THE EVIDENCE OF GLACIAL ACTION IN
CORNWALL AND DEVON.

By NicrHOoLAs WHITLEY, C.E

In two former papers read before this Society I de-
scribed what appeared to me to be conclusive evidence
of the existence of glacial deposits and of ice action
in the South-West of England.

So far back as 1854 I described in our T'ransactions
(vol. viii. p. 236) the so-called  Raised Beaches” at
the estuary of the Taw, and inferred that these
ancient gravel beds were the remaining portions of
northern drift which formerly extended much fur-
ther seaward, and choked up the mouths of the rivers,
and filled the bays around our coast-line. Again, in
the Transactions of our Society for the year 1875
(vol. ix. p. 109), I described the geology of the shores
of Penzance Bay, and came to the conclusion that
the extensive bed of sand, pebbles, and boulders at
Wheal Darlington Mine, inside the Eastern Green,
corresponded in every respect with the ‘raised
beaches” exposed in the cliff sections; and that
these beds are stamped with all the geological ele-
ments which constitute the “drift” of the glacial
age.
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For a period of over twenty-five years I have ex-
amined and made sections of most of these patches
of gravel over the whole of the coast-line of the
South of England. To this end I have also explored
.the islands of Scilly and Lundy, the north coast of
Cornwall and Devon, and the coast of South Wales,
as far as Caldy Island. During the past summer I
have been able to extend my researches to the
estuary of the Tivy, on the west coast of Wales,
and to the country around Cardigan.

I have thus been enabled to trace up these patches
of drift gravel to where they are more fully developed
and recognized as the true deposits of the glacial
age, and I find throughout the whole series a uni-
formity of material, of geological position and struc-
ture; thus, if the links of this chain of evidence are
without a flaw, then the geological age of these so-
called “ raised beaches " is established ; and probably
also that of the stream tin deposits of our valleys.

That these ancient gravel beds are not ordinary
sea beaches raised by the elevatory movements of the
land, appears to be conclusively shown by the fact
that the materials of which they are composed have
been washed down from the land, and not cast up by
the sea. They are mostly found at the mouths of
our rivers and shallow valleys, as at Par, where the
drift bed lies on both sides of the harbour. This drift
also covers the whole of the lowland of Spit Point,
and may be traced in the cliff section for a consider-
able distance westward, rising from the level of high-
water to twenty feet above it, conforming itself to the

M2



134  The Evidence of Glacial Action.

natural slope of the ground. The boulders and
pebbles are composed of granite, elvan, quartz, and
altered slate, the parent rocks of which are all found
along the inland course of the valley, and at Par
village the boulders are found at the base of the hill
on the west side of the valley.

Again, where open valley depressions run down to
the coast line (as at Godrevy, in Hayle Bay), the
gravel bed is thickest at the lowest dip of the ground,
and rises like a mantle over the slopes of the valley
on both sides ; and it becomes obvious that the gravel
bed is not a sea beach, but a valley deposit, cut back
and exposed by the action of the sea. A similar
section, where the gravel conforms to the ancient
slope of the land, may be seen at Fistral Bay, west
of Newquay.

Again, these gravel beds are more fully developed
where a low isthmus connects a jutting peninsula
with the main land. This may be seen at both sides
of Cape Cornwall: at the neck, between St. Ives and
the island; on the low ground between the Towan
Head and Newquay; and more especially between the
high ground of Trevose Head and Harlyn House. In
such situations the drift partakes more of the charac-
ter of a marine deposit, foreign rocks are abundant,
and flint pebbles, unbroken and water-worn, are
found in the gravel ; but at the base of the soil the
drifted flints are crushed into flakes. These gravel
beds must, however, have formerly extended far
beyond the present coast line, as we find rocks of a
distant origin and chalk flints, in the trail of drift
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which swept over the Scilly Isles, and also on the
detached rocks and islets of St. Clements, Lundy,
and Caldy. At the latter spot I found patches of
drift full two hundred feet above the sea level.

In the T'ransactions (vol. ix. p. 182) of this Society
for the year 1860 there is on this subject a most
valuable paper by the late Miss Elizabeth Carne, in
which that lady produced a large amount of evidence
to show that the cliff boulders of the Land's End
district differed in many respects from the present
sea beaches, and expressed the opinion that they are
in our cliffs that which stream tin is in our valleys;
the earliest record of the action of water (liquid or
frozen) upon existing rocks. Thus the evidence
against these ancient gravels being * raised beaches ”
has gathered accumulated weight by later investi-
gations.

