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ON THE

OCCURRENCE OF VOLCANIC TUFFS, BRECCIA, &c.,
IN THE MENEAGE DISTRICT.

By ArLexanDErR SoMeERvAIL AND Howarp Fox.

THE object of this paper is to give a brief description
of certain beds of fragmentary rocks occurring in the
Meneage district. These rocks have hitherto been
generally described as ordinary * conglomerates.”
We believe them to be of igneous origin, and to con-
sist of tuffs, breccias, and other similar products,
formed contemporaneously with the strata, among
which they occur as interbedded deposits.

The accompanying map has been reduced from the
25-inch Ordnance parish maps, and the names of the
various Points and Coves are mostly taken from the
same source. The parallel lines indicate approxi-
mately the strike of the beds.

These so-called “ conglomerates” have been de-
scribed by several able observers. Professor Sedg-
wick * notices the beds as being “strictly conformable
with the mineral masses in the neighbourhood,” and
does not appear to doubt their aqueous origin. Dr.

* Trans. Cambridge Phsl. Soc. vol. i. p. 295.
VOL. X. Q
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Boase* writes to the same effect. Sir H. de 1a Beche,}
in describing the coast sections, makes no allusion to
other than an aqueous origin of these * conglomer-
ates,” although in a subsequent chapter { he suggests
their possible igneous origin. The Rev. E. Budge§
described these beds in considerable detail, adopting
De la Beche's views. Mr. J. H. Collins|| regards
these “ conglomerates " as a series of aqueous deposits,
and breaks them into two distinct geological forma-
tions unconformable with each other. Professor
Bonney Y speaks with some degree of caution regard-
ing one of the beds, which he thought at first sight
might be an agglomerate.

Boundary and Relations to Adjoining Strata.—
The exact boundary of these * conglomerates” is
between the north shore of Gillan Creek, about half
a mile west of St. Anthony Church, and a point a
short distance south of Ligwrath Point. The slates
and the included * conglomerates” have a south and
south-easterly dip, the latter prevailing from St.
Anthony southwards. Thus a rising section is obtained
in passing from north to south, the whole having an
average inclination of from 80° to 40°. These beds

* Trans. Royal Geol. Soc. of Cornwall, vol. iv. p. 383.

+ Geol. Report on Cornwall, dc., 1839, p. 94.

I Geol. Report on Cornwall, dc., 1839, p. 152. This passage only be-
came known to us after our own views had been formed.

§ Trans. Royal Geol. Soc. of Cornwall, vol. vi. pp. 1-11, 91-98, 173~
180, 288-293,

|| Trans. Royal Geol. Soc. of Cornwall, vol. x. part 2, p. 47 ; Journal
Royal Institution of Cornwall, vol. vii. part 1, p. 18 ; and vol. viii. part 2,
pp. 162-205.

T Quar. Jour. of Geol. Soc. February, 1883,
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are the equivalents of those exposed further north in
Veryan Bay, and, as Mr. Collins points out, both have
yielded the same organic remains, which identify them
as belonging to the Caradoc formation.* There can
be no doubt therefore as to these Meneage frag-
mentary series of rocks being intercalated among
strata of Caradoc age, the higher portion of which,
according to Professor Bonney, is faulted against the
hornblende and talco-micaceous series; whilst the
lower portions, forming a descending section towards
Falmouth, may possibly represent the Llandeilo. Be
this as it may, the fixing of this horizon not only
simplifies much of the geology of the coast of Corn-
wall, from Veryan Bay southwards, but would serve
to confirm the view that the “ conglomerates " of the
Meneage district are but the remnants of great de-
posits of ejected volcanic matter, which spread over a
former widely-connected area. We have also ex-
amined a somewhat doubtful district between Torcross
and the Start Point, in Devonshire, where highly
metamorphic slates occur with others less altered
above them, which have a strike nearly conforming to
those in the area under discussion, but we failed to
find any fragmentary series which we could correlate
with those of Veryan Bay or the Meneage.

General Description.—Although the fragmentary
deposits in the Meneage have not the same decided
igneous appearance as those of Veryan Bay, yet care-
ful attention will, we believe, reveal them to be due

¢ Trans. Royal Geol. Soc. of Cornwall, vol. x. part 2, p. 51.
Q2
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to the same cause. The resemblance of some por-
tions of the beds to ordinary conglomerates is confined
to those which lie between high and low tide, where
the included fragments on the surface of the beds
become rounded and waterworn, and where even the
matrix of the rock itself is smoothed and polished,
giving such exposures in some instances the appear-
ance of a typical conglomerate. Above the wash of
the tides, or where portions of the rock do not present
direct surfaces to the action of the waves, many of
these features which would serve to identify them
with rocks of true aqueous origin can no longer be
recognised ; they resemble trap both in their homo-
geneous structure and mode of fracture. When the
matrix of the rock is examined, it is found to be
sharp and angular, consisting of lapilli-like material,
and also including larger angular fragments of differ-
ent rocks arranged throughout the paste or base in
the most irregular manner. It passes sometimes
abruptly from fine to coarse material without the
linear arrangement common to conglomerates, and
the whole has a highly indurated and vitrified appear-
ance. There is also a complete absence of lines of
deposition, and the rude bedding or stratification
visible on the beach can scarcely be traced in the
cliffs.

