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PART I. 

INTRODUCTION. 

I N a communication made to the British Association during its meeting at 
Bristol (1836), we first pointed out (by help of a section extending from the 
north coast of Devon to Dartmoor) the true geological position of the great 
culmiferous deposits, which occupy so large a portion of that county. In this 
paper our object k more extensive ,* for we not only attempt to describe the 

 at University of St Andrews on May 22, 2015http://trn.lyellcollection.org/Downloaded from 

http://trn.lyellcollection.org/


634; Professor SEDGWICK and R. I. MURCHISON, Esq., on the 

order of the successive formations north of Dartmoor, but also, as far as we 
are able, to bring them into comparison with the formations which are ex
panded from the south side of the Dartmoor granite to Start Point, and to 
the other headlands of the south coast of Devon, We believe that our pre
sent attempt is almost entirely new; for though some portions of the county 
have been described in considerable detail, yet the several parts have not been 
brought into any distinct comparison with one another; and in all the pub
lished geological maps, the greater part of the slate-rocks have been repre
sented under one colour, without an attempt either to separate them into 
distinct formations or to mark their succession*. Still less has any attempt 
been made to bring them into a strict geological comparison with the other 
mountain groups of England and Wales. Our present object is to exhibit a 
synopsis of the evidence by which the successive formations are determined. 
But in future and longer communications, we hope to lay more ample details 
before the Society, and to describe a large number of organic remains, by 
help of which, the successive deposits may be referred still more precisely to 
their true place in the series of British formations, inferior to the carboniferous 
groups. We are aware of the great difficulty of our task, and if we can suc
ceed in taking only the first step towards its accomplishment, our labours will 
be well rewarded f. 

CHAP. I.—Five Geographical Regions of Devonshire. 
(See Map, PI. L.) 

Considered geologically, and under the most general point of view, Devon
shire may be divided into at least five distinct geographical regions. 

* Mr. Greenough represents the slate-rocks under two colours. But the separation is founded 
on mineral characters and not on age; for even a portion of the culm series, altered near the gra
nite, is represented of the same colour with the oldest slate-rocks of Cornwall. 

Rev. J. J. Conybeare made also a separation of the Cornish and Devonian slates into two 
groups, partly on the same principle, and certainly with no reference to any ascertained order of 
superposition. His papers, which he did not live to finish, contain some excellent details. Mr. 
H. T . De la Beche, in the first edition of the Ordnance Map of Devon, (which had been published 
sometime before our examination of the county,) included (with the exception of the district of 
Start Point) the whole slate series and the culm-measures under one colour, not attempting any 
separation of them. 

t The details alluded to in the Introduction are now given in Part I I . of this paper. The whole 
text of Part I. is printed (with the exception of verbal corrections and an expansion of one or 
two mere mineral descriptions,) from the communication made by the authors in June 1837. A 
few sentences at the end of it, in which the oldest rocks of North and South Devon were placed 
provisionally in the Upper Cambrian and Lower Silurian system, are now omitted, as the authors, 
after a more mature examination of the fossils, are convinced that, so far, their first conclusions 
were erroneous. This omission will be alluded to again in the Introduction to Part I I . (June 18S9-) 
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1st. One of them extends through the most eastern portions of the county; 
and is almost exclusively made up of deposits belonging to the formations of 
new red sandstone and green sand*. To describe any portion of this region 
forms no part of our present object. But we may just observe, that the new 
red sandstone is expanded through a part of it, in a series of rich valleys and 
low well-wooded plains, which are prolonged northward to the coast of Somer
setshire; while the green sand forms, almost without exception, the summits 
of high barren tabular hills. These two characters, and the horizontal position 
of the strata, at once distinguish this first region from all the others. 

2nd. The second region occupies all the most northern parts of the county; 
being bounded to the east by the Vale of Taunton, and the plains of new 
red sandstone above-mentioned, extending thence to the coast of Somerset
shire ; to the north and west by the sea-coast; and to the south, by a line 
commencing at Premington Pill on the south side of the Barnstaple river, 
thence ranging through a low undulating region in a direction about east and 
by south, (passing about two miles north of South Molton, Bampton, and 
Holcombe Rogus,) so as finally to terminate in the above-mentioned plain of 
the new red sandstone. 

Along a considerable part of the north coast runs an irregular chain of 
rugged hills, intersected by some valleys of exquisite beauty, and forming a 
noble series of perpendicular cliffs and bluff headlands. One or two of the 
highest points of this coast chain, between Minehead and Combe Martin, 
reach an elevation of about twelve hundred feet. 

In the interior of this region is a succession of still loftier elevations, (Dun-
kery Beacon attaining the height of more than 1600 feet,) which in some 
places put on the character of a mountain chain. But what we chiefly wish 
to observe is, that these interior ridges form a regular crest or water-shed, 
which (with a few inconsiderable deviations) ranges as far as the meridian of 
Ufracombe, in a direction almost exactly parallel to the southern boundary 
above indicated. From many parts of this water-shed, the country descends 
towards the south by a succession of long sweeping inclined planes; giving 
to the country an external character which is remarkably contrasted with the 
features of the great undulating region that lies expanded further towards the 
south. 

3rd. The third region commences immediately on the southern limit of the 

* The tertiary basin of Bovey Tracey, chiefly occupying a depression among the older strata, 
may perhaps seem an exception to these remarks. It is, however, too inconsiderable in extent to 
be noticed in a general sketch like the present. 

VOL. V.—SECOND SERIES. 4 N 

 at University of St Andrews on May 22, 2015http://trn.lyellcollection.org/Downloaded from 

http://trn.lyellcollection.org/


636 Professor SEDGWICK and R. I. MURCHISON, Esq., on the 

second, and occupies a great superficial area; extending in length, from the 
plains of the new red sandstone, in the drainage of the Ex, to the western 
cliffs of the county; and in breadth, from the southern limits of the second 
region (as above described) to the northern flanks of Dartmoor and the hilly 
country S.W. of Launceston. The northern limit of this great area is there
fore sufficiently well-defined for our present purpose. Its southern limits are 
not so easily described; the strike of the beds having (through a considerable 
extent) been interrupted and distorted by the protrusion of the Dartmoor gra
nite; we may, however, state in a few words,—that the western extremity of 
the boundary-line runs into the sea immediately to the south of Boss Castle 
harbour, in the county of Cornwall, and ranging thence in a direction bearing 
a little to the south of east, it passes about a mile and a half to the south of 
Launceston, crosses the Tamer still further to the south, and just skirting 
the great mining-field north of Tavistock, abuts against the granite of Dart
moor. From this junction, the boundary-line is defined by the northern and 
north-eastern edge of the granite as far as the Bovey basin. The remainder 
of the line, from the Bovey basin, round the north end of Haldon, to the drain
age of the Ex, is too complicated to admit of a clear description without the 
help of a good map. But the deposits of the third region are not confined to 
the limits here indicated, as they form an outlying mass resting on the lime
stone to the south of Newton Bushel*. 

The whole of the great area inclosed between these boundaries is occupied 
by rocks of one formation, the greatest part of which are thrown into violent 
undulations, exhibiting an incredible number of anticlinal and synclinal lines, 
generally running, with the strike of the beds, nearly east and west. These con
tortions are not merely seen in the cliffs and quarries, but they have produced 
an impress on the whole surface of the region ; which, without containing 
any hills of great elevation, is thrown into an almost continuous succession 
of undulations, resembling the waves of a tumultuous sea. These characters, 
however, disappear near the northern and southern boundaries of the region, 
where the beds generally acquire a more steady dip, and, as we shall hereafter 
show, form the bottom of a great trough, so as to repose on all the other stra-

* The whole south boundary of the culm-measures was re-examined, by one of the authors, in 
1836, after the Bristol meeting above mentioned. To the N.E. of the Newton limestone (and 
beyond the limits of this outlier) he found the older fossiliferous slates stretching towards Dart
moor. Hence he concluded, that the culm-measures did not extend, on the flanks of the Dartmoor 
granite, to the south of the Bovey basin. Since that time, however, Mr. Austen has traced, and 
laid down on a map communicated to the Geological Society, a considerable band of the culm 
series, skirting the granite from the north-west end of the Bovey basin to the hills west of Ash-
burton and Buckfastleigh. 
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tified, as well as unstratified rocks, with which they come in contact. The great 
series of rocks, therefore, which occupy this third region, are the newest depo
sits of our north and south section : and without prejudging their place in the 
British system, we may describe them conveniently as the culmiferous series, 
inasmuch as all the culm works of the county have been opened in them. 

T h e extent and true geological position of this great deposit had been ge
nerally misunderstood ; for though certain beds of culm had been long known 
and extensively worked in North Devon, yet they had always been described 
as mere bands subordinate to the old greywacke system ; and had never been 
regarded either as occupying a great overlying trough, or as composing a 
distinct formation. Hence, also, the black limestones which appear on both 
sides of the great trough and form a part of the base of the culm-series, had 
been confounded with the other calcareous bands of the inferior groups. 

4th. The fourth region into which we divide the county of Devon is occu
pied by the granitic rocks extending through the whole of Dartmoor. 

5th. The fifth and last region includes all the remaining portion of the 
county ; bounded towards the north, partly by the granite of Dartmoor, and 
partly by the southern skirt of the culm measures ; and towards the south, by 
the long line of cliffs extending from Babacombe Bay to the west side of 
Plymouth Sound. 

W e think that the five regions, above enumerated, form natural subdivisions, 
—not laid down artificially, to facilitate description, but well characterized, 
both by their geographical features and their physical structure. 

Passing over the first region, we shall proceed to describe the second or 
hilly region of the north coast; showing, by help of natural sections, into what 
groups it may be conveniently subdivided. W e purpose afterwards, in like 
manner, briefly to describe the fifth or southern region, to establish its sub
divisions, and to bring them, as far as we are able, into comparison with the 
subdivisions of the second region. W e shall then be prepared to describe 
the culmiferous rocks of the third region, and to show the relation they bear 
to all the rocks against which they abut, or on which they rest. In this way, 
after briefly noticing the general position of the Dartmoor granite, among the 
surrounding strata, and the characteristic phenomena at its junction with 
them, we hope to determine the whole sequence of the formations between 
the north and south coast of the county. 

Our task does not, however, terminate here ; for by help of all the analogies 
with which we are acquainted, and more especially by help of the structure 
and organic remains of the several formations, we shall, in future communica
tions, endeavour to bring them into comparison with the older groups of other 

4 N 2 
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regions. Before this can be effected, much no doubt remains to be done. W e 
possess large materials, bearing on these questions, which have as yet been very 
imperfectly examined. All we can do at present is, to make a first approxima
tion to the solution of these difficult questions. That they press upon us for 
an answer cannot be doubted, when we consider that no one has yet attempted 
any rigid comparison between the older rocks of Cumberland, Wales, and 
Devonshire; that the antiquity of the slate rocks of Devonshire and Cornwall 
has generally been estimated by their mineral characters or by their vicinity 
to the granite—means which are not merely inconclusive, but often lead to 
conclusions which are absolutely false; and lastly, that the culmiferous series 
(occupying more than one-third of the whole superficial extent of Devon
shire) has, under the name of greywacke, been confounded with formations, 
to some of which, at least, it bears no analogy, either in position, mineral 
structure, or organic remains. 

CHAP. II.—Successive Deposits between the North Coast of Devon and 

the Culmiferous Series. 

Before we attempt any description or classification of these several deposits, 
we think it expedient to give a general account of their extent, and"the places 
they occupy in the actual sections of the country. It will be seen, that our bound
ary lines (Map, P\. L.) inclose a small portion of the north-west corner of So
mersetshire, which is too intimately connected with our second region to be 
entirely overlooked. Our examination commenced with the northern part of the 
Quantock Hills, which, although beyond the limits of the country indicated in 
the preceding portion of the paper, must also be briefly noticed. The north
eastern flanks of these hills are composed of a soft, unctuous slate, not un
usually of a red colour, here and there highly calcareous, and sometimes passing 
into thick, irregular masses of limestone partaking of the prevailing colours of 
the neighbouring rock*. From beneath these, rises a system of beds which oc
cupies the central and higher portions of the hills, and (as far as we could make 
out, from our hasty examination of a country so much covered with vegeta
tion) is composed of hard, and sometimes coarse sandstone, alternating with 
more fissile, micaceous masses of finer structure, and with masses of soft, 
rotten slate, resembling the prevailing rocks of the upper group above de-

* In the language of the workmen, the thick beds of red limestone are called trug ; and the 

thinner beds, after passing into a soft, glossy, unctuous slate, are called pavey. The soft, earthy 

slates generally pass, in Devonshire, under the name of shillat. 

 at University of St Andrews on May 22, 2015http://trn.lyellcollection.org/Downloaded from 

http://trn.lyellcollection.org/


Physical Structure and older stratified Deposits of Devonshire. 639 

scribed on the north-eastern flanks of the principal ridge. In the northern 
portions of these hills (where they are highest and best-defined) the strike 
conforms to their principal direction; but further south, where they are lower 
and more expanded, the subordinate beds undulate, and seem to lose all 
regular bearing. 

After crossing the plain of new red sandstone, which forms the western 
side of the Quantocks, we found a repetition of nearly the same rocks, viz. 
a series of reddish, soft slates, in some places highly calcareous, and con
taining beds of limestone, resting on an inferior system of harder texture, 
enclosing many beds of flagstone, shillat, and reddish sandstone, here and 
there almost passing into a conglomerate form. The upper series is well 
exhibited on the eastern skirts of Croydon Hill. The lower, with all its mo
difications, is finely exposed in Croydon Hill, Grabbist Hill, and North Hill, 
and is of very great thickness. In several parts of North Hill and Grabbist 
Hill, the strata are violently contorted, and the lines of disturbance are in va
rious directions • yet on the whole, the strike of the beds seems to be nearly 
W.N.W. Part of Croydon Hill is thrown up in the form of a great elliptical 
dome, and the calcareous bands form a portion of an elliptical curve sweeping 
round the eastern extremity of its longer axis; and it perhaps deserves re
mark, that the axis is nearly parallel to the principal direction of the strata in 
North Hill and Grabbist Hill. 

In this part of Somersetshire, the strata are contorted, the hills discontinu
ous, and the sections broken ; yet the main fact, we have just stated, viz. the 
existence of a lower formation of coarse, arenaceous rock, often of a red colour 
and of an upper formation of calcareous slate, is established on sufficiently clear 
evidence, and leads us at once to consider the structure of North Devon. 

The strata of North Hill are cut off from the coast by the valley of Porlock, 
which probably owes its origin to one of the great breaks or contortions, that 
mark the neighbouring region. The same system of beds, however, reap
pears on the west side of the bay, and is continued to a headland a little north
east of Lynmouth, forming a noble succession of red cliffs, and a well-defined 
ridge running parallel to the coast. Along the whole of this line, the beds 
strike about W.N. W., and dip into the sea, at a great angle, about N.N E. 

If we make a traverse to the south from any part of the coast above men
tioned, west of Porlock, we find at the distance of a few miles, though the 
strike continues about W.N.W., that the prevailing dip is reversed to the 
south. From this we discover, that an anticlinal line runs nearly parallel to 
the strike of the beds, and to the mean direction of the coast between Porlock 
and Countesbury Foreland. We further discover, that the mean direction of 
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the beautiful gorge down which the waters of Exmoor Forest descend to 
Linton, very nearly represents the direction of the anticlinal. A great feature 
like this may almost always be traced to some geological cause; and we find 
that the strata bordering on the gorge are nearly horizontal, while those to 
the north and south of it continue for many miles to have a prevailing dip re
spectively to the N.N.E. and S.S.W, The pommel of the saddle is not repre
sented by a mere line, but by a broad space, within which the strata are nearly 
horizontal, and on opposite sides of which their dip is not only reversed, but 
greatly increased in quantity*. We may however state, with sufficient cor
rectness, that the anticlinal line passes into the sea down the Valley of Rocks 
immediately west of Linton : for to the south of it, the beds acquire a steady 
southern dip; and to the north of it, though their dip for some way is very 
slight, a little beyond Linton they have, after some remarkable contortions, a 
high northern pitch. It is in consequence of this anticlinal position, that 
the coarse red arenaceous greywacke of North Hill, and of the cliffs between 
Porlock and Countesbury, is repeated over again, and occupies the whole suc
cession of great red cliifs, extending from the west end of the Valley of Rocks 
to Combe Martin f. Were we to draw two lines respectively from the Valley 
of Rocks and Combe Martin, in the direction of the strike, we should nearly 
define the range of the arenaceous system on the south side of the Lyne, as 
far as Exmoor Forest; and thence the same system is traced (though not 
without some interruptions) through the highest peaks of Somersetshire into 
Croydon Hill. 

After the preceding statements, it must be obvious, that we class the gorge 
of the Lyne among valleys of elevation. The causes, whatsoever they were, 
which produced the anticlinal lines and regular strike of North Devon, acted 
also, in the region just described, on the hard, brittle beds of red, arenaceous 
greywacke; and thereby produced an enormous rupture along the line of con
trary flexure, to which the present gorges of the Lyne owed their first origin J. 

This region illustrates also another point in geology:—when chains are 
well-defined, the anticlinal lines are generally steady in their direction, and 
nearly coincident with the strike of the beds; but the end of a chain of hills, 

* See the north end of Section 1 (PI. LI.), from the Foreland near Linton to Dartmoor. f Ibid. 

1 Valleys of elevation (or, in other words, anticlinal lines traced through a country, not by 
ridges but by depressions originating in a fracture of the strata) are by no means uncommon 
among our older formations. They abound in the highest parts of North Wales; and in Me
rionethshire, an anticlinal line, about thirty miles long, is traced through its whole course by a suc
cession of valleys. The actual pommel of the saddle (in the form of an anticlinal ridge) is only 
seen in one single spot. 
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or the outskirts of a physical region (such, for example, as the termination of 
the old rocks of Somerset and Devon, in the plain of the new red sandstone) 
is often marked by the greatest possible confusion, both in the direction and 
dip of the strata. T h e reason of this is obvious; for in such situations, the 
strata are exhibited in the very regions, in which antagonist forces were just on 
the point of overcoming those very forces from which the chains themselves, 
and all their accidents, were originally derived. This remark is, we think, 
well illustrated by the irregular undulations of North Hill, the interruption of 
Porlock Bay, the dome-like elevation of Croydon Hill, and, perhaps we may 
add, by the outlying ridge of the Quantocks. 

It appears from what we have stated, that the lowest beds in this part of 
North Devon must be sought in the anticlinal region, and in the deep gorge 
of the Lyne. Accordingly, we there find a gradual passage into a lower sy
stem of soft, chloritic, fossiliferous slates, alternating with many harder, arena
ceous bands. T h e upper part of the group is seen in the horizontal beds 
of the Valley of Rocks; the lower portion only in ascending the deep cleft 
of the Lyne. It is interesting, as forming the base of the old rocks of North 
Devon, and as being the lowest fossiliferous and calcareous slaty group; but 
its whole thickness is nowhere exposed to view, and we are left to Other evi
dence as to its place in a descending series of formations. 

W e have before stated, that the red arenaceous system, with a steady dip 
(about S. by W., or S.S.W.), extends from the Valley of Rocks to Combe 
Martin. Just as we turn the headland leading into the Combe, a new group 
presents itself, constituting a succession of cliffs of different colour and form, 
the highest beds of which run into the sea about a mile west of Ilfracombe 
Harbour. This group, near the coast, contains eight or nine distinct calcareous 
bands, some of which are extensively worked for use; and many parts of it are 
highly fossiliferous. Its average breadth is about a mile and a half, measured 
horizontally and in a direction transverse to the strike; and it may be traced 
without difficulty into the interior (especially by help of the calcareous bands), 
first in a direction about S.S.E., then along the south flank of Exmoor Forest, 
in a direction nearly east and west. W e afterwards meet with it along the 
water-shed crossing the turnpike-road from Minehead to Dulverton ; and from 
that point (as before stated) it forms a great elliptical curve, sweeping round 
the eastern and north-eastern flanks of Croydon Hill. In this way we have a 
complete proof that the calcareous slates of Somersetshire, bordering on the 
Croydon hills, are the equivalents of those at Ilfracombe; and that the coarse 
red greywacke of Croydon Hill is also the equivalent of the red beds of the 
same structure on the coast between Combe Martin and the Valley of the 
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Rocks. This is precisely the same conclusion which we attain, in a different 
way, by first identifying the formations of Croydon Hill with those of North 
Hill, and so linking them with the coarse red rocks of the Devon coast, on 
the north side of the great anticlinal line of the Lyne*. The identification 
of the Ilfracombe system with the calcareous bands on the north-east flanks of 
the Quantocks, is not so complete; but it is, we think, highly probable, both 
from the lie of the country and the structure of the component beds. We have 
been the more particular in the preceding account, because it seems necessary 
to a clear understanding of the stratification of the region, and of the evidence 
presented by our transverse section. 

The calcareous slate system of Tlfracombe, though interrupted by some vio
lent contortions, dips, on the whole, to a point a few degrees west of south; 
and is succeeded,, in the ascending order, by a great formation of rocks, in 
which a slaty character predominates more decidedly than in any of the pre
ceding systems. This slate group generally dips at a high angle, and is of 
very great thickness ; less, however, than might at first be supposed from its 
breadth, which is not less than four or five miles, inasmuch as many of its 
beds are repeated again and again by a succession of anticlinal and synclinal 
planes, ranging exactly with the strike of the country. It may be separated into 
two natural divisions: the lower abounding in a greenish chloritic schist, 
much intersected by quartz veins, and generally too soft and shivery to be 
used for roofing-slate; the upper containing also many soft fissile beds, resem
bling those just mentioned, but abounding also in thick, arenaceous beds, some 
of which are red and variegated, like the hard arenaceous bands east of Combe 
Martin, while others are gray and greenish gray. The glossy slates of the lower 
division terminate on the coast near the north end of Morte Bay; and some 
hard, greenish gray, or purple, micaceous flagstones, form the highest por
tions of the upper division, and are, by a well-defined southern dip, carried 
under the next succeeding headland of Raggy Point. 

