horizontal layers
of differently coloured chalcedony.
•j- The fossils at this place afford the only example I ever saw, of shells converted into red
jasper: they are of the same species with those in the not far distant Whetstone Pits of Blackdown, between Honiton and Cullompton, which are usually in the state of light grey coloured
chalcedony.

XX. — On the discovery of Fossil Bones of the Iguanodon, in the Iron
Sand of the Wealden Formation in the Isle of Wight, and in the
Isle of Purbeck.
By the Rev. WILLIAM
(professor of geology

BUCKLAND,
and mineralogy

D.D., V.P.G.S. F.R.S. F.L.S.
in the university

of oxford.)

[Read December 4, 1829.]

We are indebted to the researches of Mr. Mantel!* for our knowledge ot
the existence of that curious and most gigantic herbivorous reptile the Iguanodon f.
The localities in which he discovered it are limited to the Hastings sand,
or Wealden formation in Tilgate Forest, at the west extremity of which district are the quarries of Headfold Wood Common, where was found the enormous femur described by Mr. Murchison in the Geological Transactions;};, as
being three feet seven inches long, and probably derived from this animal.
In the course of this year, 1829, I have ascertained its presence in three
other localities, which are important, not only in relation to the history of
this singular reptile, but as tending still further to connect the geological
structure of those parts of the Isle of Wight and Isle of Purbeck wherein it
occurs, with the Hastings sand, ^. e. the iron sand of the Weald of Sussex and
Kent.
I. Iguanodon at two new localities in the Isle of Wight.
The first of these new localities is on the south coast of the Isle of Wight,
in the iron sand which forms the shore, a little east of Sandown Fort, between
high and low water.
The most remarkable specimen I possess from thence
* Philosophical Transactions, 182.5, Part I. p. 179 ; also, Illustrations of the Geology of Sussex,
with Figures of the Fossils of Tilgate Forest, 1827, p. 71.
\ Mr. Mantel! has calculated the dimensions of tlie Iguanodon. on comparing the proportions
of eight different bones from various parts of the skeleton with tnose of the recent Iguana, to be
as follows :—
Teet.
Length from snout to end of tail
70
Length of tail
52§
Circumference of body
1 li
It does not, however, follow that the proportions of the same parts in different genera are the same.
X Second Series, vol. ii. Part I. p. 104, Plate XV. fig. 9.
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is the i^io-antic metacarpal bone about to be described. The form of this bone
nearly resembles one in the collection of Mr. Mantell, which Cuvier saw, and
pronounced to be the metacarpal bone of the thumb of a reptile ; but much
exceeds it in size, measuring six inches in length, five inches in width at its
largest diameter, and sixteen inches in circumference at its posterior and
Its weight is nearly six pounds.
largest extremity.
The annexed drawing (Plate XLI. fig. 1. and 2.) being of the natural size,
o'ives an exact representation of it. It is, I believe, the largest metacarpal
bone which has been as yet discovered ; and if we apply to the extinct animal
from which it was derived, the scale by which the ancients measured Hercules
{" ex pede Herciilem"), we must conclude that the individual of whose body
it formed a part, was the most gigantic of all quadrupeds that have ever trod
upon the surface of our planet. The corresponding bone in the foot of the
largest living elephant is less than our fossil metacarpal by more than onehalf. The bone represented by Mr. Mantell (Plate XIV. fig. 4. 3. of his
fossils of Tilgate Forest), approaches the nearest of all those engraved by him
in this work, to our bone from Sandown Bay. He considers his fossil to be
most probably a metatarsal bone of the Iguanodon, and slates that he has one
such bone which measures four inches and a half in length, and thirteen
inches in circumference in the largest tarsal extremity. The colossal proportions of a fragment of a femur in his possession, from Tilgate Forest
(Plate XVHI. fig. 1. of the same worl-), which measures twenty-three inches
in circumference in the smallest part, fufficiently accord with those of his metatarsal bone last mentioned, as well as of our metacarpal bone from the same
formation in the Isle of Wight ; and give strong probability to the opinion
that all these three fragments of the skeleton of a reptile of such extraordinary
stature may be referred to the Iguanodon. It is obvious that these supposed
metacarpal and metatarsal bones are much shorter and thicker in their proportions, than the metacarpal or metatarsal bones of any living lizards or crocodiles but
;
when we consider the enormous weight, which the foot of an
animal whose femur was twenty-three inches in circumference must have
sustained, a reduction of length and increase of bulk in the bones which
supported such a colossal frame, must have been attended with many mechanical advantages*.
* The following are among the reasons which induce me to assign to our bone from Sandown
Fort, the place I have given it as the metacarpal bone of the left thumb, or possibly the metatarsal of the left great toe :—
1st. Its want of symmetry in the two sides, as well as its enormous size, forbid us to give it a
place among the phalangeal bones of any of the fingers or toes.
2ndly. Its outward curvature towards the right is such as could not have taken place in any other
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As large bones of the Megalosaurus are found mixt with those of the
Iguanodon in the Wealden formation, and some doubt may arise, from this
circumstance, as to the possibility of our large metacarpal being derived from
the foot of a Saurian of this genus, I have engraved on the same plate, with
my metacarpal bone of an Iguanodon, the metatarsal bone of a Megalosaurus,
thirteen inches long (Plate XLI. fig. 5 and 6), and a metatarsal bone of a
crocodile (Plate XLI. fig, 7 and 8), both from the oolitic slate of Stonesfield,
and now placed in the Oxford Museum. The elongated form and slender
proportions of both these bones differ most essentially from the short and
thick characters which mark the metatarsus of the Iguanodon. This variation
is in due conformity with the difference in the habits of the respective animals ;the lighter and more slender structures being more suited to the feet
of the carnivorous reptiles, while the more massive and ponderous form was
equally adapted to the bulk and babits of a reptile which was herbivorous.
Together with our metacarpal bone, there were found at Sandown Bay
some vertebrae and fragments of other bones of smaller reptiles ; and in the
same place also about four years ago, the Rev. Gerard Smith discovered part
of a very large bone, probably a fragment of a coracoid bone, or of the pelvis,
joint than that assigned to it, excepting in the little toe of the right foot, or little finger of the right
hand ; both these are places for which the flatness of its posterior surface, as well as its vast size,
would render it unfit.
Srdly. It cannot be a carpal bone analogous to either of the two carpal bones of the crocodile,
(Cuvier's Oss. Foss. vol. v. Part II, Plate IV, fig. 13, c, d,) because both articulating surfaces of
these two carpal bones are concave, whereas the anterior surface of our fossil bone is highly convex and nearly semicircular, and must have formed part of a hinge having very considerable
power of flexure, such as it may have afforded if it were a metacarpal bone, articulating with the
first phalangeal bone of the left thumb.
■ithly. The posterior surface of our fossil accords with the metacarpal place thus assigned to it ;
Its slight degree of concavity would not admit of sufficient flexure for a phalangeal bone, but
enough of motion for the articulation of a metacarpal with a carpal bone : see Plate XLI. fig, 3.
profile of posterior surface of fig, 2,
5thly, The nearly straight edge by which the posterior surface is bounded towards the left
side (Plate XLI, fig, 4, h, c, where it is drawn reversed,) accords with the supposed juxtaposition of this edge of the metacarpal of a left thumb to that of the straight edge of the metacarpal
of a fore finger of the left hand, Tlie circular form of the right portion of the margin could be
found only in a bone which came in contact with no other bone on the side so curved outwards, i. e.
only in a metacarpal of the left thumb, or a metatarsal of a right little toe. The strong markings
produced by the origin and insertion of muscles, tendons, and ligaments, which appear at the points
a, h, c, d, in figs. 1 and 2, would probably be sufficient in the hands of an experienced anatomist
to decide with certainty by reference to the muscles to which they had relation, whether the bone
formed part of a little finger or little toe of the right side, or is derived from a thumb or great
toe of the left side.
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which is also in the Oxford Museum. During the last few months Mr. James
Vine has made a further discovery of bones, chiefly large vertebrae of the
lo-uanodon, in the parish of Brook, near the south-west extremity of this
same iron-sand formation in the Isle of Wight. They occur along a quarter
of a mile of this shore, but most abundantly at a spot called Bull-face Ledge
near Brook Point, wdiere the iron-stone is abundantly loaded with prostrate
trunks of fossil trees. Many of these vertebree are as large as those of an
elephant, and exceed in magnitude the vertebral dimensions of any other livinganimal excepting a whale; they possess also that subquadrangular form which
Mr. Mantell has marked as characteristic of the vertebrae of the Iguanodon.*
Igiianodon in the Isle of Purbeck.

In the month of September last, 1829, being in the Isle of Purbeck, I found
in the Museum of the Rev. F. O. Bartlett of Swanwich, a collection of bones
of various reptiles, such as have been found by Mr. Mantell, associated together
in the iron-sand of Tilgate Forest ; the most remarkable are those of the
Iguanodon, together with vertebrae and other bones of more than one large
species of Plesiosaurus, and of large and small crocodiles, and fragments of
large cylindrical bones resembling those of Megalosaurus, but too imperfect to
be identified with certainty.
The most decidedly characterized bones of Iguanodon in this collection, are
vertebra resembling those engraved by Mr. Mantell in his illustrations of the
fossils of Tilgate Forest. These vertebrse are nearly as large as those of an
elephant, but compressed laterally, and subquadrangular ; there are also metacarpal, and toe bones, similar to those which Mr. Mantell refers to the Iguanodon. Nearly all these bones are more or less injured by rolling on the seashore, where they were collected by Mr. Bartlett, and Colonel White, in Swanwich Bay, about half a mile north of the village of Swanwich. They fall
occasionally from the cliffs of iron-sand and sandy clay, which are undergoing
slow but continual destruction by the waves. As this destruction proceeds,
the sand and clay are soon dispersed, but the bones remain, being heavy and
impregnated with iron. This iron-sand is described by Mr. Webster, in his
letters to Sir H. Englefield on the Isle of Wight,'(pp. 169, 237, and PI. XLVII.
Hg. 2.) as dividing the upper beds of the Purbeck limestone from the greensand and chalk of Ballard Down.
His section of this cliff is copied in fig. 5.
*,Mr. Vine's attention was attracted to these bones about a year ago by the fact of tlieir being
collected to be broken up for grotto work, in consequence of the very brilliant small crystals of iron
pyrites and calcareous spar which fill their cancelli. He has presented this interesting collection to
the Museum of the Geological .Society.
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of the sections in Conybeare and Phillips's Geology of England. As this
iron-sand here extends along- almost a mile of coast^ and through great part of
the distance is inclined at an angle varying from 15° to 30° N., its thickness
must be very considerable. After making all due allowance for the possible
occurrence of faults, I cannot estimate it at less than 500 feet, which is the
reputed thickness of this formation in the Weald of Sussex and Kent,
Dr. Fitton, in his excellent paper in the Aim, Phil. November 1824, has
drawn an interesting comparison between this iron-sand at Swanwich, and
the iron-sand of Sandown Bay in the Isle of Wight, and of Tilgate Forest;
and has shown that there is a nearly perfect correspondence in the characters
of the strata of this formation in Purbeck, with those which they present in
the Isle of Wight, and in the Weald of Sussex ; and that in each case they
are immediately covered by the Weald clay, and contain occasionally the
same admixture of the remains of marine animals with those whicli were
inhabitants of fresh water*.
Mr. Conybeare, also, and Mr. Mantell, have consideied the argillaceous
limestones which lie below these iron-sands in Sandown Bay, and form the
lowest strata in the Isle of Wight, to be nearly identical with the shelly
bivalve limestone beds of Ashburnham, and to afford at both these places an
equivalent to the upper freshwater strata of the Purbeck series.
It is satisfactory that in three such important localities as Sandown Bay,
Brook, and Swanwich Bay, we have ascertained the presence of an animal so
very remarkable as the Iguanodon, whose existence has not till now been
traced beyond the Weald of Sussex ; and it is still further satisfactory, to
find, that in tending to identify the iron-sand of Purbeck and the Isle of
Wight with that of Hastings and the Weald, these additional discoveries
confirm the opinions of our best geological authorities.
It has been inferred, from the mixed nature of the remains occurring in
this formation, that the area on which it was deposited was at that time part
of a great estuary ; the facts we have been considering show that the extent
of this estuary was continuous to the south-west, and west, from the Weald of
Sussex, through the districts now occupied by the Isle of Wight, to the Isle of
Purbeck in Dorsetshire. The strata of tlie Purbeck formation at Lady Down
near Tisbury, show that it included, also, the south-west extremity of Wiltshire.
We know not what are the fundamental strata of any portion of this district,
except at its western extremity, where the Wealden and Purbeck freshwater
series rest upon the oolitic marine formation of the Portland stone.
* See Dr. Fitton's Map and Sections, Ann. Phil. 1824, N. S. vol. viii. PI. XXXIII.
VOL. Ill,
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To trace the extent of this ancient estuary, as far as it is indicated by the
deposits that were formed within its area, and to ascertain from what more
elevated regions of dry land so much detritus has been derived, are objects
deserving- the careful attention of geologists.
The best indications of the source from, whence the materials of the strata
have been supplied, would be afforded by pebbles, if any could be found, intermixed with the finer ingredients of this formation. The general absence of
such pebbles shows that the lands were distant, from whence the fine particles
of sand and clay were transported, that gradually filled up this estuary : and
the interposition of the broad belt of the oolitic and new red sandstone formations, between its northern frontier, and the north, and north-western mountain ranges of our own island, would incline us rather to look for these lands
either in Devonshire and Cornwall on the west; or in the nearest primary
and transition mountains of the Continent, viz., in Normandy and Brittany
on the south-west ; or in the forest of Ardennes on the south-east. It is not
probable that the materials of the Wealdcn formation have been derived in
any great degree from the detritus of the oolitic series, because in such case
we should have found among them an admixture of pebbles of oolite; none of
which have yet been noticed.
APPENDIX.

May, 1835.

The following notices on the habits of modern Iguanas show that some of
them, like our Iguanodon, are herbivorous, and that others are omnivorous.
I am informed by my friend William John Broderip, Esq., that in the spring
of 1829, he saw a living Iguana, about two feet long, in a hothouse at
Mr. Miller's nursery gardens near Bristol. It had refused to eat insects and
other kinds of animal food presented to it, until happening to be near some
kidney-bean plants, that were placed in the house for forcing, it began to eat
of their leaves, and was from that time forth supplied with these plants. When
Mr. Broderip saw this animal, it was in good health, and of a beautiful green
colour ; it suffered itself to be handled, and swallowed some of the leaves in
his presence.
I learn further from Mr. Broderip, that in July 1834 a living Iguana tuherculata (Seba, 1. 95. 1.— 97. 3.-98. 1. C), in the gardens of the Zoological
Society of London, being placed in an inclosure containing a pond, deliberately took to the water, swimming across with the greatest facility, using
its tail as the organ of progression, with its fore feet motionless. Cuvier
(tom. ii. p. 44.) says of this animal: ''II vit en grande partie sur les arbres.
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va quelquefois a I'eau, se nourrit de fruits, de g-rains et de feuilles." The
Iguana at the Zoological Garden, after swimming across the pond, generally
clambered over the opposite wire fence, and ascended an Acacia tree beyond,
on the highest fork of which it would rest. This was its favourite tree, and
though others were near, it never mounted any but the Acacia. Cockroaches,
&c. were offered to it, and, at Mr. Broderip's suggestion, kidney-bean leaves,
but in vain ; and it was kept alive, as it was on the voyage, by cramming it
with sliced raw potatoes. Its keeper informed Mr. Broderip that he saw it
often snap, as it walked on the grass, as if it were taking insects, but he is by
no means certain that it actually took any.
Another, kept afterwards for a short time at the Zoological Garden, refused
all food; and this was the case with a third from Demerara, which soon languished and died, in the possession of a friend of Mr. Broderip.
I am also informed by Captain Belcher, R. N., that when he was in the
island of Isabella, near the gulf of California, in the month of January 1828,
he found this island covered with swarms of Iguanas, whose habits appeared
to be omnivorous ; they fed voraciously on the eggs of birds, particularly of
boobies, and frigate pelicans, which build their nests in this island in countless
multitudes. When taken on board they fed promiscuously on various kinds
of food, and ate greedily the intestines of fowls ; they were also insectivorous,
and ate cockroaches and flies. The Iguanas occupied the cliffs, and their
haunts were filled with egg-shells and bones of birds ; they also attack and
eat one another.
It is mentioned by Cuvier also (Regne Animal, vol. ii. p. 41, ed. 1829,)
that he found both leaves and insects in the stomach of an Istiurus (Le PorteCrete, Lacep.) ; this animal lives partly in the water, and partly on small trees
and shrubs near the water, and eats both seeds and worms. May we not
from these analogies infer that the Iguanodon also was omnivorous .'*
Further discovery of Bones of Iguanodon, and Cones of Zamia, in the
Isle of Wight, at Sandoion Baj/.
In July 1834, a valuable addition was made to the Oxford Museum
(through the kindness of the Rev. W. Sewell, of Exeter College, and the
Rev. R. Sherson, Rector of Yaverland), of a very large collection of bones
from the southern coast of the Isle of Wight, chiefly those of the Iguanodon,
discovered in Yaverland, a little east of Sandown Port, by Mr. John Smith,
who has liberally presented them to the University of Oxford.
These bones were found in 1829 by Mr. Smith, near his residence at
Yaverland Farm.
The following is an extract from his letter to myself,
3 K 2
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respecting" them. "When first I observed these bones, I was passing- on the
sea-shore, after a week of stormy weather, which had created a heavy sea,
and consequently a great tumbling in of its waves on the beach, which swept
every moveable object before it, even the shingle and sand, to the depth of
two feet, which exposed many fossils lying amongst the large stones on the
ground. I frequently visited the same spot during the following winter, and
never came home empty-handed ; and always found something, until I brought
almost all away." The most remarkable bones in this numerous collection
are several very large sub-quadrangular vertebra; of Iguanodon, a large portion of a compressed femur, a nearly perfect lower extremity of another large
femur, and fragments of the limbs of the same animal ; also a considerable
number of vertebrEe, and many other bones of smaller reptiles. These bones
have all suffered injury by rolling among the pebbles amidst which they were
found. They had probably fallen long ago, and at intervals, from the low
cliff of the Wealden formation, which overhangs the beach, like those found
at Swanvvich by Mr. Bartlett ; and being much impregnated with iron, their
weight had caused them to sink deep into the shingle, at the base of the gradually decomposing cliff, from which they were brought to the surface by the
extraordinary storm which immediately preceded their discovery.
In the low cliff of grey sandstone interspersed with clay, adjacent to this
spot, Mr. Smith found also many curious small cones of Zamia, mixed with
fragments of lignite ; three of these cones are in one small block, presented
by him to the Oxford Museum. Figures of these cones have been published
by Professor Lindley, by the name of Zamia crassa, in the 14th Number of
his Fossil Flora, PL 136.
Discoveri/ of Iguanodon in Marine Formation near Maidstone* .
A large proportion of the skeleton of an Iguanodon, discovered in January
1834, in the quarries of Kentish Rag, near Maidstone, and now placed in the
splendid museum of Mr. Mantell at Brighton, has verified nearly all his conjectures respecting the insulated bones found in the Wealden formation, which
he had assigned to this animal. The two femora measured thirty-three inches
each in length, and a tibia and fibula thirty inches each. The position of this
skeleton in a marine limestone of the lower green-sand formation must be referred to a carcase drifted to sea not long after the completion of the Wealden
estuary deposits.
* See a notice by Mr. Mantell, in the Edinburgh New Philosophical Journal, vol. xvii. p. 200,
No. 33, July 1834.

XXI. — Notice of Two Models and Sections of about Eleven Square
Miles, forming a part of the Mineiml Basin of South Wales, in the
Vicinity of Pontypool, and presented to the Geological Society by
Richard Cowling Taylor, Esq., F.G.S.
[ReadJune 18th, 1830.]

IHE

object of the author in preparing the models^ was to employ to advantage a considerable accumulation of local details relating to the structure and
contour of this district, and thus to exhibit, in the most instructive form, a
faithful representation of a part of the South Welsh Coal Field. To avoid
confusion, and to convey a distinct iliuetration of geological arrangement, as
well as of natural features and artificial characters, two models appeared indispensable. One of these, therefore, exhibits the external or pictorial characters ofthe area selected ; the other, which is more immediately interesting
to the geologist, develops the internal structure, and the position and inclination of the various mineral and coal strata*.
Elevation. — The lowest point shown, is about 330 feet, and the highest
1563 feet above the high- water level of the Usk at Newport. The summit
level of the Monmouthshire canal is stated to be 447 feet above the basin
at Newport. The Pen Twyn iron-works are situated 179 feet, and the Abersychan furnace 256 feet, higher than the canal summit; and from the latter
works to the top of Blaen Sychan the rise is about 900 feet more. The point
called Pen Rhiw Ffranch, by spirit level was found to be 890 feet, and by
barometrical observation 881 feet, above the canal.
The district offers a characteristic specimen, in miniature certainly, of an
extensive range of similarly constructed country. Amongst its most strikingfeatures are the regular form of the Pens, or promontories, which project from
the principal mountain ranges, and the deeply eroded ravines which descend
into the adjacent valleys, off'ering to the speculative some elucidation, not the
less instructive because on a small scale, of the action of water.
The
* Plate XLII. represents the second of these models, but the direction of the ravines being shown
by the rivulets, and the form of the Pens by the range of the strata, the shading of the Iiills has
been omitted.
It is necessary to premise that the north-east and south-west angles of the models have been
filled up from comparatively imperfect observation, the autlior being in possession of less abundant
data. These points must be received as approximations, introduced to preserve the general effect.
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streams which these Cicms, or deep ravines^ contain, have a progressively
diminishing- inclination as they proceed from their sources. We have shown
the profiles of three of these mountain rivers, noting the fall in feet per mile
in the respective divisions of each.
Nant Ddu Brook, subdivided into five portions or lengths.
1st or upper portion, has an average inclination of 1040 feet per mile for 5 mile.
2nd portion
3rd
4th

450
275
240

-5 mile.
^ mile.
^ mile.

5th, to its junction with the Afon Lhvyd, falls only 110

1 mile.

Bwrgwm

Brook.

1st, or upper half mile, descends on a plane of 800 feet in a mile.
2nd, second half mile
G60 feet per mile.
3rd, three fourths of a inile to the Afon .... 230 feet per mile.

Sychan Brook, in three portions.
1st.
2nd.
3rd.
The

— \ of a mile from its source, descends with a fall of 650
— I of a mile
at the rate of
444
— \ of a mile to its junction with the Afon, only .... 230
Afon for the succeeding mile proceeds with an inclination of 90

feet
feet
feet
feet

per mile.
per mile.
per mile.
only.

Inclination of Strata. — The prevailing dip is about 3 inches' fall in each
yard, or from 400 to 450 feet per mile. At Abersychan and Verteg the
direction of the dip is nearly west by compass, and consequently the level
course is not far from north and south.
Faults. — These of course have been but partially explored in a district
which has only been recently penetrated by mining operations. We have
traced upon the model the direction of one which was encountered at an
early stage of the works at Abersychan, and passes for an unknown distance along the bottom of the Sychan Valley. A level which was conducted along a coal vein suddenly passed into a bed of iron mine, whose proper
position was 50 feet above the coal ; and thus, for a time, the same level
served on one side of the fault for working coal, and on the other, through this
change of position, for working the iron ore*.
At Pontnewynydd, and passing upwards in the direction of Nant Ddu
Brook, a considerable fault appears, by which all the strata in the promontory
called Pen ij Tranch are brought down, and probably are thrust forward in a
mass, somewhat beyond the eastern boundary of the coal field, perhaps more
than 300 feet below their proper position.
On the south, or opposite side of
* The direction of the fault is shown on the model, but not the nature of the disturbance. See
also the Map, PI. XLII.
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this promontory, is a corresponding fault of' about 220 feet passing- up the
ravine in a parallel direction to the fault on the north side of Pen y Tranch.
So far as the present survey carries us, the three or four principal faults
pass apparently along- the troughs of the valleys. Without entering upon the
debatable ground of the origin of valleys, and the agency of existing causes
in modifying the earth's surface, we have certain facts, by no means unimportant inthe controversy, showing that extensive fissures range along those
ravines, or, by a transposition of terms, that the rivers have formed their
channels in ancient fissures.
Thicknesfi of Strata. — The series of beds exhibited is probably not less than
1800 feet thick above the limestone. Within this space are about 20 beds of
coal, varying in thickness from 1 to 10 feet, and amounting in the aggregate
to about 60 feet. Not more than 6 of these are usually worked ; the greater
portion of the mineral treasures being comprised within an inconsiderable part
of the general section. At Abersychan the principal workable beds are contained in a thickness of 119 yards, at the bottom of the series. They consist
of 13 beds of bituminous coal, of the aggregate thickness of 42 feet 8 inches,
and will readily supply upwards of 30,000 tons per acre. Alternating with the
coal-seams are numerous courses of argillaceous iron ore, capable of supplying
15,000 tons of mine per acre.
Almost all these beds, whether of iron ore or of coal, bear different names
in different localities. This is not remarkable, when we observe the variations
of position and thickness at inconsiderable distances in what are considered
to be the same veins. On placing, side by side, several sections derived from
iron-works in this neighbourhood, it will be seen that in the thickness of the
mineral series, collectively, there is a certain agreement ; but that in the position of the members of the same series, indwidually, there are frequently
striking variations ; the coal-beds being often widely separated at some points,
and at others, brought either almost into contact, or new veins are introduced.
This will be best exemplified by a series of sections, which, when reduced to
a common scale, admits of ready comparison.
Aggregate thickness of the strata containing the principal mineral and coal
beds, from the "Bottom Vein Mine" to the " Black Pins" inclusive:
Yds.

Ft. In.

119
119
120
154

0
1
2
0

2
5
6
4

At Coalbrook Vale, six miles north-north-west

127

2

G

At Rumney Vale, ten miles north-west

215

2

2

At Abersychan and Pen Tvvyn Works
. ,,
.,
,
fist section
At Verteo;, two miles north
s
°
l2nd section
At Blaen Afon, four miles north
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At the last point a remarkable expansion of the beds occurs, being nearly
double the Abersychan section. The intermediate members are so changed in
position, and so many additional beds are introduced, that there is a difficulty
in recognising the series.
The following summary exhibits the mineral contents of these strata at
different points :
No. of
principal
of Cual.beds

At Abersychan
At Verteg 1st section
|^
nd section
r.laen Afon
Coalbrook Vale
Runiney

lii
1423
22
17
26

Thickness of
Coal beds.
Ft.
In.

Iron ore.
Ft.
In

H

42
43
46
51

Thickness
Fire Clay.of
Fire
BedsClay.
of

10 ..

0
1370 ....

47

Ft.

In.

42
45
24
13

38
55

1

60 veins

The above sketch will, it is presumed, with the assistance of the models,
suffice to convey an adequate knowledge of this district. Newport is the
principal port where the coal and iron of this neighbourhood are shipped,
averaging upwards of 2000 tons daily. By the official returns of the Monmouthshire Canal Company, it appears that in the year 1829 there were
brought down to the wharfs of Newport 104,129 tons of iron, and 513,974
tons of coal.

XXII. — Some Account of the Remains of the Me gcitheriuni sent to
England from Buenos Ayres by Woodbine Parish, Jun., Esq.,
F.G.S. F.R.S.
By WILLIAM
■

CLIFT, Esq., F.G.S. F.R.S.

[ReadJune 13, 1832.]

IHE Remains of the Megatherium described in this paper are part of a
collection of fossil bones recently sent from Buenos Ayres by Woodbine
Parish, Esq., His Majesty's Charge d'Affaires in that country*.
They were found in the river Salado, which runs through the flat alluvial
plains (the Pampas) to the south of the city of Buenos Ayres f. Their discovery was owing to a succession of unusually dry seasons in the three preceding years, which lowered the waters in an extraordinary degree, and
exposed part of the pelvis to view, as it stood upright in the bottom of
the river. It appears that this and some other parts of the skeleton, having
been carried to Buenos Ayres by the country people, were very liberally
placed at Mr. Parish's disposal by Don llilario Sosa, the owner of the property on which they were found.
In the hope of obtaining the other parts of the skeleton, an intelligent person
was subsequently sent to the same spot, who succeeded, after considerable difficulties, ingetting out of the mud forming the bed of the river, the remainder
of the collection which forms the immediate subject of the present paper.
Further inquiry led Mr. Parish to suppose that similar remains might be
met with in other parts of the province of Buenos Ayres, and he applied
to the local authorities to assist him in making further search. This aid was
given by the Governor, Don Manuel Rosas, and the remains of two other
skeletons were found on His Excellency's own properties of Las Averias and
* These Remains, after having been exliibited to tlie Geological Society, were transferred by
Mr. Parish to the Museum of the Royal College of Surgeons in London. Excellent casts of the
principal bones have since been prepared under the superintendence of Mr. Chantrey, and have
been liberally presented by the College to the Geological Society, the British Museum, the Universities ofOxford and Cambridge, and the Garden of Plants at Paris.
t See Map, Plate XLIII.
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Villanueva ; the one to the north, the other to the south, of the Salado, but
at no great distance from the place where the first had been discovered *.
In these latter instances the osseous remains were accompanied by an
immense shell, or case, portions of which were brought to this country, but
most of the bones associated with the shell crumbled to pieces after exposure
to the air, and the broken portions preserved have not been sufficiently made
out to be at present satisfactorily described. Representations, however^ of
parts of the shell in question are given in the plate annexed f.
It appears remarkable that since the first discovery of bones of so extraordinary dimensions as those of the Megatherium, so long a period should have
been allowed to elapse without any further efficient attempts having been made
to collect the reliques of so gigantic an animal ; especially, since sufficient attention had been in the first instance excited by them as to have occasioned
the transmission of the large proportion of the bones which now compose
the magnificent, though imperfect, skeleton in the Royal Cabinet at Madrid,
where it has remained for the last half century altogether unique.
The jealousies which probably bestrew the path of exploration in a country
where the almost all-engrossing subject of search for the precious metals
absorbs or blunts all other feelings, together with an apparent indifference in
the inhabitants for inquiries of this thriftless nature, offer a combination of
obstacles sufficient to account for the little additional light which has during
this very long period been elicited.
On whatever causes it may have depended, further research seems to have
been almost entirely neglected. Very few additional specimens appear to
have been sent to Europe, and no other cabinet, save the solitary one at
Madrid, possessed (as far as I have been able to learn), a single intelligible
fragment which could with certainty be assigned to this great unknown;}:.
* See Plate XLIII. All the bones described in this Memoir were found at the spot marked 1,
situated in the southern part of the Map ; fragments of small bones, with small portions of the shell,
were found at the spot marked 3 ; and fragments of much larger bones, with larger portions of the
shell, including those figured at Plate XLVI., were met with at the spot marked 2. The bones of
tlie Madrid specimen were discovered at the spot marked 4, in the north-western part of the Map.
t Plate XLVI.
X Some time after this paper was read, a considerable number of interesting fragments of various
parts of the skeleton of a Megatherium were transmitted to England from the country of the
Pampas by Mr. Darwin ; but the most important of these specimens are in an exceedingly fragile
state and are enveloped in an intensely hard concrete of lime and coarse gravel, which will require
great care and labour to remove. When that is accomplished, they will very materially add to our
present knowledge of the structure of the animal, particularly demonstrating the diminutive size
of the brain of this huge creature ; the total absence of fangs to the teeth, whose extremities tenntii-
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From the latter circumstance^ some naturalists had been induced to believe
that the remains of the Megatherium were so exceedingly rare as to render
further inquiry almost hopeless,, until the laudable and enterprising zeal of
Mr. Parish dispelled this disheartening illusion^ by teaching us that opportunities not unfrequently occur^ if proper advantage be taken of them.
It will be manifest^ by the following enumeration of the parts of the skeleton of this stupendous quadruped, sent by Mr. Parish, that although it is,
on the whole, much less complete than the specimen preserved in the Royal
Museum at Madrid, yet that there are, fortunately, many parts in the present
which are deficient in that specimen ; and, consequently, the history of this
interesting- animal will receive considerable and important additions from the
remains which that gentleman has, at so much labour and expense, succeeded
in introducing, for the first time, to this country*.
These remains include.
The anterior part of tlie cranium.
Nine teeth, more or less perfect, but none quite entire.
Part of tlic OS hyotdes f.
The atlas, and another cervical vertebra entire ; with fragments of the dentata, and others.
Two entire dorsal vertebra?, and portions of thirteen other true vertebras, of which three appear
to be lumbar.
The sacrum and pelvis entire with the exception of the right ilium, which was probably broken
off in raising the pelvis from the bed of the river. — The jmbis and iscli'ia beautifully jjerfect.
Twelve or more of the caudal vertehrce, and ten of the separate chevron hones belonging to them.
Twelve ribs of the left side, including the first ; and
Eleven ribs of the right side, more or less perfect ; with some smaller portions of ribs.
Two of the bony or pseudo-cartilaginous pieces, which unite the true ribs to the sternum: as is the
case also in the Armadillo.
The manubrium or first bone, with two other bones of the sternum.

Of the anterior extremities there only remain :
The right scapula, entire, and part of the left.
The left clavicle.
The left radius.
The OS naviculare, and five other bones of the carpus and metacarpus.
One middle phalanx, and
Four terminal phalanges, which support the claws.
nate in a film-like edge surrounding the square cavity which contained the vascular pulp on which
each tooth was formed ; and that there are four teeth on each side the jaw, as stated by M. Cuvier.
— W. C, 1835.
* Plate XLIV shows at one view the comparative state of the two skeletons, and the deficiencies
in the one which are supplied by the other.
f The remains printed in Italics in the subjoined list are wanting in the Madrid skeleton.
3 L 2
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Of the posterior extremities there are :
The left femur entire, and the extremities of the right femur.
The left tibia, and a portion of the fibula anchylosed to it.
I'he left astragalus, os calcis, and os naviculare.
Five other bones of the tarsus.

The portion of cranium includes the superior maxillary and intermaxillary
bones; a part of the frontal and part of the nasal bones ; the vomer, and the
remains of two superior spongy bones. There is also, among the loose fragments, apparently a portion of the descending process of the zygoma of one
side. The extremities of the intermaxillaiy and nasal bones are, however,
broken off, and the parietal and occipital bones are also deficient.
The maxillary bones include two sockets, and part of the third, on each
side. There are many small sinuses at the fractured surface of the os frontis.
The vomer increases in thickness anteriorly, and extends the whole length
of the specimen, apparently forming, as in the fossil rhinoceros {Rhinoceros
tichorh'mus , Cuv.), a complete bony septum narium. There are three infraorbitary foramina, of an oval form, the largest of which measures nine lines
in the long diameter, and six in the short.
Ft. In. Lines.
The length of this fragment, measured obliquely from the fractured surface
of the OS frontis to the end of the protended intermaxillary bones
From the anterior socket to the end of the intermaxillary bone
The greatest breadth at the upper part
Breadth between the orbits
The least breadth
The depth, or vertical diameter of the cranium at the first tooth
The vertical diameter at the fractured end of the specimen, or opposite the
third tooth

1
0
0
0
0

5 0
G G
8 G
7 0
5 10

0

8

0

0 11

0

The palate is very narrow, measuring across, between the first molares. ... 0
Between the second molares
0

1
1

6
0

The depth of one of the sockets is

7

0

0

The thickness of the alveolar partitions from three to six lines.

The teeth are all of one kind, viz. molares^ and
number, when complete, is, according to Cuvier,
on each side in both upper and lower jaws.
Of the nine teeth in the present specimen,
1st, 2nd, and 3rd of both sides of the upper jaw.
as being of a prismatic form, but this appears

of similar structure*. Their
sixteen f, there being four
six can be identified thus :
M. Cuvier J describes them
to apply only to the anterior

pair; the rest are regularly four-sided, the anterior surface being somewhat
* Plate XLV, fig. 2.

f Ossemem Fossllcs, tom. v. PI. I. p. 179.

+ Ibid.
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convex. From the thinness of the partitions of the sockets, the teeth closely
approximate; and from the direction of the sockets, the series on each side
is shg-htly convergent.
The following' are the admeasurements of the most perfect teeth :
Upper Jaw. First molar.
In. Lines.

Length
Circumference
Transverse diameter
Antero-posterior diameter

7
4
1

0
0
8

.. 1

4

Second.
[n. Lines.

In.Tliird.
Lines.

9

0

0

6

6

6

5

2
1

0
8

1

11

1

7

0

from which it appears that they do not increase in size as they are situated
posteriorly, but that the second is at least larger than the third.
Cuvier also describes two fangs to each tooth of Megatherium*, and observes that in this respect it differs from the Bradypodae, to which it is allied
in so many other respects ; but as there is not any appearance of fangs in
the teeth of the present specimen f, and as the resemblance in every other
particular with that on which his description is founded is complete, this cannot be considered as a specific difference, but as depending most probably on
the imperfect state of the tooth in the Madrid specimen, from which Dr. Pander's figure is taken ; and this is the more probable, as in the original work
of Garriga;};, a molar tooth is figured without these fangs; this deceptive appearance being merely owing to a dotted line, by which he has endeavoured
to indicate on the surface of the tooth the extent and shape of the cavity for
the secreting pulp within : which circumstance may have misled Messrs.
Pander and D'Alton, who probably had no opportunity of examining a tooth
separated from its socket, as their figure sufficiently implies §.
The teeth ||, though simple in form, are complex in structure, being composed of a central body of ivory extending across nearly the whole transverse
diameter of the tooth, but occupying only the middle two thirds of the anteroposterior diameter. The ivory is surrounded by a thin layer of enamel not exceeding aline, and the rest of the tooth on the anterior and posterior surfaces
is made up of caementum ; hence, from the different degrees of density pos[ * Ossemcns Fossiles, torn. v. PI. I. p. 1 79. See also ante, Note p. 438, on this subject. — W. C. 1 835.
f Plate XLV. fig. 2.
"l Tab. IV. fig. 5. " Descripcion del Esqucleto de un Quadrupedo muy corpulento y raro, que
se conserva en el Real Gabinete de Historia Natural de Madrid. Publicala Don Joseph Garriga,
Ciipitao de Ingenieros Cosmografos de Estado."
Folio. Madrid, 179G ; with five folding Phites.
§ Tab. III. fig. 15. ^^ Das Ricsen Faulthier, Dasypus Giganteus, von Dr. Chr. Pander uiul Dr.
E. D'Alton."
Oblong folio. Bonn, 1821.
11 Tab. IV. fig. 5.
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sessed by these substances, the grinding- surface of the tooth presents, in consequence ofattrition, four facets sloping from the two ridges of enamel which
traverse the tooth transversely ; the middle surfaces being the worn-down
ivory, the outer the worn-down caementum.
In the anterior tooth the first facet is very small, from there being but little
caementum ; the second is almost perpendicular ; the third proportionally
more sloping than the others ; the fourth also nearly perpendicular.
In the second and third teeth, the two middle surfaces are nearly equal, and
are worn down at the same angle. This is also the case with the two marginal surfaces, which, however, are much smaller tlian the middle ones.
The secreting pulp, when the formation of the tooth had advanced to a
certain extent, appears to have assumed a most regular pyramidal or wedge
shape, and to have extended into one half of the length of the tooth. There
is no trace of a contraction at the open end of the cavity or root, but it is (as
in the incisors of Rodentia) wide open : this structure, therefore, indicates
perpetual growth, and evidently not a renewal by succession, as in the
elephant and mastodon, whose molar teeth are constantly advancing to the
front of both jaws an^ wearing out ; so that, though the component parts of
the teeth of the megatherium resemble those of the grinders of the elephant,
the mode of renewal is different, being like to that of the tusks of the same
animal.
Vertebral Column.
The very imperfect condition of the vertebral column is naturally a subject
of great regret : the atlas, however, is fortunateJy entire ; and as this affords
some data respecting the occiput, the diameter of the spinal chord, and, by
the size of the orifices for the vertebral arteries, also an indication of the
extent of the brain, it merits a more particular consideration.
It is, as usual, in the form of a ring, being deficient in a body at the anterior part, and having only the rudiment of a spine on the opposite aspect.
The articular surfaces for the condyles of the occiput are of an oval form and
concave, measuring in their longest diameter three inches three lines. The
opposite articular surfaces for the dentata are plane, and nearly circular;
and their diameter is two inches six lines. On the anterior part of the spinal
canal there is a heart-shaped surface for the rotation of the odontoid process ;
and on each side is a tuberosity for the attachment of the transverse ligament
which confines that process in its situation at the fore part of the spinal canal.
Each vertebral artery passed through a tortuous canal at the anterior part of
the vertebra, the diameter of which is ten lines. The spinal nerves also passed
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through a complete foramen on each side^ just above the posterior articular
Ft.

In.

The greatest breadth of the atlas
1
From the outside of one condyloid surface to the other . . 0

0

6

G

9

Antero-posterior diameter of the atlas
Antero-posterior diameter of spinal canal
Lateral diameter of spinal canal

5

7

3

0

2

8

3

3

2

9

process.

0
0
0

Of the dentata there are only fragments, the spinous pro- -i
cess of which is bifurcate, and measures in length
. .J
In breadth at the tip
0

Lines,

Of apparently the third cervical vertebra there are the body and transverse
Ft.
In.
processes, which give the following admeasurements :
Lines.
10

0

Greatest breadth from the tip of one ti-ansverse process to the other 0
Antero-posterior diameter of the body
0
Lateral diameter of the body
0
Length of the spine, which ends in a tuberosity
0

2

9

3

4

3

0

The only entire cervical vertebra appears to be the fifth ; its admeasureFt.
ments are.
Lines,
Greatest breadth from tip to tip of the transverse processes
From anterior part of body to end of spine

0
0

Antero-posterior diameter of the body
Lateral diameter of the body

0
0

Antero-posterior diameter of spinal canal
Lateral diameter of spinal canal

0
0

In.
9

6

8

3

3

0

3

8

3
3

100

Of apparently the sixth cervical vertebra the body measures.
In antero-posterior diameter
In lateral diameter

Ft.

In.

Lines.

0
0

3
4

0
0

The admeasurements of the only two entire dorsal vertebra are as follow :
In. or 5th. Probably theIn.
The one which is probably the 4th
13th Lines.
or 14th.
Lines.
Ft.
Ft.
9
0
11
9
7
Breadth from the tip of one transverse process to the other 0
4
0
1
4
0
From the anterior part of the body to the end of spine ... 1

Antero-posterior diameter of body
Lateral diameter of body

0
0

3

9

0

4

9

O

7

0

5

0

Antero-posterior diameter of spinal canal
Lateral diameter of spinal canal
Length of the spine

0
0
0

2

11

0

3

3

1

0

3

3
103

7

0

0

7

Passing over the sacral vertebrae, which will be described with the rest of
the pelvis, we come to those of the tail, which being in the Madrid skeleton
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altogether deficient, merit more particular attention here. Of these, twelve
remain; but they are, without doubt, not the entire number; some intermediate, and the extreme ones are evidently wanting. The twelve which are
preserved become regularly smaller towards the last. The first eleven are
])erforated for a continuation of the spinal nerves, and have spinous and articular processes, in addition to the transverse, which the twelfth also possesses.
They have the inferior spines (i. e. the chevron or V-shaped bones), manifesting- inthis their relation to other Edentata, as the Myrmecophaga and
Dasypodae*.
Their admeasurements, as they at present follow in gradation, are :
1st and 2nd, very imperfect, and their dimensions uncertain.
.3rd of the caudal vertebrae present.
From the end of one transverse process to the other
Transverse diameter of anterior articulating surface
4th of the series.
5th
■
6th
7th
,Sth
9th
1 Oth
1 ith
1 2th

Antero-posterior diameter of ditto
From the end of one transverse process to the other
From ditto to ditto
From ditto to ditto
From ditto to ditto
From ditto to ditto
From ditto to ditto
From ditto to ditto
From ditto to ditto
From ditto to ditto

Lines
0

Ft.
1
0

In.
3
5

6

0
0
0
0
0
0
0
0
0
0

5

0

11

0

10

6

9

6

8

6

7

7

6

6

6

0

5

0

3

3

Of the ten chevron or V-shaped bones, or inferior spinous processes
The 1st.— Length
Breadth at the base
Length of its cavity
Breadth of ditto
2nd. —
3rd. —
4th. —
5th. —
6th. —
7th. —
8th. —
9th. —
10th. —

Length
Ditto
Ditto
Ditto
Ditto
Ditto
Ditto
Ditto
Ditto

Ft.

In.

Lines.

0
0

0

0

5

0

0
0

2

2

2

3

0
0
0
0
0
0
0
0
0

9

0

8

0

7

0

6

0

5

0

4

0

3

2

2

6

9

* Though there arc only twelve caudal vertebra, and ten chevron bones extant, the number
of vertebra; composing the tail was probably not fewer than eighteen. The extremity of the tail is
incomplete by, perhaps, two vertebrae, and the smallest chevron bone belongs to the fourth or fifth
from the tip. Some, also, of the larger chevron bones have not their corresponding vertebrae.
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Ribs.
The first is nearly straight, and is enlarged and flattened at tlie sternal extremity.
Ft.

In.

Lines.

1
0
0
0
0
0

2
3
3
4
4
11

0
9
1
7
8
0

The length of the longest rib following its outer curvature 3
From the tubercle to the head of rib
0
Greatest breadth
0

6
6
3

0
0
6

It measures in length
Breadth of the vertebral end
Breadth of the sternal end
Greatest breadth of the rib near the sternal end
Least circumference
Greatest circumference

The true ribs which join the sternum (except the first and last) have a double articular surface
at the sternal end, each of which is adapted to two contiguous portions of the sternum*.

Sternum.

Ft.

in.

Lines.

0
0

9
6

0
8

The manubrium sterni, or first bone of the sternum, measures in length
In breadth

It has only three articular surfaces ; two for the sternal ends of true ribs,
and one for the adjoining bone of the sternum ; but it is probable that the
clavicles were united by ligaments to the shallow cavities on the inner surface
of the manubrium^ above those for the ribs.
The next bone of the sternum, in the specimen^ is very remarkable for the
number of its articular surfaces, there being no fewer than ten, viz. one on
the anterior and one on the posterior surface for its union with the other
bones of the sternum, and four on each side for the double articular surfaces
at the sternal ends of the ribs.
Ft.

This bone measures : In length
In breadth
Antero-posterior diameter ....

In. Lines.

0
0

2
4

6
3

0

3

0

The third bo7ic of the sternum in this collection is not the third in natural juxta-position, but
appears to be the last, for it has but one articular surface for the sternum, and only two inferior
costal surfaces (the two being blended together on each side) ; but there are, as in the preceding,
four on the upper part.
Ft.

In.

Lines.

Its length
Breadth

0
0

2
3

9
4

Antero-posterior diameter

0

3

3

* Most, if not all, of the true ribs had bony articulations to the sternum in lieu of cartilaginous
extremities, and a joint at the part where the rib usually terminates and the cartilage begins in
most other quadrupeds.
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Uapula.

Anterior Extremltij.
^

-^

The greatest extent of the right scapula from the inferior angle to the end of the
coracoid process
Greatest breadth from the inferior border of tlie glenoid cavity to the superior

Pt.