A few facts remain to be noted, such as the occur-
rence of quartz pebbles, and also fragments of horn-
blende slate, found by De la Beche, Budge, and
Bonney. Another feature prevailing throughout the
whole of these beds of volcanic rocks is the pre-
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valence of iron as a colouring matter, giving rise to
much variety of shade, passing from yellow and brown
to pale and deep red. The iron has doubtless been
supplied by the ejected materials, and its presence is
so marked as to clearly define, even at a long distance,
the line of junction between the tuffs and slates, the
former producing a strong contrast to the uninter-
rupted and monotonous colour of the latter.

The beds generally begin as fine-grained deposits,
some of them strongly resembling fine volcanic sand,
passing into fine and coarse grained ash or tuff and
breccia, and made up of huge angular and semi-
rounded masses of local rocks, and also of vesicular
and scoriaceous trap, passing again into less coarse
materials, until they shade into the overlying slates
which sometimes mark several remewsdls of the
¢jected matter. Both the over and the underlying
slates at the junctions contain thin bands of fine
mud, highly coloured by the presence of iron.

There also occur many slaggy masses of rock
among the slates, and likewise what we believe may
be a volcanic bomb, near Carne, to which we refer
in detail in our description of the coast sections.

We sent Professor Judd a piece of rock from
Caermenow, and he wrote in reply :

“The specimen you send, judging from the frac-
tured surface, has every appearance of being a tuff;
indeed I have very little doubt that it is so from the
appearance of the rounded decomposed felspar and
other minerals, and general aspect of the rock.

“ It may be well to remember, however, that some
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of the rocks called porphyroides strangely simulate
the character of true tuffs.”

We sent two specimens from the Nare Head to
Dr. Archibald Geikie, who described them as follows:

“ One i8 a breccia, most probably of volcanic origin;
the other is a piece of greywacke, with apparently an
admixture of the kind of felspathic cement which
contemporaneous volcanic action would have supplied.
So far as one can judge from these fragments I would
expect to find in their neighbourhood associated
lavas and tuffs, interstratified with the ordinary
sedimentary strata.”

We subsequently sent Dr. Geikie two specimens
from a bomb-like mass south of Ligwrath Point—
one from Ligwrath Point, one from the junction with
the slate, near Parbean Cove, five from Caermenow
cliff and quarries, four from the Gillan and Flushing
districts, two from the hills north and south of
Tregonwell Mill Bridge, one from a quarry in
Tregonwell farm, one from Treworgie mill, and one
from Tregevas quarry, near St. Martin’s. Dr. Geikie
wrote :

“ With two exceptions all your specimens are
volcanic tuffs. In most of them fragments of slate
and quartz pebbles play a large part—some of them
are fine felspathic tuffs, others are breccias.

“ The two exceptions are from the bomb-like mass.
The rock appears to be a fine micaceous greywacke
or grit.” .

Professor Bonney very kindly made a microscopical
examination of some specimens, the result of which
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shows that fragments of many varieties, both of
aqueous and igneous rocks, are present, and that the
structure and general aspect of the fragments suggest
that they have been derived from scoria and flows
rather than from intrusive masses.

Coast Sections.—The first indications of these ashy
slates and fragmentary rocks are found on the north
shore of Gillan Creek, about half a mile west of St.
Anthony Church, among slates dipping southward.
As the north shore of the creek is followed inland,
beds of distinct tuff and breccia become visible, and
prevail to near its termination. On rounding the
head of the rcreek to its southern shore the same
beds become repeated, as they strike in this direction.

