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There rolls the deep where grew the tree.
O earth, what changes hast thou seen!
There where the long street roars, hath been
The stillness of the central sea.

The hills are shadows, and they flow
From form to form, and nothing stands;
They melt like mist, the solid lands,
Like clouds they shape themselves and go.

TENNYSON.
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In this, the fifth edition, many improvements and
additions have been made. Of these, the most im-
portant consists of an account of the British Formations,
showing the topographical range of each in succession,
their lithological characters and the general nature of
their fossils. This part of the work begins with
Chapter V., and ends with Chapter XVII., and it con-
stitutes a condensed Manual of British Stratigraphical
Geology from the Laurentian to the latest Pliocene
strata. The substance of these 227 pages was originally
written by me for Blackie’s Cyclopadia, and by the kind
permission of these gentlemen, I have, with some re-
arrangement and many additions, made much use of the
matter printed in the article.

A leading feature in this part of the book is, that
I have endeavoured to give a sketch of the Physical
Geography of each successive Geological Epoch, so as
to induce a scenic interest in the matter, beyond what
can be gathered from mere lithological descriptions and
lists of fossils, which, in the bald shape that they are
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sometimes presented to the reader, form merely the dry
bones of geology.

By attentively reading and remembering these
successive revolutions of ancient geographies, the reader
will more or less realise the geological history of our
country, and perceive those processes of physical evolu-
tion that, in the long lapse of time, gradually im-
pressed on Britain its present geographical phase,
which to most men seems so stable, but is, in reality, no
more lasting than those which went before. As keen-
eyed Chaucer well expounded five hundred years ago :—

¢ Well may men knowen, but it be a fool,
That every part deriveth from his hool ;
Of no partie ne cantle of a thing,
But of a thing that parfit is and stable,
Descending so, till it is corumpable.
And therefore of his wisé purveyance
He hath so well beset his ordinance,
That speces of things and progressions
Shullen enduren by successions,

- And not eterne, withouten any lie :

This maiest thou understand and seen at eye.’

Among many other matters, the subject of the Mio-
cene strata of Britain has been more largely treated of,
with special reference to the absence of recognised Mio-
cene mammalia in our country, and the subject of gla-
cial geology has, also, been treated more fully than in
previous editions, -while a condensed account of all
the explored English bone-caves and their contents has
been added, with special reference to the question of
the antiquity of man.

I have to express my acknowledgment of the debt I
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owe to Mr. Etheridge and Mr. Sharman ; to the first
for much valuable information concerning the organic
relics of each formation, and also for the plan of each
of the sets of figures engraved as illustrative of the for-
mations, every one of which may be considered as more
or less typical of the strata or:groups of strata referred
to in the text, in which, however, all of the fossils
figured are not always named. Mr. Sharman executed
the drawings of these fossils with his accustomed skill
and accuracy.

I have also added some landscapes. One of these,
the Pass of Llanberis, fig. 86, is reduced from a coloured
crayon drawing by Mr. Gillespie Prout, and fig. 87 is
taken from a photograph. The original of fig. 88 was
drawn by the late Sir Henry De la Beche, and fig. 89,

~with the dwindling ice entering the lake, is the repre-
sentation of an episode in the history of the glacier,
supposed and drawn by myself. The blocs perchés of
fig. 90 was drawn by the late Professor Edward Forbes.
All of these were originally published in my paper on
*The Old Glaciers of Switzerland and North Wales.’
The Gorge of the Avon is from a photograph. All the
other landscapes, excepting one from my ¢ Geology of
Arran,’ have been engraved directly from drawings, as
they were roughly done in sepia and pencil in my geo-
logical note books, and, together with the sections and
other illustrations, many of them new, they are intended
to bring before the eye the meaning of various theories
propounded in this work, by help of which, anyone,
by a moderate exertion of thought, may realise the
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geological origin and meaning of the physical geo-
graphy and scenery of our country, and thus, as he
travels to and fro, add a new pleasure to those pos-
sessed before. The colours on geological maps will
then no longer seem mysterious, but become easy to
comprehend when associated with the geographical
contours of our island.
ANDREW (. RAMSAY.

KENSINGTON : May 16, 1878,
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CHAPTER 1.

MODES OF FORMATION AND GENERAL CLASSIFICATION OF
ROCKS, AQUEOUS AND IGNEOTS.

In old days, those who thought upon the subject at all
were content to accept the world as it is, believing that
from the beginning to the present day it had always
been much as we now find it, and that, till the end of
all thingsshall arrive, it will, with but slight modifica-
tions, remain the same.

But, by and by, when Geology began to arrive at
the dignity of a science, it was found that the world had
passed through many changes; that the time was when
the present continents and islands were not, for the
strata and volecanic products of which both are formed
were themselves sediments derived from the waste of
yet older lands now partly lost to our knowledge, or
‘of newer accretions of volcanic matter erupted from
below. Thus it happens that what is now land has
often been sea, and where the sea now rolls has often
been land ; and that there was a time before existing
continents and islands had their places on the earth,
before our present rivers began to flow, and before all
the lakes of the world, as we now know them, had begun
to be.

Geology may therefore be defined as the science
which investigates the history of the earth, or the
successive changes which have taken place in the in-

B
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2 Definztion of Geology.

organic and organic kingdoms of nature, together with
the causes of these changes, as far as they can be traced
by observations on the structure and mode of occurrence
of the mineral and organic bodies that form or are
found in and upon the crust of the earth.

To place the events of this complicated history in
clear chronological succession is the chief business of
the geologist; and in doing so he unites the present
with past geological epochs, and discovers that the
physical world, as it now exists, is the result of all the
past changes that have taken placeinit. If, therefore,
our knowledge were sufficient to admit of the construc-
tion of a complete system of physical geography, it
would be but a full description of a geological epoch—
namely, that of to-day ; and a complete account of any
old geological epoch, would be a perfect description of
the physical geography of the world at that time.

To us, the chief dwellers on the Earth, the whole
subject is of the greatest interest, and it is therefore
my intention to endeavour to show in a simple manner
—taking our own island as an example—whence the
materials that form the present surface of the earth
have been derived, why one part of a country consists
of rugged mountains, and another part of high table-
lands or of low plains; why the rivers run in their pre-
sent channels; how the lakes that diversify the surface
first came into being. In the course of this inquiry I
shall have occasion to show that Britain has been joined
to and severed again and again from the continent,
and how some of the animals that inhabited, or still
inhabit it, including its human races, came to occupy
the areas where they live.

Assuming that I am partly addressing those who
have not previously studied geological subjects in detail,
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it is needful that I should first enter on some rudimen-
tary points, so as to make the remainder intelligible to
all. Therefore I begin with an account of the nature
of rocks; because it is impossible to understand the
causes that produced the various kinds of scenery of
our country, and to account for the classification of its
mountains and plains, without first explaining the na-
ture of the rocks which compose them.

To this will be added a concise account of the British
strata in serial order, that the reader may understand
something of the nature and history of the various
stratified formations which, together with igneous rocks,
form our island.

In doing this I will endeavour to get and to give
some idea of the scenery of our region during the
successive geological epochs, so as to give the reader
some glimpses of those older stages of physical geo-
graphy, each of which in its time, had man been there
to see it, would have seemed as enduring as that passing
phase of the Earth’s history in the midst of which we
live.

All rocks, in the broadest sense, are divided into
two great classes—AqQurous and IeNEous; and there is
a sub-class, which mostly consists of aqueous, but
sometimes of igneous rocks that have been altered,
and which in their characters often approach and even
by insensible gradations pass into some of those rocks
that are termed igneous, though in many respects very
different from ordinary volcanic products such as lavas.
In this chapter I shall, however, confine myself to a
general description of the two great classes of rocks,
those of aqueous or watery origin, and to those easily
recognised as of 4gneous origin, which are products of
subterranean heat.
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By far the larger proportion of the surface rocks
of the world have been formed by the agency of water,
chiefly as a fluid, but partly as ice. Such rocks are
made of sediments, and these sediments have been, and
still are, chiefly the result of the action of atmospheric
agencies, aided by chemical solutions, and of gravita-
tion, aided by moving water. But by what special pro-
cesses were they formed ?

Air and water, but especially the latter, act both
chemically and mechanically on the crust of the earth.
Many minerals in rocks, such as felspars, hornblendic
minerals, mica, &c., are composed of silicates of alum-
ina and soda, potash, lime and magnesia. These are
often associated with free silica. This is especially the
case with some igneous rocks; and many of the strati-
fied rocks consist in great part of substances of the same
nature variously intermixed. Others consist of carbon-
ate and sulphate of lime, &ec., more or less pure. Of
these, the carbonate of lime rocks, or common lime-
stones, by far predominate; and they are sometimes
nearly pure, forming immense areas of country, and
sometimes mechanically intermingling, in every per-
centage, with other substances. All rain as it falls
absorbs part of the carbonic acid in the air; and the
water percolating through the rocks unites with and
carries away in solution portions of the soda, potash,
lime, or magnesia that enter into the composition of
the minerals in rocks, and this promotes their disinte-
gration. They crumble, and are in a condition to be
borne to lower levels, and finally to the sea, by the me-
chanical agency of running water, or partly in solution.

Frost is also a powerful disintegrator. Water per-
colates into hollows, joints, and cracks; it freezes and
expands, and thus helps to rend and break up the rocky
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and earthy masses. Some of its most obviously power-
ful effects are seen in the regions of glaciers and drift
ice. In warm latitudes glaciers are found only at those
great elevations on mountain ranges that rise above the
limits of perpetual snow. On the Himalaya, the loftiest
peaks of which are about 31,000 feet high, the greater
glaciers descend to the level of about 14,000 feet; in
the Alps, in the lower glacier of Grindelwald, to about
3,300; and in the Glacier du Bois to 3,350 feet above
the sea. In the north of Norway, Greenland, and the
southern part of South America, and in the Antarctic
continent of Vietoria Land, the large glaciers descend
to the sea-level. Inthe two last-named regions, towards
the poles, surfaces of vast extent are covered by ice in
the form of universally diffused glaciers.

A glacier in temperate regions is chiefly supplied by
the drainage of the snow that falls on those parts ot
the mountains which rise above the limits of perpetual
snow ; and its size is commensurate to the height of the
mountains and the extent of area drained. Pressure of
the yearly accumulating snow, and in less degree the
summer’s heat and the winter’s cold, or, indeed, the
summer day’s thaw and tbe nightly frost, gradually
change snow into ice, which experience proves, acts
as a whole, like a plastic body, and glaciers progress
down valleys at slow rates, proportionate to the steep-
ness of their inclination, the volume of ice, and the
season of the year—moving faster in summer and au-
tumn, and slower in winter. The effect of this motion
in these icy masses is to grind, polish, scratch, and
groove the rocky valleys over which the glaciers pass,
removing asperities, and giving portions of the rocky
floor rounded and mammillated forms, termed roches
moutonnées. A necessary result of this action is the
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production of much fine floury sediment. Ice-filled
valleys are thus deepened and widened, and much sedi-
ment is formed, and brought within reach of the trans-
porting power of rivers. Great blocks of stone and finer
débris that fall from the hills on the surfaces of glaciers,
are carried steadily onward in long lines till they reach
the ends of these ice-rivers, where they form terminal
moraines, and often, as fast as the mounds accumulate,
these are proportionally wasted by the streams that flow
from the ends of the glaciers.

In cold climates, where special glaciers descend to
the sea, bergs break off often laden with blocks and
finer sediments, and floating seaward they deposit their
freights where they chance to melt. The breaking up
of the ice-foot on sea-coasts, and of river ice, also trans-
ports large quantities of matter and scatters it abroad.

The quantity of material degraded and spread in
the sea by these united means is immense, and consists
of mud, sand, gravel, and rounded, subangular, and
angular blocks, often polished, grooved, and scratched ;
and from the irregular mode of its accumulation, and
the frequent grounding and scraping of icebergs along
the sea-bottom, the whole of this matter, if exposed,
would present one of the rudest forms of stratification.

But the chief agent in the transportation of sedi-
ments from higher to lower levels is running water.
Great thunderstorms, water-spouts, ahd sudden thaws
in snow-covered lands, frequently produce startling
effects, stripping large areas bare of soil, and hurrying
to lower levels vast masses of earth, shingle, and
boulders.

Every one who has looked at large rivers knows that
they are rarely pure and clear. The cause of this is
obvious. All rain, especially if long continued, exercises
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a powerful mechanical effect on the surface of the
earth, carrying much sediment into water-courses,
which unite to form brooks, rivulets, and finally, if the
country be large, great rivers. Soft surface soil is thus
easily carried away even in low countries, and in hilly
and mountainous regions sands, coarse rounded gravels,
and boulders, won from the adjoining rocks, are hurried
onward; and thus it happens, that great valleys and
ravines have often been formed in all parts of the world
by running water, and by the long-continued attrition
of stones driven onward by torrents over rocky surfaces.
As the accumulated waters of rivers reach low lands,
their power of transporting coarse sediment decreases,
and finally, in great rivers, like the Rhine, the Nile, the
Amazons, the Mississippi, and the mighty rivers of
China, India, and Northern Asia, all but the finest sedi-
ment is deposited long before they reach the sea.

On a smaller scale the same kind of phenomena
are obvious in such English rivers as the Thames, the
Severn, the Ouse that flows through York, and the
Clyde and the Tay, in Scotland. Every river, in fact,
carries sediment and impurities of various kinds in sus-
pension or held in solution, and this matter, having
been derived from the waste of the lands through which
rivers flow, is carried to lower levels. Thus it happens
that when rivers empty themselves into lakes—or, what
is far more frequently the case, into the sea—the sedi-
ments which they hold in suspension are deposited at
the bottom, and, constantly increasing, they gradually
form accumulations of more or less thickness, gene-
rally arranged in beds, or, as geologists usually term
them, in strata. Suppose a river flowing into the sea.
It carries sediment in suspension, and a layer will fall
over a part of the sea-bottom, the coarser and heavier
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particles near the shore, while the finer and lighter
matter will often be carried out by the current and de-
posited further off. Then another layer of sediment
may be deposited on the top, and another, and another,
until, in the course of time, a vast accumulation of
strata may be produced.

In this manner deltas are formed, and wide bays and
arms of the sea have been thus filled up. As they fill,
the marshes spread further and further, and, by over-
flows of the river bearing sediment, the alluvial flats
rise higher and higher, till, as in cases like those of the
Ganges and the Nile, kingdoms have been founded on
mere loose detritus. A little reflection, too, will show
that all lakes, be they ever so large, may, with sufficient
time, get filled by this process with débris and become
plains. Some of the old rocks of Britain are formed of
sediments originally deposited in estuaries by rivers as
large as the Mississippi or the Ganges, others were
formed in lakes fresh or salt, bearing witness to ancient
extinet physical geographies; and many a modern flat
surface in Britain and in Switzerland, often covered by
peat and traversed by a brook or a river, is only a lake-
hollow filled with river-borne gravel, sand, and mud,
overgrown by a marshy or peaty vegetation.

Again, if we examine sea-cliffs that rise direct from
the shore, we find that the disintegrating effect of
the weather produces frequent débdcles great or small on
the faces of the cliffs, thus supplying material for the
formation of shingle, which in gales the strong breakers
driving against the cliff forms a ‘powerful artillery
with which the ocean assails the bulwarks of the land,’
and aids in the work of destruction. On the east and
south of England, where the strata largely consist of
boulder-clay, Eocene clays, chalk, and oolitic sands,
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clays, and limestones, the waste of the softer strata has
been in many places calculated at about two yards a
year. Where the strata are harder, as on the west
coast in Devon, Cornwall, and Wales, the waste is often
so slow as to be generally ignored by ordinary observers.
But the form of the coast proves it. Hard rocks resist-
ing waste because of their hardness are apt to form
headlands, while softer or more friable strata, wasting
more rapidly, often occupy the recesses of coves and
bays. The removal of the fallen detritus by the restless
waters makes room for further slips of débris from
above, and thus it happens that all sea-cliffs are in a
state of constant recession, comparatively quick when
made of clay or other soft strata, and when the rocks
are harder, perhaps very slowly, but stiil sensibly to the
observant eye, so that in time, be they ever so hard,
they get worn more and more backwards. The material
derived from this waste when sea~cliffs are truly rocky,
generally forms, in the first instance, shingle at their
bases, as, for example, with the pebbles of flint formed
by waste of the chalk which contains them. These,
being attacked by the waves, are rolled incessantly
backwards and forwards, as everyone who has walked
much by the sea must have noticed ; for, when a large
wave breaks upon the shore, it carries the shingle for-
ward, rolling the fragments one over the other, and in
the same way they recede with the retreating wave with
a rattling sound. As in the running water of torrents,
so this long-continued marine action has the effect of
grinding angular fragments into rounded pebbles; and,
in the course of time, large quantities of loose gravel
have thus been formed. Such material when con-
solidated becomes a conglomerate.

If, also, we examine with a lens the sand of the sea-
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shore, we shall find that it is formed of innumerable
grains of quartz, and these grains are generally not
angular, but more or less rounded : their edges having
been worn off by the action of waves and tides moving
them backwards and forwards upon each other, till they
became grains, like water-worn pebbles in shape, only
much smaller. Such material when consolidated forms
sandstone.

Finer-grained and more muddy deposits, in like
manner, are generally formed of the minutest grains of
sand, mixed with aluminous substances originally de-
rived from the waste perhaps of felspathic rocks. Such
material, when soft, forms clay; when consolidated,
marl shale and slate.

In this manner very large amounts of mechanical
sediments are forming and have been formed. The
daily sifting action of breakers, intensified during long-
continued heavy gales, the forcible ejection of muddy
waters, sometimes hundreds of miles out to sea, from
the mouths of great rivers like the Amazons, the power
of tidal and great ocean currents such as the Gulf
Stream, all contribute to scatter sediments abroad, and
by their rapid or more gradual subsidence, the bottoms
of vast submarine areas are being covered by mechanical
sediments, which must of necessity often be of great
thickness, and in which various kinds of strata may
alternate with each other.

With sufficient time all land would, by these pro-
cesses of waste, be eventually degraded beneath the sea
(as was suggested by the naturalist Ray), were it not
that the loss is compensated by disturbance and eleva-
tion of land, always slowly taking place over portions of
the continents and islands of the world. Large areas
are also slowly depressed beneath the sea; but to
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maintain the average balance of sea and continent,
the amount of land elevated must exceed that de-
pressed, or be equal to the amount of that depressed by
gradual submergence, added to that destroyed by de-
gradation.

The evidences of past elevation and depression are
simple. 1st. A large proportion of the rocks in many
mountain ranges, however high above the sea, contain
marine fossils, generally of extinct species. Such strata
are in great part highly disturbed, broken, contorted,
often pierced by igneous intrusions, and largely denuded.
2nd. On all continents and on many large islands raised
beaches occur, and also superficial accumulations of
loose strata, lying on the older rocks, and yielding shells,
in great part, or altogether identical with those that
now inhabit neighbouring seas; and these organic re-
mains occur in such a manner, that it is plain they
lived and died on the spots where they lie, ere those
parts of the sea-bottom were elevated. In Britain,
such beds are found more than 1,000 feet above the sea ;
and in South America, 1,300 feet on the western side
of the Andes. 3rd. Experience shows that certain
voleanic regions subject to earthquakes are often areas
of elevation. The earthquake of 1835 in Chili is an
instance when alarge tract of the coast of South America
was suddenly raised from four to twelve feet, and part
of the sea-bottom converted into land; and it is prob-
able that similar causes have conduced to raise by
degrees the shelly strata above alluded to, to the height
of 1,300 feet above the level of the sea. The chain
of the Andes is volcanic, and the elevating forces and
earthquakes of South-Western America are connected
with this circumstance, The Mediterranean voleanic
region (though marked by many oscillatory movements)
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is also as a whole one of elevation. The same is true
of the volcanic islands of the Pacific, and also of Java,
which contains many active volcanoes, and around the
shores of which there are old coral reefs 140 feet above
the level of the sea. Under other circumstances a
great number of coral reefs of the kind called atolls
and barrier reefs, yield, according to Darwin, perfect
evidence of depression of land. In the Pacific an area
more than 4,000 miles in length is now undergoing this
kind of submergence. The same takes place in the
Laccadive and Maldive archipelagos in the Indian Ocean.
All these islands are non-volcanic. 'Where volcanoes
occur the land is generally rising. |

During such depressions strata may accumulate to
an immense thickness under favourable conditions of
supply, and time being also allowed for consolidation,
when these are again unheaved they will, both as regards
quantity and structure, be more apt to resist destruction
than smaller masses of (probably) softer strata that were
formed during periods of minor oscillations of sea and
land.

Strata are consolidated (petrified) chiefly by pres-
sure and chemical decomposition and recomposition.
Some formations are many thousands of feet in thick-
ness. In aset of strata 10,000 feet thick, the super-
incumbent weight on the lowest bed would be about
12,333 lbs. per square inch; but beside this, more
intense pressures have taken place throughout all but the
very latest geological epochs. This kind of pressure has
been brought about by contraction of the crust of
the earth due to radiation of the proper heat of our
globe into space, the result being, that over broad areas
rocky masses have been much contorted and compressed,
and thus mountain ranges have been upheaved. In some
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rocks the particles are partly cemented by oxides of iron,
in others by carbonate of lime. Minor beds of limestone
are often formed on land from calcareous springs. Marine
strata, formed of limestone, in the Adriatic, were found
by Marsilli to be consolidated a foot beneath the surface.
A great many rocks contain more or less carbonate of
lime, and along with this, or alone, many others
contain silicates of soda or potash. These are soluble
in carbonic acid, and entering into new combinations
the whole becomes petrified. During these processes
shells, echini, corals, bones, teeth, and scales of fish and
of marine mammals, &c., are imbedded and cased in
stone, and in a less degree terrestrial plants and animals
are floated into lakes and estuaries, and occasionally
out to sea, where those parts that escape decay and pre-
daceous fish may become fossilised.

If we examine the stratified rocks that form the
land, we very soon discover that a large proportion of
them are arranged in thin layers or thicker bands or
beds of shale, sandstone, conglomerate, and limestone,
more or less pure ; for shales are sometimes sandy, sand-
stones sometimes shaly, and most conglomerates have a
sandy and sometimes a shaly or marly base in which the
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pebbles are embedded, while limestones occur of every
degree of impurity. These must have been formed in
a manner analogous to that which I have just described,
proving that such beds have been deposited as sedi-
ments from water. Take, for instance, a possible cliff
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by the sea-shore, and we shall perhaps find that it is
made of strata, which may be horizontal, as in fig. 1,

or inclined, as in fig. 2, or even bent and contorted into
every conceivable variety of form, as in fig. 3. If,
as in the diagram, fig. 1, we take a particular bed,
No. 1, we may find that it consists of strata of lime-

Fia. 3.

stone lyiug one upon the top of another. Bed No. 2
may be of shale, arranged in thin layers, more regu-
larly than in No. 1. No. 3 may consist of pebbly
materials, arranged in ruder layers, for, the material
being coarse, the bedding may be irregular, or even
quite indistinct. Then in No. 4, the next and highest
deposit, we may have a mass of sandstone, arranged in
definite beds. The whole of these various strata in the
aggregate form one cliff. Rocks, more or less of these
kinds, compose the bulk of the strata of the British
Islands ; and it must be remembered that these were
originally loose stratified sediments, piled on each other
often to enormous thicknesses, and subsequentiy con-
solidated by pressure and chemical action. In some
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cases after consolidation, they have been so much al-
tered by heat and other agents of metamorphism, as to
have lost almost all signs of their original stratification,
while sometimes they are almost undisturbed, except by
mere upheaval above the sea: in other cases the beds
have been violently contorted, in the manner shown in
diagram No. 3.

Next comes the question: Under what special con-
ditions were given areas of these rocks formed ?

Some formations, such as great part of the Silurian
rocks of Wales and its neighbourhood, consist essentially
of deposits that were originally marine mud and sand,
accumulated bed upon bed, intercalated here and there
with strata of limestone, the whole being many thou-
sands of feet in thickness. These have since been
hardened into rock. Others, like the Old Red Sand-
stone, were originally spread out in alternating beds of
mud, sand, and stony banks, all coloured red by pre-
cipitation of peroxide of iron. Others, like the Liassic
and Oolitic deposits, were formed of alternating strata
of clay, sand, and limestone ; while others, like the
greater masses of the Carboniferous Limestone and the
Chalk, were formed almost wholly of carbonate of
lime.

When we examine such rocks in detail, we often
find that they contain fossils of various kinds—shells,
corals, sea-urchins, crustaceans, such as crabs and
trilobites, the bones, teeth, and scales of fishes, &ec.,
land plants, and more rarely the bones of terrestrial
animals. For instance, in the bed of sandstone, No. 4
(fig. 1), we might find that there are remains of sea-
shells ; occasionally—but more rarely—similar bodies
might occur in the conglomerate, No. 3; frequently
they might lie between the thin layers of shale in
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No. 2 ; and it is equally common to find large quantities
of shells, corals, sea-urchins, encrinites, and various
other forms of life in such limestones as No. 1, which,
in many cases, are almost wholly composed of entire
or broken shells and other marine organic remains.

Marine and lake sediments form soils on and in
which the creatures live that inhabit the bottom of the
waters, and it is easy to understand how numerous
shells and other organic bodies happen thus to have
been buried in muddy, sandy, or conglomeratic
mechanical sediments, the component grains of which,
large or small, have been borne from the land into
water, there by force of gravitation to arrange them-
selves as strata. By the life and death of shells in
these fossilised sediments, it is also easy to understand
why they are so often more or less calcareous. The
question, however, arises, how it happens that strata
of pure or nearly pure carbonate of lime or limestone
have been formed.

Though the materials of shale (once mud), sand-
stone (once loose sand), and conglomerate (once loose
pebbles), have been carried from the land into the sea,
and there arranged as strata, and though limestones
have, in great part, been also mechanically arranged,
yet it comparatively rarely happens that quantities of
fine unmixed calcareous sediment have been carried in
a tangible form by rivers to the sea, though it has some-
times been directly derived from the waste of sea-cliffs
and mixed with other marine sediments. When, there-
fore, it so happens that we get a mass of limestone
consisting entirely of shells, corals, and other remains,
which are the skeletons of creatures that lived in the
sea, in estuaries, or in lakes, the conclusion is forced
upon us that, be the limestone ever so thick, it has been
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formed entirely by the life and death of animals that
lived in water. In many a formation—for iustance, in
some of the masses great and small of the Carboniferous
Limestone—the eye tells us that they are formed
perhaps entirely of rings of encrinites or stone-lilies, or
of shells and corals, of various kinds, or of all these
mixed together ; and in many other cases where the
limestone is homogeneous, the microscope reveals that
it is made of foraminifera, or of exceedingly small
particles of other organic remains. Even when these
fragments are indistinguishable to the naked eye,
reflection tells us that such marine limestone deposits
must have been built up from the débris of life, for
there is mo reason to believe that vast formations of
limestone, extending over hundreds of square miles,
are now, or ever have been precipitated in the open
ocean by inorganic chemical processes acting on mere
chemical solutions. It sometimes happens,indeed, that
gradual accumulations of such beds of limestone have
attained thousands of feet of vertical thickness in what
belongs to recent times in a geological sense, as for
example in the great coral reefs of the Pacific Ocean,
and, in less known degree, in the calcareous and fora-
miniferous mud of that ocean and of the Atlantic.

But where does the carbonate of lime come from by
which these animals make their skeletons? If we
analyse the waters of springs and rivers, we discover
that many of them consist of water that is more or less
hard—that is to say, not pure, like rain-water, but
containing various salts in a state of chemical solution,
the most important of which is genemlly bicarbonate
of lime; for the rain-water that falls upon the land
percolates the rocks, and, rising again in springs, carries
with it salts of soda, potash, &ec., and, if the rocks be
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calcareous, large percentages of bicarbonate of lime in
solution. The reason of thisis, that all rain in descend-
ing through the air takes up a certain amount of
carbonic acid—one of the constituents, accidental or
otherwise, of the air; and this carbonic acid has the
power of dissolving the carbonate of lime which enters
into the composition of a large proportion of stratified
rocks, which sometimes as pure limestone, form great
tracts of country. In this way it happens that springs
are often charged with lime, in the form of a soluble
bicarbonate, which is carried by rivers into lakes and
estuaries, and, finding its way to the sea, affords
material to shell-fish and other marine animals, through
their nutriment, to make their shellsand bones. Thus
it happens that, by little and little, lime is abstracted
from sea-water to form parts of animals, which, dying
in deep clear water, frequently produce by their skele-
tons and shells immense masses of strata of nearly pure
limestone, which is consolidated into rock almost as
fast as it is formed.

What is going on now has been going on throughout
all known geological time, from that of the deposition
of the Laurentian rocks down to the present day.

Igneous rocks form a much smaller proportion of
the surface rocks of most parts of the world, though in
given areas, such as Iceland and the Faroe Islands, they
largely predominate. To take Britain as an example :
in North Wales, a considerable proportion, perhaps a
twentieth part, of the rocks of Lower Silurian age are
formed of igneous masses. The whole of the rest of
Wales, till we come to Pembrokeshire, contains almost
none whatever. In Cumberland a very large part of
the Lower Silurian rocks are igneous, while a com-
paratively small proportion of igneous rocks is found
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among the Silurian rocks of the mainland of Secotland.
Even the large masses of granite there, occupy but
small areas when compared with the great extent of
ordinary stratified and metamorphic rocks amid which
they lie. It is chiefly in the Inner Hebrides that great
masses of tertiary basalts occur. Igmeous rocks exist
even in much smaller proportions in Derbyshire, North-
umberland, Devon, and Cornwall, excepting the occa-
sional occurrence of large bosses of granite in the two
last-named counties, as for example on Dartmoor, and
at Land’s End. If, however, we examine all the mid-
land, southern, and eastern parts of England, we shall
find hardly any igneous rocks whatever.

I have now briefly to indicate how we are able to dis-
tinguish igneous from aqueous roeks, in countries where
there are neither active nor obvieus craters of extinct
volcanoes, such as those of Auvergne and the Eifel.
To do this in detail would occupy a volume.

In a general way we can distinguish them from
strata formed by aqueous deposition because many of
them are wnstratified, and have other external and
internal structures different from those of aqueous
deposits. To take examples: If we examine the lavas
that flowed from any existing volcano, and have after-
‘wards consolidated, we find that they are frequently
vesicular. This vesicular structure is largely due to
watery vapour, and partly to gases ejected along with
the melted matter, which, expanding in their efforts
to escape from the melted lava, form a number of
vesicles, just as yeast does in bread, or as we see in
some of the slags of iron furnaces, which, indeed, are
simply artificial lavas. This peculiar vesicular structure
is never found in the case of unaltered stratified rocks.
Here, then, experience tells that modern rocks with this
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structure were formed by igneous agency, and this in
ancient cases is not the less certain though the vesicles
havesince been filled by the infiltration and deposition of
mineral matters in solution, such as carbonate of
lime, zeolites and silica. Such igneous rocks are called
amygdaloids, and it has not infrequently happened that
on the surfaces of old masses of rock, the amygdaloidal
kernels, say of carbonate of lime, have been dissolved
out by the influence of rain-water bearing carbonic
acid, and the surface has regained its original vesicular
appearance.