2

angle
Greatest height of the superior spine
Greatest breadth of the inferior spine
From the root of the spine to end of acromion
Greatest length of the inferior spine
Largest diameter of the glenoid cavity
Shortest diameter of ditto

1
0
0
2
]
0
0

Length of the base

In. Lines

6

6^

o

C

5

0

4

g

5

G

4

0

6

6

4

6

2

3

6

Supra-spinal aperture formed by the junction of the acromion and coracoid process : Longest diameter
0
Shortest diameter of ditto
•.• 0

4

G

3

0

7

6

o

0

9

0

8

0

3

7

G

Clavicle.
Length
Smallest circumference

1
0

Humerus, no portion of.
Ulna, no portion of.
Radius.
I>ength
Smallest circumference
Greatest circumference at lower end

2
0
1

Greatest circumference of upper articular surface
Least diameter of ditto

0
0

3

3

Circumference of the upper end

1

0

0

Metacarpal bones, two.
Extreme length of the longest metacarpal bone
Circumference of ditto at its posterior extremity
Circumference at its anterior extremity

0
0
1

10

8
11
0

Ungueal phalanges.
1st. Length of the largest phalanx
Greatest height near the middle
Circumference at the same part
Breadth at the same part
Length of the bony core of the claw

0
0
1
0
0

Carpal bones, two.

10
10
0

10

6

6

0

3

0

3

0
0

.J

2nd. Length of the second-in-size phalanx, but imperfect at its point
Greatest height near the middle
Circumference at the same part
Breadth at the same part

0
0
1
0

10.0

0

5
o

6
6
4
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3rd. Length of the third-in-size phalanx
Greatest height near the middle
Circumference at the same part
Breadth at the same part

0
0
0
0

4th. Length of the fourth-in-size, or smallest phalanx
Greatest height near the middle
Circumference at the same part
Breadth at the same part

0
0
. 0
0
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In. Lines.

9
3
9
3

,'3
2
6
0

8
3
9
2

G
0
0
G

Pelvis.
This most enormous and almost disproportioned part of the skeleton difters
chiefly from that of the Edentata in the expansion of the ossa ilia*. In other
respects it participates in many of the peculiarities which the pelvis exhibits
in that tribe. The ischiadic notch^ for example, is converted into a complete
foramen on each side, by the anchylosis of the spines of the ischia with the
extended transverse processes of the posterior sacral vertebrae.
The deficiency of the pubis in the specimen at Madrid left room for a supposition that the pelvis might be open anteriorly, as Cuvier describes it to be
in Myrmecophaga didactyla ; but the perfect state of the pelvis in this respect
in the present specimen shows that the ossa pubis are completely joined at the
symphysis, as in the rest of the Edentate order.
Its admeasurements are :
Ft. In. Liiiei.

From the spinous process of the sacrum to the extreme point of the crestof the ilium 3
From the extreme point of the ilium to the acetabulum
1
From the extreme point of the crest of the ilium to the anterior part of the symphysis pubis
From the extreme point of the crest of the ilium to the superior margin of the
acetabulum
The antero-posterior extent of the ilium

0
G

0
0

3

1- 0

1

9

0

1 10

G

* If it were allowable to contrast the admeasurements of individual parts in two animals m
other respects dissimilar, some of those of the Megatherium are so extraordinary, that when compared with those of an elephant of eleven feet in height, the latter seem to sink into absolute insignificance. Ofthese, the pelvis, the femur, and the os calcis afford the most striking examples;
viz.
Elephant. Megatherium.
Ft.
In.
Ft.
In.

The expansion of the ossa ilia
Breadth of the largest caudal vertebra ....
Circumference of middle of femur

3
8
0
7
10

5
1
19
2
2

Length of the os calcis

0

1

3 M 2

7^

5
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Ft.

In. Lines.

2

3

8

0
0

7
7

3
6

0
0

7
4

0
5

Length of the dorsal surface of the sacrum
Ditto, on its inferior surface, from its articulation with the last lumbar vertebra
to that with the first caudal

1

6

0

1

4

0

From the superior edge of the acetabulum to the symphysis pubis

2

3

0

Depth of the symphysis pubis
0
Breadth of the pubis from its anterior edge, or brim, to the obturator foramen. . 0
Smallest diameter of obturator foramen
0

10
10
5

0
2
2

3
1
2

3
0
S

0
6
0

0
0

6
5

2
6

0
0

6
4

2
3

The antero-posterior diameter of the pelvic aperture
2
Transverse diameter of ditto at the brim of the pelvis
1
Transverse diameter of the pelvic aperture at the outlet
1
From the posterior part of the sacrum to the anterior part of the symphysis pubis 3
Transverse diameter of the spinal canal in the sacrum
0

0
2
6
2
4

0
0
0
6
2

Antero-posterior diameter of ditto

0

3

3

2

4
3
0
10
2
1
102

0
0
0
0
0

The lateral extent of the ilium
The diameter of acetabulum from anterior to posterior edge
Ditto, from external to internal edge

,

From the superior to inferior edge of the ischiadic notch (which is here a complete foramen)
Ditto, its transverse diameter

From the outer or extreme point of the ilium to the tuberosity of the ischium . .
Breadth of the ischium, where it joins to the sacrum
From the extreviie point of the ilium to the anterior edge of the symphysis pubis
Transverse diameter of the anterior articulating surface of the sacrum, adjoining
the last lumbar vertebra
Vertical diameter of ditto
Transverse diameter of the posterior articulating surface of the sacrum, with the
first caudal vertebra
Vertical diameter of ditto

Femur.

Posterior Extremity/.

Greatest length from the extremity of the head of the femur to the lower surface
of the inner condyle

From the top of the great trochanter to the lower surface of the outer condyle . . 2
Greatest circumference of the head of the femur
2
Circumference of the neck of the femur
1
Circumference of the upper part of the femur, over the great trochanter
Circumference of the middle of the femur

......

3
2

Circumference above the condyles
Circumference around the condyles
Breadth of the femur at the great trochanter
Ditto, across the middle of the femur

3
2
1
0

Ditto, above the condyles
Transverse breadth below the condyles
Inter-condyloid space at the middle of the bone

2
1
0

0
10
6
0
4
11
0
4
G
0
0
3
8
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Ft.

In. Lines.

Tibia.
The greatest length along the middle line
1 10
Circumference of the head of the tibia, over the anchylosed head of the fibula. . 2 11
Smallest circumference of the tibia at its middle
1 2

0
0
2

Circumference of the lower extremity of the tibia and fibula over the malleoli . . 2

6

3

Length of the interosseous space
Greatest breadth of ditto

0
0

7
3

1
6

Breadth of the superior articulating surface of the tibia
Breadth of the inferior articulating surface
Breadth of the tibia and fibula at the lower end

0 11
0 8
1 0

9
3
6

0
0

9
9

0
0

1
2
1
1

5
4
6
7

0
9
0
3

0
0

6
4

6
6

0

5

0

Astragalus.
Its greatest breadth
Its greatest height
Os calcis.
Greatest length on its inferior surface
Circumference around its anterior extremity
Circumference immediately behind the last measured part
Circumference behind its middle
Thence the os calcis gradually tapers to a point backwards.
Os naviculare.
Its greatest breadth
Its greatest length
Os cuhoides.
Its greatest diameter

;

With regard to the relative dimensions of the Madrid skeleton, and the
specimen under consideration, on comparing a few of the most certain measurements with those given in a Table constructed by the late justly revered
M. Cuvier*, from an admeasurement of the figures published by Messrs.
Pander and D'Alton, which are professed to be drawn on a scale of one tenth
of the natural size (for, neither Bruf, Garriga, nor Pander having taken the
pains to give the real dimensions of the bones in feet and inches, the admeasurements inthe Table of the various parts can only be expected to be
approximations), — some of the bones in the present specimen are, according
to those calculations, somewhat less; but the greater number of our measurements exceed those of the corresponding parts in the Madrid skeleton ; consequently, itis fair to infer that the present specimen was, of the two, the
older, and somewhat larger individual.
From a manuscript memorandum in
* Ossemens Fossiles, vol. v. Part I. p. 191.
t M. Bru, from whose description and drawings M. Garriga constructed his work.
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a copy of Garriga's work which I have in my possession, made by some person
who had compared his Plates with the skeleton in the Royal Cabinet at
Madrid, the height of that specimen at the sacrum is stated to be six feet five
inches, and its length, from the front of the nasal bones to the setting- on of
the tail, thirteen feet seven inches.
I cannot conclude my account of this most singular animal without again
adverting to the obligations we are under to Mr. Parish for the great zeal
and energy he has exerted in collecting and bringing to this country so very
interesting a series of fossil remains ; and trust his example will operate as a
stimulus to others, who may have similar opportunities of exploring distant
regions, and excite them to contribute, as he has done, towards the advancement of this important branch of natural history.

XXIII. — Remarks on the Existence of the Anoplothe7mm and Palceotherium in the Lower Freshwater Formation at Binstead, near Hyde,
in the Isle of Wight.
By SAMUEL

PEACE

PRATT,

Esq., P.G.S. P.L.S.

[Read November 17, 1830.]

JVlR. LYELL, in his very valuable work on the Principles of Geology*, has
expressed a doubt whether a tooth of an Anoplotherium in the possession of
Mr. Allan, and described by Dr. Buckland in the "Annals of Philosophy f'^
had actually been found in the Isle of Wight, as its label indicated. As
this doubt appears to have arisen in consequence of the tooth being- the only
instance in which such remains had been observed in that locality, it will be
satisfactory to geologists to be informed, that during- the late summer I discovered at Binstead, near Ryde, among other interesting remains, not only a
tooth of an Anoplotherium, but also two teeth of two distinct species of the
allied genus Palaeotherium ; thus, not only removing the chief grounds of
Mr. Lyell's doubts, but likewise more fully establishing the identity of the
formations of the two basins of the Isle of Wight and Paris.
The quarries at Binstead are, as is well known, situated in the lower freshwater formation, and consist of alternating beds of compact siliceous limestone, sand, and whitish shelly marl, composed almost entirely of comminuted
freshwater shells. The marls are more or less indurated, and form several
distinct beds^ separated by thin seams of clay, the lower of which contain the
principal part of the fossil remains observed, although indications of the same
may be seen in all the beds. These remains consist of numerous fragments
of bones, scales, and teeth. Most of the fragments of bone have been rounded,
and they are generally so much injured as to make it difficult to class themOne specimen, however, appears to be the head of a humerus, another a bone
of a foot, both probably belonging to the Pachydermata above mentioned, as
they were found in connexion with the teeth.
The greater number of the
* Vol. i. p. 153, note, First Edition. In the subsequent editions the correctness of Mr. Allan's
label is acknowledged.
f New Series, November 1825, vol. x. p. 300.
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bones may be identified with those of the freshwater turtle, consisting principally ofremains of the Carapax ; and two genera, at least, the Emys and
Trionyx, have been observed, corresponding with those described by Cuvier
as found in the Paris basin. Of the teeth, one is a molar of Palceotherium
magnum, another agrees with the first molar of PalcBotherium rninimum, and
the third is apparently part of a molar of Anoplotherium commune. Several
plates were found, which have proved to be the enamel plates of teeth of the
same class of animals, separated from their bony connexion ; and, as many of
these plates were observed, it is probable that the animals to which they belonged were numerous, although so few of their other remains have been found.
This may be partly accounted for from the marls in which they occur being
in general extremely fragile, and rarely containing a perfect shell; so that it
is difficult to separate the fossils from the marls without destroying the former.
I was also informed by a quarryman that he had several times observed large
bones, which had not been preserved, in consequence of their rotten state.
I have reason, however, to hope that in future such interesting remains will
not be lost to science, and that other genera of Mammalia may be discovered.
As proof of the justness of this expectation, I will next advert to part of the
lower jaw of a species of Ruminantia which was found in the lowest bed of
the marl, together with a single molar tooth belonging to another similar
animal.

This jaw appears to be closely allied to the genus Moschus ; but the loss of
the anterior portion renders it difficult to class the fossil correctly, and the
greater width of the corocoid process distinguishes it from any described
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species of that order *. This circumstance induced Cuvier (to whom a cast of
the specimen had been sent) to suppose it to belong to the genus Anoplotherium^ and he had named it Anoplotherium dichohunes ; but as it was not
possible to determine the structure of the fossil from an examination of the
cast, I was induced to compare the single tooth above mentioned, with the
specimens of the Paris Pachydermata preserved in the Museum of Natural
History, and also with the jaws and teeth of all the small Ruminants in the
same collection. This was done with the assistance of M. de Blainville, who,
after the most careful examination, acknowledged that it was impossible to
decide positively without having a more perfect jaw ; and he was induced to
leave the specimen amongst the Pachydermata, rather because Cuvier had so
placed it, than on account of any decisive character. The texture of the
tooth approaches, in my opinion, nearer to the Ruminants, while the general
form of the jaw gives it the character belonging to the Anoplotherium. It is
therefore very desirable to procure more perfect specimens, that this interesting question should be determined, as it is a remarkable circumstance that
the teeth of two genera so very different should be so closely allied in form.
A species of deer is mentioned by Cuvier, as having been found in the freshwater limestone of Montebusard near Orleans, but it differs essentially from
the jaw described, which appears to have belonged to a full-grown animal,
from the muscular ridges being well pronounced, although the perfect and
little-worn appearance of the teeth seem to indicate that they had not been
much used.
* The following observations were made by the author during a visit to Paris in 1833.
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H. LL.D. F.R.S. &c.

[Read February 27, 1833.]

JLN the year 1820 I communicated to the Royal Society of Edinburgh an
account of a very singular fact relative to the structure of the diamond, and I
added to this communication some conjectures respecting- the origin of this
remarkable gem. As these conjectures have been referred to by some late
and able writers on the diamond mines of India without sufficiently separating
the fact from the conjectures, and as I consider the structure which 1 discovered around the cavities in this mineral as a leading fact in the natural
history of this gem, I have been induced to re-examine it with care, and to
make a drawing of the phsenomena which it presents.
In order to bring all the facts into one view, I shall make no apology for
quoting my original observations.
"Had the diamond not been placed at the head of the mineral kingdom,
from its unrivalled lustre and high value as an ornamental gem, it would have
attained the same distinction from its great utility in the arts. Separated from
all other gems by its remarkable refractive power, and from all mineral substances byits extreme hardness, its chemical composition, and its locality in
the crust of the earth, it has always been regarded as an anomalous substance
which set even speculation at defiance.
"When Sir Isaac Newton compared the refractive power of several bodies,
he remarked that amber and the diamond had a refractive power three times
greater in respect of their densities than several other substances, and he
conjectured that the diamond was probably an unctuous substance coagulated.
This relation between the inflammability of bodies and their absolute refractive power I had an opportunity of confirming and extending by ascertaining
that sulphur and phosphorus exceed even the diamond in absolute refractive
power, and that these three simple inflammable bodies stood at the head of all
other solid and fluid substances in their absolute action upon light.
"In this arrangement, amber stood next to diamond ; and as both these sub3 N 2
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stances had a similar locality, and had also carbon for their base, it became of
some importance to discover that their general polarizing- structure was the
same. The analogy, however, to which I wish to direct the attention of the
Society is founded on the existence of small portions of air within both substances, the expansive force of which has communicated a polarizing structure
to the parts in immediate contact with the air. This structure is displayed in
four sectors of polarized light encircling the globule of air, and can be produced artificially either in glass or in gelatinous masses by a compressing
force propagated circularly from a point. It is obvious that such an effect
cannot arise from any mode of crystallization ; and if any proof of this were
necessary, it might be sufficient to state that I have never observed the
sljo-htest trace of it in more than 200 mineral substances which I have examined, nor in any of the artificial salts from aqueous solutions. It can, therefore, arise only from the expansive force exerted by the included air in the
diamond and the amber, when they were in such a soft state as to be susceptible of compression from so small a force. That this compressible state of
the diamond could not arise from the action of heat is manifest from the nature and recent formation of the soil in which it is found ; that it could not
exist in a mass formed by aqueous deposition is still more obvious ; and hence
we are led to the conclusion rendered probable by other analogies, that the
diamond originates, like amber, from the consolidation of, perhaps, vegetable
matter, which gradually acquires a crystalline form by the influence of time,
and the slow action of corpuscular forces.
'' As the preceding results were obtained from flat diamonds, which did not
seem to have been regularly crystallized, I was anxious to detect the same
structure in those which had a regular crystalline form. With this view I
examined several of the diamonds in Mr. Allan's collection, and was
enough not only to detect in a perfect octohedral crystal the same
which I had obse-rved in the flat specimens, but also an air-bubble
derable size, which had produced by its expansion the polarizing

fortunate
structure
of consistructure

already described."
Since these observations were written, Dr. Voysey has shown that the
matrix of the diamonds produced in Southern India is the sandstone breccia
of the clayslate formation ; and Captain Franklin has found that in Bundel
Kund the rocky matrix of the diamond is situated in sandstone which he
imagines to be the same as the new red sandstone of England, that there is
at least 400 feet of that rock below the lowest diamond beds, and that there
are strong indications of coal underlying the whole mass. The following are
Captain Franklin's observations on the origin of this mineral:
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" There is another circumstance to which I must advert, but I do so with
diffidence^ and under a hope that it will be considered merely conjectural.
Dr. Brewster supposes the diamond to have originated like amber, perhaps
from the consolidation of vegetable matter, and that it gradually acquired its
crystalline form by the influence of time, and the slow action of corpuscular
forces. The late Dr. Voysey adverted to this opinion in his account of the
diamond mines of Southern India ; and on the occasion of publishing an
abstract of that paper in his Journal of Science, Dr. Brewster observed that
he saw no reason to alter his opinion. Now, as the rock matrix of the diamond
of Panna appears, in some respects, though not altogether, to resemble that
of BanganpiUi in Southern India, there would seem to be little chance of
any conjecture being useful; still, however, as every opinion regarding the
origin of this fine mineral is as yet theoretical, I will not withhold what occurred to me on this subject, though I again repeat that I offer it with great
diffidence. The theory of Sir James Hall on the consolidation of strata frequently recurred to me when examining the sandstone in which the diamond
is found : I thought that I could discern much in favour of it, and particularly in the gradual changes of its nature from the lower to the upper strata.
Now, if the principle of this theory is admitted to be correct, and applicable
universally, it follows of course that it must be applied here ; and then it may
be questioned, how the diamond was preserved under that degree of heat
which must have been necessary to form its matrix the gritstone ? In answer
to this objection, I suggest that the circumstance of calc spar occurring in
trap rocks is somewhat analogous ; and if it is admitted that compression
under the weight of strata and a superincumbent ocean had the effect of
resisting the expansion of its carbonic acid, and constraining it to continue in
combination with lime, might not the same principle be reasonably enough
applied to account for the preservation and detention of the elements of the
diamond in the gritstone? And, again, should it be further shown that
crystals, such as those with which we are familiar in nature, may be produced by slow cooling, or other processes, according to the above theory,
may we not look to it also to account for the crystalhzation of the gem ?
"This conjecture rests upon the truth or fallacy of Sir James Hall's theory,
or on a modification of it ; and when this theory is considered as the result of
long and patient experiment, and the high reputation of its author is taken
into account, it will require something more than limited observation or ordinary ability to answer its objections ; my part, however, is merely the suggestion of a traveller, and I therefore conclude my paper by expressing a
hope that this important mineral may meet with more able investigation."
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This discovery of a new matrix of the diamond takes away the foundations
of the argument from which I concluded " that the compressible state of the
diamond could not arise from heat/' for it is possible that the rocky matrix in
which it was found had an igneous origin ; and Captain Franklin's supposition that it might be fused under compression, is quite conceivable.
But, though I admit the possibility of the diamond having been in a state
of igneous fusion, I consider it highly improbable that it was so. In the laborious examination, which I carried on for several years, of the cavities in
topaz, quartz, amethyst, chrysoberyl, &c., and in salts formed from aqueous
solutions, I had occasion to observe the condition of many thousands of cavities, and in no one case, neither in crystals which exist in rocks known to
be of igneous origin, nor in crystals artificially formed, have I been able to
discover a single cavity in which the expansible fluid which it contained had
compressed the surrounding mass, and communicated to it the polarizing
structure existing around the cavities in the diamond.
Now, in glass which is known to have been in a soft state, and in amber,
which is generally allowed to be an indurated gum, I have discovered cavities
similar to those in the diamond, and surrounded by the same polarizing structure ;a structure which could only be produced by a compressing force
emanating from these cavities.
As I am desirous that mineralogists should thoroughly understand the nature of this structure, I have made two drawings of the diamond Laske which
contains the cavities under consideration.

Fig. 1. represents the diamond considerably magnified. At a and h are
seen two minute cavities, which appear perfectly black, as if they were filled
with opake matter. This blackness, however, arises from the high refraction
which takes place at the concave surfaces of the cavity, as may be proved by
the apphcation of a microscope, which exhibits a minute pencil of light
transmitted through them.
Fig;. 2. shows the four luminous sectors around
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each cavity, as exhibited by the agency of polarized light. When a plate of
sulphate of lime which polarizes a blue tint of the second order of colours in
Newton's scale is placed across these sectors, so as to have its axis coincident
with the radii of two of the luminous sectors opposite to each other, and perpendicular to the radii of the other two sectors, its blue tint of the second
order is depressed, by that which is polarized by the sectors, to a red of the
first order in the sectors whose radii are coincident with the axis of the sulphate of lime, and raised to a whitish yellow of the second order in the other
two sectors. Hence, it follows that the character of the polarization in the
sectors is negative, like that of calcareous spar, and that it has been produced
by a compressing force acting outwards from the cavities.
I have, in my former paper, supposed that the compressing force was the
expansive power of air included in the cavity ; but this, of course, is a conjecture, though it seems quite certain that it must have been a gaseous body.
That it was not a fluid is obvious, from there being no fluid in the cavities.
This was certainly the case in the cavities in amber and glass; but it is possible that a fluid of very low refractive power may exist in the diamond cavities without my being able to see it, on account of the high refractive power
of the gem. If this should be the case, however, it will not be difficult to
observe it in larger cavities, if they should ever be discovered.
The existence of a compressed structure round the cavities clearly proves
that the diamond has been in a soft state ; but it may be shown, from various
considerations, that this softness was not the softness produced by igneous
fusion, and that it is likely to have been the softness of a semi-indurated
gum. I have already stated that no such cavities exist in minerals of igneous
origin ; a fact which entitles us to separate the diamond from that class of
crystals : and it is equally important to observe that its polarizing structure,
which I have studied with peculiar care in a great variety of specimens, connects itclosely with amber and indurated gum. From such substances, indeed, itdiffers in having a distinct crystalline form ; but in the mineral resin
called mellite we have an equally distinct crystalline form, though there can
be little doubt, both from its composition and its locality, that it derives its
origin from the vegetable kingdom.

XXV. — Remarks on the Structure of large Mineral Masses, and especialhj on the Chemical Changes produced in the Aggregation of
Stratified Rocks during different Periods after their Deposition.
By the Rev. ADAM
(WOODWARDIAN

SEDGWICK,

PROFESSOR

IN THE

F.G.S. F.R.S. &c.

UNIVERSITY

OF CAMBRIDGE.)

[Read March 11, 1835.*]

§ 1. Introductorij Remarks, ^c.
All solid mineral masses must have undergone some change since the time
of their first production. Beds of secondary limestone and sandstone did not
drop to the bottom of the sea, layer upon layer, in a solid form ; and it is
equally certain (thoug-h not equally obvious) that large unstratified crystalline
masses were not created as we now find them. No one supposes that columnar basalt was originally built up of solid parallel jointed pillars, or that
the structure of a granitoid rock was effected by a mere fortuitous concourse
of the crystalline parts. We believe that these phagnomena are the necessary
consequences of a certain anterior condition of the materials we examine.
Sometimes, indeed, we can imitate these conditions, and then (as the laws of
nature are unchangeable) we can do over again that which has been done a
thousand times before in the laboratory of nature.
Many large mineral masses appear to have been once in a state of igneous
fusion. Such masses, in passing from a fluid (or semi-fluid) to a solid state,
necessarily put on a form more or less crystalline. The crystalline form is
therefore the first and inevitable change. But there is another effect, arising
out of such changes, of great geological importance. The mass which has
changed its temperature, and become solid, has also changed its dimensions.
Contraction must produce tension on the whole mass ; and this tension, acting
mechanically, will in many instances produce joints and fissures, and sometimes contortions : these effects will be of greater or less regularity according
to the conditions of each particular case.
* The Council has thought it advisable to publish this memoir before its turn, because they
consider it to be introductory to other papers by tlie same author, some of which are already
printed, and will appear in the fourth volume, illustrative of the origin and structure of the older
stratified rocks.
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The original modifications in the structure of an igneous rock mai/ have
been produced in a comparatively short period of time ; and the same remark
applies to some jnetamorphic rocks. The saccharoid texture (for example) of
limestone, when in contact with trap, ma7/ have been produced during- a very
short period ; for we know that this effect has been beautifully imitated in a
chemical laboratory. In general, when metamorphic rocks appear to have
been in a state of igneous fusion, it is obvious that all questions, respectingthe length of time during which their crystalline structure was elaborated,
must come very nearly under the rule that affects igneous rocks.
There is, however, a large class of metamorphic rocks, the structure of
which can only have been produced by causes acting during long- periods of
time. I am not now speaking- of gneiss, mica slate, and other old formations of
crystalline strata. To assume that all such rocks are 77ieta??iorphic is nothing
better than to beg some of the greatest fundamental questions in geology.
But in cases where a new mineral structure appears certainly to have been
superinduced by direct igneous action, we sometimes meet with phasnomena
utterly at variance with the hypothesis of a chemical action continued only
through a short period. Rocks, it is well known, are bad conductors of heat;
yet among stratified rocks the manifestations of igneous action are sometimes
propagated to great distances. Such phaenomena may be readily explained.
Masses of granite and porphyry were not necessarily protruded instantaneously. They may have been many years in assuming their present relative
position among the stratified formations. Again, the effect produced by such
protruded masses might be modified, almost indefinitely, by the conducting
powers of the materials among which they rose. One mass may have been
pushed out into the sea or the open air; another, after its first elevation, may
still have been covered up by a vast thickness of badly conducting strata.
Nor is this all. It is by no means necessary to suppose that all changes produced byigneous agents on stratified rocks took place only during periods of
eruption. We may suppose, for example, that the lower slate formations of
Cornwall and Cumberland formed a dome, overhanging the great subterranean
fires, for many years, or even for many centuries, before a contraction of the
upper surface, or a mechanical action from below, pushed up the great bosses
of granite among the altered and half-molten beds. Hence, although it be
certain that the structure of altered rocks has in many cases been produced
by a sudden action, we are by no means limited in our hypothesis, but may
fairly suppose such periods of duration as in each case, are necessary to the
elaboration of our phaenomena.
My chief object is, however, to describe some of the changes produced on
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mechanical, stratified rocks by causes acting under a comparatively low temperature, and often during indefinite periods of time. Very few of these
changes can be imitated in a laboratory, because it is impossible to imitate
the conditions under which they have been brought about. They admit not,
therefore, of synthetic proof; but they are unc|uestionably subordinate to chemical and mechanical laws, which we can study experimentally, and estabhsh
on appropriate evidence. By assuming the existence of these laws, and by
studying the conditions under which they have acted (not as matters of experiment but of observation), we may gradually ascend towards an explanation
of some of the perplexing phenomena presented by sedimentary rocks.
That these rocks are greatly changed since their first origin is too obvious
to require any formal proof. Take, for example, a mass of Hertfordshire
pudding-stone. There can be no doubt that it once formed a portion of a
shingle bank of rolled chalk flints and finely comminuted sand. The materials are now so closely agglutinated by siliceous cement, that a fracture passes
indifferently through the sandstone and the imbedded flint pebbles. Again,
rocks of this kind are sometimes divided into prismatic masses by cross joints ;
and these joints pass without any deviation through the imbedded flints, so as
to produce a series of smooth surfaces. I merely mention this as an example
of a great change produced naturally (and uncjueslionably without any very
high temperature) upon a coarse, mechanical deposit.
Again, every bed of secondary limestone, containing organic remains, gives
us an example of somewhat similar changes. We find a mass, hard and solid,
which was once comparatively soft and incoherent; we find crystalline structure, and sometimes even regular cleavages, where such an arrangement of the
parts could not have originally existed ; and, what is more, we find parts originally solid replaced by other solids — a trunk of a tree, for example, replaced
by nearly pure silica — a shell by a similar substance, or more commonly by
pure carbonate of lime with a regular crystalline structure. The solidification
of calcareous beds is easily explained, and the process may be imitated. The
replacement of one solid by another requires conditions it is difficult to imitate :
but the fact shows that an enormous extent of chemical action, enough indeed
greatly to modify the whole aspect of external nature, may take place among
the solid parts of bodies without an approach to direct chemical solution.
When we consider even such simple examples as those just quoted, they
give us an impressive proof of the powers of nature in producing mineral
changes ; and when we bear in mind that some of our secondary strata may
have rested thousands of years under the pressure of a thousand atmospheres,
we need not wonder at the extent to which such changes have been carried.
3 o 2
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These examples prove at least two classes of chemical changes in stratified
rocks^ — the first produced by the penetration of fluids containing some new
cementing principle — the second by the long-continued mutual action of contiguous solid parts upon each other. But, besides these chemical changes,
most secondary deposits have been modified by two mechanical causes; viz. a
contraction of dimensions in passing to a solid form, and a change in the
relative position of the component parts, produced during periods of elevation. shall
I
first endeavour to illustrate some of the chemical changes.
§ 2. Globular and Concretionary Structure.
It appears to be an acknowledged principle, that when different substances,
in a state of extreme comminution, are mechanically mixed together, they have
a tendency to separate and re-arrange themselves in masses more nearly homogeneous. The separation of the pounded flint from the aluminous earth, in
the materials prepared for the potteries, has been several times quoted as an
instance of this kind of chemical action. If one or more of the ingredients
be in a state approaching to chemical solution, a similar segregation will often
take place ; but the separation of parts will in such case be more complete,
and the effect more perfect. I subjoin a few examples of these kinds of segregation.
(1.) Chalk Flints. — The position of nodular flints in chalk is two well
known to be here described. I merely observe, in this place, that they are, in
their origin, unquestionably posterior to the beds in which we find them. What
caused them to aggregate on the very points where we find them is not the
question. As a matter of fact the free siliceous matter of the chalk formations
is not distributed uniformly, but has been accumulated in distinct masses
and concretions, and therefore exemplifies the principle for which I am contending.
(2.) Globular Calciferous Grit, ^c. — Calciferous grit has very often a dull
fracture, and the presence of carbonate of lime can hardly be detected except
by tlie use of an acid. In short, we have an irregular mechanical aggregate
of earthy parts, and no definite separation produced by crystalline action.
In the next modification of calciferous grit, we always obtain, on fracture,
a series of ghstening surfaces. The peculiar chatoyant lustre of such specimens arises from this cause — that the calcareous matter has crystallized through
certain definite spaces in systems of parallel plates. Hence, in turning such
specimens about, we first have a reflexion of light from one system, then a
duU surface, and then again a bright reflexion for a second system of parallel plates. In this mode of examination we might, I doubt not, sometimes
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discover a series of planes belonging to some known definite form of carbonate
of lime. In the well-known Fontainebleau rhombs^ the crystalline forces of
the carbonate of lime have had such power over the particles of siliceous
sand, as to re-arrange them in regular forms. In the cases I am consideringsuch a change is out of question, because the stratified calcareous grits were
probably held together by great pressure, and were partially in a state of
solid aggregation at the very time the crystalline plates of carbonate of lime
struck in various directions through the intervals of their mass. All that it
is important to observe, is the fact, that these plates pass obliquely through
the laminae of stratification, and, consequently, that the structure is one of
the numberless instances of chemical changes produced, in stratified rocks,
after their deposition.
When we examine a weathered surface of calciferous grit, we generally
find it exhibiting inequalities, which prove that the crystalline plates of carbonate of lime are not uniformly arranged through the mass. In short, the
portions in which these plates are most completely developed are in such
cases of the nature of irregular concretions. More rarely the chatoyant calcgrit is seen in the form of flattened spheroidal concretions, ranged with more
or less regularity on lines parallel to the planes of stratification ; and in such
cases, the concretions themselves are not unfrequently traversed by these
planes. The best examples of this structure may be seen in the neighbourhood
of Peterborough among the calcareous flagstones abounding in the upper part
of the great oolitic system of Northamptonshire. Thousands of globular concretions ofcalc grit (generally exhibiting the original laminae of stratification)
lie scattered upon the upland plains on the confines of Huntingdonshire and
Cambridgeshire, Whether they have drifted from the calcareous grits of the
middle oolite (coral rag), or from the back of the great oolite of Bedfordshire,
is not easy to determine. The well-known slates of Stonesfield also exhibit
fine examples of this structure.
(3.) Globular Magnesian Limestone. — The phaenomena accompanying this
structure have been described by myself at great length in a paper published
in the Transactions of this Society*. It is by far the most beautiful example
of a spheroidal structure, superinduced on stratified matter after its aqueous
deposition, which is to be met with in any of our secondary rocks. This conclusion is controverted hy i\\e ?L\xi\ioY oi i\\e Principles of Geologi/^ on the
strength of a supposed analogy between the formation of the magnesian limestone and certain travertines : but as the supposed analogy is wanting in a fact
* Second Scries, vol. iii. p. 94—98.
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of essential importance (viz. the passage of the laminations of deposit through
the globular travertine), I may be pardoned for considering it of no value to
the argument. Under such circumstances, however, it may be proper shortly
to ffo over some of the grounds that led me to the conclusion above stated.
1st. The niagnesian limestone is sometimes stratified in very thin earthy
beds or laminae ; and occasionally (e. g. on the coast of Durham, a few miles
north of Hartlepool,) organic remains may be traced in abundance along the
lines of such strata, which must, therefore, have been formed by a slow deposition ofthe successive layers.
2ndly. Globes of various sizes are found in such beds, sometimes appearing as mere semi-indurated lumps, sometimes as hard concentric concretions,
sometimes as balls of a radiating crystalline texture : and through such masses
(except in the ultimate state of perfect crystallization) we can often trace the
lamina of stratification passing uninterruptedly. This fact alone is decisive,
and can be established even by hand specimens.
Srdly. In other places the same limestone is found in thick beds, and is used
for building. Such beds are not, however, a momentary product; because we
can often subdivide them into smaller beds, and even into laminations. Now
we may sometimes discover (especially on producing a fracture with a ponderous hammer,) that portions of such beds are entirely made up of spherical
concretions, interfering with each other, and producing solids with trapezoidal
faces. These concretions must be contemporaneous ; but their centres are
found in beds which are not contemporaneous : therefore the concretions
must be posterior to the stratified masses in which they are found. This
seems to me nothing short of demonstration.
4thly. The formation, though stratified, is often irregularly solidified: portions are solid ; other portions are perfectly earthy and pulverulent. Now,
we may observe two things : first, the laminae, when they abut against the
earthy portions, are often crystalline ; secondly, there are often packed up in
the incoherent magnesian earth large spherical concretions of nearly pure
carbonate of lime, which do not adhere to or touch any of the solid portions
of the surrounding strata. How is such a structure to be explained except by
a slow chemical segregation of parts ?
I know that travertines sometimes exhibit spherical aggregations. Indeed
1 saw many magniflcent examples of such formations when, in 1829, I visited,
along with Mr. Murchison, some deposits of travertine in Bavaria. But the
spheroidal portions we saw were fixed to the solid mass, and had no laminse
of deposit passing through them. Whenever such laminations are present,
(whatever be the age of the formation,) we may, I think, be certain that
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spheroidal concretions are not exceptions to, but examples of, the very changes
I am attempting- to describe.
(4.) Rocks of Globular Structure subordinate to the Old Slate Formation of
North JValcs. — This structure may be often seen in the mountains of Caernarvonshire and Merionethshire^ yet I do not remember to have seen a single
good example of it in the corresponding formations of the North of England. Tabular masses of porphyry, compact felspar, hornstone, &c. alternate
with, and partake of, all the great flexures of the true slate rocks of North
Wales. Some of these have, I doubt not, been poured out, in a state of igneous
fusion, at many successive times during the long period in which the whole
slate series was deposited. Others, on the contrary, seem to have been deposited as a part of the schistose series, and to have been since changed into
their present forms by crystalline forces, pushed, probably, into activity by a
high temperature. It is in this latter class that I arrange most of the globular
rocks I am now noticing.
In the compact felspathic slates we may often see balls of nearly pure quartz.
These balls are sometimes as much as three or four inches in diameter, and
are arranged with considerable regularity. Their centres are generally compact, but sometimes hollow, exhibiting a tendency to an agate-like structure;
and the circumference of these balls is almost always ill defined, gradually
blending itself with the prevailing mass of the rock. This, if I mistake not, is
one of the modifications produced, in sedimentary rocks, of which the original
structure (when they are examined on a great scale) is sometimes not entirely
obliterated.
The proportion of quartz varies extremely in other great globular masses,
and sometimes it forms nearly the whole rock : in such cases they might be
at first sight mistaken for great white quartzose conglomerates. On fracture,
the balls are found to be more or less crystalline; not unusually they are hollow,
and partially agatized ; and, on examination, we find them held together by
a rude cement, in which we may sometimes detect a granular structure. Such
masses as these could not, I think, be of direct igneous origin. I believe them
to be the result of changes produced by slow long-continued chemical action
on beds of old stratified sandstone.
These two examples of changed structure differ from all those above enumerated, inas much as they seem to require a high temperature for their completion, and are probably, in all cases, nearly associated with igneous rocks: and if
any of these globular masses should appear to have been in a state of igneous
fusion, they ought in that case to be removed into another class, and arranged
with the orbicular granite of Corsica and other concretionary trappean rocks.

468

Prof. Sedgwick on the Structure of large Mineral Masses.

Fine examples of the structure here described may be seen in the hills south
of Conway, on the north side of the great road a mile or two east of Bettws
y Coed, in the rugged hills east of Beddgelert, as well as in many other parts
of the great Welsh chain.
(5.) Nodular Ironstone, Septaria, ^c., inheds of Shale. — These phenomena
are so well described in the fifth chapter of Mr. De la Beche's " Theoretical
Researches/' that I have little or nothing to add to what he there states ; but
I may quote him in this place as an authority for the conclusions 1 am endeavouring to support. lie describes calcareous nodules in the lias of Lyme
Regis, and tells us "that on fracture they are found of a laminated structure,
and that the laminae of the nodules are precisely parallel to the laminas of the
shale, or marl, in which they are inclosed, and little doubt can exist that they
once constituted continuous portions of each other," He considers this structure "as the result of the attraction of certain particles among each other,
after their deposition ;" in which conclusion it is hardly necessary for me to
state that I entirely concur with him. Again, he says, " the ironstone nodules of the coal measures seem to have been thus produced." It is true that
in such nodules the laminations are seldom visible, and the process of gradual
segregation is, therefore, less obvious. But I possess some ironstone nodules
from Yorkshire which are perfectly laminated ; their origin and mode of segregation can, therefore, admit of no doubt.
Nodular concretions (like those just described), in beds of shale, though
very imperfect as mineral phaenomena, are very instructive; in as much as they
often point out the causes which led to the aggregation of the nodules on the
very spots where we find them. The first segregation appears often to have
been caused by the presence of some extraneous substance, some fragment
of an animal or a vegetable, or, perhaps, some minute and almost invisible
granule. This is in exact accordance with what we know experimentally of
crystallization and precipitation. Whatever be the health of the patient, if a
nucleus be once formed in the bladder, the calculus will go on increasing ;
and there are numberless instances of the effects of a like principle. The
j)articles in a menstruum may, perliaps, be regarded as in a kind of unstable
equilibrium, which is disturbed by the presence of any extraneous body. At
all events, as a matter of fact, extraneous substances promote crystalline precipitation ;and, therefore, in the great operations of nature, form the centres
of concretions segregated from stratified beds. But what cause was it which
first determined the chemical nature of the materials forming the nucleus of a
nodular concretion, or the lapidifying substance of a petrifaction ? If like
things tend to aggregate with like, we have a principle which explains, in
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some measure, why the sih'ca of a chalk flint has struck upon the fibres of
bodies allied to sponge ; and why the outer substance of the Echinodermata
is so frequently changed into carbonate of lime. But how do we explain the
fact, that trunks of trees imbedded in siliceous sand are in some places mineralized bycarbonate of lime, while other trunks imbedded in limestone are
mineralized by silica ? that in one limestone country, shells are all petrified
by carbonate of lime; while in another, shells of the same species, and even
the delicate portions of the internal animal structure (e. g-. the internal spire
of a Spirifer), are petrified by silica? To explain pha^nomena such as these,
or even to classify them rationally, would, I believe, require very extended
observations. But, whatever might be the answers given to such questions,
the reasoning of this paper would remain unaffected. For, whatever be the
mineral composition of a laminated nodule, or of a petrifaction imbedded in
any secondary rock, it is equally certain that such rocks must have undergone
a great chemical change since the time they were first deposited.
§ 3.

Cleavage, Rocks of Slati/ Structure, Sfc.