* If we are correct in identifying the red sandstones and hard arenaceous rocks of Croydon 
Hill, Grabbist Hill, and North Hill; and if we have correctly linked the rocks of North Hill with 
the red arenaceous rocks which strike from Porlock Bay to the Foreland; it then follows inevitably, 
that the red sandstone of the Foreland is the equivalent of the red sandstone between the Valley 
of Rocks and Combe Martin. Mr. De la Beche (Report on the Geology of Devon and Cornwall, 
1839) places the red sandstone of the Foreland under the Linton system. We cannot at present 
accept this interpretation of what we allow to be a difficult and disturbed natural section. Our 
interpretation of the phenomena is explained in the text, and illustrated by the accompanying 
section (PI. LT. fig. 1.). The question is, fortunately, one of no real moment, as there is now no 
difference of opinion respecting the geological position of the several groups of strata with organic 
remains, upon which all general questions of classification must ultimately, depend. 
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The beds of the great double group,, just described, range across North 
Devon, along with the calcareous system on which they rest, and are finely 
exposed in the cuttings of the new road from Minehead to Dulverton, where 
they agree so well with the corresponding parts of the coast section, that nearly 
the same description might serve for both localities. The upper arenaceous 
beds are well seen in the river gorges to the north of Dulverton. We have 
not traced this system further to the east; but it appears to range through 
Brandon Hill, and the elevated ground on the south side of the calcareous 
bands of Croydon Hill, towards the plain of the new red sandstone. 

The fifth and last group of the northern region of Devon, commences on the 
coast, in the headland called Baggy Point, where the beds dip S.S.W. at a 
great angle. Many of them are composed of an arenaceous and siliceous flag
stone, of a brownish gray colour; but they are neither so thick nor so firm in 
texture as the siliceous beds of the lower group, and are distinguished from 
them also by ferruginous earthy bands, with numerous casts of organic re
mains, which are wanting in the former. In rounding Santon Down, we find 
a system of brown earthy slates and flagstones thrown into a succession of vio
lent undulations; but on skirting the marshes still further towards the south, in 
the direction of Barnstaple, they acquire a steady dip to a point about south 
by west; and with the same dip, they are seen in some low earthy cliffs oppo
site Fremington Pill, near Barnstaple, on the south side of the river, and 
are thereby carried under the base of the great culmiferous series. 

By referring to the accompanying Map, it will be seen, that the breadth of 
this fifth group, near the coast, measured on a line perpendicular to the strike, 
is not less than three or four miles. Following its range towards the east, it 
is seen underlying the culmiferous rocks to the north of South Molton ; and 
the upper portion of it passes under the same rocks between Dulverton and 
Ex Bridge. (See Sect. fig. 4. PI. LJ.). Still further in the prolongation of the 
line of strike towards the east, the mineral character of the group undergoes 
a considerable change. The brown and gray arenaceous flagstones of its in
ferior portion, often pass into a red sandstone, hardly to be distinguished from 
the red sandstone of the second group; and its upper portion at the same time 
passes into a beautiful bright red and variegated earthy slate, which underlies 
the culm series, and is well exposed in a rivulet between Trace Bridge and 
Stawley. Considered as a whole, this fifth group is distinguished by its lower 
arenaceous flagstones, with ferruginous bands of rottenstone, full of organic 
remains; by the dull colour and more earthy texture of its slaty beds; by its 
brown flagstones, covered with impressions of encrinital stems; by its calca
reous bands, sometimes passing into great lenticular masses (provincially called 

VOL. V.—SECOND SERIES. 4 O 
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junks) of nearly pure limestone; and by its numerous, but generally ill-
preserved, fossils. Many parts of it so exactly resemble the Caradoc sandstone, 
that we were, at first sight, led to place it provisionally in that part of the 
Silurian system. 

Mineral Structure, Thickness, Fossils, 8$c. of the preceding Five Groups* 

In the preceding sketch, we have endeavoured to convey a true notion of 
the distribution of the natural groups into which the strata of a portion of 
North Devon may be divided, and of the evidence we have of their order of 
superposition. We must now add a few words on their structure, fossils, and 
other characters, by help of which, we may hope eventually to compare them 
with other rocks of the British series. (See Map, PL L., and Sections 1, 2, 
and 4, PI. LI.) 

1. Our lowest group, as above stated, is seen in the lower part of the Valley of the Lyne, and 
in the Valley of Rocks, and the cliffs west of Linton. Ascending the valley from Lynmouth, 
the beds on both sides the river dip nearly north, but at a small angle*. The most striking of 
them are composed of a hard, close-grained, greenish and reddish siliceous sandstone, much inter
sected by nearly vertical, transverse joints, slightly micaceous, and here and there traversed by 
earthy, cellular bands, marking the dip, and full of casts of fossils. These harder beds alternate 
with and pass into soft fissile and chloritic beds, much intersected by planes of cleavage, which 
hang towards the south—a direction opposite to the true dip of the beds. A little below 
Waters'-meet, the beds are so much contorted that it is difficult to draw any conclusions from 
their dip; and some of them are highly calcareous and fossiliferous. The organic remains are, 

* The same dip is seen in the cliffs on both sides of Lynmouth, and extends a considerable way 
both to the east and west. Following the base of the cliff towards the Foreland, this northern dip 
continues about half a mile; and we reach a point where, in the lower part of the cliff, is a hard, 
bluish flagstone, with calcareous veins and some obscure fossils; and in the upper, a hard, reddish 
gray gritstone, with many quartz veins. We supposed, when on the spot, that these calcareous 
beds were a prolongation (by the northern dip) of some similar beds seen in ascending the gorge 
of the East Lyne,. Beyond the point of the coast above mentioned, commence some remarkable 
contortions; and the dip at the base of the cliff is reversed to the south, for about a quarter of a 
mile, when a series of magnificent contortions, by which the beds are almost twisted into re-en
tering curves, and enormous masses are almost compressed into ellipsoids, are again seen in the 
cliffs, where the coast turns and trends more directly towards the north. Beyond this part of the 
cliff, there is a steady dip to a point about N.N.E., and at a great angle, and it is continued into the 
reefs at the furthest point of the Foreland. Considering the enormous thickness of the coarse red 
grits which extend into the Foreland, we do not see how they can be correctly packed under the 
Linton calcareous group, consistently with the dips above indicated. Our interpretation probably 
requires a downcast fault to the northt cutting through the contorted beds. Mr. De la Beche's 
explanation seems, on the contrary, to require an upcast fault to the north. In a previous note 
(p. 642) we have endeavoured to show that our explanation harmonizes with the general structure 
of the district. 
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however, almost entirely destroyed by cleavage>planes cutting obliquely through them. On the 

banks of the tributary of the Lyne, south from Waters'-meet, the slates become so highly calca

reous, that an attempt was made to burn them for lime; and we have been informed, that along 

the same strike of country, similar beds have been found in Exmoor Forest. In the higher parts 

of this group, the hard gritty and siliceous bands, generally of a dull gray colour, continue to 

alternate with the slaty and chloritic beds, and are in some places very fossiliferous, as may be 

seen in the Valley of Rocks, and at the great Castle-Rock on the coast; near which the series 

ends—being carried by a southern dip under the second group. A passage, indeed, seems to be 

made into the red upper group, through the intervention of some bands of red, earthy schist, alter

nating with micaceous and siliceous flagstone. In the absence of any visible base, it is impos

sible to estimate the entire thickness of the formation, we have been describing; but from the 

lowest beds in the gorge of the Lyne to the crests of the hills overhanging the Valley of Rocks, 

and still more to the beds of passage above indicated, there is a thickness of many hundred feet. 

Among the fossils obtained from this group (unfortunately in the form only of casts, and gene

rally ill-preserved) we have many corals, an Orthis, and two Spirifers; but as we shall return 

to this subject, we will not, for the present, attempt to describe our imperfect list. 

2. The most striking characters of the second group are its coarse texture, and red or purple 

colour. These colours are partly derived from the red oxide of iron diffused through the beds, 

and partly from the veins of the same mineral which traverse the cliffs, and are washed far and 

wide by the waters. Indeed, some of the beds themselves (where no veins intersect them) are so 

impregnated with an earthy oxide of iron, that they are dug up entire, and the richest parts of 

them are extracted for the furnaces*. Cases like these are, however, to be regarded as rare 

exceptions. The coarser beds are generally thick, irregularly jointed, and break into rude, shape

less, angular fragments; and their colours vary through white, gray, greenish gray, variegated, 

and purple, to deep red. The coarsest varieties, at North Hill and in some parts of the Quan-

tocks, pass into a conglomerate of red sandstone, with quartz pebbles, not distinguishable from the 

conglomerates of the old red sandstone. Some of the hills west of Porlock are covered with a 

white sandstone of this formation, fragments of which lie bleaching on the moors, and might be 

mistaken, at first sight, for grits of the coal formation. The fine sandstones contain, however, 

fragments of clay-slate, and not unusually pass (through the intervention of purple, variegated, 

micaceous, flaggy grits, exactly like the flaggy beds of old red sandstone) into red slate, grey-

wacke, and greywacke slate; among which, bands of fine, glossy clay-slate are here and there 

interpolated. Considered as a whole, and from mineral characters only, we might compare some 

parts of this group with the most characteristic portions of the old red sandstone. Other parts we 

might compare with the red arenaceous beds of St. Abb's Head and the Lammermuir chain; with 

the red sandstones and schists of the Longmynd, Lyth, and Haughmond Hills of Shropshire; and 

with some of the coarser portions of the Upper Cambrian System, as developed in South Wales. 

The whole thickness is exposed only in the coast section; extending, as before stated, from the 

west side of the Castle Rock to Combe Martin. The dip is steadily towards the south; and there 

are, we believe, few breaks or dislocations by which the same beds are repeated over again. 

The breadth of the formation, measured transversely to the strike, is nearly three miles; the 

thickness of the group must, therefore, be very great. Considered as a whole, it is neither cal-

• There is a work of this kind on the south side of the red sandstone plaid, about two miles 

from Trmberscombe, in Somersetshire; and similar works were once carried on in the hills north 

of Combe Martin. (See Map.) 

4 o 2 
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careous nor fossiliferous; but by these words, we mean to state only that we found no fossils in 
it, and that at least they are very rare. We must remember, however, that it is interpolated in a 
fossiliferous system ; and that a better search might probably bring to light a few fossils among 
the finer strata, alternating with the coarser red sandstones. 

3. The next group of calcareous and fossiliferous slate is of very complicated mineral structure. 
The first beds are coarse and siliceous, and contain fragments of large, heart-shaped, bivalve shells. 
These are succeeded by clay-slate, more or less arenaceous, all dipping, as before, about S.S.W., 
and at a considerable angle. Ascending by the valley of Combe Martin to Yellaton (a distance 
of about a mile and a half), we cross not less than eight or nine courses of highly calcareous slate, 
in some places passing into great bunches of bluish crystalline limestone, with many contempora
neous veins. The limestones have some traces of organic remains, which occur also in abundanee, 
but generally as casts, in the neighbouring calcareous slate. One of these calcareous courses 
immediately south of Combe Martin, is not less than 60 feet thick. In general, they are much 
thinner; and none of them are very continuous in the direction of the beds; but contracting to an 
edge, and expanding, several times, along the line of strike, they occasionally appear more like 
huge lenticular masses of semi-crystalline limestone, interpolated irregularly among the cal
careous slates, than true alternating beds. Four or five of these calcareous courses have been 
traced, by our friend Major Harding, through the headland which separates Combe Martin from 
Ilfracombe. 

The cliffs on both sides of Ilfracombe Harbour are interesting, from their great complexity of 
structure. Some of them are made up of alternating strata of hard siliceous sandstone; and beds 
of soft, glossy, yellowish green, chloritic slate : others are composed of dark-coloured clay-slate, 
with quartz veins, alternating with hard quartzose beds. Some parts are devoid of calcareous 
matter; others abound in i t ; and among the earthy slates, west of the harbour, are thin bands of 
limestone, almost made up of encrinital stems. Among the calcareous slates, we find quartz veins, 
sometimes ranging in long stripes, nearly parallel to the beds ; sometimes in irregular zig-zags 
nearly transverse to them; and in one or two instances thin veins of arragonite range nearly 
parallel to the strike. In the cliffs west of the harbour, where the structure is thus complicated, 
the beds are violently contorted: still further west, they acquire the prevailing dip (S.S.W.), by 
which the distinct courses of calcareous slate, with great lenticular masses of limestone, are 
brought down to the coast; and the whole mass plunges under the next higher group. 

The phenomena of slaty cleavage may be studied among these cliffs to great advantage. The 
average dip of the beds is about 35° to the S.S.W.; and among all the more fissile beds, we have 
a cleavage dipping to the same point, but at a greater angle; perhaps on the average as much as 
60° or 70°. These cleavages affect also the calcareous beds, and make it almost impossible to 
ascertain their true dip in the quarries, where the contiguous strata are not exposed. The cleavage 
planes are not merely posterior to the beds, but are of a date posterior to those movements which 
produced the contortions: for there are several places, where these planes pass, without deviation 
in their strike, and inclination, through a succession of violently-contorted beds. We may remark, 
also, that when any part of these beds is brought into such a position, that the cleavage becomes 
a tangent plane, the fissile texture will then coincide with the true bedding of the rock, and again 
separate from it, as the contorted beds deviate from the unvarying cleavage course. 

All the neighbouring coast is intersected by joints, often forming a succession of great parallel 
open fissures. Of such there are two sets,—one to which we give the name of dip-joints is 
nearly transverse to the strike, and most frequently in a vertical or very highly-inclined position; 
the other set (or strike-joints) is nearly coincident with the strike, and generally inclined at a 
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great angle to the planes of the strata, and hence, where the strata dip to the south, these joints 

generally underlie to the north. This double system of joints divides many parts of the beds into a 

great series of rhombohedral solids. The cleavage-planes, in no instance which we observed, were 

parallel to these joints. Hence, also, it follows, that the jointed structure and fissile structure are 

not to be confounded. Almost all solid rocks have more or less of a jointed structure; but a 

small number of them have a transverse fissile structure. The two structures may, and do often, 

coexist, but, in all descriptions of old rocks, ought to be carefully distinguished from one another. 

Such are the phenomena presented by this group in the only sections in which the successive 

parts are well exhibited. In its range towards the east, it is for many miles very ill exposed; 

being much covered by the vegetation and alluvial matter near the flanks of the higher ridges 

formed of the harder beds of the second group. Between Timberscombe and Dulverton it crosses 

the road, as above stated, at the water-shed, and contains, at least, three distinct calcareous courses. 

Further east it again declines in elevation ; and the calcareous portion skirting the south flank of 

Croydon Hill is principally represented by one very widely expanded course of limestone, which is 

extensively worked. To the east and north-east of Croydon Hill it is again subdivided into several 

distinct courses of calcareous slate and limestone. These are precisely the phenomena we might 

have expected in such a formation. The structure seems to be most complicated towards its western 

extremity. Assuming the breadth of the formation at a mile and a half, and the average dip at 35°, 

we shall (after deducting for a few local contortions) have a very great thickness for this group. 

Stems of Encrinites and portions of corals are among the abundant fossils of this group. Some 

of the calcareous slates of Ilfracombe are almost covered with the Favosites polymorpha, which is 

so abundant in the Torbay limestone. There are in this group also a Producta, several species 

of Spirifers, and other fossils, to which we shall refer in the sequel. 

4. We have little to add to what we have already said, respecting the structure of the next su

perior group. The lower portions, which abound in soft chloritic slates, exhibit very fine examples 

of slaty cleavage, as distinguished both from joints and planes of stratification. For example, in 

the cuttings for the new road in the hills south of Ilfracombe, the cleavage has a nearly uniform 

dip at a great angle to the S.S.W. or S. by W.; while the strata, as may be made out from the 

stripe, are here and there violently contorted. The same facts are still more clearly illustrated 

on the coast near Morte Point, and in descending into Morte Bay from the north. This part of 

the series abounds in large, white quartz veins ; several of which affect a kind of rude parallelism 

to the strike of the beds, but others are in undefined oblique directions. They are all to be re

garded as veins of segregation, by some means or other superinduced on the rock, during the 

passage into its present solid state. 

The upper and more arenaceous portion of this group, occupying the middle and southern end 

of Morte Bay, is ill exposed on the coast; but it may be considered to terminate in some thick 

and very hard beds of gray, greenish gray, and purple-coloured sandstones, alternating with thin 

beds of chloritic and purple glossy slate. These beds may be traced along their strike through 

North Buckland, and thence, skirting the south end of the hills containing the old manganese 

works, towards Muddiford. 

Notwithstanding the many contortions of the chloritic slates, and some undulations (especially 

as shown in the sections on the road from Dulverton to Minehead) of the upper and harder rocks, 

the prevailing dip is towards the south ; and the whole thickness of this group is very great, per

haps greater than that of any of the other divisions into which we have separated the deposits, we 

are describing. In no part of it did we observe any organic remains. 

5. There is no definite line of separation between this and the preceding group: for beds of 
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siliceous sandstone, resembling those last described, continue for some way as we ascend the hill 

which runs out into Baggy Point. Gradually, however, the alternating glossy slates almost dis

appear, and the strata put on the form of gray and brownish gray micaceous flagstones; and asso

ciated with them, near the top of the hill, are some cellular ferruginous bands, with numerous 

obscure casts of fossils. 

Doubling Baggy Point and descending to the north side of Croyde Bay, slaty masses again 

abound, which, though very fossiliferous, and of much more earthy texture than those of the 

preceding group, have generally a true slaty cleavage. These cleavage-planes strike very nearly, 

though not always exactly, with the beds ; and in this part of the coast they generally incline at 

a high angle towards the north, the prevailing dip of the strata being towards the south. 

Phenomena of this kind are always instructive, and are more especially so on the coast of 

Santon Down, where the beds are highly fossiliferous and thrown into a succession of undulations. 

In this part of the coast, many of the rocks conform so nearly to the mineral type of the lower 

division of the Silurian system, that the descriptions of the slaty varieties of the Caradoc sandstone 

of Shropshire and Herefordshire might be applied to this Devonian series, almost word for word* 

The lower or middle portion of the group, we are describing, may be easily followed along its 

strike into the interior of the country; and there are two quarries in it which deserve notice. One 

of them, first noticed by Major Harding, is near the inn by the road-side at Marwood, and ex

poses a set of strong beds of brownish gray and greenish gray sandstone; at the partings of which 

are several ferruginous, cellular, and earthy bands with numerous casts of fossils. The other is at 

Sloly, nearly three miles north of Barnstaple, and close to the turnpike road. I t deserves notice 

from the structure of its coarse and thick beds of greenish gray and brownish gray sandstone, 

separated by the bands of earthy slate and shale ; and still more from the vegetable fossils disco

vered in it by Major Harding and the Rev. D. Williams, which will be described in another place. 

In both the above quarries the dip is almost south; but a little nearer Barnstaple, similar beds 

are reversed and thrown into undulations. 

Lastly, the highest portion of our present group passes into a deposit of soft and rather earthy 

slates with subordinate bands of sandstone, and occupies generally a low tract of country skirt

ing the northern boundary of the culm measures. It is very fossiliferous, and sometimes highly 

calcareous, passing, as before mentioned, into irregular masses (or junks) of limestone. These 

however, are seldom worked, in consequence of the immediate vicinity of the great open quarries 

of black limestone, found in the lower portion of the overlying formation. 

In consequence of the undulations above noticed, and of the interruptions caused by the wide 

marshes bordering on the Barnstaple river, it is very difficult to make any approximation to the 

whole thickness of this group. We have, however, evidence enough to show, that the thickness 

must be very great, without taking into account the lower undulating masses. Beyond Dul-

verton, in its range towards the plain of the new red sandstone, it becomes much more ferru

ginous, and is greatly modified in mineral structure, as we have already pointed out. 

Among the fossils of the lower part of this group (Marwood quarries) are shells of the genera 

Cucullcea, Cypricardia, and Bellerophon. One species very closely resembles Bellerophon globa-

tus of the old red sandstone. Nearly on the same line (Sloly quarry) occur the vegetable impres

sions above noticed. By far the greatest number of fossils occur, however, in the upper part of this 

group; and among them, we noticed innumerable crinoidal stems, many fragments of Trilobites, 

Orthoceratites, Terebratulae, many Spirifers, a few spined Productae, &c. &c, A more detailed 

account of these fossils is reserved for a future communication. 
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Such are the groups into which we have divided the deposits in the northern 
region of Devonshire. They are founded on analogies of mineral structure, on 
superposition, and on the existence of successive calcareous and fossiliferous 
bands; and it is important (at least till they are better known) to keep them 
distinct from one another. Some of the lines we have drawn, are, perhaps, 
artificial and arbitrary; but so are some of those which divide our best 
known, secondary formations. Without something like the arrangement we 
have adopted, it would be difficult to give any clear description of the great 
deposits of the northern region ; still less could we hope to bring them into 
comparison with the successive groups in South Devon. At all events, we 
have shown that all the groups above described are inferior to the culm-mea
sures of our third region, a fact with which we were unacquainted, when we 
commenced our task. 

CHAP. III.—Succession of Deposits between Dartmoor and the South Coast 
of Devon, #c. Sgc. 

(See Map, PL L., and Sections, PL LI.) 

If a line be drawn (in a direction about east and west) from the limestone 
cliffs near Plymouth to the limestone cliffs of Berry Head, at the south end of 
Tor Bay, it will cut off the great south promontory of Devon, which terminates 
in three remarkable headlands,—Bolt Head, Prawle Point, and Start Point. 
Now, as in all this promontory the strike of the beds is nearly east and west, and 
the prevailing dip is south, it appeared to us that the coast-section from Ply
mouth to Bolt Head, and a corresponding section from Berry Head to Start 
Point, must probably cross the same succession of deposits. We examined 
both these sections, and our expectations were realized. North of the line 
above mentioned, the strike and dip of the strata are by no means regular. 
They gradually become affected by the granite of Dartmoor, and on dou
bling its southern end they are bent towards the N.E. In this way, rudely 
conforming to the mean boundary of the granite, they sweep round the 
south-eastern side of Dartmoor with a north-eastern strike and a prevailing 
south-eastern dip, as far as the basin of Bovey Tracey. If, however, we 
make a traverse from this side of the granite to the cliffs of Tor Bay, we 
gradually lose this regularity of strike and dip. The strata have been much 
disturbed at different periods,, and exhibit many axes of elevation (probably de
rived from great protruding masses of trap) which conform to no given direc
tion. The contorted beds of Tor Bay (which have been described in memoirs 
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read before this Society*) are fine examples of what we are here stating, and 
many others are exhibited in the interior of the district. In spite of this confu
sion, we easily ascertain that the limestone rocks of Tor Bay and Berry Head 
belong to the highest strata of the older formations on the south-eastern side of 
Dartmoor. Now the limestone series at Berry Head (both from the evidence 
of the coast section and from the evidence of the section along the estuary of 
the Dart) is found to plunge under the slate region, which is expanded through 
the great south promontory. Prom which it follows, that a section first from 
Dartmoor to Berry Head, and then continued from Berry Head (coastwise) to 
Start Point, must cross all the old stratified deposits of South Devon. We think 
there is no doubt that the Plymouth limestone is exactly or very nearly the 
equivalent of the limestone of Berry Head. Hence (after what has been said 
respecting the strike and dip of the country) it must be obvious, that a trans
verse section from the granite of Dartmoor to the Plymouth limestone, and 
then continued from that limestone (coastwise) to Bolt Head or Start Point, 
would also give a nearly perfect series of the strata of South Devon. We 
examined the several lines above-mentioned; and in the essential details of the 
corresponding parts, they appeared to agree perfectly, some of the lowest beds 
only being wanting on the line from Dartmoor to Plymouth. Our limits pre
clude minute details; but we will, in a few words, endeavour to describe 
the facts which are exhibited on those lines of section, and seem essential to 
our classification. 