Experience also tells us that some modern lavas are
crystalline-—that is to say, in cooling, their constituents,
according to their chemical affinities, have crystallised
in distinct minerals such as augite, various felspars, &ec.
When we meet with similar, even though not identical
crystalline rocks, such as felspar—porphyries, trachytes,
diorites and dolorites, associated with old strata, we are
therefore entitled to consider them as having had an
igneous origin.

In modern volcanic regions, such as Iceland, and in
tertiary regions dotted with extinct volcanoes of Mio-
cene or later age, where the forms of the craters still
remain, the lavas are often columnar; and when we
meet with columnar and crystalline rock-masses of
Silurian, Carboniferous, or of any other geological age,
we may fairly assume that such rocks are of igneous
origin. Modern lavas have often a vitreous structure
(glassy) such as obsidian, which its ancient analogue
pitchstone closely resembles. Others possess a slaggy
structure, and are sometimes formed of wavy ribboned
layers that indicate a state of viscous flowing, similar
to the contorted ribbon-like structure common in iron
and other slags. Ironm slag in fact is nothing but arti-
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ficial lava, formed of the silica and alumina of the iron
ore and its flux of, lime, melted together and still re-
taining a percentage of iron. Ancient lavas, such as
those of Snowdon, of Lower Silurian age, often still
possess a slaggy and ribboned structure. Further,
igneous rocks are apt to alter any strata through which
they are ejected or over which they flow. Accordingly,
in rocks of all ages, and of various composition, fels-
pathic, doloritic (hornblende and felspar), dioritic

Fia. 4.
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(augite and felspar), and various others, as in fig. 4,
we frequently find veins (2) that have been injected
among the strata, from dykes, as they are termed (1),
rising vertically or mnearly vertically through the beds
from the end of which sometimes an overflow of lava
(3) proceeded, that may or may not be columnar. In
such cases the stratified rocks are apt to be altered for a
few inches or even for several feet at their junction
with the igneous rocks. If shales, they may be hard-
ened or baked into a kind of porcellanic substance; if
sandstones, turned into quartz-rock, something like the
sandstone floor of an iron-furnace that has long been
exposed to intense heat. Ocecasionally the strata have
been actually softened by heat, and a semi-crystalline
structure has been developed.

From these and many other circumstances, a skilled
geologist finds no difficulty in deciding that such and
such rocks are of igneous origin, or have been melted
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by heat. The crystalline structure identical with or
similar to some modern lavas, the occasional columnar
structure, the amorphous earthy look, also common in
certain lavas, the slaggy, ribboned, and vesicular struc-
tures, the penetration of strata by dykes and veins,
and the alteration of the stratified rocks at the lines
of contact, all prove the point.

Modern volcanic ashes are simply fragments, small
and large, of lava ground often to powder in the crater
by the rise and fall of the steam-driven rocky material.
This is finally ejected by the expansive force of steam,
and with the liberated vapour, volcanic dust, lapilli and
blocks of stone, are sometimes shot thousands of feet
into the air mingled with watery vapour, which con-
densing in the higher atmosphere, falls with the ashes
on the sides of the volcanic cone in heavy showers of
rain. By the study of modern volcanic ashes, it is, after
practice, not difficult to distinguish those of ancient
date, even though they have become consolidated into
hard stratified rocks. Their occasional tufaceous char-
acter, the broken crystals, the imbedded slaggy-looking
fragment of rocks and bombs, and sometimes the
occurrence of coarse volcanic conglomerates, every frag-
ment of which consists of broken lava, all help in the
decision. In fact, tracing back, from modern to
ancient volcanoes, step by step through the various
formations, the origin of ancient volcanic rocks is clear ;
and further, it leads to similar conclusions with respect
to the igneous origin of bosses of crystalline rocks, such
as some granites, syenites, and dioritic masses which,
having been melted and cooled deep in the earth, were
not ejected, and never saw the light till they were ex-
posed, by denudation.
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CHAPTER II.

THE DIFFERENT AGES OF STRATIFIED FORMATIONS.
THEIR SUCCESSIVE DEPOSITIONS.

THE next point to be considered is—Are stratified
rocks of ditferent ages? They are, and the diagram,
fig. 1, p. 13, will help to make this clear. There the
bed No. 1 must be the oldest, because it was deposited
in the sea (or other water) before bed No. 2 was
laid above it as layers of mud, and so on to 3 and 4
—taking the strata in order of succession. But that
is not enough to know. We are anxious to under-
stand what is the actual history of the different stages
which such minor beds represent, Now, if we had
never found any fossil remains imbedded in the rocks,
we should lose half the interest of this investigation,
and our discovery, that rocks are of different ages, would
have only a minor value. Turn again to the diagram.
We find at the base, beds of limestone, No. 1, perhaps com-
posed of corals and shells. The organic remains in the
upper part of these beds lie above those in the lower part,
and therefore the latter were dead and buried, before the
once living shells which lie in the upper part inhabited
the area. Above the limestone lie beds of shale, No.
2, succeeded by No. 3, a conglomerate, and then comes
the bed of sandstone, No. 4 ; therefore the shells (if
any) in the bed of shale, No. 2, are of younger date
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than those in the bed of limestone, No. 1; the organic
forms, plants or animals as the case may be, in the
conglomerate, No. 3, were buried among the pebbles at
a later date than the shells in the shale, and the re-
mains of life in the sandstone, No. 4, were latest of
all ; and in each bed, each particular form found there,
lived and died before the sediment began to be
deposited that forms the bed above. All these beds,
therefore, contain relics of ancient life of different
dates, each bed being younger or older than the others,
according as we read the record from above or from
below. It is evident that the same kind of reasoning
is equally applicable to the inclined strata of fig. 2, or
to the contorted beds of fig. 3.

But if we leave a petty quarry or sea cliff, and ex-
amine strata on a larger scale, what do we tind? On
many a coast, where the cliffs consist of stratified rocks,
a lesson may easily be learnt on the method of under-
standing the order, or comparative dates of deposition
of geological formations. The Liassic, Oolitic, and
Cretaceous cliffs of Yorkshire, from the Tees to Flam-
borough Head, form excellent examples; or the coast
of Devonshire and Dorsetshire, from Torquay to Port-
land Bill. I take part of the latter as an example,
from Lyme Regis to the eastern end of the Chesil
Bank.

If we eliminate those accidents called faults, we
there find a succession of formations arranged some-
what in the manner shown in diagram No. 5.

The horizontal line at the base represents the shore
line. On the west (1) represents red marly strata,
known as the New red or Keuper marls. These pass
under thin beds of white fossiliferous limestone (2),
known as the Rhetic beds. These in their turn pass
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or dip under beds of blue limestone and clay, called
Lower Lias (3), which are seen to dip under the Marl-
stone or Middle Lias (4), overlaid by the
Upper Lias (5), on which rests the Inferior
Oolite sand and limestone (6), followed by the
Fuller’s Earth clay (7). Next comes a series
of strata (8), which for present purposes I
have massed together, and which are known
when they are all present as Great Oolite,
Forest Marble, and Cornbrash. These dip
under the Oxford Clay (9), which dips under
a limestone called the Coral Rag (10), and
still going eastward this dips beneath the
Kimeridge Clay (11), which, in its turn,
passes under the Cretaceous Series of this
district, consisting of Gault (12), Upper
Greensand (13), and Chalk (14) which in a
bold escarpment overlooks the plain of
Kimeridge Clay.!

Here, then, we see a marked succession
of strata of different kinds, or having dif-
ferent lithological characters, formed, that
is to say, of marls, clays, sands, and lime-
stones, succeeding and alternating with each
other. They are all sediments originally
deposited in the sea, (if we except the New
Red Marl, which was deposited in a Salt
lake), for the forms of old life found in = ~
them prove this. Some are only forty or
fifty feet thick, some are more than five or
six hundred feet in thickness.

If we leave the coast cliffs and turn to the middle of

! The Portland beds being only occasionally present, are in this
diagram purposely omitted, and this does not affect the general

Fia. 5.
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England—from the borders of South Staffordshire and
Warwickshire to the neighbourhood of London—we
discover that the whole series is made of strata, arranged
in successive stages more or less in the manner which
I have already described, and they consist of similar
materials. Thus, through Warwickshire and South
Staffordshire, we have rocks formed of New Red Sand-
stone. The red sandstone dips to the east, and is over-
laid by New Red Marl; the red marl dips also to the
east, under beds of blue clay, limestone, and brown
marl, forming the various divisions of the Rhatic beds
and Lias; these pass under a great succession of forma-
tions of limestones, clays, and sands, &c., known as the
QOolites; these, in their turn, are overlaid by beds of
sand, clay, and chalk, named the Cretaceous series ;
which again, in their turn, pass under the Tertiary
clays and sands of the London Basin. All these pass
fairly under each other in the order thus enumerated.
Experience has proved this, for though there are occa-
sional interruptions in the completeness of the series,
some of the formations being absent in places, yet the
order of succession 18 never inverted, except where, by
what may be called geological accidents, in some parts
of the world, such as the Alps, great disturbances have
locally produced forcible inversions of some of the strata.
The Oolites, for example, in England, never lie under
the I.ias, nor the Cretaceous rocks under the Oolites.
Observation of the surface in cliffs, railway cuttings,
and quarries, therefore proves this general succession of
formations, and so does experience in sinking deep wells
and mine shafts. If, for example, in parts of the mid-
land counties we sink through the Lower Lias, we pass

question. Some minor formations known further inland are added
to make the series more complete.
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into the New Red Marl ; if we pierce the red marl, we
reach the water-bearing strata of the New Red Sand-
stone. If in certain districts we penetrate the Creta-
ceous strata, we are sure to reach the Upper Oolites,
and under London many deep wells have been sunk
through the Eocene beds, in the certainty of reaching
the chalk and finding water.

It is, therefore, not that the mere surface of the
land is formed of various rocks, but the several forma-
tions that form the land dip or pass under each other
in regular succession, being, in fact, vast beds placed
much in the same way as a set of sheets of variously-
coloured pasteboard, placed flat on each other, and then
slightly tilted up at one end, may slope in one direction,
one edge of each sheet being exposed at the surface.

Vertical sinkings, therefore, in horizontal or slightly
inclined strata, often prove practically what we know
theoretically, viz. the underground continuity in certain
areas of strata one beneath the other. Accurate but
more difficult observation and reasoning has done the
same for more disturbed strata, so that our island and
other countries have been proved to be formed of a series
of beds of rock, some many hundreds and some many
thousands of feet in thickness, arranged in succession,
the lowest stratified formation being of older and the
uppermost of younger age.

Most of these strata are fossiliferous, that is to say
they contain shells, bones, and other velics of the crea~
tures that lived and died in the waters or water-laid
sediments of each special period; or as sometimes
happens, the remains of land plants and terrestrial
animals that have been washed into the sea or into
lakes. What is the more special evidence on this subject
afforded by the rocks? As we proceed, we shall suppose,
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from west to east across the Secondary and Tertiary
strata, and examine the fossils found in successive forma-
tions, we discover that they are not the same in all, and
that most of them contain marine organic remains,
which are in each formation of species and sometimes of
genera more or less distinet from those in the forma-
tions immediately above or below.!

Thus turning again to fig. 5, p. 25, the Red Marly
series No. 1, is rarely fossiliferous, and such fossils as
these beds may contain are chiefly land plants, footprints
of Amphibia, and small bivalve crustaceans. The
Rhetic beds 2, contain sea-shells of a few genera and
species, the latter somewhat distinct from those found
in the Lower Lias No. 3, the fossils of which are again
partly, but not altogether, of different species from those
buried in the Marlstone No. 4, which again partly
differ from the forms in the Upper Lias clay No. 5, and
so on, stage by stage, through the remaining strata of
the Qolitic rocks, up to the Kimeridge Clay No. 11.
Throughout the whole series from the Rhatic beds (2),
upwards to the Kimeridge Clay (11), there is an inti-
mate relation, for in all the Liassic and Qolitic forma-
tions the general facies, that is to say, the grouping of
genera (Ammonites, Belemnites, Terebratule, Phola-
domyas, Oysters, &c.) is the same, and some species
generally pass from each formation into the next above
it; and not only so, but sometimes through several
formations. There is, however, generally enough of
difference in the species found in the different forma-
tions to enable anyone with sufficient knowledge to tell
by fossils alone, if he found enough of them. what
formation he may chance to be examining. When,

! There are also a few freshwater deposits, but the discussion of
these is not essential to the present argument.
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still ascending in the series, we come to the Cretaceous
formations represented by 12, 13, and 14, a wonderful
change takes place. None of the Oolitic species pass
into these formations, and some of the genera, especially
of chambered shells (Cephalopoda) are new. There are
no marine passage beds im England sufficiently
developed clearly to unite the two series. They were,
in fact, separated in their deposition by a long period
of time during which our territory generally formed
land, and which is therefore wunrepresented in the
Bratish area by marked marine stratified deposits of
dates between Oolitic and Cretaceous times.

I have selected the above instances, as affording a
good type of the kind of phenomena that occur again
and again throughout the whole series of our geological
formations. After a minute examination, therefore, of
the stratigraphical structure of our island, the result is,
that geologists are able to recognise and place all the
rocks in serial order, so as to show which were formed
first and which were formed latest ; and the following
is the result of this tabulation, omitting minor details.

It is a necessary part of the plan of this work to
give some account of the range, structure, and fossils
of the formations enumerated in the following table,
and I shall therefore in succeeding chapters give a brief
account of each formation or set of formations, be-
ginning with the oldest, so as in some degree to show
their general relations to eachother, and, as far as I
can, to give a description of the physical geography of
each prominent geological epoch.
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TABLE OF THE BRITISH FORMATIONS,

Recent . . . . Alluvia, peat, and estuarine beds now formmng, &c.

(River and estuarine alluvia, and some peats, with

human remains and works of art; whales,

seals, &c., bones of Mammoth, and other land

mammalia ; flint implements, raised beaches,

Post-tertiary . .4 and bone caves, &c., in part. Latest traces of
British glaciers.

Great glacier moraines, and boulder clays with
marine and freshwater interstratifications.

\ Forest bed of Norfolk, Chillesford beds, and

UPPRR Newer Pliocene . Norwich Crag, with land mammalia, &c.
( " " 7 {Older Pliocene { Red Crag.
* | Coralline Crag.
MIDDLE . . Miocene . . . Bovey Tuwo_v n.ud Mull beds, with igneous rocks.

1

Bembridge beds

Osborne beds

Headon beds .

Bracklesham and |

Bagshot beds Marme

London Clay. Ma.rme

Woolwich and Reading beds and Thanet sand.
Freshwater, estuarine, and marine.

Freshwater river beds, with

marine interstratification.

Hempstead beds
( Upper Eocene ]»

< Middle Eocene .

Tertiary, or Cainzoie,
and Post-tertiary.

LLOWER. s
\ Lower Eocene .

(Chalk . . . .
Upper Greensand

\..___,_“___/,__,..___”._;_.,___a

(CRETACEOUS. { Gault . . . Marine.
Lower Greensand
\ Atherfield Clay . :
WEALDEN { :‘g ::#}1 gglas‘gn 3‘;“1 } Freshwater river beds, estuarine and lagoon beds,
SERIES Purbeck beds . with marine interstratifications.
S (Portland Oohte]. A
= and sand Upper . .
8 Kimeridge Clay )
8 Coral Rag . . . :
= Oxford Clay . . } Middle .,
o QOourTic Cornbrash . . Marine in middle and south of
© SERIES | Forest Marble . England. Between the Inferior
Bath or Great Oolite and Great Oolite, partly
g Qolite . . .}Lower r' freshwater and terrestrial, in
= | Stonesfield Slate Northamptonshire, Lincolnshire,
3 and : Infenor Oolite j and Yorkshire,
w and Sand . .
UprerLla.B Clay . . . . .
Marlstone (Middle Lias) . .
‘J TLower Lias Clay and Limestone
Rheetic beds. Passage beds
Upper. New Red Marl (Keuper). Salt Lake.
L TR1AsSIC . {Lower New Red Sandstone (Bunter). Lake deposits, probably
salt, but ﬁerhapi paftly fresh or brackish.
agnesian limestone
(PERMIAN . 'I Rothhegenrle v }Salt lnkes,
Coal-measures and Millstone grlt. Purtly terrestrial, freshwater,
CARBONIFE- and marine.
- ROUS Carboniferous limestone and shales. Chiefly marine, and in north
s of England, and Scotlund, partly terrestrial and freshwater.
.g 84 Oubp Rep Unpper
& | SANDSTONE, & {Lc]:pe TFreshwater lakes. Devonian marine.
E',_.g DEVONIAN g ﬁ
Upper Silurian . .
SILURIAN . {Iai?\jer Silurian . }M:mne.
and Cambrian. Probably marine and freshwater beds interstratified.

Lmenu Marine.
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CHAPTER IIL.

DENUDATION, SYNCLINAL AND ANTICLINAL CURVES, UNCON-
FORMABLE STRATIFICATION, AND WASTE PRODUCED BY
CHEMICAL ACTION.

I MusT now more precisely explain the meaning of a
few terms which I have already employed, and shall have
occasion to use very frequently.

Denudation, in the geological sense of the word,
means the stripping away of rocks from the surface,
so as to expose other rocks that lay concealed beneath
them.

Running water wears away the ground over which it
passes, and carries away detrital matter, such as pebbles,
sand, and mud ; and if this goes on long enough over
large areas, there is no reason why any amount of
matter should not in time be removed. For instance,
we have a notable case in North America of a consider-
able result from denudation, now being effected by
the river Niagara, where, below the Falls, the river
has cut a deep channel through the rocks, about seven
miles in length. The proofs are perfect that the Falls
originally began at the great escarpment at the lower
end of what is now this gorge; that the river, falling
over this ancient cliff, by degrees wore for itself a
channel backwards, from two hundred to a hundred
and sixty feet deep, through strata that on either side
of the gorge once formed a continuous plateau.
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I merely give this instance to show what I mean by
denudation produced by running water. At one time
the channel did not exist. The river has cut it out,
and in doing so, strata—some of them formerly one
hundred and sixty feet beneath the surface—have been
ewposed by denudation. Possible, but very uncertain
calculations, show that to form this gorge a period at
the least of something like thirty-five thousand years
has been required. This is an important instance, and
it is similar to many other cases constantly before our
eyes, on a smaller scale, which rarely strike the ordi-
nary observer.

Refer to fig. 6, and suppose that we have differ-
ent strata, 1, 2, 3, and 4, lying horizontally one above
the other, together forming a mass several hundreds
of feet in thickness. The running water of a brook

Fi1a. 6.

or river by degrees wore away the rocks more in
one place than another, so that the strata 3, 2, and 1,
were successively cut inlo and exposed at the surface,
and a valley in time is formed. This is the result
of denudation.

Or to take a much larger instance. The strata that
form the outer part of the crust of the Earth have, in
many places, by the contraction of that crust due to
cooling of the mass, been thrown into anticlinal and
synclinal curves. A synclinal curve means that the
curved strata are bent downwards as in 1, Fig. 7, an
anticlinal curve that they bend upwards as in 2.
The whole were origivally deposited horizontally, eon-
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solidated into rock, and afterwards bent and contorted.
The strata marked x may perfectly correspond in all
respects in their structure and fossils, and in hundreds

1. Synclinal curves. 2. Anticlinal curve,

of similar cases it is certain that they were once joined
as horizontal strata, and afterwards thrown into anti-
clinal and synclinal curves. The strata indicated by
dotted lines (and all above) have been removed by
denudation, and the present surface is the result.
Chemical action is another agent that promotes waste
or denudation. Thus rain water, always charged with
carbonic acid, falling on limestone rocks such as the
Carboniferous Limestone, or the Chalk, not only wears
away part of these rocks by mechanical action, but
also dissolves the carbonate of lime and carries it off in
solution as a bicarbonate. This fact isoften proved by
numbers of unworn flints sometimes several feet in
thickness scattered on the surface of the table-land
of chalk in Wilts and Dorsetshire. The flints now
lying loose on the surface once formed interrupted beds
often separated by many feet of chalk. The chalk has
been dissolved and carried away in solution chiefly by
moving water, and the insoluble flints remain.
Degradation of the rocks of many regions is also
powerfully affected by occasional landslips. The waste
thus produced is seen on a large scale in many of the
Yorkshire valleys, where Carboniferous sandstones and
shales are interstratified, and vast shattered ruins of
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sandstones cumber the sides of the hills and the bottoms
of the valleys in wild confusion (fig. 66, p. 329). In
Switzerland the relics of old landslips are often seen on
a magnificent scale ; and some of these, such as those of
the Rossberg, and St. Nicholas in the valley of Zermatt,
have taken place in the memory of living men.

The constant atmospheric disintegration of cliffs,
and the beating of the waves on the shore, often aided
by landslips, is another mode by which watery action
denudes and cuts back rocks. This has been already
mentioned. Caverns, bays, and other indentations of
the coast, needle-shaped rocks standing out in the sea
from the main mass of a cliff, are all caused or aided
by the long-continued wasting power of the sea, which
first helps to destroy the land and then spreads the
ruins in new strata over its bottom.

It requires a long process of geological education to
enable anyone thoroughly to realise the conception of
the vast amount of old denudations; but when we con-
sider that, over and over again, strata thousands of
square miles in extent, and thousands of feet in thick-
ness, have been formed by the waste of older rocks,
equal in extent and bulk to the strata formed by their
waste, we begin to get an idea of the greatness of this
power. The mind is then more likely to realise the
vast amount of matter that has been swept away from
the surface of any country, in times comparatively
quite recent, before it has assumed its present form.
Without much forestalling the subject of a subsequent
chapter, I may now state that a notable example on a
grand scale may be seen in the coal-fields of South
Wales, of Bristol, and of the Forest of Dean. These
three coal-fields were once united, but those of South
Wales and Dean Forest are now about twenty-five miles
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apart, while the Bristol and Somersetshire coal-field is
separated from both by the estuary of the Severn.
These separations have been brought about by the
agency of long-continued denudations, which have
swept away thousands of feet of strata bent into
anticlinal and synclinal curves in the manner shown
at x infig. 7, p. 33, and fig. 115, p. 601. The coal-field
of the Forest of Dean has thus become an outlier of the
great South Wales coal-field ; and the Bristol or Somerset-
shire coal-field forms another outlier of a great area, of
which even the South Wales coal-field is a mere frag-
ment. Such denudations have been common over large
areas in Wales and the adjacent counties, and in many
another county besides.

Observation and argument alike tell us that we need
have no hesitation in applying this reasoning to all
hilly regions, whether formed of stratified rocks alone
or intercalated with igneous rocks, and thus we eome
to the conclusion that the greater portion of the rocky
masses of our island have been arranged and re-arranged
under slow processes of the denudation of old, and the
reconstruction of newer strata, extending cver periods
that seem to our finite minds almost to stretch into
infinity.

Unconformable stratification, when its significance
has been realised by the student, cannot fail at once to
impress on the mind a sense of the degradation of
strata in some old epoch similar to that which is now
going on, and I know of few objects that speak more
eloquently of geological time.

In the following diagram No. 1 represents anold land
surface, in which perhaps beds of sandstone and slate
or shale have been upheaved at a high angle. Let us
then suppose that, by the wasting power of weather and
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the sea, the strata No. 2 have been won from that old
land and deposited on the upturned and denuded edges
of the strata No. 1. This constitutes a case of uncon-
formable stratification, and this alone marks the lapse

Fia. 8.
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1. Old disturbed strata.
2. Later beds lying unconformably upon them.

of immense periods of geological time, first by the
deposition, consolidation, and upheaval of the strata
No. 1, and secondly in the deposition of the strata
No. 2, which were made from the waste of No. 1.

There are many cases of this kind of unconformity
extending through all geological time from the
Laurentian epochs onwards. If, in addition to this, we
consider the meaning of the progressive changes of
genera and species of animals and plants, as we proceed
from the older to the newer formations (as expressed
in Chapter II.), it soon becomes obvious, that as yet
we have no means of even attempting to form any
clear idea of the time that has elapsed since life first
appeared on the surface of the world, whether we adopt
the original view of a distinet creative act for each
individual species, or prefer the later one of evolution
and progressive development.

To explain in some detail the anatomical structure
or existing Physical Geography of our island, as de-
pendent on the nature of its strata and the alterations
and denudations they have undergone is the main
object of this book. In making this attempt I shall
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first describe in some detail and in chronological order
all the rocky formations that constitute Great Britain,
with reference, where it can be done, to the Physical
Geology and Geography of each large special epoch,
for only in this way may we hope to get an idea of how
our island at length got into that phase of its history
in which we happen to live. If the reader has been
able to follow me in what I have already written, I
think he will understand what I shall have to say in
the remaining chapters.
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CHAPTER 1IV.

IGNEOUS ROCKS, METAMORPHISM, SHRINKAGE AND DIS-
TURBANCE OF THE EARTH’S CRUST.

I HAVE already explained that all rocks are divided into
two great classes, those of aqueous and those of igneous
origin; and I have shown how aqueous rocks may generally
be known by their stratification and by the circumstance
that a great many of them contain relics of marine and
freshwater life, in the shape of fossil shells, fish-bones,
and other kinds of organic remains., The materials
also of which these beds are composed generally show
signs of having been in water, being rounded by the
action of the waves of the sea, or by the running waters
of rivers.

The other kinds of rocks, termed igneous, occasion-
ally are associated in different localities with the form-
ations named in the foregoing table. For instance,
there are no volcanic rocks in Wales associated with
the Carboniferous and Old Red Sandstone strata, while
there are in Scotland, and true contemporaneous vol-
canic rocks are intercalated with the Lower Silurian
rocks of Wales and Cumberland, while there are none
associated with the equivalent strata in Scotland.
Some of these contemporaneous igneous rocks consist of
beds of volcanic ashes, others of old lavas, others of
masses of matter which were intruded among the strata
from below. Rocks that have been melted are known
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to be igneous by their crystalline, slaggy, scoriaceous,
vesicular, or columnar structures, and also by the effects
they have produced on the strata F1a. 9,

with which they are associated. s ;aﬂlﬂ.@iﬂ,jﬁ‘jw .
Shales, Saandstones, &c.’ are Gften : ‘?‘:- s -5_-‘ ) E= f

hardened, bleached, and even
vitrified at the points of junc-
tion with greenstone, basaltic, 1. pyke with veins.

and felspathic dykes, or old lava ; iﬁ‘;‘i&ggﬁ&:g}gﬁm-
beds (fig. 9), and the same kind 4 ynaltered sé.nds]tone :1(::]11&
of alteration takes place on a shale.

greater scale when large masses of igneous rocks have
been intruded among the strata.

Then by comparing volcanic rocks of old date with
those of modern origin, we are able to decide with
perfect truth, that rocks which were melted long before
the human race appeared upon the world are yet of
truly igneous origin.

Changes of a more general character are especially
marked in cases where granite, syenite, felspar and
other porphyries and their allies, are associated with
stratified deposits. Their igneous affinities are known
by their crystalline structure, their modes of occurrence,
and the effects they produce on the strata. Granite is
composed of crystals of quartz, felspar, and mica; and
syenite, according to old nomenclatures, of quartz,
telspar, and hornblende. They often send veins or dykes
into stratified rocks with which they are in contact,
as in figs. 10 and 11, and frequently all along the
line of junction, and often at great distances from it,
alterations of the strata of an extreme character (meta-
morphism) are common. One marked distinction be-
tween granitic and volcanic and ordinary trap rocks is,
that though injected veins of graniteare common, granitic
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rocks never rose to the surface in a melted state, and
overflowed like lava streams. This and their frequently

Fi1a. 10.
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A, vein of granite; B, gneissic contorted mica-schist. The ramify-
ing white spaces are white quartz. Milldam Goatfell, Brodick,

largely crystalline structure, together with peculiarities
of crystallisation showing the presence of moisture, and

Fia. 11.

1. Granitic mass with injected veins among gneissic rocks.
2. Gneiss, metamorphosed strata.

also the transformations effected on the adjoining strata,
prove the granitic rocks to have cooled and consolidated
deep beneath the surface.

A third division, or sub-class, is known as meta-
morphic rocks. All strata as they assume a solid form
become to a certain extent altered; for originally they
were loose sediments of mud, sand, gravel, carbonate of
lime, or mixtures of these. When these were accumulated,
bed upon bed, till thousands of feet were piled one upon
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the other, then, by intense and long-continued pressure,
heat, and chemical changes that took place in conse-
quence of infiltrations among the strata themselves, by
degrees they became changed into hard masses, consisting
of shale, sandstone, conglomerate, or limestone, as the
case may be. But these have not always remained in
the condition in which they were originally consoli-
dated, for it has often happened that disturbances of a
powerful kind took place, and strata originally flat have
been bent into every possible curve.

For long it was the fashion to attribute most of the
disturbances that the outer part of the earth has under-
gone to the intrusion of igneous rocks. The inclined
positions of beds, the contortions of stratified formations
in mountain chains, and even the existence of impor-
tant faults—in fact, disturbance of strata generally—
were apt to be referred to direct igneous action opera-
ting from below. Granite and its allies, from the time
of Hutton, were always, without exception, included in
the ordinary list of igneous rocks, and some writers of
deserved reputation still do so. In connection with
this subject, gneiss, and other kinds of metamorphic
rocks were,and by some are still, supposed to be exclu-
sively the effect of the direct intrusion of granite among
previously unaltered strata.

As a general rule highly metamorphosed rocks
occur in regions where the strata have been greatly
disturbed. Such rocks, when the metamorphism is
extreme, consist of gneiss, which may be micaceous,
hornblendic, or chloritic ; and of mica-schist, chlorite-
slate, talc-slate, hornblende-rock, crystalline limestone,
quartz-rock, and a number of others, which it is not
necessary for my present purpose toname. In Scotland,
Ireland, Norway, Canada, &c., limestones, calcareous
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sandstones, and sandstones, as they approach granites,
lose their (sometimes fossiliferous) characters,and become
changed into crystalline limestones, serpentine, &ec., and
quartz rock. In other cases gradual changes of a differ-
ent kind are observed in slaty and schistose rocks as they
approach granites. Clay-slates are simply clays con-
solidated by pressure, often affected by cleavage, and
sometimes chemically altered. Approaching granites
ordinary slates often assume a foliated structure by the
development of distinct mineral layers of quartz, felspar,
and mica. Thisis gneiss. Analyse some kinds of mica-
slate, gneiss, and common sandy clay, and their average
composition will not differ more than three clays, three
pieces of gneiss, and three bits of granite often do from
each other.

GQranite s sometimes merely gneiss still further
metamorphosed by heat in the presence of moisture ;
and, though this is not the popular notion, I have long
held it, and some other geologists share this opinion.
When slate is changed to gneiss, there is no develop-
ment of materials which were previously absent, but
simply a re-arrangement, of its constituents, according
to their chemical affinities, in rudely crystalline layers,
which seem in gueiss to have found facilities for their
development in pre-existing planes, whether of bedding
or of cleavage; or, in other words, if the rocks be
uncleaved when metamorphism occurs, the foliated
planes show a tendency to coincide with those of bed-
ding ; but if intense cleavage has preceded, the foliation
will generally tend to follow the planes of cleavage.
Furthermore, in gneissic rocks, garnets, schorl, stauro-
lite and staurotide, hornblende, and other minerals are
frequent in some localities, especially near and in con-
tact with granite. All the chief materials of these are
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such as occur in the unaltered rock, and the chemical
action (brought into activity by heat and moisture)
which induced their development, may perhaps in some
cases have been assisted by sublimations proceeding
from melted matter below. The intensity in many
countries of these metamorphisms, extending over many
thousands of square miles (as in Scotland, Norway and
Sweden, and Canada ), and through rocks thousands of feet
in thickness, proves that it was the result of a long-con-
tinued process, taking place probably in all cases at
considerable depths. The whole has then been up-
heaved and disturbed, often many times, and after de-
nudation the gneissic and the more thoroughly meta-
morphosed and sometimes intrusive granitic rocks were
at length exposed at the surface.