The most striking modifications of structure enumerated in the preceding
portion of this paper extend to comparatively short distances from given
centres of chemical action : those I am about to notice (especially the transverse cleavage of various slate rocks,) are of a very dififerent character. As
the finest examples of slaty cleavage are derived from the great Cumbrian
cluster of mountains, and from the chains of North Wales, it may be well, in
the first place, briefly to compare the physical structure of the two regions.
The zone of Cumbrian green slate alternates with an indefinite number of
tabular or stratified masses of felspathic and ])orphyritic rocks. The slates are
crystalline, and have been so firmly packed in among the alternating porphyries, as to undergo very few contortions or undulations during the period
of their elevation. Moreover, they contain no organic remains: such remains
being, perhaps, obliterated; or, more probably, organic beings not having
propagated in an ocean exposed to continual incursions of felspathic rocks.
All the masses alternating with the porphyritic system exhibit in greater or
less perfection a cleavage, which is in no instance parallel to the true beds.
These facts were stated in a former paper*; and I expressed my belief that
the felspathic tabular masses were of Plutonic origin, and that even the great
alternating beds of slate (especially the more crystalline and chloritic varieties),
might, in part, have derived their materials from Plutonic sediment.
I also
■ * See Proceedings, vol. i, p. 400.
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imagined (at the time the paper was written) that each great alternating mass
of slate had an independent cleavage^ produced probably by crystalline forces
actin"- under a high temperature ; and this high temperature seemed to be
naturally accounted for by the presence of the porphyries.
In the great chain of North Wales we have the same indefinite alternations :but the porphyries are less abundant in proportion to the other masses^
and have produced a less impress on the slate system. Some of the slates are
crystalline, and some earthy ; and in both varieties we find (though rarely)
traces of organic remains. The whole system of slates and tabular porphyries
has been thrown into a number of great undulations, producing through the
chain a series of longitudinal anticlinal and synclinal lines*. Lastly, parallel
lines of cleavage not merely affect given beds ; but sometimes run, without
deviation, even through coarse mechanical subordinate strata, affecting whole
ranges of mountains, and preserving their parallelism in spite of undulations
and anticlinal lines f. These facts have led me to give up the opinion, that
the cleavage planes have been materially modified by any action of the alternating porphyries.
Again, among the Cumbrian mountains there is an upper division of slaty
rocks, not noticed in the preceding account. It is separated from the greenslate zone by continuous bands of limestone, full of organic remains. It is of
much coarser structure than the rocks last described, and has no alternating
beds of porphyry ; but it contains some deposits of good roofing-slate, alternating with coarse greywacke, and with flaggy beds having no distinct
cleavage.
The same descri})tion applies, almost word for word, to an upper Welsh
system, which occupies a great portion of Denbighshire, the chain of the
Berwins, and a considerable part of South Wales : but in some of these
regions the alternating felspar rocks occasionally reappear, and true slate
rocks are more extensively developed than in the corresponding part of the
Cumbrian chain. And it is important to remark, that in Radnorshire and
Caermarthenshire large tracts of green chloritic roofing-slate reappear in this
upper system, without being accompanied by any masses of tabular porphyry,
like those associated with the older chloritic slates of Cumbria and North
Wales, and without the presence of igneous rocks in any of the neighbouring
country. These facts also induced me to modify my former opinions, grounded
on the frequent association of the hard chloritic roofing-slates with the tabular
* See Plate XL VII. fig. 1.
t See Plate XLVII. fig. 4. and 4 a.
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It is evident^ after what has been stated^ that such an associa-

tion wi«j/ be purely accidental *.
Leaving- all further comparison between the structure of Cumberland and
Wales, I return to the description of the most general facts exhibited in slaty
cleavage. If we examine a quarry where this structure is well developed, we
find a nearly homogeneous mass, easily separable into thin parallel lamina.
But the thickness of these laminae is not defined by joints (i. e. by fissures
at definite distances) ; for the cleavage of each part may be carried on indefinitely, or at least so far as the operation is not interrupted by a mere mechanical difficulty. That this arrangement is crystalline it is impossible to doubt,
when we examine the planes of cleavage, and see them coated over with
flakes of chlorite and semicrystalline matter, which not merely define the
planes in question, but strike in parallel flakes through the whole mass of the
rock. Were there any doubt of this conclusion, it is further confirmed by the
fact, that these planes of cleavage are inclined at various angles to the planes
of stratification, and are, perhaps, in no instance coincident with them. This
last fact is of great importance, and is now generally admitted by English
geologists. But it requires to be made still more prominent; for it is not considered in its proper extent by Continental geologists, and by some of them
is actually denied.
Again, some English writers do not always distinguish between a jointed
and a slaty structure ; and even Dr. M'Culioch (whose general accuracy in
the description of primary rocks is above all praise,) seems to consider a lami* There is a still lower system of schistose rocks in North Wales (not noticed in the preceding
account), which are widely expanded in the Isle of Anglesea (Professor Henslow, Cambridge Phil.
Trans., vol. i. p. 565), and occupy the south-west coast of Caernarvonshire from Porthdinlleyn to
Aberdaron. They are chiefly made up of chlorite schist, sometimes passing into mica schist ; and
subordinate to them are calcareous portions, passing on the one hand into a beautiful white saccharoid marble, and on the other into vert antique and serpentine. There is also a lower group
in Cumberland, which contains no calcareous beds, and hardly any calcareous matter ; and passes
in its inferior portion into a rock abounding with chiastolite ; and more rarely into a quartzose mica
slate, and into a rock which (perhaps improperly) has been described as gneiss. These two lower
groups have few analogies of mineral structure, though they seem to occupy nearly the same geological place, and they have no organic remains.
Perhaps some of the lower schists of Cornwall may be on the same parallel with these two
groups, however unlike them in structure and composition. It perhaps deserves remark in this
place, that the lower schists of Cornwall, though certainly much changed since their deposition,
are very distinctly bedded. Near the granite, besides the stratified, they often exhibit a beautifully jointed structure ; but in hardly any instance a true slaty cleavage, in the sense in which those
words are used in this paper.
3 P 2
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nated structure, depending on the gradual deposition of the materials (and,
therefore, parallel to the stratification), as one of the cases of a slaty structure. Now, I contend that these structures ought never to be confounded.
They have very little in common ; can, in ninety-nine instances out of a
hundred, be distinguished even in hand-specimens; and ought to be designated byseparate names.
If the planes of slaty cleavage and st»*atification be inclined at indefinite
angles, some one may suppose that, among other varieties of position, we
may find cases of coincidence. 1 can only state in reply, that I never saw
such a case. The planes are, however, sometimes inclined at a small angle,
and, from their appearance in a c]uarry, might easily be supposed parallel ;
but a careful examination will, 1 believe, always correct the error. I have
seen a slate quarry in Denbighshire where the true fissile laminae were not
inclined to the strata at an angle of more than five or six degrees ; and in one
of the large quarries near Festiniog these planes are inclined at an angle
under ten degrees. Taking, however, the average throughout the Welsh
chains, the inclination of these planes is much more considerable, perhaps as
much as 30° or 40°; and nearly the same rule may be applied to the slate
system of the Cumbrian mountains *. It has^ indeed, been said, that the
* I do not know who first published the general fact that true cleavage planes are never parallel
to the beds of the finer argillaceous schists. Dr. MacCulloch, in his description of the Western
Islands of Scotland, gives a striking instance of a fissile structure oblique to the stratification of clay
slate (vol. iii. Plate XXII, fig. 6.). Some years before the publication of that work, Mr. Bakewell stated, " that slaty structure was," he conceived, " the eflfect of crystallization," and that " in
the slate rock of Charnwood Forest the slaty lamina? make an angle of sixty degrees with the
principal seam by which the rock is divided," (Introduction to Geology, Second Edition, p. 103);
and in the new edition of his work (published in 1833), he generahzes more boldly, and maintains
" that slate, unless it be of a soft or coarse kind, invariably splits in a transverse direction to that
of the bed, making with that direction an angle of about sixty degrees, and that it has frequently
two distinct cleavages." I agree with the most important part of this generalization ; but the
author is mistaken in supposing that the planes of cleavage and stratification make a constant
angle. The angle varies greatly even in the same chain ; and in different chains the average angle
would, I believe, be very different.
Neither do I know any slate rock with two true cleavages. An ambiguity may, however, arise,
if we confound cleavage planes with planes of bedding, and with joints. For example, I entirely
agree with Professor Piiillips in the account he gives of the flagstone of Horton Scar (Geological
Transactions, Second Series, vol. iii. p. IG), though I should endeavour to describe the phsenomena in different language. What he calls the lanmice of false cleavage, I should call j)lanes of
true cleavage; and what he calls lam'mce of cleavage, I should call lamlncE of stratif cation. Be it
observed, there is no difference between the last-named author and myself, except in language.
The rock in question is a fine greywacke flagstone, and rises in beds parallel to the original stra-
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cleavage of slate rocks is sometimes at right angles with the planes of stratificationbut
:
I doubt the correctness of the statement, as 1 never observed such
a position of the cleavage ; and think that a mistake has probably been committed in confounding joints (which are often at right angles to the strata)
with true slaty cleavage*.
In some of the largest quarries of Cumberland and Caernarvonshire the
cleavage planes dip towards the same point with the strata, but at a greater
angle. This rule has, however, too many exceptions to be of value ; for the
two planes not unusually dip to opposite points of the compass. There is,
however, one rule of position to which the exceptions are not, I believe,
numerous, viz., where the cleavage is well developed in a thick mass of slate
rock the strike of the cleavage is nearly coincident with the strike of the
beds. Where, however, the slate is coarse and thin-bedded, the direction of
the cleavage planes is often considerably inclined to the strike of the beds ;
and, ultimately, such planes will appear to pass into an obhque set of cross
joints.
Besides the planes of cleavage, we may often find in large slate quarries
one or more sets of cross joints, which, combined with the cleavage, divide
the rock into rhombohedral solids. Should any one assert that this subdivision
of slate rocks into rhombohedral solids implies three planes of cleavage, we
might reply, that such solids are not capable of indefinite subdivision into
similar solids, except in one direction, viz., that of true cleavage ; and in this
way (even in hand-specimens) we may generally distinguish the true cleavage
planes from the joints. Respecting the angles of such solids, I have no rule
to offer that does not appear to be destroyed by the exceptions ; but as an
approximate rule, there is, I think, one set of joints often nearly transverse to
the strike of the beds. If there be any truth in this remark, the prevailingdirection of such joints must be north-west, because the prevailing strike of
our slate rocks is north-east : but an assumption like this can only be received under proper limitations.
Of all places a slate quarry is often the very worst for determining the
tification ; but through these beds there is an oblique "bate", or cleavage, parallel to which the
flags naturally break, so as to exhibit regular bevelled edges.
Any one who is anxious to understand the structure of slate rocks would do well to commence
his study of them in Charnwood Forest. There is hardly a quarry on the east side of the Forest
which does not clearly show the difference between stratification and cleavage ; and in all the
larger quarries near Swithland, the peculiar stripes marking the stratification of this class of rocks
are very well exhibited.
* Researches on Theoretical Geology, p. 108.
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stratification of the neighbouring country. The structure of the rock has
been so modified that the traces of its original deposition are quite obhterated;
and this remark does not apply merely to single quarries, but sometimes to
whole mountains. In many slate quarries, and even in hand-specimens of
slate, we can, however, discover a number of parallel stripes, sometimes of a
lighter, and sometimes of a darker colour than the general mass; and in
rocks of the age I am considering, these stripes are universally parallel to the
true bedding of the rocks. The proof of this is established by the fact, that
the assumption leads to consistent results ; and that these stripes are always
parallel to true beds, whenever such beds can be discovered, whether by organic remains, by the alternations of dissimilar deposits, or by any other ordinary
means. I have seen thousands of examples of the truth of the rule, and not
one exception to it, among rocks of the age I am considering. Sometimes
all these means fail, and we may ramble for miles among mountains of slate
without seeing a single trace of their original stratification.
In examining a formation of greywacke, we may find thick well-defined
beds, passing into thin flaggy beds ; and these, again, passing into masses,
subdivided into very thin laminas. These thin lamincc often resemble the
coarser varieties of slate, and are, indeed, sometimes used for the same purposes. There may, therefore, be cases where, as far as mineral structure is
concerned, slatestones of cleavage, and flagstones, which are thin beds, cannot be separated from each other. These cases are, however, very rare
exceptions. K flagstone is generally distinguished from a true slate, by slight
deviations in its plane ; occasionally by what is called the ripple mark ; by a
dull granular surface; by scattered flakes of mica, entirely unlike the continuous chloritic flakes of a true cleavage; and sometimes by organic remains
studded on its surface. By such indications as these, and by the undefinable
power acquired by habit, a Welsh quarry-man, accustomed to work in the
upper division of the schistose groups, seldom fails to separate the laminas of
deposition from true slates ; and in the same quarry he will point out the
distinction between the planes of stratification and the planes of cleavage*.
1 think it obvious that the contortions of slate rocks are phasnomena quite
distinct from cleavage, and that the curves presented by such formations are
the true lines of disturbed strata. In many cases a cleavage seems to have
been the last change superinduced on rocks before they became entirely
In many parts of Cumberland and Caernarvonshire, where the porphyries interfere with the
slates, and where the slaty structure is so completely developed as almost to obliterate the traces
of stratification, these distinctions are entirely unknown among quarry-men.
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solid ; and after that time it is not conceivable that any mere mechanical
force^ however violent^ should have thrown them into such contortions as we
often see passing- through them. Again,, the contorted laminae^ so often seen
in formations of argillaceous schist^ seem to be removed from all analogy with
known modes of crystalline action ; whereas the great parallel plates of slaty
cleavage (however enormous may be their scale,) are quite compatible with it.
After these remarks, I proceed to notice a few actual sections, and to point
out the conclusions we may draw from them.
Plate XLVII. fig. 2.
This section ranges in a direction north-west by west, and south-east by
east, through Mr. Penant's great slate quarry on the road to Bangor.
1. Slate rock.
2. Coarse greywacke sandstone.
3. Anticlinal line in slate rock.
r Coarse greywacke. In its prolongation it crosses the top of Moel Paban.
1 Sandstone.
5. Great bed of roofing-slate.
6. Coarse greywacke, prolonged through Fron Llwyd.
7. Bastard slate.
8. Very coarse greywacke, forming the crest of Lider Fawr.

The dip of

the strata east of the anticlinal line is south-east by east, at about 45°. Enormous excavations have been made in No. 5, but they very seldom show any
traces of the true beds. A few stripes are, however, to be seen, just at the
top of the great quarry ; and these stripes dip exactly with the beds. The
cleavage dips south-east by east, at about 80°, and is therefore inclined about
35° to the planes of stratification. This is a very good example for study, as
the true position of the beds, when viewed on a great scale, is very obvious.
Plate XLVII. fig. 3.
This section is from a small slate quarry near Harlech.
At the top is a series of hard quartzose sandy beds («), without cleavage, and
dipping east by north, at 50°. Below is roofing-slate (6), which gives no indication of the true bedding ; but the cleavage planes dip about north-east, at GO''.
Plate XLVII. figs. 4, and 4 a.
We have here represented two portions of a series of finely contorted strata
of hard greenish slate, from the rugged mountains on the left bank of the
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Towey, a little below Fanog-. Many of the beds are very quartzose, and are
obviously of sedimentary origin. The more schistose portions have their
beds defined by stripes upon the cleavage planes, and the whole contorted
stratification is perfectly obvious. Throughout these sections, which together
extend nearly a mile in length, as well as through all the neighbouring chain,
the cleavage planes preserve an almost geometrical parallelism, and dip to a
point about north-west by north.
Plate XLVII. fig. 5.
This represents the position of the beds, and cleavage planes, in a small
escarpment on the north side of the new turnpike, on the banks of Wye, a
few miles above Rhaiadr. Near the centre is an anticlinal line, and hard
quartzose beds are cracked and shattered at the point of flexure, in such a
way as to show that they were partly solidified when the flexure took place.
On the surface of some of these hard beds are casts of organic remains. The
upper beds on both sides are crystalline and chloritic, and have a slaty
cleavage, which preserves a perfect parallelism, and dips nearly north-west.
But these planes of cleavage affect also the more solid beds below. Though
of coarse mechanical texture, their component parts have been so completely
re -arranged, that they will only break in the direction of the slaty cleavage.
The length of this section is not a hundred feet, but it is extremely instructive.
Plate XLVII. fig. 6.
This figure represents the arched beds seen in the great slate quarry called
Craig y Gribbin, on the road from Llangollen to Ruthin, near the top of the
pass. The lower beds are coarse, and have no distinct cleavage. Among the
upper beds, those on the left hand of the section have their cleavage planes
dipping north-north-east: those on the right hand have a cleavage dipping
south-south-west: near the centre the cleavage is nearly perpendicular. This
example shows that the dip of the cleavage is sometimes effected by the dip
of the beds ; I believe, however, that, even in this instance, the cleavages
were superinduced after the beds were thrown into the arched position seen
in the section.
Plate XLVJL

fig. 7.

This section represents a small portion of a calcareous slate rock, with subordinate beds of impure limestone, containing many corals, shells, and trilobites. It is seen in a gorge on the west side of Foel Fawr, about two miles
from Llanrhaiadr in North Wales. The beds dip south-east, about 23°, but the
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cleavage ])Ianes dip nearly north-west, at an an<;Ie of about 48°. The slaty
cleavage alTects the limestone beds, which only break freely in that direction.
The half-jointed and half-fissile structure of the limestone beds is therefore
due to the same cause which produced the true fissile structure in the beds
above and below.
Plate XLVII. fig. 8.

We have here the profile of a ridge below Maes Maillyon lime quarry, a
few miles south-east of Bala. In a succession of low knolls nothins" is at first
seen but the cleavage planes dipping west-north-west. The slates are, however, striped; and the stripes dip east-south-east, as represented by the dotted
lines. Were there any doubt about the true dip, it is set at rest by the beds
of limestone and calcareous schist, full of organic remains, on the left side of
the section, which are parallel to the dotted lines ; yet the cleavage passes
through them, and affects the fracture of thick masses of crystalline limestone.

The preceding sections are sufficient for my present purpose, and they are
given, not as exceptions to, but as examples of, the general structure of the
regions from which they are taken.
A rugged country, more than thirty
miles in length, and eight or ten miles in breadth, stretching from the o-or^e
of the Wye, above Rhaiadr, to the upper gorges of the Elan and the Towy,
and to the hills west of Llandovery, exhibits, on a magnificent scale, thousands
of examples like figg. 4. and 4 a. The whole region is made up of contorted
strata; and of the true bedding there is not the shadow of adoubt. Many parts
are of a coarse mechanical structure; but subordinate to them are fine, crystalline, chloritic slates. But the coarser beds and the finer, the twisted and the
straight, have all been subjected to one change.
Crystalline forces have rearranged whole mountain masses of them, producing a beautiful crystalline
cleavage, passing alike through all the strata.
And again, through all this
region, whatever be the contortions of the rocks, the planes of cleavage pass
on, generally without deviation, running in parallel lines from one end to the
other, and inclining, at a great angle, to a point only a few degrees west of
magnetic north.
Without considering the crystalline flakes along the planes
of cleavage, which prove that crystalline action has modified the whole mass,
we may affirm that no retreat of parts, no contraction of dimensions in passinoto a solid state, can explain such phaenomena as these.
They appear to me
only resolvable on the supposition, that crystalline or polar forces acted on the
whole mass simultaneously, in given directions, and with adequate power.
It
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is not however, necessary to suppose that these effects were produced in a
short lapse of time. In speculating on the time required for the completion
of these phsenomena, we are free from any unnecessary limitations.
There is, however, at first sight, a difficulty in comprehending the vastness
of those forces which nature must have applied in producinj^ effects like those
above described. But difficulties of tiiis kind ought to i)e little thought of, if we
can resolve them into any known mode of material action. Now, in a case of
crystallization there is something- like a definite polarity in each particle, by
which it is compelled to turn in a given direction, and group itself with other
particles in definite forms.
And if this modification of internal structure be
carried on through a very large mass of matter, is it not probable that there
is an accumulated intensity of crystalline action in each part; so that the
whole intensity of crystalline force modifying the mass, is not equal to the
sum of the forces necessary to crystallize each part independently ; but is some
function of that sum, whereby it may be increased almost indefinitely ? I see
nothing improbable in this kind of accumulated attraction, and it will explain
many geological pha^nomena. Limestone formations, for obvious reasons, are
very often crystalline; but in England they are so much subdivided by beds
of shale and sandstone, that each part has been left to its own forces of aggregation, and the strata are seldom obliterated.
In the Alps, on the contrary,
the calcareous zones are generally of enormous thickness, and comparatively
uninterrupted by foreign matter ; and the structure of each portion is so
modified by the general crystalline structure of the mass, that the traces of
original stratification and sedimentary origin are very often entirely destroyed.
In the most striking cases of slaty cleavage, since the effects produced
through spaces of great extent are nearly uniform, the crystalline forces must
have been nearly uniform, at least as to certain directions, which may be regarded as a species of resultants from an indefinite number of local attractions. This seems to imply a certain degree of homogeneity in the masses
acted on ; and as a matter of fact, where the slaty cleavage is very perfectly
brought out, the structure of the rocks always makes an approach to homogeneity. Where the quartzose beds of coarse greywacke abound very much,
the cleavage is seldom very perfect, or is at least chiefly confined to particular
strata. And where the coarse beds predominate (as, for example, in some
parts of the western chain of Merionethshire, and in the east end of the Lammermuir chain of Scotland), the slaty structure almost entirely disappears.
All the foregoing remarks in this division of the paper relate to slate rocks,
subordinate to formations, parts of which are obviously sedimentary and me-
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chanicalj and contain organic remains. But in the centre of Skiddaw Forest,
in some parts of Cornwall, in Anglesea, and in the south-western coast of
Caernarvonshire (as stated in a preceding- note, p. 471), and also in a great
portion of the Highland regions of Scotland, we have finely foliated and
highly crystalline schists (such as chlorite schist, mica schist, &c.) which contain no organic remains, and (in some instances, at least,) are older than the
slaty groups above described. In some of these older groups the cleavage and
laminations of mica and chlorite are transverse to the beddin"-. This is, I
believe, the case in some parts of Skiddaw Forest, and it is certainly the case
in some parts of Anglesea, as is proved in the beautiful section of Holyhead
Mount, published by Professor Henslow, in the Transactions of the Cambridge Philosophical Society*. In general, however, the foliated uneven
layers of these older formations belong, I believe, to beds, and not to cleavage
planes ; and the oldest and most crystalline rocks, designated by the general
name of schists, have no true slaty cleavage^ in the sense in which I have
used the term.
A mechanical rock may appear highly crystalline, because it is composed
of crystalline parts, derived from some preexisting crystalline rock. Thus, we
have in Scotland masses of sandstone so beautifully recomposed from granite,
that it is not always possible to distinguish them from the parent rockf. In
the same way, the highly crystalline texture of mica schist 7/20?/, in some cases,
originate in causes purely mechanical. I believe, however, that the structure
of these old crystalline schists has been greatly changed since their deposition ;but the same thing may be asserted of all slate rocks whatsoever, and 1
do not see why the term '^metamorphic" should be applied exclusively to one
class of them.
Again, if we apply the term ''metamorphic" to the old crystalline schists, and
at the same time assume that the changed structure has originated in igneous
action, we generalize, I think, a great deal too fast. Such structures sometimes may, and sometimes may not, have been caused by igneous action ; and
it appears to me rash to limit the great modifying powers of crystalline forces
to particular ranges of temperature. At all events, the great parallel cleavage
planes, and some other changes, above described, appear to me entirely unlike the altered structures produced by igneous rocks on the masses which
are near them. But I do not presume to decide either on the exact temperature, or on the time, necessary to the perfect development of cleavage planes.
Before I conclude this section I cannot help recommending, not a new
* Vol. i. Plate XV.

-|- Geological Transactions, New Series, vol. iii. p. 140.
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nomenclature, but a more systematic use of old terms than we are accustomed
to. Bed is always applied as the English synonym oi stratum, and the terms
thick-bedded, thin-bedded, thick-flag g7/, thin-flaggi/, and laminated, are words
in common use, and express, well enough^ different modifications of stratified
structure. The ievm foliated, again, expresses very well the peculiar structure of mica schist, and the fine glossy undulating layers of greywacke. But
it would be well to describe no structure as slatj/ or fissile except cases of
transverse cleavage, using the term slate for a perfect oblique cleavage, and
some such term as flagstone-slate for imperfect cleavage ; and_, in like manner,
slaty flagstone may describe a very thin or laminated structure, parallel to the
stratification. In this way, foliated as distinct from laminated, and slaty as
distinct from flaggy, become terms of a definite meaning-.
When a branch of natural history has been placed on a settled basis, it is
well to use such classical terms and definitions as may be current throughout
the scientific world. But while a science is in progress, and its principles unfixed, the aftectation of regular definitions and technical terms of classical etymology may do more harm than good, especially if they be derived from an
hypothesis. Were such words as pyroxene and protogine mere jargon without
meaning, we might then retain them as proper names, which, however barbarous, cannot be conveniently parted with. But they have a meaning which
proves them to be the offspring of ignorance and error, and on that account
they ought to be expelled without mercy from our pages. The pedantry and
the gross absurdity of many terms in mineralogy are obvious to every one ;
and I hope we shall take a lesson from the progress of that kindred science,
and not be too hasty in seeking the useless decorations of a too classical
nomenclature. Indeed, there already appear in our descriptions some words
of doubtful and portentous etymology, with Grecian heads and Gallican tails,
which figure but oddly amidst the ordinary staple of our homely pages.
§ 4. Jointed Structure.
Many rocks, both stratified and unstratified, are divided into solids of
greater or less regularity, by parallel systems of fissures or joints. This gives
rise to a jointed structure, and is quite distinct from slaty cleavage. For the
joints are at definite distances from each other, and a mass of the rock betv/een them has, generally speaking, no tendency to cleave in a direction
parallel to them. The structure in question seems in most cases to have been
produced mechanically, either by a strain upon the rock from external force,
producing, more or less, regular sets of cracks and fissures, or by a mechanical tension on the mass (produced probably by contraction) during its pass-
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age from a fluid or semi-fluid, into a solid state. Cleavage planes are, on the
contrary, the results of the ultimate chemical arrangement of the particles of
a rock, and appear in most cases to be unconnected with any direct mechanical action.

A slaty and jointed structure are, however, often exhibited together; and
cases may arise where it is almost impossible to decide whether a certain set
of fissures are to be called joints or cleavage planes. For example, a true
slate rock may have been acted on by mechanical forces, producing a set of
fissures parallel to the cleavage. In such a case the rock has mechanical
fissures and true crystalline cleavage planes coincident with each other.
Again, vvhen a cleavage is imperfect, it is sometimes only exhibited by parallel planes at definite distances, in which case it may be difficult to say
whether the phaenomena are to be classed with joints or cleavages.
Difficulties of this kind are the exception, and not the rule ; and they destroy not the reality of the distinctions I am attempting to draw : they only
prove how impossible it is for us to constrain the vast and complicated operations of nature by the fetters of a rigid definition. It is the business of a
geologist to consider both the resemblances and the differences of the things
he describes ; and after a broad view of nature's kingdoms, he learns to seize
upon those resemblances which are essential to his classification, and to cast
from his thoughts those differences which are unessential. In this way he calls
by a common name things with a hundred points of difference, and puts in
distinct classes, things with a hundred points of resemblance. But on this
account his advance is neither unphilosophical nor insecure. He that dwells
only on resemblances may be hurried into rash generalizations, which, however, experience will tend to correct : but he who continues to dwell only on
the difficulties of geology, and to haggle on mere exceptions and points of difference, should he attempt to advance at all, must stumble at every step.
The jointed structure is best seen in unstratified rocks, such as basalt and
certain varieties of granite. The regularly jointed pillars of basalt, and the
rectangular prisms composing some parts of the Cornish granite, are good
examples of it. When the prisms are very symmetrical, and subdivided by a
series of parallel cross joints, the whole configuration is supposed by many to
have been produced by the interference of distinct spheroidal corrections.
This is a beautiful theory, founded on direct experiment, and quite capable
of explaining some cases of prismatic jointed structure ; but it has, I think,
been pushed too far. If it be true as applied to the granite Tors of Cornwall,
we ought, in examining the cuboidal blocks of which they are composed, to
see some traces of spheroidal structure in the arrangement of the component
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The sphecrystalline parts; but we look in vain for any such arrangement.
which
crusts
concentric
the
and
decompose^
Tors
roidal blocks into which the
exfoliate on their continued disintegration, are the chief facts in favour of the
theory ; but they may be explained as well without it. For any homogeneous
cuboidal mass of rock will naturally decompose into a spherical form ; and the
exfoliation of concentric crusts is no proof of globular concretionary structure ;
because ancient pillars of granite have been known to exfoliate in cylindrical
crusts, parallel to the axes of the pillars ; and even pillars of oolitic limestone,
which unquestionably have no spheroidal structure, sometimes exfoliate (e. g.
in the second court of Trinity College Cambridge) in crusts parallel to the
axes of the several pillars. To what, then, do we refer the prismatic jointed
structure of various granitic rocks ? We reply, chiefly to a tension on the
mass when it passed from a fluid to a solid state; combined sometimes with
those great crystalline actions which in argillaceous rocks have produced a
This opinion is, I think, fortified by an examination of
true slaty cleavage.
the prismatic sandstone obtained from linings of old furnaces.
These sandstones have been intensely heated, and sometimes partially fused, and their
prismatic structure, transverse to the wall of the furnace, is clearly superinduced bythe action of heat. They have undergone alterations of dilatation
and contraction, which may have produced their several joints ; but we do
not discover in them the least germ of any globular arrangement.
In the cases just considered, there is a clear distinction between a jointed
and slaty structure. Still, even in formations of true granite, we occasionally
see imperfect indications of a cleavage, which may sometimes have modified
the direction of one set of joints. This kind of cleavage is called the grain
of the rock, and is designated in many parts of the North of England by the
word "bate", where we are constantly told by quarry-men that no rock is
without its "bate". Now the grain has, I believe, in most cases, been produced during the passage of the whole granitic mass into a solid state, by
that kind of compound crystalline force which has produced the transverse
laminations of argillaceous schist.
Every one has heard of the great vertical, parallel layers composing the
central mass of Mont Blanc, and of the conclusions Saussure drew from this
structure. On a small scale we have a somewhat similar arrangement of parts
in the granitic rocks of St. Austell Moor, which from one end to the other
are made up of alternating, parallel masses of granite and schorl rock. In some
places the rock is granite, striped by veins of schorl or schorl rock; in other
places we have schorl rock, striped by veins of granite ; and here and there
one rock prevails, to the exclusion of the other. The range of these layers is
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nearly magnetic east and west, and they are never inclined to the horizon at
less than 70° or 80°. On the south side of this moor they generally underlie
to the south ; but in other places they are very nearly perpendicular, and at
Bunney '"^ open-work" they underlie north. The parallel stripes of schorl
rock often part in the middle, along- very narrow joints traced by oxide of tin.
Tin is also disseminated in regular crystals, both in the granite and schorl
rock, where we have no appearance of any regular vein distinguished from
the rest of the formation. In short, the whole rock has a laminated or veined
structure, produced by a peculiar segregation of parts, in passing from a state
of fusion into a solid state : and the parallel laminations must have been produced bya crystalline action, very similar, at least, to that which has so completely modified the ultimate structure of our slate rocks*.
The grain of certain masses of granite, where we have no external appearance of laminations, ma^, perhaps, have been produced by a similar crystalline
action. I have stated above, that the strike of the cleavage of lai-ge masses of
slate, nearly coincided with the strike of the beds. A mass of granite has (properly speaking) no strike; but it is often protruded upon a given line of direction. If,then, the grain of granite rocks be produced by a modification of
crystalline action, similar to that which produced slaty cleavage, have we not
some reason to expect that the grain of such rocks may be traced nearly along
their lines of protrusion ? I throw this out as a mere conjecture, suggested
by an analogy, and by the fact, that the veined structure of the St. Austell
granite is nearly parallel to the direction of the Cornish chain.
The grain of a rock must evidently have considerable influence in modifying the direction of fissures subsequently produced by mechanical force.
Hence the direction of the veins of fissure 7naj/ in some cases be considerably
affected by the previous direction of the veins of segregation. It would be
well, in a place like Cornwall, to institute a set of direct observations, for the
purpose of comparing the grain of the granite with the direction of the
nearest metalliferous veins.
As so many rocks are intersected by cross joints, nearly perpendicular to
their strike, we might expect, ii priori, to find many great " master joints,'
nearly at right angles to the direction of the granitic ridge of Cornwall. At
all events, whether such reasoning be good or bad, there are many great
* Such rocks as those above described must be carefully distinguished from true gneiss ; for
the parallel, vertical layers are as distinct from true strata as cleavage planes are from beds of
slate. A great part of the gneiss of Scotland is undoubtedly stratified ; but on the shores of the
Pentland Firth there are rocks, commonly described as gneiss, which, if I mistake not, are mere varieties ofveined granite, and are formed in the same manner as the granites of St. Austell Moor.
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" master joints" or "cross courses" in that country, nearly at rii^ht angles to
the bearing of the central chain.
1 have assumed above, that the veined structure of the St. Austell granite
was produced by segregation ; but it deserves remark that the several crystals
composing each part are by no means universally parallel to the great parallel
system of joints, though, on the whole, they rather affect that direction. Mr.
De la Beche has well pointed out, that tabular crystals of felspar will sometimes traverse such joints of granite*, so that a part of the same crystal will
be on one side of a joint, and a part on the other. He also describes an appearance on the north side of Dartmoor, of which there is a very perfect
example in the great open-work of Carglaze, near St. Austell. The alternations of schorl rock and granite above described become more frequent as
we approach the junction of the slate, and at last are so frequent and finegrained, that the rock, on the south side of the open-work, becomes finely
laminated, and passes into a true schist. This I noticed many years since,
in a paper published in the Cambridge Transactions f. What ought we to
infer from a phsenomenon like this ? That the slate rock in contact with the
granite had at one time been nearly in the same condition as the granite ;
and that both had been modified by a similar crystalline action in passing
into a solid state. Now all phajnomena of this kind accord perfectly with the
igneous theory of granite, and its protrusion among the stratified slates : yet
have they been urged as proofs that the slate rocks of Cornwall (including
in the list the fossiliferous slates of Tintagel, the coarse greywacke of the
south-eastern coast, the shales, the limestones^ the beds of greenstone and
felspar, &c. &c.) are all contemporaneous with the central granite.
Metalliferous veins and cross courses, master joints and fissures, and other
similar interruptions to the continuity of great mineral masses, appear in most
instances to have originated in mechanical action. The observations applied
to certain formations of granite may, however, be applied to rocks of every age.
They may, from their mode of aggregation, or grain, have a tendency to break
in one direction rather than another; and hence one set of joints, though produced by mere rude mechanical action, may still have their directions defined
by an internal structure resulting from an entirely independent cause. Thus,
in many large formations of semi-crystalline limestone (such, for example, as
the great scar limestone of Yorkshire, or the limestone of the High Peak of
Derbyshire), there may probably be a grain bearing a given relation to the
direction of the whole mass.
U such be the case, the direction of one set of
* Researches in Theoretical Geology, p. 104.
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joints may have a given relation to the meridian of the place ; and at the
same time, such a given direction may be a mere secondary phaenomenon,
resulting from the original direction of the mountain chain.
After the experiments of Mr. Fox, it becomes, however, a question of some
importance, whether the structure of large mineral masses may not have been
affected by the direction of great electrical currents at the period of solidification : and if this be the case, may we not look for certain joints and
cleavages, preserving a parallelism through independent chains, and having
no fixed relation to the position of the masses they traverse.? Such a question
requires for its solution a series of observations on different mountain chains,
of which the directions are strongly contrasted. As far as my own experience
is concerned, I should answer it in the negative, as I believe that all joints
and cleavages originating in the structure of a rock are greatly modified by
its direction.
In limestone rocks we sometimes see two sets of joints, inclined to each
other at angles very nearly equal to those of the primary rhomb of carbonate
of lime. Mr. Conybeare has pointed out to me some joints of this kind in the
lias. I have seen many examples of them in the mountain limestone of the
North of England ; and the late Dr. E. D. Clarke biought beautiful primary
rhombs of compact limestone from the mountains of Greece. It becomes, then,
a question, whether joints like these are mere local pliaenomena, or affect
large masses of strata ; and the inquiry ought to be kept in sight by those
who compare, on a large scale, the joints of calcareous mountains. At all
events, in examining the jointed structure of rocks, not only the directions of
the joints ought to be recorded from the compass, but the direction of the
mineral masses must also be recorded, otherwise the facts may lead us into
entirely false generalizations.
Lastly : there may be in rocks, both stratified and unstratified, distinct sets
of parallel joints or fissures, extending through considerable tracts of country,
yet of mere mechanical origin, and unconnected with any peculiarity of interna] structure. The subject has been lately discussed before the Cambridge
Philosophical Society, by Mr. Hopkins ; and lie has shown, on mathematical
principles, that tabular masses of rock elevated by a force from below, must
have been exposed to two sets of tensions, which would naturally produce
longitudinal and transverse vertical fractures, at right angles to each other.
Having solved the problem as a mere abstract question of mechanics, he then
showed that the direction of the metalliferous veins, and of certain longitudinal faults in Derbyshire, coincided with the deductions of theory more
nearly than might have been expected.
I may add, that an examination of
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Flintshire during last summer, and of the documents kindly put in my hands
by Mr. Taylor, showed, in that county, a still more perfect symmetry and
ao-reement with the mechanical theory. The great parallel cross courses
range north and south, in the direction of the beds ; and the metalliferous
veins strike across the calcareous beds, almost mathematically at right angles
to the cross courses. Whatever may be the true theory of metalliferous veins
in some countries, there cannot be a doubt that the great joints and fissures
of Flintshire and Derbyshire are of a mechanical origin.
I now terminate what I have to lay before the Society on the changes produced during successive periods in the structure of rocks; and so far from
thinking that I have exhausted the subject, I rather wish some parts of this
paper to be regarded as mere hints, to be followed out by better and more
extended observations.

XXVI. — Notices and Extracts from
the Mhiute-Book of the Geological
Society.
1 . — Extract from a Letter from George Gordon, Esq., addressed to Roderick
Impey Murchison, Esq., P.G.S,, noticing the existence of Blue Clay on the
southern side of the Murray Firth.
[Read April Uth, 1832.]
Mr. GORDON, after referring to the memoir of Professor Sedgwick and
Mr. Murchison on the North of Scotland, in which has is shown to occur on
the northern side of the Murray Firth, points out the existence at Linksfield
or Cutley-hill near Elgin, of a stratum of clay inclosing thin bands of limestone, and occupying a position analogous to that of the lias on the northern
side of the Firth. Mr. Gordon likewise states, that in making the canal to
drain Loch Spynie, a bed of clay was penetrated, containing numerous specimens of Belemnites ; and he conceives that a great part of the bay of Lossiemouth belongs to that formation.

2. — On the Basalt of the Titterstone Clee Hill, Shropshire.
By J. Robinson
Wright, Esq., F.G.S.
[Read May 30th, 1832.]
The basalt constitutes the two summits of the hill, one of which is occupied
by an ancient British encampment, the western or highest part of it being
called the "Giant's Chair," and the other summit is known by the name of
the Hoar Edge. The basalt rests partly on old red sandstone, and partly on
coal measures, and assumes at the " Giant's Chair," as well as along the
western escarpment of the Hoar Edge, a columnar structure, the prisms inclining at an angle of 75°.
The thickness of the basalt under the encampment has not been ascertained, and the author doubts if there be coal beneath it. At the northern or
"Far Pit" of the Cornbrook coal-works the basalt is forty yards thick, and a
little to the south of it sixty yards. To the west of these pits the coal is
entirely '"cutout" by an
north-east and south-west
and the coal is also cut out
pits. In contact with the
author suggests that this

extensive basaltic dyke, ranging apparently iji a
direction, or nearly parallel with the Hoar Edge ;
by it a short distance to the north-west of the Treen
dyke the coal is injured and said to be sooty. The
basalt which the Cornbrook colliers have met with
3 r2
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at several points, may be the south-western side of a vast dyke, probably
more than 100 yards in thickness ; and that the escarpment of the Hoar Edge
may be the north-western side. At the ''machine/' near the village of Cornbrook, the coal is said to have been forced up to the surface, the basalt beingfound beneath it.
In conclusion, the author points out the resemblance between the basalt of
the Titterstone Clee Hills and that of Rowley Regis in Staffordshire. He
says, that they agree in assuming a columnar structure, and in the inclination
of the prisms ; as well as in the hills at both localities being flat-topped, and
having their steepest escarpments towards the west.

3. — On a large Boulder -stone on the Shore of Appin, Argijleshire. Bj/
James Maxwell, Esq.; and communicated bij William Smith, Esq., F.G.S.
[Read May 30th, 1832.]
This boulder-stone consists of a granitic compound of quartz, felspar, and
mica, the last mineral being the principal ingredient. Its form is irregular,
but the angles have been rounded. The greatest vertical circumference is
forty-two feet, and the greatest horizontal, thirty-eight feet. It is supported
on three stones, each about six inches thick; one of them being a granite, of
a paler colour than that of which the boulder consists, and the other two
being composed of argillaceous ironstone; while the formation on which they
rest is a slaty calcareous sandstone. Numerous other granitic boulders occur
in this part of Scotland, but there is no rock in situ from which they could
have been derived.

4. — On the occurrence of Bones in a Coal-mine near Gratz in Sti/ria. By
Professor Anker, of the Joanneum in Gratz : communicated by Roderick
Impey Murchison, Esq., F.G.S.
[Read February 27th, 1833.]
The bones referred to by the author were found in a range of hills, extending ina southerly direction from the foot of the Schvvamberg mountains
to Scheineck on the Weiss. The hills consist of molasse, alternating with
beds of brown coal from 2 to 2\ feet in thickness, and distinguishable from
black coal only by geological position, and the occasional occurrence of woody
texture. Associated with the coal are beds of bituminous shale, and a grey,
bituminous, marly, slaty sandstone, in which are occasionally interspersed
pebbles of primary rocks.
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The bones were found in the coal itself, forming layers about 2 inches
thick. They were for the most part so much shattered that the genus of the
animal could not be determined^, but from their great number they appear to
have been derived from many animals. After long-continued search a jawbone with teeth was discovered, and from the inspection of a drawing of it
sent with the paper, Mr. Clift considers that it belonged to a hyaena. This
specimen is preserved at the Joanneum.
Bones were first found in this mine in the year 1826, in the Joseph adit,
fifty fathoms from its mouth. They have been often met with since, in the
same adit; and in 1831 bones were also discovered in the Caroline adit of
the same mine. Among them was a tooth like that of a shark, together with
fragments of bones similar to those from the Joseph adit ; but they were
principally found in the strata adjacent to the coal.

5. — Notice of a Machine for regulating High Temperatures, invented hy the
late Sir James Hall, Bart., F.G.S. : drawn up by Captain Basil Hall, Il.N.,
F.G.S. &c.
[Read May 1st, 1833.]
Sir James Hall, in his experiments on the fusion of granite and other
rocks, and on the effects subsequently produced upon the fused mass by gradual cooling, conceived that the experimenter required the power of regulating the temperature in such a manner as best to imitate nature; and for
this purpose he invented the machine described by Captain Basil Hall.
The principle of the machine is such, that when any change of temperature takes place in that part of the furnace in which the material under experiment isplaced, a corresponding change is made in the current of air
which maintains the heat.
The furnace was about 3 feet long, 18 inches wide, and 2^ feet deep.
From side to side extended a muffle, one end of which was closed with a
plug, furnished with a small disk of mica, through which the subject of the
experiment could be viewed ; and at the opposite end of the muffle was
placed the machine.
This instrument consists of a spiral spring coiled in a vertical plane, and
facing the muffle. The spring is
in chronometers, of two metals
expansibility, so that the spring
heat is raised or depressed. The
end is united to an axle, which,

formed on the principle of Harrison's balance
joined together, but of difterent degrees of
will either curl or uncurl, according as the
outer part of the coil is fixed, while the inner
being free, turns round as the spiral winds
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or unwinds; or as the heat, radiating from the interior of the muffle, is raised
or depressed.
To the further end of the axle is bitted a wheel, around the circumference
of which is wound a string-, carrying at its extremity a small weight, which
consequently rises or falls as the spiral curls or uncurls. Under the weight is
a little cup, forming one end of a lever, to the opposite end of which a metal
disk is suspended, immediately over an aperture of rather smaller dimensions,
and near the end of a long iron channel, through which alone air was supplied to the furnace. Directly under this aperture is another of similar size,
as well as another disk united to the upper disk by a rod of metal, equal in
length to the distance between the two openings. The object of having two
apertures is to secure the same amount of current of air both above and
below. If there were only one opening, and one disk to close it, the air
rushing in would force it down and keep it closed; but by this contrivance
the rush of air at the lower opening striking on the under surface of the
lower disk, exactly counterbalances that from above, which strikes upon the
upper surface of the superior disk. To render the points of contact perfect,
and to prevent the interference of small particles of dirt, the disks, when
closed, rest upon circular knife-edges.
Besides the wheel, around which the cord carrying the small weight is
\vound, the axle connected with the spiral is furnished with a long hand, like
that of a clock, reaching to a large graduated circle in the same plane with
the first wheel, but lying beyond it. This hand is capable of being attached
to the wheel carrying the weight, and consequently of indicating changes of
temperature with great rapidity.
To preserve uniformity of temperature, the spiral, and as much of the ap])aratus as possible, were inclosed in a tin case, filled with water kept constantly boiling; so that the only change to which the spiral was subjected,
was the heat radiating from the muffle.
The action of the instrument is simply this. The heat of the furnace having
been raised to the required pitch, a change in tlie radiant heat from the
muffle effects a change in the action of the spiral, and the string supporting
the weight is consequently either lengthened or shortened. If the change in
the radiant heat be an increase, then the string is shortened, the weight is
removed from the cup at one end of the lever ; and the disks at the other end
consequently falling, the current of air is checked, as well as the heat within
the furnace. If, on the contrary, the change in the radiant heat be a diminution, then a reversed operation takes place, and the current of air beingincreased, the temperature of the furnace is also increased.
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6. — Extract from a Communication from Captain Colquhouiij R.A., addressed
to Roderick Impey Murchison, Esq., F.G.S., descriptive of Masses of Meteoric Iron found in Mexico and Potosi.
[Read June 12th, 1833.]
The mass of iron principally noticed in this communication is in the street
of San Domingo, at Zacatecas in Mexico. Its extreme length is 49 inches,
greatest breadth 23 inches, least 15; greatest thickness 13 inches, least II,
and its weight is estimated to be about 2300 lbs. The whole mass appears to
be compact ; but the surface presents several impressions of a globular form,
varying in size : one of them being 7 inches in diameter, and 3 inches deep.
This mass has been noticed by Sonneschmid, Miner alogische Bcschrcibung
der Bergwerks Reviere von Mexico, p. 192, 8vo, 1804, and by Humboldt, in
his Essai Politique, vol. ii. p. 385.
It is not known where it came from.
Another similar mass of iron stands in the north-west corner of the churchyard at Charcas, between Catorce and San Luis Potosi, and is also noticed
by Sonneschmid (p. 288). Its height above ground is 32 inches. In appearance itclosely resembles the mass at Zacatecas, and is exceedingly tough.
At Pablazon a Hacienda, to the westward of Catorce, is a third mass. Several small masses, some weighing 20lbs., have been found in the vicinity of
the Rancho del Sitio, between Charcas and Pablazon, whence the mass at
Charcas is said to have been brought.

7. — On the Geology of the Banks of the Indus, the Indian Caucasus, and the
Plains of Tartarij to the Shores of the Caspian By Lieut. Alexander
Burnes : communicated by Roderick Impey Murchison, Esq., P.G.S.
[Read December 18th, 1833.]
The author has endeavoured in this paper to embody the geological observations which he made on a journey during the years 1831 and 1832, up the
river Indus, and across the lofty range of Hindoo Koosh, to the Caspian Sea.
He first describes the province of Cutch, situated near the eastern mouth
of the Indus. He states that it is mountainous ; that the soil is either rocky
or sandy, with masses of lava scattered over its surface ; and that sulphur,
coal, iron, and alum are found in the district.
Nummulites occur in a ridge near the right banks of the Indus. The delta
of the river is composed of a succession of beds of earth, clay, and sand of
different colours, sometimes parallel, and sometimes having one stratum dovetailed into another.
The sea is described as being discoloured to a distance
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of three miles by the detritus carried down by the river, with regard to which
it may be stated that the base of the triangle of the delta is above 125 miles.
After mentioning a range of hills called the Hala Mountains (about 2000
feet high), which extends in a northerly direction from the sea-shore westward of the mouths of the Indus, and terminates to the north-west of Cabool
in the Hindoo Caucasus, and which consists in part of compact nummulitic
limestone, the author proceeds to describe the principal geological features
which he observed on the banks of this great river. The town of Hydrabad,
he states, is built on a finely grained shelly limestone. At Schwan, in lat.
26° 22', and at Curachee, are hot wells ; and the island of Bukhur, in lat.
27° 42', consists entirely of flint. On the eastern bank of the river, opposite
this island, is a precipice of flint, 40 feet high, on which the village of Roree
is built. In lat. 28° 55' the rivers of the Punjab fall into the Indus. Still
higher up, in lat. 33°, at Kara Bagh, the river cuts through a range of hills,
described by Mr. Elphinstone as the salt range. The salt is found in layers
of about a foot in thickness, separated from each other by thin strata of clay.
With the exception of this range of hills, which is estimated to be about 1800
feet above the level of the sea, the district of the Punjab is uniformly flat;
but the hilly district is intersected by numerous defiles, presenting vertical
strata, which terminate in peaked points. Between the river Sutlege and
Lahore the country consists of indurated clay, sometimes gravelly.
At Attoch, much higher up, the rocks by which the Indus is confined, consist of a dark-coloured micaceous slate, which is said to extend to the southward, until it meets the salt range above mentioned. Near this place gold is
washed out of the sand of the river.
At Lahore, in February 1832, the author experienced a very violent shock
of an earthquake. Several valleys were choked up by the masses of rock
thrown down from the overhanging precipices, and a great part of the population of Badakhshan was destroyed. In crossing the Punjab the author
observed that several buildings of the Mogul Emperors were decaying from
the foundations, and were encrusted with an efflorescence of nitre. Proceeding to the westward from the Indus, he found bituminous coal at Cohat,
and that the salt range above mentioned extended across the country into this
district. The river of Cabool flows through a very narrow defile, the rocks
of which rise to a height of 2000 feet, and consist of sandstone, quartz rock,
and mica schist, the strata of the latter being vertical. Cabool is situated
6600 feet above the sea*, and the source of the river Cabool 8600 feet, where
* The heights rnentioned in the Memoir were determined from the boihng-point of water, COO
feet being allowed for each degree.
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snow was first encountered in the valley. The neighbouring hills are covered
with rounded pebbles of all sizes, sometimes loose, at others forming a conglomerate. Abeautiful white marble is found near Cabool, and the rocks
are occasionally covered with asbestus.
Prom Cabool the author crossed the Hindoo Caucasus to Balkh and the
plains of Tartary. This range of mountains is the prolongation of the Himalaya to the westward of the Indus. The height of the passes Hajeeguk and
Kaloo is respectively J 2,400 and 13,000 feet.
Hindoo Koosh is, properly speaking, the name given to the highest peak
in the range, the only part of which that is covered with perpetual snow is the
Koh-i-Baba, estimated to be 18,000 feet above the sea, between Cabool and
Bameean, from whicjj latter place the waters flow northward into the Oxus.
In some of the defiles through which the author passed, the sides rose to a
height of 2000 or 3000 feet. The loftiest peak which he observed between
Cabool and Hajeeguk consisted of gneiss or granite, sometimes deeply impregnated with iron. These formations were succeeded by blue slates and quartz
rock, and precipices of micaceous schist. Prom the summits of the precipices
masses of green granite and other rocks had been hurled into the valley
below. Further down is a calcareous conglomerate, succeeded by clitfs of
reddish and purple coloured clay, and by ridges of indurated clay mixed with
bands of a harder nature. In this ridge great idols have been carved, and
caves excavated, for it is easily worked. The neighbourhood of Bameean is
described as producing gold, lead, copper, tin, antimony, sulphur, and iron.
The lower passes of Hindoo Koosh consist principally of a light brown
splintery limestone, of great hardness, and susceptible of a high polish. This
formation is followed by sandstone rocks, in one of which round flint-stones
are imbedded at regular intervals. The real peak of Hindoo Koosh lies about
a degree to the eastward of this route, and the difficulty of crossing it is very
great.
Prom Khooloom, whence the author descended to Balkh (2000 feet), in
the plains of Toorkistan, the country slopes gradually towards the Caspian.
It is generally flat, and is watered by the Oxus.
The author then describes the course of the Oxus, from its source in the
high plain of Pameer until it is lost in the sea of Aral, after passing through
a low and swampy district. He does not believe that the Oxus ever terminated in the Caspian Sea, and concludes that what are called the dry river
beds between Astrabad and Khina are the remains of ancient canals. The
natives pretend that the waters of the Aral pass by a subterranean communication into the Caspian Sea, and that at a place called Kara-goombuz, beVOL. III. — SECOND
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tween the two seas, the water may be heard gushing beneath. It is, however, remarkable, that in the sandy ridge near this place, water is found near
the surface, although further south it cannot be iiad within a hundred fathoms. The author then fully describes the navigation, course, rise and fall,
and inundations of the Oxus ; and he mentions that it is frequently frozen
over.
The author then notices the effects of the great earthquake of 1832 in the
valley of Badakhshan. The roads in this valley were blocked up for several
days by the falling of stones and cliffs, and this place seems to have been the
centre of the convulsion. Badakhshan is famous for its rubies, which are
found imbedded in hmestone.
The country which extends from the north of the Oxus towards Bokhara
(1200 feet above the sea), is next described. It consists of a succession of
low ridges of soft, yellowish limestone, sometimes oolitic, with a superficial
coating of loose gravel, alternating with plains of hard clay. Sand-hills of
greater or less extent, raised by the winds, also occur in several places on this
plain, and in some of the valleys are saline rivulets and deposits of salt.
The author offers some remarks upon the inhabitants, and on the meteorological phasnomena which he observed in the neighbourhood of Bokhara;
and concludes his memoir with a description of the sandy desert of the Turcomans, between the Oxus and the Caspian Sea.