1.—Sections from the east side of Dartmoor to Berry Head, $c. &c. 

Commencing with the section from Dartmoor to Torbay, we pass over the stratified rocks im
mediately in contact with the granite; for in that association, whatever part of the series they 
may belong to, (and under this remark we include the culm-measures as well as all the older for
mations,) they become so entirely metamorphic as to lose all their distinctive characters. But at 
a little distance from the granite, (for example, on the north side of Ivy Bridge, and on the east 
side of a line drawn from Ugborough to Buckfastleigh) there are extensive tracts of a rock which 
deserves notice. It is hard, brittle, and porcelaneous; sometimes passing into a compact fel
spar, sometimes into a flinty slate or Lydian stone, not unusually- resembling the well-known 
altered coal-shales in contact with trap dykes. We have no doubt that these rocks have been in
durated by the action of the granite, as in following them in the ascending order, they gradually 
pass into the common dark-coloured roofing-slate of this country. Higher in the ascending sec
tion, the slates become calcareous, and here and there pass into masses of bluish gray limestone. 
Two or three distinct bands of this kind may be seen in the neighbourhood of Ugborough; and in 
the range of the strata northwards, the calcareous portions unite into one leading mass, and swell 
out so much as to make, in the neighbourhood of Ashburton, a great feature in the district. The 

* See Mr. De la Beche's Memoirs, Transactions of Geological Society, 2nd Series, vol. iii. 

part 1, p . 160. 
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Ashburton limestone contains a few corals and some unascertained casts of shells. Immediately 

under one of the coral beds of the Ashburton quarries, is a remarkable band of highly carbona

ceous black shale. The neighbouring beds of limestone are of a dark colour and very much re

semble true carboniferous limestone. They do not, however, burn (like the dark beds of moun

tain limestone) into white lime, and therefore do not derive their chief colouring matter from 

carbon*. 

Still higher in the ascending section, the calcareous bands disappear, and we have again a suc

cession of soft glossy slates (in some places used for roofing), with very few distinctive mineral 

characters, and generally without any cleavage, separate from the laminae of deposit. The upper 

part of this series again becomes calcareous ; obscure casts of organic remains are found abun

dantly in some parts of i t ; and among indurated slates associated with trap, which seem to under

lie the .limestone of Newton Bushel, are fine impressions of an undescribed Trilobite. 

The fossiliferous slaty beds introduce the great upper or Torbay limestone, which is magnifi

cently developed both in the interior of the country and on the coast. 

The nature of this communication not admitting of minute details, we have so far omitted all 

description of the various trap rocks which occur on our lines of section. Some are of the nature 

of dykes, and appear to have been protruded at different times prior to the eruption of the gra

nite, which (as was pointed out by Mr. Austen) they never penetrate. Other trappean masses 

are not only parallel to the beds of schist, but are associated with plutonic sediment passing into, 

and alternating with, the slate rocks. In such cases, we concluded (as we had done before in num

berless instances seen in Cumberland and Wales) that the plutonic and aqueous rocks were con

temporaneous. 

In the slaty series between the Ashburton bands and the great upper limestone on the east side 

of South Devon, we may often remark, that the higher portions become arenaceous, and sometimes 

pass into a coarse red sandstone, not to be distinguished from the old red sandstone. Instances 

of this kind are exposed in Babbacombe Bay, in the hills N.W. of Totness, and on the banks of 

the Dart. Neither is this series altogether devoid of calcareous matter and beds of limestone, as may 

be seen in several sections to the north-west of Totness. Weconsidered these beds as mere offsets 

from the great limestone ; but Mr. Austen has since shown us sections, which prove that at least 

some of them are true members of the middle slate series. They cannot, we believe, be traced 

far on the lines of strike, as many transverse sections give no indication of them. A more import

ant fact, however, in the history of this great slaty group is the frequent occurrence of organic 

remains in the beds as they approach the great upper limestone. This fact (of which examples 

may be seen near Ogwell, near Pomeroy Castle, in the cliffs east of Torquay, at Mudstone Sands, 

&c. &c.) shows that the slates and overlying limestone belong to one uninterrupted series of de

posits ; for in other situations the slates are very rarely fossiliferous. 

The upper limestone in the eastern parts of South Devon generally ap
pears in the form of great unconnected masses, more or less tabular, crowning 
the hills and surmounted by no newer deposits. In its structure, as well as 

* Among the shales which divide the beds of the great upper limestone of South Devon, about 

two miles north of Totness, we found a few thin laminae of bright coal. Examples of this kind 

are, we believe, very rare; but there are similar appearances in the Hooe limestone quarry, near 

Plymouth. 

VOL. V.—SECOND SERIES. 4 P 

 at University of St Andrews on May 22, 2015http://trn.lyellcollection.org/Downloaded from 

http://trn.lyellcollection.org/


652 Professor SEDGWICK and R. I. MURCHISON, Esq., on the 

position, it strongly reminded us of the masses of great scar limestone which 
rest unconformably on the slate rocks of Cumberland and Westmoreland. 
From this circumstance, and perhaps still more from some of its fossils, it has 
been occasionally confounded with the carboniferous limestone. But a portion, 
at least, of its fossils, more especially its corals, separate it from that limestone ; 
and the association of its lower beds with calcareous slates passing into the 
lower slaty system of South Devon, entirely preclude it from being grouped with 
any part of the true carboniferous system. The coast sections, however, seem 
to put the question out of all doubt. We have no hesitation in identifying 
the great limestones of Newton Bushel, Babbacombe Bay, and Torbay. Now 
the great limestone at the south end of Torbay, after exhibiting a number of 
contortions, and spreading out into a succession of mural precipices at Berry 
Head, is finally (at Mudstone sands) bent into a great arch which brings .up 
the lower calcareous slates on which it rests, and causes the southern flap of 
the great limestone saddle to dip under the slate formation which is expanded 
towards the south along the shores of Start Bay. The same order of super
position is also indicated atGalmpton Creek on the eastern shore of the Dart, 
as well as at intermediate spots along the southern boundary of the limestone. 
(See Section 6.) 

Thus we find, that the great upper limestone of South Devon is fairly inter
polated between two great groups of slate rocks. Under such circumstances 
we are not surprised to discover that the calcareous beds have a continual 
tendency to thin out and come to an edge. This phenomenon (as also in 
North Devon) is best seen in the line of strike. Sometimes, however, we may 
see the beds thinning off" in the line of dip; so that a mass of limestone will, 
in a vertical section, look like an acute wedge, driven in between the laminae 
of the slates. Cases of this kind do not produce any ambiguity, as the longer 
dimension of these wedges of limestone is always in the direction of the dip. 
The great limestone of Berry Head thins off in the direction of the Dart, 
and beyond the river seems to be replaced by several thin calcareous bands, 
alternating with the slate. Further west, these calcareous bands disappear: 
but a similar system, very nearly, if not exactly, on the same line of strike, is 
revived, and becomes of great thickness, on approaching Plymouth Sound*. 

* Our accompanying section (PI. LI., fig. 8.) shows the lower (or Ashburton) limestone. The 
beds below this limestone are concealed by an overlying band of culm-measures, as we after
wards learnt from a section by Mr. Austen, and have represented on his authority. The small 
trough of culm-measures overlying the great upper limestone was observed by us in 1836, and is 
alluded to at its proper place in the text. 
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2.—Section from Dartmoor to the Plymouth Limestone, &;c. 

(PI. LI., %. 9.) 

If we cross the country from the south end of Dartmoor to Plymouth, we 
have a less perfect section than that above described, for the lower calcareous, 
or Ashburton, bands have almost disappeared. This may be easily accounted 
for; as even the thickest bands of the limestones, which are interpolated in the 
slate series, continually thin off; and in this case some of them may have 
been cut away by the encroachment of the granite. 

Commencing with the boundary of the granite, we first meet with highly altered slates pene

trated by granite veins, and tilted at a great angle. These, through various gradations, pass into 

the hard slates of Ivy Bridge, which, in the ascending order, finally pass into the ordinary dark 

lead-coloured slates, exactly like the courses overlying the Ashburton limestone. 

In most parts of South Devon, slates are obtained from planes parallel to the laminae of de

posit ; and, generally speaking, the transverse planes of slaty cleavage are incomparably less 

developed than among the schistose rocks of North Devon. But in a quarry about two miles 

south-west of Ugborough, we found very instructive examples of transverse cleavage, the planes 

of which had the exact strike of the beds, but were inclined at a much greater angle. Other, 

more inclined beds (both in the same and neighbouring quarries), were gradually brought into a 

position nearly coincident with that of the slaty structure, and then ceased to show any oblique 

cleavage planes ; a fact, which clearly shows, that the cleavage planes were superinduced on the 

beds after their dislocation. We remarked, also, that the best slates were obtained, not from the 

laminae of deposit, but from the oblique planes. 

Near Ridgeway (on the Plymouth road) are several courses of trap, which range very nearly 

with the beds; and a little to the north are quarries of slate, associated with trap. One of them 

gives some obscure traces of an oblique cleavage, and exposes purple and dark leaden-coloured 

slates, which are much indurated, and spotted exactly like the altered chiastolite slates of Cum-

berland. On the south side of the quarry, close to the trap, is a chloritic slate, with a few 

crystals of felspar; yet this chloritic slate seems, by most regular gradations, to pass into the or

dinary dark-coloured slate. We need not dwell on details familiar to all who have examined the 

great slaty regions of England, but state at once, that, by a regular dip to the south, the whole 

slate series is carried under the Plymouth limestone. 

In other respects this and the preceding section agree in their general details. 

The Plymouth limestone is composed of a great succession of thick, well-defined beds, dipping 

south, at an angle averaging at least 80° or 35°; and as its superficial breadth amounts in some 

places nearly to a mile, and it is not repeated by any great contortions, its thickness must be very 

considerable. Notwithstanding this, if we follow it to the east, along the line of strike, it comes to 

an edge at the distance of about four miles ; and if we follow it in the opposite direction to the 

Cornish side of the Sound, it thins off' still more rapidly; so that before we reach White Sand 

Bay, it has dwindled down to a few inconsiderable red beds of calcareous sandstone, containing 

Encrinites and other fossils; and further along the Cornish coast we lose all traces of it. A few 

masses of limestone, comparatively of inconsiderable extent and thickness, break out here and 

there, nearly on the line of strike between Plymouth and Berry Head, and seem to represent, in 

4 P 2 
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a degenerate form, the great upper limestone of South Devon. At Plymouth the strike is very 

nearly east and west; but following the strata towards the east, we find them gradually deflecting 

a few degrees towards the north, which necessarily throws the limestone of Berry Head a little to 

the north of the Plymouth limestone. 

Before we proceed to describe our remaining' sections, we may briefly notice 
some of the characters of the South Devon limestones. 

1. Where the sections are complete, they are interpolated in a great slaty 
series, and, indeed, very often pass into mere calcareous slates, subordinate to 
the general mass: parts even of the Plymouth limestone pass into mere cal
careous slates. Its bottom beds pass into the strata on which they rest: its 
upper beds, in like manner, are exactly parallel to, and pass into, those by 
which they are overlaid. Hence, the present inclined position of the calca
reous masses is due to the same causes which produced the present position 
of the slates. 

2. The want of continuity in the limestones proves, that the causes which 
produced them acted less generally than the mechanical causes that gave rise 
to the layers of mud and sand out of which the slate series originated. It is 
difficult to speculate about the origin of calcareous slates where organic remains 
are almost wanting; but many parts of the upper limestone seem to be, in a 
great measure, due to the action of animals which once inhabited shells and 
corals. Now, the coral reefs and shell beds of the ancient sea must have been 
formed at the same inclination with the beds of sand and mud which were 
contemporaneous with them, and consequently were once nearly level. 

3. There is a strong resemblance in the mineral structure of all the upper 
limestones of South Devon : at one extreme they are earthy and slaty; at the 
other perfectly crystalline. T h e most crystalline portions seem to have been 
formed about masses of abraded corals; and many of the hardest and thickest 
beds have more or less of a brecciated structure, as may be seen in some of 
the well-known Devon marbles. A colour derived from red oxide of iron is 
often irregularly impressed on the beds of limestone; and as the same colours 
are found in the next overlying group, as well as in some of the beds, inferior 
to the great limestone, this circumstance often produces a striking appearance 
in the range of the deposit through the country. T h e limestone was probably 
consolidated sooner than the slate, and hence may have offered planes of 
greater resistance, during successive periods of elevation. It is to this cause 
that we attribute the existence of some flexures in the inferior slates, which 
hardly seem to affect the great overlying masses of limestone, and produce 
what we regard as a deceptive appearance of discordant stratification. What 
makes this explanation more probable is the fact, that the thin beds of lime-
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stone, and the calcareous slates, partake of all the complicated flexures of the 
slate series. The contorted beds of Purbeck limestone, associated with tabular 
masses of Portland rock, are examples of similar phenomena among secondary 
strata. 

4. In some of the larger masses of limestone, the crystalline action, during 
the process of solidification, has almost obliterated every trace of deposit. All 
of them are more or less traversed by open joints; and some of the Plymouth 
beds are intersected by vertical north and south dip-joints of great regularity. 
The limestones are also occasionally divided into laminas by oblique lines of 
cleavage, like those before noticed near Ilfracombe. Fine examples of this 
structure occur in several places north of Totness, and in the hills on the east 
side of Brixham; and the phenomena are the more remarkable, because an 
oblique slaty cleavage is very rarely seen among the neighbouring slate rocks. 
A certain quantity of calcareous matter seems in some instances to favour the 
development of this structure. For example ; along the whole course of the 
Dart below Totness, the beds are generally without the least trace of an 
oblique slaty cleavage; but at East Corn worth Creek, a band of limestone is 
dislocated, dolomitized, and tilted at a great angle to the north, and is over
laid by some calcareous slates, which, near the beach, dip north, at a small 
angle, and have a distinct cleavage, inclining south at 45°. An exactly similar 
phenomenon may be seen in a small mass of calcareous slate imbedded in the 
great contorted red sandstone south of Plymouth; and there, also, the neigh
bouring strata are entirely without any transverse cleavage. 

5. Before we quit the subject, we may notice one or two peculiarities of 
structure which are seen, though rarely, in South Devon, but very abundantly 
in the calcareous slates of the Cornish coast, west of Padstow. A slight change 
of colour generally marks the passage from one bed of slate to another; and 
hence, when several beds are cut through by an oblique cleavage plane, the 
surface of the slate so obtained is marked by a set of parallel stripes indicating 
the course of the beds. It is also clear, that slates obtained from laminae par
allel to the bedding can never show a striped surface of the same nature. 
But some slaty rocks (e.g. on the coast of South Devon, near Avon Mouth, 
and on the north coast of Cornwall) have what may be called a. false stripe, 
which is at first sight very deceptive. They are derived from beds., the fine 
laminae of which, in passing into a solid state, have been forced, by crystalline 
or mechanical forces, into wavy lines or flutings, sometimes nearly constant in 
their prevailing direction. Slates cleft off from such beds show stripes of co
lour parallel to the flutings, and are to be distinguished from the true stripe 
only by being worse defined and less uniform in their direction. That these 
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wavy lines were produced by tension, seems probable when we follow their 
course, and see it marked by minute joints, filled generally with quartz. We 
never saw an example of this false stripe in any roofing-slate of Wales or 
Cumberland; and the two kinds of stripe very seldom occur together. There 
are slates also from South Devon and the north coast of Cornwall, which give 
clear indications of a second cleavage plane affecting the elementary structure 
of the rock. We speak of a structure never, as far as we know, seen in the old 
Cambrian slates, and entirely distinct from the small double joints which so 
often separate individual beds into rhombohedral solids. This second cleavage 
is indicated by innumerable striae (looking as if made by a sharp instrument 
like a very fine comb) running through the chloride flakes that separate the 
laminations. With care, a cleavage (generally with a rough surface) may be 
obtained along these striae, which occur indifferently both with the false and 
true stripe above described. The crystalline forces producing these striae 
have also produced mechanical tension, as the striae may be sometimes fol
lowed into minute partings, generally filled with quartz. On the river above 
Padstow are some beautiful examples of these complicated structures. A low 
cliff shows a set of contorted beds of calcareous slate traced by lines of organic 
remains: the beds are cut by oblique cleavage planes, producing striped 
slates. There is a second cleavage indicated by the parallel striae, and the 
whole mass is divided into rhombohedral solids by a double set of open 
joints, which do not coincide either with the stria or the stripes. 

6. Lastly, before we proceed to the other sections, we may briefly notice 
the organic remains of the South Devon limestone. The corals in the Tor 
Bay, Newton Bushel, and Plymouth limestones, are very abundant; some of 
the species, more especially the beautiful feather-like coral (Favosites poly-
morpha), abounding at all the places above mentioned. Several species of 
Spirifers, Terebratulce, and other shells, bivalve and univalve, are, we believe, 
common to them all, as might be expected among beds nearly of the same 
age; but we purpose to return to this subject, when we have better specific 
evidence. Some of the red coraline, calcareous slates of South Devon cannot 
be distinguished, either by structure or fossils, from the calcareous slates near 
Ilfracombe. 

3.—Coast Section from the Plymouth Limestone to Bolt Head*. (PI. LI. fig. 5.) 

1. We commence with this section, as offering the clearest evidence of superposition, and the 
best exposure of the successive beds; and after describing it, we shall briefly notice the corre-

The section is supposed to be made on a straight line; to which the phenomena on the actual 
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sponding section from Berry Head to Start Point. The upper beds of limestone are seen at 

Mount Batten, and are overlaid by a great, red, arenaceous group, which may be subdivided as 

follows: 

(1.) Over the limestone is a brown and yellow earthy slate, with pyritous stains and iron veins, 
some of which run, in the form of strings, nearly north and south. This mass alternates three 
times with beds of impure limestone; and the last bed occurs at Dunstan Point, where it thins out 
to an edge among the impure earthy slates. Several fossils have been found by Mr. Hennah in 
this part of the section, which may be considered as forming a kind of passage from the limestone 
to the superincumbent beds. 

(2.) From Dunstan Point to Withy Hedge, the section shows a yellowish gray and bluish gray 
soft slate (shillat), with some quartz veins and coarse arenaceous bands. 

(3.) Immediately over the preceding, and extending about three-quarters of a mile to Bovisand 
Bay, is a formation of bright red, and sometimes variegated sandstone, thick-bedded, and of 
coarse texture, but subdivided by bands of soft, glossy, red slate, and red micaceous flagstone. 
This division, in many parts, is exactly like the old red sandstone; and though thrown into vio
lent contortions* it dips, on the whole, towards the south, and is of great thickness. It is overlaid 
by a reddish slate and flagstone, which gradually passes into the next superior division. 

(4.) On the south side of Bovisand Bay, the slates become so earthy as to pass into the form of 
shale, with many small nodules of ironstone; and these are surmounted by variously-coloured 
earthy slates, alternating with reddish arenaceous bands, as seen in the cliffs of Crownall Bay, 
near the southern end of which is a patch of new red conglomerate, resting unconformably on the 
edges of the older strata f. 

(5.) Beyond Crownall Bay is reddish slate and flagstone, and coarse red sandstone, occasionally 
contorted and penetrated by large quartz veins; the contortions chiefly seen in the strongest and 
coarsest beds. These gradually pass into reddish, grayish, and greenish gray chloritic slates, with 
hard quartzose bands and quartz veins. They strike about E. by N. towards Wembury, are of 
great thickness, and may be considered as beds of passage into the next superior group. 

Though the upper limit of the preceding group is ill-defined, it is, on the whole, very distinctly 

marked by its coarse arenaceous bands and its prevailing red colour: and as its breadth, measured 

on a line transverse to the strike (from Mount Batten to the cliffs opposite the Mew Stone), is 

about three miles, and its average dip is not less than 35°, its thickness (notwithstanding the occa

sional contortions) must be very great. In its mineralogical characters, as well as in its thickness, 

it bears the closest resemblance to the red arenaceous rocks in the cliffs east of Combe Martin, 

the second group of our North Devon section. 

2. The next group occupies the whole coast, from, the cliffs opposite the Mew Stone to Hope 

Cove, near Bolt Tail—a distance, following the sinuosities of the coast, of more than twenty miles ; 

coast section are referred by a series of lines drawn, from the respective points, parallel to the 

strike. Most of the places mentioned are found on the accompanying Map, PI. L. 

f Soon after our return from Devonshire, in 1836, we were informed by Dr. Moore, of Ply

mouth, that he had discovered organic remains in this part of the series. One of the authors 

revisited, along with that gentleman, this part of the coast in 1838. The fossils chiefly occur in 

the ironstone nodules, and are generally both obscure and waterworn. We remarked among his 

specimens a Turbinolia (?), and several other species of corals ; two or three species of Orthocera-

tites; one or two casts of univalves; and some fragments of trilobites. Among the red cliffs of 

Crownall Bay, only to be approached at low water, are also many fossils, such as stems of Encri-

nites, fragments of corals, and comminuted shells, in an impure bed of reddish limestone, partly 

traversed with quartz veins. Near the calcareous bands were some transverse planes of slaty 

cleavage—appearances very rare in this part of Devonshire. 
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but the actual breadth of this group, measured on a line at right angles to the mean bearing of 

the beds, is not more than five or six miles. 

The ascending section commences with the beds of passage above noticed; but to the south of 

the Yealm, the prevailing rocks are made up of a light gray and greenish gray chloritic schist, 

with quartz veins and quartzy concretions, and with subordinate hard arenaceous beds; and they 

prevail all the way to Stoke Point, with a steady dip about S.S.E. Several of these beds seem 

to strike into the cliffs between Stoke Point and Erme Mouth, and are repeated over again; but 

south of the Erme there is a steady ascending section for about two miles. In the cliff between 

the Avon and the mouth of the rivulet that descends from the, north side of Ringmore, there are 

some anticlinal and synclinal lines, which we have attempted to represent in our section (PI. LI . 

fig. 5.). On the whole, however, the ascending series gains towards the south. The prevailing 

rock is a fine, greenish gray, and leaden-coloured glossy schist, and the prevailing dip is about 

S.S.E. or S. by E. Near Fishery the beds exhibit the minute striae which (in certain cases) we 

have considered as an indication of a second cleavage; here, however, there *is no principal 

cleavage oblique to the bedding. The same series is also marked by beautiful flutings producing 

the pseudo stripe. Opposite Borough Island, near Avon Mouth in Bigbury Bay, the contortions 

are marked by a shattered cliff, with quartz veins and numerous joints; but further south, to 

a point about half a mile beyond Avon Mouth, there is a steady dip to the south, or south by 

east. We there meet with a synclinal line, which throws the beds into a trough, and produces 

a northern dip, that prevails, almost without interruption, to Hope Cove, where the whole group 

terminates abruptly against a formation of chlorite and mica slate. 