Some of the metamorphic rocks, which I have to
explain, have been highly disturbed, and in the north
occupy about one-half of Scotland. Most of this area
includes, and lies north-west of, the Grampian moun-
tains; and I must endeavour to explain by what
processes metamorphism of rocks has taken place, not
in detail, but simply in such a manner as to give a general
idea of the subject.

I have already said that typical gneiss consists of
irregular lamine of mica, quartz, and felspar, and it
frequently- happens that they are bent, or rather
minutely folded, in a great number of convolutions, so
small, that in a few yards of gneiss they may sometimes
be counted by the hundred. All these metamorphic
rocks and granite, were by the old geologists called
Primary or Primitive strata, and were considered to
have been formed in the earliest stages of the world’s
history, because in those countries that were first
geologically described, they were supposed to lie always
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at the base of all the ordinary strata. From the pecu-
liarity of the minute contortionsin the gneissic rocks, a
theory now known to be erroneous was developed, which
was this:

It is frequently found that granite and granitic rocks
are intimately associated with gneiss. Thus we often
find masses and veins of granite, with gneiss upon their
flanks bent in a number of small wavy folds or contor-
tions. Granite is a crystalline rock, composed of fel-
spar, quartz, and mica, and the old theory (so far true)
was that the world at one time was in a state of perfect
igneous fusion ; but by and by, when it began to cool,
the materials arranged themselves as distinct minerals,
according to their different chemical affinities, and
consolidated as granite. The great globe was thus
composed entirely of granite at the surface ; and by and
by, as cooling still progressed, and water, by condensation,
attempted to settle on the surface which still remained
intensely heated, the water could not lie upon it, for
it was constantly being evaporated into the atmosphere ;
but when the cooling became more decided, and con-
solidation had fairly been established, then water was
able to settle on the surface of the heated granite. But
as yet it could not settle quietly like the present sea :
for by reason of strong radiating heat, all the sea was
supposed to be kept in a boiling state, playing upon the
granite hills that rose above its surface. The detritus
thus worn from the granite by the waves of this primi-
tive sea was spread over its bottom; and because the
sea was boiling, the sediment did not settle down in the
form of regular layers, but became twisted and contorted
in the manner common in gneiss. All gneiss, therefore,
was conceived to be the original primitive stratified
rock of the world.
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Subsequent research has shown that this theory will
not hold ; for this, among other reasons, that we now
know gneissic rocks of almost all ages in the geological
scale. Thus in Scotland the gneissic rocks are of
Laurentian and Silurian age; in Devon and Cornwall
we have gneiss both of so-called Devonian and Carboni-
ferous ages. In the Andes there are gneissic rocks of
the age of the Chalk, and in the Alps of the New Red,
Liassic, Oolitic, and Cretaceous series ; and in 1862 I
saw in the Alps an imperfect gneiss of Eocene date
pierced by granite veins, these strata being of the age
of some of the soft and often almost horizontal strata of
the London and Hampshire basins. It is therefore now
perfectly well known to geologists that the term Pri-
mitive, as applied to gneiss, is no longer tenable ;
and the old theory has been abandoned.

I have stated that regions occupied by meta-
morphic rocks are apt to be much contorted. There
seems, in fact, to be an intimate connection between
excessive disturbance of strata and metamorphism.
But by what means were masses of strata many thou-
sands of feet thick bent and contorted, and often raised
high into the air, so as to produce existing scenic
results by affording matter for air and water to work
upon ? Not by igneous pressure from below raising the
rocks, for that would stretch imstead of crumpling
strata, in the manner in which we find them in the Alps,
Norway and the Highlands, or in less degree in Wales
and Cumberland ; but rather because of the radiation
from the earth of heat into space, gradually producing a
shrinkage of the earth’s crust, which, here and there
giving way, became crumpled along lines more or less
irregular, producing partial upheavals, even though the
absolute bulk of the globe was diminishing by cooling
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(figs. 3, 12, and 57). This, according to the theory long
ago proposed by Elie de Beaumont, and adopted by
De la Beche in his ¢ Researches in Theoretical Geology,’
is the origin of mountain chains. After water took its
place on the earth, by such processes land was again and
again raised within the influence of atmospheric disin-
tegration, and rain, rivers, and the sea, acting on it,
were enabled to distribute the materials of sedimentary
strata. Such disturbances of strata have been going
on through all known geological time, and I firmly
believe are still in progress.

Such shrinkage and crumpling, where it has been
most intense and on the greatest scale, is often (where
I know it) accompanied by the appearance of gneissic
or other metamorphic rocks, and often of granite or its
allies.

The oldest rock in the British Islands is gneiss,
but that originally was doubtless a common stratified
formation of some kind or other. In fact, as far as the
history told by the rocks themselves informs us, we
cannot get at their beginning, for all strata have been
made from the waste of rocks that existed before ; and
therefore the oldest stratified rocks, whether metamor-
phosed or not, have a derivative origin.

I must now briefly endeavour to give an idea of the
theory of metamorphism. The simplest kind is of that
nature mentioned in Chapter I. namely, when melted
matter has been forced through or overflows a stratified
rock, and remaining for a time in a melted state, an
alteration of the stratified rock in immediate contact
with it takes place. Thus sandstone may, by that
process, become converted iuto quartz-rock, which is
no longer hewable, like ordinary sandstone, but breaks
with a hard and splintery fracture. Here then rocks
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have been changed in character for a short distance
from the agent that has been employed in effecting
that minor kind of metamorphism (figs. 4 and 9).

On a much larger scale, the phenomena we meet
with in a truly metamorphic region are as follows. In
the midst of a tract of mica-schist, gneiss, or other
altered rocks, a boss of granite (or one of its allies)
rises, like tbose for instance of Dartmoor and Cornwall
or of the north end of the Island of Arran. At a dis-
tance from the granite the beds may consist, perhaps,
of unaltered shale, or of slate, sandstene, and limestone.
As we approach the granite, the limestones become
crystalline, and often lose all traces of their fossils;
the sandstones harden and pass into quartz-rocks, and
the shales or slates, or sandy beds and shales, lose their
ordinary bedded texture, and pass by degrees into mica-
schist, or perbaps gmeiss, in which we find rudely
alternating laminee of quartz, felspar, and mica, often
arranged in gnarled or wavy lines (foliation, figs. 10 and
11). As we approach the granite still more closely, we
find possibly that, in addition to the layers of mica,
quartz, and felspar, distinct crystals, such as garnets,
staurolites, schorl, &c., are developed near the points
of contact, both in the gneissic rock and in the granite
itself.

It is not necessary for my argument that I should
describe these minerals. It is sufficient at present to
state the fact that such minerals are developed under
these circumstances, and this is due to the influence of
metamorphism.

Furthermore in some cases, as in the Laurentian
rocks of Canada, great thicknesses of inierstratified
gneiss are so crystalline that, when a hand specimen
or even a small part of the country is examined, they
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might seem to be truly granitic; but when the detailed
geology of the country has been worked out, they are
found to follow all the great anticlinal and synclinal
folds of metamorphosed strata that have also in a minor
way been intensely contorted. The same is the case
in parts of the Alps.

I have already stated that if we chemically analyse
a series of specimens of clays, shales, and slates, often
more or less sandy, together with various gneissic rocks
and granites, it is remarkable how closely the quantities
of their ultimate constituents, in many cases, approach
to each other. They are never identical, while yet the
resemblance is close, as close indeed as it may be in
two specimens of the same kind of sandy shale or slate.
In all of them silica would form by far the largest
proportion, say from 60 to 70 per cent.; alumina would
come next, and then other substances, such as lime,
soda, potash, iron, &ec., would be found in smaller
varying proportions; and what I now wish to express
is, that the distinct minerals developed in the gneiss,
such as felspar, mica, garnets, &c., were not mew sub-
stamces introduced into the rock, by contact with
granite, or by any other process, but were all developed
wnder the influence of metamorphism from materials
that previously existed in the strata before their meta-
morphism began, aided by hydrothermal action due
to the presence of heated alkaline waters deep beneath
the surface of the earth. Through some process, in
which heat played a large part, the rock having heen
softened, and water—present in most rocks underground
—having been diffused throughout the mass and heated,
ehemical action was set up, and the substances that
composed the shale or slate, often mingled with silicious
sandy material, were enabled more or less to re-arrange
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themselves according to their chemical affinities, and
distinct mineral materials were developed in layers from
elements that were in the original rock.

I have stated that to produce this kind of meta-
morphism, heat aided by water is necessary, so as to allow
of internal movements in the rocks by the softening
of their materials, without which I do not see how
complete re-arrangement of matter accompanied by
crystallisation could take place; and though it has
always been easy to form theories on the subject, yet
so little is known with precision about the interior of
the earth beyond a few thousand feet in depth, that
how to obtain the required heat is a difficulty.

From astronomical considerations it is believed by
many persons that the earth has been condensed from a
nebulous fluid, and passing into an intensely heated
melted condition, by radiation into space at length
cooled so far, that consolidation commenced at the
surface, and by degrees that surface has gradually been
thickening and overlies a melted nucleus within.

As the earth cooled and consequently gradually
shrunk in size, the hardened crust, in its efforts to
accommodate itself to the diminishing bulk of the
cooling mass within, became in places crumpled again
and again. Hence the upheaval of mountain chains and
disturbances of different dates, which have affected
strata of almost all geological ages.!

Reasoning on these disturbances, we know that strata
which were originally deposited horizontally have often

! This theory is not universally received, and has been variously
developed by different authors, but it would be quite beyond my
present purpose to discuss the subject in detail, and, as far as I know,
the hypothesis proposed by Elie de Beaumont seems best to explain
the phenomena exhibited by the outside of the earth.
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descended thousands of feet towards the centre of the
earth, by gradual sinking of the sea-bottom, and the
simultaneous piling up of newer strata upon them. The
layer that is formed to-day beneath the water forms the
actual sea-bottom ; but neither the land nor the sea-
bottom are steady. The land is in places slowly de-
scending beneath the sea, and sea-bottoms are them-
selves descending also. It has frequently happened,
therefore, that for a long period a steady descent over
a given area has taken place, and simultaneously with
this many thousands of feet of strata have by degrees
accumulated bed upon bed, as for example in the Pacific
Ocean in the region of modern atollsand barrier coral
reefs.

As we descend into the earth the temperature rises,
whence, in the main, the theory of central heat has been
derived. In our latitude heat increases about 1° for
every sixty feet, and the temperature therefore, at so
great a depth as 30,000 feet, to which it could be
shown some strata have sunk, may at present be about
500°. Furthermore, strata that were deposited hori-
zontally have been frequently disturbed and thrown
into rapid contortions, ¢r into great sweeping curves ;
and by this means especially, strata which once were at
the surface have often been thrown twenty, thirty, or
forty thousand feet downwards, and therefore more
within the influence of internal heat, as, for instance,
in the bed marked * fig. 12, which may be supposed to
represent a large tract of country. I do not wish it to
be understood that the globe is entirely filled with
melted matter—that is a question still in doubt; hut
were this book specially devoted to general questions of
theoretical geology, I think I could prove, that the heat
in the interior of the globe in places sometimes appar-
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ently capriciously eats its way towards the surface by
the hydrothermal fusion or alteration of parts of the
earth’s crust, in a manner not immediately connected
with the more superficial phenomena of volcanic action

Fia, 12.

—and for this, among other reasons, it may happen
that strata which are contorted, have in places been
brought within the direct and powerful influence of
great internal heat. Under some such circumstances,
we can easily understand how stratified rocks may have
been so highly heated that they were actually softened ;
and most rocks being moist (because water that falls
upon the surface often percolates to unknown depths),
chemical actions were set going, resulting in a re-
arrangement, of the substances which composed the
sedimentary rock. Thus certain strata, essentially
composed of silica and silicates of alumina, and alkalies
such as soda and potash, may have become changed into
erystalline gneiss.

This theory of re-arrangement leads me to another
question—connected with, but not quite essential to
my argument, as far as relates to physical geography
—viz., What is the origin of granite, which in most
manuals is only classed as an igneous rock? For my
part, with some other geologists, I believe that in one
sense it is an igneous rock—that is to say, much of it
has often been completely fused. But in another sense
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it is often a metamorphic rock, because it is some-
times impossible to draw any definite line between
gneiss and granite, for they pass into each other by in-
sensible gradations. About half-way up the Matter-
horn in the Alps, among the largely-contorted beds, a
thick stratum occurs, one end of which is true gneiss,
on the western side of the mountain, which striking
towards the eastern cliff, gradually gets more and more
crystalline till at length it passes into true granite. On
the largest scale, both in Canada and in the Alps, I have
frequently seen varieties of gneissic rocks regularly inter-
bedded with less altered strata, the gneiss being so crys-
talline, that in a hand specimen it is impossible to
distinguish it from some granitic rocks, and even on a
large scale the uneducated eye will constantly mistake
them for granites. Another very important circumstance
is that gramite and its allies frequently occupy the
spaces that ought to be filled with gneiss or other rocks,
were it not that they have been entirely fused and
changed into granite. I therefore believe that many of
the granite rocks I have seen, are simply the result of the
extreme of metamorphism brought about by great heat
with presence of water.

One reason why it has been inferred that granite is
not a common igneous rock is that, enveloping the
crystals of felspar and mica, there is generally a quan-
tity of free silica, not always crystallised in definite
forms like the two other materials. Silica being far
less easily fusible than felspar, it seems clear that had
all the substances that form granite been merely fused
like common lavas, the silica ought on partial cooling
to have crystallised first, whereas the felspar and mica
have crystallised first, and the silica mot used in the
Sformation of these mimerals wraps them round often in
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an amorphous form. Therefore it is said that it was
probably held in partial solution in hot water, even after
crystallisation by segregation of the other minerals had
begun. This theory, now held by several distinguished
physical and chemical geologists, seems to me to be
sound, especially as it agrees exceedingly well with the
metamorphic theory as applied to gneiss—granite being
sometimes simply the result of the extreme of meta-
morphism. In other words, when the metamorphism
has been so great that all traces of the semi-crystalline
laminated structure has disappeared, a more perfect
crystallisation has taken place, and the result is a
granitic mass without any minor laminationinit. Even
then, however, certain planes often remain, strongly
suggestive of original stratification, and even of planes
of oblique stratification or false-bedding.

These general results are not founded on mere conjec-
tures. In amemoir by Mr. H. C. Sorby, ¢On the Micro-
scopical Structure of Crystals, indicating the Origin of
Minerals and Rocks,” among other important points, he
describesnumerous smallcavities in the quartz of granites,
which are partly filled with water ¢ holding in solution
the chlorides of potassium and sodium, the sulphates
of potash, soda, and lime, sometimes one and sometimes
the other salt predominating.’ These ¢fluid cavities’
sometimes make up about five per cent. of the volume
of the quartz, and he concludes that ¢the fluid was not
an accidental ingredient due to the percolation of water
to a fused mass naturally containing none, but a genwine
constituent of the rock when melted.” Reasoning on the
underground temperatures necessary to expand the
liquid so as to fill the cavities, by an elaborate process
of argument he arrives at the approximate result, that
‘the pressures under which granites were most probably
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formed’ indicate depths from the surface varying from
15,100 to 65,500 feet. From certain passages it is
evident that Mr. Sorby considers that gneiss and granite
were formed approximately under similar circumstances.
I quote this thoroughly philosophical memoir, that the
reader may be less startled with the statement, that
gneiss and some granites were formed by the metamor-
phosis of strata at depths counted by many thousands of
feet, and also to give strength to the assertion, that
under such circumstances water was present.!

If the above views be correct, though many granites
having been completely fused have been injected among
strata, and are thus to be classed as intrusive rocks, yet
in the main, so far from the intrusion of granite having
produced many mountains by mere upheaval, both
gneiss and granite would rather seem to be often the
results of the forces that formed certain mountain
chains. Possibly this result was connected with the
contraction of the earth’s crust and the heat produced
by the intense lateral pressure that, with much move-
ment of parts, produced the contortion of vast masses
of strata, parts of which, now exposed by denudation,
were then deep underground, and already acted on by
the internal heat of the earth in a degree proportionate
to their depth.?

I See ‘Journal of the Geological Society,’ vol. xiv., 1858. Sorby.

* See Report, Brit. Assoc. 1866, p. 47 : ¢ Address to the Geological
Section,” Ramsay. Also an elaborate memoir by Mr. Robert Mallet,
¢ On Volcanic Energy, &c.,” Trans. Royal Soc., vol. clxiii. p. 147.
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CHAPTER V.

LAURENTIAN, CAMBRIAN, AND LOWER SILURIAN
ROCKS.

THE LAURENTIAN ROCKS are the oldest formations at
present known in the world. They are mebamorphi’c.:
and mostly gneissic in character, and were for long
classed as granitic and igneous rocks till their true
nature was shown by the late Sir William Logan.
They occupy vast tracts of country in Labrador and
Canada, and are well seen on the north of the river
Ottawa. They consist of two divisions, Lower and
Upper Lawrentian, the upper, according to Logan,
lying quite unconformably on the lower strata. The
gneiss of the lower division is chiefly orthoclase gneiss
of great thickness, and it is interstratified with several
thick bands of crystalline limestone, sometimes ser-
pentinous, in one of which a remarkable foraminifer
called Eozoon Canadense was found. This is the
oldest known fossil. The upper Laurentian rocks,
which also contain beds of limestone, are to a great
extent formed of Labrador felspar, and in these no
fossils are known.

In the Outer Hebrides and on the west coast of the
Highlands between Cape Wrath and Tiree, Laurentian
rocks occur of highly metamorphic gneiss, interpene-
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trated by numerous veins of granite. These strata
much more closely resemble the Lower than the Upper
Laurentian rocks of Canada, and though, at so great a
distance from America, it is impossible to prove that they
are equivalent formations, the presumption that they are
of Laurentian age is very strong, and not the less so that
strata, having all the characters of Cambrian rocks, lie
quite unconformably upon them, fig. 54, p. 285. The
district was first described by Sir Roderick Murchison.
I can answer for the accuracy of his descriptions, having
inspected the ground with him, and personally mapped
a portion of the country at and about Durness. I know
of no other part of the British Islands in which Lau-
rentian strata certainly occur.! No fossils have yet
been observed in these British rocks.

The CamBrIAN and SILURIAN ROCKS of the British
series come mnext in succession. If these strata were
to be classified for the first time in England, with my
present knowledge, I would divide them into three, as
the most convenient method. The first series would
include the purple and green grits and slates of the
Longmynd and Wales, and range upward as high as
the top of the Tremadoc slates; the second would range
from the base of the Arenig slates to the top of the
Bala or Caradoc beds, and the third from the base of
the Upper Llandovery beds to the top of the Ludlow
rocks. In Wales and its neighbourhood, where the
most typical series is found, each of these great bound-
ary lines is marked by unconformity, and analogous

unconformities are more or less found elsewhere in the
British Islands.

! After their discovery by Murchison, the Laurentian rocks and
other details in the Highlands were mapped by Professor Geikie,
F.R.S. See his Geological Map of Scotland, 1876.
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It is probable, however, that only a few persons
would as yet agree with me in this classification, and
indeed, since the first publication, by Mr. Murchison, of
¢ The Silurian System, dedicated to Professor Sedgwick
in 1839, there has been, after a temporary lull, but
little unanimity among British geologists on a subject
about which European and American geologists care
but little, and which is to a great extent a matter of
local opinion.

In 1841 and 1842 Sir Henry de la Beche and those
who worked with him, adopted the term Cambrian
for all the purple grits and slates of St. David’s and the
Longmynd, then supposed to be unfossiliferous ; while
the name Silurian, nearly in the same sense as used by
Murchison, was employed for all the strata between the
uppermost beds of these rocks and the top of the Ludlow
series. When the Government Geological Survey
reached North Wales this classification continued for
a time unchallenged. Professor Sedgwick had pre-
viously called the equivalents of part of these strata in
the north of England the CuMBRIAN series, and at that
time he called the blue and grey slaty series of Wales
the CAMBRIAN series, on the assumption, then unques-
tioned, that they were all older than the recognised
Llandeilo flags of Murchison. But in the progress of
investigation by Sedgwick and many others, it ap-
peared that his original Cambrian, and Murchison’s
original Lower Silurian strata, were in great part
equivalent, and the great Professor of Cambridge
naturally reclaimed all that part of his kingdom, the
boundaries of which had, for all Wales, not been clearly
defined when he first tried to subdue it. He therefore,
maintained, that the true Cambrian series included all
the strata from the base of the purple slates and grits
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to the top of the Bala beds or Caradoc sandstone of
Murchison.

By way of healing differences and striking a just
middle boundary, Professor Phillips and Sir Charles
Lyell proposed that the term Cambrian should be used
as including all the strata from the known base of the
Longmynd, St. David’s, and North Wales purple grits
and slates, through the Lingula flags up to the top of
the Tremadoc slates, a proposition which satisfied
neither of the claimants.

This is not a book in which to enter into the details
of a controversy which has comparatively little interest
beyond the confines of the British Islands, and will by-
and-by be forgotten along with other minor debates, that
in their day were of equal or more importance; but I
have thought it worth while to sketch out the questions
involved, that in the conflict of lecturers and writers of
memoirs and manuals, ordinary readers may know
something of the origin of the varieties of opinion im-
plied in the different nomenclatures. In the meanwhile
I shall use the old-fashioned nomenclature adopted by
the Geological Survey, as most convenient for me, see-
ing that if any one in reading this book should find it
needful to look at the maps and sections of that Survey,
and at most other maps as well, he will find the word
Cambrian restricted to those strata, that at St. David’s,
and in Merionethshire lie below the base of the Mene-—
vian beds. In this sense, then :—

Tue CaMBRIAN RoCKS of Wales consist of the purple
grits and slates, that form the greater part of the group
of hills that lie east of Cardigan Bay between the
estuaries of the Mawddach and most of the country
S.S8.W. of Ffestiniog. In that region their strati-
graphical relation to the overlying Lower Silurian
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rocks will be seen by referring to fig. 62, p. 322, They
form there the lowest central strata of a broad anti-
clinal curve. They are also well seen in the Passes of
Llanberis and Nant Ffrancon in Carnarvonshire, where
the celebrated slate quarries of Penrhyn and Llanberis
lie in these strata. The slates are purple, purplish-
blue, and green; and associated with them are beds
of greenish and grey grits and conglomerates. It is
important to observe that at Llanberis the latter contain
numerous water-worn pekbles of felspathic traps, jasper,
greenstone, black and purple slate, &c., so that these,
forming part of the oldest rocks of Wales, have been
partly derived from pre-existing rocky lands, simi-
lar to those that now form the neighbouring Silurian
country, but no visible trace remains of this more ancient
physical geography, except the pebbles in the con-
glomerate. In Anglesea the equivalent rocks are meta-
morphic chlorite and mica-schist and gneiss.

Cambrian strata alsb occur in the hills of the
Longmynd of Shropshire, where the strata stand nearly
on end. They consist of green, grey, and purple slaty
rocks, grits, and conglomerates. The only traces of
fossils yet discovered in these consist of worm-burrows,
and a trilobite, Palwopyge Ramsaysi.

Fia. 13.
Section across the Longmynd and Shelve country.

Shelve Longmynd
) 4 4 3 2 1 5

1. Cambrian grits and slates. 2. Lingula flags of the Stiper stones.
3. Tremadoc beds. 4. Llandeilo and Caradoc rocks with igneous
interstratifications. 5. Upper Llandovery and Wenlock rocks.

At St. David’s, in North Pembrokeshire, in equiva-
lent strata, Mr. Hicks found the following fossils in
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purple shales among the lowest beds of the series :——
A small bivalve crustacean Leperditia Solvensis and L.
Cambrensis, two small Brachiopods, Lingulella ferru-
ginea and L. primeva. In a higher part of the series,
consisting chiefly of yellowish sandstones and gray shales,
he also found two sponges (Protospongia) and various
trilobites, Microdiscus sculptus, Conocoryphe Lyellii
and O. Solvensis, Paradoxides Harknessii, Plutonia
Sedgwickii, Agnostus Cambrensis, and a Pteropod
Theca amtiqgua. These rocks had previously been con-

F1a, 14.

Theca antiqua,

<
@& ©
Paradoxides Harknessii. Leperditia Cambrensis,

Group of Cambrian Fossils.

sidered unfossiliferous, and the discovery is important
as showing that in sediments so old there existed a
considerable development of life of the same general
type as that found in overlying Silurian strata.

In Sutherlandshire, as already stated, red Cambrian
conglomerates lie on the Laurentian strata unconform-
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ably, and fossils discovered in the north of Scotland by
Mr. Peach prove that Lower Silurian rocks (somewhat
metamorphic) rest unconformably on both.

Till within the last few years it was customary to
consider that all formations which had not yielded
fossilised fresh-water shells were of marine origin. Mr.
Godwin-Austen first broke through this fallacy, and
often insisted that the Old Red Sandstone, as distinct
from the Devonian rocks, was deposited in fresh-water
lakes.

In 1871, I published two memoirs in the Journal
of the Geological Society, in which I attempted to
prove that in a broad semse, the red formations of
Britain were deposited in lakes, salt or fresh, or in
inland areas in which salt and fresh water alternated.
In one of these,! I ventured to state that the absence
of marine mollusca in the Cambrian rocks’ of North
Wales and the Longmynd, as yet observed, may be due
to the same cause that produced their absence in the
0ld Red Sandstone (see p. 106), and that ¢ the presence
of sun-cracks and rain-pittings in the Longmynd beds
favours this suggestion.” The occurrence of marine
fossils, chiefly in the grey slates and ¢ olive-green grits
and shales’ of St. David’s, as described by Mr. Hicks,
¢may,’ I state, ¢ possibly mark occasional influxes of the
sea into inland waters, due to oscillations of level,” pro-
ducing the same kind of alternations of marine and
fresh-water strata that occur in the Carboniferous series,
and in the Miocene beds of Switzerland and the Rhine.

It is but right to state, however, that, as regards
the Cambrian rocks, mine is not the usual opinion.

The LowerR SiLuriAN rocks which conformably

1 On the Red Rocks of England of older date than f:?:}e Trias.
March 1871, ¢ Journal of the Geological Suciety,’ vol. xxviil.
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overlie the Cambrian strata, have been classed under
various subdivisions, from the presence in each of
certain Trilobites and other fossils, sometimes peculiar
to, and sometimes more or less prevalent in, each sub-
formation. To the oldest of these the name Menevian

HFia. 135,

1Protocystites Paradoxides anrora. Arionellus longicephalus.
Menevensis.

Conocoryphe coronata. Protospongia fenestrata. Discina pileolus.
Group of Menevian Fossils.

beds has been given, so called from Menapia, the old
Roman name of St. David’s. They are of inconsider-
able thickness, and are found both in that district
and in North Wales, circling round the Cambrian rocks
of Merionethshire from Barmouth to Harlech, and in
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both areas there is a lithological passage and con-
formity between the Cambrian and Menevian strata,
fig. 62, p. 322.

Four species of sponges are at present known in
the Menevian beds of St. David’s, named by Mr. Hicks.
They are all of his genus Protospongia, and one of
them, P. fenestrata, is found in the underlying Cam-
brian strata, also one Cystidean, Protocystites Mene-
vensis, a few Annelid tracks, and more than thirty
species of Trilobites of the genera A gnostus, Arionellus,
Anopolenus, Conocoryphe, Erinnys, Holocephalina,
Paradoxides, and Carrausia. Of these, seven species
belong to the genus Agnostus, one of which, 4. Cam~
brensis, is also found in the Cambrian rocks, as its
name implies. There are seven species of Conocoryphe,
three of which are also Cambrian species, viz. C. ap-
planata, C. Bufo, and C. humerosa. Paradoxides
aurora is also common to both formations, and a few
Brachiopoda, such as Discina pileolus, Lingulella
ferrugimea and Obolella sagittalis. Of Pteropods the
genus Theca is common, but, as far as I know, no
Lammellibranch molluses or Gasteropoda are found
in these strata.

The Lingula flags rest conformably on, and in fact
pass by lithological gradations into the Menevian beds
(fig. 62, p. 322). They are best developed in Merioneth-
shire, Carnarvonshire, and at St. David’s, and consist of
black and gray slaty rocks with beds of grit.

In these a marked and distinctive suite of fossils
occurs, the chief of which are Lingulella Davisii, and
many genera of Crustacea—Conocoryphe bucephala
and two others, Agnostus (4), Paradoxides (2), Holo-
cephalina (1), Anapolenus (2), Erinnys, and Cono-
cephalus— all Trilobites; also a phyllopod crustacean,
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Hymenocaris vermicauda, and the bivalve crustacean
Leperditia bupestris. ~Various annelids are found,
Cruziana, &c., and in the higher part of the strata
Polyzoa, of the genus Fenestella, together with a few

F1aG. 16.

Hymenocaris vermicauda. Orthis lenticularis.

Group of Lingula Flag Fossils.

brachiopoda of the genus Orthis, 0. lenticularis and
others, Obolella sagittalis and maculate, and Discina
labiosa, three species of Theca (pteropods), &e.

Of the fossils of this formation Protospongia fenes-
trata is common in the strata from the Cambrian to
the Lower Lingula flags, Agnostus Dawvidis and A.
scutalis, Amnopolenus Henrici, A. Salteri are also
found in the Menevian beds, together with Conocoryphe
applanata, and C. humerosa, both of which begin in
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the Cambrian strata, while C. variolaris is common
to the Lingula and Menevian strata. Paradoxides
Harknessii, P. Hicksii, and P. auwrora are common
to all three formations, and P. Dawidis to the two
higher divisions. The same kind of passage of species
upward from the Cambrian slates and grits to the
Lingula flags, may be observed in some of the few
genera and species of Brachiopoda, Lamellibranchiata,
and Pteropoda, and I have specially insisted on this, in
connection with the fact, that at the junction of the
so-called three formations, there is no marked line of
division, but a lithological gradation from the lower
to the higher strata, accompanied by the passage of
species from lower to higher geological horizons.

The Tremadoc slates succeed the Lingula flags, and
may be considered as an upper member of that series,
while the red and grey Cambrian rocks form a lower
member. There is no clear lithological boundary-line
between them, and the whole lie conformably. Four-
teen genera of Trilobites are known in Wales from these
strata, the most characteristic of which are Asaphus
Homphrayi, &e., Angelina Sedgwicki, Psilocephalus
inflatus, &c., and Niobe Homphrayi. Several of the
genera, of Trilobites are common to the Lingula flags
and the Cambrian beds below. Of these, Agnostus prin.
ceps is found in the Menevian beds, and Conocoryphe
depressa, C. invita, and Olenus alatus in the Lingula
flags. Orthis Carausii is a characteristic brachiopod,
and Lingulella Davisii and L. lepis are common to
these strata and to the Lingula flags, together with
Obolella plicata and O. Salteri, while O. sagittalis
ranges from the Cambrian up to the Tremadoc slates,
In Ramsey Island near St. David’s many Lamelli-
branchiate molluscs have been found by Mr. Hicks, of
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the genera Palearca, Glyptarca, Davidia, Modiolopsis,
and others, also Theca operculata and other Pteropoda,
and several species of Bellerophon occur (B. Arfonensis,
&c.), together with Cephalopoda, viz., Orthoceras 8eri-

F1aG. 17.