8. — An attempt to bring under general Geological Laws the relative position
of Metalliferous Deposits with regard to the Rock Formations of lohich the
Crust of the Earth is formed. By M. Albert Louis Necker, For. Mem.
G. S.
The author commences by remarking, that the rules framed by ancient
writers for recognising metalliferous districts by the external configuration
of the soil were very fallacious ; and that the laws which guide the miner in
discovering new metalliferous veins in one country, will often not assist him
in another. He next observes that, as far as he is aware, Werner and his
disciples abandoned the idea of establishing a connexion between formations
and metalliferous deposits ; and that Button considered the connexion of veins
and the rocks through which they pass to be purely fortuitous. He then states
that he believes Dr. Boue^ was the first to point out, in a general manner, the
' Memoire Geologique sur V Allemagne ; Journal de Physique, Mai 1822, tome xciv. p. 297;
Geognostisches Gemdlde von Deutschland, p. 139 — 146, Frankfurt, 1829.
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relation of metalliferous veins to primary, unstratified formations ; and thus to
lead to the inference, that the metals were deposited in the former by sublimation from the latter: and he adds, that Baron Humboldt^ accounts for the
association of the mines of the Oural and Altai mountains with granite, porphyry, and syenite, by supposing- all of them to be the effect of volcanic agency,
taken in its most extended signification.
The doctrine of the sublimation of the metalliferous contents of veins from
igneous matter, occurred to the author twelve years ago, from observing the
deposition of specular iron on the cooled, lateral edges of a stream of lava
flowing down the side of Vesuvius ; and he was induced from that circumstance toinstitute a series of inquiries, in further prosecution of which, he
proposes, in the memoir, the following questions :
1st. Is there near each of the known metalliferous deposits any unstratified
rock ?
2ndly. If none is to be found in the immediate vicinity of such deposits, is
there no evidence, derived from the geological constitution of the district,
which would lead to the belief that an unstratified rock may extend under the
metalliferous district, and at no great distance from the surface of the country f*
3rdly. Do metalliferous deposits exist entirely disconnected from unstratified rocks ?
With respect to the first of these questions, the author shows, by copious
references to works on England 2, Scotland'^, Ireland"*, Norway^, France^,
' Essai de Geologic et dc Climatologie Asiatique.
* Berger, on the Physical Structure of Devonshire and Cornwall, Geol. Trans., First Series,
vol. i. p. 93, 1811. Richard Thomas, Topographical Map and Sections of the country between
Redruth and Camborne, 1819. Conybeare and Phillips, Outlines of the Geology of England and
Wales, 1822 ; Ibid., for Cornwall, Map and Sections; and for Derbyshire, p. 448 ; Greenougli's
Geological Map, for Northumberland. Henslow, Geological Description of Anglesea, Trans.
Camb. Phil. Soc, vol. i. 1822. Berger, Mineralogical Accoiuit of the Isle of Man, Geol. Trans.,
First Series, vol. ii. pp. 8 & 22, 1814. Macculloch, Description of the Western Islands of Scotland,
&c., vol. ii. pp. 530 & 574, 1819.
' Edinburgh Review, No. 103, p. 54. ^one, Essai Geol. sur I'Ecosse, -p]), 27, \Q2,8i.c. Macculloch, Geol. Trans., Second Series, vol. i. p. 65, and Description of the Western Isles of Scotland,
vol. i. p. 68.
^ Boue, Essai Geol. sur I'Ecosse, p. 374 — 376. Weaver, Geol. Trans., First Series, vol. v.
p. 135, et seq.
^ Von Buch, Voyage en Norvcge (French translation), tome i. p. 112.
** De Bonnard, Geologic de quelques parties de la Bourgogne, Annales dcs Mines, lere Serie,
tome X. p. 193, et seq. Charbaut, Memoires sur la Jura, Annales des Mines, lere Serie, tome iv.
p. 579, et tome xiii. p. 177. Cox(\\ex, Amiales des Mines, lere Serie, tome iv. p. 16. Lucas,
Tableau Methodique des Mineraux, Partie II. p. 480. Thierria, Notice Geologique sur les Envirom
3 s 2
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Germany ^ Hungary ^^ the southern Alps^, Russia*, and the northern shore
of the Black Sea^, that the great mining districts of all these countries are
immediately connected with unstratified rocks : and in further support of this
solution of the first question, he mentions the metalliferous porphyries of
Mexico*', and the auriferous granite of the Orinoco'; but he observes that
his knowledge of the mining countries of South America is not sufficient to
enable him to state their general geological connexions.
With reference to the second question, — the probable association of metallic veins with unstratified rocks, though the latter are not visible in the
immediate neighbourhood of the former, — the author gives a section of the
country between Valorsine and Servoz^, and points out the probable extension of the granite of Valorsine under the Aiguelles Rouges and Breven,
composed of protogine, chlorite, and talcose schists, to the immediate vicinity
of the mines of Servoz, which are situated in the latter formation. He also
refers the reader for further illustration to the metallic deposits of Wanlockde Saulnot, Annales des Mines, lere Serie, tome xi. p. 393. Annates des Sciences Naturelles,
tome xvi. p. 285. Le Coq et Bouillet, Vues et Coupes des Formations de VAuvergne, pp. 72, 77.
Annales des Mines, 2ieme Serie, tome vii., 1830. De Bonnard, Sur une Formation MetalUfere du
Depart, de la Charente, Annales des Mines, lere Serie, tome viii. p. 491.
' Heron de Villefose, Atlas de la Richesse Minerale, Planches II. et III. Boue, Memoire sur I'Allemagne, Journal de Physique, Mai 1822, tome xciv, p. 297, et seq. ; Geognostisches Gemdlde von
Deutsckland, pp. 120, 125, 140, 143. Von Buch, Brief e ilher Sildlichen Tyrol, pp. 172, 188, and
Atlas. Sedgwick and Murchison on the Austrian Alps, Geol. Trans., Second Series, vol. iii. p. 301 .
- Beudant, Voyage Mineralogiqiie et Geologique en Hongrie, 1822. Elie de Beaumont, Coup
d'ceil sur les Mines, p. 69, et Dictionnaire des Sciences Naturelles, tome xxxi. p. 376, et seq., Art.
Mines.
Boue, Geognostisches Gemdlde von Deutschland, pp. 117, 118, et Planche VII.
^ Maraschini, Sulle Formazioni delle Rocce del Vicentino, p. 145 — 149. Brochant, Sur les
Roches Granitdides du Monthlanc, ^^c, Annales des Mines, lere Serie, tome iv. p. 297, et seq.
* Patrin, Apper^u des Mines de Siberie, Journal de Physique, tome xxxiii. p. 81, 1788. Hermann,
Versuch einer mineralogischen Beschreihung der Uralischen Erzgehilrgcr, 1789. Elie de Beaumont, Coup d'ceil sur les Mines, pp. 79, 128, and Dictionnaire des Sciences Nat., tome xxxi.
p. 385, et seq., Art. Mines. Patrin, Notice Mineralogique de la Daourie, Journal de Physique,
tome xxxviii. p. 225, 1791. Engelhardt und Parrot, Reise in die Krym wid den Kaukasus, vol. ii.
pp. 187, 264. Kupfer, Rapport fait a VAcademie des Sciences de Petershourg sur son Voyage a
I'Elhrouz, 1830.
' Pallas, Second Voyage, French Trans., tome ii. p. 278 — 28G.
* Humboldt, Essai Politique sur le Mexique, 4to, torn. ii. pp. 494, 516, et seqq. Elie de BeauMWES.

mont, Coup d'ceil sur les Mines, p. 67, and Diet, des Sciences Nat., tome xxxi. p. 371, et seq.. Art.

" Humboldt, Relation Historique du Voyage, 8vo, tome vi. p. 264.
» Jovrnal des Mines, tome i. No. 5. pp. 32, 33, et seq. L. A. Necker, Memoire sur la Vallic
de Valorsine, Mem. de la Societe de Physique et d'Hist. Nat. de Geneve, tome iv.
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head, the Lead-hills, and Northumberland ' ; to the mines of Huelgoet and
PouUavaen in Brittany 2; to those of Macagnaga and Allay na at the foot of
Mount Rosa^, of Sardinia*, Corsica^, and Elba''; to the metalliferous veins of
the Vosges^ near Brescia^ in the Alps, and the Altai chain^; — all of which
occur in districts where unstratified rocks are known to exist.
The author, however, states, that besides the evidence thus afforded of the
connexion of igneous rocks with metalliferous deposits, it is necessary to have
a knowledge of the stratification of the formations in which mines are worked
before any legitimate conclusion can be drawn.
In reply to the third question, — Do metalliferous deposits exist entirely disconnected from unstratified rocks? — the author enumerates the mines of the
Netherlands'*'; those of quicksilver at Idria ; the lead mines of Poggau in the
valley of the Mur ; Pezay and Macoz in the Tarentaise ; the copper slate of
Mansfeld and Thuringia ; and the veins of galena in the inferior oolite near
Prome'^ in the magnesian limestone of Durham 12^ and the mountain-limestone of England.
The author then gives, as a general illustration of his subject, a sketch of
the countries between the Alps and the western extremity of England, and
shows that igneous rocks and metallic deposits are totally wanting in the whole
of the districts extending from the foot of the Alps across the valley of Lac
Leman, the Jura chain, the plains of Pranche Comte and Burgundy ; in the
oolitic, green-sand, chalk, and tertiary formations of the north-west of France,
and in the tertiary and secondary formations of England as far as Devonshire ;
but that, on the contrary, when the unstratified rocks recommence in the lastmentioned district, metallic veins reappear.
' Conybeare and Phillips, Outlines of the Geology of England, pp. 443, 444, 445, and 447.
* D'Aubuisson, Journal des Mines, tome xxi. p. 81.
^ Saussure, Voyages dans les Alpes, § 2132 et seq., et § 2151. Von Wellen, Der Monte Rosa,
pp. 55, 56, 1824.
* Marmora, Mem. du Museum, tome xi.
^ Gueymard, Annales des Mines, lere Serie, tome ix. p. 123.
'' Pini, Journal de Physique, tome xii. p. 413.
Edinburgh Philosophical Journal, vol. ii. p. 177.
7 Elie de Beaumont, Couj) d'ceil sur les Mines, p. 33, et seq, ; Dictionnaire des Sciences Naturelies, tome xxxi. p. 388. Art. Mines.
" Brocchi, Sulle Mi^iera del Dipartimento della Mclla, tomo ii. pp. 248, 273, 2-74, 275.
"^ Renovaz, Mineralogische Nachrichten von den Altaischen Gehiirgen. Elie de Beaumont, Covji
d'ceil sur les Mines, pp. 77, 78 ; Dictionnaire des Sciences Naturelles, tome xxxi. p. 382 et seq,, Art.
Mines.
Pa.tr'm, Journal de Physique, tome xxxiii, p. 81.
'** D'Omalius d'Halloy, Memoire Geologique sur la France et quelques Pays voisins,
" Philosophical Magazine, New Series, vol. ii. p. 234.
'* Sedgwick, Trans. Geological Society, Second Series, vol. iii. pp. 77, 78, 105, 108.
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Lastly, the author comjjares the relative connexion of igneous deposits with
metallic accumulations, and states that ores are more abundant in granite,
certain porphyries, syenites, amygdaloids, and trap, which he calls underlying,
unstratified rocks, than in the newer porphyries, the dolerites, and the true
volcanic formations, which he distinguishes by the term of overlying, unstratified rocks ; and he alludes to the assistance which the practical miner would
derive from attending to this distinction, as well as to the principal object of
the paper, — the connexion of igneous with metalliferous deposits.

INDEX.

Abtenau and Golling, red sandstone and gypsum,
described between, 309.
.
dips under
dark-coloured limestone and shale, 311.
salt springs
of, same age as the salt deposit of England, 310.
Ach na Craig, difficulty to determine where the
conglomerate near, ends, and the granite begins,
140.
Adrigang, hippurite limestone covered by grey
grit well exposed near, 366.
Agates, on the occurrence of, in the dolomitic
strata of the new red sandstone formation in
the Mendip Hills, 421.
Allan, Mr., notices of his memoir on Nice, 172,
175, 176, 180, 181, 182, 183.
Alluvial deposits, list of animal and vegetable remains found in, in Sussex, 201.
Alness, structure of the banks of the, 145.

Alps, Eastern, extremity of, underwent their chief
movements of elevation previously to the deposition ofthe tertiary system of Styria, 401.
concluding remarks on the successive formations of the, 407.
- on the different
periods of elevation of the, 411.

produced by the elevations, 414.
conclusions deduced from the facts
detailed in the memoir, 407.
cretaceous series of, described, 318.
difficulty of separating
it from the upper Alpine system, 318, 323.
— :
subdivision of, 320.
.
range of, 321.
description of the crystalline rocks
with calcareous beds containing traces of organic remains of the, 306, 408.
■
dark limestone and

Alpine and Bohemian chains, entire geological separation ofthe, 381.

shale (lias) of the, 311.

limestone, conglomerate of, separates the
coal deposit of Haring, from the secondary
system, 375.
— ■
description of the older, 311.
lower portion sometimes passes
into vast crystalhne masses, 314.
subdivisions of, by M. Lill de
Lilienbach, 311.

the chalk of the, 323.

regions, great development in the, of a
calcareous formation agreeing with the magnesian limestone of England, 39.
Alps, Eastern, Professor Sedgwick, and Mr.
Murchison, on the structure of the, 301.

on the effects

deposits

superior

to

• erratic boulders of the,
406.
-fucoid limestone, sandstone, &c., of the, 318, 40S.
.
lignite deposits on the
skirts of the, 368, et seq.
■ older Alpine limestone
of the, 311, 409.
- primary rocks of the
central axis of the, 305.
red encrinital limestone of the, 313.
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Alps, Eastern, red marl, &c., with gypsum, rock
salt and brine springs of the, 307, 409.
. — description of the shale, limestone
and sandstone, with brecciated saliferous de_

posits of the, 314.
-younger Alpine limestone of the, 316.
enumeration of the natural groups
composing the, 304.
general structure of the, 803.
great thickness of the newer deposits
on the outskirts of the, 378.
no great movement took place in the.
between the secondary and tertiary periods, 350.
northern flank of, newer formations
appear to dip under older, 303.
range of the primary axis of the, 408.
relative position of its subordinate
parts, greatly deranged, 303.
undergone movements of elevation
at several successive epochs, 303.
— Southern, reference to works on the metalliferous deposits of, 496 note.

Alternations of limestone, calcareous grit, sandstone, marl, &c., in the Alps, with numerous
fucoid bodies, description of the system of, 318.
Altai chain, reference to accounts of the mines of
the, 497.
Alt-Grant, structure of the banks of the, 146.
Alp-Spitz, transverse
Nesselwang, 335.

section

through the, and

Amia-coprus, a name given by Dr. Buckland, to a
variety of Ichthyo-coprus, 234.
Ammonites, cast of a chamber found in the magnesian limestone at Humbleton, 118.
five species of, in the red, encrinital
limestone of the Eastern Alps, 314.
Anatomical description of the fossil fox of CEningen, by Gideon Mantell, Esq., 291.
Anglesea, lower schistose rocks of, probably on
the same parallel as some of the lower system
of Cornwall, 47 1 note.
Anker, Prof., notice of, on the occurrence of bones
in a coal mine near Gratz, 488.
Anooema OEningensis, fossil so called, found at
(Eningen, 285.
Anoplotherium, remarks on the existence of the,
in the Isle of Wight, 451.

Appin, notice on a large boulder-stone on the
shore of, 488.
Applecross, red sandstone of, described, 154.
identified with the
older part of the conglomerate series of Caithness and the Murray Firth, 154.
Aquatic birds, eggs of, preserved in the lacustrine
limestone of Cournon in Auvergne, 231.
Area tumida, occurs in the magnesian limestone
at Tunstal Hill and Humbleton, 119.
Arenaceous dolomite, a modification of the yellow
magnesian limestone, described, 82.
Argillaceous marl, beds of, containing pyrites
occur below the coal of Hiiring, 375.
Arran, Isle of. Rev. A. Sedgwick, and R. I.
Murchison, Esq., on the geological relations of
the secondary strata in the, 21.
age of the deposits on the western
shore of, not to be decided, 32, note.
—
anticlinal axis of North Sannox,
described, 29.
great symmetry of
the formations on each side of, 34.
— carboniferous series of, 30.
fossils found in, 25,

some of the beds
of, may belong to the magnesian limestone, 33.
coal grits of, identical in part with grits of the English coal measures, 30.
coast section from Loch Ranza, to
Brodick, 24.
general structure of the, 22.
geological relations of the secondary strata in the, 21.
new red sandstone and conglomerate of, 24.
— new red sandstone, carboniferous
system, and okl red sandstone repose conformably in, 30.
— '
notice of works on the, 21 note.
■
old red sandstone of, described,
points in which the formations of,
differ from their equivalents in other parts of
Great Britain, 23.

INDEX.
Arran, Isle of, primary slates of, described, 22.
_
not deposited
in regular order on the granite, 22.
secondary formations of, belong to
the system of the South of Scotland, IGO.
represent the old red
sandstone, the carboniferous series, and the
new red sandstone, 21, 160.
Ashburnham beds, notice of fossils found in the,
215.
Askerne, notice of the fault behind the village of,
114.
section of the lower red marl in the
quarries behind, 102.
upper thin-bedded limestone well displayed at, 106.
Astarte(?) casts of, abound in the magnesian limestone of Whitley quarry, 110.
Astronomical causes, F. W. Herschel, Esq., on the,

501

Bad-na-Bae, conglomerate of, might be mistaken
for granite, 139.
Bakewell, Robert, Esq., observations of, respecting slaty structure, 472 note.
Balvenstein, composed of hippurite limestone,
353.
Bandain hills, on the geology of, 195, 199.
Banniskirk, account of the fossil fishes of, 142.
Barbara-Stollen, section of the, 371.
Barlborough, first appearance of lower red sandstone, near, 68, 80.
Barrogill Castle, Caithness,
coast near, 134.

description

of the

Basalt, notice on the, of the Titterstone Clee Hill,
487.
Bate, remarks on the term, as applied to the grain
of a rock, 482.
Bath, description of the oolitic formations in the

Attoch, on the Indus, notice of the rocks at, 492.

neighbourhood of, 241,
Bausi Raussi Cliff, breccia of, perforated by Lithodomi, 173.
Bavarian Traunstein, fossils found in the, 418.

Aussee, description of the younger Alpine limestone at, ^17.

Beaulieu, notice of the deposit containing subfossil shells at, 172.

salt deposit, not of the same age as the
salt deposit of England, 310.
Aviculu gryphi^oides abounds in the magnesian
limestone at Humbleton, 119.
Axes of elevation, two distinct, to the west of the

Bay, description of the nummulitic rocks

which may influence Geological phsenomena,
293.

valley of the Inn, 304.
Axinusandother bivalves, notice of, in the compact
limestone between Kippax and Aberford, 79.
obscurus occurs in the magnesian limestone
at Wentbridge Hill, and in the lower beds of
Stubbs Hill, 119.
B.
Babbacombe Bay, description of the trap rocks of,
168.
of the limestone of, 165.
H. T. De la Beche, Esq., on
the geology of, 161.
Badakhshan, notice of the earthquake of 1832 in
the valley of, 494.
rubies found near, occur in limestone, 494.
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in, 180.
Beckfort, Cumberland, list of fossils obtained from
the slate rocks at, 4.
Belcher, Capt., observations of, on modern Iguanas,
431.
Belemnites, not found in the overlying series of
Griinbach, 367.
Ben-na-Cheilt, arrangement of the strata around
the hill of, 137.
Berchtesgaden, salt deposit of the valley of, inferior to the Alpine limestone, 310.
Bezoar stones of fossilists, proved to be the petrified faeces of saurian animals, 223.
Bighouse Bay, sectional list of the strata on the
east side of, 131.
Billohi, geological structure of the cataracts near
the village of, 192.
Bindachul, or first range of hills, composed of red
saliferous sandstone, 191.
Binstead, remarks on the existence of the Anoplotherium and Palaeotherium near, 451.
3 T
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Birds, fossil, notice of, found in the marl formation
at CEningen, 285.
Birsingpore, notice of the geology near the town
of, 193.
Bitumen interposed between laminae of sandstone,
near Thurso, 133.
near Barrowgill Castle, 134.
Bituminous schist, notice of, on the banks of the
Alt-Grant, and the Alness, 14G.
Black Head, near Ilsam, Devonshire, mass of trap,
noticed, 16!).
Black Sea, reference to Pallas's account of the
northern shore of the, 496 note.
Blankenstein, structure of, 2,53.
Bleiberg, transition rocks containing organic remains occur at, 306.
—
list of, 307.
Blue marl of Nice, description of, 176.
Blumenbach, notice of his opinion that the fossil
birds found at CEningen are chiefly aquatic,
285.
Boghelcund, on the geology of a portion of, 191.
Bognor, Sussex, list of fossils found in the arenaceous limestone of, 203.
Bograi, notice of the geology in the vicinity of,
196, 197.
Bohemia, the primary mountains of, have not been
elevated since the period of the Jura limestone,
381.
Bohemian mountains, secondary and tertiary formations rest horizontally against the primary,
on the outskirts of the, 380.
Bokhara, notice of the geology of the country
between the Oxus and, 494.
Bolam Dyke, probably more recent than the magnesian limestone, 63.
Bolghen, account of the geological phaenomena
presented in the, 334.
Bolsover Moor, description of the small-grained
dolomite of, 84.
Bone bed, notice of the occurrence of, in the lias
at Batheaston, 229.

-=

— at Broadway hill, near Evesham, 229.
Combwich on the Perrot, 228.
remarks on the origin, nature, and extent of the, 229^

Bouguer's estimate of the proportion of the light of
the sun to that of the moon and of the stars,
297 note.
Boulders, description of the erratic, of the Eastern
Alps, 406.
do not occur
407.
407.

inference drawn

in the plains of Styria,
from their absence,

of Shap granite occur on the banks of
the Tees, 52 note.
and pebbles of slate, contained in the
lower beds of the mountain limestone of Craven,
2, 15. Fell, slate of, contains much chiastoiite,
Bowscale
2.
Bowttee, geological structure of the cataract of,
192, 199.
Bracklcsham, Sussex, list of fossils found in the
London clay of, 202,
Bradford clay, account of, near Bath, 255.
considered as a member of the
forest marble, 255.
fossils found in, 274.
Braemore, old red conglomerate of, noticed, 137.
Bramham Moor, account of the small grained dolomite of, 85.
crystalline limestones of various
colours occur in the quarries on, 90.
section of the lower divisions of
the magnesian limestone on. 111.
Breccia, description of the, associated with the
magnesian limestone, 90,
two kinds of, occur near Nice, 1 72.
Breche en place, description of, near Nice, 172.
Bregenz, molasse in the neighbourhood of, described, 327.
great thickness of, 327.
Brescia, reference to accounts of the mines near,
497 note.
Brewster, Sir David, on the origin and structure
of the diamond, 4:55.
Bridgewater, notice of coprolites found at Combwich, near, 228.
Broderip, W. J., Esq., remarks on the habits oi
modern Iguanas, 430, 431.
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Broderip, W. J., Esq., and W. Clift, Esq., notice
of their discovery in the cervical vertebrae of
the Pterodactyle of cylindrical bony tendons
similar to those of the pygmy Musk, 218.
Brodick, Isle of Arran, description of the coast
section from Loch Ranza to, 24.
■
of the forma-

tions in the neighbourhood of, 32.
■
notice of dislocations in the
vicinity of, 31.
Brois, between Sospello and Breglio, geological
structure of the mountains of, 188.

first considered by, to be the equivalent of the
red sandstone of England, 310, 409 note.
Bukhur, on the Indus, island of, consists of flint,
492.
Bundelcund, on the geology of a portion of, 191.
Burnes, Lieut. Alexander, extract from his memoir on the geology of the banks of the Indus,
the Indian Caucasus, and the plains of Tartary,
to the shores of the Caspian, 491.
Burtin, M., fossil figured in his Oryctographie de
Bruxelles as a fruit, considered by Dr. Buckland to be a coprolite,C.234.

Bromus pinnatus, characteristic of magnesian soils,
42.
Brongniart, M. Adolphe, description of the fossil
plants of the Haring coal basin, 373.
fucoids, considered by,
as characteristic of the green-sand and cretaceous periods, 333.
M. Alex., observations on his conclusions relative to the age of the Qlningen
deposit, 278.
Brook Point, Isle of Wight, notice of the discovery of remains of the Iguanodon near, 428.
Brotherton, near Ferrybridge, section of the upper
thin-bedded limestone at, 105.
Brown micaceous, secondary sandstone, description of, near Nice, 178.
Brown, Robert, Esq., a leaf from Qlningen stated
by, to resemble that of the Acer villosum,
287.
Brunn Kogel, structure of the, 313.
Buckland, Rev. Dr., on the discovery of coprolites, or fossil fieces, in the lias at Lyme Regis,
and in other formations, 223.
fossil
bones of the Iguanodon, in the Isle of Wight
and in the Isle of Purbeck, 425.
.

a new species of Pterodactyle found at Lyme Regis, 217.
the occurrence of Agates
in dolomitic strata of the new red sandstone
formation in the Mendip Hills, 421.
secondary formations
between Nice and the Col di Tendi, 187.
red sandstone of the Alps,

Cabool, notice of the geology on the banks of the
river of, 492.
Cachye, cataract of, formed of red sandstone, 193.
CadboU, description of the cliffs near, 149 andnote.
Caithness, coast section of, from Strathy water to
the Pentland Firth, 130.
from Duncansby Head to the Ord,
135,
fossil fishes of the schist of, 141.
characteristic of the formation, 141.
analogy between them and
the fossil fishes of Thuringia, 77.
Mansfeldt and Eisleben, 142.
description of, by MM.
Valenciennes and Pentland, 143.
_
.
remarks on, by Cuvier,
142.
general structure of, 129.
old conglomerates of, assigned to the

^
age of the old red sandstone, 156.
range of the, through,
127.
schist, appears to be nearly of the age
of the carboniferous system, 157.
not to be identified with any
Enghsh formation, 157.
secondary formations of, divisible into
three groups :— old red conglomerates and sandstone, bituminous schist with siliceous flagstone,
and upper red sandstone, 126.
3 t2
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Caithness, sections of the calcareous flags of, 131.
Calcareous conglomerate, description of, in the
bed of tlic Sonar river, near Janni Ghat, and
.

at Beragurh, 197, 198.
flaff of Caithness, sections of, 131.
grit, sectional lists of, at Seend and

Spirthill in Wiltshire, 264.
—
zone, the newest secondary deposits in
tlic Eastern Alps appear to dip under the, in
consequence of the great derangement of the
strata, 303.
Canker, occurs on the banks of the Ganges near
Mirzapore, 191.
platform between the Tara
Pass and Kuttra, 192.
Cape Wrath, unconformable position of the red
sandstone, with respect to the gneiss near, 154,
155.
CaracoUa, species of, found in the coal of Hiiring,
374.
have been mistaken for Ammonites, 374.
Carboniferous order, greater part of the European
basin, powerfully disturbed after the production
of the, 37.
the formations between the coal-measures and

the lias

produced by them, 57.
not found in the North of
Scotland, 158.

organic remains found in the, of Sussex, 208.
Chapel le Dale, description of the geological structure of the valley of, 11.
Chara, fossil species of, found in the tertiary coal
of Scheineck, 387.
Charchas, notice of the meteoric iron of, 491.
Chiastolite, found in the slate of Skiddaw and
Bowscale Fell, 2.
Cimiez, M. Faujas St. Fond's description of the
osseous breccia of, 174.
Dr. Buckland'sremarks on the position of
the gypsum of, 189.
Clapham Dale, description of the geological structure of, 12.
Cleavage, observations on the, of rocks, 469.
Clift, W., Esq., account of the remains of the Megatherium sent to England by Mr. Parish, 437.
.
and W. J. Broderip, Esq., notice
of their discovery in the cervical vertebras of
the Pterodactyle of bony cylindrical tendons
similar to those in the Pygmy Musk, 218.
Clown, Derbyshire, section of the coal shaft at, 57.
Clyth-Ness, description of the calcareous flags of,
136.
Coal, bituminous, found at Cohat, 492.
description of the tertiary, of Griinbach,
566.

between Loch
Brodick, described, 25, 30.

Ranza and
— 'Organic

remains found in the, 26, 30.
reasons
why the central group is assigned to the, 32.
Cephalopodes, appear to have formed a large part
of the food of Ichthyosauri, 226.
horny rings resembling the suckers
of, foimd in the coprolites at Lyme Regis, 226.
Chalcedony, occurs in limestone near Cothall, 152.
Chalk, organic remains found in the, of Sussex, 204.
surface of, hollowed out near Ortenburg,
380.

Chalk, marl, notice of, in Wiltshire, 270, 276.

■
rests on granite near Ortenburg, 380.
the surface of, near Cherhill, worn into
deep pits filled with flints, 271.

Haring,Styria,
368.
■ Lower
386.
— measures and new red sandstone group, no
want of continuity between, in some parts of
Yorkshire, 122.
.
.
absolute disruption between, in the West of England, 122.
— not deteriorated by the overlying of the
magnesian limestone, 58, 60 and note.
— notice of the occurrence of bones in, near
Gratz, 488.
— section of the tertiary, of Griinbach, 3QiQ.
Cockington, Devon, description of the old red
sandstone near, 166.
Cohat, bituminous coal found at, 492.

505

INDEX.
Col di Tendi, Dr. Buckland on the secondary
formations between Nice and tlie, 187.

Coprolites, internal structure of, 225.
notice of their occurrence in the bone

order of formations descending
from Rocca Tagliata towards, 188.
— de Villefranche, notice of the structure of,
181.

bed at Westbury, Aust Passage, and Watchet,
227.

Colquhoun, Capt., notice of masses of meteoric
iron in Mexico and Potosi, by, 491.
Compact magnesian limestone, description of, 86.
Conchifera, notice of freshwater, found at CEningen, 287.
Concretionary limestone resembling the cornstone
of Herefordshire, found on the south side of the
Murray Firth, 151.
structure, modifications of, in the
magnesian limestone, 87 et seq.
large irregular, 87.
small, 92
large globular, 94.
Conglomerate of slate and quartz in the lower
beds of mountain limestone of Craven, 2, 15.
Conglomerates, extent and character of the older,
on the Alt-grant and Alness, 147.
of the Murray Firth, the western
coasts of Ross-shire and Sutherland, assigned
to the old red sandstone, 22.
contain beds

at Batheaston, 229.
Broadway Hill, near Evesham, 229.
Combwich on the Parrot, 228.
notice of, in the abdominal region of tlie
fossil fox of CEningen, 284.
freshwater formations, of
Fuveau, 235.
- green-sand, 232.
- Hastings sand, 232.
- mountain limestone of
Bristol, 231.
- Oxford oolite, 232.
tertiary strata near Bnixelles, and at Sheppey, 234.
proofs that some of the animals Irom
which certain coprolites were derived, lived on
fishes, others on Ichthyosauri, 225.
size and form of, 224.
stated to have been found within the
ribs, or near the pelvis of perfect Ichthyosauri,
224.
Corals, species of, in the magnesian limestone ot
Humbleton, 120.

of concretionary limestone, 151.
Conisburgh, coal works in the neighbourhood of,
noticed, 57.
Coniferaa discovered by M. Voltz in formations

Coral rag, description of, in the North of Wiltshire, 261.
— ^
fossils found in, 275.

immediately superior to the magnesian limestone, 239.

Sedgwick's account of, in Dorsetshire, 26!.
Mr. J. Phillips's, in the Vale
of Pickering, 261.
Coralline limestone, description ot, in Lower

Constance, transverse section through the formations near the head of the lake of, 32 k
Copper pyrites, foimd in the tertiary coal of
Haring, 374.
Coprolites, Dr. Buckland on the discovery of, in
the lias at Lyme Regis, and in other formations,
223.
bony rings apparently of the suckers
of Cephalopodes frequently found in, at Lyme
Regis, 226.
found in greatest abundance in those
beds in which saurian remains are most numerous, 224.

notice of Mr. Conybeare, and Prof.

Styria, 390.
Corbons, Devon, composed of red conglomerate,
163.
Coundon, notice of a quarry of marl slate near, 78.
Cornbrash, description of, near Bath, 259.
fossils found in, 274.
Cornstone, beds of, in the old red sandstone of
Croggan Point, Arran, 28,
near Corry, 29.
quarries of, on the southern shore of
the Murray Firth, 151.

506

INDEX.

Cornwall, lower schists of, probably on the same
parallel as the lower system of Anglesea and
south-west of Carnarvonshire, 471 note.
Corry, Arran, account of the old red sandstone
near the village of, 29.
carboniferous system of,
30.

dislocations in the cariioniferous system, south of, 30.
—
marked by corresponding advances of the granite, 30.
•
Producta Scotica very abundant in
the limestone near, 30.
sectional list of limestone beds
south of, 31.
fossils found in the lower red limestone of, 36.
Corsica, reference toGueymard's account of, 497
note.
Coul, notice of the bituminous schist near, 146.
Craig a Caajou, notice of the hill and debacle of,
28,
y Gribbin, description of arched beds in the
slate quarry called, 476.
Crinoidea, found near Humbleton, and in the cliffs
of Tynemouth, 120.
Crispel, fossils found in the lias near, 312.
section of the has strata near, 311Cretaceous series of the Eastern Alps described,
318.
admit of at least two subdivisions, 320.
Cromarty, account of the Sutors of, 14:8 et seq.
Cross causes, produced in most instances by mechanical action or tension, 484, 485.
joints, observations on, 473.
divide the rock into rhomboidal solids,
473.

— not capable of indefinite subdivisions.
473.

Crustacea, notice of, found at (Eningen, 287.
Crystalline rocks with calcareous beds containing
organic remains, notice of, in the eastern Alps,
306.
CucuUa^a sulcata found at Humbleton, 119.
Culiercoats, fault affecting both the coal-measures
and the magnesian limestone, 62 and note.

Curtis, John, Esq., description of fossil insects
from the Qlningen deposit, 286.
Cusswell Crags, description of the small-grained
dolomite of, 84.
Cuvier, description of tlie fossil fishes of Banniikirk, 142.
extract from his account of modern Iguanas, 430, 431.
notice of his description of the general
structure of the Pterodactyle, 217.
D.

D'Aubuisson, new red sandstone grouped with the
beds of grit subordinate to the coal-measures,
Degradation,
effects of, in the Eastern Alps, 414.
by. 39.
proofs of enormous, in Lower Styria
since the formation of the tertiary deposits, 402.
De la Beche, H. T., Esq., on the geology of the
environs of Nice, and the coast thence to Vintimigha, 171 additional note, 185.
on Tor and Babbacombe
Bays, 161.
Deori, notice of the structure of the neighbourhood of, 195.
Derbyshire, on the geological relations and internal structure of the magnesian limestone, and
the lower portions of the new red sandstone
series in, 37.
De Saussure, the resemblance between the limestone round Nice, and that at the base of the
Saleve, first noticed by, 182.
Deshayes, M., opinion of, respecting the fossils of
the valley of Gosau, 359.
Diamond, on the origin and structure of the, 455.
Diluvium, greataccumulations of, conceal in Yorkshire the western boundary of the magnesian
limestone, 46.
list of organic remains found in, in
Sussex, 202.
notice of, in the plain around Darlington, 52.

remarks on the use of the term, 415,

416, and note.
Dipterus, description of species of, found in the
Caithness slate, 143.
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Dolomite, Arenaceous, a principal bed of the yellow magnesian limestone in Nottinghamshire,
Derbyshire, and Yorkshire, 82.
contortions of, near Nice, ascribed to
the uplieaving of the Alps by igneous rocks,
184.

Durham, Professor Sedgwick on the geological relations and internal structure of the magnesian
limestone, and the lower portions of the new red
sandstone series in, 37.

description of the, and light-coloured
limestone near Nice, 182.

Earth, changes in orbit of, which would account
for material changes in the botanical character
of a country, 298.

considered as equivalent
of the Jura limestone of the Western Alps, 183.
.
remarks on the chemical composition
of, 85 and tiote.
small-grained, a variety of the yellow
magnesian limestone, most perfectly developed
in the quarries between Nottingham and Bramham Moor, US.
Dolomitic conglomerate in the South-west of England represents the five lowest divisions of the
new red sandstone series of the northern counties, 122.
of Bristol considered contemporaneous with the overlying conglomerates
of Devonshire and Somersetshire, 122 note.
of Somersetshire
and
Devonshire considered equivalent to the higlier
portions of the Thuringerwald system, 122.
strata of the new red sandstone, on the
occurrence of Agates in the, 421.
Don, description of the magnesian limestone on
the banks of the, 93.
Doncaster, account of great fault south of, 113.
Dreystetten, section of the overlying deposit near,
365.
Dunbeath, fossil fish found in blue calcareous flagstones, near, 137.
succession of beds between, and Braemore, 138.
Duncansby Head, dislocations of, 134.

■
the Ord, 135.

section from, to the granite of

Dunnet Head, strata of which it is composed, 133.
upper red sandstone of, exact relations doubtful, 157.
Durham coal-field, south-western extremity of the,
deposited in form of an irregular trough, 59.
drainage of the county of, 41.

decrease in the excentricity of the orbit,
would account for a general refrigeration of climate, 295.
extreme effects which a variation in the
excentricity of the orbit of, might produce in
the summer and winter months of particular
regions, 297.
the effects which an orbit as excentric as
that of Juno or Pallas would produce, 298.
— — orbit of the, as far as yet investigated, may
have been elliptical to any amount, 296.
period requisite to change an orbit from that
of Juno or Pallas, to that of the, at present, according to the actual rate of diminution, 298.
— — phaenomena which a change in the orbit of
the, would account for, 295, 298.
variations in the obliquity of the ecliptic,
too small to have ever produced any sensible
effect on the climates of the, 299.
Earthquake, notice of, at Lahore, in February,
1832, 492.
in the valley of Badakhshan in 1832, 494.
Earthy magnesian limestone, description of, 87.
Eastern Alps : see Alps.
Easter Ross and Cromarty, sandstone of, partly
identical with the middle system of Caithness,
150.
East Thickley, notice of fossil fishes found at, 1 1 G.
Eden, beds of conglomerate in the valley of the,
identical in position and mineralogical character
with the overlying conglomerates of the Somersetshire coal-field, 55.
new red sandstone of the denudation of the,
unconformable to the older formations, 55.
Ehrenhausen, description of the tertiary formations in the neighbourhood of, 388.
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Ehrenhausen, fossils found at, 390, 419.
second tertiary group well displayed
m the hills of, 385.
Eibeswald, detailed section of the tertiary formations between, and Radkersberg, 38G.
the secondary formation which separates
tlie primary from the tertiary systems of Lower
Styria, well seen in the hills near, 384.
Eich Kogel, best example of the fresh-water group
of the Vienna basin, 404.

Exeter red conglomerate, description of, at St. Mary
Church and Watcombe, Devon, 162.
Tor Moham, 162.

Fanog, notice of contorted strata near, 475.
Faujas St. Fond, notice of his account of the osseous
breccia of Nice, 171, 174.
Fault, notice of the, which affects the millstone

Elba, reference to works on the metalliferous de-

grit, &c., of Giggleswick Scar, Ribblesdale,
Gordale, Malham, &c., 17.

posits of, 497 note.
Elevation of the eastern Alps, remarks on the

Faults aflfecting the magnesian limestone and the
coal strata, 62.

periods of the, 411.

the

effects produced by, 414.
the eastern Alps have been subject to
several movements of, at different epochs, 303.
Elie de Beaumont, opinion of, relative to the age
of the liCTht-coloured limestone and dolomite of
Nice, 185.

Ferish, hill of, composed of alternations of volca ■
nic rocks and tertiary marine deposits, 398.
Ferry Bridge, lower red marl and gypsum of, described, 101.
Findhorn, section in the quarries on the right bank
of the, near Cothall, 151.
Fish, fossil, abound in the calcareous flagstones
between Latheron Wheel and Dunbeath, 137.
found in a thick calcareous flag bed

■• remarks on his theory of Elevation, 335, 412.
Ellemore pit, near Houghton-le-Spring, section
of, 112.
Emsworth Common, Sussex, notice of fossils found
in the sand of, 204.
Encrinital limestone associated with mica and chlorite slate occurs near the village of Tvveng,
Tauern Alps, 306.
England, reference to works on the metalliferous
deposits of, 495 note, 496 note, 497 note.
Eppleton pit, near Houghton-le-Spring, section of,
113.
Eribol, impressions found in quartz rock on the
shores of, not Orthoceratites, 155.
European Basin, greater part of, powerfully disturbed after the production of the carboniferous
order, 37.
Exeter red
la Beche
liegende,
^
bacombe
163.

conglomerate, considered by Mr. De
to be the equivalent of the rothe todte
and gres rouge, 161.
description of, in Baband Tor Bays, 161.
■
at Paicnton Devon,

near Lybster, 137.
•
of Caithness, described, 141.
*

scales of, occur in the calcareous and
slate beds

on the eastern side of Bighouse

Bay, 131.

near the summit of Howburn

Head, 133.

in Murkle Bay, 133.
near Barrogill Castle, 134.
— —117.species found in the magnesian limestone,
notice of, in the marl formation of (EninFitton,
gen, Dr.,
285. notice of comparison made by, between
the iron sand at Swanwich, Sandown Bay and
Tilgate Forest, 429.
Flag-stones, sometimes cannot be separated from
slate-stones of cleavage, 474.
general directions for distinguishing,
from slate-stone, 474.
Fliirl, Professor, notice of his history of the coal
works of Haring, 371.
Fontaine du Temple, Nice, description of the
formations in the neighbourhood of, 177.
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Fontana, junction of new red conglomerate with
grauwacke slate at the village of, 188.
to the Col di Tendi, only transition and
primitive rocks appear, 188.
Forest marble, description of, near Batli, 255.
fossils found in, near Bath, 274.
Formations unconformable in one county, conformable inanother, 39 and note.
Fossil fox of ffiningen, Mr. Murchison's account
of the deposit in which it was found, 277.
Mr. Mantell's osteological
description of, 291.
Fossils : see Organic Remains.
Fourrier, M., opinion of, as to the temperature of
celestial spaces, 297.
France, reference to works on the metalliferous
, deposits of, 495 7totc, 497 note.
Frankfort, fossil plants of the brown coal of, not
the same as those found at Hiring, 374.
Franklin, Capt. James, on the geology of a portion
of Bundelcund, Boghelcund, and the districts
of Saugor and Jubulpore, 191.
general observations on the
structure of the Peninsula of India, 198.
Freiesleben's description of the upper system of
calcareous strata in the Thuringerwald, alluded
to, 100.
Freshwater deposit of the Vienna basin, of partial
occvirrence, 404.

G.
Gaisau, red encrinital limestone well exhibited
overlying lias at, 313.
Galliard, a coarse kind of slate in Craven, incapable of cleavage, noticed, 4, 11.
Gait, fossils found in the, of Sussex, 210.
notice of, in Wiltshire, 268.

Geanie's Mill, notice of the sandstones imder,
150.
Geological phsenomena, J.F. VV. Herschel, Esq., on
the astronomical causes which may influence,
293.
Germany, reference to works on the metalliferous
deposits of, 496 note, 497 note.
Gleichenberg, account of the volcanic rocks of
the, 399.
principal focus of eruption of the
volcanic rocks of Lower Styria, probably near
the, 400.
Glen Shiragh, Arran, description of the old red
sandstone in, 31.
Globular calciferous grit, observations on
structure and chatoyant lustre of, 464.

the

magnesian limestone, observations on the
structure of, 94, 465.
structure subordinate to the old slate
formation of North Wales, observations on,
467.

Fuci, many impressions of, found in the calcareous
shales of the Schwarzenberg, 332.

Goldfuss, M., fossils of Gosau identified by, with
species found in tertiary formations, 360.

Fucoid grits form a part of the green-sand series,
319, 323, 333.

Googri, notice of the geology in the neighbourhood of, 196.

and shales, extent of the, between the
Mond-see and the Traun-see, 321.
Fucoides intricatus found in great abundance to
the south of Steyer, 322.

Gordon, George, Esq., notice of the existence of
lias on the southern side of the Murray Firth,
487.

Fuller's earth, description of, near Bath, 249.
notice of fossils found in, near Bath,
250, 273,
Fulwell Hill, near Sunderland, description of the
concretionary magnesian limestone at, 97.
section of the quarry
at, 98 note.

Gornigo, description of the flagstones near the
Castle of, 135.
Gosau, age
361.

of the overlying deposits of, 358,

assigned to the deposit by MM. Keferstein and Lill de Lilienbach and Dr. Boue, S52
and note.
blue marls of the Schweiger Miihle identified with the overlying series of, 348.
3 u in the deposit of, 417,
list of fossils found
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Gosau, overlying deposits of the valley of, described, 352 et scq.
section of the overlying deposits of, 355.
Thai, bounded by lofty mountains of secondary limestone, 25J.
Grain of a rock, remarks on, connected with fissile structure, 482, et seq.
Granite, on the coast of Caithness, disturbances
produced by, 131, 132.
•

altered cha-

racter of the limestone at its junction with,
132.
of the Isle of Arran was not in a fluid
state at the time of its elevation, 35.
did not exist at its
present elevation when the conglomerates were
formed, 34.
posterior in its present form to the new red sandstone, 35.
may have been elevated by the trap, 35.
surmounted by cretaceous rock containing
black flints near Ortenburg, 380.
Gratz, notice of the occurrence of bones in a coal
mine near, 488.
Graub-Kalk of Hartberg not an equivalent of the
calcaire grossier of the Paris basin, Zdi.
Grauwacke, passage of, into old red sandstone between Ockam and Westerland, 168.
Gravel, notice of the remains of mammalia found
in, near Bath, 271.
Great oolite, description of, near Bath, 250.
'
list of fossils found in, 273.
thins out between Hinton and Norton, 254.

at Nice, subdivision of, into brown.
micaceous sandstone with marl, 178.

arenaceous limestone, 1 80.

o

Green sand at Nice, subdivisions of, mtoiicTht coloured limestone with green grains, 180,
section of, near the village of Scarena,
187.
series, extent
Salzburg, 321.

of, to the north of

Greenstone, plentiful in the upper slate system of
the lake district, 5.
Grey-blue limestone with Nummulites, description
of, near Nice, 179.
■

marl, sandstone and breccia, description of
the tertiary, of Nice, 177.

Groggan Point, Isle of Arran, description of the
old red sandstone of, 28.
Gros-berg, face of the secondary limestone of the,
traversed by grooves, 3G3.
Grosse-stein, notice of gigantic boulder called the,
between the Inn and the Tegern See, 406.
Griinbach, description of the strata of the valley
of, 365.
Griinten,

section of beds near the village of, 366.
western base of, composed of strata

containing fossils of the green-sand of England,
330.
Gryphites, mixed witli Nummulites, occur at Bausi
Raussi and Beaulieu Bays, 179.
GrypJusa expansa, new species found at Mattsee,
349.
ineurva, found in the lower part of the
limestone alternating with shale near Bleiberg,
311.
Guano, account of the, found on the coast of
Peru, 236.
analysis of, by Vauquelin and Fourcroy,
236.

upper beds of, identified by Messrs.
De Basterot and Desnoyers with the calcaire a
Polypiers at Caen, 251.
Green sand, description of the, of Rocca Tagliata,
187.

limestone with Nummulites, 179.