Along the lines of strike, several of the more schistose beds are worked for roofing-slate, not 

generally of good quality; and, in all the instances that we saw, the slates are derived from planes 

parallel to the bedding. Immediately to the north of Hope Cove the beds are hard, quartzose, 

and dark-coloured; and on approaching the junction, they are altered and shattered, and pene

trated in all directions by quartz veins. The actual junction is not parallel to either formation, 

but may be traced, at low water, in broken, zig-zag lines, showing the extreme derangement where 

the two masses are brought into contact. They seem mutually to wedge into and penetrate one 

another; and on the south side of the headland forming the junction, is a great mass of black-

veined slate notched in among the beds of the older system. 

From the lowest beds of this group to the highest (south of Avon Mouth), there is a breadth of 

four or five miles, measured on a line perpendicular to the strike. Hence, notwithstanding the 

contortions above noticed, the thickness of the deposit must be very great, especially when we 

Consider the high mean inclination of the beds, which is greater than that of the preceding group. 

The junctions on the Kingsbridge river take place on low ground, and give no new information; 

but if we follow the strike across the promontory from Hope Cove to Start Bay, we may see the 

two formations in the cliffs south of Tor Cross. The phenomena are there much more simple than 

at Hope Cove: neither the upper nor the lower system is unusually mineralized, and there is no 

confusion in the dip. The lower beds (composed, on that part of the coast, of fine quartzose, 

chloritic slate), though highly inclined, and in some places contorted, dip regularly towards the 

beds of the upper argillaceous slates, which also, for a considerable way, dip steadily to the north ; 

but the immediate contact is unfortunately concealed. 

3. To complete our section, it only remains for us to describe the crystalline group which ex

tends to the extreme southern points of Devon. 

Immediately to the south of the junction at Hope Cove, the crystalline slates are extremely 
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altered and mineralized. Some are yellow, earthy, and pyritous; others have become entirely 

earthy, are of a bright red colour, and, in their strike through the country, may be tracked 

through the fields by the red colour of the soil. Others, again, are partially indurated ; and we 

may here and there extract from them hard, laminated bands of quartz and chlorite ; and among 

them are irregular masses of earthy, pyritous, decomposing chlorite. The beds, however, soon 

acquire a more usual mineral structure; undulate towards the south ; at Bolt Tail become nearly 

vertical; and afterwards pass, in a highly-inclined position, and after repeated undulations, to 

the extreme southern headlands. The prevailing dip is, however, to the north ; and the strike is 

nearly true east and west. 

In mineral structure, this group is entirely different from anything we have described in the 

sections either of North or South Devon. It is highly crystalline, and essentially composed of 

quartz, mica, and chlorite ; the three minerals being frequently found together. Near its northern 

limit are some fine-grained, well-bedded rocks of blended quartz and chlorite, sometimes used as 

a building stone. More frequently it rises in large flaky masses, coated beautifully with mica 

and chlorite, and is used as a coarse flag-stone and coping-stone. In other places, from the oc

currence of joints, the blocks are obtained in rude prisms, provincially called pencils, not unusu

ally coated with red oxide of iron. The masses have both small and great contortions, so that it 

is difficult to find beds with smooth plane partings. Towards the south, however, (e. g. near 

Prawle Point,) we obtained beautiful and finely-laminated chlorite slate; and there are similar 

specimens of mica slate. On the whole, mica seems to abound more towards the southern, and 

chlorite towards the northern, extremity of the group; but the different varieties are so con

stantly mixed together, that it is impossible to divide the crystalline series into two formations. 

Felspar does not appear to exist as an essential constituent, nor did we see a single block to 

which we should give the name of gneiss. Pyrites is found in many of the beds ; and oxide of 

iron not merely coats the joints, in some cases producing what the workmen call iron pencil, but 

the mineral exists in regular veins traversing the micaceous slate. The finest example is at Sea-

combe Sands, (near the mouth of the rivulet that descends from West Prawle,) where there is a 

vein of iron ore about four feet wide, and another smaller vein near it. It strikes nearly east and 

west, and underlies north, at an angle of 50°. Had it been more nearly vertical, it might, perhaps, 

have been worked to profit. On the east side of Gunnor Head, near Prawle Point, is a similar 

vein striking north and south, and underlying west at a great angle. Works have been opened in 

this vein, but are deserted. There is also an iron vein at Stenhall, on the east side of Bolt Head, 

and another about two miles further west. 

This beautiful but anomalous group is probably of metamorphic structure, and had entirely 

escaped notice before the commencement of the elaborate county survey of Mr. De la Beche. 

4.—Section from Berry Head to Start Point. 

(PI. LI. fig. 6.) 

It only remains for us to describe in a few words the section connecting the Torbay limestone with 

the crystallized slates of Start Point. We have before stated that the limestone of Berry Head 

is thrown into an arch which brings up the inferior slates in the clifFof Mudstone Sands (p. 652); and 

the same arch is continued in the calcareous system towards Galmpton. The earthy slates of Mud-

stone Sands become more and more calcareous and fossiliferous in the ascending section, and so 

gradually pass into the limestone. In the same manner, on the north side of Galmpton Creek we 
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meet with the following ascending section: 1st, red sandstone and slate; 2nd, red, gray, and 

leaden-coloured earthy slate, almost passing into shale; 3rd, red and gray indurated shale and 

calcareous slate, with organic remains, and passing into the limestone. It is therefore obvious 

that the great limestone is intimately linked to the lower slaty system. 

On the south side of the great saddle of Mudstone Sands the limestone again appears in the cliffat 

Sharkham Point with a high southern dip. The beds are confused and contorted by the passage of a 

great vein of iron that is worked, in the limestone, as far as Upton. A very little south of the iron vein 

is an interpolated mass or dyke of trap which breaks out, here and there, in some ridges ranging to

wards a point north of South Down. Beyond the trap, the beds of limestone are seen in the cliff with 

a very rapid dip to the south; but some of them appear to thin off and almost to come to an edge 

in the line of dip. The scale of our section enables us to represent these phenomena only in a 

general way. Notwithstanding the confusion on the coast produced partly by the iron vein and 

trap, the general mass of the limestone from Sharkham Point to Upper Brixham dips uneqivocally 

south, and so passes under the great slaty group that is expanded towards the mouth of the Dart. 

From all which we conclude, that the limestone of Berry Head has exactly the same general 

relations to the slate series of South Devon, as the Plymouth limestone*. 

1. The beds immediately over the limestone of Sharkham Point are made up of a gray glossy 

slate, dipping at a great angle about south by east. They are succeeded by gray, greenish gray, 

and variegated soft earthy slate, alternating with sandy red and variegated micaceous flag-stone, 

which occasionally passes into coarse thick beds. Some of the beds exhibit remarkable contor

tions, and a series of specimens might be selected from them which would be almost identical 

with a corresponding series from the beds of the first group over the Plymouth limestone. The 

red sandstone does not, however, here predominate so much as it does near Plymouth. 

The rocks above described prevail as far as Man Sands ; on the south side of which is a soft 

silky gray slate, exhibiting at one single spot obscure traces of organic remains. This slate is over

laid, near the top of the high cliff going over to Scabbacombe Sands, by coarse arenaceous red 

rocks, like those above described. But they are again succeeded by a fine soft gray and greenish 

gray shillat, which, with many changes of texture and with many quartz veins and alternations of 

quartzose, arenaceous bands, is continued to the mouth of the Dart. On the whole, we think we ma3r 

place the southern limit of our present group at Scabbacombe Sands : so defined, it is very nearly 

the representative of the red arenaceous group, above described, over the Plymouth limestone. 

It is, however, less perfectly developed than the corresponding Plymouth group, and, though on 

the same general line of strike, is a little further north, in consequence of a gradual change in the 

run of the beds. 

The rocks south of Galmpton on the Dart agree in their general character with those of the 

present group ; the boundary of which may be placed on the north side of Dartmouth, but, from 

* On the north side of Mudstone Sands, the calcareous beds overlying the slates have a distinct 

slaty cleavage, which does not affect the inferior slates at the top of the cliff. Among some slightly 

undulating beds, are dip-joints pointing between north and magnetic north ; afterwards the beds 

have a steady dip about magnetic north ; and the dip-joints, which abound, are exactly magnetic 

north and nearly vertical. At the same place are magnetic east and west joints (strike-joints), the 

planes of which are inclined magnetic south, 40°; that is to a point opposite to the dip of the beds, 

a very usual case. Not far from these beds are some masses of very coarse red sandstone, which 

seem to be subordinate to the earthy slates below this limestone. 
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the continual changes of mineral structure, no two distant sections can agree in their more minute 

details. The further range of the arenaceous series westward seems to be marked by the hard, 

irregularly bedded, gray quartzose rocks of Morleigh Down and Black Down, first noticed by 

Mr. De la Beche*. 

2. Over the preceding group, and not separated from it by any well-defined limit, is expanded 

a slate formation of vast thickness. Soft glossy chloritic slates prevail, and alternate with arena

ceous bands, and near Redlop Cove with a remarkable ferruginous whet-slate. Near Stoke there 

are some beds of flaky or semiconcretionary structure, like many beds associated with contempo

raneous porphyries in Wales and Cumberland. Here, however, we saw no traces of trappean 

rocks. A little south of Stoke are some very fine beds of chloritic slate, exhibiting those wavy lines 

among the laminae, which produce what we have called a false stripe; but there were no examples 

of an oblique slaty cleavage. For a considerable way north of Street the dip is reversed to N.N. W., 

but soon after recovers, and dips about magnetic south at a great angle. No calcareous beds fit 

for use are found in this series ; but near Slapton it is overlaid by horizontal masses of new red 

conglomerate, which has been burnt for lime. 

Near Torcross the dip is reversed to the north; and in a cliff to the south of it is a gray, 

greenish gray, and blue slate, with many quartz veins, generally parallel to the beds, but continually 

thinning out and running into filamentous veins. With these beds we found some long, flat, cal

careous concretions : but we did not observe any organic remains, in this or any other part of the 

group. On the whole, the mineral phenomena, on this part of the coast, though differing in a 

thousand accidents, agree in all their essential circumstances with those exhibited by the corre

sponding group in Bigbury Bay. 

3. For some way beyond the beds last described, the dip is neai-ly north at a great angle—on 

the average not less than 60°. A long flat region then conceals the relations of the strata; beyond 

which the crystalline group, commencing more than a mile south of Tor Cross, occupies the coast 

to the extremity of Start Point. The highest beds of this group are nearly perpendicular—they 

are then thrown into cortortions—and then for a considerable way along the southern cliff have a 

steady dip to the north at an angle of about 50°. Still further south they exhibit the same modi

fications of mineral structure that we remarked in the cliffs between Bolt Tail and Prawle Point. 

At their northern limit they are certainly less crystalline than at their southern. Some of the 

beds contain many elongated concretions of quartz, spangled with flakes of mica or coated with 

chlorite, alternating with laminae of dark chlorite slate; and associated with these are beds of very 

fine dark clay slate, of a structure intermediate between the slates of the second group and the 

crystalline slates of Start Point. It is obvious from what is stated, that there is no true passage 

between this and the preceding group; nor are the phenomena at the junction so instructive as 

those which occur at Hope Cove. 

Such is the succession of rocks exhibited in transverse sections of South 
Devon ; the whole ascending series being divided into four groups : 

1. The slate-rocks bordering on Dartmoor, many parts of which are indu
rated and altered in structure by the action of the granite. 

* In a traverse from Totness to Kingsbridge we crossed a series of red arenaceous slates which 
seemed to represent, under a different type, the great upper limestone and its associated red grit. 
Near Kingsbridge the beds are highly inclined and thrown into great undulations, caused per
haps by the same disturbing forces which produced the undulations near Avon mouth. 

4 Q 2 
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2. A great zone of slates, more or less calcareous, and with subordinate 
beds of limestone: the lower portion containing the Ashburton bands; the 
upper containing* the great Plymouth and Tor Bay limestone. The upper 
portion also contains occasional beds of red slate and sandstone; which some
times appear under the limestone, and sometimes seem to take its place along 
the lines of strike. 

3. A great arenaceous group, containing many beds of red and variegated 
sandstone. 

4. A group, with many courses of soft, glossy slate; sometimes indurated, 
and used for roofing-slate ; alternating with coarse quartzose bands; without 
any subordinate beds of limestone, and apparently without fossils. These 
four groups complete the ascending series, and are, together, of an enormous 
thickness. 

5. Lastly; a crystalline group of micaceous and chloritic slate, unlike any 
other formation in North or South Devon; not co-ordinate with any of the 
groups above described; probably of metamorphic structure, and due to some 
obscure axis of elevation, which has passed near the southern promontories of 
the county, and interrupted the succession of the regular ascending series. 

Conclusions. 

1. Comparing together the regions of North and South Devon above de
scribed, we find many points of resemblance, and some points in which their 
structure is remarkably contrasted. For example, trap rocks abound on 
some portions of the southern sections, but are never found in the northern. 
Again, in the northern region, a true transverse slaty cleavage is constantly 
developed among all the finer deposits; while in the southern, these cleavage 
planes are almost wanting, and nearly all the roofing slates are obtained 
from lamina? parallel to the stratification. Yet in South Devon, systems of 
parallel joints are as common as in North Devon. What physical conditions 
have led to this remarkable difference of structure we do not at present 
inquire. 

2. Judging both from the mineral structure and organic remains of the 
two regions, we are justified in affirming that neither of them exhibits any 
very old class of slate rocks. For example, none of the groups, either of the 
northern or southern sections, are to be compared with the rocks of Snowdonia 
or the green slates of Cumberland; without including in our comparison the 
still lower group of Skiddaw Forest. 

3. The preceding details show that there are many points of physical re-
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semblance in the successive groups of North and South Devon; and that there 
is a near resemblance in many of the fossils, especially tbe corals. Hence we 
should provisionally refer them to one system. But as there are no sections 
connecting them unequivocally with well-ascertained formations, a more exact 
comparison and place of the several groups must depend on a future examina
tion of the fossils. 

4. Attempting, however, provisionally to bring the groups of North and 
South Devon into direct comparison, we were first induced to compare the 
highest calcareous group of North Devon (No. 5.) with the great upper lime
stone of South Devon. The two formations in a part of their range are asso
ciated with red sandstone; several of their fossils approach the carboniferous 
type, and some of their corals are specifically the same. But we were led to 
reject this hypothesis, chiefly because it left the great upper group of the 
South Devon slates (No. 4) entirely unaccounted for in North Devon. 

5. The Ufracombe calcareous slates very closely resemble (as above" stated) 
some of the upper calcareous slates of Plymouth and Tor Bay. But if we 
rigidly identify the Ilfracombe limestone with the upper limestone of South 
Devon, we have the great red arenaceous group of Plymouth entirely unac
counted for in North Devon. On the other hand, the great red arenaceous 
group of North Devou (No. 2.) is, in its magnitude and general structure, 
almost identical with the great red arenaceous group over the Plymouth lime
stone. Notwithstanding our distrust of mere mineral characters, we seize on 
these gr.oups as our best terms of comparison. On that hypothesis, the lower 
divisions of the South Devon section would be geologically lower than the 
lowest members of the North Devon section; (which may be easily admitted 
when we regard the vast thickness of the descending series between Avon 
Mouth and Dartmoor (see PI. LI., fig. 5 & 9.)); and the calcareous slates 
of Linton would be nearly on the parallel of the Plymouth limestone. 

6. Not, however, to push these analogies too far, we would, in a general 
way, bring the great calcareous and arenaceous series, between the North 
Devon Foreland and Ilfracombe inclusive, into comparison with the arenaceous 
and calcareous groups on Plymouth Sound; on which hypothesis the lower 
groups of South Devon are unrepresented in North Devon ; and the slate rocks 
south of the Ilfracombe limestone (group No. 4.) may be compared in a ge
neral way with the great upper slate group of South Devon. 

We throw out these conclusions merely as provisional, and to be confirmed 
or invalidated by a more complete examination of the organic remains in the 
several groups. 
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Slate Rocks of Cornwall. 

Before we proceed to describe the culmiferous series, we must notice the 
relations of the successive groups of North and South Devon, above described, 
to the slate rocks of Cornwall. The Plymouth limestone, as before stated, 
thins out to an edge in Whitesand Bay, being there represented by some in
considerable beds of red calcareous sandstone and calcareous slate, with frag
ments of encrinital stems, and a few other organic remains. Nor does it 
again appear on the south side of Cornwall; being apparently cut off by the 
trending of the coast to the north-west of its line of strike. But the lower 
division of the fossiliferous slates of South Devon does pass into Cornwall, and 
gradually deflecting to the south-west, ranges through the cliffs at the mouth 
of the Looe River, through the hills near Talland, and thence by the hill above 
Lantiyet Bay to the mouth of the Fowey river. The same calcareous slates 
reappear on the other side of the river, and are traced continuously through 
Greber Head, the south-eastern promontory of St. Austell Bay. 

At all the above-named places fossils are abundant, though generally in the 
form of casts, and sometimes much obscured by cleavage. From the beds near 
Fowey we obtained several specimens of a large, deeply-ribbed spirifer, casts 
apparently of terebratulae, stems of encrinites, and several fragments of corals. 
The same calcareous slates, sometimes passing into impure limestone, reap
pear near Veryan, and thence descend into the cliff towards the north end of 
Gerran's Bay—the last place where we found any traces of organic remains 
on the south coast. 

At Gerran's Bay the strike deviates so much towards the south, that none of 
the calcareous slates pass through the cliffs that extend to St. Anthony's Head. 
In their further range, they again undergo a considerable flexure towards the 
west, which brings them nearly to the mouth of the Helford river; from 
which they strike, on the north side of the great plateau of serpentine, to the 
opposite coast of the Lizard district. 

After what we had seen in South Devon, we were not surprised at disco
vering occasional traces of fossils along the lines above indicated. We were, 
however, astonished at the extraordinary number of organic remains in some 
parts of the country hitherto described as not fossiliferous. The calcareous 
slates are not confined to the line here indicated, but break out, on the eastern 
side of Cornwall, at considerable distances from the coast*. 

* For example, there is limestone imbedded in sfete about half a mile south of Hessenford; 
also at Catchfrench, a mile and a half abcve Hessenford ; and at Coldrenick, a little east of 
Clicker Tor, &c, &c. 
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To the east of Looe, a section from the coast to the nearest granite exhibits 
on the whole a descending series ; yet we do not think that any of the beds of 
such a section ought to be placed at a lower geological level than the lowest 
slaty group of South Devon. 

In the cliffs west of Looe there are many fine green, chloritic slates, alter
nating with greenish quartzose beds, penetrated by quartz veins, which have 
a prevailing dip about S.E. by S. But at Ore Point is a striped rock, with 
numerous red and green bands, alternating with coarse green, quartzose 
beds, much penetrated by white quartz veins. The dip is reversed to a point 
about N.N.E., and is not less than 70° or 80°; and some of the beds have a 
true slaty cleavage inclined towards the same point, but at an angle of not 
more than 50°. The coarse striped beds, sometimes alternating with bands 
of nearly pure quartz (very instructive, from their mineral structure, and from 
a number of poor mineral veins nearly parallel to a series of north and south 
joints), are continued nearly with the same inclination to Polparrow. At the 
entrance of Polparrow Harbour, the coarser quartzose beds are overlaid by a 
beautiful rock, with a perfect transverse cleavage, producing a fine-striped 
slate. The beds dip north, at a great angle, while the cleavage planes dip 
also north, but at a much smaller angle. Examples of this kind occur very 
rarely in South Wales; and we never remarked a similar case in the North 
of England ; for whatever be the inclination of the beds, the cleavage planes 
are generally inclined at a greater angle*. 

As the same prevailing northern dip is continued to the mouth of the Fowey 
river, it is obvious that the beds above described are inferior to the fossil-
iferous group. 

Similar indications of a northern dip are seen in a part of the coast section 
on the east side of St. Austell Bay. Commencing a section at Greber Head, 
and continuing it from thence through the head of St. Blazey Bay to the gra
nite, we have the following order: 

1. A series of quartzose and chloritic beds, continued to a cave under Combe Farm, with a 

prevailing dip towards the south. J^t that place there are large east and west joints, perhaps 

marking the presence of a fault; and beyond them the dip is reversed to magnetic north. The 

same phenomenon is also seen about a quarter of a mile south of Polkeris. 2. An ascending 

series, with a northern dip at a great angle, continued to Polmere Cove, where there appears to be 

a great break among the strata f« The fossiiiferous slates are in the lower part of this group. 

* On the coast west of Padstow we found a still more remarkable example, viz. a calcareous 

slate, dipping unequivocally at an angle of 4#°, intersected by true horizontal cleavage planes, 

producing a beautiful striped slate* 

t Somewhere near the line of break, and probably connected with it, is a great channel of 
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3. A series of highly mineralized beds, with a southern dip, and extending to the granite. This 
division is traversed by some elvans, and numerous metalliferous veins ; but there is no proof that 
it is of an older date than the second group: indeed, judging from the sections, it only seems to 
represent the upper part of that group reversed and mineralized by the granite, and by the causes, 
whatever they may have been, which produced the mineral veins. 

The section from the Dodman point to the St. Austell granite, exhibits still 
more striking phenomena, in the following order : 

1. A series of rocks dipping to the south-east, and extending from the Dodman to the cliffs 

south of Porthmellion. 2. A series of nearly similar rocks, extending to the cliffs south of 

Mevagissey, and exhibiting several anticlinal and synclinal lines—their most prevailing dip being, 

however, to the north side of the strike. 3, A long ascending series, continued close to the 

granite, in which there is a decidedly prevailing dip, and generally at a great angle, towards the 

north. 

Prom the preceding facts, it appears that a line of elevation, nearly on the 
strike of the beds, has thrown the greater part of the Killas between Veryan 
Bay and Looe into an irregular trough; and that the crystalline, metalliferous 
slates skirting the south side of the St. Austell granite, instead of being among 
the oldest, are among the very newest stratified rocks of the south-east side of 
the county. 