I now turn to consider the positive evidence that
the gravel beds on our coast line, and elsewhere, are
the westward extension of the glacial drift so fully
developed and recognized on the western coast of
Wales.

On both shores of the estuary of the river Tivy,
below Cardigan, the boulder clay is strongly de-
veloped; and on the east cliff, near the Bar, the
boulders protrude from the clay, and are scattered
abundantly over the sea-bed below.

In a clay-pit at a brickyard north of Cardigan
town a section of the boulder clay, about fifty feet
high, is exposed, showing irregular patches of gravel
and sand. The boulders are composed of grey and
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purple grits, six or seven varieties of fine-grained
granite, often red, and passing into syenite, much
trap, and a few pebbles of chert and flint. Some of
the boulders are polished, scratched, and scarred;
one such, of granite, was 3 feet 6 inches in diameter.
Casting my eye over the face of the country, I ob-
served a group of conical hills, of a very symmetrical
form, about three miles N.E. from Cardigaun, de-
scribed on the Ordnance Map as the Warren.
Passing over a large extension of boulder clay on
Cardigan common, I explored these hills, and found
them to be composed of very fine siliceous sand, the
grains of which, under the microscope, were seen to
be of semi-rounded transparent quartz, with about
one per cent. of black grains of schorl, or hornblende.
This sand was as fine-grained as that of an hour-
glass, and in such immense masses that some of the
hillocks are half a mile in diameter. On the out-
skirts of these mounds was a large gravel-pit of sand
and boulders, showing a rough stratification.

Above the village of St. Dogmels a deep V-shaped
excavation in the hill exhibited a good transverse
section of the upturned hard grits and shales, the
broken tops of which were crushed and curved down-
wards to the main valley.

The position of many of the boulders and angular
stones, both in the clay, was that which is peculiar
to the boulder drift. Professor Ramsay says: ¢ Most
of these marine boulder-drifts are rudely stratified
when viewed on a large scale, and, as already stated,
often interbedded with sand and rounded gravel;
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but it is remarkable that in most of the clays that
form the larger part of the formation the stones and
boulders that stud the mass are scattered confusedly,
and frequently stand on end, like the stones in the
moraine-till of Scotland and the North of England.”*

In all these respects the erratic gravel beds of the
West of England correspond with the glacial drifts of
Cardigan. The red granite and blue grit boulders of
Bideford Bay are even more numerous than those at
the mouth of the Tivy, and may be seen pitched
upright in the clay at low-water, or uprooted by the
surf, and thrown up to form the well-known massive
Northam pebble-ridge.

The fine siliceous sand of Cardigan, when asso-
ciated with and overlying the boulders or gravel, is a
marked feature of this glacial drift; and similar sand
overlies, and is largely developed in, all our * raised
beaches,” and over and between the cliff boulders of
the Land’'s-End district. This fine white and red
sand alternates with the clay beds of St. Agnes
Beacon, and is found in large patches around the
Hayle estuary, and largely used as moulding sand at
Hayle foundry. From various places I have collected
fifteen samples of this sand, which I now exhibit.
The uniformity of material and of size is strongly
marked in all the samples; nor less strongly is the
contrast marked between this siliceous sand of the
drift and the shell sand of our northern sea beaches.

Hitherto it has been considered that no true

* The Physical Geology of Great Britain, third edition, p. 155,
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boulder clay has been found in Devon or in Corn.
wall. I am however enabled to produce evidence,
which appears to be conclusive, that it exists far to
the west in our county. About a quarter of a mile
north of the vicarage-house of St. Erth there is, in
a basin-shaped depression, a large open sand-pit,
which has been extensively worked for moulding
purposes. Inspecting this pit during the past
summer, I found a large bed of pure, tough, grey
clay exposed, from 5 to 10 feet deep. It is inter-
stratified between beds of fine siliceous sand, and
both the clay and the sand are similar to those of
the Cardigan drift. The workmen informed me that
clusters of broken shells were often found in the clay,
and a short search produced the marine shells which
I now exhibit, with a portion of the clay in which
they were deposited. I also give a section of the
beds on the east side of the pit. There is also the
corroborative evidence of these beds being overlaid
by the “head” of angular stones and loam, in
which the stones are often, as in the true drift,
pitched upright, and this again covered by the usual
crushed fragments found in the subsoil, above which
is a deep loamy soil, the warp of the drift. A similar
“head” of angular stones and loam covers the
“ raised beach " at St. Ives, and in it are found large
masses of greenstone, which only ice-action could
have brought from the high land above.