'

grey-blue
marno-

Gypsum near Nice, Dr. Buckland's remarks on
the, 189.
.
said to be associated with dolomite, 183.
remarks on the connexion of

gypsum and dolomite, 184.

Hainfeld,
399.

structure

H.
of the neighbourhood

Hala mountains, notice of, 492.

of,

INDEX.
Hall, Capt. Basil, notice of a machine for regulating high temperatures, invented by the late
Sir James Hall, Bart., 489.
Hallein salt deposit, not of the same age as the
salt deposit of England, 310.
Halstadt, salt deposit not of the age of the salt
deposit of England, 314.
Hand Reutti, formations constituting the hill of,
328.
Haring, lignite basin of, described, 368.
.
accumulated probably in
an estuary, 370.
detailed sectionof the, 371.
fossil plants of, 373.
shells of, 374.
varieties of coal, 374.
marine shells associated
with land and fluviatile shells and fossil vegetables in the, occur, 369.

rest unconformably on the
secondary strata, 375.
separated from the secondary system by a conglomerate of Alpine
limestone, 375.
thickness of the strata comprising the, 370.
Harlech, notice of slate quarry near, 475.
Hartberg, fossils found in the, 420.
section of tertiary beds near, 394. *
Hartz, position of the sparry iron ore of the, 306
note.
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Herschel, J, F. W., Esq., remarks on Mr. Lyell's
conclusions on the actual excess of the sun's
presence in the Northern hemisphere over that
in the Southern, 298 tiotc.
Hertfordshire puddingstone, observations on the
fracture and prismatic structure of, 463.
Hetton-le-Hole, notice of the coal-shaft near, 60,
quantity of coal raised daily from
it in 1826, 61.
Hetton pit, near Houghton-le-Spring, section of,
112.
High-field coal-pit, section of the strata passed
through, 58 note.
Highlands, interior portions principally composed
of primary slates succeeded by red sandstone
and conglomerate, 125.
Hindoo Koosh, notice on the geology of the,
493.
Hinter Rentier, Nucula concinna, found at, 418.
Hi-ppurite rock of the Alps, probably of the same
age as the highest oolitic groups of England, 409.
surmounts the Salzburg marble
in the Untersberg, 317.
forms the upper boundary of the
Alpine limestone, 409.
Hippurites, extraordinary
Untersberg, 346.

congeries

of, at

the

Hiraporc, compact quartz rock found in the neighbourhood of,196.

Haselstauden, formations in the neighbourhood
of, described, 326.

Hirtemberg, observations on fossils from, 403no<e.
Hoar Edge, notice of the basalt of the, 487.
Holme, Rev. J., analysis of magnesian limestone,
84 note, 85 note, 87 note.

Haslach, list of organic remains found near, 340.
notice of the formations in the nei<ihbourhood of, 325 and note.

Hopkins, William Esq., notice of his explanation
of cross courses on mathematical principles,
485.

Hastings deposits, Mr. Mantell's arrangement of,
into upper, middle and lower, divisions, 212.

Horn, section of the Gosau beds on the N. W. side
of the, 356.

Hathee, notice of the geology in the neighbourhood of, 193.
Henner Kogel, structure of the, described, S53.
Herschel, J. F. W. Esq., analysis of the fossil
fishes of Caithness, 141.
■
on the astronomical
causes which may influence geological phsenomena, 293.

structure of the, described, 35^.
Horton, description of strata in the stream to the
west of, 1 4.
Houghton-le-Spring, sections of coal-pits near,
112.
Howburn Head, N.N.W. of Thurso, composition
of, 133.
Huddlestone, notice of the dolomites of, 85.
3 u 2
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Huddlestone quarries, present fine examples of
compact magnesian limestone, 86.
Hungary, reference to works on the metalliferous

deposits of, 496 note.
Hy^eno-coprus, name applied to the fossil faeces
of Hyaenas, 235.
Hydrabad,townof, built on a shelly limestone,492.
I.

Isle of Wight, on the discovery of the Anoplotherium and Palaeotherium in the, 451.
John o'Groats composed of the upper sandstone
of Caithness, 134.
Jointed structure, observations on, 480.
best seen in unstratified rocks,
481.
distinct

from

cleavage,

471,

480.
Ichthyocoprus, name proposed for the coprolites
of fishes, 230.

produced mechanically, 480.
sometimes difficult to be di-

Ichthyolites of Caithness, account of, 111.
of Midderidge and East Thickley,

stinguished from cleavage planes, 481.
Ischel salt deposit not of the same age as the salt

discovery of, 77.
description of, 117.
resemble those of the
copper slate of Germany, 77, 117.
Ichthyosauri appear to have fed upon smaller individuals oftheir own species, 225.
Ichthyosauro-coprus, name assigned by Dr. Buckland to the ffecal remains of Ichthyosauri, 224.
Iguana, remarks on the habits of modern, 430.
Iguanodon, on the discovery in the Isle of Wight
and Isle of Purbeck, of fossil bones of the, 425.
notice of the discovery of, in a marine
formation near Maidstone, 432.
Iller, section across the paralleU-idges on the banks
of the, 329.
Indus, notice on the geology of the banks of the,
491.
Inferior oolite, description of, near Bath, 248.
»
fossils found in, 272.
Inn, dislocations in the secondary zone, less violent
to the east of the valley of the, than to the west,
303.
Insects, notice of, found at CEningen, 286.
Inspruck, great confusion of the secondary strata
between Reichenhall and, 368.
Inverness, structure of the country in the neighbourhood of,148 note.
Ireland, reference to works on the metalliferous
deposits of, 495 note.
Isle of Purbeck, account of remains of the Iguanodon, found in the, 428.
Isle of Wight, on the discovery of remains of the
Iguanodon in the, 425.

deposit of England, 310.
lysinghanugur, rocks in the vicinity of, consist of
trap, 194.
Jubulpore, geology of a portion of the district of.
196.
lulo-eido-coprolites, notice of the, or supposed
fossil luli of the chalk, 233.
K.
Kachelstein ridge, a great fault ranges between
the, and the Kresscnberg, 342.
—
composition of the, 341.
Kainach, magnificent sections of fucoid grits in
■197.
the gorges of the, 322.
Keerpani, notice of the geology of the vicinity of,
Keferstein, error of, respecting the age of the Gosau
deposit, 352.
Kelloway Rock, section of, at Christian Malford,
.

260.

•

list of fossils found in, 275.

Kent's Hole, notice of, 166.
Kerwick Bay, old red conglomerates of the North
of Scotland first appear in, 127.
Kestwick, fossils obtained from the slate rocks
near, 4.
Kewti, cataract of, formed of red sandstone, 192.
Kingsdale, description of the geological structure
of, 9.
stone of, 10.

conglomerate lime-

Kippax, description of the marl-slate between, and
Aberford, 79.
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Kippax, notice of the coal works in the neighbourhood of, 58,

netary orbit can deviate materially from the
circular form, 29G.

Kirkby coal works, section along the line of railroad from, towards Mansfield, 80.

Large globular concretionary structure, best exhibited in the magnesian limestone near Sunderland, 94.

Wood-house, notice of strata in the neighbourhood of,80.
comparisons of, with the strata at Palterton and Bolsover, 81.
Kimmeridge clay, notice of, in Wiltshire, 265.
Kishorn, section of beds of red sandstone near
Loch, 154.
Kleine Kachelstein, the peak of, forms part of the
Kressenberg system, 342.
Knaresborough, analysis of the earthy magnesian
limestone of, 87 note.
Knottingley, description of the upper thin-bedded
limestone at, 105.
section of the lower red marl below,
101.

La Trinite, notice of the shell-bed behind, 177.
■— - marno-arenaceous limestone near, 180.
Lech, geological phaenomena on the banks of the,
between Fussen and Schongau, 37G.
near Schongau, fine examples of parallel
terraces on the banks of the, 416.
•

Bruck, section of strata near, 376.

assigned to the tertiary system, 377.
Leek Beck, geological structure of the banks of
the, 8.
Leitha Gebirge, discovery of a nucleus of primary
rocks in the, by Mr. Murchison and Prof.
Partsch, 305.
Kalk of the Vienna basin, characters of the,

Kressenberg, mode of working the iron mines of,
34:3.

observations on the fossils of, by
Count Munster, 344.
list of, procured by Prof. Sedgwick
and Mr. Murchison, 344 note,
position of the ferriferous beds of the.
with respect to the Traunstein section, 339.
system considered more recent than
the chalk, 344, 345.
Kreitspetter, fossils found in the marls of, 419.
•
calcareous shales
of, 387.
Kutola, iron mines of noticed, 192.
Kuttra, geological structure of the pass of, 192.
Kymer hills, geology of, 195, 199.

Lagomys, notice of a species of, found at (Eningen, 285.
Lahore, notice of the earthquake at, Feb. 1 832,
492.
Laminated structure, notice of its occurrence in
some varieties of the magnesian limestone, 86.
Lammer, red sandstone, notice of, in the valley of
the, 309.
Laplace, remarks on the theorem of, that no pla-

403.
Lias, description of, in the Eastern Alps, 311.
a limestone resembling, found
in Bundelcund and Boghelcund, 193, 199.
—
in the neighbourhood of Bath,
243.

- Radstock, 245.
—

list of fossils found in, near Bath, 271.

— notice of coprolites from the, of Lyme Regis
and Whitby, 223.
the existence of, on the southern
side of the Murray Firth, 487.
— section of, near Crispel, 311.
Lignite basin of Hiiring described, 3GS.
• beds of, near Nesselwang,
described,
336.
no test of the age of tertiary deposits,
378.

in Styria, notice of, 387 note.
not to be assimilated to the old
tertiary coal, 387 note.
specimens of, found in the tertiary sandstone beds south of Bregenz, 326.
various deposits of, on the banks of the
Lech, 375.
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Limestone altered by trap, notice of, at Pureriah,
193.

Lower green sand, fossils found in the, of Sussex,
211.

concretionary quarries of, on the southern shores of the Murray Firth, 151.
containing organic remains, example
of mineral change subsequent to deposition, 463.
crystalline, without magnesia, associated
wit!i the yellow magnesian limestone, described,
89.

red marl and gypsum, description of, in
the neighbourhood of Doncaster and Ferry

hill west of Tickhill, section of theupper
thin-bedded limestone at, 105.
light-coloured, of Nice, described, 182.
compared to the
limestone at the base of the Saleve near Geneva, 182.
vvith green grains near
Nice, compared to the mulatto of Antrim, 181.
red encrinital, of the Eastern Alps, described, 313.
rocks, pi-esent sometimes two sets of
joints inclined to each other at an angle nearly
equal to that of calcareous spar, 485.
younger Alpine, description of, 316.
Lindley, John, Esq., observations on the fossil
plants of (Eningen, 288.
Livermead Cliffs, Devon, composed of red conglomerate and sandstone, 163.
Llanrhaiadr, description of section near, 476.
Loch Groinard, sandstones and marls on the south
shore of, noticed, 156.
•
might represent the
new red sandstone of England, 156.
Loch Ness, valley of, existed in part anterior to
the secondary epoch, 144, note.
Loch Ranza, Isle of Arran, description of the
coast section from, to Brodick, 24.

Bridge, 101.

range
of, 102.

section of, at Plaster-pit hill near Ferry Bridge, 101.

in the line

of the canal below Knottingley, 101.
in the quarries behind Askerne, 102.
red sandstone, description of, 64, 66.
equivalent of therothe-todteliegende, 64, 121, 239.
irregular thickness of the.
72 note, 73.
causes of, 73.
lowest member of the group
of the new red sandsone, 64.
obstacles presented by,

in

sinking for coal in Durham, 72 and note.
Pontefractrock of Mr. Smith,
synonyme for, 64.
range and extent of, from Derbyshire to the county of Durham, 68.
varieties of the, 66.
Styria, on

the

tertiary formations of,

382.
Lune, description of a group of slate rocks between
the Wharfe and the, 1.
Lunesdale, geological structure of, 6.
limestone of, full of crinoidal remains
and other fossils, 8.
old red conglomerate of, described, 7.
notice of the boulders of, 7.

Lohargaon, on the structure of the neighbourhood
of, 193.
London clay, list of fossils found in, in Sussex,
202.

and extent

fossils in the micaceous slate
of, 6.

M.
Lonsdale, William, on the oolitic district of Bath,
241.
MacCulloch, Dr., notice of his description of the
Lower chalk, sectional list of strata near West- north-west coast of Sutherland and Ross-shire,
bury in Wiltshire, 270.
153, 154.
■ observations on his works on the
green sand, description of, near Devizes,
266.
geology of Scotland, 125.
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MacCulloch, Dr., notice of his observations on
fissile structure, 472 note.
Maes Maillyon, description of section near, 477.
Maestricht beds stated to contain secondary and
tertiary shells, 351.

Magnesian limestone, minerals found in the deposits subordinate to the, 1 1 4.
mineral springs in the, llC.
naturalsubdivisionsof the, 64.
organic remains found in the '

116.

Magnesian limestone, description of, in the Eastern Alps, 307, 308.
Magnesian limestone, agricultural character, various, 42.
analysis of, by the Rev. J.
Holme, 84 note, 85 note, 87 note.
•
i— brecciated structure of, 90.
compact, described, 86.
fine example of.
in Huddlestone quarries, 86.
comparison of the yellow,
with the upper calcareous system of the Thuringerwald, 100.
comparison of, with some
of the great calcareous formation of the Alps,
erroneous, 239.
concretionary
structure.
large variety of, described, 87.
conformable to the coal
measures near Kirby pits, 50.
to the south
of Pontefract, 5d.
description of the great
middle deposit of yellow, 81.
eastern boundary of, 49.
■
external character of the
country through which the formation ranges,
40.
faults

which

affect

113.

the,
-at

and the coal
strata, in Tynemouth Castle cliff, 62.

• corals, 120.
crinoidea, 120.
■ fishes, 116.
- shells, 118.
•vegetables, 77,
120, 239.

outliers of, 5Z.
produced chiefly by mecha-

nical agents, 123.
quantity of magnesia contained in,difficult to be accounted for, 123.
relations of the, to a succession of coal formations in Somersetshire and
Gloucestershire, 55.
at St. Bees Head, 55.
■
in Nottinghamshire, 56.
.- Yorkshire, 57.
the county of Durham, 58.
range of the escarpment of
the, from Nottingham to the southern extremity
of Durham, 43.
concealed in
many places in Yorkshire by vast accumulations
of diluvium, 46.
resemblance between the fossil
fishes of, and the copper slate of Germany, 117.
supplement to Mr. Sedgwick's
paper on the, 239.

unconformable to the coal

measures, near Radford, Houghton-le-Side, &c.,
5Q, 59.
whole ref^ion of the, has been

CuUercoats, 62 and note.
geographical distribution
of the formation, in the North of England, 43.
— — —
geological relation and internal structure of, in Nottingham, Derbyshire,
Yorkshire and Durham, il.
internal structure of the
formation, 64.

ravaged by violent denuding forces, 41.
yellow, or great middle deposit of, described, 81.
mod-ifications of^ 82.
arenaceous
dolomite, 82.
mite, 83.

small-grained

dolo-
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iMagnesian limestone, yellow or great middle deposit, modifications of, compact, 86.
^__
laminated, 86.
.
concretionary structure, 87.
.

earthy, 87.
large irregular
beds and ir-

regular concretions of crystalline limestone,
without magnesia, 89.
.

small concretionary and oolitic structure, 92.
laree
bular concretionary structure, 94, 465.
thickness of the, 98.

glo-

— zoological characters of, more
nearly allied to the carboniferous order than to
the calcareous formations superior to the new
red sandstone, 99.
Maidstone, notice of the discovery of remains of
the Iguanodon near, 432.
Malham Moors, account of the dislocation whicli
affects the slate range from the valley of Riblesdale across the, towards Wharfdale, 17.
Maltby, concretions of magnesian limestone at,
might be mistaken for boulders, 89.
Mammalia, bones of, occur in the white coral limestone near Vienna, 403.
— .
found in the tertiary beds
near Radkersberg, 393.
Mammoth, remains of, associated with existing

Mantell, Gideon, Esq., estimate of the dimensions
of the Iguanodon, 425 note.
notice of his desciiption of
the luli of the chalk, 233 note.
■
observations on the fossil
fox of OEningen, 283.
— anatomical description of
the fox, 291.
— •
•
tabular arrangement of the
organic remains of the county of Sussex, 201,
results drawn from the lists,
215.
Maraschini and Catullo, observations of, on the
Italian Alps, 319.
Marine shells, associated with land and fluviatile,
in the lignite basin of Hiiring, 369, 371.
Marl- slate, analogy between the, of Yorkshire and
Durham and that of Thuringia, 77, 80.
and compact limestone, description of,
in Nottinghamshire, Derbyshire, and Yorkshire,
75, 79.

the equivalents

of the kupferschiefer and zechstein, 121.
fossil fishes and
plants found in the, in Durham, 77.
fishes, same species as in the marl-slate of the Thuringerwald,
77.
range and extent of, in the county of
Durham, 78.

species of land and freshwater shells in the
superficial gravel of the Vienna basin, 404.

Marl-stone, noticeof, in the neighbourhood of Bath,
247.

Mansfeld, Germany, inferior red sandstone of England, identical with the rothe-todte-liegende of,
239.

Marsden Bay, description of the magnesian limestone of, DO, 91.

Mansfield, Nottinghamshire, account of the smallgrained dolomite in the neighbourhood of, 83.
crystals of muriate of soda obtained from
the red beds of the magnesian limestone near,
100 note.
series of beds exposed by the rail-road
from Kirby coal-works towards, 80.
Mantell, Gideon, Esq., conjectures respecting the
insulated bones of the Iguanodon, verified by
the discovery of a specimen near Maidstone,
432.

rocks, flexible magnesian limestone ocQurs
near the, 87.
Marzoll, fossils found at, 417.
remarks on the marls of, 348.
Master joints, produced mechanically, 484.
Mastodon, bones of the, found in the white coral
limestone, leitha-kalk, of the Vienna basin, 404.
Mattsee, description of the nummulite-beds at, 348,
Maxwell, James, Esq., notice on a large boulderstone on the shore of Appin, 488.
Meadfoot sands, description of the sandstone and
- slate of, 167.
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Meal Doun, Arran, description of the strata composing the hill of, 31.
Mechanical rocks, may appear to be crystalline, 479.
Megatherium, account of the remains of, sent to
England by Woodbine Parish, Esq., 437.
enumeration of the remains, 439.
on the structure of the teeth,
438 7Wte and 440.
■

description of the vertebral column, 442.

ribs 445.
sternum, 445.
anterior extremity, 446.

Miller, Mr. I., notice of his collection of mountain
limestone coprolites, and his conjectures of their
true nature, 227, 231.

notice of his opinion that the bones
found at Stonesfield and considered to be birds,
belong to Pterodactyles, 219.
Moderer-berg, white marble of, described, 353.
Modiola acuminata found in great abundance
near the Black Rocks, Durham, 119.
Molasse, description of, near Bregenz, 327.
Mollusca, notice of, found at CEningen, 287.
Mont Moron, notice of osseous breccia near the
summit of, 174.
Mont
182. Revel, section of the green sand strata of,

•

pelvis, 447.
posterior extremity, 448.

Mendip Hills, on the occurrence of agates in dolomitic strata of the new red sandstone formation in the, 421.
Metalliferous deposits, on the connexion of, with
rock formations, 494.
veins, originated in most instances in
mechanical action, 484.
Metamorphic rocks, causes which may have modified the effects of igneous action on, 462.

Moon, on the effects which the perturbations in
the mean distance or excentricity in the orbit
of, would produce on the tides, 294.
not sufficient to account for
any great diluvial piiaenomena, 295.
Moschus,
animal allied to, found at Binsted,
452.
Mountain limestone extensively quarried at Corry
in Arran, 30.

abounds with Producta Scotica, 30.

change produced in, may
sometimes have been effected in short periods,
461.
-sometimes

resting on the slate in Kingsdale, &c., contains pebbles of slate, 10.
Mount Rosa, reference to works on the mines at
the foot of, 497 note.

in long periods, 462.

Miinster, Count, fossils obtained by, from the
Kressenberg, 344.
Murchison, Roderick Impey, Esq. on a fossil fox
found at ffiningen near Constance, with an account of the deposit in which it was imbedded,
277.

neous action, sometimes not, 479.
term not to be confined tobyoneic
class of slaty rocks, 479.
Meul Turach, notice of the conglomerate of, 146.
Mexico, reference to works on the metalliferous
deposits in, 496 note.
Meyersdorf, notice of the blue marl near, 365.
Micklcbring, near Doncaster, section of the lower
part of the magnesian limestone series at, 110.

and Prof. Sedgwick on the geological relations of the secondary strata in the
Isle of Arran, 21.
on the structure

connexion of the magnesian limestone with the coal at, 57, 110.
Midderidge, fossil fishes found at, 116.

and relations of the deposits contained between
the primary rocks and the oolitic series in the
North of Scotland, 125.
on the structure

and East Thickley, series of beds at
the quarries of, 76.

of the Eastern Alps, with sections through the
newer formations on 3 the
X northern flanks of the

—
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chain, and through the tertiary deposits of

Neukirchen, large boulder of gneiss rests on ter-

Styria, &c., 301.
Mureck, description of the tertiary strata in the
neighbourhood of, 392,
Murhur, notice of the formations at, 193.
Muriate of soda obtained from the red beds of

tiary strata near, 40G.
Newhaven, list of fossils found in the plastic clay
at Castle Hill, 204.
New red sandstone, causes of error in classifying
distant portions of, 38.
natural divisions of, including

the magnesian limestone near Mansfield, Nottinghamshire, Sinote and 100 note.
Murkle Bay, Caithness, description of the cliffs of,
133.

the magnesian limestone system, 121.
comparison of, with the equivalent formations of central Germany, 121.
section of, in the descent from

Murray Firth, account of the secondary deposits
of the, 144.
.
cornstone of, analogous beds of, in

Brois towards Bregho, 188.
—
series, on the lower portions
of the, in Nottinghamshire, Derbyshire, Yorkshire and Durham, 37.
and conglomerate, description

the county of Sutherland, 153.
range of the old red conglomerates
on the shores of the, 127.

.

subdivision of the secondary formations on the southern siiore, arbitrary, 150.
transverse sections of the secondary
system on the southern shores of the, 150.
quarries of cornstone, 151.
notice of the existence of lias on the
southern side of the, 487.

Muschel kalkstein, no representative among the
rocks of England, 38.
Mytili, casts of bivalves resembling, found in red
and green sandstone in the valleys of St. Johann and Rosenthal, 308.
Mytilvs squamosus, found in abundance near Ferrybridge, 120.
N.
Nagound, notice of limestone containing stems of
ferns and gryphite shells near, 193.
Necker, M. Albert, extract from his memoir on
metalliferous deposits with regard to rock formations, 494.
Nermada, structure of the valley of, 194, 197,
199.
Nesselwang, the lignites of, form a lower portion
of the tertiary system, 337.
transverse section through, 335.
Netherlands, reference to D'Omalius d'Halloy's
account of the mines of the, 497 note.
Neue Welt, the valley of, filled with deposits similar to those of Gosau, 3G5.

*

of, on the shore south of Loch Ranza, 24.
no granite
pebbles found in the conglomerate, 25, 34 and
note.

inference

drawn from their absence, 34.
Nice, Dr. Buckland, on the secondary formations
between, and the Col di Tendi, 187.
H. T. De la Beche, Esq., on the environs
of, and the coast thence to Vintimiglia, 171.
M. Verany'smeasurementsof the heights of
the principal mountains near, 171.
—

divisions of tertiary formations in the neighbourhood of,175.

description of the superior division,
consisting of sand, sandstone, and conglomerate,
described, 175.
middle division, or
blue marl, 176.
• lowest division, or
grey marl, sandstone and breccia, 177.
— light-coloured limestone and dolomite of.
described, 182.
with green grains
near, compared to the mulatto of Antrim, 181.
— — secondary formations in the neighbourhood
of, described, 178.
Nid, near Knaresborough, beds of bright yellow,
dendritic, crystalline limestone occur in the left
bank of the, 90.
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Nid, near Knaresborough, cliffs on the, present good
sections of the magnesian limestone series, 91
note.
modificationsofthelarge,
irregular concretions of magnesian limeston6
well illustrated on the left bank of the, 88.

Ockham, notice of the grauwacke between, and
Westeriand, 168.
(Eningen, Mr. Mantell's observations on the fossil
fox of, 283.
the fox, 291.

section of the lower divisions of tlie magnesian limestone series on the left bank of the,
above Knaresborough Castle, 112.
Nigrum grcfaim, name proposed by Mr. Dillwyn
for the coprolites of the lias bone bed, 227.
Nodular ironstone, observations on, in beds of
shale, 468.

Mr. Murchison's account of the deposit
in which the fossil fox of, was imbedded, 277.
enumeration of the authors who have
written on the lacustrine deposit of, 277.
inferences drawn from the nature of
the deposit, and its fossil contents, 279, 289.
notice of the birds,
285.

Nomenclature, a systematic use of, recommended,
480.

reptiles, 285.
fishes, 285.
insects, 286.
conchifera, 287.
Crustacea, 287.

North Sannox, Arran, account of the old red
sandstone and anticlinal axis at, 29.
North Sutor of Cromarty, coast section from, to
Tarbet Ness, 149.
Norway, reference to Von Buch on the metalliferous deposits of, 495 note.
Nottingham, forest sand of, belongs to the newer
red sandstone, 43.
Nottinghamshire, on the geological relation and
internal structure of the magnesian limestone,
and the lower portions of the new red sandstone series in, 27.

mollusca, 287.

.

pebbles of calcareous flags, 138.
lowest beds
at Port Skerry appear to graduate into the
granite on which they rest, 130.
range of, in
Caithness and on
Firth, 127.

Nummulitic and ironstone beds of the Stauffen,

limestone of Kressenberg forms part
of the cretaceous system of the Alps, 332.
of Nice, description of, 179.
Nunstainton, section of the lower portion of the
magnesian limestone near, 113.
Nursinghagarh, notice of the geology of the neighbourhood of,193.
O.
Ober Mielselstein, structure of the, 332.
Obersdorf, description of the formations in the
neighbourhood of, 324, 325.
— notice of the great lignite deposit of,
387 note.

plantae, 287.

Old red conglomerate of Caithness, description
of, on the coast, 137.
contains no

Nummulites, remarks on the, of the Eastern Alps,
349.
assigned to the newer secondary groups of the
Alps, 325.

anatomical description of

the shores of the Murray

Old red sandstone of Caithness, proofs of its forming the lowest part of the secondary deposits,
138.
-"

reasons for assigning
the lower conglomerate andsandstone to the, 32.
Arran, characters of, on the
coast between Loch Ranza and Brodick, 28.
contains calcareous

beds resembling theHerefordshirecornstone, 28.
places at which it occurs in
Craven, enumerated, 4, 7.
Olivine occurs in the volcanic rocks of Ferish and
Riegisburg, 398, 400.
Oolite, description of the tertiary, of the hill of
Poppendorf, Sdl.

3x2
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Oolitic district of Bath, description of, 241.

Organic remains in the magnesian limestone, 98,

• magnesian limestone, occurs chiefly between tlie Don and Went, and near Hartlepool,

11 C.

marl

a parallel with the, of England, 409.
Operations of nature, incapable of rigid definition,
481.

slate above the
lower red sandstone, 77.
in the marno-arenaceous limestone of St. Hospice, 180.
' in the micaceous slate of Lunesdale, 6,

Ord, coast section from Duncansby Head to the

in the molasse of Rheineck, 329

93, 94.
series, the Alpine limestone considered on

granite of the, 135.
Organic remains found in the basin of Vienna,
402, 403 and iwte.
— :
in the bituminous and calcareous shale near Pensberg, 378.
in the calcareous

note.
in the oolitic district of Bath,
271.
■ in the neighbourhood of Schweiger Miilile, 34G.

shales near

Kreitzpetter, 387.
— ■— •
in the carboniferous system of
Arran, 36.

of Kressenberg, observations on
the, by Count Munster, 344.
list of, procured

in the coal-field of Hiiring, 373,

by Prof. Sedgwick and Mr.
note.

in the dolomite in the environs

of the overlying deposits of Gosau, 35G, 359, 417.

in the beds of green sand near

bach, 366.

374 and note.

Murchison, 344

of Nice, 183.
of the valley of Ncue Welt,Griin365.
Zlam, 362.

Scarena, 187.
in ihe grit beds of the Griinten,
330.

in the tertiary coal bedsofScheiin the grauwacke near Ockham,

neck, 386.

in the iron ore of Sonthofen,

lach, 340.

168.
332.

in lias near Bath, 271.
the villaiie of Cris-

•

formations of Lower

Styria, 419.

strata of the hill of

Poppendorf, 397.

pel, 312.

in the light-coloured limestone
with green grains near Nice, 181.
in the limestone of the AlpSpitz,
335.
•
the sahferous
315.

marls near the Has-

breccia

associated
of the Eastern

—

with
Alps,

kersberg, 392.
of Santa Einthequarry

gida, 391.
of Schuldbach, 395.

of S ulz -gra-

rocks wliich in-

ben, 379.

strata in Lunes-

and Ehrenhausen, 390.

of Tor and Bab-

tween the mineral composition of, and the rock
in which they are imbedded, 469.

—

close the valley of Gosau, 353.
dale, 8.
bacombe Bays, 164.

near Rad-

at Wildon

remarks on the difference be-
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Organic remains, Mr. James Sovverby's observations on tlie tertiary fossils of Hirteniberg, 403
note.
—

Palterton and Bolsover, magnesian limestone between, rests upon a productive part of the Derbyshire coal strata, 57.
■
sections at, 81.

Dr. MacCulloch's
statement
that they are found in quartz rock in Scotland,
not correct, 155.

Parallel stripes, parallel in slaty rocks to true
bedding, 474.

traces of, in the concretionary
magnesian limestone near Knaresborough, 92.

terraces, of common occurrence in South
Western Bavaria, 416.

Orinoco, reference to Humboldt's account of the
auriferous granite of the, 49 1.
Ornithocoprus, name apphed by Dr. Buckland to
the Guano of Peru, 236.

Parish, Woodbine, Esq., account of the remains
of the Megatherium sent to England by, 437.
Partsch, M., notice of his survey of the Austrian

Ortenburg, section from, to the banks of the Inn,
380.
Orthocera, associated with the salt-breccia of the
Eastern Alps, 315.
impressions considered by Dr. Mac
Culloch as, stated not to be organic, 156.
Osseous breccia, description of, near Nice, 173.
Osteolepis, species of, found in the Caithness, 144.
Ostrea, casts of, occur at Whitley quarry, 119.
Otley, Mr. Jonathan, notice of his arrangement
of the slate rocks of Cumberland, 2 note.
Outliers of magnesian limestone, description of, 53.
Overlying conglomerates in the West of England
do not represent the rothe-todte-liegende, 122.
Oxford oolite, notice of, at Calne in Wiltshire,
262.
•
• clay, notice of, near Bath, 260, 275.
Oxus, notice respecting the course of the, 493.
of the geology
Bokhara, 494.

between the, and

Alps, 320.
section of tertiary strata near Vienna,
402.
Pennant, Mr., section of the great slate quarry
belonging to, on Bangor road, 475.
Pensberg, notice of the lignite of, 378.
Pentland, Mr., observations on the Caithness
fislies, 143.
Firth, relations of the upper red sandstone of the, doubtful, 157.
Penygent, section of the strata composing the
side of, 18.
Phillips, John, Esq., on a group of slate rocks
ranging E.S.E. between the rivers Lune and
Wharfe, from near Kirkby Lonsdale to near
Malham ; and on the attendant phenomena, 1 .
observations on his nomenclature ofcleavage, 472 note.
Pielach, notice of the strata on the banks oi' the,
near Molk, 405.
Piesting, notice of the overlying deposit of, 364.
Pissenstein, strata composing the, assigned to the
lias, 313.

Paington, Devon, description of the red conglomerate of, 163.

Plagiostoma, casts of a shell resembling the genus,
occur at Humbleton, 120.

.

Plants, fossil, observations on tlic, found in the
man formations of ffiningen, 287.

passage of old red sandstone into grauwacke, 167.

Pallion, section presented by the quarry at, 78.
fossil fish discovered in the quarries at, 78.
Palaeotherium, remarks on the existence of the,
in the Isle of Wight, 451.

Plastic clay, fossils found in, at Castle Hill, Newhaven, 204.

PalfEothrissum, species of, found in the magnesian
limestone, 117.

Plaster-pit Hill near Ferrybridge, section at, 101.
Pleurotomaria, shells resembling, found in Humbleton Quarry, 118.
Pontefract, in the district south of, magnesian

species of, found in making the
New Stockton rail-road, 77.

limestone apparently conformable to the co.-i!
measures, 57.
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Pontefract rock, of Mr. Smith, synonyme for the
lower red sandstone, 64.

Pontypool, notice of part of the mineral basin of
South Wales near, 433.

Poppendorf, fossils found near, 397, 420.
section of the Hill of, 396.
Pnpuliis cordifolia, Mr. Lindley's description of,
found in tlie quarries of (Eningen, 288.

Radkersberg, description of the tertiary strata
composing the cliffs on the banks of the Mur,
near, 392.
■
fossils found in the,
420.

section of the tertiary formations
between Eibeswald and, 386.
from, to Riegisburg, 395.
Radstock, notice of the lias near, 245.

Port Skerry, composition of the lowest conglomerate at, 130.
the lowest beds appear to graduate

Rauchwacke, description of, in the Eastern Alps,
308.

into the granite on which they rest, 130.
Pratt, Samuel, Esq., on tlie existence of the Anoplotherium and Palseotherium in the Isle of

traversed by dykes of serpentine
near Kirchbiickl, 308.
— ■ a tufaceous limestone resembling,

Wight, 451.
Primary rocks, description of the, of the central
axis of the Eastern Alps, 305.
and tertiary systems separated by only
one secondary formation along the western
limits of the Styrian basin, 384.
Producta, species of, found in the magnesian limestone, 119.
Prout, Dr., analysis of coprolites, 223 note, 230,
232, 233.
letter from, to Dr. Buckland on the
analysis of fossil faeces, 237.
Pseudo-coprolites, name applied to concretions
containing phosphate of lime, but which do not
possess the other characters of coprolites, 236.
Pterodactylus, description of a new species of,
found in the lias at Lyme Regis, 217.
■
resemblance between the cervical
vertebrae and those of the Pygmy Musk, discovered byMr. Broderip and Mr, Clift, 218.
macronix, Dr. Buckland's osteological description of, 220.
Punjab, notice of the structure of the, 492.
Punnah, the diamond mines of, noticed, 192.
Hills, geological structure of the, 192.
Pureriah, description of the trap of, 194.
of the altered limestone of, 193.

found on the sides of the hills near Loheim,
338 note.
Red conglomerate, description of, at St. Mary
Church, and Watcomb, 162.
Tor Mo-Paington,
ham, 162.
163.

• near Borgue Head disintegrates into irregular prisms, 137.
Red encrinital limestone, largely developed in the
valley of the Salza, 313.
—
well exhibited at Aussee,
313.
Red-land-limestone, name given to the magnesian limestone in Nottinghamshire by Mr. Smith,
42.
Red marl, description of, in the Eastern Alps, 307.
•
saliferous sandstone, description of, in the
provinces of Bundelcund and Boghelcund, 191.
— — sandstone, description of, between Duncansby Head and the Ord of Caithness, 135.
—
^
in the Eastern
Alps, 307.
sometimes brought in unconformable contact with deposits of a much younger
age, 309.

R.
Radford, Nottinghamshire, relation of the magnesian limestone to the coal measures in the
neighbourhood of, bG.

North-west

and conglomerate series of the
coast of Sutherland, described,

153.
Red sandstone and marl of Loch Groinard, description of,156.
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Red sandstone and marl of Loch Groinard, may
represent the new red sandstone of England,
156.

Rocks, on the cleavage of, 469.

series of the North of Scotland,
not conformable to the primary formations, 1 54.
—
not primary, 155.
Reichenhall, great confusion of the secondary
strata between, and Inspruck, 368.
Reptiles, notice of, found at ffiningen, 285.
Ressenberg, structure of the, described, 355.
section of the Gosau beds on the sides
of the, 357.

•jointed structure of, 480.
Rodentia, all the mammalia found at CEningen
except the fox, are, 285.

• globular and concretionary structure
of, 416.

Rosen-Kogel, structure of the, described, 35S.
Ross-shire, analogy between the conglomerate
system of, and that of Caithness, 148.
description of the red sandstone and
conglomerate series of, 153.
transverse sections of the secondary

Rethenberg, last great movements of elevation
in the valley of Sonthofen, took place after the
deposition of the sandstones of the outer ridge
of the, 334.

system in, 145.
Rothe-todte-liegende,
equivalent of the lower
red sandstone
in Yorkshire
and Durham,
64.

Rheineck, notice of fossils procured in the molasse of, 329 note.

Rough-dean, near Houghton-le-Spring, section in
the escarpment at, 71.

Rheinthaler-Hof, fine sections of fucoid grit at,
322.

Roya, valley of, composed of new red sandstone
and conglomerate, 188.
Russbach, section of the Gosau beds in the valley

Rhetian Alps, two axes of elevation in the secondary strata of the, 304.
Ribblesdale, description of the geological structure of, 13.
Riegisburg, section from Radkersberg to, 395.
tertiary sands of, crowned by volcanic
breccia, 399.
Ripon, analysis of the earthy magnesian limestone
of, 87 note.
crystalline limestone without magnesia, associated with the yellow magnesian limestone,
near, 89.
Risso, M., notice of the opinion of, relative to the
lower system of secondary rocks between Nice
and the Col di Tendi, 188.
his work on the neighbourhood of Nice, 171, 175, 177, 181, 184.
Roach Abbey, account of the small-grained dolomite of, 84.
Rocca Tagliata, between Scarena and Sospello,
description of the green sand strata at, 187.
Rocks, chemical changes produced in the aggregation of stratified, during different periods
after their deposition, 461, 462 ct seq.
causes which may have modified the
effects of igneous action on, 462.

of, 355, 356.
Russia, reference to works on the metalliferous
deposits of, 496 jwlc.
Ryeloaf Hill, account of flexure in the line of
dislocation of the limestone near, 19.
S.
St. Austell, veined structure of the granite of,
produced by segregation, 482 et seq.
St. Bees Head, section of the strata overlying the
coal measures at, 55 7wte.
St. Hospice, description of the breccia found in
the peninsula of, 175.
marno-arenaceous limestone occurs at,
180.
light-coloured limestone
grains occurs at, 181.

with

green

St. Kunegund, description of the tertiary marlstone in the neighbourhood of, 391.
St. Mary Church, Devon, description of the limestone of, 165.
• and Watcombe, the red conglomerate of,described, 162.
St. Pancratz, description of the nummulite beds
at, 348.
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St. Polten, notice of the existence of tertiary formations near, 405.

Scaglia of Italy, identified with chalk, 319.
Scarabins, structure of the, 128 note.

Salamander, notice of Cuvier's description of the,
found at CEningen, 285.
Saleve limestone, stated to be the equivalent of

SchiifFau, notice of basaltic greenstone near, 309.
■— red sandstone with gypsum contains casts
of bivalves at, 309.

the oolites of England, 183.
Salt, different ages of deposits of, in Europe,
;31(>.
.

two great deposits of, in the Alps, 31G.
breccia, mode of working in the Eastern
Alps, 315.
deposits of Ischel, Aussee, Halstadt, Hall,
and Hallein not of the same age as the saltdeposit of England, 310 note, 315,
_
.—
placed
in the middle division of the Alpine limestone

series, 315.
— range, notice of, on the Indus, 492.
Saltern Cove, Devon, limestone and shale altered
and disturbed by trap, 169.

•

dips under dark-coloured
limestone and shale, 311.

Scheineck, tertiary coal of, described, 386.
fossils found in it, 386, 419.
Scheuchzer, fossil contents of the CEningen quarries first described by, 277.
Schinberger- Ach, description of the basaltic dykes
in the gorge of the, 333.
Schists, the oldest and most crystalline have no
slaty cleavage, 479.
Schongau, section of tertiary groups near, 377.
Schiildbach, section of strata in the quarry of,
394.
Schwarzenberg, effect of trap dykes on the calcareous strata of the, 333.

Salt-pans, Arran, fossils found in the upper limestone and the lower black limestone at the, 36.

Schweiger Miihle, section of the beds near the,
346.

springs of Abtenau of the same age as the
salt-deposit of England, 310.
Salzburg marble, position of the, intheUntersberg,
317.

Scoriaceous matter, conclusion drawn from the

Samouelle, George, Esq., notice of fossil insects
from tlie CEningen deposit, determined by, 286.

systems in the North of, compared with the corresponding series in England, 156.
old conglomerates in the North of, assigned
to the age of the old red sandstone, 156.
Prof. Sedgwick and R. I. Murchison, Esq.,
on the structure and relations of the deposits
contained between the primary rocks and the
oolitic series in the North of, 125.

Sand, sandstone and conglomerate of Nice, description ofthe tertiary, 175.
Sandford Hill, section of the pits in which the
agates are found in dolomitic strata in, 420.
Sandown Fort, account of fossil bones of the
Iguanodon, found near, 425, 431.
Sardinia, reference to Marmora's account of, 497
note.
Sandstone of the Fontaine du Temple, perforated
l)y Lithodomi, 177.
Santa Egida, fossils found at, 391, 419.
391.

• tertiary beds of the hills of, noticed,

Saugor, description of the trap of, 194, 199.
on the geology of a portion of the district
of, 194.
Sausal, notices of the tertiary beds occupying the
wine hills of, 388, 392.

great abundance of, among the volcanic rocks
of Lower Styria, 400.
Scotland, deposits between the primary and oolitic

table of secondary formations in the North
of, 158.
reference to works on the metalliferous
deposits of, 495 note.
Secondary deposits, account of, on the shores of
the Murray Firth, 144.
dip of, on the coasts of Sutherland, Ross, Nairn, Elgin and Banff, 145.
■ two classes of chemical
changes shown to have affected most, 463, 464.
two mechanical causes have
modified most, 464.
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Secondary deposits, in Caithness, three great subdivisions of,150.
— ■
on the Murray Firth dividible into three groups, 153.
in the South of Scotland, 159.
•

separating the primary and
tertiary systems of Lower Styria assigned to tlie
fucoid grits, 384.
table of, in the North of Scotland and the Western Isles, 158.
rocks, description of the, flanking the
valley of Gosau, 253.
system, transverse sections of the, on
the southern shores of the Murray Firtli, 150.
subdivision of, on the Murray
Firth, arbitrary, 150.

Section from the north Sutor of Cromarty to Tarbet Ness, 149.
of calcareous flagstones at the old castles
of Sinclair and Gornigo, 135.
Section of the coal formation of Haring, 371.
of the old red conglomerate on the coast
of Caithness, 137.
of the overlying deposits at Piesting, Neue
Welt, Grunbach, &c., 364.
ofG osau, iioi).
of the quarries at (Eningen, 281.
of strata near Traunstein, 338.
on the banks of Alt-Grant and Alness,
145.

Sedgwick, Rev. A., and Murchison, R. I., Esq., on
the structure of the Eastern Alps; with sections
through the newer formations on the northern
flanks of the chain, and through the tertiary
deposits of Lower Styria, &c., 301.
•
on
the structure and relations of the deposits contained between the primary rocks and the oolitic
series in the North of Scotland, 125.
on the structure of large mineral masses, and especially on the chemical
changed produced in the aggregation of stratified rocks during different periods after their
deposition, 4GI.
Sedimentary rocks, on the chemical changes which
may take place in, 462, et seq.
Seefeld, notice of the boulders to the east of, 406.
Segregation, observations respecting the laws of,
468.
Septaria, remarks on, in beds of shale, 468.
Serpentine, dykesof, traverse the rauchwacke near
Kirchbiickl, 308.
Serpula or Dentalium, supposed to be found in
the magnesian limestone on the Durham coast,
118.
Shale, limestone and sandstone with brecciated
saliferous deposits, description of, in the Eastern
Alps, 314.
Shell limestone associated with variegated marls,
description of, 80.

through Kachelstein and the iron beds of
the Kressenberg, 341.
the valley of Zlam near Aussee,
362.

Shells, fossil, found in the magnesian limestone
series, 118.

Sedgwick, Rev. A., memoir on the geological relations and internal structure of the magnesian
limestone and the lower portions of the new

Sicgsdorf, section of the strata between, and Traunstein, 340.

red sandstone series, in their range though Nottinghamshire, Derbyshire, Yorkshire and Durham, to the southern extremity of Northumberland, 37.
supplement to his paper on
the magnesian limestone, 239.
andMurchison,R. I., Esq., on
the geological relations of the secondary strata
in the Isle of Arran, 21.
VOL. III. — SECOND

SERIES.

well preserved, found in volcanic beds of
the hill of Ferish, 398.

Sinclair, description of the calcareous flags near
the old castle of, 135.
Sixt-Miihle, fossils found in the tertiary strata
near, 392.
Slate, observations on the false cleavage of, 16.
stratification of, 16.
remarks on the stratification and cleavage
of, in Craven, 4, 8, 14, 16.
transported blocks of, rest in Clapham Dale
on hmestone, 13.
3 Y

526

INDEX.

Slate rocks, description of a group between the
rivers Lune and Wliarfe, 1 et seq,
series of the Lakes, covered sometimes
by carboniferous hmestone, 3.
• varieties of, have been
mistaken for amygdaloid, 3.
description of the three
groups of which it is composed, 2.
of North Wales, observations on the
globular structure subordinate to the, 4G7.
474.

contortions of, distinct from cleavage,

Slaty cleavage, observations on, 4G9.
in Cumberland,
469 et seq.
— in North Wales,
470.
last change, in some cases, to
which the rock has been subjected previous to
consolidation, 474.

may be carried on indefinitely, 470.
not possessed by the oldest aiKi
most crystalline schists, 479.

477.

parallelism of, preserved in mountain ranges, independent of undulations, or intervention ofcoarser mechanical strata, 470,

Smith, Mr. W., lower red sandstone added to the
English series by, 65.
geological maps of Yorkshire and
other counties by, noticed, 42, 50, Q>5.
Sobenstein, instructive sections of rauchwacke or
magnesian limestone at, 308.
Sohawel, notice of the geology at the town of, 193.
Sonar river, notice of a calcareous conglomerate
in the bed of the, 197.

structure of the banks of, at Hutta,
193.
Sonneschmid, notice of his work, Mineralogische
Beschreibungder Bergwerks Reviere von Mexico, 491.
Sonthofen, iron ores and nummulitic limestone of,
are in tlie highest part of the green sand and
cretaceous group of the Aljjs, 332.
seq.
section through the valley of, 329 et
Sospello, order of formations descending from
Rocca Tagliata towards, 188.
Sowerby, Mr, James, opinion respecting the Gosau fossils, S5d.
Sjyirifcr undulalus, found near Midderidge and
Humbleton in magnesian limestone, 119.
Stag, remains of, found in the leitha-kalk of the
Vienna basin, 403, 404.

— — planes of, and stratification never
coincide, 472.

Stahrenberg, section of the overlying strata at,
S65.

never at right angles to
planes of stratification, 472.

Starzlach, formations in the vicinity of the gorge
of the, 331.

produced by crystalline arrangement, 471, 481.