Nor does the mineral structure of the country throw any difficulty in the 
way of this conclusion. Many of the beds south-west of St. Austell are 
coarse, arenaceous, and sometimes of a red colour. Near Pentowan there 
is a series of coarse brown grits, almost resembling coal-measure sandstone ; 
near Mevagissey and Porthmellion there is a eoarse, dark-coloured slate, 
with specks of mica between the layers, much penetrated by quartz veins and 
alternating with arenaceous flagstone; further towards Gerran's Bay are 
thick courses of quartz rock closely resembling the masses of quartz rock in 
the great arenaceous group of South Devon; and in Gerran's Haven we meet 
with many very coarse arenaceous beds deeply impregnated with yellow hy
drate of iron, alternating with bands of yellowish red and dark blue earthy 
schist. The ferruginous beds are carried to the west side of the promontory, 
where they are associated with masses more coarse and mechanical than those 
above described • and the quartz rock reappears in a rugged elevation south 
of Boswingran, and near Carhaise Bridge. We mention these facts to show 
the mechanical nature of many portions of this deposit. Other alternating 
portions have the usual characters of the finer chloritic slates of Cornwall. 

manganese and iron, which ranges near the following places: Polmere, west side of Tywardreath 
Hill; East Polmere ; Terras Hill, on the north side of Lostwithiel; and Restormel Ground ;—the 
course being about N.N.E. 
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The same group on the north side of the Lizard serpentine also contains 
calcareous beds ; not, however, passing into true beds of limestone; nor have 
organic remains been yet found associated with it. Among its upper beds are 
masses of coarse arenaceous rock, and beds of a very coarse red conglomerate ; 
and south of Mawnan it contains a few very thin carbonaceous laminae*. 

Before our visit in 1836, Mr. De la Beche had completed his survey of the 
north side of Cornwall, and laid down his results in admirable detail on the 
sheets of the Ordnance mapf. These he kindly communicated to us; so that 
in the few spots we visited to the south of Padstow, we only trod in his steps ; 
on which account we avoid all details respecting this part of the north coast. 

The section from the slate rocks north of the Lizard to tha cliffs north of 
St. Ives Bay, appeared to us symmetrical. On both sides the killas is thrown 
off by the granite ; and among the slaty and arenaceous beds which appear 
not far from Godrevey Island, are some cellular calcareous beds with ferru
ginous bands containing obscure traces of organic remains. One of the larger 
arenaceous masses reminded us of the Pennant stone of Bristol. We think we 
may safely consider these beds as very nearly the equivalents of a part of the 
group, north of the Lizard, which strikes into the coast near the mouth of the 
Helford river. 

All the country round St. Agnes is so altered by the granite of Cligga point, 
by injected Elvan dykes, and by innumerable metalliferous veins, that we 
attempt not to define its exact geological relations—only remarking by the way, 
that after the facts stated above, we have no right to place the more crystalline 
slates of that district in any system lower than the groups above described. 

Before our examination of the north coast, Mr. De la Beche had collected 
fossils from New Quay and other localities near the coast; also on the Padstow 
river, even so far up as the neighbourhood of Bodmin. We traced the cal
careous slates with Encrinites, corals, and other fossils, through the cliffs north 
of Mawgan Porth; and the series is continued into Permizen Bay, west of 
Padstow, where we had seen the calcareous slates with fossils during a former 
visit to the county (1828). South of the Padstow river there are many irre
gular contortions ; and the strike and dip undergo many changes, so that the 
fossiliferous slates are spread over a wide surface. It is obviously (after what 
we stated respecting the position of the beds south of St. Austell Moor) almost 
impossible to find any transverse section that will clear up the relations of the 

* See Transactions of the Cambridge Philosophical Society, vol. i. p. 295. 

t This map is not yet published ; but a reduced copy of it appears in the lately published Re

port on the Geology of Devonshire and Cornwall. (1837.) 

VOL. V.—SECOND SERIES. 4 R 
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fossiliferous slates on the corresponding parts of the north and south coast. 
Provisionally, we identify the calcareous slates of New Quay, Padstow, &c, 
with the calcareous slates of Looe and Powey. We see no reason whatever 
for considering one series older than the other ; but for a final determination 
of the question we must look to a future examination of the fossils. The best 
fossils we possess from the coast near St. Columb Porth, we owe to the kind
ness of our friend Mr. Carlyon of Mawgan. Among them are Encrinites, two 
or three species of Orthoceratites, and several species of corals, &c. 

The fossiliferous slates near Tintagel (first noticed many years since by Pro
fessor Buckland and Rev. J. J. Conybeare), cannot perhaps be connected by the 
direct evidence of sections with any of the preceding calcareous groups. The 
most remarkable fossil in these slates is a very large broad-ribbed Spirifer; and 
we found a similar fossil among the highly crystalline laminae of the slates near 
Lesnewth, in the range of the slaty mass several miles further to the east. 
Calcareous slates, very nearly on the same line, after doubling (along with a 
great series of inferior beds) round the granite, are carried by a strike about 
E.S.E. to the quarries near Trenalt and South Petherwin. From the very 
numerous fossils in these quarries (among which are many large broad-ribbed 
Spirifers, Productae, Terebratulae, two or three species of Orthoceratites, many 
corals, Encrinites, &c.,) on the whole, nearly resembling those of the great 
upper limestone of South Devon ; we should place these calcareous slates in 
an upper group of the great slaty series : and the conclusion is confirmed by 
the fact, that a section from South Petherwin to the granite, in a direction 
transverse to the strike (i. e. about S.S.W.), exhibits for five or six miles a 
regular descending series. These calcareous rocks are, in respect to the great 
overlying culm-trough, exactly in the same position with the calcareous slates 
of Barnstaple ; but on this fact, considering the ambiguous relations of the 
base of the culm-measures to the rocks on which they rest, we do not at 
present build any inference. 

From the preceding details we conclude, that whatever classification be 
given of the slate rocks of South Devon, must also include all, or nearly all, 
the slate rocks of Cornwall. They form one continuous system, the several 
parts of which admit no comparison as to age, except that which is sanctioned 
by the evidence of sections and fossils. The slates of Cornwall are, on the 
whole, more crystalline than the slates of South Devon,—a fact, however, on 
which no classification can be founded, as the upper groups, when near the 
granite, are as crystalline as the lowest. Again, many of the subordinate 
beds in Cornwall are as mechanical in structure as the very coarsest beds in 
South Devon. 
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The general absence of transverse slaty cleavage, in the parts of the coun
ties we are comparing; the occasional appearance of that structure, especially 
among the calcareous portions; the occasional appearance of a second oblique 
cleavage plane; systems of dip-joints and strike-joints changing with the 
change of strike; and many other common accidents of structure (not to 
mention mineral veins, elvans, contemporaneous trappean rocks, &c. &c), may 
also be considered collectively to bear out our previous conclusion. We 
have thus cleared the way for a description of the great overlying culm-mea
sures of the central region of Devon. 

CHAP. IV.—Culmiferous Series. Its relation to the other Formations, Struc
ture, Fossils, £c. (Plate LI. fig. 1, 2, 3, & 4.) 

We have before stated that this series occupies a great trough, the axis of 
which ranges nearly east and west; and we have also indicated its north and 
south boundary in general terms. A formation may, however, be deposited 
in a trough, and yet the beds on its opposite sides may not exactly correspond. 
But in this instance there is no such ambiguity; for the bottom beds of the 
series have a peculiar mineral structure and are characterized by great beds 
of black calcareous shale and black limestone, with peculiar fossils, and these 
appear on both sides of the great trough. 

That these lower beds rest on the highest group (No. 5.) of our northern 
section we have already given abundant proof. They are overlaid by an 
enormous thickness of contorted beds of shale and sandstone ; and, by a re
versal of the dip, are finally brought out again to the surface and seen resting 
on the slate rocks of Cornwall and Devon, and on the northern flank of Dart
moor. The trough is therefore symmetrical, and the true bottom beds of the 
whole series may be studied in detail either on its northern or southern boun
dary. We have, therefore, a most unequivocal proof that the culm-measures 
are newer than any of the stratified groups associated with them. 

It may be contended, that there is a passage from the base of the culm-
measures into the old slate rocks of Cornwall and Devon ; and there may well 
be a mineralogical passage where both formations alternate with trap, or ap
proach the granite, and so become metamorphic: but passages of structure 
proving a real continuity of deposit must always be difficult to establish among 
old slaty rocks, where similar beds recur at such enormous intervals. We 
must, however, allow that dark slaty beds and indurated shales occur in seve
ral places (for example, near South Petherwin; in a mining work on a moor 
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west of Lammerton ; and at the western end of Wheal Friendship *;) at the 
base of the culm series, which it is extremely difficult to separate from the 
lower rocks ; but there is no ambiguity as to the order of superposition. In 
like manner, in North Devon, the beds of the highest group above described 
(No. 5,) pass regularly under the base of the culmiferous rocks, without the 
intervention of any conglomerate, or other appearance marking an interrup
tion of deposit. But when one shaly mass rests on another, and is mecha
nically derived from it, we need not wonder at such a mineral passage. We 
have seen the old red sandstone on the coast of Caithness resting on gra
nite and forming a most distinct mineral passage into it: and it was from 
overvaluing such apparent passages, that Macculloch was, for many years, led 
to regard the old red sandstone of the northern coasts of Scotland, as a part of 
his primary system. On the whole, therefore, we consider these supposed 
passages of little value in determining the age of the culm series, which we 
shall endeavour to discuss on other evidence f. 

Lower Culm Measures. 

The lower part of this series is made up of dark-coloured shale ; sandstone, sometimes coarse, 
but very rarely passing into a conglomerate; siliceous flagstone ; and calcareous shale, here and 
there, containing subordinate beds of black limestone. The several members of the group are 
irregularly developed, and one part is expanded at the expense of the others; but the calcareous 
portion is very constant, and its position is near the top of the lower division. Where the bot
tom shales rest on the earthy slates of the older groups, it is not always possible to determine the 
exact boundary of the two formations. This difficulty, however, such as it is, very seldom occurs; 
as the inferior group abounds in fossils, while the culm slates are without fossils, and ave also 
distinguished by their structure, being black and pyritous, and by occasional anthracitic stains 
between the laminae. 

* The western end of Wheal Friendship, (an east and west copper vein,) near St. Mary Tavy, 
undoubtedly runs into the lower culm-measures; the inferior and productive sinkings are pro
bably in the older slates. On the other hand, Wheal Betsey, a north and south lead vein of the 
same mining field, is entirely in the lower culm shales and grits. We first thought an important 
inference might be drawn from this fact; but we afterwards found several east and west copper 
veins, further north, in the undoubted culm-measures. 

t We forbear to describe the confused junctions near Chudleigh ; where one of the great fos-
siliferous limestones of South Devon is surrounded by, and might seem to be imbedded in, the 
culmiferous rock. The phenomena are easily explained by the intervention of a fault. Neither 
do we purpose to describe in any detail the complicated junctions near Ugbrook Park, or an out
lying basin of culm-measures south of Newton Bushel. All that side of Devon is extremely dis
located ; but the phenomena may be all explained, when the true order of superposition has been 
once settled on the evidence of uninterrupted sections. 

 at University of St Andrews on May 22, 2015http://trn.lyellcollection.org/Downloaded from 

http://trn.lyellcollection.org/


Physical Structure and older stratified Deposits of Devonshire. 671 

These shales, in the ascending sections, frequently become semi-indurated; and in that condition 

are generally thin-bedded, and the separate beds are divided into innumerable prismatic masses by 

small transverse joints. In the softer varieties these masses are generally rhombohedral. Again, the 

indurated shales pass into rather thin-bedded, hard, siliceous bands, each of which becomes sepa

rated into cuboidal divisions ; and the surfaces of the beds have what the workmen call a diced form, 

resulting from the intersection of parallel cross joints. This structure seems to be derived, in a great 

measure, from a tendency to a concretionary structure. These harder bands are often of a dark 

colour, and the partings are coated with earthy carbon, which stains the fingers. It is among the 

little transverse cracks and joints of the harder beds that a white earthy mineral greatly abounds. 

The white divisional planes are due sometimes to carbonate of lime; but through a considerable tract 

running near the base of the culm series (between Barnstaple and South Moulton) the white mineral 

is chiefly composed of earthy Wavellite; and occasionally the broken transverse joints exhibit the ra

diating crystals of that mineral in great perfection*. Still larger parallel joints, affecting the whole 

series, also occur; but these we are not at present describing. The same hard bands vary, however, 

greatly in colour, where the carbon is not present; and in several places they pass into a light 

gray, siliceous, brittle, jointed flagstone : and again, in some remarkable instances, they become 

almost white and porcellaneous, resembling a kind of china stone. Again the siliceous beds pass into 

a regular thick-bedded sandstone, resembling a coarse gray-wacke, or a grit of the coal measures : 

these latter varieties are, however, on the northern boundary (from which our present descrip

tions are chiefly taken) to be considered as the exception rather than the rule, and as subordinate 

to the carbonaceous shales and flagstones. 

The beds forming the base of the culm series are somewhat differently developed on the south

ern boundary, in their range from the Cornish coast towards Dartmoor. We first meet with a 

highly carbonaceous and pyritous shale, dipping at a great angle from the chloritic and fossiliferous 

slate group of Tintagel. These alternate with coarse quartzose bands, sometimes thickly bedded, 

and resembling coarse beds of gray-wacke. The whole system is much intersected by joints, and 

traversed by large quartz veins f; and has so much the look of an old rock, that it has always 

been regarded as a regular part of the old slate series of Cornwall. The mineral character, how

ever, as well as the superposition, is sufficiently distinct; and in several places (for example, on 

the north side of Boscastle) the coarser bands resemble a coal grit, are stained with carbon, and 

contain many very thin lamina? of that substance j . Some of the shales are also calcareous, and 

contain masses of a variety of rottenstone, like that in the limestone shales of Derbyshire; but 

none of them contain any fossils resembling those of the older Tintagel slates. Among the higher 

beds of the series, we have a great development of black, semi-indurated shales; but no true 

bands of black limestone; and the whole group is violently contorted. 

Following this bottom group to the east, along the line of qtrike, we still find the dark lower 

shales more or less carbonaceous, and with traces of bright anthracitic laminae; and here and 

there (though rarely) with obscure traces of vegetable fossils §. And along the same line, further 

* The same mineral occurs among the indurated coal shales of South Wales. 

+ These veins are sometimes several feet in thickness. They usually run parallel to the beds 

for some way, and then come to an edge, or break off into small strings, ramifying through the 

neighbouring beds in all directions. 

$ These beds, or some resembling them near Boscastle, were first described by Dr. Boase, in 

the Transactions of the Geological Society of Cornwall, vol. iv. p. 426. 

§ The descriptions of the preceding paragraph are taken from the lower culm beds near Bos-
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east, the siliceous beds become so much expanded as greatly to predominate over the rest, and to 
give a character to the features of the country. Thus we cross, on the road towards Launceston, 
great tracts of arid soil resting on gray gritstone, which lies bleaching on the surface, and reminds 
us of the sterile ridges of a millstone grit country. 

Partly in consequence of a thickening of this bottom series, and partly in consequence of a de
viation in the strike towards the south, this remarkable deposit of gritstone is carried to the south 
of Bren Tor ; and from thence, deviating considerably towards the north, and skirting the mining-
field of St. Mary Tavy, passes into the high ridge of Black Down, and abuts against Dartmoor. 
Further towards the north-east, all the bottom grits and shales of the culmiferous system come up 
to the granite in succession, as may be seen in a traverse from Oakhampton to Tavistock ; and 
the higher beds of the group then sweep round the northern promontory of the granite. 

In this part of their course they are greatly altered in structure, and have even been mistaken 
for primary rocks. Their changes in structure are, however, due to two causes. 1st. They alternate 
with many beds of trap, and have their texture greatly changed in consequence. But surely no 
one will now contend that, on this account, they ought to be cut off from the other culm measures 
on their strike. Sndly. When near the granite, the whole system becomes highly metamorphic. 
Should any one contend that the hard crystalline series between the coarse culm measures south 
of Oakhampton and the granite of Dartmoor, belong to a distinct group; we may reply, that the 
hypothesis is contradicted by the strike of the beds, and, above all, by the existence of beds of 
indurated black shale passing into Lydian stone, and black culmiferous limestone, (incontestably a 
portion of the true lower culm group, not yet described,) which pass through the heart of this 
altered group. And we might add, that; in the accidents of stratification, and in the existence of 
fine seams of Wavellite in the joints of the black indurated shales, we have additional analogies 
confirming our statement. 

The complete demonstration of the general correctness of our views is, 
however, to be sought on the flanks of the granite hills to the south-west of 
Oakhampton. A traverse in that direction shows us the successive members 
of the group we are describing, as they range towards the granite one after 
another; and each, as it approaches the central rock, is found to undergo an 
appropriate change. Thus the dark shales put on the form of Lydian stone, 
and sometimes of compact felspar; and the quartzose bands, under the same 
conditions, are converted into a hard crystalline quartz rock. Close to the 
granite, the changes are more complete; the masses become utterly metamor
phic, and put on the form of white compact felspar, micaceous crystalline slate, 

castle. In their eastern prolongation, the pyritous shales near the bottom of the series become, 
in some instances, much indurated, and in a quarry about a mile from Launceston, on the South 
Petherwin road, are used for roofing slate. They contain vegetable impressions, and are of very 
bad quality, being injured by disseminated pyrites. The slate of Yeolm bridge (about two miles 
north of Launceston) is of much better quality, being derived from much harder beds, with a 
transverse cleavage plane, producing a smooth striped slate. The rock may, perhaps, be indurated 
by the neighbouring trap, which does not, however, appear in the quarries. I t contains some 
organic remains, and is in a much higher part of the series which we are describing than the in
durated pyritous shales above noticed. 
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gneiss, &c. &c. Nor is this all. The granite sends out veins into the altered 
beds, of which we found an example, not merely in the metamorphic beds of 
contact, but in a black, indurated shale, at a considerable distance from the 
junction, in one of the ravines south-west of Oakhampton. Moreover, there 
is an El van dyke (precisely like the Cornish Elvan) still further north, in 
the central portion of the culm measures, far above the group now under 
notice*. 

Phenomena like these, where cause and effect are so clearly brought toge
ther, are of no small interest. The metamorphic group is one of the most 
instructive we have ever examined, inasmuch as we can trace it through all its 
gradations : and the facts we have stated prove to demonstration, that the gra
nite is not older than the stratified series. And that it is not contemporaneous 
with the altered group, which is made up of a long series of mechanical de-
positS; is too obvious to require a proof. There remains, therefore, only one 
conclusion, (sanctioned by all the changes of position and structure, as well as 
by the protruded veins,) that the granite in mass is a rock of protrusion, and of 
a date posterior to the development of, at least, all the lower divisions of the 
culm measures. 

We must now briefly describe the black shales and limestones which form 
the upper division of our present group, and are, indeed, its most characteristic 
and important members. These beds have so many characters in common, 
that the same descriptions will serve, with a few exceptions, for the black lime
stones both on the north and south side of the great culm trough; and on both 
lines it is extensively worked in a succession of large open quarries, in several 
of which are vertical sections more than 100 feet deep. 

This upper division is regularly bedded, and essentiallycomposed of black carbonaceous shale,tra-

versed by numerous irregular white veins of calc-spar, and alternating with beds of black limestone. 

The limestone is also filled with white veins; and being of a rather earthy structure, is only distin

guished from the calcareous shale by close inspection. Among the more calcareous bands some are 

fossiliferous, containing a great abundance of at least two genera of bivalve shells ; one a Posidonia, 

the other of a genus not ascertained, but regarded, by those who have examined it, as a marine 

shell. In the same part of the series are Goniatites of at least two species, both of which are 

unquestionably marine, and (according to Professor Phillips) identical with Goniatites of the 

Yorkshire coal-field. And there is a negative fact also of great value. This culm limestone 

contains no fossils resembling those of the groups inferior to the culm series. The beds in ques

tion are therefore not more distinguished by their structure from all the calcareous strata of the 

inferior groups, than they are by their fossils. Yet the black culm-limestones and the calcareous 

dates of the older system, sometimes range almost side by side. This shows the absolute neces-

* This Elvan was first laid down by Mr. De la Beche. 
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sity (whatever may be its age) of mapping the whole culm series by a colour distinct from that of 
the older slates. 

The group we have been describing is of great thickness, and the calcareous portions are several 
times repeated on the same section ; and not only in the shales, but also among the limestone bands, 
are thin laminae of culm, but in no instance so thick as to be of economical use. It is difficult to esti
mate the whole thickness of this portion of the lower culm group, because the beds are repeated by 
contortions, which in some instances are so violent as to exhibit many salient and re-entering angles 
like those of a fortification agate. On the whole, however, the limestones and associated black shales 
plunge away from the older rocks, and gradually disappear under the upper culm-measures. On 
the south side of the culm-trough, the shales both above and below the black limestone are occa
sionally used for roofing slate. Thus, on the banks of the Lyd, near Coryton, there is a line of 
slate quarries apparently under the neighbouring range of the black calcareous rock, which, 
though excessively contorted on the small scale, (a single bed exhibiting five or six zig-zags in one 
escarpment,) dips on the whole about magnetic north ; and at Cory r ^ m , immediately over the 
same contorted limestone, there is a very good striped slate derived from a true cleavage-plane. 
The beds dip magnetic north 35°, and are cut by fine vertical dip-joints : but the cleavage-planes dip 
magnetic south about 25° or 30°. Here, again, the cleavage-planes are less inclined than the beds— 
a phenomenon, perhaps, unknown in the north of England. We observed no beds of like quality 
in any part of the culmiferous rocks along their northern edge. 

We think that the southern calcareous bands are in general thicker than 
the northern ; but the changes of mineral structure (excepting the meta-
morphic portion near the north end of Dartmoor) are more striking on the 
northern boundary. For example, near Bampton, there are several quarries, 
where the shales become indurated, have a conchoidal fracture, and a red 
colour, and sometimes pass into chert; and near the same quarries the calca
reous shales are associated with manganese, and the limestone bands are more 
crystalline, and become of a lighter colour. These localities also exhibit con
tortions of great complication ; but in that respect they are not anomalous. 

Lastly, at Holcombe Rogus, we have a most extraordinary combination of 
sharp anticlinal ridges and contorted beds of limestone of great thickness, in 
which the black shale, which generally forms about three-fourths of the 
escarpments that are worked for lime, has almost disappeared, or at least be
come quite subordinate*. 