Asaphus Homfrayi.

Homfrayi.

7 p

Niobe Homfrayi. Palearca Hopkinsoni. Orthis carausii.
Group of Tremadoc Slate Fossils.

cewm, and Cyrtoceras precox ; also Encrinites, and a
starfish, Palasterina Ramseyensis. Altogether, as
now known, the life of the time was richer than that of
the Cambrian and Lingula flag strata, but all of these

faunas are probably very imperfect and fragmentary in
the British area. : ’
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Leaving these details of stratification, I will now
endeavour to catch a glimpse of the physical geography
of our area during the time that the Cambrian, Lin-
gula, and Tremadoc rocks were being deposited. I have
already stated that the purple strata of the Cambrian
series seem to me to have been deposited in inland
fresh waters, subject to influxes of the sea, probably
owing to occasional subsidence of the land ; in the same
manner, for example, that in Tertiary times the Miocene
strata of Switzerland and the Rhine were deposited in
great fresh-water lakes, in areas that underwent local
temporary submergence. The thick strata of sandstones
in the Cambrian rocks of Merionethshire, indicate the
neighbourhood of land, and in Caernarvonshire the
numerous beds of sandstone and coarse conglomerate
interstratified with mud deposits—now slates, point not
only to the proximity of land, but even give a clear idea
of the kinds of rock of which that land was made.
¢In the 8,000 feet of these rocks in Merionethshire
there is very little slate, and even the 700 or 1,000
feet of interstratified slaty beds in Caernarvonshire are
quite subordinate to the grits and conglomerates. * * *’
‘The structure of this land may be partly inferred
from the nature of the pebbles in the conglomerate,
which are water-worn, and consist of purple and black
slates, quartz-rock, felspathic traps, quartz-porphyries,
and jaspers.’

The country from which these pebbles were derived
must, indeed, have physically resembled North Wales
of the present day, ¢but except these pebbles no
trace of that land remains in or near North Wales.”
Fragments of this old continent, however, probably
still exist in the Laurentian rocks of the Outer He-

' “The Geology of North Wales,’ p. 160. A. C. Ramsay.
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brides, on the coast of the West Highlands, where ex-
ceedingly red Cambrian sandstones and conglomerates
lie quite unconformably on the Laurentian strata.

While the Menevian and Lingula beds were being
deposited I think it more than probable that the pre-
Cambrian continent still existed, for in the gritty strata
that form a large part of the Lingula flags, and in the
frequent presence of current marks (often called ripple-
marks), there are many signs that these strata were de-
posited in shallow water, and thus it would happen,
that during the time when these and the Tremadoc beds
were being formed, the whole area was undergoing a
process of slow sinking, into which sediments were being
constantly carried, just in proportion as the gradual de-
pression went on, so that, in the long run, what with
the effects of sub-aérial degradation, and what with the
results of progressing submersion, the old pre-Cambrian
land of this neighbourhood finally was buried and
disappeared.
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CHAPTER VL.

ARENIG, LLANDEILO, AND BALA BEDS.

The Arenig Beds succeed the Tremadoc slates al
St. David’s in South Wales, and in North Wales they
also overlie the Tremadoc slates between Towyn and the
neighbourhoods of Dolgelli, Ffestiniog, Tremadoc, and
Criccieth in Caernarvonshire, north of which they also
occur in part of the country between Caernarvon and
Bangor. They were first distinguished by Professor
Sedgwick, and named Arenig slates, and afterwards
termed lower Llandeilo beds by Sir Roderick Murchi-
son, who had previously included them as part of the
Llandeilo flags in his descriptions and sections of the
Lower Silurian rocks that lie west of the Stiper Stones
near Shelve, in Shropshire.

In the large district of Merionethshire the Arenig
slates appear at the base of the great volcanic series of
felspathic lavas and ashes, of which the mountains of
Cader Idris, Aran Mowddwy, Arenig, and the Moelwyns
form distinguished features in the landscape. They are
in these districts never more than about 800 feet in
thickness, and the Arenig beds of Merionethshire, at
their base invariably consist of beds of grit, sometimes
conglomeratic. The higher strata of this sub-forma-
tion are generally slaty. For reasons that will after-
wards appear, I believe that the Arenig strata, on a
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large scale, rest unconformably on the underlying rocks
of North Wales.

In Cumberland the Arenig slates form the moun-
tains of Skiddaw and Saddleback, and from the borders
of the Old Red Sandstone, a few miles further east, they
stretch right across the country westward to Egremont
and northward to Sunderland, south of which town, near
Cockermouth, they are directly overlaid by the Carbon-
iferous Limestone. In that country they have usually
been called the Skiddaw slates. In Scotland the
Durness strata belong to the same rocks.

In Britain the fossils that belong to this part of the
Silurian series are not very numerous, taken as a whole,
though some groups are remarkably abundant. As far
as observation has gone, Hydrozoa of the sub-class
Graptolitidee first appear in these strata, including some
20 genera and 48 species. The greatest number of
species belong to the genus Didymograptus, of which
20 species have been named, after which come Zetra-
graptus, Diplograptus, Dichograptus, and Dendro-
grapitus.

Eighteen genera and 47 species of Trilobites occur
in the same rocks, including Agnostus (4. hirundo,
&c.); Asaphus (4. Homfrayi, &c.); Ogygia (0. Sel-
wynii, &e.) ; Trinucleus (T. Ramsayi, &e.); Calymene
(C. parvifrons, &e.), and many others. Of Brachio-
poda there are 7 genera and 18 species including three
Lingulas, Lingulella Davisii and L. lepis, 7 species
of Orthis, including O. calligramma and O. lenticu-
laris ; 2 species of Obolella ; 2 of Discina, and others.
Of Lamellibranchiata there are only 5 genera and 8
species known, including Modiolopsis trapezieformis,
Palearca socialis, and P. amygdalus, Ctenodonta
elongata, &ec., and Redonia Anglica. Pteropoda of
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the genera Theca and Conularia are found, and 6 species
of Bellerophon, and of Cephalopoda there are 5 species
of Orthoceras. Of univalve shells we have only 3
species— Pleurotomaria Llanvernensis, Ophileta, and
Raphistoma, and several other fossils needless to enu-
merate.

In all, 184 species are known at present in the
Arenig beds, mostly characteristic of these strata, for
only about 8 per cent. pass upward into this horizon
from the Tremadoc beds, a proportion of which go down
into the Lingula flags, and about 7 per cent. pass up-
ward into the Llandeilo flags.

Though in Wales the base of the Arenig beds is
clear, it seems as yet impossible to draw any definite
physical boundary between the Arenig beds and the
overlying Llandeilo slates, for there is nothing like un-
conformity, and no marked lithological difference in the
passage from one to the other. We have already seen
that there is a very limited passage of species from the
Arenig slates into those of the so-called Llandeilo series.!

Just about this time an important episode took
place in the history of the Llandeilo and Bala beds over
large tracts of Wales and Cumberland, for a series of
volcanic eruptions occurred on a great scale while the
strata were being deposited (fig. 62, p. 322). To this
subject I shall by-and-by return.

In North Wales the Llandeilo and Bala or Caradoc
beds combined, attain a thickness of from 4,000 to 6,000
feet, consisting chiefly of slaty rocks, sometimes inter-
stratified with grits and occasional bands of limestone,
of which the Bala Limestone is the most conspicuous.
The whole series ranges right round the mountains of

1 The Llandeilo flags of North Wales are very .unh'ke those of
Llandeilo, which are generally called Upper Llandeilo beds.
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Cader Idris, Aran Mowddwy, Arenig, and the Moelwyns,
resting on the lava beds and ashes, and overlaid on the
east by Upper Silurian strata, fig. 57, p- 304, They
also form, with igneous rocks, the larger part of the
Berwyn mountains, and with the Arenig slates the
whole of the ground between the Stiper Stones and the
Upper Silurian rocks of Chirbury and Montgomery, fig.
13, p. 59. The typical Caradoc Sandstone, crossing
the strike, ranges between Church Stretton and Caer
Caradoc, from whence it stretches in a broad band
northward towards the Wrekin, and southward to
Corston. The greater part of South Wales is formed
of slates and grits of Llandeilo and Caradoc age, lying
west and north of the Upper Silurian and Old Red
Sandstone strata, and the same formations, associated
with volcanic rocks, rise like an island surrounded by
Upper Silurian strata, in the country between Builth
and Llandegley in Radnorshire.

In South Wales, where they were first described by
Murchison, the Llandeilo beds consist of sandy cal-
careous flags, black slaty rocks, and beds of grit and
sandstone. A few beds of limestone occur in them in
Carmarthenshire, at Llandeilo, and in Pembrokeshire
near Narberth; and the Bala limestone is found
higher in the series in the Caradoc or Bala beds of
Merionethshire. They are often highly fossiliferous.
There is a much larger development of fossils in the
Llandeilo flags than in the pre-existing Silurian strata.
The Trilobites of the Llandeilo beds are mostly peculiar
to it, and the genera &glina, Barrandia, and Ogygia
are very common, Ogygia Buchii being especially cha-
racteristic. Viewed as a whole, however, the Llandeilo
beds, as already stated, pass insensibly into, and have
many genera and species in common with the Caradoc
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Sandstone or Bala beds. 19 genera and 34 species of
zorals have been described in these lower Silurian strata,
among which Heliolites and Petraio, are perhaps the
most common.

Fragments of Echinodermata are common, including
Cystideans, common in the Bala Limestone, and one
star-fish, Palwaster Caractaci. In all, more than 40
genera and 200 species of Trilobites have been described
from the whole series of Lower Silurian British rocks,
among the chief of which are species of Olenus, Ag-
nostus, Ampyx, Lichas, Ogygia, Acidaspis, Asaphus,
Harpes, Illenus, Phacops, and Trinucleus (T. Carac-
tact). In the Caradoc beds alone, 23 genera and 111
species are known. Of bivalve shells there are 22
genera and 171 species of Brachiopoda, the most com-
mon of which belong to the genera Strophomena,
Lepteena, Lingula, Orthis, and Rhynchonella.

Of the Lamellibranchiate molluscs there are 17
genera and 87 species known at present, prominent
among which are Ctenodonta, Modiolopsis, Pterincea,
Paleearca, and Ambonychia. Of Pteropoda there are
known 6 genera and 31 species, of which Theca is most
abundant; 16 genera and 66 species of Gasteropoda,
the most characteristic of which in point of numbers
are Euomphalus (10), Murchisonia (15), Pleuroto-
maria, Cyclonema, and Holopea. Of Nucleobranchiata,
Bellerophon (14). Of the Cephalopoda there are 10
genera and 62 species—Cyrioceras (5), Lituites (6),
Orthoceras (42), Phragmoceras (1), and others. No
fishes nor any other vertebrate animals have yet
been found in the Lower Silurian rocks of Wales or
elsewhere.

In Cumberland the Coniston Limestone is believed
to be the equivalent of the Bala Limestone of North
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Wales, and the assemblage of fossils in each is very
nearly the same.

I have already mentioned the occurrence of an im-
portant episode characterised by volcanic eruptions,
during the accumulation of the Lower Silurian strata
in Wales. The proof of this is that in Carnarvonshire
and Merionethshire extensive interstratified sheets of
felspathic lavas and ashes are associated with the
Silurian rocks on two horizons, the lower that of the
Llandeilo beds, and the higher in the Caradoc series.
I do not, however, wish to imply that between them
there was a complete cessation of volcanic activity,
but simply that in what is now the region of North
Wales, there was for a time an interval of comparative
repose.

If any one will examine the Geological Survey maps
of North Wales, he will observe that opposite Barmouth,
beginning with the hills on the south side of the
estuary of the Mawddach, a great series of igneous
rocks sweep round the country in a crescent form, in-
cluding the mountains of Cader Idris, Aran Mowddwy,
the Arenigs, and lastly the Moelwyns, the high southern
escarpments of which overlook from the north the
beautiful vale of Ffestiniog. These consist of felspathic
lavas, and interstratified ashes or tufas, the whole
being also associated with bands of Silurian slate,
which are sometimes found to be fossiliferous, especially
when bedding and cleavage coincide. Among these
volcanie rocks, but especially in the Arenig, Tremadoc,
and Lingula beds below them, there are numerous lines
and bosses of greenstones (diorites, &e.), and also of
more purely felspathic traps, which are not interbedded
but distinctly intrusive. These I have elsewhere shown
give evidence of the underground working of the
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melted matter, the eruption of which to the surface
through volcanic rents, produced the lava-flows and
ashes already mentioned. The ashy beds are sometimes
coarse and tufaceous, but were also often formed of
fine volcanic dust, which being now consolidated into
hard felspathic rocks, are at first sight somewhat diffi-
cult to distinguish from the associated lavas. Practice,
however, renders it comparatively easy, and in distin-
guishing the difference, the observer is aided by the
circumstance, that underneath each lava current the
slates, once beds of mud, are apt to be baked and por-
cellanised at the point of junction with the originally
hot lavas, which having in the meanwhile cooled, the
slaty beds that rest on them are in that respect un-
altered.

The second series of eruptions may be traced
as follows. Near Bala, not far below the limestone,
there are a few thin bands of volcanic ashes. These,
as we go northward to the rivers Machno, Lledr, and
Conwy, gradually thicken, and by-and-by get mingled
in that slaty area with numerous thin and thick bands
of felspathic lavas, the importance of which as large
masses, culminates in Snowdon and the surrounding
area, going mnorthward by Glyder-fawr, Glyder-fach,
Carnedd Dafydd, and Carnedd Llewelyn, and so on to
Conway. South of Snowdon the same kinds of lavas
and ashes are seen in force on the sides of Moel Hebog,
and the great mass of Llwyd-mawr near Dolbenmaen.

Other large bosses of wnirusive rocks, mostly fel-
spathic, occur on Y-Foel-fras, between Snowdon and
Conway, another between Llanllyfni and Bethesda, a
third near the eastern shore of Menai Straits, and

many more including the beautiful mountains of Yr
Eifl, or The Rivals, in the north horn of Cardigan Bay,
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known as the district of Lleyn. These, ere exposure
by denudation, probably were the roots of the volcanos,
or in other words the deep-seated centres from whence
the explosive force of steam drove out the lavas and
showers of ashes, which, duringsuccessive eruptions, with
minor periods of repose, got interstratified with the
mud and sand beds that were deposited in the sea of
the Llandeilo and Bala or Caradoc period.

On a smaller scale similar voleanic rocks are inter-
stratified with the Llandeilo and Bala beds of the
Berwyn Hills, also of the Breidden Hills, and the hills
west of the Longmynd and Stiper Stones towards
Chirbury and Church Stoke, of the country between
Builth and Llandegley in Radnorshire, and in North
Pembrokeshire from the ground round St. David’s, ex-
tending for many miles to the east, by Mathry, Fish-
guard, St. Dogmells and Mynydd Preselley.

The next question that occurs to me is, what was
the nature of the physical geography of this area
during the deposition of the Arenig slates, and also at
a later epoch when the Llandeilo and Caradoc or Bala
beds were being deposited.

With regard to the Arenig slates in Pembrokeshire
and Merionethshire, I know of no signs of unconformity,
that is to say, of a lapse of time unrepresented by the
deposition of marine strata either in Pembrokeshire
or in Merionethshire, unless there be some symp-
toms of it in the latter county. But when we go
further north into Carnarvonshire, the case is different.
There, at the widening of the Passes of Llanberis and
Nant Ffrancon, the Lingula flags are not more than
2,000 feet thick, whereas further south, between Ffes-
tiniog and Portmadoe, they are at least 4,000 feet in
thickness. Furthermore, in those valleys in Caernar-
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vonshire there is, as yet, no certainty of the existence
of the Tremadoc slates, and these ought to be found
overlying the Lingula flags if the whole of the Silurian
series were present. Still further, as we approach
Caernarvon and Bangor, even the Lingula flags are
absent, and the Arenig slates are found lying directly
on the purple slates and conglomerates of the Cam-
brian series all the way from Bangor to Caernarvon.
This clearly shows that the base of the Arenig slates
has overlapped the whole of the Tremadoc slates and
Lingula flags, in the area between the Ffestiniog and
Portmadoc country and the neighbourhood of the
Menai Straits, and an overlap so great means uncon-
formity between the strata; or, in other words, in this
area the strata of older date than the Arenig slates had
been raised above the sea, and subjected to sub-aerial
agencies of denudation, while the deposition of the
Arenig slates was going on elsewhere. In this manner,
therefore, it happens that the Arenig slates are now
found resting directly on the Cambrian strata, without
the intervention of the missing members of the series,
viz., the Tremadoc slates and Lingula flags; and still
further north, in Anglesea, these strata are also wanting.

The effect of this episode in the physical geography
of the area seems to have been, that at this period a
tract of land lay in the north-west of what is now Wales,
and probably far beyond that district during the de-
position of the Arenig strata on its borders, but what
the features of that land were I cannot say, except that
it may have extended to Ireland, where there is a
similar unconformity, the Lingula flags and Tremadoc
slates being also wanting in Wicklow. Probably the
whole region was low and unimposing.

The next question that arises is, what was the
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nature of the physical geography during the time of
the volcanic eruptions already meuntioned? To me it
seems to have been somewhat of this sort.

On the margin of the ancient land, or at some dis-
tance therefrom, volcanic eruptions took place in the
sea-bottom somewhat of the nature of that which in
1831 took place in the Mediterranean between the
islands of Pantellaria and the south-west coast of Sicily.
This eruption was preceded by an earthquake on June 28,
and on July 10 John Corrao from his ship saw a column
of water 60 feet high and 800 yards in circumference
spout into the air, succeeded by dense steam, which rose
to a height of 1,800 feet. On the 18th the same
mariner found an island twelve feet high, from the
crater of which immense columns of steam and vol-
canic ashes were being ejected, ¢ the sea around being
covered with floating cinders and dead fish.”’! The
eruption continued into August, when, by the ejection
of what is often called volcanic ashes, viz., pumice,
scoriee, and lapilli, on the 4th of that month the
island was said to have been more than 200 feet in
height and 3 miles in circumference. From that time
it gradually decreased in size, owing to the action of
the waves, and towards the close of the year the island
had been destroyed and disappeared, leaving only a
reef beneath the sea with a black rock in the centre,
from 9 to 11 feet under water, and which probably
marked the position of the funnel of the short-lived
volcano. Before the eruption took place it so happened
that Captain (afterwards Admiral) W. H. Smyth
sounded on the spot in more than 100 fathoms, and
this, added to 200 feet that the island rose above the
sea, gives 800 feet as the height of the cone from the

1 Lyell’s ¢ Principles of Geology,’ vol. ii. p. 60, 12th editicn.
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bottom of the sea to its summit. In a case such as this,
it is easy to see that the ordinary marine sediments of
the area would get intermingled with volcanic ashes,
and possibly with submarine streams of lava.

Explosions of steam accompanied by floating cinders
are mentioned by Darwin as occurring at intervals in
the South Atlantic; and anyone who will tax his
memory a little will recollect that a large proportion of
the volcanoes of the world are islands, or in islands, in
the Atlantic, the Indian Ocean, the Indian Archipelago,
and the Pacific Ocean, south and north. It has been
often remarked that almost all volcanoes are in the
neighbourhood of the sea.

I think, then, at the time of the deposition of the
Llandeilo and Bala beds of our area, our terrestrial
scenery consisted of groups of volcanic islands scattered
over the area of what is now North Wales and South
Wales,and extending westward into the region of the Irish
strata of the same age, and northward as far as the sea
that then rolled where Cumberland now stands ; for there
also volcanic rocks oceur in great force, all of the same
general character as those found in Wales. There is
however, this difference between the two areas, that,
whereas in Wales ordinary sediments are plentifully in-
terstratified with lavas and ashes, and sometimes even
lithologically intermingled with volcanic ashes, in the
Cumbrian area it is only for a few feet at the very base of
the volcanic series that interstratifications take place,
the whole of the rest of these Silurian voleanic rocks
of Westmoreland and Cumberland being quite destitute
of any intermixture of marine sediments, Exclusive
of intrusive rocks, the whole consists of purely terres-
trial lavas, volcanic conglomerates and ashes, the latter
often well stratified, for where showers of ashes fall
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there layers of stratification will be formed, whether
they fall in the sea or on land, It has been suggested
by Mr. Ward that some of this fine volcanic dust fell
into lakes that filled old craters or areas of subsidence
during periods of partial repose, and this seems highly
probable, for the finely divided matter is so beautifully
stratified, that these beds were, and still are by some,
mistaken for marine strata.

When we consider the vast amount of these pro-
ducts of ancient volcanoes, there can be no doubt that,
rising from the sea, some of them must have rivalled
Etna in height, and others of the great active volcanoes
of the present day, and, as most volcanoes have a conical
form, we can easily fancy the magnificent cones of
those of Lower Silurian age. But that is all we know
respecting them, and whether or not they were clothed,
like Etna, with terrestrial vegetation, no man can tell.
It is hard to believe that they were utterly barren, but
as yet no trace of a flora has been found in Lower
Silurian strata.

There is another point bearing on the physical geo-
graphy of the time that has sometimes crossed my mind
in connection with these island volcanoes, which is, that
we Inay, with some show of probability, surmise, that
then, as now, the prevalent winds of this region blew from
the west and southwest, for the following reason. In
Merionethshire and Caernarvonshire the various voleanic
products gradually thin out and disappear to the west,
between the ground south of the estuary of the Mawddach,
and the neighbourhood of Tremadoc on the north. As we
pass round the large crescent-shaped masses of lavas and
ashes it becomes evident as a rule that the ashy series of
beds show a tendency to thicken more and more in an
easterly direction for a space, and finally to decrease in
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thickness in the same direction, till, in the Bala country
and further north, they are represented only by a few
insignificant beds of ashy strata, a character of which
the Bala limestone itself sometimes feebly partakes.
The idea is, that the prevalent westerly winds had a
tendency during eruptions to blow the volcanic dust
and lapilli eastward, and that these materials fell thick-
est near the vents and at middle distances, and gradu-
ally decreased in quantity the further east they were
carried.

To those unaccustomed to technical geological argu-
ments a word of warning remains. Let no reader
suppose that in Wales he will now find clear traces of
these old volcanic cones and craters in their pristine
form, such, for example, as the extinct craters of
Auvergne and the Eifel. Semi-circular hollows sur-
rounded by igneous rocks like those of Cwm Idwal and
Cwm Llafar he will find plentiful enough, and these,
in old guide-books and other popular literary produc-
tions, have sometimes been described as craters. So far
from that being the case, such cirques or corries are
ancient valleys of erosion, the rocks of which have been
exposed to the weather perhaps ever since Upper Silurian
times, and have been subsequently modified by glaciers,
during the last Glacial Epoch, in days, comparatively
speaking, not far removed from our own. The truth about
these ancient volcanoes is, that long after they became
extinct the whole Lower Silurian area was disturbed
and thrown into anticlinal and synclinal curves, which
suffered denudations before the beginning of the de-
position of the Upper Silurian rocks, and the positions
in which the lavas and ashes now stand will approxi-
mately be best understood, if we suppose Etna by
similar disturbances to he half turned on its side,
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and afterwards that the exposed portion should be irre-
gularly cut away and destroyed by processes of long-con-
tinued waste and decay, partly sub-aérial and partly
marine.

The remaining areas in Great Britain occupied by
Lower Silurian rocks lie in Scotland. The southern
district extends from St. Abbs Head on the east to Port-
patrick on the west coast, forming the uplands of the
Lammermuir, Moorfoot, and Carrick Hills, fig. 55,
p- 287. They chiefly consist of thick banded strata of
grits and slaty beds, much contorted, and in the
western part of the area, where bosses of granite and
other igneous rocks occur, they are often metamorphosed.
The fossils which they contain prove them to belong
to the Llandeilo, and Bala or Caradoc series.

In Wigtonshire great blocks of gneiss, granite, &e.
are imbedded in the dark slaty strata near Corswall,
and similar large blocks oceur in Carrick in Ayrshire.
Where they came from I cannot say, for all the nearest
granite bosses in Kirkeudbrightshire and Arran are of
later date than the strata amid which these erratic
blocks are found. I therefore incline to the opinion
that they must have been derived from some Laurentian
region, of which parts of the mainland and of the Outer
Hebrides then formed portions, and when I first saw
them I could, and still can conceive of no agent capable
of transporting such large blocks, and dropping them
into the graptolite-bearing mud, save that of icebergs.
One of the blocks measured by me near Corswall, in 1865,
is 9 feet in length, and they are of all sizes, from an inch
or two up to several feet in diameter. Many persons
have considered, and will still consider, this hypothesis
of their origin to be overbold, but I do not shrink from
repeating it, and I may mention thaf the same view
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with regard to these ancient boulder beds is held by
Professor Geikie and Mr. James Geikie, who mapped
the country.!

The Lower Silurian rocks of the south, pass under-
neath the Old Red Sandstone and Carboniferous rocks
of the midland parts of Scotland, and rise again on the
north in the Grampian Mountains. A great fault,

! I shall by-and-by have to notice the recurrence of glacial
episodes at various epochs in geological history, a subject with
which ever since 1855 I have had a good deal to do. (On Permian
Breccias, &c. ¢ Journal of the Geol. Soc.’ vol. ii. p. 185). It is diffi-
cult to make out the ground on which all the old, and many of the
middle aged geologists, have cast aside the various evidences that
have been adduced in support of the recurrence of glacial epochs
or episodes, especially as I remember no argument that has been
brought forward, excepting that in old times, the radiation of in-
ternal heat through the crust of a cooling globe, produced warm and
uniform climates all over the surface, and that the further you go
back in time the hotter they were. The Lias was accumulated in
warm seas, and if so those of the Carboniferous times were warmer,
and those of Silurian times warmer still, and I have heard a dis-
tinguished geologist declare in a public lecture, that the tropical
vegetation of the Coal-measures, was due to the heat that radiated
outwards from the earth’s crust, aided by that produced by the flaring
volcanoes of that epoch ! Undoubtedly there must have been a geo-
logically prelistoric time, when internal heat may have acted on the
surface, and perhaps the sun may have been hotter than now, and
that also had its effect. I, however, cansee no signs of these internal
and external interferences since the times in which the authentic
records of geological history have been preserved, and these extend
backward earlier than the Lower Silurian epoch. I recollect the
time when what passed for strong arguments were urged to prove
that the former great extension of the Alpine glaciers advocated by
Agassiz, and the existence of glaciers in the Highlands, Cumberland,
and Wales, proved by him and Buckland, were mere myths. Now,
however, there is such a persistent run upon the subject, that more
memoirs have been, and still are being, written about it, than per-
aaps on any other geological question. Coincident with this a
beginning of the acceptance of the theory of the recurrence of

glacial episodes, is slowly making its way both in England and the
Continent.
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proved by Professor Geikie, runs at the base of that
so-called chain right across Scotland, from the neigh-
bourhood of Stonehaven on the east coast, to Loch
Lomond on the west. Its effect is to throw down the
Old Red Sandstone on the south-east, partly against
the Silurian rocks, and partly against volcanic tufas
and other strata belonging to the Old Red Sandstone
itself. From that region, nearly the whole of the
Highlands, from the Grampians to the north coast of
Scotland consists of Lower Silurian rocks often intensely
contorted, and formed of quartz-rocks and flagstones,
gneissic and micaceous schists, clay slate, and chlorite
slate. Associated with these, there are certain lime-
stones, sometimes crystalline, but where less altered,
sometimes fossiliferous, fig. 55, p. 287. One of these,
near the base of the Silurian series, runs in a long band
from Loch Erriboll, on the north coast, southward to
Loch Broom, where for a space of about fifteen miles
it is lost, to reappear between the east side of Sleugach
and Loch Carron. The same limestone is well seen in
the Island of Lismore in Loch Linnhe, and here and
there on the sides of Strathmore or the Great Glen (a
line of fault), through which the Caledonian Canal was
constructed. Elsewhere in the Highlands, further east,
streaks of limestone occur. Immense masses of granite
here and there rise in the midst of the strata, one of the
smaller of which forms great part of Ben Nevis, the
highest mountain in Britain, 4,406 feet in height, and
another the splendid peaks of the Island of Arran. No
interbedded igneous rocks have yet been found among
the Silurian rocks of Scotland.

The strata of the Highlands, not of Lower Silurian
age, are the Laurentian gneiss and Cambrian conglome-
rates and sandstones already mentioned, intersected by
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so many noble Fiords between Sleat and Cape Wrath,
while on the east there are large tracts of Old Red
Sandstone, more or less extending from Thurso in
Caithness to the Great Glen, Moray Firth, the river
Spey, and yet further east. Fig. 65, p. 287.

In times within the memory of the writer, all these
metamorphic rocks of the Highlands were classed in
Wernerian style as Primitive strata, thrown down in
hot seas before the creation of life in the world. The
progress of research showed that gneiss and other rocks
now called metamorphic, are of many geological ages;
and the fortunate discovery of fossils in these strata, at
Durness, by Mr. C. Peach, in 1854, showed them to be
of Arenig age. a discovery the importance of which
was at once seen by Sir Roderick Murchison, who by
this means, revolutionised the geology of the greater
part of the northern half of Scotland. Feeling anxious
to have a second opinion respecting the justness of his
new views, he asked me to accompany him on a long
tour through the northern Highlands in 1859, when 1
mapped part of the country at Durness and Loch Eriboll,
and the whole matter seemed to me so plain, that the
wonder is, that any man with eyes ever dreamed of dis-
puting it. In these days no one now thinks of denying
the Lower Silurian age of the chief part of the gneissic
rocks of Scotland, the features of which have been
mapped by Professor Geikie, first in concert with Sir
Roderick Murchison, and afterwards personally in more
detail.!

With regard to the physical geography of the time,
little is certain but this, that almost the whole of the area
now called Scotland was under the sea, during the time

! SBee ‘Geological Map of Scotland,’ last edition, by Archibald
Geikie, LL.D., F.R.S., 1876.
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that these Lower Silurian strata were being deposited.
The only sign of pre-existing land, is found on the west,
coast between Cape Wrath and Loch Torridon, where
the Llandeilo beds lie alike unconformably on the
Cambrian and Laurentian strata. This proves, that
when the lowest Llandeilo beds began to be depo-
sited, the underlying rocks formed the eastern margin
of a territory, of which probably our Outer Hebrides was
only a part, but how far it may have stretched westward
it is impossible to say. However that may have been,
it seems certain that long before the uppermost strata
of the Lower Silurian rocks of Scotland were deposited,
these fragments of an older land, which are still pre-
served on the west, had been long submerged and
buried under the accumulating piles of the Silurian
strata. That even then an extensive land lay not
far off is certain, for the extent and great thickness of
the Lower Silurian rocks affords a measure of the
amount of waste of a pre-existing territory, the partial
and gradual destruction of which, by all the agencies
of denudation, provided mechanical sediments wherewith
to form thousands of feet of Silurian strata of mud and
sand, first consolidated, and long after metamorphosed
into quartzite, gneiss, and mica-schist. This land may
have occupied an area now covered by the Atlantic ocean.
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CHAPTER VII.