About 200 yards north-east of Carne we find the
bomb-like mass already mentioned. It is rudely
circular, about three feet in diameter, of very igneous
aspect, in part indurated, vesicular, and scoriaceous,
having the appearance of a mass of rock which has
been subjected to the heat of a furnace. It lies
embedded in the slate which has not the least affinity
to it, the line of demarcation between the two being
sharply defined ; its lower portion depresses the slate
for about a foot beneath it, as if it had fallen from a
considerable height and with much force upon the
soft mud which was being accumulated at the time.
The upper layers of the slate on each side of it and
above it are undisturbed, and were apparently de-
posited immediately after its fall. While we would
not dogmatically assert this to be the true explanation
of this curious mass, it appears to us to be more
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difficult to conceive it to have been transported and
placed in its present position by any other means;
and even if it were carried along by the force of
water to its present site, yet it still retains all the
essential characters of an ejected mass. Close beside
it, on the right, is another block of smaller size,
rudely circular in shape, more compact, and much
less vitrified in appearance, which may have had s
similar origin.

BOMB-LIKE MASS IN GILLAN CREEK, NEAR CARNE,

Farther to the east, about sixty yards from Hala-
mana Cottage, in the direction of Flushing, coarse
breccia and tuffs are seen in the cliff. The included
fragments are often of large size, both semi-rounded
and angular, composed principally of the local rocks,
but containing also igneous masses, the whole
cemented by an ashy matrix. On the northern
side of Flushing Cove a breccia of very large
included blocks is seen in the beach and ecliffs,
becoming rather less coarse near the upper portion
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of the bed, where the included fragments are very
angular.

The tuffs and breccia are again overlaid in Flush-
ing Cove by the regular slates in strict conform-
ability; so that this would appear to form the first
or lowest series of fragmentary beds, the whole
having an approximate thickness of about 200 feet.
There is, however, much local variation in the thick-
ness of the tuffs, which seem to occur in lenticular or
wedge-shaped masses.

Above all these slates comes another series of
tuffs and breccias, forming the most important of
these deposits. Their junction and lowest beds are
well seen at the south extremity of Flushing Cove,
where they begin with fine-grained ash, becoming
coarser and more typical in their higher beds. Their
strike is nearly east and west. They reappear in
great force at Caermenow, beginning about the middle
of Men-aver Beach with thin bands of fine-grained
ash and ashy slate discoloured by iron at high angles
with abnormal strike, passing, as we proceed east,
into tuff and breccias, and disappearing as we ap-
proach Parbean Cove, where the beds again become
suddenly disturbed, standing almost perpendicular,
and inclining from either side with W.S.W. and
E.N.E. dips. These disturbances are, however, of
very limited extent, and seem to be due to a flexure
of the thinner beds. Crossing to the east side of the
Nare Point we have the Parbean beds and junctions
repeated in Polnare Cove.

Proceeding south from Polnare Cove, the tuffs
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predominate, and display the same aspect as those at
Caermenow, which are indeed the lowest of the
series exposed at that place. Immediately south
rises the bold and lofty headland of the Nare, the
intercalated slates disappearing, the tuff becoming
coarser, and passing into breccia of huge blocks
made up of masses of slate, quartzite, and igneous
rocks, all contained in a paste or matrix of coarse
felspathic tuff. This marks the highest portion of
the Head, the coarse breccias, &c., having resisted
denuding and wasting agents, and been left towering
high above the general surface. Its structure and
composition cannot be properly studied or under-
stood without descending to the sea level beneath it.
As we proceed southwards towards Ligwrath Point
coarse breccias predominate, passing at places into
ordinary tuff, and ashy and ordinary slates, showiug
that deposition was going on at the same time as
ash and fragments were being ejected. Ligwrath
Point is chiefly composed of this muddy felspathic
matter with tuff and breccia, enclosing angular
pieces of slate, &c., projecting beyond the adjoining
coast in consequence of the hard and tough nature of
its rock.

About 500 feet south-west of Ligwrath Point, as
indicated on the map, is a spherical, concentric mass
of rock, about seven feet in diameter, only about one
half of which remains. At first sight it looks like a
bomb; the outer shell is greyish, hard and tough;
the interior is dark and decomposed, containing
small plates of mica, and what appear as crystals of
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quartz. The specimens described by Dr. Geikie as
fine micaceous greywacke or grit are from this mass.
Its separation from the adjoining rock is not well
defined; but its concentric form, though probably
concretionary, affords a curious and interesting
study. :

Southward of Ligwrath Point the rocks rapidly
lose their ashy character, and slates, &c., continue to
Porthallow, where Professor Bonney describes them
as faulted against the hornblende and talco-micaceous
series of the Lizard district, which are regarded by
him as of Archean age. ‘

The thickness of this last or highest group of
beds is considerable. Measuring it from the junction
in Parbean or Polnare Coves to its termination south
of Ligwrath Point, it cannot be less than 1400 feet.
This must not be taken as a guide to the more
inland portions, because of its lenticular shape and
the rapid alterations it undergoes to the west.