* In nearly all the great quarries of black limestone, some of which are of great extent and 
grandeur, both on the north and south boundary of the culm system, not only are there consider
able portions which are rejected as mere waste; but even in the richer portions with the true lime
stone bands, there is seldom more than a third or fourth part which is actually burnt for lime. The 
alternating bands of dark indurated shale (frequently riddled through in all directions by white 
veins) are used for flagstones or coping-stones. To prevent misapprehension, we may also state 
that the culm-limestone (though far more persistent than the limestone junks of the lower groups) 
often comes to an edge, or passes into mere calcareous shale. Hence quarries for economical use 
cannot be opened indifferently on every part of the strike; and indeed along the coast of Cornwall 
the limestone has disappeared from the section. 
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W e were at first doubtful with what rock we were to class the Holcombe 
Rogus limestone ; but after a second visit in 1836., when we were better ac
quainted with all the varied characters of the lower culm-measures,, we did not 
hesitate to place it in that part of the series. For it comes within the strike of 
the cu/m-measures; and it contains many beds resembling the limestone at 
Bampton (which is unquestionably a culm-limestone, and may be regarded as 
a connecting link between the ordinary black limestone and that of Holcombe 
Rogus). It rests on rotten pale-coloured and red shale, with bands resem
bling china stone, exactly like some beds on the line of the wavellite rock above 
described. Again, it alternates with bands of red unctuous shale, (which be
come indurated and pass into red flagstones,) and with bands of chert; and 
among its beds in one of the quarries is found a considerable portion of earthy 
manganese : in all which respects it is analogous to the Ba.mpton limestone. 
Lastly, in the extreme paucity of its fossils, and their absence from the accom
panying shale, as well as from its general structure, it is entirely unlike any of 
the limestones subordinate to the older group under the culm series*. Hence we 
think it certain that this limestone is a part of the lower culm group; differing 
from the other culm-limestones in being much more largely developed, at the 
expense of the shales and flagstones, and, as a natural consequence, differing 
also in being more pure and crystalline. It is repeated in six or seven distinct 
ranges of elevated or contorted beds and anticlinal ridges, within a space of 
three or four miles in length and breadth. In consequence of these replica
tions, it is difficult to conjecture what is the whole number of its beds or their 
aggregate thicknessf. In the grand anticlinal ridge (about a mile and a half 
south of Holcombe Rogus) there is a quarry at Canon Leigh that exposes a 
face of limestone rock about 150 feet thick: it is composed of a series of very 
thick, jointed, and shattered beds of a dark grayish blue colour, weathering-
like mountain-limestone, and alternating with thinner bands associated with 
hard red shale and chert. Among several of the subcrystalline beds we ob
served what may be considered a characteristic appearance in these quarries, 
viz. the dissemination of a series of distinct crystals of carbonate of lime 
through the more earthy base of the rock. It perhaps deserves remark, that 

* We found a few fragments of encrinital steins in the limestone ; but since the preceding de

scription was written, Major Harding has found in it the characteristic Posidonia, which completes 

the evidence for our conclusion. 

t The several ridges of limestone vary considerably in their strike; some ranging nearly east 

and west, others N.E. and S.W. Indeed, all the phenomena of this contorted district may be con

sidered as instances of what has been before stated, respecting the great derangement of the older 

rocks, as they approach the plains of the new red sandstone. 

VOL.V. SECOND SERIES. 4 S 
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among some contorted beds not far from the north end of the canal tunnel, 
we found some thick amorphous bands of dolomite. 

We are aware of the extreme difficulty of conveying a distinct notion of 
the true aspect of a rock by mere verbal descriptions; but we may certainly 
say in general terms, that the great escarpments near Holcombe Rogus re
semble mountain-limestone. And were we to seek for terms of comparison 
to describe the ordinary appearance of the black culm limestone (as seen be
tween Bampton and Barnstaple, or along the south boundary of the culm-
measures), we might compare it to the black beds of shale limestone in Derby
shire, or to some of the thin-bedded earthy limestones at the bottom of the 
carboniferous series in Craven; and more correctly still, to the darker varieties 
of the Irish calp. But we distinctly wish it to be understood, that we use 
these terms merely as descriptive, and with no view of prejudging the ques
tion respecting the age of the lower culm group. 

In consequence of the contortions in this group (more particularly in its upper 
calcareous shales) it is difficult to form any correct estimate of its average 
thickness: we think that on the whole it is much thicker on the southern than 
it is on the northern boundary of the great trough. On both sides of Laun-
ceston the group is chiefly increased by the great expansion of the lower 
grits : and were we to make a transverse section from the lower beds of the 
whole series on the south side of Bren Tor to the northern limit of the cal
careous shales, we must pass, notwithstanding the contortions, through an 
ascending series which cannot be estimated at less than two or three thousand 
feet in thickness, and is we think considerably more *. 

* To make the previous descriptions better understood, we subjoin the following section of the 
lower culm series where it is exhibited on the largest scale. The section commences about two 
miles north of Tavistock and ends with the culm limestone on the north side of the great west road 
—a distance of about eight miles. It exhibits the following ascending order: 

1. Lower shales and grits, the latter of very great thickness. 
2. Trap of Bren Tor, part of it recomposed and regularly bedded. 
8. Thin-bedded jointed rock, here and there penetrated by manganese and by trap. 
4. A more slaty culm shale, having two courses of roofing slate. 
5. Black culm limestone, overlaid by roofing slate, and by indurated thin-bedded shale and 

siliceous bands much jointed,—penetrated irregularly by manganese. 
6. The same series, repeated over again (by a flexure and a fault) on the north side of Lew-

water. 
7. Upper limestone, and commencement of the higher division of the culm-series. 

I t is possible that the upper limestone may be only a repetition of the lower by a second great 
fault. The country is ill-exposed ; but there is nothing in its form or in the dips of the bads to 
indicate such a fault. The thickness from the bottom shales to the first range of black limestone 
is, we believe, much greater than what is stated in the text. (See PI. LI., fig. 70 
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Upper Culm-Measures. 

This group, essentially composed of sandstone and indurated shale, is ex
panded through all the undescribed portions of the great culm trough, and 
indeed occupies nine-tenths of its whole surface. It is of very great, but un
ascertained, thickness; being perpetually interrupted, coiled upon itself, and 
repeated over again, by violent contortions, forming an incredible number of 
anticlinal and synclinal lines, ranging nearly east and west with the strike 
of the beds*. No words can exaggerate the number and violence of these 
contortions—sometimes in regular undulating curves—sometimes in curves 
broken at their points of contrary flexure, and exhibiting a succession of 
cusps, like regular pointed arches—sometimes, though more rarely, thrown 
into salient and re-entering angles, generally of local extent and only affect
ing particular beds. Indeed, we have some examples of such angles in thick 
beds of shale, where the massy sandstones, above and below them, are not at 
all contorted f. 

These contortions become less violent as we approach the lower groups on 
the southern and northern outskirts of the formation. Thus, on leaving the 
lower group near Oakhampton and making a traverse towards the north, we 
cross, for some miles, a great ascending series of the upper culm group, in 
which the prevailing dip is north, and in which there are comparatively few 
undulations. And in like manner, in a traverse from the northern boundary 
(for example along either of the roads from Barnstaple to Bideford), we have 
a great ascending series of beds, and a prevailing dip to the south. Hence, 
though it be impossible to ascertain the whole thickness of the group, we are 
sure that it is very great; and respecting the general order of superposition 
we find no difficulty. Whatever may be the age of the upper culm series, it 
is uncontestably the highest group of our general north and south sections J. 

We have stated that the essential components of this group are sandstone and shale; some

times exhibited in numerous thin bands, sometimes in thick well-defined masses. The sandstones 

are generally close grained, and full of irregular joints; and are coated over with ferruginous stains, 

* Near the eastern boundary of the formation (as has been already stated) these lines are more 
irregular in their direction ; and, as might be expected, there are many subordinate tracts (gene
rally, however, of small extent) where the beds are in inextricable confusion, and their strike is 
irreducible to any system. 

f A curious example of this kind (noticed in Mr. Greenough's map,) occurs at Mill Hook, on 
the coast of Cornwall. 

X See the sections from the Foreland to Dartmoor, and from Marwood to South Petherwin. 
(PL LI., figs. 1 & 2.) 

4 s 2 
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exactly like bands of coal-grit. They are often gray, or brownish gray, and sometimes greenish 

gray, and are occasionally stained by red haematitic joints. And on the north side of Portledge 

Bay there is a series of sandstones and alternating shales of a deep red colour, which produce a 

distinct feature in the county, and may be traced for many miles along the strike, all the way 

preserving their peculiar mineral character. 

The system is traversed here and there by quartz veins, sometimes passing in well-defined 

transverse lines, and sometimes reticulated through the whole mass of the rock. Many of the 

thick gray beds exhibit, on their weathered and water-worn surfaces in the sea cliff, a number of 

spherical light-coloured spots, indicating an approach to a concretionary structure. Specks of sil

very mica are disseminated through many of the masses, on lines parallel to the bedding; and 

sometimes the mineral becomes so abundant that the rock has a flaggy structure, and resembles 

the coarse flagstone, so commonly used as a roofing slate in all our coal countries. The thinner beds 

alternate with, and pass into, a laminated arenaceous shale, with fine ripple marks at the partings. 

This last variety is sometimes (for example, on the coast of Bideford Bay, south of the Popple 

Bank,) continued through a thickness of many hundred feet; with hardly an interruption from 

the thick hard coarser beds of sandstone. 

The shales vary from a sandy, micaceous, laminated flagstone, to a soft slate-clay, not distin

guishable from a common shale of our true coal-measures. Sometimes they exfoliate into innume

rable thin flakes; sometimes their weathered surfaces decompose into thin transverse prismatic 

masses, like the forms of starch. Many of them are pyritous, and are coated superficially with a 

white efflorescence or with brown ferruginous stains, precisely in these respects resembling coal 

shales. Among them are, here and there, dark carbonaceous bands which stain the lingers, generally 

in the form of mere laminae ; and near the junction of the shales with the harder flagstones, the dark 

laminae often contain innumerable obscure vegetable impressions much discoloured by decompo

sing pyrites: occasionally, but more rarely, the dark shales contain glossy plates, having the lustre 

of plumbago, in which case they seem to pass into the state of culm. The best examples of these 

glossy plates are, however, seen in the shales of the lower culm group already described. 

Impressions of plants are also found occasionally among the strong beds of sandstone; for ex

ample, in a quarry by the road-side about half-way between Barnstaple and Bideford*. In 

Ugbrook Park, near Chudleigh, there is a large development of culm sandstone as coarse as mill

stone grit, and passing into a conglomerate form ; and over it are seme beds of more thin-bedded, 

gray sandstone, not to be distinguished from a coal-measure sandstone, and containing very fine 

vegetable impressions, among which are well-marked Calamites. Indeed, through the whole of 

the upper group we are describing, vegetable impressions, though rarely so perfect as to give 

anything like specific characters, are extremely abundant. 

Nodules of clay-ironstone are occasionally associated with the hard beds of sandstone; and 

sometimes they occur in beds, or rows, subordinate to the shaly bands. Among the accidental 

beds we may also notice calcareous shale passing into thin, impure bands of limestone, of which 

we saw an example near Hatherleighf. All the beds above described are intersected by nume-

* These gritstones may be called the upper culm grits, to distinguish them from the coarse 

grits of the lower division, in which we never discovered any Calamites. The upper grits are 

diffused through the whole upper division of the series, but perhaps abound most in the part 

that first succeeds the black limestone and shale. 

f See the section from the Foreland to the granite of Dartmoor. (PI. LI., fig. 1.) Similar 
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rous open joints, which in the coarser contorted beds are very irregular in their directions. But 

when the beds have a finer flaggy or shaly structure, the joints often become -parallel, (espe

cially in a direction nearly transverse to the strike) so as to separate the strata into prismatic 

masses. 

The description above given of the culm-measures,, is copied from memoranda 
made on the spot during our traverses through the formation. The prevailing 
characters of the formation are the same throughout, and with very few excep
tions (which occur chiefly in the metamorphic portions), there is no difficulty in 
identifying it by its mineral characters alone. Its dark colour, the imperfect 
induration of the shale beds, the absence of slaty cleavage*, the coarse me
chanical nature of the bands of sandstone, and the perpetually recurring con
tortions, enabled us to follow it throughout, to trace it round the N.E. flank 
of Dartmoor, and to make out the boundaries of certain outliers of it which 
occur near Newton Bushel. And when we combine with these characters the 
very frequent occurrence of vegetable fossils, we can seldom fail to make out 
the place and limits of the deposit among the older rocks of Devonshire. 

There are other appearances in the very external aspect of the county to 
help us in determining the superficial extent of the culm series. The conti
nued undulations of the whole region, where the contorted strata are expanded 
in a numberless succession of ridges, prolonged east and west like the anti
clinal and synclinal lines of the inferior strata—the great extent of a yellow, 
sterile, and, we believe, pyritous clay, producing a cold, fruitless soil, exactly 
like that among the cold lands of our coal-measuresf;—these characters often 
enable us, at a glance, to separate this formation from all the other deposits 
of the country. 

Such are the prevailing characters of the two groups into which we have 
divided the culmiferous series; and such are the prevailing characters of the 
subordinate parts : and whatever may be their place in the general scale of 
British formations, this at least is certain,—that they are more recent than any 
of the other deposits, described in our transverse section, from the north to 
the south coast of Devon, and that they are overlaid by no rocks older than the 

thin impure beds of limestone are found in several other places in the upper culm-measures. We 

are indebted to Mr. Austen for the following localities; viz. Chittlehampton, Romansleigh, King's 

Nympton and Bishop's Nympton, High Bickington, Horridge Moor, Instow, and Harwood. 

* We have already described some exceptions to this rule in the shales of the lower group, east 

of Launceston; and similar exceptions occur in the metamorphic portions near Oakhampton. 

f The sulphate of iron in the pyritous clays, where it meets with the roots of the oak, sometimes 

produces streams of natural ink, which discolour the deep cuttings of the soil, by the sides of the 

cross roads, to a considerable distance. 
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new red sandstone. So far we may state our grounds of conviction with un
limited confidence. Neither can they be classed with any of the other forma
tions with which they are associated; as has, we think, been sufficiently 
proved in the previous portions of this paper. But in approaching the definite 
question—what is the exact epoch of the culm-measures ?—we must fortify 
ourselves with some more specific evidence, which might indeed have been 
incorporated in the preceding general description, but which we have de
ferred tq this place, in order that the facts it offers* might appear in a more 
prominent form. 

In addition, then, to the thin carbonaceous bands above noticed, there are, 
on the coast near Bideford, and extending from thence along the line of strike 
far into the interior of the county, some much thicker bands of culm, which 
have for many years been extensively worked. This fact was known by all 
persons who had examined the structure of North Devon; but we believe 
Mr. De la Beche was the first who made the Society acquainted with vege
table fossils, derived from these localities, sufficiently well marked to admit 
of a botanical description or comparison with the vegetable fossils of other 
formations. 

Near the coast, the culm appears to have been worked on two lines very 
near each other; and on the north side of the culm beds is a very ferruginous 
grit in a highly-inclined position, and exactly parallel to the culmiferous 
shales*. When we visited the coast during the past summer (1836), they 
were extracting no culm for domestic use; but were working one pit, sunk, 
we believe, on the southern line of culm, for the sake of a highly carbonaceous 
and unctuous shale, which runs side by side with a thin band of pure culm, 
and is extensively sold as a black pigment. 

The same culm beds have been traced eastward through the S.W. end of 
Bideford ; and they were formerly much worked there in pits which are now 
deserted. About two miles to the east of the town there have also been very 
extensive works, which were partially re-opened last summer (1836), but 
with what success we have not heard. At that place, there are three highly-
inclined beds of culm, designated by the names of south, middle, and north 
veins,—all of which dip south. 

The south vein, or paint vein, is about three feet wide, and on its north side is a carbonaceous 
shale, used for paint. The whole bed is very impure, and contains little good culm fit for burning. 

The middle vein is fifteen fathoms north of the former, and is about four feet thick on the 
average, but expands, in some places, to twenty feet, and in others is pinched out to a few inches, 

* See PI. L I , fig. 3. 
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the culm appearing here (precisely as in the contorted culmiferous strata of Pembrokeshire) in 
large spheroidal masses, much shattered and broken, as if they had undergone irregular com
pression among the contorted beds of sandstone. Some parts of this bed are very good for 
domestic use. 

The north vein is forty fathoms north of the preceding. It is two feet wide on the average, 
and is liable to similar variations with the middle vein; and it has been much workeft, though it 
is not of so good a quality as the former. 

The pit we examined was sinking on the south side of the middle vein. 
The sole of all the culm beds is sandstone, rather close-grained, and in some 
places ferruginous ; and the roof is composed of indurated shale (called shil-
lat) : but in the middle vein the shale roof sometimes passes into a gray mi
caceous flagstone, mixed and stained with glossy culm, and is exactly like 
a grit of the culm measures of Pembrokeshire. Plants are found in all these 
overlying shales; and carbonaceous impressions (sometimes with distinct traces 
of vegetable structure) occur also in the sandstones, both of this and the other 
localities. 

These mineral details are copied, word for word, from our memorandums 
made on the spot, and are enough for our present purpose*. It only remains 
for us to give a list of the fossil plants, many of which are now before the 
Society. 

PLANTS IN T H E CULM STRATA OF DEVON, DETERMINED BY 

PROFESSOR LINDLEY. 

DEVONSHIRE. OTHER LOCALITIES. 

Asterophyllites foliosa. Foss. Flora, PI. 25. f. 1. Jarrow Colliery, Newcastle-on-Tyne. 

Catamites undulatus. Ad. Brongniart, Veg. Low Moor, Yorkshire. Radnitz, Bohemia, &c. 

Foss., PL 17, fig. 1, 4. 

C . Species resembling C. arenaceus, 

Ad. Brongn. 

Cyperites bicarinata. Foss.Flora, PI. 43. f. 1,2. Upper coal measures, Salop. 

Neuropteris gigantea. Sternb. Tent. Flor. One of the most abundant coal plants in Ger-

Primord. Tab. 22. Ad. Brong., PI. 69. many and in England. 

Foss. Flora, PI. 52. 

(Osmunda gigantea, Sternberg 
Flor. der Vorw. Filicites 

linguarius, Schloth. Flor. der 
Vorw., Tab. 11. fig. 23.) 

Neuropteris cordata. Ad. Brongn., PI. 64. Upper coal measures, Salop, and common in 

fig. 5. Foss. Flora, PI. 41 . the English and French coal-fields. 

* There are many old deserted works much further towards the east. The attempts to work 

the culm beds near their eastern limit have hitherto failed to reward the adventurers with any 

profit. The last attempt was made upon a very thin bed in the hills about two miles north-west 

of Bradwick. 
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DEVONSHIRE. OTHER LOCALITIES. 

Pecopieris lonchitica. Foss. Flora, PI. 153. Upper coal measures, Salop. " One of the 
P. blechnoides fy lonchitica. Ad. commonest of the plants of the coal forma-

Brongn.,P1.84.f. 1-7. Scheuch- tion, as the opposite list of authorities indi-
zer. Herb.Diluv.,p. 74, Filicites cates, occurring in great numbers in a variety 
lonchiticus. Schloth. Flor. der of mines in France, Bohemia, Silesia, and 
Vorw., Tab. 11. f. 32. Aletho* England; very abundant in the culm mea-
pteris lonchitidis et A. vulgatior. sures of Pembroke." 
Sternb. Flor. der Vorw., Tab. 55. 

This species is perhaps the most abundant of 

the Bideford Plants. 

Pecopteris muricata. Ad. Brong. Veg. Foss., Coal Mines of Argin, near Valenciennes, and 
PL 95. fig. 3 and 4. near Wittin, Saxony. 

Poacites cocoina. Foss. Flora, PI. 142 B. Coalbrook Dale and other Salopian coal-fields, 
and also in the Lancashire coal near Bolton; 
a very remarkable species of palm. (See 
Lindley and Hutton.) 

In addition to these plants clearly exhibiting the characters on which fossil species are deter
mined, ihere is a considerable quantity of impressions of coarse, sedge-like, or grassy vegetables, 
which, though not easily defined, are apparently identical with fragments very common in the 
Pembrokeshire coal-field. We would here also call attention to the fact, that every species of 
these Devon plants which is well preserved has at once been identified by Professor Lindley with 
well-known and previously-published vegetable forms of the true carboniferous era. Among 
these, the Pecopteris lonchitica and Neuropteris cordata may safely be cited as among the most 
common and characteristic plants of nearly all the European coal-fields. 

On the whole, considering that the culmiferous rocks of Devon form a 
distinct group, with a peculiar mineral type (unlike the older groups, but 
nearly resembling the culmiferous beds of Pembrokeshire)—that they overlie 
all the other groups, and are overlaid by no rock newer than the new red 
sandstone—that, notwithstanding the paucity of fossils in the black limestone 
(in which respect it resembles the calp of Ireland), there are in it one or two 
species not separable from known mountain-limestone fossils,—and, finally, 
that the flora of the upper culms, as far as it has been ascertained, agrees spe
cifically with the known flora of the carboniferous period; we think we have 
strong direct evidence to establish our position, " that the upper culm strata 
of Devon are the geological equivalents of the ordinary British coal-fields." 
Our conclusion is drawn from direct evidence, and can only be assailed by 
direct conflicting evidence, of which we have not yet discovered any trace. 

Besides the plants of the strata which we refer to the true carboniferous 
series, other fossil vegetables have been discovered since our first visit to De
vonshire, in the sandstone beds of Sloly quarries, north of Barnstaple, which 
are near the base of the fifth group of our North Devon section; and, there
fore, far below the culmiferous series. 

This discoverv was first communicated to us bv Mai or Hardin s\ of Ilfra-
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combe, to whose exertions we have already alluded*. He forwarded to us, 
several months since, a few stems of plants from Sloly quarries, accompanied 
by casts of shells from the sandstone rocks of Marwood; and had this memoir 
not been unavoidably retarded, we should have announced his discovery at the 
commencement of the year. Meanwhile, however, the Rev. D. Williams having 
revisited the same locality, has procured a more abundant and perfect supply 
of fossil plants from it, which he has sent to the Geological Society to illus
trate a memoir of his own; and he has kindly permitted us to examine them. 
On referring these plants to Professor Lindley, we were favoured by him with 
the following opinion :— 

" I am of opinion that these remains are not susceptible of specific identification; you can only 

approximate to their determination : 1, 2, 3, 4, 5, are probably portions of the same species, and 

are undoubtedly a Stigmaria or a Lepidodendron; the absence of all trace of a hollow axis, and 

the similarity of their surface to that of decorticated Lepidodendra, induce me to decide for the 

latter. 

6. Is probably another portion of the same plant; but this is uncertain. 

7. Is more analogous to some states of Sternbergia than to any other fossil I am acquainted 

with. It agrees with that genus remarkably in the intermixture of strong longitudinal fibres and 

coarse cellular substance; and at all events may be safely considered as the remains of some ar

borescent Moncotyledon. 