Additional evidence of ice-action may be observed
on the face of the land .along. the coast from St. Ives
to St. Just. Hete large blocks of granite have been
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severed from their native bed and carried down the
slope of the hills, overriding the angular * head,”
and lodged over the beds of killas below the edge of
the granite boss, even to the coast; and as the coast
line is worn back by the sea, these blocks topple over
and fall on the beach. It is therefore highly probable
that the general outline of hill and dale had received
its present form before the close of the glacial age.

I have not, however, detected any scratched or
striated markings on these granite blocks. We must
take into consideration that their upper surface has
been exposed to the waste of atmospheric agencies
for a period of great duration, the measure of which
is indicated by the hard schorlaceous bosses which
protrude from their surface, often to the extent of
from two to three inches—sometimes termed pig's-
eyes—and their rounded exposed faces, compared
with their flat base, further indicate such an amount
of waste as would obliterate all such markings; so
that it is only on the flat base of such rocks that we
might now reasonably expect to find glacial groovings.

Further, it should not be overlooked that there are
patches of gravel, very similar to that of the ‘raised
beaches,” on the high land near our coast line, which
appear to indicate a great submergence of the land
after it had assumed its present outline of coast and
surface ; such as the orphan beds of sand and clay of
St. Agnes Beacon, which are very like the drift of
Cardigan. The large patch of gravel on Crousa
Downs, near St. Keverne, 360 feet above the sea,
may be traced by its trail down the slope of the hill
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to the gravel forming the St. Keverne lowlands and
the “ raised beaches” near. But the most instruc-
tive example of such beds of drift is that which 1
discovered at Plymouth, and described in the Western
Dasly Mercury, in July, 1875. In excavating for the
foundations of the hotel on the top of the Hoe, about
120 feet above the level of the sea, a bed of boulders
and pebbles, in a matrix of clay, with white and red
sand, was exposed. The boulders were of granitoid
rock, indurated slate and quartz, and a few chalk
pebbles. I traced the trail of this drift down the
face of the Hoe to a fissure in an inland cliff, which
it filled to a depth of 25 feet; and from thence down
the slope of the hill to the remaining remnants
of the “raised beach,” a few feet above high-water
mark. This gravel bed was described by Mr. Hennah
in 1817, and by Mr. Moore in 1841. The position of
this gravel is shown by the accompanying section,
from which we are led to infer that the inland patches
of gravel are contemporaneous with the so-called
“ raised beaches,” and also with the gravel which fills
the inland fissures of the rocks, and which also
probably supplied the mnaterials which constitute the
lowest beds of the Devonshire bone caves.

I have in this paper given only the main outlines
of this subject, in order that I might keep within the
limits of a single yet comprehensive inquiry. The
examination of the details opens up a subject of great
interest, and demands further research, and will, I
hope, receive from other members of our Society that
consideration which it invites.
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Mr. John H. James, of Truro, has kindly examined
the shells found in the clay for me, and had them
verified and described by Mr. G. B. Sowerby, junr.,,
as follows:

THE FOSSIL SHELLS FROM THE CLAY BED.

1. Nassa reticulata. Living in abundance on British shores;
also found in Glacial Deposits and in the Crag.

2. Murex erinaceus. Common on the shores of Great Britain,
and also in the Mediterranean. It is also common in the Crag, and
is found, I believe, in Glacial Deposits.

3. Ostrea edulis. (The Common Oyster.) Also found in Drift
and Glacial Deposits.

4. Natica monilifera. Common, and general on the shores of
Great Britain.

5. Purpura lapillus. Common, and general on the shores of
Great Britain, Drift and Glacial Deposits, and Crag. Specimen
peculiarly inflated.

6. Trochus. Not belonging to any recent British species.

7. Turritella. Not belonging to any recent British species.

8. The only known recent shell resembling this is Nassa muta-
bilis, which is not half the size, and is not found on the shores
of Great Britain, but only in the Mediterranean.

9. Does not belong to any living British species. It looks like
Fusus (Euthria) lactea, which is found on the shores of New
Zealand. It is certainly not a Boreal species.

10. Trochita. Not belonging to any living British species ; but
I believe it is the same as one found in the Eocene at Barton.

G. B. SOWERBY, Junr.
40, GREAT RussELL STREET,

LoNDoN, Feb, 20th, 1883,

Thus the shells are undoubtedly marine, and some of
them show indications of glacial belongings. They
are of various sizes; the oyster shells in particular,
varying from that of a full-size oyster to the size of
a-shilling.