StaufFen, notice of the formations constituting the
north flank of the, 324, 325.

— even in mountam masses,

Steetly,
84. account of the small-grained dolomite of,

477.

_ strike of, in slate, nearly coincident
with strike of the bed, 473.
in coarse or thin- bedded

Steinberg, structure of the hill of, 399.
Sterling, Mr., notice of his account of Cuttack, .
198.

slate, often considerably inclined to that of the
strata, 473.

Steyer, description of the strata to the south of,
322.

to be distinguished from jointed
structure, 471.

Stockton rail-road, fossil fishes found in making
the new, 77.

Small-grained dolomite, account of the quarries
of, between Nottingham and Bramham Moor,
83.
description of, 83.

Straden,
396.

tertiary strata

composing the hill of,

Stratification, planes of, never coincide with planes
of cleavage, 472.
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Strike, explanation of the word, in its geological
sense, 337 note.
Stubb's Hill, notice of the fault at, 112.
—
structure of, 93.
Styria, Lower, fossils found in, 41 9.

Tertiary formations in the neighbourhood of Nice,
conclusions deduced from thephsenomena which
they present, 178.
notice of, on the flanks of the
Salzburg and Bavarian Alps, 410.
•
near the head of the lake of

the lowest tertiary groups of, compared with the calcaire grossier and the London
clay, 401.

Constance, described, 324 et seq.

Prof. Sedgwick and Mr. Murchison, on the tertiary deposits of, 301, 382.

gous to the upper part of the tertiary system of
Bavaria, 328.

tertiary formations of, may be subdivided into three groups, 411.
Sub-fossil shells, description of, near Nice, 172.
Sulzgraben, section at the lignite deposit of, 378.
Sun, how far changes in the supply of heat and
light from the, will account for geological pliEenomena, 295.
Sunderland, quarries near, best points for examining the large concretionary structure of the
magnesian limestone, 94.
Sussex, Mr. Mantell's tabular arrangement of the
organic remains of the county of, 201.
view of the geological distribution of the fossils of, 216.
Sutherland, description of the red sandstone and
conglomerate series of, 153.
Sutors of Cromarty, described, 148 et seq.
Swanwich Bay, notice of remains of the Iguanodon
found in, 428.

analo-

of Lower Styria, description
of the, 382.
—

appear to
have been formed in a bay of an inland sea, 382.
boundaries
of, 382.

separated

along the western limits of the basin, from tlie
primary system by only one secondary formation, 384.
strata though
generally almost horizontal have an easterly
dip, 384.

— divisible in-

to three principal groups, 384, 393.
-composition
of the groups, 385.

eastern confines of the Styrian basin rest on the
primary system, 394.

Tara pass, geological structure of, 191.
Taylor, R. C, Esq., notice of two models of part
of the mineral basin of South Wales near Pontypool, 433.
Tegel, an inferior bed of blue clay, notice of, in
the Vienna basin, 402
Tendukaira, rocks in the vicinity of, consist of
trap, 194.
Terebratula, notice of species of, found near Tunstal Hill and Humbleton,in the magnesian limestone, 119.
Tertiary formations, admixture of marine and
freshwater shells stated to be common in, 341.
.
.
in the neighbourhood of Nice,
description of, 175.

-on the north

lowestgroup

assigned to age of the calcaire grossier and London clay, 401.
deposition
of the lowest group, probably commenced soon
after the elevatory movements of the Eastern
Alps had ceased, 401.

conclusions

deduced from the slight dip of the, 401.
conclusions
drawn from their organic remains and the phenomena they present, 401.
.
—
section of the, between Eibeswald and Radkersberg, 386.
394.

3 Y ^2

near Hartberg,
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Tertiary formations of Sonthofen and the valley
ofthelller, 329.
Tertiary series, between the Alps and the plains of
the Danube, enormously thick, 375.
Thin-bedded limestone of the red sandstone series,
description of, 75.
Thuringcrwald, same species of Palseothrissum
found in the marl slate of, and Durham, 77.
Thurso, structure of the neighbourhood of, 133.
Tigra, notice of the geology of the neighbourhood
of, 193.
Tilgate, list of fossils in strata of, 213.
Titterstone Clee Hill, notice on the basalt of the,
487.

Transverse valleys, the direction of, probably determined bythe direction of certain lines of
fault, 114.
Trap, description of, near Babbacombe, 168.
the, of Saugor, 194, 199.
. .
Jubulpore, 199.
near Laggan-twine Bay,

:/.
—

shale converted into Lydian stone by, 27.

—

in the Isle of Arran, intrudes in every possible variety into the new red sandstone, 32.
the exact age not to be

conjectured, 35.
.
—

may have been the agent

Tonse river, cataract of, formed of red sandstone,
193.

by which the granite was elevated, 35.
of Tor and Babbacombe Bays forced up

Tor Bay, description of the limestone on the
northern side of, 165.
,
on the

after the formation of the Exeter red conglomerate, 169.
not been discovered in the neighbourhood
of Nice, 183.
- — rare in the red marl on the northern flank

south of, 1G6.
Tor and Babbacombe Bays, disturbance of the carboniferous limestone and old red sandstone of
the coast of, by trap, subsequent to the formation of the Exeter red conglomerate, 101, 169.
description of the
coast, 161.
H. T. De la Beche,
Esq., on the geology of, 161.
— red conglomerate of,
similar to that of Heavitree and Exeter, 161.
description of, 161.
Tor Moham, Devon, red conglomerate of, described,62.
1
Tornignion, Isle of Arran, account of the junction
of the granite and slate, 23.
observations respecting,
35.
Torquay, notice of fossils found in the limestone
near, 164.
—

limestone in the vicinity of, much contorted, 1G5.

Trachytic porphyry, notice of, in the hill of Gleichenberg in Lower Styria, 399.
Transition rocks containing organic remains not
wanting in the Eastern Alps, 507, 408.
localities at which theyoccur,306.

of the Eastern Alps, 308, 309 note.
frequently associated with it on the southern,
308.
— dykes in Nottinghamshire, Derbyshire and
Yorkshire, not noticed in the overlying terrace
of magnesian limestone, 63.
of Bolam, probably passes through
both the coal measures and the magnesian limestone, 63.
of the northern coal-fields, no direct
evidence of their being of an age anterior to
the magnesian limestone, 63.
Traun, section on the banks of the, 337.
exposes phenomena in accordance with those in the Canal di Brenta, 341.
Traunstein, section of beds from Siegsdorf to,
340.
Trionyx, remains of a tortoise nearly allied to,
found in the schists of Caithness and the Orkneys, 144.
fragments apparently of the, of Caithness
found near Geanie's Mill, 150.
Turbiglia, notice of the limestone of, 182.
Turbo, cast of a shell resembling, in the magnesian
limestone between Marr and Hickleton, 118.

INDEX.
Tweng, Tauern Alps, encrinital limestone associated with mica and chlorite slates occurs near
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Upper thin-bedded limestone, notice of fossils
found in, 108.

the village of, 306.
Tycho-Brahe, the hill of Wildon one of the astronomical stations of, 390.
Tyne, from the mouth of, to the confines of Derbyshire, formation
a
of sand and sandstone may
be traced between the coal measures and the
magnesian limestone, 65.
Tynemouth Castle cliff, fault in, affects both the
coal measures and the magnesian limestone, 62.
U.
Ulbster, description of the calcareous flags near,
136 and note.
Untersberg, enumeration of the strata on the north
flank of the, 348.
section from the ridge of the, to the
valley of the Saal, 346.
Upper green sand, notice of, in Wiltshire, 269.
.
fossils procured from, in Sussex, 210.
in Wiltshire, 276.
red marl and gypsum, notice of, in Durham
and Yorkshire, 109.
sandstone,
Yorkshire, 109.

notice

of, in Durham

and

"
and upper red marl, the equivalents of the hunter sandstein and keuper,
121.
Upper thin-bedded limestone, description of the,
of the new red sandstone series, 103.
probable cause of
the fissures in the, 103.
■
section of, at Brotherton, near Ferry Bridge, 106.
.
___ Knottingley, 105.
Limestone-hill, west of Tickhill, 105.
between
Nosterfield and Well, 107.

range, outliers, probable extension of, towards the North, 106.
_______
galena occurs in.
between Nosterfield and Well, 108.

Valenciennes, M., observations on the Caithness
fossil fishes, 143.
Variegated marls with beds of shell limestone
without magnesia, description of, 80.
Vauquelin, M., notice of the analysis of the Guano
of Peru, by, 236.
Vegetable fossils in the marl slate of Midderidge
and other parts of the magnesian limestone,
120.
Viburnum CEningense, notice of, in the (Eningen
deposit, 287.
Viennabasin, comparison of the tertiary strata composing the, with those of Lower Styria and the
London and Paris basins, 403.
description of the, 420.
lowest beds, or Tegel, reached only
by deep borings, 402.
tertiary strata of the, deposited in a
bay of an ancient sea, 402.
grit considered the representative of the
green sand and chalk, 320.
may be subdivided into three groups,
411.
position of the beds nearly horizontal, 411.
V^illefranche Bay, notice of the deposit containing
sub-fossil shells in, 172.
Viridaya mountains, description of a portion of
the lowest northern steps of the, 191 et seq.
Volcanic action, no traces of, since the sea retired
from the bays of Lower Styria, 401.
conglomerates of Lower Styria resemble
those of Puy en Velay, 400.
rocks of Lower Styria, relation of, to the
youngest tertiary strata, 395 et seq.
relative age not to
be determined
by mineralogical characters,
400.
probably produced
during the formation of the youngest tertiary
deposits, 400.
Von Buch, remarks on his theory of the change of
common limestone into dolomite, 183, 190.
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Vosges, reference to Elie de Beaumont's account
of the mines of the, 497 note.
Voysey, Dr., notice of his opinion that the basis
of the Peninsula of India is granite, 198.
Vulpes communis, remarks on the close analogy
between, and the fossil fox of CEningen, 283.
W.

Wildon, middle tertiary group of Lower Styria,
well displayed near, 385.
Wollaston, Dr., notice of his analysis of coprolites
from Lyme Regis and Tilgate Forest, 223 note,
232.
Wright, J. Robinson, Esq., notice on the basalt of
the Titterstone Clee Hdl, 487.
Y.

Wand, fossils found on the flanks of the, 417 et seq.
Watcombe, Devon, description of the red conglomerate of, 162.

Yaverland farm, notice of the discovery of remains of the Iguanodon near, 431.

Weald clay, fossils found in the, of Sussex, 212.
Wear, marl-slate occurs on the south bank of the,

Yellow magnesian limestone, great middle deposit of, described, 81.
comparison of, with

78.
Wegshad Graben, section of the Gosau beds at
the, 356.
Weiterdorf, notice of the trap on the left bank of
the Kainach near, 389 and note.

the upper calcareous system of the Thuringervvald, 100.
complexity of structure of the, 82.

thickness of the 98.
lower red marl and

Wentbridge Hill, section of the lower division of
the magnesian limestone series at, 111.
West Bolden, section of the inferior beds of the
new red sandstone at, 78.
Westerland, notice of the grauwacke between Ackham and, 1G8.
Western Isles of Scotland, table of secondary formations inthe, 158.
Wharfe, description of a group of slate rocks
between the Lune and the Wharfe, 5.

upper thin-bedded limestone equivalents of the
rauchwacke, asche, stinkstein, &:c., 121.
Yorkshire, on the geological relations and internal
structure of the magnesian limestone, and the
lower portions of the new red sandstone series
in, 37.
Younger Alpine limestone, description of, 316.
upper limits of, difficult
to determine, 318.

in the valley of the, 13.
north of the river, no quarries of dolomite
of value for building, 85.
Whitehaven coalfield, some of the richest workings
of the, underlie the magnesian limestone, 61.
Wiener-wald, the deposits of the, escaped the last
elevatory movements of the Bavarian Alps,
405.
Windischgarsten, section of the overlying strata
of, 363.
Wildon, description of the coralline limestone of,
390.

Zacatecas, notice of theZ.meteoric iron of, 491.
Zamia, notice of the discovery of a species of, in
Sandown Bay, 431, 432.
Zirknitz Thai, fossils found in the, 419.
Zlam, section through the valley of, near Aussee,
362.
fossils contained in the overlying beds of,
362, 417 et seq.
extraordinary contortions and dislocations in
the valley of, 363.

fossils found at, 420.
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de Paris.

The Author.

19. Histoire Naturelle
lere partie.

The Author.

des

Belemnites,

par

M.

Raspail,

. 22. Memorial de Ciencias Naturales y de Industria Nacional
y Extranjera, redactado par Senores de Rivero y N.
de Pierola, Nos. 1, 2, 3, tomo 11. 1828.

The Editors.

List of Donations.
1829.
July
Aug.

Sept.

Oct.

Nov.

BOOKS.

29. Transactions of the Royal Academy of Sciences of Berlin, for the Year 1828.
1. Account of a Mineralogical Excursion to the County of
Antrim, by Sir. C. Giesecke, F.G.S.
1 1 . Illustrations of the Geology of Yorkshire, or a Description of the Strata and Organic Remains of the Yorkshire Coast; accompanied by a Geological Map, Sections and Plates of the Fossil Plants and Animals, by
John Phillips, Esq. F.G.S.
22. Tableau des Terrains qui composent I'Ecorce du Globe,
par Alexander Brongniart, For. Mem. G.S. 1829.
24. Zusammenstellung der geognostischen Beobaclitungen
iiber das Schiefergebirge in den Niederlanden und am
Neider-rheine, von Karl von Oeynhausen, For. Mem.
G.S., und Heinrich von Dechen, For. Mem. G.S.
Abdruck aus der Zeitschrift, Hertha, 12ter Band, 1828.
2. The Quarterly Journal of Science and Arts, No. 11.
8. Essai sur les Spherulites, par M. Charles des Moulins.
10. Considerations sur les Blocs Erratiques de Roches Primordiales, par M. Engelspach Lariviere.
23. On the Purification of Thames Water, by Dr. Bostock,
F.G.S. From the Philosophical Transactions for 1829,
p. 287.
31. Das Gebirge in Rheinland-Westphalen nach mineralogischem und chemischem Bezuge, herausgegeben, von
Dr. J. Noggerath, 4 Biinde.
3. Handbuch der Mineralogie, von Johann F. L. Hausmann,
For. Mem.
G.S.
Erster Tlieil. Einleitung in die
Mineralogie. 1828.
6. Agenda Geognostica. Hidfsbuch fiir reisende Gebirgsforscher und Leitfaden zu Vortragen iiber angewandte
Geognosie, von C. C. von Leonhard.

DONORS.

The Royal Berlin Academy.
Lord F. L. Gower, F.G.S.

I'iie Author.
The Author.

'J"he Authors.
Royal Institution.
The Author.

The Author.

The Author.

Rev. Jas. Yates, F.G.S.

The Author.
l"he Author.

7. Memoire sur les Ossemens Fossiles de St. Privat d'Allier,
et sur le Terrain Basaltique ou ils ont ete decouverts,
par J. M. Bertrand de Doue, For. Mem. G.S. Extrait
des Ann. de la Soc. d' Agriculture &c. du Puy, 1828.
, Gedrangte Uebersicht der Ergebnisse einer geognostischen Erforschung des Odenwaldes, und einiger angrenzenden Gegenden, mit besonderer Riicksicht auf
Andeutung der Verbreitungsgebiete der Formationen,
von Dr. A. Klipstein.
20. Topographic Mineralogique du Dcpartement du Puy-deDome, &c., par M. J. B. Bouillet.
28. Transactions of the Cambridge Philosophical Society,
vol. 3, part 1.
Essays on tiie Geology and Organic Remains of a Part
of the Atlantic Frontier of the United States, by
Samuel G. Morton, M.D. From the Journal of the
Academy of Natural Sciences of Philadelphia, vol. 6.

The Author.

The Author.
Tiie Autiior.
Society. Piiilosopliical
Cambridge

The Author.

List of Donations.
DONORS.

1829.

Nov.

Dec.

BOOKS.

28. Report of the Transactions of the Academy of Natural
Sciences of Philadelphia, during 1825, 182G, 1827 and
1828, submitted by S. G. Morton, M.D.
Memoire sur la Vallee de Valorsine, par M.L. A. Necker,
For. Mem. G.S.
Note sur un Echantillon remarquable de la Substance
nominee
par Haiiy, Cuivre Hydro-siliceux, et par
Leonard, Kiesel-Malachit, par M. L. A. Necker.
1 . The Philosophical Magazine and Annals of Philosophy,
conducted by Richard Taylor, Esq. F.G.S, and Richard

Phillips, Esq. F.G.S. for 1829.
Proceedings of the Astronomical
Society of London,
Nos. 20 and 21.
Notice on tlie Excavation of Valleys, by H. T. De la
Beche, Esq. F.G.S. From the Phil. Mag. and Annals,
N. S. vol. 6, Oct. 1829.
Note on the Differences, either original or consequent on
Disturbance, which are observable in the Secondary
Stratified Rocks, by H. T. De la Beche, Esq. F.G.S.
From the Phil. Mag. and Annals, N. S. vol. 6, Sept.
1829.
1 1 . Sketch of a Classification of the European Rocks, by
H. T. De la Beche, Esq. F.G.S. &c. From the Phil.
Mag. and Annals, N. S. vol. 6, Dec. 1829.
12. The Magazine of Natural History, and Journal of Zoology, Botany, Mineralogy, Geology and Meteorology,
for 1829, conducted by J. C. Loudon, Esq. F.G.S.
i8.;o.
6 The Quarterly Journal of Science, Literature and Arts,
Jan.
New Series, No. 12.
15. Transactions of the Society for the Encouragement of
Arts, &c., vol. 47, 1829.
Frb.

Mar

Frazer's Magazine for Town and Country, Nos. 1 and 2.
Transactions of the Agricultural and Horticultural Society of India, vol. 1.
Catalogue of Books in Oriental Literature, by Parbury,
Allen and Co.
19. Transactions of the Literary and Historical Society of
Quebec, founded January 6th 1824, vol. 1.
1 . The Edinburgh Journal of Natural and Geographical
Science, No. 6, March 1830.

S. G. Morton, M.D.
Tiie Author.

The Editors.
Astronomical Society.

The Author.

The Conductor.

Royal Institution.
The Society of Arts.
The Publisher.
Agricultural and Horticultural Society of India.
Messrs. Parbury and Co.
The Literary and Historical
Society of Quebec.
The Editor.

.'3. A Descriptive and Historical Catalogue of the Remainder
of the Anatomical and Zootomical Museum of Joshua
Brookes, Esq. 1830.
19. The First Report of a Society for preventing Accidents
in Coal Mines, by John Buddie, Esq. Hon. Mem. G.S.
20. American Journal of Science and Arts, conducted by
Benjamin Silliman, M.D.
For. Mem. G.S. vol. 16,
part 2. vol. 17, part 1.

Joshua Brookes, I*Isq.
The Author.

The Conductor.

List of Donations.
IS.JO.
Mar.
April

May

BOOKS.

20. The Quarterly Journal of Science and Arts, N.S. No. 13.
6. The Edinburgh Journal of Natural and Geographical
Science, No. 7, April 18:30.
13. Report of the Select Committee on the State of the Coal
Trade, printed by Order of the House of Commons.
15. Proceedings of the Astronomical
Society of London,
Nos. 23—27.
31. Observations on the Genus Unio, together with Descriptions of eighteen new Species, and of Genus Sympliynota, now separated from the Family of Naiades, containing nine Species, by Isaac Lea, M.A.P.S. M.A.N.S.
1. Commentaries of Gamboa on the Mining Ordinances of
Spain, in 2 vols. Translated from the Spanish by R.
Heathfield, Jun. Esq. F.G.S.
Memoirs of the Astronomical Society of London, vol. 4,

rt 1.Report of the Yorkshire Philosophical Society,
paal
Annu
r
fo 1829.
8. Additions in the Second Edition of the Lifluence of Climate, &c., by James Clark, M.D.
Lettera del Prof. Paolo Savi contenente Osservazioni
Geognostiche sul Campigliese, diretta al Sig. Girolamo
Guidoni di Massa.
Transactions of the Cambridge Philosophical Society,

June

vol. 3, part 2.
Geological Notes, by H.T. Dela Beche,Esq. F.G.S. &c.
21. Recherches sur quelques-unes des Revolutions dela Surface du Globe, par M. Elie de Beaimiont, For. Mem.
G.S.
Extrait des Annales des Sciences Naturelles,
Annees 1829 et 1830.
Observations on the Round Church Towers of Norfolk ;
and on the Materials employed in constructing the early
Religious Buildings in that County, by Mr. S. Woodward. From the Archa?ologia, vol. 23.
8. An Outline of the First Principles of Botany, by John
Lindley, Esq. F.G.S. &c.
10. Description of a new Genus and new Species of Extinct
Mammiferous Quadruped, by John Goodman, M.D.
From the Trans, of the Am. Phil. Soc. at Philadelphia,
N. S. vol. 3.
Description of the Fragment of the Head of a new Fossil
Animal discovered in a Marl-pit near Moorestown,
New Jersey, by Isaac Hays, M.D. From the Trans,
of the Am. Phil. Soc. at Philadelpliia, N. S. vol. 3.
12. Transactions of the Physical Class of the Asiatic Society
of Bengal, part 1, 1829.
15. Essai sur la Topographie Geognostique du Departement
du Calvados, communique en 1825 a la Societe Linneenne de Normandie, par M. de Caumont.

DONORS.

Royal Institution.
Tlie Editor.
H. F.G.S.
Warburton, Esq.

M.i'.

Astronomical Soc. of Lend.

The Author.

The Translator.
Astronomical
Society
<jf
London.
ciety.
Yorkshire Philosophical St;The Author.

The Author.
Society. Philosophiciil
Cambridge
The Author.

The Author.

The Author.
The Author.

The Author.

The Author.
The Committee.

The Author.

List of Donations.
1830.
June

Jud^

Jv^.

DONORS.

BOOKS.

1(>. Address of Earl Stanhope, President of the Medico-Botanical Society, for the Anniversary Meeting Jan. 16th
1830.
Transactions of the Linnean Society of London, vol. 16,
and the List oftheLinnean Society of London, for 1830.

Medico-Botanical Society,

30. Sections and Views illustrative of Geological
mena, by H. T. De la Beche, Esq. F.G.S.

The Author.

Phaeno-

t>. Notes on the New Red Sandstone of the County of Durham, below the Magnesian Limestone, by William
Hutton, Esq. F.G.S.
From the Transactions of the
Natural History Society of Newcastle-upon-Tyne.
1. Observations sur les Belemnites, par M. Philippe Louis
Voltz, For. Mem. G.S.
Memoires pour servir a une Description Geologique de
la France, par M. Dufrenoy et M, Elie de Beaumont,
For. Mem. G.S. tome ler.
2. Journal de Geologie, publie par MM. Bone, For. Mem.
G.S., Joubet et Rozet, Nos. 1 et 2.
12. Catalogue and Supplement of the Library of the London
Institution.
Reise von Christiania nacli Drontheim durch Oesterdalen
und zuriick iiber Dovre, nebst einem Abstecher nach
Jemteland, von J. Esmark For. Mem. G.S. 2 copies,
one in German the other in Swedish.
II'. Synoptical Table of British Organic Remains, by Samuel
Woodward, Esq.
23. Transactions of the Royal L-ish Academy, vol. 16, part 1.

Scpl.

3. Memoires de TAcaderaie Royale des Sciences de I'lnstitut de France, tome 9eme,

Linnean Society of London.

The Author.
The Author.

The Authors.
The Conductors.
London Institution.

The Author.
The Author.
Royal Irish Academy.
The
Royal
Institute
France.

of

Memoires
presentes par divers Savans a I'Academie
Royale des Sciences de I'lnstitut de France. Sciences
Mathematiques et Physiques, tome 2.
7. Transactions of the Royal Asiatic Society of Great Britain and Ireland, vol. 2.

Royal Asiatic Soc. of Great
Britain and Ireland.

Catalogue of the Printed Books in the Library of the
Royal Asiatic Society ; and Third Report of the Oriental Translation Committee.

Oct.

Societe dePharmacie. Seance Publiquedu 21 Avril 1830,
en Commemoration de Vauquelin ; Notice historique
sur N. L. Vauquelin, par MM. Chevallier et Robinct.
1 . The Journal of the Royal Institution of Great Britain,
N. S. No. 1, Oct. 1830.

The Authors.

4. Geologische Uebersicht eines Theiles der Auvergne, inbesondere der Umsebunsen von Clermont-Ferrand.
Besondercr abdruck aus der Zeitschrift, Hertha, 14ter
Band, von C. T. Kleinschrod.
Heads for the Arrangement of Local Information in every
Department of Parochial and Rural Interest, by the
Rev. Edward Stanley.

The Author.

Royal Institution of Great
Britain.

The Author.

List of Donations.
18.30.
Oct.

DONORS.

BOOKS.

4. Geschiclite der durch Ueberlieferung nach gewiessenen
natihlichen Veranderungen derEidoberflache, ein Versuch, von K. E. A. von Hoff, 2 Bande. 1824.
12. Elements of Chemistry, by Edward Turner, M.D. Sec.
G.S. Third edition.
14. Journal de Geologie, par M. Ami Bone, M.D. For.
Mem. G.S., Joubert et Rozet, No. 3.
15. Transactions of the American Phihjsopliical Society of
Philadelphia, vol. 3, part 2, New Series.

The Author.
The Author.
Tlie Conductors.
The
Philosophical
of Pliiladelphia.

Society

Notice sur les Tettigopsis, Programme d'Invitation a la
Seance Piiblique de la Societe Imperiale des Naturalistes de Moscou, pour la Reception de son nouveau
President, par M.
Mem. G.S.

G. Fischer-de-Waldheim,

For.

The Author.

Oryctographie du Goiivernement de Moscou, publiee et
dediee a Sa Majeste I'Empcreur Nicholas ler par M.
G. Fischer-de-Waldheim, For. Mem. G.S.
27. Catalogue of the Hunterian Collection in the Museum of
the Royal College of Surgeons in London, part 1,
comprehending the Pathological Preparations in .Spirit.
Proceedings of the Astronomical Society of London,
No. 28, and Tables of the Lunar Occultations for Sept.,
Oct., Nov. and Dec. 1830.

Royal College of Surgeons.
Astronomical
London.

Society

of

30. Resume des Observations sur I'Age relatif des Depots
Secondaires dans les Alps et les Carpathes, par M. Ami
Boue, For. Mem.
Nov.

G.S, Extrait du Journal de Geolo-

gic, Mai, 1830.
1 . Magazine of Natural History and Journal of Zoology,
Botany, Mineralogy &c., for 1830, conducted by J. C.
Loudon, Esq. F.G.S.
3. Description of two new Species of Buccinuni from the
English and Irish Seas, by William John Broderip, Esq.
Sec. G.S. F.R.S. From the Zoological Journal, vol. 5.
Observations on Volvox globata, by Charles Stokes, Esq.
F.G.S. , communicated to the Zoological Society by
W. J. Broderip, Esq. Sec. G.S. F.R.S.
Observations on new or interesting Mollusca contained,
for the most part, in the Museum

The Author.

The Conductor.

The Author.
W. G.S.
J. Broderip, Esq. Sec.

of the Zoological So-

ciety, byW.J. Broderip, Esq. Sec. G.S. and G. B. Sowerby, F.L.S.
From the Zoological Journal, vols. 4& 5.
Annual Reports of the Leeds Philosophical and Literary
Society, for 1828-1829 and 1829-1830.
4. Catalogue of a most splendid Collection of Mantiscripts
comprising Copies of the Holy Scriptures, Classics and
Lexicography &c.
5. Remarks on the Distribution of the Lidigenous Plants of
Northum])erland and Durham, as connected with the
Geological Structure of these Counties, by N.J. Winch,
Esq. Hon. Mem. G.S.

Leeds Philosophical and Literary Society.

Mr. Thomas

The Author.

Thorpe.

8

List of Donations.
Ksjo.

BOOKS.

N'or. .']. Reniaiks on tlie Geology of the Banks of the Tweed from
Carham in Nortliuniberland to the Sea Coastal Berwick,

ID.
i:;.

J)t'r.

2ii.
25.
1.

hy N.J. Winch, Esq. Hon. Mem. G.S. From the Transactions of the Natural History Society of Newcastle.
Catalogue of the Hunterian Collection in the Museum of
the Royal College of Surgeons, part 4, fasciculus 1,
comprehending the First Division of the Preparations
of Natural History in Spirit, 1«30.
One hundred Copies of the Geological Instructions,
publisiied by the Society,
Seventeenth Annual Report of the Council of the Royal
Geological Society of Cornwall.
Proceedings of the Astronomical SocictyofLondon,No.29.
Transactions of the Plymouth Institution.
The Philosophical Magazine and Annals of Philosophy,
for 1830, conducted by R. Taylor, Esq. F.G.S. and
R. Phillips, Esq. F.G.S.
Sur les Depots Lacustres Tertiaires du Cantal et leur
Rapports avec les Roches Primordiales et Volcaniques,
parM.CharlesLyell, V.P.G.S. et M.R. I. Murchison,
Sec. G.S. Extrait des Annales des Sciences Naturclles,
tome 18eme.

Magazine of Natural History, for 1830, conducted by
J. C. Loudon, Esq. F.G.S.
3. Geotrnostische Bemerkungen auf einer Reise durch Sachsen und Bohmen, von Dr. A. Klipstein.
Die wieder Ausrichtung verworfener Giinge, Lager und
Flotze, &c., von Dr. Zimmerman.
4. Sketch of the Structure of the Austrian Alps, by the
Rev. Adam Sedgwick, P. G.S. and Roderick L Murchison, Esq. Sec. G.S. From the Phil. Mag. and Annals, N.S. vol. 8, No. 44, Aug. 1830.
On the Natural History of the Vicinity of Stockton-onTees, by J. Hogg, Esq. F.L.S. From the History of
Stockton by the Rev. John Brewster, A.M.
Versuch einer geognostischen Darstellung des Kupfcrschiefergebirges der Wetterau und des Spessarts, von
Dr. A. Klipstein.
Observations on Fossil Vegetables &c., by Henry Witham,
Esq. F.G.S.
(). Bulletin de la Societe Geologique de France,
y. The Edinburgh Journal of Natural and Geographical Science, New Series, No. 1 , conducted by H. Cheek, Esq.
13. Principles
Sec. G.S.of Geology, vol.

1, by C. Lyell, Esq. F'or.

31. Untersuchungen iiber den Magnetismus der Erde, von
C. Hansteen. Uebersetzt von P. Treschow Hanson.
Erster Theil. Die niechanischen Erscheinungen des
Magneten. 1819.

The Author.

Royal College of Surgeons.
J. C. f/oudon, Esq. F.G.S.
The Council of the Royal
Geol. Soc. of Cornwall.
Astronomical Society.
i'he Plymouth Institution.
The Editors.

The Authors.
The Conductor.
The Author.
The Author.

Tlie Authors.

The Author.
'I'he Author.

The Author.
G^logicalSocietyof France.
The Conductor.
The Author.

II. C. White, Esq. F.G.S.

List of Donations.
1831.
Jan.

Feb.

1 }. Transactions of tlie Society for the Encouragement of
Arts, Manufactures and Commerce, vol. 48, part 1.
1 8. Proceedings of the Astronomical Society of London,
No. 30.
Occultations of Planets and Fixed Stars by the Moon.
On the Fossil Organic Remains found in Canada.
Mineralogical Examination of the Sulphate of Strontian
from Kingston, and on the Red Colour of Flame as
produced by Strontian and as characteristic of Minerals
of that Genus, by Lieut. Baddeley, Roy. Eng.
20. Proceedings of the Committee of Science and Correspondence of the Zoological Society of London, No. 1.
28. Catalogue of the Hunterian Collection in tlie Museum of
the Royal College of Surgeons, part 4, comprehending
the Human and Comparative Osteology.
Journal of the Royal Institution of Great Britain, No. 2.
1 1 . Proceedings of the Committee of Science and Correspondence of the Zoological Society of London, No. 2.
Versuch einer geognostischen Eintheihmg seiner Versteinerung-Sammhmg, von Herrn F. W. Hoeninghaus,
erster Theil.
12. Manual of Analytical Chemistry, by Henry Rose, Professor of Chemistry at Berlin, translated from tlie
German by Mr. Griffin.
19. Real Museo Borbonico. Officina de' Papiri descritta dal
Canonico Andrea de Jorio. Napoli, 1825.
Plan de Pompei, de M. le Chanoine D. Andre de Jorio,
1827.
Synopsis Reptilium, or Sliort Descriptions of tlie Species
of Reptiles, by John Edward Gray, Es(j. F.G.S. part 1,
Cataphracta, Tortoises, Crocodiles, and Enaliosaurians.
The Zoological Miscellany, by John Edward Gray, Esq.
F.G.S. No. 1.

Mar.

10. Proceedings of the Committee of Science and Correspondence of the Zoological Society, No. 3.
12. Address of Earl Stanhope, President of the Medico-Botanical Society, at the Anniversary Meeting, Jan. IGth
1831.
Ik Researches about Atmospheric Phasnomena, by Thomas
Forster, Esq. M.B. F.L.S. Third edition. 1823.
Illustrations of the Atmospherical Origin of Epidemic
Diseases, by T. Forster, Esq. M.B. F.L.S. Second
edition. 1829.

^pril

DONORS.

BOOKS.

The Society of Arts.
The Astronomical Society,
Lt. Baddeley, Roy. Eng.

The Zoological Society.
The Royal College of SurThe Royal Institution.
geons.
The Zoological Society.

The Author.

Tlie Translator.
H.

T. De la Beche, Esq.
F.G.S. &c.

The Author.

The Zoological Society.
ciety.
Tlie Medico-Botanical So-

The Author.

The Royal Society.

30. Proceedings of the Royal Society of London, Nos. 1 & 2.
5. Edinburgh Journal of Natural and Geographical Science,
New Series, No. 4, conducted by Henry Cheek, Esq.
F.L.S.

Tlie Conductor.

11. Proceedings of the Committee of Science and Correspondence of the Zoological Society, No. 4.

The Zoological Society.

List of Donations.

10
1831.

DONORS.

BOOKS.

April 13. Meeting of the Cultivators of Natural Science and Medicine at Hamburgh, in September 1830, by F. W.
Johnston, M.A. From the Edinburgh Journal of Science, N.S. vol. 4.
On the Occurrence of the Remains of Elephants and
other Quadrupeds in the Cliffs of frozen Mud in
Eschscholtz Bay, within Beering's Strait, and in other
distant parts of the shores of the Arctic Seas, by the
Rev. William Buckland, D.D.
18. Studien
des Gottingischen
Vereins
Bergmiinnischer
Freunde. Im Namen desselben herausgegeben von
J. F. L. Hausmann, For. Mem. G.S.
The Utility of the Knowledge of Nature considered with
Reference to the Introduction of Instruction in the
Physical Sciences into the General Education of Youth,
by E. W. Brayley, Jun. Esq.
1 9. Histoire des Vegetaux Fossiles, ou Recherches Botaniques
et Geologiques sur Ics Vegetaux renfcrmes dans les
diverses Couches du Globe, 4 livraisons, par M. A.
Brongniart.
Natur-Historie des Schweizerlandes, von Johann Jacob
Scheuchzers.
25. Memoires derAcademie Royale des Sciences de I'lnstitut de France, tome 10.
2G. On the Diluvial Theory, and on the Origin of the Valleys
of Auvergne, by Dr. Daubeny, F.G.S. (From the
Edinburgh New Philosophical Journal, No, 20, 1831.)
27.
On the probable Connexion of Rock-Basins, in Form and
Situation, with an Internal Concretionary Structure in
the Rocks in which they occur, by E. W. Brayley, Jun.
A.L.S.
Philosophical Transactions of the Royal Society of London; parts 1 and 2, 1830; part 2, 1828; part 3, 1830.
Proceedings of the Royal Society, Nos. 2 and 3.
Notice sur les Puits Artesiens, ou Observations sur les
diverses Tentatives executeesdans le Midide la France,
par M. Marcel de Serres.
De la Simultaneite des Terrains de Sediment Superieur,
May

par M. Marcel de Serres.
6. Proceedings of the Royal Astronomical Society of London, Index to vol. 1, parts 2 and 3 of vol. 2.
Charter and Bye-laws of the Astronomical Society.
9. Recueil de Planches de Petrifications remarquables, par
M. Leopold de Buch, For. Mem. G.S., premier cahier.
11. Abhandlungen der Koniglichen Akademie der Wissenschaften zu Berlin aus dem Jahre 1827, nebst der
Geschichte der Akademie in diesem Zeitraum.
IG. Catalogue of the Library of the Royal College of Surgeons in London, 1831.

The Author.

The Author.

The Author.

The Author.

Frederick Page, Esq. F.G.S.
H. J. Brooke, Esq. F.G.S.
The

Royal
France.

Institute

of

The Author.

The Author.
The Royal Society.

The Author.

The Astronomical Society.

The Author.
Thelin.Royal Academy of BerThe Royal College of Surgeons.
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List of Donations.
1S31.
Maij

June

IG. Catalogue of the Contents of tlie Museum of the Royal
College of Surgeons in London, part 4, fasciculus 1,
comprehending the First Division of the Preparations
of Natural History in Spirit.
19. Quarterly Mining Review, No. 5.
25. Examination of the Objections made in Britain against
the Doctrines of Galland Spurzheim, by J. G. Spurzheim, M.D.
Journal of the Royal Institution of Great Britain, No. 3.
7. A Descriptive Outline of the Roman Remains in Norfolk,
accompanied by a Map of the County, by S. Woodward,
Esq.
From tlie Archseologia, vol. 23.
8, Description of the Fossil Bones of the Megalonyx discovered in White Cave, Kentucky, by Dr. Harlan.
From the Journal of the Academy of Natural Sciences
of Philadelphia, vol. G.
A newly illustrated Road Book of the Route from London
to Naples, by William Brockedon, Esq., part 1, containing Route from London to Paris.
Annual Report of the Yorkshire Philosophical Society
and List of Members and Contributors for 1830.
Reports of the Auditors of the Accounts of the Zoological Society for the year 1830.
Proceedings of the Committee
of Science and Correspondence, No. 6.
Proceedings of the Royal Society, No. 4.
Transactions of the Cambridge Philosophical Society,
vol. 4, part 1.
Histoire des Vegetaux Fossiles, par M. Adolphe Brongniart, 5me livraison.
21. Proceedings of the Royal Society, No. 5.
27. Catalogue of the Organic Remains of the County of
Wilts, by Miss Etheldred Benett, 4to.
Catalogue of Wiltshire Fossils, by Miss Etheldred Benett,
fol.

Juhj

DONORS.

BOOKS.

3. A Critical Review of Mr. Montgomery's Poem of " Oxford," bythe Reviewer of the Keepsake for 1831.
15. The Fossil Flora of Great Britain, or Figures and Descriptions of the Vegetable Remains found in a Fossil State
in this Country, by John Lindley, Esq. F.G.S. and
William Hutton, Esq. F.G.S. No. 1.
IS. Remarks on the Formation of Alluvial Deposits, by the
Rev. Janaes Yates, F.G.S. &c.
From the Edinburgli
New Philos. Journal for July 1831.
20. Manual
of Geology, by H. T. De la Bechc, Esq.
F.G.S. &c.
Transactions of the Royal Irish Academy, vol. IG, part 1,
1830.
2G. Proceedings of tlie Royal Astronomical Society of London, vol. 2, No. G.

The Royal College of SurThe Editor.
geons.
S. Underwood, Esq. F.G.S.
The Royal Institution.
The Author.

The Author.

The Author.
The Yorkshire
cal Society. PhilosophiThe Zoological Society.

The Royal Society.
The Cambridge
cal Society. PhilosophiFrederick Page, Esq. F.G.S.
The Royal Society.
The Author.

The Author.

J. Lindley, Esq. F.G.S.
The Author.
The Author.
The Royal Irish Academy.
ciety.
The Royal Astronomical So-
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List of Donations.

1831.
BOOKS.
Julti 28. A Description of a Fossil Tree discovered in the Quarry
at Craigleith, near Edinburgh, in the Month of November 1830, by Henry Witham, Esq. F.G.S.
From the
Transactions of the Natural History Society at Newcastle, vol. 1.
30. Ninth and Tenth Annual Reports of the Council of the
Leeds Philosophical and Literary Society, for 1829
and 1830.
Ana,.

3. Journal of the Royal Institution of Great Britain, No. 4.
1 2. Proceedings of the Committee of Science and Correspondence of the Zoological Society, for April, May, and June
1831, No. 7.
Catalogue of the Contents of the Museum of the Royal
College of Surgeons, part 5, comprehending the Preparations ofMonsters and mal-formed Parts, in Spirit,
and in a Dried State.
28. Proceedings of the Royal
and 6.

Society of London,

Nos. 5

Monthly American Journal of Geology and Natural
Science, conducted by G. W. Featherstonhaugh, Esq.
F.G.S., July 1831.
29. Additional Observations on the Geology and Organic
Remains of New Jersey and Delaware, by G. Morton,
M.D.
Notice of the Academy of Natural Sciences of Philadelphia, Second edition.
List of Portraits in possession of the Royal Society.
Transactions of the Royal Irish Academy, vol. 16,

DONORS.

The Author.
The Leeds Philosojihical and
Literary Society.
The Royal Institution.

The Zoological Society.

The Royal College of Sur-

The Royal Society.
geons.
The Conductor.

The Author.
The Academy of Sciences at
Piiiladelphia.
The Royal Society.
The Royal Irish Academy.

Sepi.

part 2. of the Skeleton of the Fossil Deer of Ireland,
5. Description
Ccrvus Mcgaceros, by John Hart, Esq. M.R.I. A.
Second edition, with an Appendix.
7. A Letter to Dr. David Boswell Reid in Answer to his

The Author.

Pamphlet, entitled " An Exposure of the Misrepresentations in the Philosophical Magazine and Annals of
Philosophy," by R. Phillips, F.G.S. &-c.
12, Transactions of the Royal Society of Edinburgh, vol. 11,

Oct.

part 2.
25. Bulletin de la Socii'te Geologique de France, tome ler.
29. American Journal of Science and Arts, conducted by
Benjamin Silliman, M.D. For. Mem. G.S., vol. 19, 20.
5. On a peculiar Class of Acoustical Figures, and on the
Forms of Fluids vibrating on Elastic Surfaces, by
Michael Faraday, Esq. F.G.S. &c. From the Philosophical Transactions, 1831, p. 299.
Proceedings of the Committee of Science of the Zoological Society for the Meetings held July 16th and
Aug. 9tli.
Table of the Logarithms of the Natural Numbers from 1
to 108,000, by Cliarles Babbage, Esq. M.A.

The Author.
The Royal Society of Edinburgh.
The Geol. Soc. of France.
The Conductor.

The Author.

The Zoological Society.
The Author.

U

List of Donfitions.
1831.
Nov,

BOOKS.

DONORS.

5. Rapporto sulle Ossa Fossili di Mardolce e degli altri
contorni di Palermo.
A newly illustrated Road Book of tlie Route from London to Naples, part 2, containing Route from Paris to
Turin, edited by William Brockedon, Esq.
Verzeichniss der von F. W. Hoeninghaus in Crcfeld dem
Museum der Universitat Bonn, zur Beforderung grosseren Nutzens in den Naturwissenscliaften iiberlassenen Petrefacten-Sammlung,
Caspari Georgii Caroli Reinwardt, Oratio de Augmentis,
qua? Historian Natural! ex Indiae investigatione accesserunt, habita Leidae, A.D. 3 Maji, 1823.
Over eenen Hoorn en Gedeelte des Bekkeneels van Bos.
Primigenius, in Februarij, 1825, bij de Eembrugge gevonden, door N. C. de Fremery.
9. Fragmens de Geologie et de Climatologie Asiatiqucs,
par Alexandre de Humboldt, For. Mem. G.S., tomes
ler et 2me.

Dr. Christie, F.G.S.

The Editor.

F.W. Hoeninghaus, Esq.

The Author.

C. G. C. Reinwardt, Esq.

The Author.

Notice sur I'Hyperstene et la Sienite Hyperstenique de
la Valteline, par M. L. A. Necker, For. Mem. G.S.
Lue a la Societe de Physique et d'Histoire Naturelle
de Geneve, le IG Avril, 1829.
Sur quelques Rapports entre la Direction Generale de la

The Author.

Stratification et celle des Lignes d'egale Intensite
Magnetique dans 1' Hemisphere Boreal, par M. L. A.
Necker, For. Mem. G.S. Communique a la Societe
de Physique et d'Histoire Naturelle de Geneve
le 4 Fev. 1830.
Note sur la Gismondlne de Carpi, et sur un nouveau Mineral des Environs de Rome, par M. L. A. Necker, For.
Mem. G.S. Lue a la Societe
stoire Naturelle de Geneve, le
Petriiicata Suecana Format,ionis
Iconibus illustrata a S. Nilsson.
et Mollusca sistens.

de Physique et d'Hi20 Jan. 1831.
Cretacese, dcscripta et
Pars prior, Vertebrata

22. A Geological Nomenclature for North America ; founded
upon Geological Surveys taken under the Direction
of the Honourable Stejihen van Rensselaer.
Beitrage sur Pctrefactenkunde, von Hermann von Meyer.

Dec.

(This volume contains Von Meyer's memoirs on Orthoceratites striolatus, Calymene? ccquaUs, Mastodon
arvernensis, Aptycus, Rliacheosaurus, Plagiosaurus,
Pleurosaurus, Macrospondylus and Pterodactylus.)
Journal of the Royal Geographical Society of London,
vol. 1.
1. The Horticultural Register and General Magazine of
all Useful and Interesting Discoveries, No. 1 to (>,
conducted by Joseph Paxton, F.L.S. and Joseph Harrison.

H. T. De la Beche,
F.G.S. &c.
The

Hon.
Stephen
Rensselaer.

Esq.

van

The Author.
Royal Geographical Society.

The ConducKjrs.

List of Donations.
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1S31
Dec.

BOOKS.

". Description of the Fossil Bones of the Megalonyx discovered inWhite Cave, Kentucky, by R. Harlan, M.D.
From the Journal of the Academy of Nat. Sciences
at Pliiladclphia, vol. G.
?,. Description de Coquilles Caracteristiques des Terrains,
par M. G. P. Deshayes.
The Philosophical Transactions of the Royal Society of
d.
London, for the year 1S31.
American
Journal of Science and Arts, vol. 21, 1831,
I)
conducted by Benjamin Silliman, M.D. For. Mem. G.S.
IS. Memoirs of the Royal Astronomical Society, vol. 4,

ique des Terrains Primitifs, destine au
u
Tablpaea
rt 2.Mnemon
GLologueVoyageur, avec son Explication, par M. Neree
Boubee31.

loy.
Elements
de Geologic, par M. J. J. D'Omalius D'HalThe Magazine of Natural History and Journal of Botany,
Zoology, Mineralogy, Geology, and Meteorology, for
1.S31, by J. C. Loudon, F.G.S. Src.
The Philosophical Magazine and Annals of Philosophy,
for 1831, conducted by R. Taylor, Esq. F.G.S. and
Richard Phillips, Esq. F.G.S.
Principles of Geology, by C. Lyell, Esq. F.G.S. vol. 2.