UPPER SILURIAN SERIES.

Trr stratigraphical order of the UPPER SILURIAN SERIES
is shown in the table p. 30. They were deposited
under the following circumstances:—The Lower Silu-
rian rocks in large areas in the British Islands and
In some other areas, were upheaved, more or less con-
torted, and in many places suffered a great amount
of denudation before the deposition of the Upper
Silurian strata began, which, therefore, in various
districts lie quite unconformably upon them. In the

Fia. 19.

Caradoc sandstone (Lower Silurian).
Upper Llandovery beds.

Wenlock shale.

Wenlock limestone.

Upper Ludlow.

Aymestry limestone.

Upper Ludlow.

Old Red Sandstone.

P e

typical district of Wenlock and Ludlow the arrange-
ment of the various subdivisions of these Upper Silurian
strata is as shown in figs. 19 and 22, the bands of lime-
stone generally forming bold terraces, that look north-
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westward to the mountains of the Longmynd beyond Le
Botwood and the beautiful valley of Church Stretton.

Notwithstandingthe unconformity mentioned above,
there are in Wales, and partly in Shropshire, rocks
containing suites of fossils, many of them peculiar to the
horizon in which they occur, and a few common to
Upper and Lower Silurian. Part of these strata, such
as the Lower Llandovery beds, have been formed during
minor oscillatory movements of sea and land. In
South Wales, Stricklandinia (Pentamerus) lens occurs
plentifully in these Lower Llandovery rocks, and
sparingly in the Upper Llandovery rocks; while P.
oblongus occurs sparingly in the Lower Llandovery
rocks, and in great numbers in the Upper Llandovery
beds, on which rests the Tarannon shale. By far the
larger part of the fossils of the Lower Llandovery rocks
are, however, essentially of Lower Silurian type, and,
besides, they are quite conformable with, and pass by
easy lithological gradation into the underlying strata.

With the Upper Llandovery or Pentamerus beds,' as
they were formerly called, the case is very different, for
in Shropshire they rest unconformably on the Cambrian
and Lower Silurian rocks indiscriminately, and possess
a beach-like character, being in places formed of pebbles
derived from the rocks on which they rest, as in fig. 20,
and in Radnorshire near Builth, the Upper Silurian
rocks including these Pentamerus-bearing strata, lie
with extreme unconformity, alike on the lowest and the
highest Llandeilo and Caradoc beds of that old volcanic
area, as shown in figs. 20, 21, 22.

My belief, therefore, is that these Upper Lla.n.dovc.ary
beds, which form the true base of our Upper Silurian

I See fig. 23, p. 94, Pentamerus oblongus is so common in these
strata that they were originally called Pentamerus beds.
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strata wherever they occur, were often beaches of the
period ; and this is further proved by the fact that they
are often conglomeratic, containing rounded pebbles
derived from the rocks on which they rest, while, as at
May Hill and Woolhope, they are coarsely sandy.

From these facts we arrive at the conclusion that
during the beginning of Upper Silurian times, part of

F1a. 20.

1. Cambrian rocks.
2. Pentamerus limestone and conglomerate.

the area now called Wales consisted of islands formed
of Lower Silurian strata and voleanic rocks, round
which the occasional consolidated beaches are still
visible.

Going further into the physical geology of this epoch,
we find that in South Wales the Upper Llandovery
beds lie unconformably on a large scale on the Llandeilo
and Caradoc series, a fact proved by the conflicting
dips and strikes of the two sets of strata; while in
North Wales, similar conflicting strikes, and the steady
overlapping of the Upper on the Lower Silurian beds,
proves the same fact, for east of Bala the base of the
Upper Silurian beds lies about 2,000 feet above the Bala
Limestone, while in the neighbourhood of Conway they
almost touch that horizon.

Another important point connected with the physi--
cal geography of the period is that, after a time, the
Lower Silurian islands and other areas began to undergo
a process of slow depression beneath the sea. If we
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turn to the Shropshire area between Church Stretton
and Chirbury, including the Cambrian rocks of the
Longmynd, this is what we find. On the vertical and
highly inclined strata of the Cambrian and Lower
Silurian rocks, the conglomerates and limestones of the
Upper Llandovery beds form in the lower country a kind
of narrow fringe, surrounding great part of the area, and
lying from 500 to 900 feet lower than the broad, flat-
topped, and gently undulating hills of the Longmynd
and Shelve. Almost on the highest level of one of
these flats, at the well known Bog-mine, there is a
small outlying patch of Upper Llandovery beds, formed
of hard quartzose sandstone, at a height of 1,150 feet,
above the sea, as roughly indicated in the following
diagram.

i

'

Fic. 21,

Cambrian grits, &c.

Lingula flags.

Tremadoc and Llandeilo beds.
Pentamerus beds.

Wenlock shale.

ol ol o8

The inference is obvious, that these Pentamerus-
bearing strata began to be deposited at the bases of the
hills, and that by degrees, during a process of slow
submersion, the sea crept on and on inland, accompanied
by the deposition of marginal Upper Llandovery beds,
till at length, like an island in the coral seas of the
Pacific (but without the corals), this old Silurian Isle
was entirely swallowed up and buried, deep beneath
the succeeding great accumulations of Upper Silurian
strata, which in the adjoining area of Wenlock and
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Ludlow are more than 3,000 feet in thickness. The
original extent of this long-buried island, may have
been about 24 miles in length by 14 in breadth, about
the size of the Isle of Man.

The same fate was undergone by the Llandeilo and
Caradoc rocks, that with lavas, ashes, and intrusive
greenstones, now lie between Builth and Llandegley in
Radnorshire. This island was, however, lower and
smaller, its length having been about 20 miles, by 10
at its greatest breadth.

That these two tracts of land stood as islands in an
early Upper Silurian sea, I have no doubt; and on
grounds less definite, I am of opinion, that at the very
beginning of the Upper Silurian epoch, the greater part
of Wales, both south and north, formed land, some of
it higher than now, for since that time the Lower
Silurian rocks of that region have undergone great and
repeated denudations. As, however, the deposition of
the Upper Silurian formations progressed, a steady
submersion took place of the neighbouring land, from
the waste of which, sediments were derived; but
whether or not its highest mountains were swallowed up
and buried before the close of the Upper Silurian epoch
I am quite unable to say. That this entire burying of
the Lower Silurian rocks of Cumberland took place,
seems most probable; and while the Lower Silurian
rocks of the Highlands of Scotland, and the West of
Ireland, certainly formed high land during the begin-
ning of Upper Silurian times, I have no precise data
by which to determine what was their subsequent fate.

A section of the Silurian strata, as seen near Caer
Caradoc and Wenlock, is shown in fig. 22.

The same kind of development passes southward
beyond Ludlow, forming beautiful scarped woody ter-
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races, but beyond that into South Wales the limestones
disappear, or are occasionally only very feebly repre-
sented, and the whole consists chiefly of shales, some-
times sandy, in which no definite lines of subdivision
for the subformations can be drawn.

Fia. 22,
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Caradoc sandstone (Lower Silwrian).

Upper Llandovery limestone and sa.ndstonew
lying unconformably on No. 1.

Wenlock shale.

‘Wenlock limestone. .

Lower Ludlow shales, concretionary. ¢ Upper Silurian.

Aymestry limestone.

. Upper Ludlow sandy flags and shales.

Passage beds, and

Old Red Sandstone.
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Far east of this, at Usk, Woolhope, May Hill, the
Malvern and Abberley Hills, and at Dudley and Walsall,
{he limestone formations (so-called) are well developed,
while in North Wales the Upper Silurian rocks chiefly
consist of shales and interstratified grits without any
bands of limestone. Near Llangollen, where the shaly
strata are much affected by cleavage, they become true
slate. In Scotland, the Upper Silurian rocks occur
between the Solway Firth and the Cheviot Hills, and
are said to lie unconformably on the Lower Silurian
strata. Further north they only occupy small areas
near Lesmahago, and at the north-west base of the
Pentland Hills.

All of these formations are in general terms
fossiliferous. The Wenlock limestone is in great part
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Fia. 23.

Protaster Miltoni.

Illenus Barriensis.

Calymene Blumenbachii. Phacops caudatus,

Group of Upper Silurian Fossils.
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formed of Corals, Encrinites, Mollusca, and Trilobites,
Corals often predominating. The most characteris-
tic shell of the Aymestry limestone is Pentamerus
Knaghtia.

The grouping of fossils in the Upper Silurian rocks
is in general terms much the same as in the Lower series,
although new genera appear, but a very large proportion
of more than 700 Llandeilo and Caradoc species were
extinet in our area, only about 161 per cent. being
common to the Lower and Upper series. The Corals,
which are in general not very numerous in British Lower
Silurian rocks, have increased to 82 species of 27
genera, of which 15 genera and about 65 species are
new. The Echinodermata (stone lilies) increase to 55
species, only 1 species of which, an Actinocrinus, is
common to Lower and Upper Silurian rocks. Several
new starfish appear, especially in the Upper Ludlow
rocks. There is one true Echinus (sea-urchin), Palce-
chinus. In Britain the Trilobites decrease to 30 genera
and about 130 species. Among the Hydrozoa the
Graptolites decrease to 3 species in Britain ; and there
are about 20 known species of Polyzoa. There are 21
genera and 126 species of Brachiopoda. Among these,
of the genus Atrypa there are 8 species. Athyris and
Obolus appear for the first time in lists of fossils.
Leptaena from 10, decreases to 6 species; Orthis from
58 to 21 ; while Rhynchonella increases from 12 to 16,
and Strophomena decreases from 27 to 15. Of the
genus Spirifera there are 3 species in the Lower Silurian
rocks, and 8 in the Upper. Inall, 21 genera and about
126 species of Brachiopoda are known in the British
Upper Silurian strata, and 22 genera and 171 species
in the Lower. The Lamellibranchiate mollusca in-
crease from 17 to 18 genera, and from 71 to 87 species,



http://www.geology.19thcenturyscience.org/books/1878-Ramsay-Geology/README.htm

96 Bone Beds.

most of the latter being new. There are 7 species of
Pteropoda of 3 genera. It is remarkable that the
described Gasteropoda only amount to 15 genera and
52 species, while in Bohemia, in equivalent rocks, 200
species, some years since, are mentioned by Barrande,
and as many of the Brachiopoda and Lamellibranchiate
molluses. Of the Nucleobranchiata 10 Bellerophons
are known, and 7 genera and 53 species of Cephalopoda,
among which the genus Orthoceras decreases from 42
to 35 species.

Near the top of the Upper Ludlow strata there
are several thin bone beds, containing teeth and
scales of small Placoid fish of the genera Omnchus (?)
Sphagodus, and Thelodus. At present these are the
oldest known fishes. They are found in strata which
contain several species of the remarkable crustaceans
Pterygotus and Eurypterus, some of which are small in
size, while the largest Pterygotfus, discovered by Dr.
Slimmon near Lesmahagow, in the uppermost Silurian
rocks, attained about 9 feet in length. The very
uppermost Silurian beds in England sometimes, as, for
example, near May Hill, contain the remains of land-
plants, consisting of small pieces of undetermined twigs,
and the sporecases of one of the Lycopodiaceee Pachy-
theca spherica.

In these last-named facts there is much significance,
bearing on the physical geography of the next so-called
geological epoch, which will be explained in the sub-
sequent chapter. In the meanwhile I may remark, that
I use the words so-called geological epoch, in the same
sense that the words epoch or period are employed in
dealing with civil or political events. Taking the
geological world, and the civil world, which deals with
the history of man as parallel, there is no break in time
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Fic. 24,

Cyathopbyllum trancatum.

Petraia bina.

Omphyma $urbinata. Orthoceras annulatum,
Group of Upper Silurian fossils.
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in either case. In the latter, certain remarkable events
induce usto breakit into periods, characterised by special
events, which were always led up to gradually by broad
changes of power or of opinion. In the former, there
are often great breaks in the chain of geological history,
which, locally, are not filled up by stratigraphical
deposits, and which under these circumstances form
definite geological epochs, while in other cases (as in
Civil history), the change of conditions was so great in
given areas, that the new series of events may be locally
classed as constituting new geological epochs. This is
eminently the case when we attempt to realise the
history of the Old Red Sandstone, as locally and physic-
ally distinct from that of the Contemporaneous Devonian,
strata.
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CHAPTER VIII.

DEVONIAN AND OLD RED SANDSTONE ROCKS,

In 1836 Sedgwick and Murchison described the exist-
ence in Devonshire of a series of rocks bearing fossils
intermediate in character between those of the Upper
Silurian series and those of the Carboniferous Lime-
stone. This was done with the assistance of Mr. Lons-
dale in all the paleontological part of the question, in
which the argument chiefly lay. On these and certain
stratigraphical grounds, it was considered that they are
the equivalents of the Uld Red Sandstone of the centre
of England and of Scotland, and the name DEvoNiAN
being applied to them, the terms Devonian and Old
Red Sandstone are generally considered as equivalents
in point of geological time.

According to the late Professor Jukes, the lowest
strata of the Barnstaple Bay district in North Devon
consist of red sandstones and conglomerates, similar to
those of part of the Old Red Sandstone of Ireland, and
not unlike that of the Mendip Hills. This, taken in
connection with the resemblance of the overlying strata
to the lower Carboniferous rocks of the south of Ireland,
led him to consider the chief part of the Devonian rocks
of Devonshire to be of Carboniferous age. To this con-
clusion he was led partly by paleontological considera-
tions into which I cannot here enter. The opposite
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opinion, that the Devonian strata are in the main the
marine equivalents of the Old Red Sandstone, continues
to be generally held. Till a new survey of Devonshire
helps to settle the question I give the usual reading of
the history of the Devonian strata, though I think it
probable that Jukes will turn out to be correct in
questioning the right of the Devonian strata to the
conventional name of an independent series.

In Devonshire the strata have been divided into
Lower, Middle, and Upper Devonian. The Lower
chiefly consists of slaty beds and green and purple
sandstones, with many Brachiopoda of the genera
'Chonetes, Orthis, Spirifera, &c. The Middle group,
which includes the Plymouth limestone, contains
numerous corals, the most common genera of which are
Acervularia, Alveolites, Cyathophyllum, Fawvosites,
Petraia, Strephodes, and the sponge Stromatopora.
With these are found Encrinites, Spirifers, Atrypce,
Leptence, Producte, Rhynchonelle, Stringocephali,
and Calceola (C. sandalina)—the last a genus peculiar
to the Devonian rocks. Many Lamellibranchiate mol-
luses also oceur, together with Gasteropoda of the genera
Evwomphalus, Loxonema, Machrocheilus, Murchisonia,
Pleurotomaria, Turbo, &e. Also many Cephalopoda
of the genera Clymenia, Cyrtoceras, Orthoceras,
Qoniatites and Nautilus. The last two are unknown
in the British Silurian series, though Nautilus oceurs
in the Upper Silurian rocks of North America. The
Goniatite may be roughly said to be intermediate in
structure between the Nautilus and Ammonite. The
latter does mnot occur in Palxozoic strata. A few
Trilobites are found in the British Devonian rocks, and
various Crinoids. The Upper Devonian group contains
land plants and many shells, some of which are
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Stringocephalus Burtini.

Heliolites porosus TFavosites cervicornis.

Group of Devonian tossis (marine); and two from Old Red
Sandstone, the Cyclopteris and Anodonta (land and fresh-water), see
p. 115.
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identical with those found in the Lower Carboniferous
Limestone shales.

There is in England a considerable diminution in
the number of Devonian fossils when compared with
those of the Silurian rocks. Thus about 1,500 species
of Silurian fossils are named, while of marine Devonian
we have under 400 species, and adding those of all
kinds in the freshwater strata of the Old Red Sand-
stone, 535 species. Of corals, 11 of the genera only
are also Silurian. Of Echinodermata, there are 10
genera and 21 species, only 3 of the genera being also
Silurian ; Crustacea, 13 genera, 35 species, 5§ of the
genera being also Silurian, including those found both
in the Devonian rocks and the Old Red Sandstone.
In the latter no Trilobites occur, but only Crustacea
of the genera Eurypterus (6), Pterygotus (4) (fig. 26),
Stylonurus (7), while in the Devonian formations of
Devonshire we find 5 genera of Trilobites :— Bronteus
(B. flabellifer) Cheirurus 2, Phacops 6, Homalonotus
2, and Harpes 1, all being genera common in the
Silurian strata, though the speciesare distinct. Twelve
of the Devonian genera of Brachiopoda occur in
Silurian rocks, but of 96 Devonian species few pass
downwards, and these are doubtful. The most prevalent
genera of Brachiopoda are Athyris, Atrypa, Cyrtina,
Orthis, Rhynchonella, Spirifera, Streptorhynchus, and
Terebratula. Species of the genera Leptena and Pen-
tamerus decline in numbers, while Orthis, Rhyn-
chonella, and Spirifera are much increased. Of 21
genera and 60 species of Lamellibranchiate molluscs,
the species are all, or almost all, distinct from those
of Siluria, while only 6 of the genera are the same.
The most prevalent forms are Awviculopecten (10),
Pterinea (9), Cucullea (7), and Ctenodonta (7).
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Megalodon is characteristic. Of the 13 genera of
Grasteropoda, 9 are Silurian, but of 47 species, all are
distinct. The most prevalent forms belong to the
genera Euomphalus (6), Loxonema (8), Macrocheilus
(7), Murchisonia (5) (there are 22 in the Silurian
rocks), and Pleurotomaria 8. There are 5 species of
Bellerophon, and 52 species of Cephalopoda, all distinet
from Silurian species. Of 6 Devonian genera, only
Orthoceras, Poterioceras, and Cyrtoceras are Silurian.
The most prevalent species belong tothe genera Clymenia
(11), Cyrtoceras (13), Goniatites (10), this being their
first appearance in the British strata, and Orthoceras
(15), (there being 67 known species of this genus in the
Silurian rocks).

It is stated that only about 10 per cent. of Upper
Silurian fossils pass into the marine Lower Devonian
strata. These two formations in England are, however,
not found im contact, though they oceur commonly
enough in the regular order of succession on the
Continent and in North America. About 10 per cent.
of Lower Devonian fossils pass into the Middle Devonian,
and about the same percentage from the Middle into
the Upper. If this be true there may possibly be
undiscovered unconformities between the subdivisions.

Tee OLp REep SANDSTONE, as distinct from the
Devonian rocks, is undoubtedly intermediate in age to
the uppermost Silurian and the lowest Carboniferous
strata. It is sometimes difficult to determine its
precise limits either at its base or its top. It first
received its name in contradistinction to the New Red
Sandstone, the former occurring below, and the latter
above the Carboniferous strata.

A vast triangular tract of Old Red Sandstone lies
between the west coast of South Pembrokeshire, Bristol
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Channel, the south and south-eastern borders of the
Silurian rocks of Caermarthenshire, Breconshire, Rad-
norshire, and Shropshire, and the long line of Carboni~
ferous, Sllurlan and New Red Marl strata that runs from
Colebrook Dale to the Severn, east of Dean Forest.
Fancy in your ¢mind’s eye’ the Carboniferous rocks
of the great South Wales Coalfield, and of Dean Forest,
to be stripped away, and the whole of the region men-
tioned, of 120 by 90 miles in length and breadth, would
consist entirely of Old Red Sandstone. The lower part
is chiefly composed of beds of red marl and sandstone,
with cornstones; and the upper part contains strata of
sandstone and conglomerate, forming the Beacons of
Brecon, 2,860 feet high, these being the loftiest moun-
tains in South Wales.

Cornstones are impure concretionary limestones,
often imbedded in marl. In these, at the base of the
series, near Ludlow, are species of Pterygotus and
Pterichthys, and higher up, of Onchus and Cephalaspis,
thus correlating them by fossils to the Old Red Sand-
stone of Scotland (fig. 26). Along the border of this
formation, where the uppermost Silurian strata join the
Old Red Sandstone, there is a gradual passage both
paleontologically and in the colour and texture of the
strata. The Eurypteri and Pterygoti chiefly belong
to these passage-beds, and in the same strata at the
very base of the Old Red strata, in which there are no
mollusca, are species of fish of the genera Awchenaspis,
Onchus (?), Pteraspis, Cephalaspis, and Plectrodus.
The Silurian marine mollusca, in fact, quickly disappear
where the beds begin to get red in colour, notwith-
standing the perfect conformity of the two sets of strata
in England and the borders of Wales, as, for example,
in the neighbourhood of Ludlow. At Kington and
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south of Builth, where true passage-beds occur, the
ordinary shells of the Upper Ludlow rocks become far
less numerous, and are almost all of small size, including
species of Modiolopsis and Modiola, Lingula cornea,
Platychisma helicites, a small Discina, a small Theca,
a few small Crustacea, of the genera Leperditia, Cythe-
rellina, &c. The water was freshening and getting
unfitted for marine life.

The remains of Cephalaspis Lyellii (fig. 26) are
occasionally found all through the Old Red Sandstone
of this large area. The absence of marine shells and
the nature of the fossil fishes of the Old Red Sandstone
long ago led Mr. Godwin-Austen to infer that the
formation was deposited, not in the sea, as had always
been asserted, but in a great fresh-water lake, or in a
series of lakes. In this opinion I thoroughly agree,
for the nearest living analogues of many of the fish are
the Polypterus of the African rivers, the Ceratodus of
Australia, and in less degree the Lepidosteus of North
America. The red colour of the rocks also helps to
the same conclusion. Each grain of sand and marl is
red, because it is encrusted with a thin pellicle of
peroxide of iron, which could not have been deposited
from mere solution, as a crust enveloping each grain of
sand at the bottom of a great open ocean; but if car-
bonate of iron were carried in solution into lakes, it
might have been precipitated as a peroxide through
the oxidising action of the air and the escape of the
carbonic acid.!

I There is no analogy between the coarse red sandstones and
finer marls of the Old Red Sandstone, and the very fine red ooze
dredged from the deeps of the South Atlantic. The latter. is a
residue produced by the decomposition of Foraminifera, and in no
way resembles the coarse mechanical strata of Old Red Sandstone.
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The presence of land plants in the very uppermost
Silurian strata, as, for instance, near Ludlow and May
Hill, indicates the neighbourhood of land. The
physical geography of the area was rapidly changing,
marking the beginning of an evident Continental
epoch. The subject is of so much importance, and
when first propounded was considered to be such a
dangerous innovation on established views, that I
shall give the reasons in some detail, making use for
that purpose of passages from my memoir ¢ On the Red
Rocks of England, of older date than the Trias,” pub-
lished in the ¢ Quarterly Journal of the Geological
Society,” in 1871.

The circumstances which marked the passage of the
uppermost Silurian rocks into Old Red Sandstone seem
to me to have been :—First, a shallowing of the Silurian
sea by accumulation of sediment, aided by slow up-
heaval, which gradually produced a great change in
the physical geography of the district, so that the old
marine area became changed into a series of mingled
fresh and brackish lagoons, which finally, by continued
terrestrial changes, were converted into lakes; and the
occurrence of a very few genera or even species of fish
and Crustacea, common both to the fresh and brackish
or even salt waters, does not prove that the Old Red
Sandstone is truly marine. At the present day, animals
that are commonly supposed to be essentially marine,
are occasionally found inhabiting fresh water. In the
inland fresh lakes of Newfoundland, seals are common.
They breed there freely, and never visit the sea. The
same is the case in Lake Baikal in Central Asia, and
it is on record that the inhabitants of the shores of the
Sea of Aral, now brackish, were in old times clad
in sealskins got from the seals that inhabited those
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waters; and though these facts bear but slightly on my
present subject, seals being air-breathing Mammalia,
yet in some of the lakes of Sweden ordinary marine
Crustacea are found. This may be accounted for in
the way that I now attempt to account for similar
peculiarities in the Old Red Sandstone strata. These
Swedish lake-areas were submerged after the close of
the Glacial epoch ; and being deep basins (scooped out
in a manner which I shall explain in a later chapter),
while the land was emerging by upheaval, and after
its final emergence, the salt water of the lakes fresh-
ened so slowly, by influx of rivers, that some of the
creatures inhabiting it had time by degrees to adjust
themselves to new and abnormal conditions.!

Again, we may suppose a set of circumstances such
as the following :—If, by changes of physical geography
of a continental kind, a portion of the Silurian sea got
separated from the main ocean, more or less like the
Caspian and the Black Sea, then the ordinary marine
conditions of the ¢passage beds,” accompanied by some
of the life of the period, might be maintained for what,
in common language, seems to us a long time. The
Black Sea was once united to the Caspian, and the
Caspian to the Aral, forming one great inland sea, which
under varying physical conditions, has more than once
changed its form and extent. At all events, since its
separation from the Black Sea the Caspian has been
simply a great brackish lake. The Black Sea is now
steadily freshening; and it is easy to conceive that by
a geographical change, such as the upheaval of the Bos-

! For much valuable information on this subject, see ‘Annals
and Mag. of Nat. Hist.’ third series, vol. i. 1858, p. 60, ¢On the
Occurrence of Marine Animal Forms in Fresh Water,” by Dr. E. von
Martens : translated by Mr. W. 8. Dallas.
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phorus, it might be converted into a fresh lake, if the
supply of river water were sufficient to overbalance
evaporation and secure an overlow. At present a great
body of salt water is constantly being poured out through
the Bosphorus, and its place taken by the fresh water
of rivers. Owing, however, to the uncongenial quality
of the freshening water, some of the Black Sea shells
are strangely distorted, as shown by Edward Forbes.

Or if we take the Caspian alone as an example, we
have an inland brackish sheet of water, with a present
area of 178,866 square miles, the surface of which is
83 feet below the level of the Black Sea. This, accord-
ing to accepted zoological and physical views, was
once united by a narrow strait with the North Sea.
Changes in physical geography have taken place of such
a kind that the Caspian is now disunited from the
ocean, while its waters are still inhabited by a poor and
dwarfed marine molluscan fauna, and by seals. If by
increase of rainfall the Caspian became freshened, the
loss of water by evaporation not being equal to supply,
it would by-and-by, after reaching the point of overflow,
be converted into a great fresh-water lake, larger in
extent than the whole area now occupied by the British
Islands and the Irish Sea. It is even conceivable that
the great area of inland drainage of Central Asia, now
holding many salt lakes, might in the same manner be
so changed that all its lakes would hecome fresh and
widened in extent, thus occupying areas larger than all
the Old Red Sandstone of Europe. Under these cir-
cumstances, in the Caspian area we should have a
passage more or less gradual from imperfect marine to
perfectly fresh-water conditions, such as I conceive to
have marked the advent of the Old Red Sandstone.
When the whole area was fairly separated from the sea,
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the sediments might by degrees get into a condition to
get coloured red in the manmner previously mentioned.
We have a case in point in an old inland sheet of water,
as shown by the Red Marls of the extinet Miocene lakes
of Auvergne in Central France.

The uniformity of action here sketched may present
a difficulty to some geologists, seeing that on the
borders of South Wales the Upper Old Red Sandstone,
over a large space, overlaps the lower strata till they lie
directly on Silurian rocks, and the same is the case in
parts of Scotland. But on consideration these circum-
stances do not present any real difficulty. If the great
hollow in which the Dead Sea lies, were gradually to
get filled with fresh water, and the whole by degrees
became silted up, 1,300 feet of strata would be added
above the level of the present surface, and the upper
strata all round would overlap the lower, apparently
much as the Old Red Sandstone strata do in Wales and
the adjoining counties. If the Caspian and other parts
of the Asiatic area of inland drainage got filled with
fresh water, the same general results would ensue.

Like the recurrent circumstances that have attended
the rise and falls of empires through all historical time,
so geological history has often more or less repeated
itself, somewhere or other on the surface of the earth ;
and in this modern phase of Asiatic physical geography,
it seems to me that we may have, so far as it has gone,
a repetition of events, which, with minor variations,
have happened again and again, in old-world geological
epochs, the history of which I shall by-and-by have to
record. The farther off geological records recede, like
inscriptions in an unknown tongue, the more difficult
are they to decipher; the nearer they come to our own
day, they are often more easy to read.
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In North Wales narrow streaks of Old Red Sand-
stone here and there crop out between the Upper
Silurian rocks, and the Carboniferous Limestone of
Flintshire and Denbighshire, and the same with bands
of cornstone forms the fine escarpment of Traeth
Dulas in Anglesey, where the sandstone lies directly on
Lower Silurian rocks.

In the northern counties also, at Kirkby Lonsdale,
Sedbergh, and Kendal, and all along the base of the
Carboniferous Limestone between Orton in Westmore-
land, and Greystock Park in Cumberland, patches and
a long line of Old Red Sandstones, marls, and con-
glomerates occur.

A broad belt of Old Red Sandstone crosses Scotland
in a north-east direction between the Firth of Clyde
and the Firths of Forth and Tay, and Stonehaven in
Kincardineshire, and Montrose. Patches lie in Arran,
Bute, &c. The whole lies unconformably on Lower
Silurian clay slates, and dips to the south-east under
the Carboniferous rocks that occupy the great central
depression through which the Forth and Clyde chiefly
run. On the south-east side of this broad undulating
hollow the Old Red Sandstone again rises from beneath
the Coal-measures with a general north-west dip, and
skirting the Lammermuir Hills, strikes south-west into
the sea south of Ayr. On the south side of the Lam-
mermuir Hills, it again appears on the hills between
St. Abb’s Head and Hawick, dipping under the Car-
boniferous rocks that, without a break, stretch fromn
Berwick to the neighbourhood of Derby.

North of Stonehaven detached patches of Old Red
Sandstone occur on the mainland as far as Pentland
Firth, beyond which it forms the greater part of the
Orkneys, and small portions of the Shetland Islands.
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The first patch lies between Fyvie and Penman Bay in
Aberdeenshire ; the second forms both shores of Moray
Firth and Dornoch Firth, and stretches a long way up
the Great Valley of the Caledonian Canal, through
which at one time I have no doubt it passed all the
way to the Firth of Lorn, between Oban and the island
of Mull; and the third forms the greater part of Caith-
ness. On the west coast a large tract of hilly ground
between the neighbourhood of Loch Awe, Oban, and
Kerera is chiefly formed of Old Red conglomerate.

For the first compendious account of the Old Red
Sandstone of Scotland the world is indebted to Hugh
Miller, whose wonderful faculty of graphic description
enabled him, unassisted, to describe the rocks and the
remarkable forms of fish they contain, which till his
time were almost altogether unknown. Something,
however, still remains to be done, before the precise re-
lations to each other of some of the parts of the
Old Red Sandstone of Scotland are clearly established.
The researches of Professor Geikie and other officers of
the Geological Survey, have shown that, south of the
Grampian Mountains, there is an upper set of strata,
lying in basins unconformably on the lower Old Red
Sandstone.