8. Is so imperfect that it is hardly safe to refer it to Calamites; and yet the apparent obliquity 

of the only articulation that the specimen exhibits, is so much that of Catamites Voltzii of Ad. 

Brongniart, as to render it probable that it may belong even to that species. 

9. Has on one side the evident impression of a Lepidodendron; on the other side it is striated 

like Calamites arenaceus 1 perhaps it was the latter moulded on one side upon the stem of the 

former. 

10. Was possibly a portion of No. 7, with the cortical integument less decayed; on the lower 

left hand side, quite at the edge, is a small part of the surface, which will nearly match a part of 

No. 7. 

If these conjectures are correct, the whole of the specimens are referable to genera of the coal 

measures ; but whether they are specifically the same, I cannot say." 

Such are the remarks of Professor Lindley on the fossil plants of Sloly 
quarries; and we contend that they oppose no real difficulties to our previous 
conclusions respecting the age of the culm beds. Should true coal plants be 
discovered in the lower group (North Devon, section No. 1), they would not, 
we think, upset conclusions founded on so much direct evidence. They would, 
however, prove one of two things—either that such plants had an unusually 
wide geological range; or that the group below the culm measures was of a 
more recent date than we first imagined; and formed (as has indeed been 

* Supra, p . 648. 

VOL. V. SECOND SERIES. 4 T 
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supposed from the evidence of sections) a true passage into the lower division 
of the overlying trough. The only fact which could materially disturb our 
proposed classification, would be the discovery of a series of plants among the 
culm beds, unlike the fossil flora of the true coal-fields, and resembling the 
fossil flora of some well-ascertained lower formation. But such a series 
never has been, and we believe never will be, discovered in Devonshire*. 

The culm series, considered as a whole, cannot be properly classed with 
the inferior groups ; as it has a distinct position, a different structure, and a 
peculiar suit of organic fossils, animal as well as vegetable. It must there
fore be represented, hereafter, on our geological maps by, at least, one distinct 
colour. So far we conclude with perfect confidence. 

The enormous development of this series, the absence of the old red sand
stone and mountain-limestone in their more usual form, and the fine slate 
rocks in some parts of the lower culm group, may seem to make its geologi
cal base somewhat doubtful. Again, the parallelism of position of the lower 
group and the formations on which it rests (both on the north and the 
south sides of the great trough), and its apparent passage into them, tend to 
increase this doubt. Provisionally, then, and as a measure of caution, we 
are willing to place the base line of the culm series in a geological position, 
not yet perfectly defined. But, we repeat, no such ambiguity attaches to the 
upper part of the culm series; as all the vegetable fossils derived from it, are 
identical with published species, before obtained, from the true coal measures 
overlying the mill-stone grit. 

Again, as the members of the whole culmiferous series (including both the 
upper and lower divisions) appear to have originated in one uninterrupted 
succession of operations, have a nearly common type, and partake of the same 
accidents, we certainly think that they must all be classed together. And if 
this reasoning be correct, the lower groups of black shale and limestone (what
ever be the supposed ambiguity of the base line) must also be classed with 
the true carboniferous system. In its structure and in the paucity of its or
ganic remains, it resembles the calp, or argillaceous limestone, at the base of 
the carboniferous system of Ireland ; and the specific characters of its fossils, 
as far as they go, do not invalidate but confirm the conclusion we have 
drawn. 

* Some new facts have come to light (since the spring of 1837) connected with this subject, to 
which we refer in the second part of this communication. 
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CHAP. V.—Granite of Dartmoor; its Structure and Relations to the Stratified 
Rocks, %c. 

It only remains for us to describe in a few words, the Dartmoor granite 
and the phenomena presented at its junction with the other stratified forma
tions :— 

1st. It presents the large porphyritic structure, the contemporaneous cry
stalline portions, and veins of schorl; the portions liable to decomposition from 
the disappearance of the alkaline constituent of the felspar ; the hemitrope 
crystals of albite ; and in short, almost all the other well-known accidents of 
structure, which have so often been remarked in the Cornish granite. In
deed, there can be no doubt, that, from Dartmoor to Land's End, all the larger 
protuberances of granite belong to one common system of formation ; and 
they present the like phenomena at their junction with the stratified rocks. 

2nd. There are other accidents of structure, common to the granite of De
vonshire and Cornwall, which we may also notice—more especially the joints. 
Every one who had written on the granite of these counties, had noticed the 
occasional prismatic, or cuboidal, forms of the rock; and Dr. McCulloch en
deavoured to account for these phenomena on the hypothesis of interfering 
spheroidal concretions. Since that time, Mr. Fox and Mr. Enys have shown, 
that two leading sets of these joints are nearly perpendicular to the horizon ; 
and have (in the western parts of Cornwall) given bearings with respect to the 
points of the compass,—one set being nearly magnetic N. and S., and the 
other nearly magnetic E. and W . ; while a third set are nearly horizontal*. 
Nor did their remarks end here; for they showed, by the peculiarities of its 
cleavage, and the prevalent arrangement of the larger felspar crystals, that 
these joints were due to a crystalline arrangement affecting the whole mass 
of the granite. These arrangements, however, fail on the outskirts of the 
granite ; more especially in the deviation of the tabular joints, which, in such 
cases, often assume a kind of dome-like shape, conforming rudely to the 
actual surface of the country. Dr. Boase has also dwelt largely on these 
subjects, and shown that many of the accidents of structure, especially many 
master-joints, are common to the granite and the rocks in contact with it f. 

Now all these important peculiarities of structure (first observed in the 
western parts of Cornwall) are equally true of the granite and contiguous 
rocks of DartmoorJ. 

* See Phil. Mag. May 1838. 
f See various Memoirs by Dr. Boase in the Transactions of the Royal Geological Society of 

Cornwall. 
X From the mean of our observations we should place the bearing of the principal noTth and 

4 T 2 
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The leading system of joints is the same with that observed in Cornwall, 
whether we examine the granite or the altered rocks that are close to it. 
This remark applies to the culm measures, as well as to the older slates; and 
the fact seems to show, that the joints (common to the granite and contiguous 
slates) must be contemporaneous. But it by no means follows from this con
clusion, that we should thence infer, as has been done by Dr. Boase, that the 
granite and the contiguous slate rocks are also contemporaneous. Such a 
conclusion is manifestly contradicted by the facts stated in the preceding 
parts of our paper. 

3rd. Granite veins, passing from the central mass into the superimposed 
stratified rocks, are found on all sides of Dartmoor. We have seen them above 
Ivy Bridge, injected among the oldest slates of Devonshire ; and near Oak-
hampton, we have seen them in like manner, penetrating the culm measures : 
and they are finely exposed in the beautiful gorges of the Teign and the 
Dart, where those rivers descend from the granite to the culmiferous series. 
These examples, to which we could add many more, are sufficient for our 
purpose. Now these veins, taken in general, are mere prolongations of the 
central granite, inseparable from it, and contemporaneous with it; they 
cannot therefore (as the granite is one mass) be contemporaneous with stra
tified rocks of different ages. Consequently they are true veins of injection, 
and the granite was protruded at a time, posterior to all the other stratified 
systems. 

Again, the beds and masses of trap, associated with the stratified rocks, do 
not penetrate the granite (as they do in the Isle of Arran and many other 
places) but are uniformly cut off by it. This seems to prove that the injected 
trappean masses obtained their present position among the slates before the 
granite existed in its present form ; and the same conclusion is still more 
certain when applied to the stratified, or recomposed, trappean rocks which 
alternate with the slates. 

4th. The strata round Dartmoor are not all mantle-shaped. On the north
western and north-eastern sides of it, their strike is not much altered by the 
granite; and the successive beds may be said to abut against, rather than 

south joints about five degrees east of magnetic north. Mr. De la Beche, in his recently pub
lished Report, gives many accurate details connected with this subject, which on the whole confirm 
the statements first given by Mr. Enys and Mr. Fox. A person after reading these statements 
might perhaps be disappointed on commencing an examination of the granitic hills of Cornwall, 
and finding the joints often quite anomalous in their directions. For reasons already stated, such 
an examination must not begin on the outskirts of the granitic hills, and no mean directions can 
possibly be established, except on a large number of averages. (1839.) 
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mantle round the central rock : yet the ends of these abutting strata are per
fectly metamorphic. This fact we think important, as it proves to demonstra
tion, that these strata are, in the strictest sense, metamorphic, and do not 
belong", as has been supposed, to a system of deposits older than the less cry
stalline beds, which are further from the granite. 

5th. There have been two distinct regions of elevation in the country above 
described; one commencing in the great granitic mass of Dartmoor and ex
tending into Cornwall,—the other, nearly parallel to, and not far from, the 
north coast of Devonshire. The compression of the central mass in North 
Devon, by the elevation and protrusion of the rocks on these two lines, may 
perhaps have been among the means which produced the contortions of the 
great culm-trough. 

6th. Lastly, as a general conclusion from all the previous details, it appears 
that the rocks of Devon and Cornwall belong to three periods of formation. 
The oldest includes the various groups of slate rocks, and, at least, a part of 
the associated traps. The next includes the culm series, the upper division 
of which contains fossils identical with those in the upper division of the true 
coal measures. The granite belongs to the newest period ; but (on evidence 
not discussed in this paper) probably assumed its present position among the 
rocks above described, before the deposit of the new red sandstone. 
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On the Physical Structure of Devonshire, and on the Subdivisions and 
Geological Relations of its older stratified Deposits, &;c. 

[Read April 24th, 1839.] 

PART I I . 

On the Classification of the older stratified Rocks of Devonshire and 
Cornwall, 8fc, 

IN a former communication we described the mineral structure, and the 
order of superposition, of the successive groups of rocks which are crossed 
by a section from the north, to the south coast of Devonshire; and by 
following the beds (along their line of strike) into Cornwall, we were 
enabled, within certain limits, to bring the killas (or slate rocks of that 
county) into comparison with some of the lower Devonian groups. In this 
way, we ascertained the existence of a great culmiferous trough, superior 
to all the other groups in North Devon, and distinguished from them both 
by its physical structure and its organic remains. Hence we concluded, that 
the culmiferous series must be represented, for the future, in our geological 
maps by a distinct and appropriate colour. We had stated the same conclusion, 
and on precisely the same evidence, at the meeting of the British Association 
in 1836. We further concluded, that, at least, all the upper portion of this 
series was of the age of the great coal-formations of England; inasmuch as 
all its vegetable fossils, as far as they were ascertained, agreed specifically 
with undoubted coal plants. To this conclusion we still adhere; and we re
gard the culmiferous rocks as forming a true geological horizon, to which 
either the ascending or descending series of deposits may be referred. 

Again, in the arrangement of the several groups below the culm-trough, 
as they appear on the North Devon section, we have no modifications to 
suggest; and the very illustrations which were before suspended (1837), 
to explain the actual succession of the deposits, will serve our purpose at 
this moment. 

Since our first notice of this section in 1836, Mr. De la Beche has exa
mined the country in great detail; and his arrangement of the several fossil-
iferous groups, inferior to the lower culm beds, agrees with our own *. The 

* There is one unimportant exception to this remark which we have noticed in our former paper 

(see p. 642, note). It fortunately does not afFect the position of the fossiliferous groups, or any 

question connected with their classification. 
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same may, we believe, be said generally of the arrangement given by Mr. 
Williams. We shall, therefore, for the future, refer to the successive groups 
in the North Devon section with entire confidence. The only questions 
which can now arise, must refer to their age and classification,—-not to their 
relative position. 

To our four sections, illustrating the structure of South Devon, we make no 
material change or addition ; with one exception, however, viz. the interpola
tion of a small band of culm measures between the Ashburton limestone and 
the granite—discovered by Mr. Austen since our visit in 1836, and repre
sented (PI. LI., fig. 8.) on his authority, as has indeed been already stated 
in a note to our former paper. Neither have we any material change to make 
in our comparison of the deposits of North and South Devon. Considered 
as a whole, we still think that they belong to one system of formation ; and 
that the lowest group of South Devon is lower than the lowest group of North 
Devon. But as for our comparison of the subordinate groups (though still 
the best that we can offer), we only throw it out as provisional, being chiefly 
founded on mineralogical characters, and those perhaps not of a very conclu
sive kind. 

Lastly, we have no change to make in our description of the fossiliferous 
groups of Cornwall. They are very nearly on a parallel with groups exhi
bited in the sections of North and South Devon ; and the fossUiferous slates 
of both counties belong to one system. We do not encumber ourselves with 
any details respecting the more crystalline and (as we believe) altered slates ; 
but we have, in our former paper, shown that they are not, merely on account 
of their structure, to be regarded as older than the calcareous and arena
ceous deposits. 

After these preliminary remarks we proceed (agreeably to a promise given 
in our former paper) to re-examine the classification of the respective groups 
inferior to the culm measures ; and we begin by expressing our entire con
viction that the true equivalents in the several disjointed sections can only 
be made out by zoological evidence. 

We were at first led to the opinion, that the series of deposits we are de
scribing, were to be placed below the Silurian system, partly from the re
semblance of the highest group (No. 5 of the North Devon section) to the 
Caradoc sandstone; and perhaps still more from the mineral structure and 
slaty cleavage of many parts of the lower groups. At that time we had not 
sufficient boldness to adopt the only other alternative, and throw all the oW 
slates of Devon, and the (supposed) primary slates of Cornwall, into the epoch 
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of tire old red sandstone. We were aware, indeed, that several of the South 
Devon fossils conformed nearly perhaps specifically, to the type of the carbon
iferous limestone. But on the other hand, no one was able to define the de
scending range of such organic forms; especially as it was asserted, that they 
reappeared in the south of Ireland, in beds alternating with true greywacke— 
or rocks supposed to be older than the old red sandstone. Hence we placed, 
provisionally, but with no satisfaction to ourselves, or confidence in our evi
dence, all the older fossil groups of Devon and Cornwall in that great but ill-
defined interval that exists between the Caradoc sandstone and the older 
slates of North Wales. Since 1836 we have received repeated proofs of the 
insecurity of our first hypothesis. Thus, Mr. De la Beche (1837) exhibited 
fossil plants from the quarries of Marwood (PI. LI., sec. 2.) one of which 
Professor Lindley identified with Stigmaria Jicoides, a very common coal-
plant; and near the same place we had ourselves found a Bellerophon, not to 
be distinguished from B. lobatus of the old red sandstone. Again, Mr. 
Lonsdale, after an extensive examination of the fossils of South Devon, had 
pronounced them, more than a year since, to form a group intermediate be-
tiveen those of the Carboniferous and Silurian systems, and hence he con
cluded that the fossiliferous rocks of South Devon were subordinate to the 
old red sandstone. This view could be effectually maintained only by one 
who knew the fossils of the Silurian system. The work in which those fossils 
are described, proves that the fossils of the Silurian and carboniferous systems 
are quite distinct. It also proves that the fossils of the old red sandstone of 
Herefordshire are of a peculiar type; and, at the same time, it points out a want 
of zoological continuity in the development of organic forms between the 
epochs of the carboniferous and Silurian deposits. There is, indeed, a true 
zoological transition between the highest group of the Silurian system and 
the lower part of the old red sandstone; but between the middle and upper 
groups of the old red sandstone and any part of the carboniferous limestone 
no such transition had been discovered. These facts were well known to Mr. 
Lonsdale, and hence his conclusion respecting the age of the South Devon 
limestone was based on incomparably better evidence than the mere specific 
resemblance of some of its fossils to those of the carboniferous limestone: 
for he contended, as above stated, that the organic remains of South Devon 
formed a connecting link between the carboniferous and Silurian fossils;, and 
thus supplied that zoological continuity which before had been sought for, 
but never found. 

But this is not the whole of the evidence by which we were gradually led 
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to distrust the views., we had first entertained respecting the age of the older 
stratified groups above described. For one of the authors, during the sum
mer of 1838, re-examined a part of the great transverse section of Devon
shire, and was more than ever convinced that, with some ambiguous excep
tions, there was on each mte of the great trough a true passage from the 
lower division of the culm-measures into the inferior fossiliferous group. 
Thus the section from Marwood across the culm series to the calcareous 
slates of South Petherwin seemed to be perfectly symmetrical (PI. LI. fig. 2.)> 
the lower beds of the culm-measures being repeated (as described in our pre
vious paper) on both sides of the trough; from beneath which emerge on the 
respective sides, and in a regular uninterrupted sequence, the calcareous 
slates of Petherwin and Barnstaple. Now, if this view be correct, it follows, 
almost inevitably, from our own evidence, that the calcareous slates in question 
must be very near the upper limit of the old red sandstone; and this con
clusion being once admitted, we should have little difficulty in classing, not 
merely the calcareous rocks of North Devon, but also the fossiliferous slates 
of South Devon and Cornwall, with the old red sandstone. 

To the preceding facts, bearing on the classification of the older rocks of 
Devon and Cornwall, we might add some remarks on the mineral structure 
of the two counties—on the existence of red conglomerates among the beds of 
the Cornish killas—and on the large tracts, both of North and South Devon, 
filled with rocks identical in structure with the most ordinary forms of old red 
sandstone. But we forbear to dwell on such facts as these, wishing to build 
our present conclusions chiefly on zoological evidence. 

Guided then by the evidence already stated, and the conclusions to which 
it seemed to point, we have re-examined the fossils obtained, either by oui 
own labours or by the assistance of our friends, from the two counties ; and 
the conclusion arrived at by Mr. Lonsdale respecting the age of the South 
Devon limestone, we now apply without reserve both to the five groups of our 
North Devon section, and to the fossiliferous sjates of Cornwall. 

This is undoubtedly the greatest change which has ever been attempted at 
one time, in the classification c*f British recks. But all the facts brought to 
light by those, who have laboured in the same field with ourselves, were gra
dually leading towards the same point; and the establishment of the Silurian 
organic types must before long have made the change inevitable*. 

So far from thinking ourselves rash and hasty in drawing the preceding 

* The reasons for the new classification of those stratified rocks of Devon and Cornwall which 
are below the culm-measures, were briefly stated by the authors in a paper published in the Phir 
losophical Magazine for April 1839. 

VOL. V. SECOND SERIES. 4 V 
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conclusion, we think we may rather be accused of being over-cautious and 
tardy in accepting evidence, however opposed to commonly received opinions. 
But, on this score, we may state in our justification, that a considerable part 
of our fossil evidence has been but recently brought to light. Several of the 
organic remains, from the neighbourhood of New Quay, on the north coast 
of Cornwall, which we owe to the kindness of Mr. Carlyon, and many other 
good specimens given to us by our friend Mr. Pattison of Launceston, have 
been but very recently submitted to a careful examination; and the beautiful 
collection of Plymouth fossils committed to our care by Mr. Hennah, was 
only unpacked, in consequence of unavoidable delays, during the present 
spring. An examination of this collection by one of the authors, assisted by 
Mr. Lonsdale, Professor Phillips, and Mr. James Sowerby, confirmed the 
previous conclusions of Mr. Lonsdale, which were chiefly founded on Mr. 
Austen's collection; and, as before stated, led the way to our proposed classi
fication of the Cornish and Devonian formations*. 

At first, we did not intend to give any map among the illustrations of this 
paper; as it was thought that any of the published geological maps of England 
would enable the reader to follow our details. But it has now been thought 
better to give a reduced map of the country we describe, chiefly taken from 
the corrected Index geological map attached to Mr. De la Beche's Report on 
the Geology of Cornwall and Devon; in order that we may convey, at a single 
glance, the connexion between the structure of Devonshire and Cornwall, and 
the directions in which our several sections are drawn f. All details of structure 
are, however, intentionally avoided, and the stratified groups are all repre
sented by two colours. In this way we mean to convey our belief, that the 
inferior groups all belong to one system, viz. that of the old red sandstone. 
There may, indeed, among the lowest rocks of the two counties, be some 
which belong to a still lower system. But if such there be, we are unable 
to point them out; and we think it best and safest, as far as regards their 
classification, to merge them all at present in one common colour. 

Neither did we at first intend to publish any figures of the fossils derived 
from the several groups above described. But it was urged, that a paper pro
posing such great changes in the classification of our older rocks would not 
be well received, or even understood, without more graphic proofs than mere 

* Since this paper was read, Mr. Williams has permitted us to examine his excellent col
lection of fossils from Cornwall and North Devon. We may allude to them generally as con
firming our views; but none of them will appear among the illustrations of this paper, as their 
specific descriptions are, we trust, hereafter to be given by Professor Phillips, 

f See Plate L. 
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verbal descriptions. In the subjoined plates (PI. LII. to LVIII.) we have 
therefore figured some of our best fossils. The figures and determination of 
the fossil shells are all by Mr. James Sowerby: any notice we may take of 
the corals will be given on the authority of Mr. Lonsdale. 

We might perhaps now content ourselves by simply giving a list of the fos
sils derived from the respective deposits, and then leave the reader to draw 
the proper conclusion from the facts before him; but we think it advisable, in 
the first place, to put our evidence in a more general and popular form. In 
our previous paper, the successive groups are described in the ascending 
order in which we first observed them, during our traverse from the north to 
the south coast of Devon. But in noticing the fossils, it is almost necessary 
(as our sections have no well-defined base) to take a reversed order, and com
mence with the upper division of the culm-measures. 

1. Culm Measures.—In the first place, then, we have nothing to add to the 
evidence given by the vegetable fossils of this upper division of the culm-
measures, or to the conclusions we drew from it. On this point, therefore, we 
merely refer to our former communication (supra, p. 669, et seq.). The black 
limestone of the lower division contains many shells of the genus Posidonia, 
three or four species of Goniatites, and two or three other genera not yet well 
ascertained. Now the genus Posidonia is found abundantly both in the upper 
and lower limestone shales, of the true carboniferous series of England and 
Ireland: for example, in the calp of Ireland, which is in the place of the lower, 
shales, and in the upper limestone shales of Northumberland, not far below 
the millstone grit. There is a species in Northumberland, which makes a very 
near approach to a species very abundant in the black culm limestone. Again, 
of the Goniatites of the culm limestone, there are three species very closely 
related to those of the mountain limestone*. Among them is one which Pro
fessor Phillips is unable to separate from the G. Henslowi, found in the great 
scar limestone of the Isle of Man ; and it deserves remark that this species 
occurs also in the Petherwin group, below the culm-measures,—a fact which 
tends to prove the reality of a passage from the base of culm-measures into 
the next inferior group. 

Where then shall we place the culm limestone, and carbonaceous shales 
that form a part of it ? If we arrange them with the upper shales of the moun
tain limestone, then nearly the whole culm-trough of Cornwall and Devon will 
be the equivalent of the middle and upper divisions of our true carboniferous 
series. This view was adopted by Prof. Phillips when he published his index 
map of the British Isles. But if we identify the black, calcareous, culm shales 

* Report on the Geology of Cornwall, &c. p. 117. 