1832
Jan.
7. The Fossil Flora of Great Britain, by J. Lindley, F.G.S.
and William Hutton, F.G.S., parts 2 and 3.
12. An Estimate of the Philosophical Character of Dr.
Priestley, by William Henry, M.D. F.R.S. Hon. Mem.
G.S. Read to the first meeting of the British Association, 1831.
1(). Histoire des Vegetaux Fossiles, ou Recherches Botaniqueset Geologiques sur les Vegetaux renfermes dans
les diverses Couches du Globe, par M. Adolphe
Brongniart, 6me livraison.
17. Proceedings of the Committee of Science of the Zoological Society for Nov. 18S1.
21. Proceedings of the Royal Society, No. 7.
25. Transactions of the Literary and Historical Society of
Quebec, vol. 2.

DONORS.

The Author.
H. T. De la Beclie, Esq.
F.G.S. &c.
The Royal Society.
The Conductor.
ciety.
The Royal Astronomical So-

The Author.
H. T. De la Bcche, Esq.
F.G.S. &c.

The Conductor.

Richard Taylor, Esq. F.G.
The Author.

The Authors.

The Author.

F. Page, Esq. F.G.S.
The Zoological Society.
The Royal Society.
The Literary and Historical
Society of Quebec.

Programme d'un Concours pour le Percement de Puits
F"ores suivant la Methode Artcsienne, a Tcffet d'obtenir
des Eaux jaillissantes applicables aux Besoins de
I'Agriculture, suivi de Considerations Geologiques et
Physiques sur le Gisement de ces Eatix, par M. le
Vicomte Hericart de Thury, 1828.
Considerations Geologiques et Physiques sur la Cause du
jaillissement des Eaux des Puits Fores ou Fontaines
Artificielles, &c., par M. le Vicomte
Hericart de
Thury, 1829.

Tlie Author,

List of Donations.
1832.

BOOKS.

DONORS.

Jan. 25. Recheiches sur I'Origine ou 1' Invention de la Sonde du
Fontenier-Sondeur, et Considerations sur le Degre de
Probabilite du Succes des Puits Fores ou Fontaines
Artesiennes dans les hautes Plaines des Departemens
de la Champagne, de la Beauce, de la Picardie, de la
Normandie, Sec. &c., par M. le Vicomte Hericart de
Thury, 1829.
Rapport de M. le Vicomte Hericart de Thury sur
le Concours ouvert pour le Percement des Puits
Fores. Seance Publique du 18 Avril 1830.
Rapport sur le Concours pour le Percement des Puits
Fores, &c., par M. le Vicomte H. de Thury, 1831.
Programmes des Prix proposes par la Societe Royal et

The Author.

Centrale d' Agriculture dans sa Seance Publique du 1 0
Avril 1831, pour le Dessechement des Terres argilleuses et humides au moyen de Puisards artificiels,
de Sondages et de Coulisses ou Rigoles Souterrains,
par M. le Vicomte Hericart de Thury, 1831.
Notices sur le double Puits Fore au Port Saint-Ouen
par MM. Flachat freres et Cie; lues a la Societe

Feb.

Royale et Centrale d' Agriculture de Paris, dans les
Seances des 18 Fevrier et 3 Mars 1829, par M. le
Vicomte Hericart de Thury.
3. Sacred Poems, Poetical Illustrations of Scripture, by the
Rev. C. F. Watkins.
9. List of Portraits in possession of the Royal Society.
List of Instruments and Apparatus belonging to the
Royal Society.
10. Remarks on Thermal Springs and their Connexion with
Volcanos, by Charles Daubeny, M.D. F.G.S. From
the Edinburgh New Philosophical Journal, Jan.
1832.
11. An account of the Beulah Saline Spa at Norwood, Surrey, by George H. Weatherhead, M.D.
16. A Letter to a Friend containing Observations on the
Comparative Merits of Canals and Railways, occasioned by the Reports of the Committee of the Liverpool and Manchester Railway, by Frederick Page,
Esq. F.G.S.
23. Micrometrical Measures of 36i Double Stars with a Seven Feet Equatorial Achromatic Telescope, taken at
Slough in the years 1828,1829, and 1830, by J.F. W.
Herschel, Esq. F.G.S. From the Memoirs of the
Royal Astronomical Society, vol. 5, part 1.
2'L A Geological Manual, by H. T. De la Beche.Esq. F.R.S.
F.G.S. &'c. 2nd Edit.
25. First Report of the Proceedings, Recommendations and
Transactions of the British Association for the Advancement ofScience, 1832.

The Author.
The Royal Society.

The Author.
The Author.

The Author.

The Author.
The Author.

The British Association.

SG

List of Donations.

1833.
BOOKS.
Feb.
25. Dictionniiire Geographique ile la Province

DONORS.

de

Liege,

jnecede d'un Fragment du Memorial de 1' Etablissement
Geographique de Bruxelles, fonde par Ph. Vander
Maelen.
Jllar.

.1. Proceedings of the Committee of Science and Correspondence ofthe Zoological Society of London, No. 1,
1830-,'31.
7. The British Magazine and Montldy Register of Religious
and Ecclesiastical Information, No. 1.
Catalogue of German Books and Maps which have been
published from July to December 1831 by Messrs.
Black, Young and Young.
\z. Proceedingsof the Royal Asiatic Society, for Feb. 1832.
Ittiolitologia Veronese del Miiseo Bozziano ora annesso
a (jiiello del Conte Giovambattista Gazola e di altri
Gabinctti di Fossili Veronesi con la Versione Latina.
2G. A History of Mountains, Geographical and Mineralogical,

by J. Wilson, Esq., 3 vols. 4to, and tlie Picturesque
View of the Principal Mountains of the World.
lis. First Annual Address of the Geological Society of Dublin,
Feb. 1852, by the Rev. Bartholomew Lloyd, D.D.
P.G.S.D.
List of Lidian Woods collected by N. Wallich, M.D.
F.G.S., drawn up by Arthur Aikin, Esq. F.G.S. Sec.
to the Society of Arts. From the 48th vol. of the
Transactions of the Society of Arts.
y-fprit

1. Transactions of the Society for the Encouragement of
Arts, Manufactures and Commerce, vol. 48, part 2.
10. First Appendix to the Third Report of the Select Committee of the House of Commons on the Coal Mines
of India.
Experimental Researches in Electricity, by Michael Faraday, Esq. F.R.S. F.G.S.
From the Philosophical
Transactions, 1832.
American Journal of Science and Arts, conducted by
Benjamin Silliman, M.D., vol. 22.
On the Vitality of Toads inclosed in Stone and Wood, by
the Rev. Prof. Buckland, D.D. F.G.S. From the Zoological Journal.
IG. Sketch of the History of Van Diemen's Land; and an
Account of the Van Diemen's Land Company, by James
Bischoflf, Esq.
18. Proceedings of the Royal Asiatic Society, March 1832.
24. Proceedings for January and February of the Committee ofScience and Correspondence of the Zoological
Society.

3/''/y

1, Transactions
of the American
vol. 4, part 1. New Series.

Philosophical

Society,

M. Vander Maelen.

The Zoological Society.
The Editor.

Messrs. Black and Co.
The Royal Asiatic Society.

Rev. D. Pettiward, F.G.S.
Samuel
Luck
F.G.S.

Kent,

Esq.

The Geological Society of
Dublin.

Dr. Wallich, F.G.S.
Society of Arts and Sciences.
Henry

H.

Goodhall,

Esq.

F.G.S.

The Author.
The Conductor.

The Author.

The Author.
The Royal Asiatic Society.

The Zoological Society.
The American Philosophical
Society.

17
List of Donations.
1832.
May

BOOKS.

1 . Observations on the Genus Unio, together with Descriptions of new Genera and Species in the Famihes
Naiades, Melaniana and Cohmacia, by Isaac Lea,
Esq. From the Transactions of the American Philosophical Society held at Philadelphia. New Series,
vols. 3 and 4.
3. On Mineralogy, considered as a Branch of Natural History, byM. L. A. Necker, For. Mem. G.S. From the
Edin. New Phil. Journal, April 1832.
4. Remarks on the Mineralogy and Geology of the Peninsula of Nova Scotia, by Charles T. Jackson, Esq. and
Francis Alger, Esq. From the Memoirs of the
American Academy.
Proceedings of the Royal Society, No. 8.
6. An Address delivered at the Anniversary Meeting of the
Geological Society of London, on the 17th of February
1832, by Roderick Lnpcy Murchison, Esq. F.R.S.
L.S. President of the Society.
Proceedings of the Royal Asiatic Society, April 1832.
21. Annual Report of the Council of the Yorkshire Philosophical Society, for 1831, presented to the Annual
Meeting, February 7th 1832.

June

4. Descrizione dell' Etna, con la Storia delle Eruzioni e il
Catalogo dei Prodotti, dell' Abate Francesco Ferrara.
I Campi Flegrei della Sicilia e delle Isole che le sono
intorno, o Descrizione Fisica e Mineralogica di queste
Isole, deir Abate Francesco Ferrara.

DONORS.

Tlie Author.

The Author.

The Authors.
The Royal Society.

The Author.
The Royal Asiatic Society.
The Yorkshire
cal Society. PhilosophiMarquis of Northampton,
F.G.S.

Zoologia Adriatica, ossia Catalogo Ragionato degli Animali del Golfo e delle Lagune di Venezia, preceduto da
una Dissertazione sulla Storia Fisica e Naturale del
Golfo, e accompagnato da Memorie ed Osservazioni
di Fisica Storia Naturale ed Economia, dell' Abate
Giuseppe Olivi. Bassano, 1792.
6. On the Free Motion of Points, and on Universal Gravitation, including the Principal Propositions of Books 1
and 3 of "The Principia"; th^ First Part of a new Edition of a Treatise on Dynamics, by William Whewell,
M.A. F.G.S. 1832.

The Author.

7. On the Investigation of the Orbits of Revolving Double
Stars : being a Supplement to a Paper entitled, " Micrometrical Measures of 364 Double Stars, by Sir
J. F. W. Herschel, K.G.H. F.G.S. F.R.A.S., &c."
From the Memoirs of the Royal Astronomical Society,
vol.5, p. 171.
8. The Eleventh Report of the Council of the Leeds Philosophical Society, at the Close of the Session 1830-1831.
13. On the Lcjmlodendron
Harcourtii, by Henry Withara,
Esq., F.G.S. From the Transactions of Nat. Hist. Soc.
of Newcastle-upon-Tyne.

The Author.
TheSociety.
Leeds

The Author.

Philosophical
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List of Donations.
1832.

June

BOOKS.

18. On the Economy of Manufactures, by Charles Babbage,
Esq. A.M.
20. Proceedings
of the Royal Asiatic Society, for May
1832.
Report of the Council to the Annual Meeting held June 7,
1832.
28. Observations on the Theories which have been proposed
to explain the Vitrified Forts of Scotland, by S. Hibbert, M.D. F.G.S.
Description of the Shetland Islands, by Samuel Hibbert,
M.D. F.G.S.

DONORS.
The Author.
The Royal Asiatic Society.

The Author.

History of the Extinct Volcanos of the Basin of Neuwied on the Lower Rhine, by Samuel Hibbert, M.D.
F.G.S.
Notice of the Discovery of very extensive Vitrified Remains at Elsness, in the Island of Sanday, Orkney, by
Samuel Hibbert, M.D. F.G.S.
29. Anniversary Address, Report and List for 1832 of the
Royal Society of Literature.
July

3. Transactions of the Royal Asiatic Society of Great Britain and Ireland, vol. 3, part 1.
12. The Monthly American Journal of Geology and Natural
Science for August 1831, conducted by G. W. Featherstonhaugh, Esq. F.G.S.
Description of the Fossil Bones of the Megalonyx discovered inthe White Cave, Kentucky, by R. Harlan, M.D.
From the Journal of the Academy of Natural Sciences
at Philadelphia, vol. 6.
List of Premiums for the years 1831, 1832, 1833 and 1834,
offered by the Society for the Encouragement of Arts,
Manufactures and Commerce.
Rapport sur les Travaux de la Societe Geologique de

France pendant I'Annee 1831, par M. Jules Desnoyers. Secretaire pour la France.
28. On certain new Phenomena of Colour in Labrador Felspar, with Observations on the Nature and Cause of
its changeable Tints, by David Brewster, LL.D. F.G.S.
From the Transactions of the Royal Society of
Edinburgh, vol. 11.
j^ug. 6. On the Osteological Symmetry of the Camel, by Walter
Adam, Esq. M.D. From the Transactions of the Linnean Society, vol. 16, page 525.
1 5. Proceedings of the Committee of Science and Correspondence of the Zoological Society for March, April, May
and June 1832.
18. Memoires de I'Academie Royale des Sciences de rinstitut de France, tome 11, 1832.
23. Bulletin de la Societe Geologique de France, tome 2,
feuilles 2S et 24.

The Royal Society of Literature.
The Royal Asiatic Society.

The Conductor.

The Author.

The Society of Arts.

The Author.

The Author.

The Author.

The Zoological Society.
The
Royal Academy
France.
The Geological Society
France.

of
of
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List of Donations.
BOOKS.

DONORS.

23, Memoir on the Pearly Nautilus, drawn up by Richard
Owen. Published by the Direction of the Council of
the Royal College of Surgeons.
27. Transactions of the Royal Society of Edinburgh, vol. 12,

The Royal College of Sur-

1832.
Aug.

Sept.

Ocf.

part 1.
2. Sketches of Vesuvius, with short Accounts of its principal
Eruptions from the Commencement of the Christian
Era to the present Time, by John Auldjo, Esq. F.G.S.
Verhandlungen der Kaiserlichen Leopoldinisch-Carolinischen Akademie der Naturforscher, ISter Band.
19. On the Stratiform Basalt associated with the Carboniferous Formation of the North of England, by William
Hutton, Esq., F.G.S. From the Transactions of the
Nat. Hist. Soc. of Newcastle-upon-Tyne.
26. Report of the Proceedings of the Fourth Annual Meeting
of the Subscribers to the Oriental Translation Fund of
Great Britain and Ireland.
Fossil Flora of Great Britain, No. G, by John Lindley,
Esq. F.G.S. and William Hutton, Esq. F.G.S.
11. Proceedings of the Royal Society, Nos. 8, 9, 10, 1832.
15. Journal of the Asiatic Society, No. 1, January 1832.
31. De Origine Saxorum
per Germania;
Septentrionalis
Regiones arenosas dispersorum Commentatio, Auctore Jo. Frid. Lud. Hausmann.
Recitata in Consessu
Societatis Regise Scientiarum d. 25 Aug. 1827.
De Hispaniae Constitutione Geognostica, Auctore Jo.
Frid. Lud. Hausmann, For. Mem. G.S.
Essai sur les Orbicules Siliceux et sur les Formes a Surfaces courbes qu' affectent les Agates et les autresSilex,
par M. Alex. Brongniart, For. Mem. G.S. From the
Annales des Sciences Naturelles, 1831, tome 23, page
IGG.

Nov.

The American Journal of Science and Arts, conducted by
Benjamin Silliman, M.D. For. Mem. G.S. vol. 9, No. 1 .
Transactions of the American Philosophical Society held
at Philadelphia for promoting Useful Knowledge.
New Series, vol. 4, part 2.
Taschenbuch fiir die gesammte Mineralogie, mit Hinsicht auf die neuesten Entdcckungen, von Karl C. von
Leonard, Bande 1 bis 8 und 10 bis 12.
2. Twelfth Report of the Council of the Leeds Philosophical
and Literary Society at the Close of the Session 18311832.

Theburgh.
Royal Society of Edingeons.
The Author.
The Royal Leopold Society
of Bonn.

The Author.
The Committee of Oriental
Translation Fund.
The Authors.
The Royal Society.

The Editor.

The Author.

The Author.
Henry Brooke, Esq. F.G.S.
The American
cal Society. PhilosophiGeorge B. Greenough, Esq.
F.G.S.
Theciety.
Leeds Philosophical So-

IG. Eighth and Ninth Annual Reports of the Bristol Institution, 1851-1832.
20. Journal of the Royal Geographical Society of London,
vol. 2.

The Bristol Institution.
TheSociety.
Royal
Geographical

21. Memoires de la Societe de Physique ct d'Histoire Naturelle de Geneve, tome 5.

The Natural History Society
of Geneva.
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List of Donations.

1832.
BOOKS.
Nov. 24. Introduction an Rapport fait a TAcademie Royale des

DONORS.

Sciences sur le Voyage a I'lle Julia en 1831 et 1832,
par M. Constant Prevost, charge par cette Academic
de recueillir les Observations Geologiques relatives
a I'Apparition de la nouvelle lie Volcanique de la
Mediterranee.
29. Proceedingsof the Committee of Science and Correspondence of the Zoological Society of London, for July,
August, September and October 1832.
Some Remarks on an Error respecting the Site and Origin of Graham Island, by Captain W. H. Smyth, R.N.
From the Philosophical Transactions, 1832, page 255.
30. Ueber den Haytorit, von Weiss.
Ueber das Dihexaeder, dessen FlJichenneigung gegen die
Axe gleich ist seinen ebenen Endspitzenwinkel ; nebst
allgemeineren Betrachtungen iiber Invertirungskorper,
von Weiss.

The Author.

The Zoological Society.

The Author.
The Author.

Ueber das Staurolithsystem, als abgeleitet aus dcm regularen Krystallsystem, von Weiss. From the Trans, of
the Berlin Academy, 1831.
Dec.

1. De redigendis ad unicam Seriem comparabilem meteorologicis ubique factis Observationibus Conventio propositaetTabulaesupputatae,ab EquiteNicolaoCacciatore,
1832.
Statuti deir Accademia delle Scienze e Belle Lettere di
Palermo, 1832.
6. A Popular Guide to the Observations of Nature, by
Robert Mudie, Esq.
12. Bulletin de la Societe Geologique de France, tome 2,
feuilles 25-30.
19. Fossil Shells of the Tertiary Formations of North America, illustrated by Figures drawn from Nature, by
T. A. Conrad, vol. 1, No. 1. 1832.
Cataloghi Sistematici e Descrittivi degli Oggetti di Storia
Naturale esistente nel Museo di Giuseppo de Cristofori e Prof. Giorgio Jan : Sezione Quarta, Prima Divisione, Mineralogia, Fascicolo 1.
31. The American Journal of Science and Arts, vol. 23, No. 1,
conducted by Benjamin Silliman, M.D. For.Mem.G.S.
The London and Edinburgh Philosophical Magazine and
Journal of Science, conducted by Sir D. Brewster, K.H.
F.G.S., R. Taylor, Esq. F.G.S. and Richard Phillips,
Esq. F.G.S. , for the year 1832.
The Horticultural Register and General Magazine of all
Useful and Entertaining Discoveries, conducted by
J. Paxton, F.L.S. and H. Harrison, for the year 1832.

1833
Jan,
1. Hints for collecting Animals and their Products, by
William John Broderip, Esq. F.G.S. V.P.Z.S.

The Author.
The Academy of Palermo.
The Author.
The Geological Society of
France.

The Author.

The Conductor.

The Conductors.

The Conductors.

The Author.
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List of Donations.
1833.
Jan.

Feh.

BOOKS.

10. Transactions of tlie Cambridge Philosophical Society,
vol. 4, part 3.
The Charter and Bye-Laws of the Cambridge Philosophical Society.
14. Philosophical Transactions of the Royal Society of London, for the year 1832.
Addresses delivered at the Anniversary Meetings of the
RoyalSociety on Thursday, Nov. 30, 1831, and Friday
Nov. 30, 1832, by His Royal Highness the Duke of
Sussex, K.G. &c., the President.
19. A Catalogue of the Mammalia and Birds observed in
Dukhun, East Indies, by Lt.-Col. W. H. Sykes, F.G.S.
From the Proceedings of the Committee of Science and
Correspondence of the Zoological Society of London,
for July 1831,and April, September and October 1832.
30. Proceedings of the Royal Asiatic Society for June, July
and December 1832.
1. Transactions of the Society for the Encouragement of
Arts, Manufactures and Commerce, vol. 4td, part 1.
Principles of Geology, by Charles Lyell, Esq. For. Sec.
G.S. Second edit. vols. 1 and 2.
CoupTheorique des divers Terrains, Roches et Mineraux
qui entrent dans la Composition du Sol du Basin de
Paris, par MM. Cuvier et Brongniart.
Annales des Sciences et de I'lndustrie du Midi de la
France. Publiees par la Societe de Statistique de Marseille, tome 1, Nos. 1, 2, et 3.
22. Memoires
presentes par divers Savans a I'Academie
Royale des Sciences de I'Institut de France, (Sciences
Mathematiques et Physiques,) tome 3.
26. Handbuch der Geognosie, von H. T. De la Beche. Nach
der zweiten Auflage des Englisclien Originals bearbeitet von Heinrich von Dechen, For. Mem. G.S.
1832.
Proceedings of the Royal Asiatic Society, January 5tli,
1833.

Mar.

DONORS.

The Cambridge
cal Society. Philosophi-

The Royal Society.

The Author.
The Royal Asiatic Society.
The Society of Arts.
The Author.

M. Clerget.

M. Donati.
The Royal
France.

Academy

of

The Translator.
The Royal Asiatic Society.

Elemens de Geologic mis a la portee de tout le ISIonde,
par M. L. A. Chaubard.
27. Histoire des Vegetaux Fossiles, par M. Adolphe Brongniart, 7e livraison.
4. An Historical and Practical Treatise upon Elemental
Locomotion by means of Steam Carriages on Common
Roads, by Alexander Gordon, Esq. 1832.
Journal of Elemental Locomotion, Nos. 1 to 5, for October, November and December 1832, and January,
February
and March
1833, edited by Alexander
Gordon, Esq,

The Editor.

11. Theory of the Formation of Chalk and Flint, by W. Man,
(2 copies).

The Author.

The Author.
Fred. Page, Esq. F.G.S.

The Author.
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List of Donations.
DONORS.

BOOKS.
1833.
Geological Society of CornRoyal
the
of
Transactions
11.
Mai.
wall, vol. 4, 1832.
Die Dendrolithen in Bezieliung auf iln-en inneren Bau,
von C. Bernhard Cotta.
21. American Journal of Science and Arts, conducted by
Benjamin Silliman, M.D. For. Mem.G.S.vol.23,No. 2.
Proceedings of the Royal Asiatic Society, February 2,
1833.
Astronomy and General Physics considered with Reference to Natural Theology, by the Rev. William Whewell, M.A. F.G.S. ; being No. 3. of the Bridgewater
Treatises.
Transactions of the Linnean Society of London, vol. IG,

Davies Gilbert, Esq. Pres.
R.G.S. of Cornwall.
The Author.
The Conductor.
The Royal Asiatic Society.

The Author.
The Linnean Society.

April

23. On part
the 3.
Economy of Machinery and Manufactures, by
Charles Babbage, Esq. A.M. Third edit. 1832.
27. An Account of some Fossil Shells of Maryland, by Thomas Say, Esq. From the Journal of the Academy of
Natural Sciences, vol. 4.
Fossil Flora of Great Britain, by John Lindley, Esq.
F.G.S. and William Button, Esq. F.G.S. No. 8.
1. Annual Report of the Yorkshire Philosophical Society,
for 1832.
2. Proceedings of the Committee of Science and Correspondence ofthe Zoological Society of London, for
October and November 1832.
4. Transactions of the Royal Academy of Berlin, for 1830
and 1831.
19. Abstracts of the Papers printed in the Philosophical
Transactions of the Royal Society of London, from
1800 to 1830, 2 vols.
Proceedings of the Royal Society, No. 11.
25. Proceedings of the Natural History Society of He Maurice.
Memoire sur la Relation des Ojjhites, des Gypses, et des

The Author.

J. Finch, Esq.
The Authors.
The Yorkshire
cal Society. Philosophi-

The Zoological Society.
The Royal Academy of Berlin.

The Royal Society.
The Natural History Society
of He Maurice.

Sources Saleesdes Pyrenees, et sur I'Epoque a laquelle
remonte leur Apparition, par M. Dufrenoy, For. Mem.
G.S,
From the Annales des Mines, Third Series,
vol. 2, page 21.
Memoire sur les Caracteres particuliers que presente le
Terrain de Craie dans le Sud de la France, et principalement sur les Pentes des Pyrenees, par M. Dufrenoy, For. Mem. G.S.
From the Annales des
Mines, Second Series, vol. 8, pages 17i, 321, and
Third Series, vol. 1, page 3.
Sur la Nature et la Position Geologique des Marbres designes sous le Nom
de Calcaires Amygdalins, par
M. Dufrenoy, For. Mem. G.S.
From the Annales
des Mines, vol. 3, page \T2.

The Author.
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List of Donations.
1833.

BOOKS.

April 25. Proceedings of the Royal Asiatic Society, March 1833.
Fragmens Geologiques tires de Stenon, de Kazwini, de
Strabon et du Boun-Dehescli, extrait et traduit par M.
Elie de Beaumont, For. Mem. G.S. From the Annales des Sciences Naturelles, vol. 25, page 337.
Memoirs of the Royal Astronomical Society of London,
vol. 5.

DONORS.

The Royal Asiatic Society.

M. Elie de Beaumont.
The
Royal Astronomical
Society of London.

30. Atlas et Description Mineralogiques de la France, par
MM. Guettard et Monnet. Publics par M. Monnet

May

d'apres ses nouveaux voyages. Premiere Partic,
comprenant le Beauvoisis, la Picardie, le Boulonnais,
le Flandre Francaise, le Soissonnais, la Lorraine
Allemande, une Partie de la Lorraine Francaise, le
Pays Messin, et une Partie de la Champagne. 1780.
The Natural History of Lancashire, Cheshire, and the
Peak in Derbyshire : with an account of the British,
Phoenician, Armenian, Greek and Roman Antiquities
in those Parts, by Charles Leigh, M.D. Oxford, 1700.
Fragments of Voyages and Travels, by Capt. Basil Hall,
R.N. F.G.S. Third Series, 3 vols.

The Author.

Recueil d'ltineraires pour servir de GuideauMineralogiste,
au Conchyliologiste, et au Geologue dans toute la
France, publiee par M. Neree Boubee. ler, iide et
3me demi-livraisons.

The Author.

Bulletin de Nouveaux Gisemens ein France d'Economie
Industrielle, Animaux, Vegetaux, Mineraux, et Roches
a exploiter ; pour servir a la Statistique Generale de la
France; divise en huit sections, pubhe par M. Neree
Boubee. ler demi-livraison.
Proceedings of the Zoological Society, January 8th, 1833.
3. Principles of Geology, by Charles Lyell, Esq., For. Sec.
G.S. vol. 3.

W. H. Fitton, M.D. F.G.S.

The Zoological Societ^

11. Philosophical Transactions
of the Royal Society of
London, from 1801 to 1807, and for 1812 part 2,
1813 part 2, 1823 part 2, and the years 1824, 1825,
1826, 1827 and 1828.

The Royal Society.

14. The Geology of the South-east of England, by Gideon
Mantell, Esq. F.G.S.

The Author.

Systematisches Verzeichniss der Petrefacten-Sammlung
des verstorbenen wirklichen Geh.-Raths Freiherrn
von Schlotheim.
Bulletin de la Societc Geologique de France, tome 3,
feuilles 6-9.
11'. Report of the Committee of the Atlieneum, for the
year 1833.
1 7. A continuation to the Alphabetical Index of the Matter
contained in tlie Philosophical Transactions of the
Royal Society of London, from vol. Ill to 120,(1821
to 1830 inclusive).

Messrs. Perthis and Besser.
I'he Geological Society of
France.
Committee of the Atlieneum.

The Royal Society.

List of Donations.
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1833.
May

BOOKS.

17. Proceedings of the Royal Society, No. 12.
18. Summary of the Proceedings of the Plymouth Institution ;with a List of the Lectures from the Commencement toMarch 14th, 1833.
20. On the Lacustrine Basins of Baza and Alliama, in the
Province of Granada in Spain, by Col. Charles Silvertop, F.G.S. From the Edinburgh New Philosophical
Journal, Oct. 1830 and Jan. 1831.
An Outline of the Geology of Norfolk, by Samuel
Woodward.

31.
June

3.

4.
8.

American Journal of Science and Arts, conducted by Benjamin Silliman, M.D. For. Mem. G.S. vol. 24, No. 1.
Transactions of the Cambridge Philosophical Society,
vol. 5, part 1.
Experimental Researches in Electricity, Third Series, by
Michael Faraday, D.C.L. F.G.S. From the Philosophical Transactions for 1833, page 23.
Bulletin de la Societe Geologique de France, tome 3,
feuilles 10-13.
Proceedings of the Royal Society of Literature, vol. 1,
No. 2. 1833.

12. Observations on Lakes, by Col. J. R. Jackson.
A Treatise on Astronomy, by Sir John Herschel, Knt.
Guelp., LL.D. F.G.S.
The London and Edinburgh Philosophical Magazine and
Journal of Science, conducted by Sir D. Brewster,
K.C.H. F.G.S., Richard Taylor, Esq. F.G.S. and
Richard Phillips, Esq. F.G.S., from Jan. to June 1833.
The Horticultural Register and General Magazine of all
Useful and Interesting Discoveries, conducted by
Joseph Paxton, F.L.S., from January to June 1833.

DONORS.

The Royal Society.

Plymouth Institution.

The Author.
Tiie Author.
The Conductor.
The Cambridge
cal Society. Philosophi-

The Author.
The Geological Society of
France.
The Royal Society of Literature.
The Author.
The Author.

The Conductors,

The Conductor.

II. Donations to the Collections of Maps, Drawings, ^c.
1829,
July

MAPS, &c.

14. Gisement du Terrain d' Arkose a I'Est du Plateau Central
de la France, par M. Lacordaire. (2 copies.)

18. Carte Geologique du Terrain entre le Lac d'Orta et celui
de Lugano, par M. Leopold de Buch, For. Mem. G.S.
Dec. 12. Cartes des principals Sondes du Lac Leman, par H. T.
De la Beche, Esq. F.G.S.
1830.
Mar.

3. Lithographic 'Print o( Isocardia Humholdtii and Calymene
Macrophtliahna.
Map of the Suflblk Crag District, by Richard C. Taylor,
Esq. F.G.S.
April IG. Section of the Coal-field at Rummey, in Glamorganshire,
and of the Monmouthshire Coal-field.

DONORS.

M. Lacordaire.
M. Leopold de Buch, For,
Mem. G.S.
The Author.

M. F. W. Hoeninghaus.
The Author.
Alfred Thomas, Esq. F.G.S.
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List of Donations.
1830.

DONORS.

MAPS, &c.

May

8. Litliographic print of Puy en Velay, drawn
Murchison.

Nov.

2. Eight sheets of the new atlas of India in preparation
under the orders of the Honourable the Court of Directors ofthe East India.Company.
3. Geognostische Karte von dem Odenwald und eini<ren angraenzenden Gegendenentworfen vonDr. A. Klipstein.

1831.
Jan.

by Mrs.

19. Section of a proposed rail-road from London to Birmingham.
26. A copy of the geological map of Styria drawn under the
superintendence of His Imperial Highness John Archduke of Austria, For. Mem. G.S.
A portrait of His Imperial Highness John Archduke of
Austria, For. Mem. G.S.

Mrs. Murchison.
The Honourable the Court
of Directors of the East
India Company.
Dr. A. Klipstein.

HenryC.White, Esq. F.G.S.
His Imperial Highness John
Archduke of Austria, For.
Mem. G.S.
Rev. Professor Sedgwick,
F.G.S. and Roderick 1.
Murchison, Esq. P. G.S.

Mar.

April

Allgemeine geognostische Umrisse von dem Felsgebaude
der Karparthen.
10. A map of five miles round the city of Bath, coloured
geologically by Mr. W. Smith in the year 1799.
General map ofthe strata found in England andWales, 1801.
Table ofthe strata of England dictated by Mr. Smith in
1799.
16. Copy of a lithographic print of remains of Felis Sjoelcea
found in July 1829 by Sir Philip de Malpas Grey
Egerton, Bart. F.G.S., in the cave of Gailenruth.
30. A lithographic print of a fossil fish from the slate of
Engi in the Canton of Glarus, Switzerland, in the possession ofViscount Cole, M.P. August 1829.
5. Print of the Ichthyosaurus in the Museum of the Royal
College of Surgeons.
1 1 . Carte hydrographique de la province du Choc5, esquissce
d'apres le plan de Don Juan Donoso, et les materiaux
communiques par le Gouvernment de la Republique
de Colombia, par M. le Baron Alexandre de Humboldt,
For. Mem. G.S.

M.Von Lille von Lilienbach.
Mr. William Smith.

Sir

Philip Egerton,
F.G.S.

Bart.

Viscount Cole, M.P. F.G.S.
William Clift, Esq. F.G.S.

J. B. Pentland, Esq.

Plan hypsometrique du volcan de Pichincha, esquisse
sur les lieux par M. le Baron Alexandre de Humboldt,
For. Mem. G.S.
Esquisse hypsometrique
des nceuds de montagnes et
des ramifications de la Cordillere des Andes, depuis
le Cap de Horn jusqu'a I'lsthme de Panama et a la
chaine littorale du Venezuela, par M. le Baron Alexandre de Humboldt, For. Mem. G.S.
Carte geologique d'Europe, dressee par M. Ami Boue,
For. Mem. G.S.
13. Print ofthe cavern of Makoo near Mount Ararat.
May

6. Map of canals in the counties of Lancaster, York, Derby and Chester, by G. Bradshaw.

M. Ami Boue, For.
G.S.
T. Alcock, Esq.

Mem.

Fi'ederick Page, Esq. F.G.S.
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List of Donations.
DONORS.

MAPS, &c.

1831.

6, Map of canals, navigable rivers, rail-roads, &c., in the
midland counties of England, by G. Bradshavv.
8. Engraved portrait of John Taylor, Esq. F.R.S. Treas.
G.S.

May
June

A lithographic print of the Valley of Gosau, (^awn by
Mrs. Murchison.
geological section exhibiting the strata across the
coal-field of Lancashire, by Elias Hall.
Sept. 30. An impression of a lithographic drawing of the animals
of the Jura formation.
Dec.
13. A lithographic drawing of a Plesiosaurus found in the
lias at Bitton near Bristol.
Ik
Engraved portrait of the late William Phillips, Esq.
F.R.S. G.S.
1832.
Feb.
6.
Carte physique de I'lsle de TenerifFe, levee sur les lieux
par M. Leopold de Buch, For. Mem. G.S.
Map of the Crimea, in ten sheets.
Aug.

18. A

17. The sheets of the Ordnance Survey not previously in
the possession of the Society.
April 10. The 55th sheet of the Ordnance Survey.
June

8. A lithographic drawing of the skeleton of the whale exhibited in London in 1831.

Oct. 31. Sheet No. 42 of the Ordnance Map in continuation of
the trigonometrical survey of Great Britain.
Nov. 24. A lithographic print of He Julia.

1833.

A lithographic print of the portrait of George
Greenough, Esq. F.G.S. R.S. &c.

Mrs. Taylor.
Mrs. IMurchison.
Mr. Hall.
M. F. W. Hoeninghaus.
Thomas
H.
Holdsworth,
Esq. F.G.S.
Mrs. Phillips.
M. Leopold de Buch, For.
Mem. G.S.
Sir
Alexander
Crichton,
F.G.S.
The Master-General
Board of Ordnance.

and

Mr. G. Scharf.
The
Master-General
and
Board of Ordnance.
M. Constant Prevost, For.
Mem. G.S.

Bellas

1. Sheets Nos. 30 and Gl of the Ordnance Map in continuation of tlie trigonometrical survey of Great
Britain.
Mar. 27. A set of the charts containing surveys mostly executed
in the Indian seas, by oflficers in the Honourable

DecimusBurton,Esq. F.G.S.

Feb.

Company's Marine Service.
A series of charts of the Indian seas, constructed by Capl.
James Horsburgh.
April 25. A lithographic drawing of the Plesiosaurus niacrocephalus discovered in the lias at Bitton, Gloucestershire.
May

11. Townland survey of the county of Londonderry, consisting of 49 sheets, and index sheet.
22. Sheet No. 73 of the Ordnance Map in continuation of
the trigonometrical survey of Great Britain.

The Master-General and
Board of Ordnance.
The Honourable the Court
of Directors of the East
India Company.

Capt. James Horsburgh.

Joseph Parker, Esq.
Lt.-Col. Colby, by order of
His Excellency the LordLieutenant of Ireland.
The Master-General and
Board of Ordnance.
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List of Donations.
III. Donations to the Cabinet of Minerals.
1829.
fl'fay
June

SPECIMENS.

DONORS.

15. Fossil wood from Rio Negro.
6. A specimen of native iron from the province of Atacama
in Peru ; and a collection of the bones of the Mastodon,
from Salta in Peru.
12. A collection of fossil plants from
and Durham coal-field.

George Loddiges, Esq.
Woodbine Parish, Jun. Esq.
F.G.S.

the Northumberland

If). A series of fossil shells from Monte Pelegrino near Palermo.
16. Cast of the toe of the Iguanodon from Sandown Bay,
Isle of Wight.
Cases of three vertebra; found by Capt. Beechey on the

William Hutton.Esq. F.G.S.
Marquis of Northampton,
F.G.S.
Rev. Prof. Buckland, D.l).
F.G.S.

shores of the Icy Cliff at Escholtz Bay, Beering's
Straits.
Specimens from a well sunk in the London and plastic
clays, near West wood.
Specimens of an iindescribed mineral, tungstate of lime
and artificial oxide of tin.
Aug.

29. Two specimens of sulphate of strontian
Cotham near Bristol.
1830.

Jan.

on lias, from

15. Specimens of sulphuret of silver from the mining district
of Guanaxuato.
A crystal of selenite from Shotover.

Feb.

A specimen of lava containing crystals of muriate of
soda from Vesuvius.
5. Haimtes Gigas and other fossils from Sandgate.
A collection of fossils from the upper greensand.
Specimens from the crag of Suffolk.

Alar.

Neck of a whale found in making St. Katherine's Dock.
3. Portions of four basaltic columns from the Giant's
Causeway.
A collection of specimens from Australia.
Fossils from the greensand, lias and carboniferous limestone of England.
25. A collection of geological specimens made by Captain
Belcher, R.N. during the expedition to Beering's
Straits, under the command of Capt. Beechey.
A collection of specimens from Gratz.

Specimens of native platina and native iridium with
native alloy of iridium and osmium.
26. Specimens from the coal-basin of South Wales, and of
fish from Epinac.

Rev. J. H.Randolph, F.G.S.
Davies Gilbert, Esq. F.G.S.
J. S. Miller, Esq.

J. Dickson, Esq.
Rev. Prof. Buckland, D.D.
F.G.S.
Mrs. Somerville.
H.H.Goodhall, Esq. F.G.S.
Roderick l.Murchison, Esq.,
Sec. G.S.
R. C. Taylor, Esq. F.G.S.
J.W.Lubbock, Esq. F.R.S.
H. H. Price, Esq. F.G.S.
Archdeacon Scott, F.G.S.
Henry H. Goodliall, Esq.
F.G.S.

Capt. Belcher, R.N. F.G.S.
Rev. Prof. Sedgwick, P. G.S.
and Roderick I. Murchison, Esq. Sec. G.S.
ThomasJohnson,Esq.F.G.S.
Josias Lambert, Esq. F.G.S.
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List of Donations.
DONORS.

SPECIMENS.
1830.
Mar. 31. Sytecimens oi^ Bosfellaria macroptera.
Bones of the Iguanodon from Brook in the Isle of Wight.
1. A collection of bones of the Mastodon, and of rocks
Mai/
and simple minerals found in the United States.
4. Fossils from the transition limestone of Devonshire.
A collection of fossils from
measures of Yorkshire.

J line

the lias

8. Geological specimens from the South of Spain.
21. A Series of specimens
from the Siebengebirge,
the
Laacher-See and the Kaiserstuhl.
16. Specimens of Cyaihea Serra and Arsophila armata from
Jamaica.

7. Specimens of the fossil tree found at Wideopen.
Two deer's horns from the neighbourhood of the London Docks.
1 7. Specimens from the gravel, and from a brickyard near
Colchester.

Oct.

Society, held at PhiladelH. T. De la Beche, Esq.
F.G.S.

and oolitic coal

A specimen of Spongia Patera.
Model of the largest specimen of native gold which has
been found in Russia ; and fossils from the lower greensand of England.
Sept.

Rev. John Ward, F.G.S.
James Vine, Esq. F.G.S.
The American Pliilosophical

Specimens from Maestricht and Aix-la-Chapelle, and crystals of yenite.
1. A collection of rocks from the Siebengebirge.
12. A collection of fossils from the neighbourhood of Farley
near Bath.

phia.
N. Dennys,
Esq. F.G.S,
Col. Silvertop, F.G.S.
Frederick Page, Esq. F.G.S.
H. T. De la Beche, Esq.
F.G.S.
Major-General Hardwicke.
Sir

Alexander

Crichton,

F.G.S.
William Hutton.Esq. F.G.S.
H. R. Palmer, Esq.
John Brown, Esq.
William Henry Fitton,M.D.
F.G.S.
M. Henri de Dechen, For.
Mem. G.S.
Rev. B. Richardson, Hon.
Mem. G. S.
Dr. Ridgway.

Specimens from Nova Scotia and New Brunswick.
Nov

3. Fossils from the lias, inferior oolite, Fuller's-earth and
great oolite, in the neighbourhood of Bath.
4. A collection of specimens from the Bay of Conception.
5. Specimens from the Island of Ascension.
10. Fossils from the Isle of Wight.
Remains of the Palaeotherium, Anoplotherium, a new species of deer, and of a turtle, from Binstead near Ryde.
Specimens from the Island of Ascension.
Casts of a femur of a tiger and part of the lower jaw of
a bear found at Gailenruth.

Dec.

1. Specimens from Chili.
8. Fossils from the crag.
Remains of the elephant, rhinoceros, horse,
from Kingsland, Middlesex.
9. Fossils from Malton, Yorkshire.

Samuel P. Pratt,Esq.F.G.S.
A. Caldcleugh, Esq. F.G.S.
Lieut. Fayrer, R.N.
JohnWillimott, Esq. F.G.S.
Samuel P. Pratt, Esq. F.G.S.
C. Lyell, Esq. For. Sec. G.S.
Sir Philip Egerton, Bart.
F.G.S.
Capt.P.P.King,R.N.F.G.S.
Samuel Woodward, Esq.

ox, &c.,

, 28. Vegetable remains from the South Staffordshire coal-field.
31. Rock specimens from the neighbourhood of Guanaxuato.
A Dapedium and other fossils from Lyme Regis.

W. Hobson, Esq. F.G.S.
E. Spencer, Esq. F.G.S.
Rev. James Yates, F.G.S.
E. Hussey, Esq. F.G.S.
Roderick I. Murchison,Esq.
Sec. G.S.

List of Donations.
1831.
Jan.

Feb.

Mar.

DONORS.

SPECIMENS.

29. Specimens of coal from Bovey Tracey, and minerals
from Hay for Mine.
A plate of brown mica.
15. Specimens from the Isthmus of Darien.
Specimens of silicate of copper ; of sulphate of barytes
containing native silver, of limestone and fossils from
Coquimbo in Chili.
Specimens from the district of Hunter's River, New
South Wales, collected by Peter Cunningham, Esq.
24. Casts of Hamites.
1 . A collection of recent shells and corals from Australia.
IC. An

Ammonite
Wiltshire.

from

the calcareous

grit of Seend

in

A Septariumfrom the gravel at Baldock in Hertfordshire.
30. Fossils from the greensand near Warminster.
A slab of Dudley limestone.
Fossil tish from the slate of Engi, in the Canton of Glarus.
Specimens from Swan River and Garden Island.
Specimens from the Caucasus.
April 11. A collection of bones from the caves and fissures of
Wellington Valley, New South Wales.
Specimens of four genera of recent corals from Sincapore.
20. Geological specimens from Pasco.
27. A collection of fossils from the chalk, greensand, and
Weymouth beds.
Fossil corals from Pappenheim and Nattheim,

May

June

Two specimens of coral from North America.
11. Fossils from the lower greensand in the neighbourhood
of Calne, Wilts.
Fossils from the coral rag of Yorkshire.
A collection of chalk flints, containing organic remains.
25. Casts of Coprolites from the chalk, and cast of the jaw of
the Megalosaurus.
8. Specimens from the South of Ireland.
Specimens collected in the mines in the parishes of St.
Just, Paul and Gulvall, Cornwall.
Cast of Fucoides Alleghamensis.
Fossils from Sheppey.
A

Aug.

collection of organic remains from Van Diemen's
Land, and of geological specimens from Ems.
1. The collection of specimens made by Capt. P. P. King,
R.N. during his voyage to the southern part of Cajie
Horn, and I'erra del Fuego.
Coprolites from Lyme Regis.
12. Specimens of iron ore from the Cerro del Meriado.

T.

g9

H. Holds worth,
F.G.S.

Esq.

A. Caldcleugh, Esq. F.G.S.
John A. Lloyd, Esq. F.R.S.

A. Caldcleugh, Esq. F.G.S.

John Barrow, Esq. F.R.S.
Miss Benett.
Archdeacon Scott, F.G.S.
J. O. Anstie, Esq. F.G.S.
H. C. White, Esq. F.G.S
Rev. B. Richardson, F.G.S.
Earl of Dudley.
Viscount Cole, M.P. F.G.S.
Archdeacon Scott, F.G.S.
Colonel Monteith.
Major Mitchell, F.G.S.
R. I.Murchison.Esq.P.G.S.
H. J. Brooke, Esq. F.G.S.
Miss Benett.
His Grace the Duke
Buckingham, F.G.S.
William Vaughan, Esq.
Henry H.
F.G.S.

Goodhall,

of

Esq.

W. D. Saull, Esq. F.G.S.
Rev. H. Engleheart, F.G.S.
Rev. Prof. Buckland, D.D.
F.G.S.
T. Weaver, Esq. F.G.S.
W.J. Henwood, Esq. F.G.S.
G. W.
Featherstonhaugh,
Esq. F.G.S.
Rev. H. Engleheart, F.G.S.
LconardHorner,Esq. F.G.S.

Capt.P.P.King,R.N.F.G.S.
Rev. Prof. Buckland, D.D.
F.G.S.
Directors of the United
Mexican Mining Association.

.so

List of Donations.
1831.

SPECIMENS.

Aug.

12. A block of the Gibraltar bone breccia.
An Ortlioceratite from the limestone at Newton on the

Sept,

Moor, near Felton.
Four casts of impressions in red sandstone.
3. Specimens from the submarine volcano thrown up off the
coast of Sicily.
25. A collection of geological specimens from Malta and
Sicily.
28. Head of an hippopotamus.
Collection of specimens made by Capt. Belcher during
bis survey on the coast of Africa.
Roek specimens from Lancashire
and minerals from
Cornwall.
30. Calymena
macrophthalma
from Gerolstein,
Calceola
snndelina with the operculum from Blankenheim, and

Nov.

Cyr tocerat 'ties graci Us fromWe'issehach near D'iWenhurg.
Additional specimens from Port St. Julian and the Straits
of Magalhaens.
21. A specimen of Mantellia from Portland.
28. Six specimens of Mantellia.
Specimens from the volcanic island in the Mediterranean.
A collection of fossils from Lackington Hill near Cheltenham.

Additionalspecimens illustrative of the mines of Cornwall.
Dec. 13. Specimens found in the clay-iron-stone of the New
Hadley Iron-works near Wilmington, Shropshire.
Fossils from Weymouth and Brighton.
31. Fossils from Normandy.
Cast of the head of the Teleo?aurus of Caen.
Fossils from the rock of Gibraltar.
1832.
Jan.

Feb.