Conglomerate often lies at the base of any part
of the series that rests directly on the ancient slates
and gneissic rocks, and occasionally thick conglo-
merates are intercalated among the sandy strata on
various horizons, as, for example, on Moray and Cro-
marty Firths. These beds are sometimes thin, and
sometimes of enormous thickness. Some of these con-
glomerates are clearly volcanic breccias and ashy beds ;
as, for example, on part of the Ochil Hills, south of the
Firth of Tay, and from thence stretching westward at
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intervals to the Forth, near Bridge of Allan. The
ordinary sedimentary conglomerates are frequently very
coarse, containing both water-worn and subangular
fragments of the underlying rocks from the waste
(denudation) of which it has been formed. Some of
the fragments I have observed of a yard in diameter, in
the great band of conglomerate that lies at the foot of
the Grampian Mountains, and others, true boulders, of
equal size, on the north coast of Scotland, east of
Strathie in Caithness. The Silurian gneiss of the
Grampian Hills and of the Highlands in general, is
much older than the Old Red Sandstone, and the same
may be said of the strata of the Lammermuirs, both of
which were disturbed and denuded before the depo-
sition of the Upper Silurian rocks. Later denudations
of the same rocks formed the vast conglomerate of Old
Red rocks south of Dunbar.

Some of these conglomerates possess a character
which unmistakably marks them as glacial boulder
clays. The stones are of all sizes,and not mere pebbles,
and they are generally sub-angular, just like those of
many of the boulder clays of the last Glacial Epoch. Like
some of these boulder clays also, the stones are imbedded
in a red marly paste, once unconsolidated clay, and in
similar conglomerates in the Cumbrian region, scratched
stones have been found in some cases unmistakably
resembling those which are allowed by all to have had
their markings produced by the agency of glacier ice.
A bold man might even go further, for opposite the
mouth of the valley of Ullswater, at the outlet of the
lake, there are great heaps of angular boulder-con-
glomerate, culminating in the big mound-like hills of
Mell Fell and the neighbourhood, the stones cemented
in a marly base. It is an obvious fact to skilled
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geologists, well known to those of the Geological Survey,
who mapped the ground, that some of the valleys of
Cumberland are of older date than the deposition of the
Old Red Sandstone, and standing on the ground it was
impossible for me not to feel the idea, that Mell Fell
and Little Mell Fell look like, and may be, the relics
of an old moraine, shed from a glacier of Old Red
Sandstone age, that flowed down a valley far older than
that of modern Ullswater, and long before the special
hollow in which the lake lies was formed. The
mountains were much higher than now, for since then
they have undergone an immense amount of denudation.

In Scotland fishes are more or less found in all the
broader districts occupied by Old Red Sandstone, but it
was chiefly in the north, in Caithness, and on both sides
of Cromarty and Moray Firths, that Hugh Miller made
his wonderful discoveries of fossil fishes of many
species. They are found generally in bituminous
schists and flags with occasional nodular concretions,
and lie in various minor horizons among red and varie-
gated sandstones and conglomerates, which contain the
remains of many fish of the genera Diplopterus,
Coccosteus, Pterichthys, Diplacanthus, Osteolepis,
Qlyptolemus, Dipterus, Holoptychius, Cephalaspis,
besides crustacea, such as Pterygotus, and the small
bivalve Estheria Murchisonie. (Fig. 26.)

Most of the genera belong to a sub-order of Ganoid
fish called Orossopterygide by Huxley, from the fringe-
like arrangement of the fins, a sub-order several species
of which are still living in the rivers of Senegal and in
the Nile.

I have specially mentioned these circumstances, for
the purpose of keeping before the mind of the reader
the broad fact that the Old Red Sandstone, as a whole, is
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Group of Old Red Sandstone fossils.
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distinct in space, if not in time, from the marine Devonian
strata, for in most books both are generally included
under the term Devonian, and the ordinary reader
makes no distinction between them. There is, however,
this marked distinction, that one is of marine and the
other of fresh-water origin, and therefore that the latter
belongs to a broad Continental area, outside the shores of
which our British Devonian beds were deposited, while
In other areas, such as part of Russia, the intermingling
of fresh-water and marine interstratifications seems to
imply a set of estuarine conditions. That our Old Red
Sandstone, to the very top, was of fresh-water origin is
evident, not only by the presence of special genera of
fish, but also in the rocks of Dura Den, of a fresh-water
shell, Anodonta Jukesii, and of ferns, Adiantites Hi-
bernicus and Cyclopteris, also Lepidodendron, &e.
The shell proves fresh water, and the plants the vicinity
of land. See Fig. 25, p. 101.

When all the foregoing statements are fairly con-
sidered, it seems to me that we obtain sufficient mate-
rial from which to form a conception of the physical
geography of our area during the deposition of the Old
Red Sandstone ; as follows :—

In a mountainous region of which the Scandinavian
chain formed part, the lakes of the Old Red Sandstone
epoch lay ; for patches of these strata opposite Scotland,
and bordering the sea, lie on the Norwegian coast.
What was the extent of the Great Lake in which the
central Scottish strata were deposited I am unable to say,
for they strike out to sea in the Firth of Clyde on the
west and to the North Sea on the east coast, forming a
stretch of country 100 miles in length by about 60 in
breadth. Whether or not, the Old Red Sandstone of
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this atea was originally united to that which borders
the Firths of Moray and Dornoch, and from thence on
to the sandstones of Caithness and the Orkneys, I
cannot tell, though it has been usually stated that
the eastern side of the Lower Silurian rocks and the
Grampian heights were continuously fringed by Old
Red Sandstone. It seems to me, however, to be not
unlikely, that as the great Grampian range south of
the Dee even now attains to heights of about 2,000
feet in Kincardineshire, in older times, having suffered
much less from denudation, they were higher than
now, stretched further east, and possibly formed an
effectual barrier between two lake-areas in which Old
Red Sandstone was deposited. But even if the red
sandstones of the whole of Scotland were once united to
those of the coast of Norway, in one continuous stretch
of inland water, it is not without parallel in the
living world, for the brackish Caspian lake occupies
a larger area, and it has been said that even in his-
torical times the Caspian was larger than now. The
great fresh-water lakes also of North America, from
Lake Superior to Lake Erie, exclusive of Ontario, oc-
cupy an area far larger than the whole of Scotland with
all its islands. Three of these lakes, Superior, Michi-
gan, and Huron, practically form one sheet of water,
united by straits somewhat analogous to those of the
Bosphorus and Hellespont; and the lowest of these,
Lake Huron, is only 37 feet below the level of Lake
Superior, while Erie is 36 feet lower than Lake Huron,
with a distance of more than 70 miles between them,
part of which is occupied by Lake St. Clair.

When we try to realise the kind of scenery of this
old period, we are led to something of this kind. The
lake or lakes, was or were, more or less encircled by high
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mountains, and on the banks, and perhaps as occasional
islands, volcanic cones disgorged streams of lava and
discharged showers of ashes and stones, to be interstrati-
fied with the ordinary sediments, in a manner analogous
to that which accompanied the deposition of the Miocene
strata in Auvergne and other areas in what is now
central France. At the same time, from the lofty moun-
tains that now form the Highlands, but higher then,
glaciers descended into the water, and fleets of icebergs
floated hither and thither, and, melting, dropped their
moraine matter to intermingle with other sediments,
while further south, in Cumbria, similar glaciers de-
scended from the ancient mountains, higher and dif-
ferent in form from those of modern date in the same
area.

In a region still further south, we come to the
lake in which the Old Red Sandstone of South Wales
and the adjoining counties was deposited.  These
strata certainly spread further north and west than the
edge of the main mass does now, a fact shown by the
large outliers by Presteign, Clun, and Bettws Crwyn in
Montgomeryshire. Making an allowance for this ex-
tension, the lake must have been not less than about
100 miles in length, by a breadth varying from 70 to
100 miles, for traces of Old Red Sandstone have been
proved in deep borings through the coal-measures at
the south end of the South Staffordshire coal-field.
Away in the distant west, rose the lofty mountains
formed in part of the far more ancient Lower Silurian
rocks of North Wales, but no contemporaneous volcanic
rocks are anywhere found among the Old Red Sandstone
strata that were deposited in the adjacent lake, the
eastern shores of which were, I think, low and unim-
posing.
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Respecting the vegetation of the country there is
little to say, for the ferns and lepidodendrons afford
but feeble and fragmentary evidence. It may have
been that the whole region stood at a comparatively
high and bleak level, or it may be that the plant-bear-
ing localities remain to be discovered. This, however,
we know, that in North America, in equivalent strata,
there lie buried the remains of a large and luxuriant
flora, which generically has close affinities with that of
the succeeding Carboniferous Epoch. Such plants as we
have lie, some at the base, and others near the top of the
British Old Red Sandstone, which, indeed, in some areas
gradually merges into the Carboniferous strata, that,
under varying marine and wide-spread terrestrial con-

ditions, form the next stage of one long Continental
Epoch.
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CHAPTER IX,

CARBONIFEROUS SERIES.

CarBONIFEROUS Rocks.—In the south and middle of
England, the Carboniferous rocks cousist chiefly of
Limestone at the base and Coal-measures above. In-
cluding the South Wales, the Forest of Dean, the
Somersetshire and other areas, a typical section of the

beds is as follows :—
Teet. Feet.

Coal-measures . . . ; ‘ . 1,000 to 12,000
Millstone grit . : : ; . . 500 ,, 1,000
Yoredale rocks . ; i g § . 100, 1,000
Carboniferous or Mountain Limestone . 500, 2,600
Carboniferons Limestone shale . . . 100 500
Yellow Sandstone with plants, Ireland, &c. 100 ,, 200

Generally resting on Old Red Sandstone.

The Yellow Sandstone beds often form a passage
from the Old Red Sandstone to the Carboniferous rocks,
and the plants have carboniferous affinities. The ac-
companying shales in Pembrokeshire and elsewhere,
contain numerous fish-teeth, Spirifers, Productas, and
a few Lingulas; and the Carboniferous Limestone,
which is more than 2,000 feet thick in South Wales,
and in Somersetshire, is so highly fossiliferous that it
may be stated that the whole of the limestone once
formed parts of animals. The lowest 500 feet consists
chiefly of fragments of Encrinites. The Yoredale rocks
of Yorkshire have no precise lithological parallel in
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South Wales and Somerset. They consist chiefly of
shales and sandstones, with marine shells and occasional
land-plants. The Millstone grit of South Wales is
comparatively unfossiliferous, but sometimes contains
the remains of plants, and more rarely Orthoceras and
other marine shells.

'The Coal-measures and Millstone grit of Monmouth-
shire, Glamorganshire, and Pembrokeshire, lie in a
great oval basin, encircled by a rim of Carboniferous
Limestone, beneath which lies the Old Red Sandstone.
The Coal-measure beds alone were estimated by Sir
William Logan at from 10,000 to 12,000 feet thick.
They consist of alternations of sandstone, shale, fireclay
cr underclay, coal, and ironstone. There are about 100
beds of coal in the field, many of which are workable,
chiefly in the lower part of the series, where the prin-
cipal ironstones also occur. In the shales and sand-
stones large stems of plants are sometimes found stand-
ing vertically, in the positions in which they grew.
Underneath each bed of coal is a bed of underclay with
Stigmaria, forming the soil in which the plants were
rooted, by the decay of which, passing through the
stage of peat, material was supplied for the subsequent
production of coal. Stigmaria, once supposed to be a
special plant, was first proved by Mr. Binney to be
the root of Sigillaria, and about the same time Logan
showed that the underclay was a soil that lay invari-
ably underneath beds of coal, and indeed that these
roots and rootlets are in every underclay. The plants
(the decay of which formed beds of coal) consisted
largely of gigantic club-mosses, such as Lepidodendron
and Calamites (Equisitacee) of various species, and
many other ferns, with a few Coniferz, &ec.

Passing from east to west in this coal-field, the coals
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(sometimes the very same beds) gradually change
from so-called bituminous to anthracitic varieties. It
is remarkable that anthracite usually occurs in coal-
fields the strata of which have been much disturbed
and contorted, as, for instance, in the mountains of
Pennsylvania. Anthracite is simply a metamorphic
variety of coal; and in Pembrokeshire, where the coals
are most anthracitic, the strata have been violently
contorted. There is a connection between the heat
that produced metamorphism and the lateral pressure
that produced contortion, for pressure with movement
is convertible into heat. A line of disturbance passes
from the banks of the Wye south of Builth, through
the north part of the coal-field south of Llandeilo, and
from thence westward into Pembrokeshire, where masses
of igneous rocks appear in contact with the coal-field.
In connection with this, it may be that the rocks of the
coal-field remained a long time highly heated, and so,
by a species of distillation, deep under ground, the
bituminous were converted into anthracite coals.

F1a. 27.

. Old Red Sandstone.

. Carboniferous Limestone.

. Millstone Grit. }Ca.rboniferous series.
. Coal measures with beds of coal.

| ST

W 2

Dean Forest may be looked on as an outlier of the
South Wales coal-field. Fig. 27 may be supposed to
represent the arrangement of the strata on the east side
of this very perfect basin. The limestone is about 700
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feet thick, and the Coal-measures, according to De la
Beche, 2,765 feet. The limestone contains brown
hematite iron ore in cavernous holes. There are in the
field 23 chief beds of coal.

The Bristol and Somersetshire coal-field was also
originally joined to the South Wales Carboniferous
rocks, till separated by denudation. The Carboniferous
Limestone series near Bristol, and on the Mendip Hills,
is about 2,500 feet thick, containing the usual marine
fossils in great variety. The Coal-measures and Mill-
stone grit of the Bristol and Somersetshire coal-field lie
in a basin, the base of which is formed of this limestone.
The Coal-measures are altogether about 7,000 feet
thick, and consist of an upper and a lower series, sepa-~
rated by thick beds of grit, called the Pennant rock,
about 2,000 feet in thickness, and which itself holds
beds of coal, some of them of value. Altogether they
contain about 46 beds of coal, with a total thickness of
about 98 feet. A large part of this Carboniferous basin
is unconformably covered by New Red marl and Liassic
and Oolitic strata, and here and there portions of the
coal-field are exposed by denudation of the New Red
marl between Bristol and the Mendip Hills, where the
beds rise rapidly, and a narrow strip of Coal-measures
skirts the Mendip limestones, the whole dipping no:th
at high angles. Similar Coal-measures probably under-
lie the marshes, and part of the secondary strata south
of the Mendip Hills.

These three coal-basins, South Wales, Dean Forest,
and Bristol, once united, have only been separated by
denudation similar to that shown at p. 33. In the
case of these coal-fields the intervening spaces are anti-
clinal, and the basins synclinal curves, and therefore it
is not only possible, but probable, that other coal-basins
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may lie far to the east beneath the Oolitic, Cretaceous,
and Eocene strata of the London basin.

The Culm-measures of Devonshire, though of true
Carboniferous age,and probably representing muchof the
series, are nearly unproductive of coal. Near their base
there are intermittent thin streaks of limestone, which
may feebly represent part of the great masses of
Somerset and South Wales, just as the thin worthless
coals represent the numerous seams of these coal-fields.
But the conditions of deposition in the areas were
apparently very different. In the Devonshire area the
purely terrestrial intervals, marked by the growth of
land plants @n situ, seem to have been infrequent and
transitory, and from bottom to top common aqueous
strata prevail.

Further north, in the neighbourhood of Newent,
narrow bands of poor Coal-measures are barely trace-
able between the Old Red and the New Red Sandstones,
and still further north, round Bewdley, there lies the coal-
field of the Forest of Wyre, consisting of strata by no
means very productive of coal-beds. They lie directly
on the Old Red Sandstone, the Carboniferous Limestone
being absent. The Coalbrookdale coal-field joins that
of the Forest of Wyre, and lies partly on a thin deve-
lopment of Carboniferous Limestone, and partly
unconformably on Upper Silurian rocks. On the north-
west, the lower part of the New Red Sandstone is
faulted against it, and on the east it is overlaid by
Permian strata. It contains several bands of good
nodular ironstones, which often yield Producta, Conu-
laria, Orbicula, Limulus, and other marine remains, and
in some of the strata fossil beetles, dragonflies, and spiders
have been found. There are in places 22 beds of
coal in this field, about 10 of which are workable, some
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of them from 3 to 6 feet thick, with beds of under-
clay, the whole being interstratified with shales and
sandstones. The total thickness of these Coal-mea-
sures is about 1,000 feet. The adjoining coal-fields of
Le Botwood and Shrewsbury are comparatively of minor
importance. The North Wales coal-field in all essen-
tial geological points resembles that of South Wales, and
lies on the Carboniferous Limestone, which is from 800
to 1,000 feet thick. South of Wrexham the whole dips
east under the Permian rocks, and further north under
the New Red Sandstone. The Denbighshire part con-
tains at least 17 beds of coal, most of which are
worked, and the Flintshire part at least 12 beds.
A small fragment of the same strata occurs in the
central part of Anglesey. It is underlaid by the
Carboniferous Limestone, and on the south-east is
faulted against the Cambrian rocks. Permian strata
overlie it, but the smaller faults and a greenstone dyke
which affect the coal do not pass through the Permian
beds, which lie unconformably over all.

In the centre of England the basement beds of the
South Staffordshire coal-field rest directly on the
Wenlock Limestone of the Upper Silurian series. This
field, in the northern part, contains 14 beds of coal.
Getting closer to each other by degrees in the south,
several of these coalesce to form the thick coal, in places
40 feet in thickness, with two thin partings. The rocks
are pierced by basalts and a white felspathic-looking
trap, which has charred the coals at the points of junc-
tion, and is undoubtedly connected with the great
basaltic mass, called the Rowley Rag, that overlies the
Coal-measures.

The New Red Sandstone on the east is faulted
against the Warwickshire coal-field, and generally over-
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laid by the Permian rocks on the west. It contains six
beds of workable coal, besides ironstone, and on the
south, where the strata pass under the Lower Keuper
Sandstones, several of these, as in South Staffordshire,
coalesce to form two beds of coal. The lower part of
the Coal-measures is traversed by several lines of intru-
sive dioritic greenstones running in the line of strike.

The Ashby-de-la-Zouch coal-field is overlaid by the
New Red Sandstone, and partly underlaid by the Car-
boniferous Limestone, and partly, probably, by a con-
tinuation of the Cambrian rocks of Charnwood Forest.
It is divided into two districts or minor basins—the
eastern, containing 15 beds of coal, 11 of which are
workable ; and the western 11 beds. Nine are of superior
quality. The Coalbrookdale, South Staffordshire, and
Warwickshire coal-fields present so many points of
resemblance, that undoubtedly they were all originally
formed as one coal-field, and even now in great part
may be continuous in the districts that lie between,
concealed by Permian and New Red strata.

North of this coal-field the Carboniferous rocks are
somewhat modified in details. Between Derbyshire and
Berwick they stretch north and south without a break
for 200 miles, by about 60 miles in width. At the
southern end, near Derby, the New Red Sandstone over-
lies them. West of Cheadle, along the edge of the
North Staffordshire coal-field, they are generally faulted
against the Permian rocks, north of which lie the coal-
fields of Cheshire and Lancashire. The Carboniferous
Limestone and Millstone grit rise between these coal-
fields, forming the hills of Derbyshire ; and the Coal-
measures are thrown off on either side of the anticlinal
axis, forming, in the east, the Derbyshire and Yorkshire
coal-field, and on the west those of North Staffordshire,
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Cheshire, and Lancashire. Three or four beds of igneous
rock, called toadstone, lie in the limestone. The Mill-
stone grit of these areas is much mingled with shale, and
between it and the Carboniferous Limestone there are
often thick beds of shale and sandstone, called the Upper
Limestone Shale, or Yoredale rocks. North of the
Ribble the Carboniferous Limestone itself is divided by
numerous interstratifications of sandstone and shale,
with occasional beds of thin coal, and this increasing in
the northern parts of Northumberland, the equivalents of
the southern mass of Carboniferous Limestone die away
into a few subordinate beds of limestone, and fairly pass
by degrees into a lower coal-field, with several poor
beds of coal.

The Lancashire, Cheshire and North Staffordshire
coal-fields, exclusive of the Millstone grit, vary from
about 3,500 to 7,500 feet in thickness, counting from
the beds on which the unconformable Permian strata
happen to rest. They include about 30 coal-beds in
North Staffordshire, in Lancashire 14 good seams about
St. Helens, 15 at Wigan, 16 between Manchester and
Bolton, and 13 at Burnley. Many of these, which in
different districts go by different names, are equivalent
beds. Fish remains and many marine and estuarine
or fresh water shells occur among the interstratified
shales and sandstones. There are also many beds of
ironstone. The Nottingham, Derbyshire, and Yorkshire
coal-fields united give about 15 beds of workable coal.
All these are ironstone areas, and North Staffordshire
is the great pottery district of England. The finer
clay is imported, only the coarser qualities for tiles, &c.,
being native.

The Newcastle coal-field is about 1,600 feet thick,
and contains about 16 beds of coal throughout the
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district.  The lower coal-field of Northumberland,
as already stated, is of the age of the Carboniferous
Limestone series of Wales, and the Berwickshire coals
of Scotland are of the same general age. There is
another much smaller coal-field near Ingleton in North
Lancashire which contains 8 beds of coal, and in Cum-
berland the Whitehaven Coal-measures, which lie on the
Carboniferous Limestone, have 14 beds.

The great Scottish coal-fields lie in a broad syn-
clinal curve, in which are the valleys of the Clyde and
Forth. Beneath the Calciferous Sandstone and Carbon-
iferous Limestone series, Old Red Sandstone, underlaid
by Silurian rocks, rises on the south-east between St.
Abb’s Head on the east and Girvan on the west; while
on the north-west the Old Red Sandstone resting on
the Lower Silurian rocks of the Highlands, rises from
beneath the same Carboniferous strata between the Frith
of Tay and the Clyde, near Dumbarton. The whole tract
is about 100 miles in length, by 40 to 50 in breadth.

The lower Carboniferous strata are much intermin-
gled with igneous rock, sometimes felspathic, sometimes
augitic. Some of these are intrusive, but large masses
consist of truly interbedded lavas, associated with
strongly marked and thick strata of volcanic ashes and
conglomerates, well seen, for example, on the cliffs
between Dunbar and Belhaven. The Carboniferous
Limestones, which in occasional bands overlie the Cal-
ciferous Sandstone, do not lie in a mass at the base of
the Coal-measures, but, as in the North of England, the
limestone occurs in several beds, chiefly in the lower
part of the series, interstratified with beds of sandstone,
shale, and occasionally of coal. In Linlithgowshire
and the Campsie Hills limestones are interbedded with
trap. Marine, fresh or brackish water, and terrestrial
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alternations are of constant occurrence. In some cases
in East Lothian, beds of fireclay, with Stigmaria, and
thin layers of coal lying on old terrestrial soils, im-
mediately underlie marine limestones with Productas.
In the Dalkeith coal-field valuable beds of coal with
shales, &c. are interstratified with a thick series of beds
of Carboniferous Limestone. The Burdiehouse brackish
water limestone in East Lothian is the lowest of the
limestones, and yields many small bivalve Crustacea
of the genus Estheria, besides fish of the genera Mega-
licthys and Holoptychius.

In the East and Mid Lothian coal-fields about
20 beds of workable coal occur, besides many smaller
layers. Eleven workable beds of coal are known
above the Millstone grit or Moor rock, and 17 asso-
ciated with the Carboniferous Limestone beds below
the Millstone grit. The Carboniferous strata of the
Lothians cross the Firth of Forth beneath the sea, and
form great part of Kinross and Fife, where there are
29 workable beds, one of which is 21 feet, and others
from 5 to 9 feet in thickness. The western part of
the basin in Lanarkshire and Ayrshire yields 8
or 10 workable coal seams. It is in these districts
that the well-known black-band ironstones occur.

I have already said that the South Wales, Dean
Forest, Bristol and Devonshire Carboniferous areas
originally formed one, and have been separated by
disturbance of the strata and subsequent denudation.
The same kind of original continuity may be inferred
concerning all the coal-fields of the middle of England,
North Wales, and northward to Cumberland and North-
umberland, and the latter was even probably joined to
the great coal-field of central Scotland. After the
close of the Carboniferous epoch, this large area was
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also thrown into a series of undulating anticlinal and
synclinal curves, great denudations occurred, and the
result was that the individual coal-fields now lie in
basins often separated from each other by intervening
tracts of Millstone Grit and Carboniferous Limestone.
Sometimes portions of these basins are concealed by
unconformable overlying Permian and New Red strata.
Thus, the Northumberland and Durham coal-field is pro-
bably a basin, partly out at sea, and the southern edge
of which is overlaid by Magnesian Limestone. The
Yorkshire and Derbyshire coal-field is in my belief
another basin, the eastern half of which must crop up
against the Magnesian Limestone, deep under ground,
and miles to the east of where it first dips beneath
that limestone. The Lancashire and North Wales coal-
fields also form parts of another great basin, in places
probably 6,000 feet or more beneath the New Red Marl
of Cheshire. These statements will be more easily un-
derstood by referring to figs. 63, p. 325, and 115, p. 601.

In the purely marine strata of the Carboniferous
series, of which the Carboniferous Limestone forms the
most important part, we find that more than 30 genera
and about 100 species of Corals have been named.
Among the most common are species of the genera
Cyathophyllum, Clisiophyllum, Syringopora, Litho-
strotion, and Zaphrentis. Crinoidea are numerous,
the most common of which belong to the genera Actin-
ocrinus, Cyathocrinus, Platycrinus, Woodocrinus,
and Poteriocrinus; 3 species of Echinidz also occur.
Trilobites are scarce in the Carboniferous rocks, the
most characteristic genera being Griffithides and Phil-
lipsia. Among other Crustacea there are Estheria,
Eurypterus, Prestwichia, Belinurus, and Limulus.
Polyzoa are common. Brachiopoda are also exceedingly
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Woodocrinus
macrodactylus,

Terebratula
hastata.

L

Lithostrotion basaltiforme.

Plenrorhynchus minax, Gomatites spharicus.

Phillipsii Aviculopecten
Derbiegssis. sublobatus.

Nautilus biangulatus,

Group of Carboniferous Limestone Fossils,
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numerous, and comprise 18 genera and 160 species, the
most strikingly characteristic of which are Productus,
Spirifera, Rhynchonella, and Terebratula. The genus
Orthis only yields 12 species, a great decrease when com-
pared with its development in Silurian seas. There are
334 species belonging to 49 genera of Lamellibranchiata,
which, unlike their comparative development in Silurian
rocks, far exceed the Brachiopoda, both specifically and
generically,indicating aremarkable approach tothe types
of Secondary times, in which Lamellibranchiate molluscs
by far predominate. The most common of these are
Awviculopecten, Posidonomya, Arca, Conocardium,
Edmondia, Modiola, Nucula, and Sanguinelites.
Of Gasteropoda, there are 29 genera and 206 species,
among which are many species of Euomphalus and
Pleurotomaria. Ofthe Nucleobranchiata, 23 species of
Bellerophon are known, and 148 species of Céphalopoda,
the chief of which are Gomiatites, Nautilus, and
Orthoceras. Ninety-nine genera and 221 species of
fish have been described, some of which probably lived
alike in the sea and in fresh and brackish water.

In the Carboniferous rocks, chiefly in the Coal-
measures, more than 500 species of fossil plants have
been named, a large proportion of which are ferns,
some of great size. The most common genera are Sphe-
nopteris, Pecopteris, Neuropteris, Cyclopteris, Odon-
topteris, Caulopteris (tree-fern), &e. The remaining
plants belong chiefly to genera of Calamites (Equisite
of large size), Lepidodendron (tree Lycopodiums),
and Sigillaria, Fig. 29. Coniferous trees, the fruit of
which is Trigonocarpum, also occur. In the Coal-
measure strata of Britain there have also been found
many fresh-water Crustacea of the genus Cypris, fresh-
water bivalves, Anthracomya, Anthracosia, &e., wings
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and wing-cases of beetles and other insects, spiders, &e.
Rain pittings on the shales are not infrequent, together
with sun-cracks and footprints of Labyrinthodont
Amphibia, Dendrerpeton, Anthracosaurus, and other
genera. The rain pittings in this special case, tell of
showers falling on surfaces of moist mud, exposed by
the temporary retirement of fresh water, and the sun-
cracks of the drying and shrinkage of that mud; and
these joined with the footprints of Amphibia tell of
daily events which by happy accidents got perpetuated,
first, by baking in the sun’s rays. Next, when the area
was again overflowed, new layers of mud settled on
these impressions, and afterwards becoming consolidated
into shale; and thus we have, in a measure, fossilised
sunshine, showers, and footsteps of old Amphibians, im-
printed, during their occasional visits to the moist land,
on the margin of the water in which they chiefly lived.

Before closing the subject I must endeavour to
explain under what broad conditions of Physical
Geography the Carboniferous series was formed.

It is impossible to have an intimate knowledge of
the Carboniferous rocks, even within the limited area
of the British Islands, without coming to the conclusion,
first, that the various strata were formed in seas, some
comparatively open and deep, some shallow, estuarine,
and restricted in area, and some in fresh water; and
second, that beds of coal were due to terrestrial vegetable
growths that flourished and died on the land, and were
buried with the soils on which they grew. To examine
all of these points in full detail would require the
writing of a special treatise, and I can here only glance
at the proofs.

In the southernmost parts of South Pembrokeshire,
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the limestone is about 2,500 feet thick. Going north
to Haverfordwest it rapidly thins out, and finally dis-
appears by overlap in a distance of twelve miles. A
rapid thinning of the same strata also takes place
between the shore of Bristol channel in Glamorganshire
and the north side of the South Wales coal-field. In
the Mendip Hills the limestone has also a thickness of
about 2,500 feet. Traces of it are still seen south
of Bideford Bay, at Cannington Park, a few miles north-
west of Bridgewater, while on the northern borders of
the Culm-measures of North Devon, it may be said to
have almost entirely disappeared as a special formation.
Among the limestone hills of Derbyshire it is of enor-
mous thickness, and its base is unknown; but se in-
distinct is the bedding in part of the centre of that
region, that it is often as hard to make out the
details of stratification as it is in a large consolidated
modern coral reef. North of Clitheroe the bosses of
limestone are in places remarkably massive, and thin
away in various directions so rapidly, that the incautious
geologist is at first tempted to imagine faults where
none exist. Further north, near Settle, Kendal, and
round the sides of the Vale of Eden, it is well developed
and distinetly bedded ; but passing east and north, into
Durham and Northumberland, it rapidly splits up into
a few comparatively insignificant bands, separated by
thick interstratifications of shale, sandstone, and minor
beds of coal. The lower coal-fields in Scotland lie in
equivalent strata.
In Ireland the phenomena are still more remarkable,

for in the south and south-west, as described by J ukes,
the same masses of limestone in a few miles sometimes

thin away from some 2,000 to 200 or 300 feet in
thickness.
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The prevalence of corals in the thick masses of
Carboniferous Limestone, and sometimes the rapid thin-
ning out of these masses in opposite directions, point
to the conclusion that they were true coral reefs, of the
nature of the Barrier Reefs of Australia and the Pacific
Ocean, and that they thinned away on one side to a
feather edge in the direction of the land, and on the
other more steeply towards the deep sea. These len-
ticular masses were probably formed round outlying
islands, large and small, undergoing a process of slow
depression, or otherwise on the shores of some old con-
tinent, the details of the original shape of which are
now lost to our knowledge. One part of this land,
however, consisted of that area now known as the moun-
tainous parts of Wales, and the adjacent Silurian and
Cambrian territory that underlies the Coal-measures of
South Staffordshire, Warwickshire, and Leicestershire,
Derbyshire, Cumbria, and the South of Scotland, while
far north the Grampian mountains and the whole of the
North Highlands stood higher above the level of the
sea than they do now, for ever since they have suffered
from denudation.