Inland Sections.—The task of tracing the beds of
tuff, &c., in an inland direction becomes rather
difficult, as they not only rapidly thin out in their
westward course, but also alter much in texture, and
lose most of the well-marked features which dis-
tinguish them on and near the coast, becoming
more finely grained, and containing but a small trace
of ashy matter, as they approach the opposite coast.
The line of separation corresponding to the two
distinct deposits seen on the Coast must therefore be
regarded as more or less arbitrary. The lowest group
of beds, best scen at Halamana and the north end
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of Flushing Cove, appear to strike in an inland
direction a little way south of Manaccan, where
splendid sections on the roadside are laid open.
They are also traceable, but in a much more modi-
fied form, to Trelowarren, and even beyond, where
however they lose much of their ashy character.
The road sections exposed at Manaccan assume the
appearance of a regular trap, for which the rock
might be readily mistaken; but its ashy character
can be distinctly made out, its compact and trappean
aspect being due, we think, to pressure and sub-
sequent metamorphism. Farther to the south-west,
and therefore on a higher horizon, we again meet
with tuff in several exposures and quarries south of
Tregonwell farm, and in Trelawry farmyard, &c. It
has here the appearance of a trap of felspathic type,
even more solid and compact than at Manaccan. It,
however, possesses none of the features of igneous
flow; it is earthy, and its fragmentary character can
be distinctly made out by the lens.

Foci of Eruption.—Over the area occupied by the
tuffs there are no indications, as far as we are aware,
of any neck or vent from which the ejected matter
might have been blown, nor do we know of any at
the Nare Head, Veryan Bay, where the complemen-
tary beds of tuff occur. There is greenstone in that
neighbourhood which does not exist at the Nare
Head, Meneage, although a similar greenstone occurs
not far to the south, forming the Manacles Point. We
are inclined to seek for such an ancient orifice or
centre of eruption towards the Lizard district, or to
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some point now submerged between the Veryan
Bay and Meneage deposits. De la Beche reasoned
conversely on the serpentine of the Lizard district,
being formed at no distant date from the * trappean
rocks and conglomerates of the Nare Head,"* in
Veryan Bay, and we think there is much to support
this view, :

When we reflect on the large variety of igneous
products, extending from the Manacles Point to the
Lizard, we are led to conclude that they are not such
as would have resulted from a mere flow of these
igneous products on the surface, but rather such as
could only have been formed at a great depth below
the surface, and under much pressure. We think
it probable that most of them belong to one geo-
logical epoch, although they frequently traverse each
other.

During the formation of some of these formerly
deeply-seated igueous masses, the tuffs of the Meneage
and Veryan districts may have been showered out
without any of the molten matters which formed the
serpentine, diallage rock, and greenstone coming to
the surface among the Meneage beds, although they
did so to a small extent in the Veryan district. The
occurrence of these three varieties of Lizard rock
near Veryan Bay are cogent arguments of themselves
to prove that the centre of activity lay within the area
indicated ; while the existence of fragments of horn-
blende slate in the Meneage beds are almost equally

* Geol. Report on Cornwall, &¢., 1839, p. 99.
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8o, a8 these may have been blown with other ejecta
from the Lizard district.

Conclusion.—These ‘““ conglomerates” have been de-
scribed by De la Beche as three distinct beds, the first
occurring at Flushing, the second between Gillan and
Nare Point, the third towards Carnmere. The division
between the second and third beds we do not consider
well defined ; there may be a few beds of these slates
intercalated, but these are charged with ashy matter.
We are inclined to think that the separation of the
tuffs into even two groups, marking long intervals
between the showers of ejected matter, is somewhat
doubtful. The greatest pause in the activity seems to
be marked by the intercalated slates of Flushing Cove,
but even this is not wholly to be depended on. The
ejection of the tuff and the deposition of the slate
were taking place simultaneously, and much ashy
matter might be drifted and heaped together in one
locality, and little or none in another. This is a com-
mon phenomenon with accumulations of ash, the
rapidly altering thickness of the beds and the lenticu-
lar form being most characteristic. It is therefore
probable that the whole of the tuffs may only mark
one great period of ejection with intervals, perhaps
numerous, of partial repose and activity.

Another point we would urge is, that the tuffs are
of sub-aqueous origin; that is to say, they fell into
and became assorted by water, and at a time when
the ordinary muddy sediments which form the slates
were being deposited. This explains the numerous
interchanges of slate shading into ashy slate, fine and
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coarse grained tuff, and vice versé. It also explains
some of the anomalies and indefinite characters pre-
sented by rocks near the junctions. Not only is much
_of the tuff mingled with ordinary detritus conveyed
by currents, and spread over the sea-bottom, but
much of the tuff itself may have been subject to
attrition during its deposition, thus further compli-
cating its true history.