7. A fossil fish from the magnesian limestone.
Specimens from the Crimea.
12. Fossils from Dundry Kill.
Fossil corals from Flintshire.
25. Specimens of coal from the United States of America,
from South Wales, and Staffordshire.
Specimens from Stonesfield,and from the lias and oolites
of the neighbourhood of Cheltenham.
1 1. Corals from the mountain limestone of Ireland.
18. A specimen of the new volcanic island off Sicily.
25. Leucite from Vesuvius.
Minerals from Devonshire and Cornwall.
.

Tusk of a Mammoth
Surrey.

found in the gravel near Nine Elms,

Chalk flints from Hemel Hempstead.
Cast of the head of a crocodile found in the London
clay at Sheppey.

DONORS.

Rev. Prof.Buckland, F.G.S.
Rev. James Cook.
H. Witham, Esq. F.G.S.
Capt. H. Jones, Royal EnTurnbull Christie, M.D.
gineers.
F.G.S.
Dr. Tebbs.
Capt. Belcher, R.N. F.G.S.
Rev. James Yates, F.G.S,

M. F. W. Hoeninghaus.
Capt.P.P.King,R.N.F.G.S.
Miss Benett.
Rev. Prof. Buckland, D.D.
F.G.S.
J. Barrow, Esq. F.R.S.
S. P. Pratt, Esq. F.G.S.
W.J.Henwood, Esq. F.G.S.
T. H. Holdsworth,
Esq.
F.G.S.
H.H.Goodhall, Esq. F.G.S.
A. Majendie, Esq. F.G.S.
M. Deslongchamps.
Lieut.-Col. Harding, F.G.S.
J. W. Collings, Esq.
Baron S. Chaudoir.
H.H.Goodhall, Esq. F.G.S.
JohnTaylor,Jun. Esq. F.G.S.
Arthur Aikin, Esq. F.G.S.
R.I. Murchison, Esq.P.G.S.
Viscount Cole, M.P. F.G.S.
Baron Field, Esq.
John Kenyon, Esq. F.G.S.
T. H. Holdsworth,
Esq.
F.G.S.
C.

Larkin
Francis, Esq.
F.G.S.
H. C. White, Esq. F.G.S.
E. Spencer, Esq. F.G.S.

List of Donations.
1832.
Feb.
Mar.
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SPECIMENS.

DONORS.

25. An agate from the trap of Edinburgh.
Chalk flints
9. A specimen
Fossil wood
10. Casts of two

A. Majendie, Esq. F.G.S.
Rev. C. Watkins.

from the neighboiuiiood of Sah'sbury.
of Leucitic lava from Civila Castellana.
from the Isle of Sheppey.
toe-bones found near Cuckfield.

Cast of the Duke of Buckingham's Plesiosaurus.
Cast of the Plesiosaurus macrocephalus, and of a tooth of
tlie Deinotherium.
A slab of Dudley limestone.
A specimen of Murchisonite.
26. Fossils from the neighbourhood of Bath.
28. Minerals and fossils from North America.
April

4. Three casts of Asterias from the chalk.
10. Indian palms and Cycadese.
Specimens

from

the

neighbourhood

of

Lisbon

Specimens from Charnwood Forest.

June

yiug.

Viscount Cole, M.P. F.G.S.
Dr. Bostock, F.G.S.
R. I.Murchison, Esq. P.G.S.
A. Majendie, Esq. F.G.S.
Dr. Macauley.
Samuel Woodward, Esq.
The Hon. the Directors of
the East India Company.

and

Oporto.
A specimen of a recent freshwater sponge and fossils
from the chalk.

May

A. Majendie, Esq. F.G.S.
Viscount Cole, F.G.S.
R. Trotter, Esq. F.G.S.
F. Chantrey, Esq. F.G.S.

D. Sharpe, Esq. F.G.S.
Rev. H. Engleheart, F.G.S.
T. H. Holdsworth,
Esq.
F.G.S.

Fossils from the Weald clay and Hastings sand.
18. Recent shells from the coast of Devonshire.

Gideon Mantell, Esq.F.G.S.
Mrs. Lane.

1, Fossils from Buckinghamshire and Oxfordshire.
3. Specimens from the neighbourhood of Cheltenham,
4. Specimens of sulphate of strontia and haematite from
the neighbourhood of Bristol.
14. A specimen of crystallized magnesian carbonate of lime.
21. Specimens
from the fossiliferous grauwacke
on the
borders of Wales and England.
An additional specimen of Acatama iron.
6. Flints from the chalk of the neighbourhood of Farleiah
near Salisbury.
Specimens of semiopal from Dartmoor.
Cast of a fish found in tlie coal measures near Leeds.

J. R. Wright, Esq. F.G.S.
R.I. Murchison, Esq.P.G.S.

Fossils from the lias of Rugby.
8. A collection of fossils found in the London
clay at
Highgate Archway.
6. Casts of Scaphites Cuvieri from the marl of Delaware,
and of a tooth of the Mosasaurus from the marl of
New Jersey.
Tusk of an elephant found at Erith in Kent.
A portion of the fossil tree found at Craigleith quarry.
15. Fossils from the transition formations on the banks of
the Rhine.
Specimens, of semiopal and granite veins from Devonshire and Cornwall.

FrederickPage, Esq. F.G.S.
ViscountCole, M.P. F.G.S.
Roderick Impey Murchison,
Esq. P.G.S.
W. Parish, Jun. Esq.F.G.S.
Rev. C. Watkins.
J. H. Deacon, Esq. F.G.S.
ciety.
The Leeds Philosophical SoGeorge T Fox, Esq. F.G.S.
N.T.Wetherell, Esq. F.G.S.

Dr. Morton.
Messrs. Munn, Elston and
Clark.
H.Maclauchlan, Esq.F.G.S.
John WiUimott, Esq. F.G.S.
Henry Deacon, Esq. F.G.S.

List of Donations.

32
1833.

Nov.
Dec.

SPECIMENS.

27. Specimens from Ceylon.
Specimens from tlie neighbourhood of Swan River.
IS. Portion of a metacarpal bone of an ox, from the peat of
Woolhampton, between Reading and Newbury.
21. Quartz crystals from the coal measures, Monmouthshire.
Specimens from the district of Peten, South America.

31. Specimens of Ophiura from the London clay at Child's
Hill near Hampstead.
Specimens of forest marble from the neighbourhood of
Castlecomb.
1833.
Jan.
19. Silver and other ores from the Province of La Plata and
from Potosi ; also specimens of opalized wood and
pebbles from the Uruguay.
Specimens collected by Capt. Coulthard in Bundelcund.

Feb.

A chalcedonic flint from Ridgeway between Dorchester
and Weymouth, and recent corals and Serpulae.
1. Specimens from the gold mines of North Carolina.
Specimens of Ludlow rock.
Specimens of Ludlow rock.
Fossils from the transition limestone of Shropshire and
Herefordshire.
Specimens of fossil fishes from Mansfield.
Cast of a fossil plant from the coal measures.
Specimen of fossil wood from the lower greensand, Apsley
Wood near Woburn.

Mar.

27. Fossil shells of existing species from the Red Sea.
Specimens from the South of Spain.
Coal plants from Cape Breton, Gulf of St. Laurence.
Cast of the lower jaw of the Tetracaulodon.
Fossils from Weymouth and France.
U. A collection of specimens from the neighbourhood of
Bonn.
Five specimens of CerUhium gigantcum from France, and
recent shells from the English coast.

Additional specimens illustrative of Mr. Murchison's
memoirs on the grauwacke system of the border counties of England and Wales.
April 30. Fossils from the neighbourhood of Weymouth.

Part of a basaltic column from the Giant's Causeway.
Series of specimens illustrative of the geology of Wiirtemburg, accompanied by a geological map.
Specimens of Bechite and corals from Devonshire.
Specimens of Baculites vertebralis, from Normandy.

DONORS.

Dr. Sibbald.
Capt. Mangles, R.N.
Robert Hunter, Esq. F.G.S.
Mrs. TaddyandMiss Morris.
Lieut. -Col. Galindo.
N.T.Wetherell.Esq.F.G.S.
Poulett Scrope, Esq. F.G.S.

Woodbine Parish, Jun. Esq.
F.G.S.
Royal Asiatic
Calcutta.

Society

of

Miss Warne.
J. Taylor, Esq. Treas. G.S.
Mr. Jones.
G. Proctor, Esq.
Rev. J. T. Lewis, A.M.
R. G. Killaly, Esq. F.G.S.
Lewis Gower, Esq. F.G.S.
E. Crocker, Esq.
James Burton, Esq. F.G.S.
G.B.GreenoughjEsq.P.G.S.
Thomas Bigge, Esq. F.G.S.
Dr. Harlan.
Miss Warne.
Leonard Horner,Esq.F.G.S.
Miss Warne.
Roderick L Murchison, Esq.
F.G.S.
Rev. Prof. Buckland, D.D.
F.G.S. and Henry T. De
la Beche, Esq. F.G.S.
Sir William Blizard.
Count Fred. Mandelsloh.
Marquis
of Northampton,
F.G.S.
Miss Warne.
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List of Donaliotis.
1833.
May

SPECIMENS.

8. Specimens from the Isle of Man; ofGlarus slate; of
ripple-marks in the new red sandstone of Cheshire ;
and Geodes from the magnesian limestone of Yorkshire.
Specimens of kupferschiefer with impressions of fish ;
and fossils from the Montagne de Fis.
13. Fish's head from the London clay.
Cast of the paddle of the Plesiosaurus found at Bedford.
14. A specimen of the millstone from the Paris Basin.
Fossils from the chalk of Wiltshire, and silicified wood from
the Isle of Portland.

June

12. A specimen of manganese from
fied wood from Ava.

Upton Pyne and silici-

Geological specimens from the Brazils.
Remains of the rhinoceros from the cave of Santo Ciro
near Palermo.
Fossils from the mountain limestone and lower coalshale, county of Fermanagh.
Chalcedonic flints from Hemel Hempstead.
Specimens from the mouth of the Tigris.

DONORS.

Sir

Pliilip
F.G.S.

Egerton,

Bart.

Viscount Cole, M.P. F.G.S. ,
and Sir Philip Egerton,
Bart. F.G.S.
G.S. Nicholson, Esq.F.G.S.
Dr. Lee.
Prof. Christie, F.G.S.
Miss Benett.
Mr. J. De Carle Sowerby.
W. Sturz, Esq.
Samuel Pratt, Esq. F.G.S.
Sir Philip Egerton, Bart.
F.G.S.
Henry C.White, Esq. F.G.S.
W.P.Richards, Esq. F.G.S.

IV. Miscellaneous.
1830.

MISCELLANEOUS.

DONORS.

June
16. Two models to illustrate the coal district of Pontypool.
Dec.
15. Models to illustrate slips in veins.
1833.

R. C. Taylor, Esq. F.G.S.
W. Sturtz, Esq.

Feb.

Roderick I. Murchison,Esq.
P.G.S.

6. The skeleton of a Dugong, and specimens of Draco volans and other Saurians.

April 30. A mahogany cabinet, containing in the lower compartment fourteen drawers in which have been arranged
by Capt. Basil Hall, R.N., the results of Sir James
Hall's experiments on the fusibility of lime, basalt
and other rocks, found at the time of his death.
Bronze medallion of the late Baron Cuvier.
Cast of the bust of Baron Cuvier.

Capt.BasilHall, R.N. F.G.S.
Roderick I. Murchison, Esq.
F.G.S.

M. David.
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PLATES

THE

PLATES.

I. & U.

Illustrate Mr. Phillips's paper on a Group of Slate Rocks between the rivers Lune
and Wharfe.
Plate I.
The sections contained in this Plate are fully explained in the paper, and in the
description accompanying- each.
Plate IL
Geological Map of part of Craven, included between the rivers Lune and Wharfe: p. 5.

PLATE

in.

Illustrates Professor Sedgwick and Mr. Murchison's paper on Arrau : p. 24.

PLATES

IV. V. VI. VII. VIII. IX. X. XI. XII.

Illustrate Professor Sedgwick's paper on the Magnesian Limestone, &c.
Plate IV.
Nos. 1. 2. ,". & 4. Geological Maps showing the range of the formation
certain parts of Yorkshiic : pp. 4.5. 5S. 34. 93. &c.
Figs. 1. 2. 3. Sections showing great dislocations : pp. 113. 114. &c.

through

Plate V.
Fig. 1. Section from the Kirkby coal-pits to the escarpment of the magnesian limestone : pp. 56.57.80.81.
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Fig. 2. Coast section from Tynemouth to Cullercoats in Northumberland : p. 62.
Fig. 3. Section through the Eppleton, Hetton, and Ellemore coal-pits in the county
of Durham : pp. 60. 61. 72. 73. 112.
Fio\ 4. A. B. Concretionary structure of the Magnesian Limestone: p. 97.
Plate VL
Fig. 1. Fault traversing the cliff at Tynemouth : p. 62.
Fi<^s. 2. 3. 4. 5. & 6. Sections showing the occasional want of conformity between the
lower red sandstone and the magnesian limestone : p. 74.
Figs. 2. 3. Bramham Moor : pp. 73. 74. HI.
Figs. 4. 5. Quarries west of North Deighton : p. 74.
Fig. 6, Position of the magnesian limestone on the beds of the lower red sandstone in
the left bank of the Nid below Knaresborough : p. 71.

Plate VII.
Fig. 1. Section at Clack's Heugh on the south bank of the Wear : pp. 71. 73.
Fig. 2. Quarry at West Bolden : p. 78.
Fig. 3. Concretions of crystalline limestone in the magnesian limestone quarry near
Ripon : p. 89.
Fig. 4. Cellular magnesian limestone resting on marl-slate near North-point, east of
Durham : p. 79.
Fig. 5. Masses of magnesian limestone on the coast of Durham, south of Castle Edendean : p. 91.
Fig. 6. Junction of the upper beds of magnesian limestone with the marls of the new
red sandstone near Knottingley : pp. 103. 105. 1 10.

Plate VIII.
Fig.
Fig.
Fig.
Fig.

1.
9.
3.
4:.

Palaeothrissum magnum : pp. 77. 117.
Scales of ditto enlarged.
Fragment of a fossil fish; species not ascertained : p. 117.
Scales of ditto enlarged.
Plate IX.

Fig. 1. Palffiothrissum elegans, S, N. : p. 117.
Fig. 2. Palaeothrissum macrocephalum : p. 117.
Fig. 3. Operculum of a large fish : p. 118.
Plate X.
Fig.l. Fossil fish; not determined : p. 118.
Figs. 2. 3. represent a part of the scales enlarged : p. 118.
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Plate XL
Fossil fish: p. 118.
Plate XIL
Fig. 1. Fossil fish; genus not determined : p. 118.
Fig. 2. Inner part of the scales magnified.
Fig. 3. Fossil fish of the same genus with the preceding, but apparently of a different
species.
Fig. 4. represents part of the scales magnified.
N.B. All the preceding fossils, commencing with Plate VIII., were found in
the marl-slate of Midderidge and East Thickley*.
Fig, 5. Unknown coralline body.
Fig. 6, Retepora virgulacea : p. 120.
Fig. 7. Internal cast of an unknown Coralline.
Fig. 8. Retepora flustracea : p. 120.

PLATES

XIII. XIV. XV. XVI. XVII.

Illustrate the memoir by Professor Sedgwick and Mr. Murchison on the Structure
and Relations of the Deposits between the Primary Rocks and the Oolitic Series
in the North of Scotland.

Plate XIII.
Sketch of a Geological Map of the North of Scotland. The object being simply to
carry the eye to the range of the secondary deposits, no subdivisions have been
attempted. Thus in the red colour are included all the primary formations mentioned in this memoir : the pale brown represents the new red sandstone and conglomerate, bituminous schist, coal measures, old red sandstone and conglomerate ;
and the dark brown the lias, the oolitic series, and its subordinate coal bed:^,
as described in the present volume : p. 125.

Plate XIV.
Fig. 1. Section from the north coast of Caithness : p. 132.
* The two fossil fish figured in this Plate were found during the passage of the paper through
the press, and only one of the specimens is alluded to above (p. 118). No generic and specific
names are given to these imperfect specimens : but it may be observed that they do not belong to
the genus Chajtodon, or to the genus Stromateus. It may be proper to state, that a fossil fish of
the genus Palseothrissum occurs abundantly in the coal formation of Saarbruck ; an additional
fact to show the near connexion between the fossils of the magnesian limestone and those of the
inferior formations.
(See p. 99.)
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Fii^s. 2. 5. Sections from the Old of Caithness and the Maiden Paps to the upper red
sandstone of Dunnet Head : pp. 135. 141.
Fio: 3. Section from Ben Wyvis to tlie North Sutor of Cromarty : pp. 145. 148. 149.
Fig. 4. Section from the hiils of Spey through the extreme point of Tarbet Ness to
the granitic hills of Sutherland : p. 150^ &c.
Fig. 5. Section through the Maiden Paps and Scarabins : pp. 138. 139.
Plate XV.

Figs. 1. 2. 3. Dipterus macropygopterus. Of these fig. 1. is the most perfect specimen,
showin"- a pointed anal fin prolonged nearly as far as the inferior lobe of the
caudal fin : p. 143.
Fio: 2. This specimen is represented with the belly upwards, and the double fin of
(See the bend of the lateral line.)
the back downwards.
Fig. 3. In this the caudal fin is less clearly seen tlian in No. 1., although the generic
and specific characters are not wanting.
Fio-. 4, The genus Dipterus restored in all its parts. (A sketch by the hand of Baron
Cuvier.) : p. 142.

Plate XVI.
Fio-s. 1.& 3. Dipterus Valenciennesii : p. 143.
Fio: 2. Dipterus maci-olepidotus (young) : p. 143.
Fio-s. 4. & 5. Fragments of Dipterus macrolepidotus : p. 143.
Fig. C. Fragment of Trionyx : p. 144.
Fig. 7. Operculum of Dipterus.

Plate XVII.
Figs, 1. 2. 3. Dipterus brachypygopterus : p. 143.

PLATES

XVIII.

XIX.

XX.

Illustrate Mr. De la Beche's paper on Tor and Babbacombe Bays.
Plate XVIII.
Contains a Geological Map of the coasts of Tor and Babbacombe Bays, and Sections,
pp. 162. 163. 166. 169.

Plate XIX.
Examples of contorted carboniferous limestone near Torquay, showing that the
curvature of the strata has been effected in all directions : p. 165.
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Plate XX.
An undescribed fossil from the carboniferous limestone in the vicinity of St. Mary
Church, probably allied to the Tunicata : p. 1G4, note.

PLATES

XXL

XXIL

XXIIL

XXIV.

Illustrate Mr. De la Beche's paper on Nice.
Plate XXL
Geological Map of the environs of Nice, and of the coast thence to Vintimiglia.
The dolomite and compact, light-coloured limestone are represented of one
colour, as they are so intermingled that they could not be separated without
rendering the Map confused. These rocks, together with the gypsum, are considered as an equivalent of some part of the oolite formation of England ; but
recent observations have shown that they may also be some modification of the
great green sand series. As this point has not yet been cleared up, the original
reference to the oolite formation has been retained : p. 175.

Plate XXIL
A general view of the coast of the Mediterranean as seen from Mont Moron near
Nice: p. 171.
Plate XXIIL
Various sections, showing the relative positions of the compact limestone, dolomite
with gypsum, the green sand, and the tertiary rocks.
Fig. 1. Section from the sea near Nice to Mont Kevel.
Fig. 2. Section from the Var near Ste. Marguerite to St. Sauveur : p. 176.
Fig. 3. Section from the Fanal or light-house at the point of St. Hospice peninsula to
Drap on the Paglion Torrent.
Fig. 4. Coast section from Roccabruna to the river Nervia, on the road from Vintimiglia to Genoa: p. 178.
Plate XXIV.
Fig. 1. Natural section of the contact of the sub-Apennine clay-marl and rolled-pebbleconglomerate in the valley of la Maddelaine (the conglomerate resting apparently
unconformable upon the clay-marl). There are two or three exhibitions of the
same nature in the neighbourhood.
The more general character, at least on the
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points of contact of these rocks, is an interstratification and alternation of the one
with the other : p. 176.
i^jV. 2. Section of a cleft containing osseous breccia at the Castle Hill of Nice: p. 173.

PLATES

XXV.

XXVL

Illustrate Captain Franklin's paper on the Geology of a Portion of Bundelcund,
Boghelcund, and the districts of Saugor and Jubulpore.
Plate XXV.
Geological Map of the Country : p. 191.
Plate XXVI.
Section from Mirzapore to Jubulpore.

PLATE

XXVII.

Illustrates Professor Buckland's paper on the Pterodactyls.
Fig. 1. Pterodactylus macronyx : p. 220 — 222.
Fig. 2. Extremities restored : p. 220.
Fig. 3. Jaw from the lias at Lyme Regis, supposed to be of a Pterodactyle : p. 220.

PLxVTES XXVIII. XXIX. XXX. XXXI.
Illustrate Professor Buckland's paper on Coprolites.
Plate XXVIII.
Figs. I. to 9. inclusive. Specimens of Sauro-coprus exhibiting the external spiral
structure of these bodies : the number of folds varies in different specimens —
compare them with the recent injected intestines, Plate XXXI. ligs. 19.20. 21.22.
Figs. 10. 11. Longitudinal sections of Sauro-copri, exhibiting the cone-like structure
of their interior similar to that of fig. 8. Plate XXXI., but the latter is in an
inverted position.
Fig. 12. Transverse section of a Sauro-coprus, showing the spiral folding of the lamina
of digested bone of which it is composed ; and also showing the transverse sections
offish-scales included in it.
Figs. 1. 2. 4. 9. show the transverse fracture at the upper end of the folded lamina; of
digested bone.
Figs. 6. & 7. show minute superficial impressions derived from the vessels of the intestines in which they were formed.
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Figs. 8. & 9. have large rugose impressions derived also from pressure of the intestines. Small fish-scales are seen on the surface of figs. G. & 9.
Fig. 4. is black, and is the specimen which Dr. Prout's analysis shows to be coloured
probably by Sepia.

PLATE

XXIX.

Fig. 1. Large Coprolite, showing the transverse section at the upper end of its folded
lamina, and containing fish-scales.
Fig. 2. Portion of a large Coprolite in the collection of Captain Waring, containing
an undigested vertebra of Ichthyosaurus and fragments of other large bones.
Fig. 3. Opposite side of fig. 2. exhibiting the same vertebra, and two smaller ones.
Fig. 4. Part of the largest Coprolite yet discovered at Lyme, exhibiting vertebrae of
Ichthyosaurus at its fractured surface.
Fig. 5. Portion broken from fig. 4. showing the same vertebrae, and the coracoid bone
of an Ichthyosaurus imbedded in it : this bone has been transferred in the drawing to A, from its real place at B, on the other side of the specimen.

PLATE

XXX.

Figs. 1. to 12. inclusive, are Coprolites from the lias at Lyme Regis.
Fig. 1. Sauro-coprus, containing rings, resembling the horny rings in the cups of the
suckers of Sepiae ; it also shows the edge of the folded lamina.
Fig. 2. Sauro-coprus full of fish-scales, and at the point A containing a congeries of
small rings resembling those at the extremity of the arm of a small Sepia.
Fig. 3. Magnified appearance of the rings at A. fig. 2.
Fig. 4. Coprolite full offish-scales, and exhibiting no traces of folded structure.
Fig. 5. Amorphous Coprolite, thin and flattened ; it appears to have been evacuated
in a semi-fluid state before it was moulded to the usual shape in the intestines.
Figs. 6. to 12. inclusive.
Small Coprolites from the lias at Lyme Regis, resembling
many of those in the lias on the Severn ; they are without spiral structure.
Figs. 7. 10. 11. & 12. have small fish-scales in them.
Figs. 13. to 29. inclusive. Coprolites from the bone bed in the lowest lias at Westbury-on-Severn, Aust Passage, and Blue Anchor near Watchet; they are mostly
black, smooth, and glossy; and many of them have small round points (like those
on urinary calculi) irregularly projecting from their surface, but they contain no
uric acid ; it is unknown from what animals they are derived ; kw of the forms
■ here represented occur among the Coprolites at Lyme Regis.
Figs. 17. & 18. exhibit on their surface a convoluted etructure.
Fig. 19. contains small scales and fragments of small bones : scales and bones are
rare in the Coprolites from the Severn district.
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/Yo-5. 26. 27. have the shape of tamarind stones, and a kind of case or epidermis, as if
formed by secretion, round their margin.
Fig. 28. in shape resembles a kidney bean.
Fio-. 29. seems to be a fragment of a broken sphere, and in shape resembles fig. 30.
Fi"-. 30. is a concretion of phosphate of lime from a human gall-bladder.
Figs. 3\. to 41. inclusive, are small Coprolites of various shapes from the bone bed
near the bottom of the carboniferous limestone at Clifton near Bristol.

PLATE

XXXL

Figs. 1. to 7. inclusive. Specimens of lulo-eido-coprus from the chalk and chalkmarl of Sussex ; the wavy lines and corrugations on their surface are apparently
derived from the intestines in which they were formed. See the surface of the
recent intestines, figs. 20. & 21.
Figs. 9. 10. 11. lulo-eido-copri, from Maestriclit, in the collection of Col. Iloulton
of Farley Castle.
Figs. 2. So 11. at their larger extremity show the edge of the thin winding plate, the
coils of which around itself make up the body of the Coprolite.
Fig. 6. exhibits scales of fishes imbedded in the substance, and parallel to the surface
of the lamina of digested bone. See a similar parallelism in the scales and lamina
of fig. 12. Plate XXVIH.
Fig. 8. Longitudinal section offig. 7. showing the conical arrangement of the interior,
like that at Plate XXVIIL figs. 10. II. but inverted.
Fig. 11^ Coprolite figured as an unknown fruit in Burtins' Ort/ciogr. tie Bruxelles,
PI. V. G.
Fig. 12. Amia-coprus from the chalk near Lewes, found by Mr. Mantell within the
skeleton of an Amia : p. 234.
Fig. 13. Coprolite from the chalk at Lewes ; not yet ascertained from what animal.
Fig. 14. Coprolite purchased by Dr. Buckland in a collection of fossils from the Isle
of Sheppey.
Fig. 15. Coprolite from the freshwater coal shale at Fuveau near Aix, in the collection of Mr. Murchison.
Fig. 16. Coprolite from the freshwater marl containing insects above the gypsum at
Aix, in the collection of Mr. Murchison.
Fig. 17. Coprolite from the green sand of Wiltshire.
Fig. 18. Coprolite, from the sandstone of Tilgate Forest, in the collection of Mr.
Mantell.
See fish-scale on its surface.
Figs. 19. 20. 21. Intestines of Dog-Fish injected with Roman cement, showing spiral
. coils ; and in figs. 20. 21. exhibiting vascular structure, as on the surface of figs. 1.
4.5.9. II.
Fig. 22. Intestine of a Skate injected with Roman cement ; the external coil marking
the spiral fold of its interior.
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XXXIL

Six sections to illustrate Mr. Lonsdale's paper on the Neighbourhood of Bath.

PLATES

XXXin.

& XXXIV.

Illustrate Mr. Murchison's paper on the Fossil Fox found at Q^ningen.
Plate XXXIII.
The Fossil Fox.
Plate XXXIV.
Outline of the Fossil Fox.

PLATES

XXXV.

(See Mr. Mantell's anatomical description, p. 291.)

XXXVI.

XXXVII.

XXXVIII.

XXXIX.

& XL.

Illustrate the paper of Professor Sedgwick and Mr. Murchison on the Eastern Alps.
Plate XXXV.
Map of the Eastern Alps.
The accompanying geological Map has been constructed chiefly from the observations of Mr. Murchison, during his visits to the Central and Eastern Alps in the
years 1828, 1829 and 1830. The leading points elucidated in the memoir having
been also examined by Professor Sedgwick in 1829. The portion of the southern
flanks of the Alps which includes the districts of Verona, Vicenza, Monte Bolca,
and the Euganean hills, is coloured from observation made during an excursion
with Mr. Lyell in 1828. The adjoining district of Bassano was afterwards examined byMr. Murchison alone (see Phil. Mag. and Annals of Philosophy, N. S.
1829), who in the same year travelled through the valleys of the Adige and Fassa,
and portions of the Southern and Northern Tyrol.
A very large portion of the Map has necessarily been coloured from the authority of
other observers; and in the first rank of merit among these must be mentioned
an unpublished geological Map of the Archduchy of Austria by Dr. Boue, presented byhim to the Geological Society of London*.
This map was found to harmonize, in most respects, with the observations of the
authors in the same district ; and the points on which they difter from Dr. Bouc,
have been detailed in the memoir.
Considerable insight into the general struc* M. Boue intends to publish this map, which has recently been returned to him for that purpose, by the Council of the Geological Society.
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ture of the chain was obtained by consulting an original map of great merit,
executed many years since by Mr. Greenough : much assistance has also been
received from M. P. Partsch of Vienna, and great obligations are due to Mons.
de Buch, the reputed author of the general map of Martin Schropp & Co.
The geological features of the southern part of Styria, including the Bacher and
Matzel Gebirge, are chiefly taken from an original map executed by several Austrian geologists, under the direction of His Imperial Highness the Archduke
John, and presented by him to the Geological Society of London-. For the map
of all those parts of Styria which lie within, or surround the basin of Gratz, the
authors are, however, personally responsible.
A tertiary deposit is marked at Guttaring, far within the area of the primary rocks,
on the authority of M. Keferstein, whose general maps have also been consulted.
M, Necker de Saussure has pointed out the occurrence of a tertiary deposit at
Kropp on the Save in the Alps of Carniola, where it reposes on secondary limestone (At/n. dcs Sciences Nalurelles, vol. viii.). The same author has also shown
the existence of a ridge of primary rocks, succeeded, between Schio and Recoaro,
by others of various secondary ages. This remarkable outbreak takes place on
the confines of the cretaceous series being accompanied by new porphyritic rocks
which overlie the scaglia, and are probably of the same age as the Euganean
trachytes. A phenomenon similar in many respects, though on a smaller scale,
is seen in the northern flank of the Alps (Sonthofen, Bavaria), which is described indetail in this Memoir, p. 333, 334.
Section, PI. XXXVI. fig. 4.
The great expanse of green-sand and "scaglia" in the neighbourhood of Feltre, is
inserted from the works of Professor CatuUo *.
In the highest group, No. 1. of the map, are comprehended all the accumulations from
the most recent alluvions down to the coralline, tertiary limestone of the Leitha
hills near Vienna, and of Wildon &c. near Gratz. Under this colour, therefore,
is represented the greatest superficial range of tertiary deposits around the Alps,
particularly all those at a considerable distance from the edges of the chain.
No. 2. represents the middle and older tertiary formations, and is supposed to commence with deposits of the age of those of " Bourdeaux," and to end in the
period of the " calcaire grossier." This group is found in bands and patches
close along the edges of the Alps (from Bregenz to Fiissen, for example,) in the
forms of molasse, sandstone and conglomerate, and again in various parts of the
valley of the Danube, usually in the state of marl with shells, as near Traunstein
on the Alpine side, or near Ortenburgh and Pielach on the flanks of the Bohemian
chain.
The coal-field of Hiiring is assigned to the lower part of this group.
On the southern flank of the Alps the shelly deposits of the Vicentin, described by
M. Brongniart, and those of Bassano, by Mr. Murchison, are amongst the most
unequivocal exhibitions of these formations.
No. 3. The copperas green colour marks a peculiar shelly deposit

unknown

in

* The colours are only intended to indicate great groups of strata, the subdivisions of which,
whether in the secondary or tertiary system, will be found in the Plate of Sections.
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England, and nearly so in France and Germany, but extensively developed
within, as well as on the skirts of, the Alpine chain ; as at Gosau in the one case,
and at Kressenberg in the other.
prevent ail ambiguity, and they are
y, and 1^> of the Plate of Sections.
Map. M. Bouc has traced it into

The term "Gosau Deposits" is adopted to
shown to be supra-cret?ceous in figures 6, 7,
For various patches of this formation see the
the Carpathian chain. The iron ore of the

Kressenberg- is placed in this group.
No. 4. comprehends all the strata from (he scaglia or red chalk of the Southern Tyrol
down to the base of the green-sand series, in the lowest term of which the authors
place the Vienna grit or sandstone. See particularly figs. 4. and 5. of Plate
XXXVI. The iron ore of Sonthofen is in the upper or cretaceous part of this
group.
No. 5. This group, comprehending the Alpine and Jura limestones with dolomite, &c.
includes the whole of the oolitic series and lias, and most of the salt-breccias or
rock salt, as well as the principal lead veins of the Alps.
No. 6. The ferruginous red colour represents a group supposed to be of the same age
with the new red sandstone and magnesian limestone. Salt and gypsum occur in
it, though not in such abundance as in the limestone No. 3.
No. 7. The term " old slaty rocks" is here applied in a very comprehensive sense,
and embraces every formation from the primary crystalline rocks, up to those of
true transition type, occasionally containing organic remains.
(Spathose iron ore is most abundant in this class of rocks, though it does sometimes
occur in granitoid rocks, and also in primary limestone.)
No. 8. represents the granitic axis of the chain, the general direction of which bears
from W.S.W. to E.N.E. A remarkable bifurcation takes place near its eastern
extremity, the southern branch of which stretching out into the Pach and Kor
Alps, and thence into the Bacher-Gebirge, encircles the tertiary basin of Lower
Styria; whilst the northern branch or continuation of the principal chain separates
the Styrian basin from that of Vienna. It reappears in the Leitha Gebirge, and
again beyond the Danube in the Carpathians.
The intrusive or igneous rocks are designated under two colours only, it having been
found impracticable in a map of this scale to make a further separation of the
different rocks of volcanic origin.
a. All volcanic rocks which traverse the tertiary or secondary deposits.
b. Older porphyries (as in the Southern Tyrol) which were consolidated anterior to
the formation of the new red sandstone.
Plate XXXVI.
Sections.
This Plate contains sixteen transverse sections illustrative of the structure of the
secondary and tertiary formations of the Eastern Alps. Fig. 1. is an ideal section, and is prefixed to convey a general notion of the structure of the chain, and
of the relations of the above-mentioned deposits to an axis of primary and transi-
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tion rocks, and also to mark the great difference in the elevation of the youngest
deposits on the north and south side of the chain*. The colours are modifications
of those used in the Map, each subformation being distinguished by a tint of the
colour of the great group of formations to which it belongs. ( Vide Map.)
The horizontal distances in the detailed sections are proportioned to each other. The
altitude of the mountains is much exaggerated with relation to the horizontal
distances, and the culminating peaks of each section have reference only to the
contiguous valley or river, without any regard to their actual height above the
sea level.
R. I. M.

Plates XXXVIl. XXXVIH. & XXXIX.
remains in the Eastern Alps.

represent unpublished species of organic

Gosau.

Plate XXXVII.
Fig.
Fig.
Fig.
Fig.
Fis^.

I. Turbinolia aspera.
2. Cyathophyllum rudis.
3.
compositum.
4. Astrea grandis.
5,
media.

Fig. G. Astrea formosissima.
ambigua.
tenera.
Fig. 7.
ramosa.
Fig. 8.
Fig. 9.
Gosau.

Plate XXXVIII.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Nucula concinna.
o. Pectunculus calvus.
4. Crassatella impressa.
5. Corbula angustata.
(). Gryphaea expansa, p. 349.
elongata.
7.
8. Plicatula aspera, p. 365.
Astarte macrodonta.
9. Tornatella gigantea.
10. Auricula decurtata.
11. Natica lyrata.
12.
angulata.

Fig. 13. Natica bulbiforrais.
Fig. 14. Turbo arenosus.
Fig. 15. Trochus spiniger.
Nerinea flexuosa.
Fig. 16.
Solarium quadratum.
Fig.
17. Turritella biformis.
Fis:. 18.
rigida.
laeviu
Fig. 19.
scula.
Fig. 20. Rostellaria costata.
Fig. 21.
plicata.
Fig. 22.
Fig. 23.
laeviuscula.
granulata.
Fig. 24.

* See De Humboldt's new work {Fragmens de Climatologie et Geologie, vol. i. p. 89, note),
ill which it is stated, that the plateau of Bavaria is 1560 French feet above the sea, whilst the
highest plains of Lombardy are only 480 French feet,— making a diflerence of 1080 French feet
as the mean difference of their respective elevations
December, 1831.
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Plate XXXIX.
Gosau.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

15.
16.
17.
18.
19.
20.
21.
22.

Cardium productum.
Tornatella Lamarckii
Cerithium reticosum.
conoideura.
pustulosum.
Pleurotoma fusiforme.

■ spinosum.
Fascicolaria elongata.
fVg-. 23. Fusus heptagonus.
carinella.
Fig. 24.

Fig. 25. Fusus muricatus.
Fig. 90.
abbreviatus.
cingulatus.
Fig. 27. Nassa carinata.
affinis.
Fig. 28.
Fig. 29.
Mitra cancellata.
Fig. 30. Voluta acuta.
Fig. 31. Terebra coronata.
Fig. 32. Volvaria laevis.
Fig. 33.

Lower Sti/ria.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

1.
2.
3.
4.
5.
6.
7.
8.

Lutraria convexa.
Cardium transversuni.
minutura.
planicostatum.
Araphidesma minimum.
Venus obtusa.
Pullastra nana.
Modiola cymbaiformis.

Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

9. Trochus variabilis.
9a.
(recent, p. 395.)
10. Cerithium pulchellum.
11.
■ lineolatum.
12.
• disjunctura.
13.
turritella.
14. Buccinum duplicatum.

Plate XL. — {Lithographic View of Gosau-thai.)
In the foreground are the church and principal village of Gosau-thal. The wooded
mountain on the right, is the Horn, that on the left is the Ressenberg; the summit
of the former being composed of reddish, gritty sandstone, the latter of greenish,
micaceous whetstone ; and both are based upon blue marls with a profusion of
shells, which are best exposed in deep ravines right and left of the spectator.
The steep and arid peaks in front consist of Alpine limestone, chiefly considered as
the equivalents of the oolitic series, and are called in the neighbourhood the
Stein Gebirge, each peak being known by a local name, as the " Donner Kogel,"
" Henner Kogel," &c.
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XLL

Illustrates Dr. Buckland's memoir on Fossil Bones of the Iguanodon found in the Iron
Sand of the Wealden Formation in the Isle of Wight and Isle of Purbeck : p. 425.
Plate

XLIL

Map to illustrate Mr. R. C. Taylor's account of a part of the Mineral Basin of South
Wales, in the vicinity of Pontypool. The portion of the Map coloured represents
the mountain limestone ; the portion uncoloured, the coal measures : p. 433.

PLATE

XLIIL to XLVL

Illustrate Mr. Clift's memoir on the Megatherium: p. 437.

Plate XLIIL
A copy of a portion of a Manuscript Map in the possession of Woodbine Parish, Jun., Esq.,
which comprehends that part of Spanish America in which those Remains of the Megatherium which have hitherto been sent to Europe were chiefly discovered.
No. 1. Denotes the situation on the River Lujan (or Luxan) whence the bones were derived which were sent to Spain in 1789 by the Marquis of Loreto, and from which
were constructed the Skeleton of the Megatherium now preserved in the Royal Cabinet of Natural History at Madrid, described and figured by Don Juan Bautista
Bru, and published by Don Joseph Garriga, under the title '■^ Descripcion del Esqueleto de un Qiiadrupedo imiy corpxdento y raro" Madrid, 1796: — and by Messrs. Pander
and D' Alton under the name of " Das liiesen-Faulthier, Bradypus gigantciis" Bonn,
1821.
No. 2. Rincon de Sosa, (situated in the southern part of the Map,) the property of Don
Hilario Sosa, on the banks of the River Salado, the spot on which were discovered
the Bones which form the subject of the present paper. Not any portion of Shell or
Cuirass was found at this spot.
No. 3. The lake Las Averias, at which locality was found the most perfect example of the
Cuirass, imbedded in a stratum of hard clay, at about four feet below the upper surface, together with some bones, which were exposed to view by the occasional beating
of the waters against the sides of the Lake in stormy weather. The shell, when first
discovered, (according to the assurances of the Peons, or country people, who accompanied the person sent by Mr. Parish to the spot,) was at least twelve feet in length,
and from four to six feet in the widest or deepest part. The Bones on being taken
out of the earth almost immediately mouldered away. A fragment of the pelvis was
all that reached Buenos Ayres. The Skeleton was said to have appeared to be as
large as that found at Senor Sosa's.
An external and internal view of a small but characteristic fragment of this Shell
or Cuirass is given in Plate LXVI.
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No. 4. Villanueva. The bones found at this spot, dug out of the bed of a small rivulet,
were of small size, and in a very fragile state, and crumbled to pieces on exposure to
the air. Part of a jaw with one very small though nearly perfect tooth in the socket,
part of a scapula, and some of the feet-bones were all that were capable of being preserved. The shell lay about a foot below the principal mass of the bones, the concave
side uppermost, and resembled the section of a large cask ; but would not bear to be
lifted out of its bed, broke into small pieces, and crumbled to dust almost immediately.
Plate XLIV.
An outline traced from Plate L of Messrs. Pander and D' Alton's work above' mentioned,
with the intention of showing all the parts hitherto known, or supposed to be known,
of this extraordinary animal, the Megatherium.
The simple outline represents the state of the skeleton, as now articulated, in the
Royal Cabinet of Natural History at Madrid. Whether properly or improperly
mounted, i. e. whether all the parts are of one or more individuals, whether they
belong to the situation or position in which they are placed, whether all the parts
are genuine or partly modelled, or whether parts are eked out by bones that do not
belong to the part or situation in which they are now located, does not interfere with
the object of the outline in this Diagram ; no blame being intended to be attributed
to the Articulator, who, probably, had little or no guide in such a difficult task.
Upon this outline are engraved up, but in ajaint degree, 1st, those parts which have
been collected and preserved by Mr. Parish that also exist in the Madrid Skeleton ;
2ndly, in a greater degree of stre7igth, those parts which are preserved in the series
of Bones described in this paper which are deficient in the Skeleton at Madrid; thus
endeavouring to show at one view the general tenour of the Skeleton, together with
all the important points hitherto determined.
Plate XLV.
Fig. 1. represents, of the natural size, the last phalanx of a toe belonging to one of the
fore feet. This has been selected as one of the smallest bones, capable of being represented on a quarto plate, that could in any degree give a just notion of the magnitude of the creature to which it appertained ; and by comparison with the same
bone ill situ in Plate XLIV, it cannot fail of answering that intention better than
the most correct description, or minute detail of admeasurement.
Fig. 2. represents, also of the natural dimension, a molar tooth or grinder, of which class
all the teeth of the animal consist. This tooth was selected as one of the largest and
most entire among those discovered ; but although imperfect as regards its entire
length (of which it is about two inches minus at its lower extremity, a fact determined byother specimens, less perfect in other respects), it shows more of its real
form and structure than a perfect example could have permitted from any one point
of view.
This figure shows the inclination of the four facets of which the grinding

EXPLANATION

OF THE

PLATES.

or cutting surface of the tooth is composed, — the curved and slightly convex form of
the anterior part of its body, — its flat side slightly depressed in the centre, and its
flat and somewhat concave posterior surface. The fractured lower part permits a
view of its square hollow cavity, which contained the vascular pyramidal pulp, on
and from which the tooth was continually growing and projected upwards, in proportion asits grinding surface was worn away by attrition.
Plate

XLVI

Two views of a small fragment of the shell or cuirass discovered at Las Averias, and described at No. 3. Plate XLIIL, represented of the natural size. Although a considerable number of pieces of this armour have been preserved, — as many, perhaps,
as would cover a space of five feet square, — it was difficult to select a portion sufficiently perfect on both surfaces to show its structure satisfactorily. A great part of
this covering is incrusted on both surfaces by a very dense calcareous cement, the
removal of which always produced more or less injury to the fragile surface. In this
example, however, both surfaces are sufficiently perfect to show the relative size and
number of tesserae of which it is composed, and their forms, which are generally
irregular hexagons.
They are united to each other by indented sutures.
Fig. 1. The external surface.
Fig. 2. The internal surface.

PLATE

XLVII.

Sections in North Wales, distinguishing stratification from cleavage ; in illustration of
Prof. Sedgwick's memoir on the Structure of large mineral masses, p. 461.
Fig. 1. Transverse section through a part of the great chain of North Wales, showing the
anticlinal lines. The cleavage planes are omitted: see p. ^TO.
Fig. 2. Section through the western flank of the chain, as seen on the south side of the
great road about seven miles east of Bangor. The beds and cleavage planes are both
exhibited : see p. 475.
Fig. 3. Section near Harlech ; (a) beds, (b) cleavage planes : p. 475.
Fig. 4 and 4 a. Contorted strata on the left bank of the Towey : pp. 470, 475.
Fig. 5. represents the position of the beds and cleavage planes in a section on the banks
of the Wye, a few miles above Rhaiadr : p. 476.
Fig. 6. Arched beds in the slate quarry called Craig y Grebbin, on the road from Llangollen to Ruthin : p. 476.
Fig. 7. Section of calcareous slate rock, with subordinate beds of impure limestone, on
the west side of Foel Faur, about two miles from Llanrhaiadr: p. 476.
Fig. 8. Profile of a ridge a few miles south-east of Bala. The lines represent the cleavage
planes; and the dots the stripes in the slate : p. 477.
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or cutting surface of the tooth is composed, — the curved and slightly convex form of
the anterior part of its body, — its flat side slightly depressed in the centre, and its
flat and somewhat concave posterior surface. The fractured lower part permits a
view of its square hollow cavity, which contained the vascular pyramidal pulp, on
and from which the tooth was continually growing and projected upwards, in proportion asits grinding surface was worn away by attrition.

Plate XLVI.
Two views of a small fraijment of the shell or cuirass discovered at Las Averias, and described at No. 3. Plate XLIIL, represented of the natural size. Although a considerable number of pieces of this armour have been preserved, — as many, perhaps,
as would cover a space of five feet square, — it was difficult to select a portion sufficiently perfect on both surfaces to show its structure satisfactorily. A great part of
this covering is incrusted on both surfaces by a very dense calcareous cement, the
removal of which always produced more or less injury to the fragile surface. In this
example, however, both surfaces are sufficiently perfect to show the relative size and
number of tesserae of which it is composed, and their forms, which are generally
irregular hexagons.
They are united to each other by indented sutures.
Fig. I. The external surface.
Fig. 2. The internal surface.
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XLVIl.

Sections in North Wales, distinguishing stratification from cleavage ; in illustration of
Prof. Sedgwick's memoir on the Structure of large mineral masses, p. 461.
Fig. 1. Transverse section through a part of the great chain of North Wales, showing the
anticlinal lines. The cleavage planes are omitted : see p. 470.
Fig. 2. Section through the western flank of the chain, as seen on the south side of the
great road about seven miles east of Bangor. The beds and cleavage planes are both
exhibited : see p. 475.
Fig. 3. Section near Harlech ; (a) beds, (b) cleavage planes : p. 475.
Fig. 4 and 4 a. Contorted strata on the left bank of the Towey : pp. 470, 475.
Fig. 5. represents the position of the beds and cleavage planes in a section on the banks
of the Wye, a few miles above Rhaiadr : p. 476.
Fig. 6. Arched beds in the slate quarry called Craig y Grebbin, on the road from Llangollen to Ruthin : p. 476.
Fig. 7. Section of calcareous slate rock, with subordinate beds of impure limestone, on
the west side of Foel Faur, about two miles from Llanrhaiadr: p. 476.
Fig. 8. Profile of a ridge a few miles south-east of Bala. The lines represent the cleavage
planes ; and the dots the stripes in the slate : p. 477.
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