But while in the south, coral reefs of the nature of
Barrier Reefs or Atolls were being formed, in the north
the case was different; for there, as in parts of the
modern Pacifie, volcanic action was rife, and this is
witnessed by the lavas and ashes, intermingled and i.n-
terstratified with the whole of the Carboniferous series
in Scotland. This area, together with the north of
what is now England, was therefore more or less an
area of elevation, accompanied by oscillations of
partial depression. Thus it happens that in the‘ese
regions, the bands of Carboniferous Limestone are qult,‘e
insignificant when compared with the thick interstrati-
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fications of shale and sandstone with occasional beds of
coal that lie between them, and which, excepting the
beds of coal, were of ordinary aqueous sediments.

This naturally leads to the question under what
circumstances were the purely mechanical sediments
and the beds of coal formed? The answer is, that
after the close of the Carboniferous Limestone epoch
in the south, the area got filled up by the sands of the
Millstone Grit and the more muddy strata (now shales
and sandstones) that overlie them, and this shallowing
of the seas may have been aided by partial upheaval of
the area, till part of it was nearly at, and at length a little
above, the level of the sea. Through this flat conti-
nental land, great rivers ran, bordered by wide marshy
flats, on which the vegetation grew that by its decay
and death became transformed into peat. Then by
gradual depression these areas were again covered with
water, in the first instance salt or fresh, as the case
might be, but in all cases resulting in the deposition of
layers of sediment. The area was thus converted by
degrees into low land, covered by vegetation, a new
growth and decay took place, and it was again depressed
beneath the water to receive newer sediments, and so
on through a vast period of time, till, for example, all
the 10,000 feet of the South Wales coal-field were
accumulated, interstratified with the hundred beds of
coal, great and small, that lie among the shales and
sandstones; and in equal or less degree the same was
the case with all the other coal-fields of England and
Wales, as far north as those of Lancashire and
Yorkshire.

But when we come to other Carboniferous areas,
further north, the case is somewhat different. There
we find, in Durham, Northumberland, and Scotland, no
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thick masses of limestone, but only thin bands, inter-
stratified with thick deposits of shale and sandstone,
similar in most respects to those of the Coal-measures
of Wales, and, like these, interstratified with beds of
coal. The inference is obvious, that in these areas the
conditions that prevailed were such, that a given area
during oscillations of level was at one time sea, as
proved by the sea shells in the strata, at another fresh
water, as witnessed by the shells Anthracosia, Anthra-
comya, &c., and at another time land, as shown by the
beds of coal, each underlaid by its terrestrial soil of
underclay with Stigmaria, the roots of Sigillaria.

If this be true, we get a hint of a new phase of the
physical geography of an epoch immediately succeeding
that of the Old Red Sandstone. I have often thought
that if we might imagine the vast flat territory of
Northern Asia, with all its mighty rivers, to face south,
so that they might run into a sub-tropical sea, we
would have something like a picture of our Carboni-
ferons epoch, succeeding one, the chief character of
which, was the presence of numbers of large continental
lakes. This at all events seems certain, that beds of
coal are not the result of woody matter drifted into,
and waterlogged in, lake hollows, by rivers, as was once
imagined ; but rather, considering the magnitude of
the areas which the beds of coal cover, that they bear
witness to the existence of a vast continent, or, if we
take the whole world into account, of vast continents,
through which wandering rivers traversed flat areas,
comparable to those of the largest river areas of the
living world. Deltas of the present day offer many
analogies. The mouth of the Whang-ho or Yellow
river is now 250 miles north from where it entered the
sea about twenty years ago. The modern delta of the



http://www.geology.19thcenturyscience.org/books/1878-Ramsay-Geology/README.htm
138 Physical Geograpty.

Mississippi has an area of more than 12,000 square
miles, consisting chiefly of sands and clays, with much
vegetable matter, and that of the Nile an area of about
21,000. The delta of the Ganges and Brahmapootra is
more than 48,000 square miles in extent, has peaty
beds interstratified with clays and sands, containing
freshwater shells and freshwater tortoises, often much
below the level of the neighbouring sea. The area of
all England and Wales is 57,812 square miles, and
the areas of all the coal-fields of Great Britain extended
to their original size did not equal that of this great
delta.

It 1s not to be supposed that, in each coal- field, each
bed of coal extends over the whole area. On the con-
trary they thicken and thin out, and have their edges
like many a modern peat moss, and the vegetation of
the Carboniferous epoch flourished and decayed rapidly,
on moist ground and in a moist atmosphere, not of
excessive warmth, as has often been stated, but, in the
opinion of Sir Joseph Hooker, ¢in a moist and equable
climate,” that could scarcely have been sub-tropical.
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CHAPTER X.

PERMIAN STRATA.

In England there are certain red strata, known as PEr-
MIAN, which occupy a sort of debatable ground, lying
between the Carboniferous and New Red or Triassic
series. Sometimes they have been classed with the
former, sometimes with the latter, by those who like
to insist on hard and fast lines of division between each
formation. These strata, lying not quite conformably
either with the underlying or the overlying formation,
I prefer to consider as in some sense transition beds,
making one of the steps in that change of the physical
geography of our area which put an end to the develop-
ment of Coal-measures, and made it possible under new
conditions for the Permian strata to be deposited.

They are usually divided (as in Germany) into two
subformations, viz.:—

Magnesian Limestone and Marl Slate,
Rothe-todteliegende.

The higher English beds in certain areas consist chiefly
of Magnesian Limestone or Dolomite, interstratified
with certain marls, and the lower of red marls, sand-
stones, and conglomerates. But if we take Engiand as
a whole this division does not hold good, for in the
eastern part of England the Magnesian Limestone often
lies directly on the Coal-measures, and in Lancashire and
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the Vale of Eden, in the north, only a few thin beds
of Magnesian Limestone lie in the middle of red
sandstones and marls. Hard and fast lines of division
by no means hold good in this case.

The Permian strata were for long considered as form-
ing a lower part of the New Red Sandstone, till separated
from it by Professor Sedgwick, in his celebrated Memoir
on the Magnesian Limestone. They were afterwards
called Permian by Sir Roderick Murchison, from the
ancient Government of Perm in European Russia,
where they are extensively developed.

Between the neighbourhood of Nottingham and
Tynemouth in Northumberland, they have been sub-
divided by Professor King, into—

Crystalline and other limestones.
Brecciated limestone.
Fossiliferous limestone.

Compact limestone,
Marl slate.

The Marl slate lies at the base, but these sub-
divisions are by no means constant, and the lines
between them are not always definite. In many places
the rock consists of round masses of all sizes, often as
large as good-sized cannon balls, all cemented together.
The section is finely exposed on the sea-cliffs between
Hartlepool and South Shields, with great outlying
masses of rock rising out of the sands like ruined
castles, pierced by caverns with lofty ragged pillars and
arches, worn out by the restless sea, and through which
the daily tide flows. In their range from Nottingham
to this district the Magnesian Limestone is inter-
stratified with three minor beds of red marl.

In Nottinghamshire the position of these Permian
strata to the underlying Coal-measures, and the over-
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ferous series, for while between Nottingham and the
neighbourhood of Leeds they lie upon Coal-measures,
between Leeds and the vicinity of Darlington they
overlap the north edge of the Yorkshire coal-field, and
rest directly on the Millstone Grit and associated
shales as far as the south end of the Durham coal-field,
north of which they again lie on Coal-measures.

The limestone and marl slate are often fossili-
ferous.

In Lancashire, Cheshire, and North Staffordshire,
the Permian strata chiefly consist of red marls and
sandstones, interstratified near Manchester with a few
thin bands of Magnesian Limestone, where both lime-
stones and marls are fossiliferous, containing bivalve
shells of the genera Pleurophorus, Bakevillia, and
Schizodus, Turbo, Natica, &c. Similar marls and
sandstones, bordered by New Red Sandstone, stretch at
intervals from the border of the North Staffordshire
coal-field to that of Shrewsbury,and skirt the Denbigh-
shire coal-field on the east. In the more central parts
of England the same kinds of rock border the Coal-
brookdale, Forest of Wyre, South Staffordshire, and
Warwickshire coal-fields. In the Permian strata of
Warwickshire there are beds of conglomerate, the
waterworn pebbles of which largely consist of fragments
of Carboniferous Limestone. A few stems of trees have
been found in them, together with Calamites, and two
or three casts of shells of the genus Strophalosia
(fig. 31), together with a Labyrinthodont Amphibian,
Dasyceps Bucllands.

A large extent of Permian red sandstones and marls
occupy the beautiful Vale of Eden in Westmoreland
and Cumberland (see fig. 104, p. 521), from whence
Permian strata extend into the valleys of the Nith and
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the Annan in Scotland, brecciated like those of the
Clent and Abberly Hills.

In the South Staffordshire district, and in the
Clent and Bromsgrove Lickey Hills, the Permian marls
and sandstones are capped by a remarkable brecciated
conglomerate, consisting of pebbles and large blocks of
stone, generally angular, imbedded in a marly paste,
once soft clay. These conglomerate beds are about 400
feet thick. South of Colebrookdale, near Enville, and
between that country and the Abberly and Malvern
Hills, the same rocks occur, largely associated with
coarse brecciated conglomerates, similar to those of the
Clent Hills. The fragments have mostly travelled from
a distance, apparently from the borders of Wales, and
some of them are three feet in diameter. In some cases
the smooth surfaces of the stones still retain striations,
identical in character with those found in ordinary
boulder-clay, or made by modern glaciers. Many of
the stones are of greenstone and felstone, apparently
derived from the Silurian traps of Montgomeryshire
and North Wales, and at the south end of the South
Staffordshire coal-field, near Northfield, I found in these
strata large slabs of Pentamerus limestone, such as are
only known in the Longmynd country, on the borders of
the Cambrian rocks in Shronshire. So completely,
indeed, does the whole deposit resemble the Post-
pliocene boulder-clay, that I have no doubt that there
was a glacial episode during part of the Permian epoch.
In Thuringia the conglomerates of the Rothliegende
have the same lithological character as the brecciated
conglomerates of the Abberly Hills and Clent Hills,
and they may be considered equivalents both in position
and origin.

The chief part of the Permian fossils have been
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found in the Magnesian Limestone, and they are,
generically and specifically, few in number, but, as a
whole, their affinities and grouping are decidedly
Palwozoic. Some of the genera of plants have a Coal-
measure aspect, including Calamites, Lepidodendron,
Neuropteris, Sphenopteris, and Alethopterss, besides
Walchia, Ullmannia, Cardicocarpon, and fragments
of silicified coniferous wood. Only 9 genera and 21
species of Brachiopoda are found in these strata, viz.
Camarophoria 3, Crania 2, Discina 1, Lingula 2,
Producta 2, Spirifera 3, Spiriferina 2, Strophalosia
4, and Terebratula 2. These partly belong to genera
which also occur in the Carboniferous rocks. The same
strata contain 16 genera and 31 species of Lamelli-
branchiate molluses, the most common of which are of
the genera Schizodus, Gervillia, Solemya, &c.; 26
species of Gasteropoda, 2 Nautili, and many ganoid
fishes, the most common belonging to the very cha-
racteristic genus Palaoniscus, of which there are 6
species (fig. 31, p. 148). All the Permian fish have hete-
rocercal tails, like the majority of the Paleozoic genera,
in which the vertebral column is prolonged into the upper
lobe of the tail, whereas in most of the modern fishes the
vertebral column is not prolonged into either lobe.
The reptilian remains, both of the red rocks and of
the Magnesian Limestone, are partly Amphibian, as
shown by the Labyrinthodont Dasyceps Bucklandi of
Kenilworth, the footprints in the red Permian sand-
stones of the Vale of Eden, and Corncockle Moor, in
Dumfriesshire, and Lepidotosaurus Duffiv of the lower
part of the Magnesian Limestone; while others from
the marl slate, Proterosaurus Speneri and P. Hualeys
were true land Lacertilian reptiles. ,

Excepting the Magnesian Limestone, all the Per-
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mian rocks are red. As with the thin pellicle of
peroxide of iron that incrusts the grains of sand and
mud of the Old Red Sandstone, so the colour of the
red Permian sandstones and marls is due to a thin in-
crusting pellicle of peroxide of iron, such as I have
elsewhere attempted to show is often characteristic of
deposits in inland waters.

I now come to the main point :—What were the
peculiarities of the Physical Geography of the British
area in Permian times? To explain this I shall partly
use the matter published in 1871, in the ¢Journal of
the Geological Society,’ in my paper ¢On the Red
Rocks of England of older date than the Trias.’

First, the plants found in our Permian strata are
chiefly of genera, but not of species, common to the
Coal-measures, viz., Calamites, Lepidodendron, Wal-
chia, Chondrites, Ullmannia, Cardiocarpon, Aletho-
pteris, Sphenopteris, Neuropteris, and many fragments
of coniferous wood of undetermined genera. Inland
waters would be likely to receive land plants borne into
them by rivers, but this yields no certainly conclusive
evidence, since land plants are not very uncommon in
marine strata of the Lias and Oolites.

The evidence derived from the remains of Laby-
rinthodont Amphibia and of land reptiles, clearly points
to the close proximity of land. First, there is the Laby-
rinthodont Dasyceps Bucklandi from the red Permian
strata near Kenilworth,and next, Lepidotosaurus Duffiz,
found near the base of the Magnesian Limestone, where
it gradually passes into the underlying marl slate, and
from the marl slate itself were obtained Proterosaurus
Speneri and P. Hualeyi, both, according to Huxley,
true land Lacertilian reptiles. Further north, in the
red sandstones of the Vale of Eden, Professor Harkness
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found footprints, apparently of Labyrinthodonts, at
Brownrigg, in Plumpton, and near Penrith; and many
years ago numerous footprints were described by the
late Sir William Jardine, which were found on the sur-
faces of beds of sandstone in Corncockle Moor and in
other parts of Dumfriesshire. All of these footprints
clearly indicate that the animals were occasionally
accustomed to walk on bare damp surfaces, which were
afterwards dried by the heat of the sun, before the
flooded waters overspread them with new layers of
sediment in a manner such as now takes place during
variations of the seasons in many modern salt lakes.
Pseudomorphs of crystals of salt in the Permian beds
of the Vale of Eden, and deposits of gypsum and per-
oxide of iron, help to this conclusion, together with
the occurrence of sun-cracks or rain-pittings impressed
on the beds. The Pseudomorphous crystals of salt tell
of the evaporation of pools by solar heat, for neither
crystals of chloride of sodium (salt), nor deposits of
sulphate of lime (gypsum), could have been formed
amid common mechanical sediments at the bottom of
an open ocean. Only concentration of salts, by solar
evaporation of inland waters, could have produced this
result.

Eight, genera and 21 species of fishes have been
found, chiefly in the marl slate. They are Acro-
lepis 1, Ceelacanthus 2, Dorypterus 1, Gyracanthus 1,
Gyropristis 1, Paleoniscus 11, Platysomus 2, and Py-
gopterus 2. Generically they have strong affinities
with those of the Carboniferous age, some of which were
undoubtedly truly marine, while others certainly pene-
trated shallow lagoons bordered by peaty flats. There
i8 nothing extraordinary in the occurrence of seafish
in an inland salt lake.



http://www.geology.19thcenturyscience.org/books/1878-Ramsay-Geology/README.htm
Physical Geography. 147

If we now turn to the assemblage of shells we shall
find it to be very poor in number. In the red marlsand
bands of Magnesian Limestone at and near Manchester,
the very few species found in the marls and thin lime-
stones are poor and dwarfed in aspect, and in this re-
spect, and the small number of genera they somewnat
resemble the living molluscan fauna of the Caspian
Sea.

In the true Magnesian Limestone district of Notting-
hamshire, Yorkshire, and Durham, the case is somewhat,
different. There we find a more numerous molluscan
fauna, but wonderfully restricted when compared with
that of Carboniferous Limestone times. I give it in
some detail, that the reader may judge for himself, as
the facts have an important bearing on my argument.
The numbers are taken from Mr. Etheridge’s forth-
coming work. -

Bracnioropa.—Camarophoria 3, Crania 2, Discina
1, Lingula 2, Producta 2, Spirifera 3, Spiriferina 2,
Strophalosia 4, Terebratula 2: in all, 9 genera and 21
species.

LAMELLIBRANCHIATA. — Aucella 1, Mytilus 2, Awvi-
cula 2, Gervillia 5, Arca 2, Cardiomorpha 1, Cteno-
donta 1, Leda 1, Myalina 1, Myochoncha 1, Plewro-
phorus 1, Edmondia 1, Astarte 2, Schizodus 5,
Solemya 4, Tellina 1 : in all, 16 genera and 31 species.

Untvavves.—Calyptrea 1, Chemnitzia 1, Chiton
3, Chitonellus 4, Dentalium 1, Natica 2, Plewroto-
marie 3, Risson 1, Straparolus 1, Turbo 5, Turbo-
nilla 4: in all, 11 genera and 26 species.

Preroropa.—Theca 1.

Cepuaroropa.—Nautilus 1.

The whole comprises only 38 genera and 80 species,
a very poor representative of the teeming life in the Car-
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boniferous Limestone sea, from which more than 1,500
species have been named. It is to be remarked also,

Fia. 31.

Productus horridus.

Camerophoria Schlotheimi. Lingula Credueri,

Palgeoniscus comptus.
Group of Permian Fossils.

that all of the Permian shells are dwarfed in aspect,
when compared with their Carboniferous congeners.

In this poverty in number, and dwarfing of the
forms, these Permian fossils may be compared with the
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still less numerous fauna of the Caspian Sea, as far as
that fauna is known, which sea, or brackish lake, was, it
is believed, once connected with the northern ocean, as
the fauna seems to testify. My belief is, that these
Permian waters were also of an inland, unhealthy
nature, and, like those of the Caspian, had previously
been connected with the open occan.

Besides the poverty in number and small size of
the mollusca, the chemical composition and lithological
structure of the Magnesian Limestone, seem to me to
afford strong hints that it was originally deposited in a
large inland salt lake, and not that it was entirely de-
rived from calcareous organisms, and subsequently
altered into dolomite by chemical changes. I am well
aware that there are such masses, occasionally, for ex-
ample, in the Carboniferous Limestone which was formed
in an open sea. Some modern atolls are known to be-
come dolomitised, as described by Dana, but in the
Magnesian Limestone corals are chiefly conspicuous by
their absence. I repeat that the Permian Magnesian
Limestone was not, ag used to be supposed, formea
in the sea, but in an inland salt lake, under such
circumstances that carbonates of lime and magnesia
were deposited simultaneously, probably, by concentra-
tion of solutions due to evaporation. In an open sea,
lime and magnesia only exist in solution in very small
uantities, and limestone rocks there are formed, as in
coral reefs, by organic agency.

In some of the lower strata of the Magnesian Lime-
stone, when weathered, it is observable that they consist
of many curious thin layers, bent into a number of very
small convolutions, approximately fitting into each
other, like sheets of paper crumpled together. These
dolomitic layers convey the impression that they are
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somewhat tufaceous in character, as if the layers, which
are unfossiliferous, had been deposited from solutions.

In other parts of the district, along the coast of
Durham, large tracts of the limestone comsist of vast
numbers of ball-shaped agglutinated masses, large and
small, and I have observed in limestone caverns, in pools
of water surcharged with bicarbonate of lime, that
sometimes precipitation takes place on a small scale
producing similar nodular bodies. It is notable also
that when broken in two, many of the balls are seen to
have a radiated acicular structure, that is to say, from
the centre rudely crystalline-looking bodies all united,
radiate to the circumference. In other places we find
numerous bodies radiating in a series of rays that gradu-
ally widen from the centre, and are unconnected at their
outer ends, which remind the spectator of radiating
corals. There is, however, nothing organic about them,
and I do not doubt that they owe their growth to some
kind of crystalline action going on at the time that the
limestone was being formed.

The occurrence of gypsum in the marly strata of
the Permian series, helps to the conclusion that they
were all deposited in inland waters, for it is impossible
to conceive of pure sulphate of lime having been thrown
down from solution in the ocean.

In these views I do not stand alone, for similar con-
clusions are held by Dr. Sterry Hunt, as shown in Sir
William Logan’s ¢ Geology of Canada,’ and Professor
Dana in his ¢ Manual of Geology.’

The chemical argument is not, however, what first
led me to suspect that the Permian Magnesian Lime-
stone was deposited chiefly from solution, in an inland
salt sea, but rather the poverty and dwarfed character of
the fauna alone, while I soon saw that the chemical
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deposition of the limestone may account for the total
absence of fossils in the larger part of the formation.
Whether or not the water was too salt for the healthy
production of numerous shells and corals, is a question
I have not yet attempted to solve, being in the mean-
while content to prove (as I think) that the waters
formed inland lakes, that lay in a large continent which
began in Old Red Sandstone times, but had undergone
many modifications in its physical geography before the
Permian lake-basins came into existence.
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CHAPTER XI.

NEW RED SANDSTONE AND MARL, AND RHZAETIC BEDS.

Tee NEw REDp SANDSTONE SERIES, or TRrIAS, succeeds
the Permian strata. It has received the name of Trias
from the fact that when fully developed, as in Germany,
it consists of the three great divisions of Keuper marls,
Muschelkalk, and Bunter Sandstein. Comparatively
few genera and no species of bivalve shells pass thus far
upwards. The majority of the old genera of Brachiopoda
disappear, and the whole grouping of the fossils now
ceases to be Pal®ozoic, and assumes a character com-
mon to the Mesozoic or Secondary strata. The British
section, with the exception of the Muschelkalk, is as
follows :—

"Red marl and thin bands of white sandstone, with
Keuper Rock-salt.
White sandstone and red marl.
(Muschelkalk absent in Britain).
Soft red sandstone.
Bunter { Quartz conglomerate.
Soft red sandstone.

These beds, with variations, occupy the undulating
lands from Devonshire along the banks of the Severn,
round the eastern borders of the Palxozoic rocks of
Herefordshire and North Wales. From thence they
stretch eastward to the Permian and Carboniferous
rocks of Lancashire, North Staffordshire, and Derby-
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shire. They surround all the midland coal-fields and
Permian beds between Shrewsbury, Coventry, and
Derby, and from thence, everywhere unconformably
overlying the Permian rocks, they stretch north in a
long band from Nottingham to the river Tees.! The
general arrangement of these strata will be easily
understood by help of the diagram, p. 154.

No fossils are known in the New Red or Bunter
Sandstones of England, but a few marine shells are
found in equivalent strata on the Continent.

In England, above the Upper soft red sandstone are
beds of red, white, and brown (Keuper) sandstone, with
interstratifications of red marl, often ripple-marked,
and containing bones and footprints, chiefly of Laby-
rinthodont reptiles, together with a few plants and a
peculiar fish, Dipteronotus cyphus, found near Broms-
grove, in Worcestershire. The larger impressions of
footprints are 8 to 10 inches in length, and in front of
each there often is a smaller one made by the forefoot,
fig. 33.

In beds of Magnesian conglomerate at the base of, and
associated with the New Red Marl at the edge of the
Mendip Hills, Dr. Riley and Mr. Stutchbury discovered

! The Muschelkalk (absent in Britain) may be well seen, among
other places, near Gotha, and at Eisenach, in Thuringia. It isa grey
shelly limestone, rich in Zerebratule, Trigonie, Myw, Plagiostomas,
Avicule, Oysters, and Pectens. The genus Ceratites, closely allied
to, if not a true Ammonite, occurs here. Lamellibranchiate molluscs,
some of new genera, abound as individuals, while Brachiopoda (ex-
cepting Zerebratule) sink in the scale.

At Guttenstein and Werfen, in the Austrian Alps, there are
strata at the base of the New Red Sandstone which are not
Permian, and which contain a rich and peculiar fauna—Ammo-
nites, Belemnites, and other secondary forms, being mixed with
Orthoceratites, Goniatites, and other genera usually considered
characteristic of Palaozoic times.
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the bones of land lizards, Thecodontosaurus antiquus,
Paleosaurus Cylindrodon, and P. Platyodon.

The rock salt of England lies above these beds in the
great marly plains of Lancashire, Cheshire, and Worces-
tershire. It is found at varying depths, in interrupted
lenticular beds, ranging from a few feet to about 120
feet in thickness. No fossils occur in the salt. The
mass is usually of a reddish colour, due to the presence
of ferruginous impurities.

For long there was a total absence of any rational
account of the manner of deposition of rock-salt, but I
think few geologists now doubt that it was precipitated
in supersaturated salt lakes during the Keuper period ;
and this could only have been done by evaporation, due
to solar heat acting on the waters of salt lakes which
had no outflow, like the Great Salt Lake of Utah, for
example, or the salt lakes of Central Asia and of the
Sahara.! The red marl varies from 500 to 2,000 feet
in thickness, and contains a thin band of white sand-
stone, often with pseudomorphs of erystals of rock-salt,
and also bearing a small bivalve crustacean, Estheria
minuta, a lamellibranchiate smail bivalve shell, Pul-
lastra arenicola, a fish, Hybodus Kewperi, footprints
of Labyrinthodon giganteus, and others, also bones of
reptiles, and traces of land plants, fig. 33. Teeth also ofa
small Marsupial mammal, Microlestes antiquus, occur
in the red marls near Watchett in Somersetshire. This
is the oldest known mammalian relic. In Scotland,
at Lossiemouth, Keuper sandstones contain scutes and
bones of a crocodile, Stagenolepis Robertsons, Hypero-
dapedon, and a land lizard, Zelerpeton Elginense.?

! See memoir ¢ On the Physical Relations of the New Red Marl
Rhaetic Beds, and Lower Lias:’ Geological Journal, 1871 : Ramsay.
2 On the Continent, near Strasburg, abcut thirty species of plants
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On the whole, the same kind of arguments already
applied to the Permian strata, may, with increased force,
be used in relation to the New Red Sandstone and marl,
especially the occurrence of rock-salt, gypsum, the
red colour of the rocks, and the prevalence of the foot-
prints and bones of Labyrinthodont Amphibia, and the
remains of crocodiles, land lizards, Deinosauria, and
plants. To me there remains no trace of a doubt that
the New Red Sandstone was deposited in an inland lake,
or lakes, possibly fresh, but probably brackish, and that

Fia. 33.

Labyrinthodon giganteus.
Triassic Fossils.

the overlying Keuper or New Red Marl beds were
formed in a great salt lake, or lakes, if we take all
Europe into account.

But inferences still more striking may be drawn
respecting the Physical Geography of the time.

By referring to the descriptions of the Old Red

are known in the Bunter beds, chiefly Ferns, Calamites, Cycads,
and Coniferz, and with them fish and Labyrinthodont amphibia,
and marine mollusca of the genera Trigonia, Mya, M ytilus, and
Posidonia, so few in number, that in connection with the Laby-
rinthodonts, &c., they suggest the idea not of an open ocean, but of
a salt lake, Teeth of a Marsupial mammal (Mierolestes tmtiqum)

oceur in a bed between the Keuper and Liassic strata in Wiir-
temburg.
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Sandstone, Carboniferous, Permian, and New Red form-
ations, it will be seen that, by the writer, they are all
considered to afford evidence of continental as opposed
to purely marine conditions; for the Old Red Sand-
stone was deposited in fresh water, the Coal-measures,
whether below, interstratified with, or above the Car-
boniferous Limestone, on the edges of, and to a great
extent on, a continent with large rivers, marshes, and
beds of peat, and the Permian and New Red series
both in salt lakes; in other words, a great continental
epoch in Northern Ewrope (and in other regions), lasted
Jrom the close of the Upper Silurian epoch down to
the end of the deposition of the New Red Marl, one
man featwre of which was the abundance of reptilian
life, partly Amphibian. Those parts of it in which
the Permian and New Red strata were deposited can
be best compared physically to the great area of inland
drainage of Central Asia, so dry and arid where not
artificially irrigated by rivers, and in which, from the
Caspian Sea for 3,000 miles to the east, and far south
towards the Himalayah, in a comparatively rainless
district, all the lakes are salt, excepting those which
have an outlet into some lower lake.

I specially draw attention to these remarkable
inferences, for surely they give something like a broad
view of an old phase of a long-enduring physical
geography, so long, indeed, in my opinion, ¢that the
great continental era, which began with the Old Red
Sandstone and closed with the New Red Marl,is com-
parable, in point of geological time, to that occupied
in the deposition of the whole of the Mesozoic or Se-
condary series (later than the New Red Marl) and to
the whole of the Cainozoic or Tertiary formations, and,
indeed, to all the time that has elapsed since the begin-
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ning of the deposition of the Lias down to the present
day.!

When portions of geological history can be reduced
to some such form as this, it seems to possess a kind of
human interest in its resemblance more or less to the
physical geography of to-day.”

Tae Ruzric Beps occupy only a small space in
England, estimated by superficial area ; for in general
they run in a mere narrow strip between the New Red
Marl and the Lower Lias, and in fact form true beds of
passage from the Marl to the Liassic strata. To make
this statement clear it is necessary to allude to a part
of the geology of the Alps and of Italy.

Professor Stoppani has described a series of strata
on the river Esino, in Italy, which he considers to be
equivalent in geological time to the Red Keuper Marls
north of the Alps. These strata, which he calls the
Infra-Lias, contain about 200 species of fossils, chiefly
mollusca, with a few Echinodermata and sponges, and
at the top lie the well-known beds called the Avicula
contorta zone, by Oppel, a name adopted in England for
these strata by Dr. Wright, when he separated them
from the ordinary beds of the Lias limestone and clay,
and correlated them with their continental equivalents.

On the north side of the Tyrolese Alps, the Lower

! ¢Proceedings of the Royal Society,” No. 152, 1874: Ramsay,
¢On the Comparative Value of certain Geological Ages; or, Groups
of Formation considered as Items of Geological Time.’

2 Though I had often lectured on some of the questions respect-
ing these old lakes and other points connected with the terrestrial
conditions of the times, it was not till 1871 that I published any-
thing on the subject in the papers alluded to in notes, and later, in
1874, in the ¢ Proceedings of the Royal Society.” Little or nothing
is to be found in any Manual of Geology on the subject, except
in the third edition of ‘The Student’s Manual of Geology,’ by
Professor Jukes, edited by Archibald Geikie, published in 1872.
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St. Cassian and Hallstatt beds are believed by Hauer
and Suess to represent the same strata; that is to say,
they are the ocean representatives of the red marls of
England and other parts of Europe, which I described
as having been deposited in large inland salt lakes.
The Rhetic beds of England, which merely represent
the very topmost part of the Italian series, seem to
have been deposited in shallow seas and estuaries, or
in lagoons or occasional salt lakes of small size, now
and then separated from the sea by minor accidental
changes in physical geography.

On the north shore of the estuary of the Severn, at
Penarth, near Cardiff,! and elsewhere in England, there
is a perfect physical gradation between the New Red
Marl and the Rhaetic Beds, shown by interstratifications
of red, green, and grey marls, which, varying in different
areas, pass upward by degrees into limestones, sand-
stones, and black shales. It is, therefore, impossible
always to determine in this series precisely where the
New Red Marl ends and the Rhatic Beds begin ; and,
indeed, all through the Red Marl, from bottom to top,
there is a tendency to a recurrence of interstratified
deposits that, lithologically, closely resemble the lower
parts of the Rhatic beds, as, for example, at Penarth,
near Cardiff. The ¢ White Lias’ of Lyme Regis is now
classed with this subformation.