4 u 2 
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with the calp of Ireland, or the lower limestone shales of England, the culm 
series of Devon will, as a whole, be very nearly the equivalent of our en
tire carboniferous series. Considering, however, the enormous thickness of 
the whole culm-measures and the paucity of fossils in all the inferior beds 
of its lower division, we continue to place its base in a doubtful position. This 
is a measure of necessary caution, especially when we bear in mind the ex
treme difficulty, in the northern parts of our island, of drawing any precise 
line of demarcation between the base of the coal-measures and the old red 
sandstone*. 

Before the sections of North Devon had been made out, the culm-measures 
were naturally included in the vast deposit of graywacke, of which we knew 
neither the beginning nor the end. But to merge them in that series now, 
is to reject all the direct evidence we possess, and all the analogies supplied 
by the corresponding parts of our island. Lastly, there seems now to be no 
difference of opinion as to the superficial distribution of the culm-measures; 
for the boundary line indicated roughly by us in 1836, and more in detail in 
our previous paper, agrees, as far as it goes, with that lately published by Mr. 
De la Beche. 

2. Fossils of Petherwin and Barnstaple.—The fossiliferous slates in the 
neighbourhood of these two places rise immediately from beneath the base 
of the culm-measures. Their position is therefore symmetrical, and, as be
fore stated, they appear on the whole to form a mineral passage into the 
overlying system. In this way, we establish a mineralogical connexion be
tween the North Devon and Cornish sections. But the connexion is made 
incomparably more secure by help of the fossils. Those we have obtained 
from Barnstaple, Croyde Bay, Marwood, &c. (all of them places in the highest 
division, No. 5, of our North Devon section,) certainly agree as a group 
with those of Petherwin, and have many species in common, as will ap
pear by our lists. It is enough for our present purpose to quote the follow
ing ; Spirifer attenuatus} S. bisulcatus, Orthis interlineata, Atrypa concen-

* The difficulty we have pointed out does not arise from any doubt respecting a great principle of 
classification, but merely involves the adjustment of a boundary line. One of the best illustrations 
of this difficulty is seen on the east coast of Scotland, north of St. Abb's Head. The old red sand
stone first appears as a conglomerate, resting transversely on the edges of the graywacke; and 
then passes so insensibly into the red carboniferous rocks, that, through a considerable extent of 
coast, it is hardly possible to draw any well-defined line between the two formations. We may, 
however, observe by the way, that there are several pretty extensive tracts coloured as old red 
sandstone in Macculloch's Geological Map of Scotland, which we believe every geologist who was 
guided by the English types would class with the lower division of the mountain limestone ; and 
there are one or two places in Dumfries-shire, where we think he has confounded the new with the 
old red sandstone. 
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trica, A. decussata, A. striatula; also a smooth and a plaited species ; 
Leptcma caperata, L. scabricutla ? Pecten s. n. Pallastra s.n.* All these shells 
are found both among" the calcareous slates of Petherwin and in the calcareous 
slates near Barnstaple; and several of the species common to both localities 
are extremely abundant. That there are several species among the Petherwin 
fossils which have not been yet found among those of Barnstaple, takes not at 
all from the force of our direct evidence. It deserves remark, that there are 
several species in these upper groups which do not appear in the lower; and 
among those we may notice the Goniatites and the Endosiphonitesf, (Clymenia 
of Munster,) as they seem to point towards the types of the carboniferous 
period. 

In the lower division of the Barnstaple calcareous slates occur the Marwood 
fossils, given in our lists, among which are several species of Cucullcea. 
These shells are associated with the genus Bellerophon} one of which, as be
fore stated, cannot be distinguished from the Bellerophon globatus of the old 
red sandstone. Very nearly on the strike of the Marwood beds occur the 
fossil plants of the Sloly quarries. According to Professor Lindley, (ante, 
p. 683.) one of the species belongs either to a Stigmaria or a Lepidodendron; 
while others are new or incapable of determination. Professor Henslow, who 
has recently examined a good series of fossil plants from the same locality, in
forms us, that he is able out of them to distinguish three or four species, not 
one of which he believes to have been described in the published works of 
Sternberg, Brogniart, or Lindley. Either of these results would fall in with 
our present views. We undoubtedly consider the Sloly beds as out of the 
limits of the carboniferous series, and therefore we should expect that its fossils 
would conform to an older type. On the other hand, the appearance of a few 
species of the true carboniferous fossils in the upper division of the old red 
sandstone would be in perfect harmony with what we know of the geological 
distribution of organic forms. But the assumption that the ordinary species 
of coal-measure plants may exist in the old graywacke rocks of an entirely 
distinct period, takes for granted conditions which are not supported by the 
evidence of the Devonian sections, as we now interpret them. 

We are unwilling to push our present remarks any further; but we can 

* Some of the fossils quoted are of doubtful species ; but the doubt does not apply to the iden

tification of the individual specimens from the opposite sides of the culm-trough. 

t The appropriate name of Endosiphonite had been given to the genus by Mr, Ansted before he 

was acquainted with the previous discovery of Count Munster. The name Clymenia is by no 

means so good; but having the priority, ought to be retained. We cannot but regret that the 

original name (Plamlites) was rejected by Count Munster, as it harmonizes with the general no

menclature of fossil Cephalopodes, better than his present name Clymenia. 
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hardly avoid surmising that the peculiar plants of the " terrain d'anthracite 
inferieur" of Professor Voltz, and those of a supposed similar age in Brit
tany and other parts of France, may eventually he found to be on the same 
parallel with this portion of our North Devon series. 

3. Inferior Groups of the North Devon Section.—The number of fossils 
hitherto collected is far too small to justify us in affirming to what extent the 
fossils of the Ufracombe calcareous slates (North Devon Section, No. 3.) differ 
from those of Barnstaple. A few species are certainly common to both, among 
which we may quote two species oiLeptcena and a Pecten (see the list). Corals 
abound in the Ilfracombe slates, though the species are not numerous. The 
Favosites polymorpha (never yet discovered in the mountain limestone, or 
below the upper Silurian groups,) is the most abundant. With it is another 
entirely new species, which also abounds in the Cornish fossiliferous strata 
beneath the culm-measures. On the whale we may state, on the authority of 
Mr. Lonsdale (from whom alone we have derived any accurate information 
on this head), that the Devonian corals are all either of species peculiar to 
these groups or such as occur only in the higher part of the Silurian system. 

Immediately below the Ilfracombe calcareous slates, are some hard strong 
beds, with numerous impressions of a large cordiform bivalve, unlike any
thing we remarked in the;Overlying beds. From the lowest group of all (North 
Devon Section, No. 1.) we have very few well-preserved fossils : among them 
are many beautiful casts of a Fenestella, and among the bivalves is an Orthis 
of a new species, and a Spirifer identical with one found near Barnstaple (Spi-
rifer attenuatus ?). 

Such is the summary of the evidence given by the fossils of the North Devon 
section ; and imperfect as we acknowledge it to be, we think it sufficient to 
bear out our proposed classification ; especially as we know of no conflicting 
fossil evidence that is in any way opposed to it. 

3. South Devon and Cornwall.—In the comparison of the mineralogical 
groups of North and South Devon, we can add nothing to what has been stated 
in a former paper. We could not bring the great upper South Devon limestone 
into direct comparison with the calcareous zone of Barnstaple; because, in that 
case, the great slate formation, which overlies the Plymouth limestone, would 
have no representative in North Devon. We therefore provisionally placed 
the great calcareous group of South Devon on a parallel with the lower fos
siliferous groups toward the northern extremity of our section. The fossils 
appear on the whole to bear out this classification. 

First, then, as to the South Devon corals.—None of them have been found 
in the mountain limestone, several are new or not known to occur in the Si-
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lurian system, and some agree specifically with corals of the highest Silurian 
groups. On this point we rely on Mr. Lonsdale's determination; and we 
give it in his own words : 

Favosites polymorpha, (Goldfuss, PI. XXVII. f. 4. Silur. Syst., PI. XV. f. 2.). Common 
in the Plymouth* and Ogwell* limestones, and it occurs also at Barton and Torquay, and 
in slate at New Quay, Cornwall. 

spongites (Goldf., PI. XXVIII. f. 1. Silur. Syst., PL XV. f. 8, 9.). Plymouth 
and Ogwell limestones. 

1 ramosa, (Brassart). The Rev. D. Williams's cabinet. Near Chudleigh. 
Gothlandica, (Goldf., PL XXVI. f. 3. Silur. Syst., PL XV. bis, f. 3, 4.). Plymouth 

limestone; apparently scarce. 
fibrosa, (Goldf., Silur. Syst., PL XV. bis, f. 7.). A single imperfect specimen of 

this species is in Professor Sedgwick's collection from Fowey; it occurs also at Barton, 
near Mary Church. 

Pontes pyriformisf, (Ehrenberg, Goldf., PL XXI. f. 7. Silur. Syst., PL XVI. f. 2.). Common 
in the Ogwell limestone; it occurs also near Plymouth, and Mary Church. PL LVIII. 
fig. 4. 

Cyathophyllum turbinatum, (Goldf., PL XVI. f. 8. Silur. Syst., PL XVI. f. 11.). A fragment 
in the Rev. R. Hennah's collection. 

ccespitosum f, (Goldf., PL XIX. f. 2.). Very common near Plymouth and Ogwell; 
it occurs also near Torquay. PL LVIII. f. 8 to 8 d. 

Astrea (Favastrea) helianthoides, (De Blainville, Cyathophyl. helianthoides, Goldf., PL XX. 
f. 2.). Two specimens in calcareous slate from near Plymouth in the Rev. R. Hennah's 
collection, and one in limestone in the Museum of the Geol. Soc.; presented by the late 
Mr. Harvey. 

( ) pentagonal, (De Blainville, Cyathophyl. pentagonum, Goldf., PL XIX. 
f. 3.). Plymouth, Ogwell, and Torquay limestones ; not very abundant. PL LVIII. 
f. 1, 1 a. 

(Siderastrea, De Blainville,) Hennahiif, (sp. n.). Plymouth limestone and Barton 
Quarry near Mary Church. PL LVIII . f. $ to 3 b. 

Strombodes vermicular is, (Cyathophyl. vermiculare, Goldf., PL XVII. f. 4.). Common in the 
Plymouth and Ogwell limestones. PL LVIII. f. 7, 7 a. 

Stromatopora polymorpha f, (Goldf., PI. LXIV. f. 8.). Two specimens from Appleway and 
near Teignmouth, in the collection of Mr. D. Sharpe. PL LVIII. f. 2. 

Coscinopora placenta ? f, (Goldf., PL IX; f. 18.). Common in the Ogwell and Plymouth lime
stones ; it occurs also at Torquay, Whatcomb, Appleway, and Newton Bushel. PL LVIII . 
f. 5 to 5 d. 

Turbinoliat celticaf, (Lamouroux, PL LXXVII1. f. 7, 8.). Dinas Cove, Padstow, Berry 
Pomeroy, and Fowey. PL LVIII. f. 6. 

Fenestella antiqua\, (Gorgonia antiqua, Goldf., PL XXXVI. f. 19. Silur. Syst., PL XV. 
f. 15-18.). Common at Fowey, Petherwin; in yellow rotten slate in the neighbourhood 
of Plymouth; in North Devon the fossil occurs at Saunton, Linton, ? and north of 
Barnstaple. PL LVIII. f. 10 to 10 b. 

Cystiphyttum Damnoniensef, (sp. n.). Very abundant near Ogwell; it occurs also near Ply
mouth, but sparingly. PL LVIII. f. 11 to 11 b. 

Scyphia turbinataf, (Goldf., PL II . f. 13.) Slate near Plymouth. PL LVIII. f.9. 
The most abundant of the above species in the limestones of South Devon are Favosites poly

morpha, Porites piriformis, Cyathophyllum ccespitosum, Strombodes vermicularis, Coscinopora 
placenta, and Cystiphyllum Damnoniense, only the three first of which have been noticed in the 
Silurian System of England. The limestones are further characterized by the total absence of 
Catenipora escharoides, and by the absence or extreme scarceness of many of the corals most abun
dant in the Wenlock and lower Silurian formations. 

* The specimens from the Plymouth limestone, are principally in the cabinet of the Rev. R. 
Hennah; those from the Ogwell limestone in that of Mr. R. A. C. Austen; and those from Barton, 
near Mary Church, and Teignmouth, in the collection of Mr. Daniel Sharpe. 

f The species thus distinguished are figured in PL LVIII., either on account of their being 
new, or characteristic of the Devonshire limestones. 
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Coupling this account with the near resemblance of some of the South 
Devon shells to known fossils of the mountain limestone, we at once establish 
our main position, that the South Devon fossils are of an intermediate type 
between those of the Silurian and carboniferous systems. It also follows 
from the same evidence, that the North and South Devon corals belong to 
rocks which are very nearly on the same parallel, as the most abundant corals 
of the lower North Devon groups agree specifically with the most abundant 
corals of the Plymouth and Tor Bay limestones. 

As far as regards the fossil shells, we must refer to the accompanying lists. 
We may however remark, in our present summary, that we have shells in the 
Plymouth limestone which make a near approach to Terebratula Wilsoni, 
Atrypa orbicularis, Orthis depressa, Pileopsis vetustatis, Nerita Haliotis, 
and Orthoceratites circularis, of the upper Silurian rocks. Most of them, 
however, when closely examined, present some points, we think, of specific 
difference. On the other hand, this limestone contains some genera and 
species very nearly resembling certain fossils (such as Pecten dissimilis (Phil
lips), P. plicatus (Sowerby), P. arenosus (Phillips), Terebratula acuminata 
(Sowerby), Producta analoga (Phillips), &c. &c.) of the carboniferous lime
stone. Lastly, we may remark, that many species in the Plymouth limestone 
(and those, we believe, the most abundant) are quite distinct from the fossils 
both of the carboniferous and Silurian systems; among which we may point 
out a very large Atrypa, Buccinum spinosum, a large Natica, and several 
small univalves. (See the Lists.) 

We have many fossils from the neighbourhood of Newton Bushel, chiefly, 
however, in the form of siliceous casts: we forbear, however, to.dwell on 
them, as Professor Phillips and Mr. Austen are, we believe, both engaged in 
their description. Some of them agree specifically with shells of the Ply
mouth limestone; others are new; several of them nearly approach the forms 
of the mountain limestone (as we learn from the description of Mr. Austen, 
and the recently published " Report" of Mr. De la Beche); and the corals, at 
least the most abundant species, agree with corals of the Plymouth and Ilfra-
combe limestones. 

Such is a brief summary of the results arising out of an examination of the 
South Devon fossils; and the conclusion to which they point appears to us 
absolutely inevitable, viz. that the South Devon series is intermediate between 
the carboniferous and Silurian systems, and consequently on the parallel of 
the old red sandstone. 

After the details of our previous communication, it is evident that all the 
calcareous slates on the south-eastern side of Cornwall are of the age of the 
(owest group of the South Devon section, and therefore probably in the lower 
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portion of the old red sandstone. On the north-western coast of the county, 
we were preceded by Mr. De la Beche, and we must refer our readers to the 
many excellent details of his " Report." A few of our fossils from both coasts 
will appear in the appended lists; and, imperfect as they are, they appear to 
sanction our general views. T h e Petherwin, and we think also the highly 
crystalline Tintagel slates, appear to be of the age of the Barnstaple slates, 
and are therefore in the upper part of the old red sandstone. Such is a ge
neral summary of the evidence on which our proposed classification is founded; 
and the result is given in our accompanying map. (PL L.) 

CONCLUDING REMARKS, &c. 

Having stated the grounds on which we have endeavoured to establish the 
classification of the stratified rocks of Devonshire and Cornwall, it may be 
well, before we quit the subject, to notice certain objections that have been 
urged against our views. 

1. In the first place, our evidence may be considered defective, from the 
absence of the carboniferous limestone, which in many parts of the British 
Isles has so striking a position between the coal measures and the old red 
sandstone. T o this we might reply, by pointing out several instances in the 
central counties of England, where tbe carboniferous system rests on the 
lower formations, without the intervention of any bands of limestone. W e 
would, however, rather appeal to a more general fact—that the mountain lime
stone, after forming in the north of England a great succession of beds, and 
rising into mountains of considerable elevation, gradually thins out in its pro
longation towards the south ; so that in South Wales it occupies but one well-
defined band, and at length so entirely dies away in the western extremity of 
Pembrokeshire, that the overlying culm measures and hard grits rest, in one 
district, immediately on older rocks, without the intervention of any calcareous 
matter whatsoever. With such a fact before us, we have no reason to be 
surprised at the absence of the mountain limestone, where the culm measures 
reappear in Devonshire and Cornwall. 

Considering the enormous thickness of the culm measures of these coun
ties, it is by no means improbable that the mountain limestone is there repre
sented by contemporaneous deposits of a different mineral type. For surely 
it is now needless for us to prove that rocks, identical in geological position, 
may entirely change their lithological structure, as they pass from one county 
to another. A change of structure, however, implies a change of conditions 
during the time of the deposit; and such a change might greatly modify the 
forms of animal life. In this way we might, perhaps, explain the absence of 
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many of the best-known mountain-limestone fossils from the carbonaceous 
shales and sandstones of the lower culm measures of Devonshire. 

2. Again, it has been objected, that the fossils of the Devonian groups, now 
classed with the old red sandstone, are not the same with the known fossils of 
that formation. 

We allow that the fossil fish of the old red sandstone have not yet been dis
covered among the Devonian rocks. But how can we build any conclusion 
on such a mere negative fact ? The same genera and species are not distri
buted through the whole extent of every formation. Moreover, who can tell 
that fossil fish will not hereafter be discovered among the calcareous slates of 
Devonshire ? But there is a more positive objection to be noticed, viz. that 
the known fossil shells of the old red sandstone differ greatly from those we 
have obtained from the Devonian groups. To this we may reply, that the 
shells hitherto described from the old red sandstone are derived exclusively 
from its very lowest beds, which probably do not appear on any of our pre
vious sections. These objections are, however, of little weight against the 
broad fact (which, in truth, forms the sum and substance of our evidence), 
that the fossils described in this paper are of a type intermediate between 
the types of the carboniferous and Silurian systems*. 

3. The extreme change, among the formations we have described, of the 
ordinary mineral type, is another objection to our views. It has been noticed 
in various parts of our two memoirs, and considered at some length in our 
paper, of April last, in the Philosophical Magazine; we need not, therefore, 
dwell upon it now. But we may briefly state, that as the old red sandstone 
exhibits so many changes of structure, in its range from the Orkneys to the 
north side of the Bristol Channel, we have no difficulty in admitting still fur-

* Were it true, that species abounding in the mountain limestone, and disappearing in the de
scending sections, appeared again in still lower parts of the gray-wacke serifs; there would then 
be comparatively little weight in our evidence, or certainty in our conclusions. But we have no 
such antagonist fact now to contend with. In a paper, published (April 18S9) in the Philoso
phical Magazine, we expressed our hopes that the views of classification we then threw out might 
cast some light on the structure of the south of Ireland ; and before our paper was struck off, we 
became acquainted with the contents of a memoir by Mr. C. W. Hamilton, to which we alluded 
in a postscript. At the very meeting which followed that on which our present paper was read 
before the Geological Society, Mr. Griffith exhibited a copy of his Geological Map of Ireland, 
and read a memoir, illustrated by sections, and accompanied by fossils; by help of which he 
showed, we think, to demonstration, that there is no anomalous recurrence of the carboniferous 
fossils among the true gray-wacke rocks of the south of Ireland. His sections of the rocks im
mediately below the mountain limestone exhibited a broken, imperfect series; most instructive, 
however, in one respect, as showing an undoubted ascending passage into the limestone. 
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ther changes, if supported by the evidence of fact or rational analogy. What 
difficulty is there in believing that a marine formation should, in one part of 
the world, have gone forward so tranquilly as to allow all the ordinary opera
tions of animal life; while, in another part, the deposits of the ocean were in
terrupted or modified by rude mechanical movements, incompatible with the 
existence of organized beings ? We see no difficulty whatsoever in the mi
neral structure of what we now regard as the old red sandstone of Devon
shire and Cornwall. The classification we adopt is derived from its own 
appropriate evidence; and it at the same time removes the greatest difficulties 
presented by the unexplained phenomena of our older formations; gives a 
natural sequence and meaning to their history; and, we may add, gives a 
symmetry to the disposition of the colours on our geological maps, which they 
never had before. 

The strongest proofs are given in this and our previous paper, of the insuffi
ciency of mineral character, taken alone, to determine the epoch of any doubtful 
formation : and as the term gray-wacke has done much disservice to geology, 
by inducing observers to merge, under one unmeaning name, deposits be
longing to distinct periods in the history of the earth, we venture to hope that 
the word may henceforth be discarded as a term of classification. Used for 
the mere purpose of mineral description, we can of course make no similar 
objections to it. 

4. Lastly, we may remark, that in all the descriptions, both of this and our 
previous paper, we have, for obvious reasons, drawn our analogies from the 
nearest formations of our own island. But we cannot forbear expressing our 
belief, that the series of rocks of Devonshire and Cornwall, above described, 
may serve to clear up some of the difficulties in the classification of the older 
formations of the continent of Europe, where the old red sandstone has 
seldom been found, at least in what has been hitherto regarded as the ordinary 
British type. But now that the old red sandstone has been exhibited in such 
a different form, on such a vast scale, and with its own series of organic 
remains, we have little doubt that its true equivalents will be found distributed 
through various parts of Europe. To obtain, as far as possible, satisfaction 
on some of these points, is the first task we propose to ourselves during the 
investigations of the approaching summer. 

Though the term old red sandstone, when designating great groups of 
rocks like the Cornish killas and Devonian slates, should involve no error of 
classification, still it would, mineralogically, be most inappropriate. We pur
pose therefore, for the future, to designate these groups collectively by the 
name Devonian system, as involving no hypothesis, and being agreeable to 

4 x 2 
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analogy. Thus the terms Carboniferous system, Devonian system, Silurian 
system, and Cambrian system, will represent a vast and apparently uninter
rupted sequence of deposits; each having, as a whole, zoological and (often 
also) mineralogical characters of its own, yet each passing into the system 
next iii order by almost imperceptible shades of difference. T h e old palao-
zo'ic rocks appear, therefore, notwithstanding their enormous scale, and 
the wide diffusion of the same organic types, to have been formed in subor
dination to the same laws which, in after periods, produced the more clear 
succession of our secondary formations. 

Foreland. English Channel. 

A « . 

Section from the Foreland on the Bristol Channel to the English Channel. For the details of 

the portion between the Foreland and Dartmoor, see Plate LI. fig. 1. 
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