All over England, wherever the base of the Lower
Lias is well seen, the Rheatic beds, rarely more than 50
or 100 feet thick, are found to lie between the Lias and
the New Red Marl. As a general rule they are seen to
pass conformably and by easy gradations into each other,
and they were, indeed, always classed with the Lias, till
separated from these strata by Oppel.

! The Rheetic strata are sometimes called the Penarth Beds.
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The succession of events that, through the Rhetic
beds, marked the transition from the New Red Marl to
the Lower Lias seems to have been as follows :—

In the latter part of the Triassic epoch, as already
stated, our Keuper, or New Red Marl, beds were depo-
sited in an area that now forms part of England, and
this area was in those days a great salt lake.

This lake gradually got partly filled with sedi-
ments, and by-and-by, through change in amount of
rainfall, or through increase of heat, it ceased to have
an outflow, evaporation being equal to, or greater than,
the influx of water. Concentration and precipitation of
salts ensued as already explained.

Subsequently, during deposition of the marly sedi-
ments, by increase of rainfall, or climatic change of
temperature, the water became somewhat less salt, but
still sufficiently saline, by evaporation of the moisture
on wet, surfaces, to produce crystals of salt (now pseudo-
morphs) in sandy layers interstratified with the marls,
together with layers and nodular masses of gypsum,
which state of affairs continued up to, and even during,
the deposition of recogmised Rhetic strata. That
Rheetic areas got dried by temporary exposure is certain,
tor besides the pseudomorphs, sun-cracks are common in
the strata. |

In our area, sinking of the district took place at or
about the time when the lake or lakes got nearly
filled with sediment, and a partial influx of the sea over
shallow bottoms was the result. The deposits that
ensued, accompanied by a small migration of marine
forms of life, constitute the Rheatic beds of England.

Many years ago, the late Professor Edward Forbes
stated to me that the fauna of the White Limestone
of Lyme Regis, then called White Lias, reminded him,
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in its assemblage of forms, of the molluscan fauna of
the Caspian Sea, which is few in genera and species,
and of an abnormal kind, in consequence of the brackish
quality of the water. In the Black Sea also, there
are misshapen forms, stated by Edward Forbes to be
due to the gradual freshening of the water, because of
the constant influx of rivers into it, and the current
that runs through the Bosphorus into the Mediterranean
Sea. Both of these cases relating to continental seas of
a lake-like character, bear on the subject in question ;
especially seeing that these British beds of passage are
also comparatively poor in genera and species, and that
some of the species, to which special names have been
given, are variable or even distorted in form. Others
are hard to distinguish from shells common in the
Lias, while some also occur in the great Marine Rhatic
series of the Continent, and some pass upwards into
the ordinary Lias. It is, indeed, difficult not to believe,
that some of these forms are in reality abnormal and
due to the locally unhealthy quality of the water in
which they lived.

Though this volume has little to do with general
paleontology, the following account of the fauna bears
on these questions, and I therefore give it in some detail.
It also helps to show that our Rhatic beds represent a
set of local conditions that marked the passage of the
Keuper marls into the undoubted Lower Lias, and,
indeed, in places it is hard to separate them litholo-
gically.

In these Rheztic beds there are now known two
Crustacea, viz. Tropifer leevis, from one of the Bone
beds, and Estheria minuta, first known in the Keuper
sandstones, and one Brachiopod, Discina Townshends,
the only one known in our Rhatic strata. Of the
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Lamellibranchiate molluses, Lima precursor very
much resembles Lima punctata of the Lias; Monotis
decussata occurs at the top in thin limestone bands,
which some have considered to form part of the Lower
Lias. Ostrea fimbriata may possibly be O. irregularis
of the Lias, but oysters are so variable in form that
they are of small value in such an inquiry. Pecten
Valoniensis, also a Rhamtic shell, is a very variable
form. Plicatula intusstriata passes into the Lower
Lias. Amnoplophora musculoides, another Rheatic
shell, occurs with Monotis decussata in the thin bands
of limestone at the top, which some geologists call
Lias. Modiola minima is found both in the Rhatic
and Lower Lias strata. Figures of some other well
known fossils are shown in fig. 34.

All the Gasteropoda of the Rhetic beds are said to
be peculiar to that formation, and the same is the case
with the fish ; for, many years ago, Sir Philip Egerton
declared ¢that the beds in question, hitherto considered
as belonging to the Lias, must be removed from that
formation, inasmuch as they present a series of fishes
not only specifically distinct from those of the Lias,
but possess, in the Ganoid genera, the heterocerque
tail, an organism confined to the fishes which existed
anterior to the Lias”! Of the Reptilia, Plesiosaurus
costatus, P. Hawkinsii, P. trigonus, and, according to
the late Mr. William Sanders, Ichthyosaurus platyodon,
are common to these Rhatic beds, and to the basement
beds of the Lower Lias. The discovery by Professor
Boyd Dawkins. of the small Marsupial mammal Micro-
lestes amtiquus, in the grey marls at Watchett, in
Somersetshire, is not without significance, for it speaks

! ¢ A Notice on the Occurrence of Triassic Fishes in British
Strata;’ ‘Proceedings of the Geological Society,’ 1841, vol, iii., p. 409.
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of the mneighbourhood of land that bordered the old
Triassic lake, and the succeeding shallow Rhatic sea,
part of which was the Mendip Hills, ¢ the home of the
Microlestes.’?

In the beds of passage, from 10 to 50 feet above

Fia, 34.

Avicula contorta.

Discina Townshendl. Myophoria postera. Ncm;;;:;ntlms
' er,
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the Bone bed, there are certain thin bands in
Gloucestershire, named by the Rev. P. B. Brodie, who

1 For notices of this old land, see De la Beche ¢ On the Formation
of the Rocks of South Wales and South-West of England’; and
Ramsay, ¢ Denudation of South Wales and the Adjacent Counties of
England,” Mem. Geol. Surv. vol. i. 1846 and ¢ Abnormal Conditions
of Secondary Deposits,’ &c., by Charles Moore, ¢ Quarterly Journal
Geol. Soc.’ vol. xxiii., 1867.
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first described them, the ¢insect limestones.’ The
fossilised contents of these bands throw some light on
the physical geography of the lands that bordered the
waters of the time, for in them have been found
numerous elytra and other remains of Beetles, Grass-
hoppers, Cicadas, Dragon-flies, and other neuropterous
insects, associated with a fresh-water shell of the genus
Oyclas, the shells of Cypris, and with ferns, Cycads,
and leaves of Monocotyledonous plants. These beds,
therefore, indicate either fresh-water strata, or else the
immediate proximity of land, from whence streams
washed into the sea insects, fresh-water Crustacea,
shells, and land plants.

Sir Charles Lyell remarks that ¢the size of the
species (of insects) is usually small, and such as taken
alone would imply a temperate climate; but many
of the associated remains of other classes must lead
to a different conclusion.’! This, however, seems to
be explained by a remark long ago made to me by
Edward Forbes, who, while working with Captain
Graves, during the hydrographical survey of the Agean
Sea, observed that, during heavy rains, vast numbers
of insects were washed into the sea, not such as in-
habited the low hot shores of the Agean, but those
that lived in the high cool regions of the neighbouring
mountains, which, caught in the floods of rain, were
washed into rivers and borne onwards to yield food for
fishes in the ocean.

In conclusion, if, as I believe, the New Red Marl
was deposited in a salt lake, if it be the equivalent in
time of the marine Infra-Lias beds of Stoppani in
Italy, and of the Lower St. Cassian and Hallstatt beds
of Hauer and Suess, then the Awicula contorta beds,

! ¢ Student’s Elements of Geology,’ p. 3561, 1874.
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being the natural marine successors of these strata on
the Continent of Europe, are in like manner the natural
marine successors of the lake-formed sediments of the
red Keuper marls, and in reality are true passage
beds from those red marls into the Lower Lias; and a
candid consideration of the fossil fish, reptiles, shells,
insects, and plants of the British Rhatic strata
strengthens this view. When the waters of the old
lakes were invaded by the sea, a migration of a few
marine forms took possession of the old lacustrine area,
and this depression gradually proceeding, culminated
in the development of the great Liassic fauna, at a time
when the old continent was submerged, and the moun-
tain tracts were converted into groups of islands, the
shores of which were washed by a broadening Liassie
sea.
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CHAPTER XII.

LIASSIC AND OOLITIC, OR JURASSIC STRATA.

IN the previous chapter, I stated that the continental
area in which lay the lakes of the epoch of the New Red
Marl, underwent partial submersion, during which our
passage beds, called the Rhetic or Awicula contorta
strata, were deposited. This sinking of the land going
on by degrees, resulted in the formation of groups of
islands, round which, first the Lias, and afterwards the
Oovrritic SERIES were deposited, the whole, on the Con-
tinent of Europe, and now often in Britain, being
grouped under the name of Jurassic formations.

The general stratigraphical relations of the larger
masses of the Liassic and QOolitic series, in the southern
half of England, will be easily understood by reference
to fig. 5, p. 25.

The high ground now called Wales and Hereford-
shire, undoubtedly formed part of one of these islands;
Dartmoor and other paleozoic elevations in Devon and
Cornwall formed others; probably the hilly regions of
Derbyshire another; and, certainly, the Cumbrian
mountains a fourth ; while there can be no doubt that
parts of the south of Scotland, and the greater heights
of the Highlands, also stood as islands washed by the
Liassic sea.

It is not, however, to be supposed that the actual
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forms of these island territories were even approximately
identical with those of the present mountains, and
the limits and orographic contours of these fragments
of an old physical geography can only be approximately
cuessed at. They have undoubtedly been subjected to
repeated disturbance and upheaval since the beginning
of the deposition of the Lias, but after these old
paleozoic mountains first rose high into the air, they
suffered so much from all the agents of waste and
degradation, that in Liassic and pre-Liassic times, I
have no doubt they were higher than now, and partly
occupied more extended areas.

Tar Lower Lias Cray anp LiMmestoNe is about
900 or 1,000 feet thick, where best developed in England,
and consists of beds of blue clay or shale (weathering
brown), interstratified with beds of blue argillaceous
limestone, largely quarried in Leicestershire, Warwick-
shire, and elsewhere, for hydraulic lime. These lime-
stones, lying flat and unconformably on the upturned
and denuded edges of the Carboniferous Limestone,
form splendid cliffs on the coast of Glamorganshire,
and, with the Rhsetic beds, they are also well exposed
in the coast section at Lyme Regis. From thence,
scarcely interrupted at the east end of the Mendip
Hills, the Lower Lias strikes north to the junction of
the Severn and Avon, and again NE. and N. to the
sea-coast of Yorkshire, E. of the river Tees. Through-
out this area it usually forms a flat or undulating
country, lying much in pasture land. The strata dip
generally gently to the east, but are sometimes for a
space quite flat. Occasionally the limestones of the
Lower Lias form a low escarpment, generally facing
west, and, almost invariably, the Maristone or Middle
Lias makes a similar and higher escarpment, the top
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of which is formed of a tough brown fessiliferous
limestone, generally of only a few feet in thickness, but
nearly constant in its occurrence from Dorsetshire to
Yorkshire, and the very indefinite base of the Marlstone
forms the eastern boundary of the Lower Lias.

The Lower Lias clay and limestone of England is, as
a whole, rich in fossils, the general grouping of which
cannot, be more than noticed here in a cursory manner.
These strata yield Ewtracrinus among the Crinoids,
(fig. 35); of Brachiopoda, a few species of Spiriferc,
Terebratule, and Rhynchonelle, and numbers of
Lamellibranchiate molluscs, such as Gryphea incurva,
Oysters, Pectens, Limas, Pinnas, Aviculas, Pholado-
myas, and others. Having been deposited mostly in
deep sea, univalve shells are much less common, but of
the Cephalopoda, which are free swimmers, there are
vast numbers of Ammonites, Belemnites, and Nautili
(see fig. 35), together with many fishes, and the great
marine Enalosaurianreptiles, Ichthyosaurus (fish-lizard)
and Plesiosaurus (see fig. 36), and the insectivorous
flying reptile, Pterodactylus brevirostris.

TaE MARLSTONE SERIES, or MIppLE Lias, which suc-
ceeds the Lower Lias clay, is generally somewhat argil-
laceous below, graduating upward into a brown, fer-
ruginous, soft, sandy rock, with hard nodular bands, and
a very marked brown ferruginous limestone at the top.
It is ricn in many forms of Ammonite, Belemmite,
Plagiostoma, Lima, Pinna, Pholadomya, Pecten,
Modiola, Terebratula, and Rhynchonella, besides a
very characteristic Spirifer (S. Walcotti, fig. 36), one
of the few remaining shells of that Palxozoic genus.
Where the Lower Lias and Marlstone join, the strata
graduate into each other, but through the central parts
of England these passage-beds are rarely clearly ex-
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posed. In Yorkshire, however, on the sea-cliffs near
Staithes, the stratigraphical relations of the strata are
perfectly clear, and it is evident that there is no line of
demarcation between them, and through about 15 feet
of strata, including some of the well-known beds of
ironstone, fossils common to both occur, one of the
most conspicuous of which is Pecten equivalvis.

Tae Upper Lias Cray plays a comparatively un-
important part in the physical geology of England. In
Gloucestershire it first begins to appear near Bath, but
so thin, that it is impossible to represent it on maps of the
1-inch to a mile scale. About Wotton-under-Edge it
begins to get more definite, and from thence, in a
narrow strip between the Marlstone rock, and the sands
beneath the Inferior Oolite, it runs northward by
Dursley, Stroud, Painswick, and Chipping Camden, and
following all the contours of the Oolitic escarpment,
looks out upon the great plain of Lias, in the broad
valley of the Severn, or winds about among the intricate
system of minor valleys that lie between Minchin-
Hampton and Chipping Camden, and between Burford
and Banbury. In this progress, gradually increasing in
thickness, it forms great tracts of the clay lands in
Northamptonshire, between Great Brington and Arth-
ington, and in the neighbourhood of Uppingham and
Oakham in Rutland, while further north, the clay runs
in a long narrow strip, still overlying the Marlstone,
into Yorkshire, where it is finely exposed in the sea-
cliffs near Whitby, and where in old times great excava-
tions were made for the extraction of shale, and the
manufacture of alum.

Taken as a whole, the Upper Lias is a stiff dark
blue clay, with occasional layers of limestone often
nodular, containing many Belemnites, Ammonites, and
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Nautili, and bivalve shells, similar, in general grouping
of genera, to those of the Marlstone and Lias clay, with
both of which, but especially with the Marlstone, it has
species in common. In Yorkshire, the well-known jet
of Whitby is excavated from the shales on the cliffs,
and is formed of the fossilised stems of coniferous trees
that grew on the hilly islands, on the west and north.

The remarkable assemblage of large Reptilia that in-
habited the Liassic seas, the number of great and small
Cephalopoda, including many species of Ammonites,
Nautili, and Belemnites, the swarms of Terebratulse and
Rhynchonelle, the plentiful genera and species of
Lamellibranchiate molluses and of univalve shells, all
speak of warm seas, surrounding islands, on which
grew (Cycads, Zamias, and other plants, that seem to
tell of a tropical or subtropical climate. Nor was this
phase of the physical geography of the time specially
peculiar to the Lower Lias, for it belongs alike to each
of the divisions, and, as we shall by-and-by see, was
continued into much later times.

Nothing is more clear to me than this, that there
was no break in time between the successive conven-
tional divisions of the Lower, Middle, and Upper Lias.
Each in ascending succession lies quite conformably on
the other ; between the Lower and Middle divisions
there is a clear lithological passage, accompanied by
passage of species, and though there is generally a very
sudden break in lithological character between the
Marlstone and the Upper Lias clay or shale (due,
perhaps, to rapid depression of the area), yet contrary
to a not unprevalent belief, there is a greater number
of species common to these divisions than is generally
imagined.

Out of 668 known species in the Lower Lias, 94,
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or about 14 per cent. pass into the Middle Lias; and
of 500 species in the latter, 57, or about 111 per cent.
pass into the Upper Lias; while of 312 Upper Lias
species, 39, or about 12§ per cent. pass into the Inferior
Oolite which succeeds it.

Few biologists and geologists now believe in the
sudden extinction of entire old marine faunas, or
even of the greater part of them, and their equally
sudden replacemert by new creations; for it begins to
be generally understood that life is variable and pro-
gressive, the change of species in given areas being due
chiefly, in comparatively short epochs, to migrations
out of and into these areas, in consequence of changes
of local conditions, such as depth of water, and nature
of sediments, while in long periods of geological time,
it is best accounted for by that process of evolution so
clearly expounded by Darwin. Neither is it a fair
test of the community of species in two so-called form-
ations, to take the entire fauna of the lower one, and
calculate the percentage of forms that pass into the
overlying deposit, for, between the lower and upper
parts of many thick formations, there is often the same
kind of difference in assemblage of species that there
is between the adjoining parts of two so-called distinet
formations. In judging then of passage of species, if
we bad all the data, the fairest method would generally
be to estimate the passage of forms by those in
common between the upper part of the lower formation
and the lower part of the upper one, in which case it
would often be found, when there is a natural confor-
mity between the strata, that the percentage of species
that pass onward is much increased.

We now come to the Oolitic series of strata.

On the flank of the Cotswold escarpment, south of
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Wotton-under-Edge, in Gloucestershire, the Upper
Lias clay is very poorly developed, and between
it and the ordinary limestone of the Inferior Oolite,
there are thick beds of soft brown sand, with inter-
mittent hard, sandy, calcareous bands, containing
Ammonites, Belemnites, Pentacrinites,and bivalveshells.
Above these there are bands of impure sandy limestone,
called in 1856, by Dr. Wright of Cheltenham, the
Cephalopoda bed, because of the prevalence in it of
Ammonites, Belemnites, and Nautili, some of which,
with other forms, are also common in the Upper Lias
clay. This fact induced him to consider these sands
and impure limestone to be so intimately related to
the Upper Lias, that he named them in his Memoir
“the Upper Lias Sands ’! instead of ¢ the Mitford Sands
(of the Inferior Qolite,’) a name long before given to
them by William Smith.

According to existing lists, 17 species of Conchifera
pass from the sands into the overlying Oolite strata,
and, indeed, about 39 or 40 species of all kinds are
common to the Upper Lias and the overlying Oolitic
formations,? thus linking the Lias to the Qolites in a
continuous chain of specific life.

Throughout the southern half of England, from the
English Channel to the borders of Northamptonshire,
the various members of the Oolitic series maintain a
tolerably uniform character.

Tae INFErIOR OoLITE LIiMESTONE forms the lowest,
member of this series. It first appears between the west
end of the Chesil Bank and Bridport Harbour in Dorset,-
shire, from whence, underlaid by the before-mentioned
sands, broken and interrupted by many faults, it ranges

1 ¢ Journal of the Geol. Soc.” 1856, p. 292,
2 As catalogued by Mr. Etheridge.
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northward by Beaminster and Sherborne to the east
end of the Mendip Hills and the neighbourhood of
Bath, where it forms the flat tops of the scarped hills
intersected by so many winding valleys. From thence,
in a long narrow strip, it runs on by Wotton-under-
edge, Dursley, and Painswick, in Gloucestershire, near
which, on the flat-topped Cotswold Hills east of Chel-
tenham, it broadens, and more or less forms great part
of the wide plateau that extends from Burford to the
neighbourhood of Chipping Camden. Beyond this
region it narrows, and finally thins away, and as a
limestone disappears in Oxfordshire, a few miles north-
east of Chipping Norton, where I shall leave it for a
time.

It chiefly consists of yellow limestone, and along
with other limestones of the series is called Oolitic, for
in many cases they consist of concretionary bodies
about the size of a pin’s head, compacted like the eggs
that form the roe of a fish (egg-stone) cemented in a
calcareous matrix. One of the most typical sections
occurs near Cheltenham, on the summit of the bold
escarpment that overlooks that town. There, at the
base, the Oolitic grains are often as large as peas, and
the rock is locally called pea-grit.

The whole is apt to be fossiliferous, abounding in
Lamellibranchiate molluses, Limas, Pectens, Oysters,
Cardiums, Pholadomyas, Trigonias, and others need-
less here to name ; and of Brachiopoda, Terebratulas and
Rhynchonellas are exceedingly numerous. Gasteropoda
also occur in profusion, including species of the genera
Pleurotomaria, Natica, Littorina, Patella, &c. Be-
lemnites, Ammonites, and Nautilt are found in pro-
fusion, together with genera and species of sea-urchins,
such as Cidaris, Psendo-diadema, Pygaster, &ec.
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Plants are rare in the purely marine strata of
Gloucestershire and the south of England, but frag-
ments of coniferous trees are sometimes found, the
most remarkable of which is a large cone of Araucarites
hemisphoricus. This, in addition to the nature and
multiplicity of genera and species of the marine fauna,
plainly tells of land not far off, a fact that will become
still more clear as we get further on with the history
of the QOolites, and its bearing on the old physical
geography of the land of the Oolitic epoch.

Tree Foiier’s EArTH accompanies and overlies the
Inferior Oolite through the whole length of this area,
excepting where locally interrupted by faults. It con-
sists chiefly of tenacious bluish clay, with frequent thin
shelly bands of limestone, often largely charged with a
small oyster, Ostrea acuminata,and with Terebratulz.
In the neighbourhood and south of Bath a strong band of
limestone lies in the middle of the clay, known as the
Fuller’s Earth Rock.

Near Upper Slaughter in Oxfordshire, this sub-
formation entirely thins away, and is known no more.
Its greatest thickness, near Bath, is about 200 feet.
The name was originally given to it by William Smith,
because in places it contains beds of Fuller’s Earth, long
ago much used in the famous woollen factories of
Gloucestershire. I call it a subformation, because
very many of its fossils are also common in the Inferior
Oolite, though a few are peculiar.

TaE GREAT or BaTH OoLITE of this southern half
of England succeeds the Fuller'’s Earth, and consists,

when fully developed, of

Forest Marble.
Great Oolite. |
Stonesfield Slate.
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The local development called the Stonesfield Slate
consists of beds of laminated shelly and oolitic limestone
and sandy flags, with much false bedding, and contain-
ing ferns, COyclopteris, Glossopteris, Pecopteris, &c.;
Cycads, Bucklandic squamosa, Zamias, Paleozamic
of various species, and Coniferee. Elytra of beetles
and wings of insects (Libellula Westwoodui, &e.);
bones of Plesiosaurus, Crocodile, &e.; also Ostrea,
Terebratula, Rhynchonella, Lima, Pecten, Trigonia,
Patella, Nerinwa, Belemmites, Ammonites, &c., are
all found in these thin shallow water deposits. The
reptiles include Ichthyosaurus advena, Plesiosaurus
erraticus, and ecrocodiles of the genus Teleosaurus,
allied to the Gavial of the Ganges (7. brevidens
and 7. subulidens), together with a great carnivorous
lizard, Megalosaurus Bucklandi, that walked on the
neighbouring land, and was probably about 30 feet in
length. A flying reptile, Ramphorhynchus Bucklands,
allied to the Pterodactyle, is found in this subformation,
which has long been especially celebrated as containing
the remains of mammals, viz. the lower jawbones of
species of small insectivorous marsupials, Amphitherium
Broderipii, A. Prevostii, Phascolotherium Bucklands,
and Stereognathus Qoliticus.

I call the Stonesfield Slate a local development
because it is by no means of universal occurrence at the
base of the Great Oolite, and is chiefly known in those
parts of Gloucestershire that lie eastward of Cheltenham
on the broad Oolitic plateau, and in Oxfordshire at and
near the town of Stonesfield, where it perhaps attains
its greatest thickness. Thereit is largely manufactured
into what are called slates, but in reality are small slabs,
the coarse fissile character of which has no relation to
what is known as slaty cleavage. From these areas
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going south along the Oolites, the Stonesfield Slate
rapidly thins away, or changes its lithological character,
for it is quite unknown at the base of the Great Oolite
towards Wotton-under-Edge and Bath. In the opposite
direction going northward, the Stonesfield Slate passes
into the Northampton Sand, where we will leave it for
the present.

The Great Oolite was originally so called by William
Smith in 1812, and the Upper Oolite in 1815, to dis-
tinguish it from the Lower or Inferior Oolite, which lies
below the Fuller’s Earth, whereas the former lies above
it. It is often named the Bath Oolite, and the greatest
development of that excellent building-stone is near
the city, which is almost entirely built of ¢ Bath stone.’
It first makes ils appearance on the south near Norton
St. Philip, about six miles south of Bath, from whence,
overlaid by Forest Marble, it ranges northerly, forming
the flat-topped scarped hills on either side of the Avon
near Bath, and so on by Wotton-under-edge to Minchin-
Hampton. Beyond this it forms a large part of the
table land, intersected by valleys, that lie between
Minchin-Hampton in Gloucestershire and Towcester in
Northamptonshire. In Northamptonshire its lowest
sandy beds are the equivalents of the Stonesfield Slate,
To this part of the subject I shall return in describing
important physical changes that take place further
north.

The best beds of the Great Oolite are of cream-
coloured limestone, so soft when first extracted from the
quarry, that it can be easily sawed into blocks, but
hardening on exposure. Some of its fossils are also
found in the Fuller’s Earth and the Inferior Oolite, and
a few are first known in the Lias, and, indeed, through-
out the whole there is a general agreement in the
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Fia. 37.

Terebratulae perovalis. Rhynchonella spinosa.

Ammonites Macrocephalus. Purpuroidea Morrisii,

Ostrea flabelloides. Am. Parkinsoni.

Group of Fossils of the Lower Oolitic Formations.
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genera of shells. Corals occur in the Great Oolite,
including more than twenty species, chiefly belonging to
the genera Stylina, Isastrea, Thamnastrea, &c., and
Brachiopoda of the usual genera Rhynchonella (Rh.
concinna, &e.),and Terebratula (T. digona, T. obovata,
&c.), besides great numbers of Lamellibranchiata, the
most numerous of which belong to the genera Ostrea
(0. Sowerbii, &ec.), Pecten (P. vagans, &c.), Ger-
villia (GQ. monotis, &e.), Lima (L. cardiiformis, &c.),
Mytilus (M. imbricatus, &c.), Trigonia (vmpressa,
&e.), Cardium, Astarte, Ceromya concentrica, &c.
Pholadomya socialis, &e., Cyprina, Pecten, Lima,
and many others. Near Minchin-Hampton it is rich
in Gasteropoda, among the most common of which
are many of the genera Patella, Pleurotomaria,
Trochotoma, Purpuroidea (P. Morrisii), Natica,
Chemmnitzia, Nerinea, Alaria, Ceritella, Cylindrites,
Turbo, and many others. Ammonites and Belemnites
are rare at Minchin-Hampton, but further south
Gasteropoda decline, and Cephalopoda are more nu-
merous. Echinodermata of the genera Acrosalenia,
Clypeus, Echinobrissus, and others are not uncommon,
and Pentacrinite joints occur rarely. Fishes’ teeth,
Hybodus, Pycnodus, and Strophodus, and scales of
Lepidosteus are sometimes found, and reptiles of the
genera Teleosaurus and Megalosaurus, together with
the gigantic Ceteosaurus (or whale-lizard), probably
about 50 feet in length, and most likely amphibious.
The Forest Marble forms the topmost beds of the
strata that usually are called Great Oolite. They are
formed of shelly limestone, with much false bedding,
very similar in structure to the Stonesfield Slate, and as
a marble the rock has sometimes been used for orna-
mental purposes. Its heds are full of Oysters, stems of
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Pentacrinites, fragments of Echinodermata, Pectens,
Avicule, Terebratule, &e. In it occurs the Bradford
clay, in which is found the beautiful Crinoid, Apiocri-
nites rotundus, and also Terebratule digona,and many
fragments of Coniferous wood.

On the south coast the Forest Marble borders the
sea for a considerable distance between Bridport Harbour
and Portland Isle, from whence it ranges north by
Wincanton to Frome in Somersetshire. A few miles
further north, the Great Oolite proper crops from under-
neath it near Norton St. Philip, and beyond this town
and Bath it everywhere overlies the Great Oolite, and
forms the surface of vast tracts of country between the
Avon, Cirencester, and Burford, in Gloucestershire,
beyond which, towards Witney, on the river Windrush,
it gets broken into outliers, and also becoming thinner,
it either dies out, or is gently overlapped by the Corn-
brash about three miles north of Bicester in Oxford-
shire.

The CornBrASH forms the uppermost member of
those formations that are usually classed as Lower
Oolite. It is generally of inconsiderable thickness (15
to 100 feet), and beginning in Dorsetshire between
Bridport and Weymouth, it ranges at the surface all
across that county, excepting where overlapped by the
Cretaceous strata between Abbotsbury and the neigh-
bourhood of Evershot. It is remarkably constant,
striking with the underlying and overlying strata all
through Wiltshire, Gloucestershire, Oxfordshire, and
Northamptonshire, and onward into Lincolnshire;
but north of the Humber it disappears for a space,
being again overlapped by unconformable Cretaceous
strata.

Throughout all this long range it retains in a
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remarkable manner the same lithological character,
showing evidence of deposition in shallow water. It is
partly formed of pale marly limestones and clays, pass-
ing in places into shelly, and occasionally oolitic, build-
ing-stones. When partly decomposed near the surface,
it assumes a rubbly character, and forms a fertile soil,
whence its agricultural name of Cornbrash, the word
brash being an old word expressive of this loose rubbly
character.

The Cornbrash is generally very fossiliferous, the
general assemblage of genera of Echinoderms, corals,
Cephalopoda, Brachiopoda, Lamellibranchiata, &c. being
much the same as in the Great and Inferior Oolites.
So much, indeed, is this the case, that of the forms found
in the Great Oolite, 100 species pass into the Cornbrash,
while of those in the Inferior Oolite, 89 species pass up
into the same formation.

This community of forms is very important, showing
as it does, that if some of the Inferior Oolite species
are absent in the Fuller’s Earth and Great Oolite, they
must, nevertheless, during the deposition of these strata,
nave lived elsewhere, and returned in a later time, that
of the Cornbrash, to inhabit the same area when a con-
genial set of marine conditions ensued, thus establish-
ing a strong and direct succession of life through the
whole of these formations which together, in the
language of the day, form the Lower Oolite. In fact,
this division of these strata into formations, is in great
part lithological, and the difference of faunas in them
was dependent on changes of conditions of depth &ec.
in a sea, where limestone, sands, or clays were being
deposited. The four so-called Oolitic formations already
described, may in truth be spoken of as one, there
being not much more difference between their fossils,
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than there is between those of what are called different
zones in other recognised single formations.

Facts of this broad kind are of more importance to
the general reader than trying to remember names of
fossils, and what I now endeavour to do, is to disabuse the
mind of the idea, too often implied in manuals, that
the marked characteristic of strata is, that they consist
of perfectly distinct zones, each having its own species,
which have little connection with each other. What
applies to the Lias and Lower Oolites, equally applies to
the connection of the latter with the Middle, and of the
Middle with the Upper Oolites, and I shall therefore
treat the remainder of this subject as briefly as
possible.

The next group of strata, as generally received, is
formed of the Middle Oolites, which consist of the
following divisions, the oldest being placed at the

bottom :—
Coral Rag and Calcareous Grit.
Clay.
Oxford Cla.y{Kel]oway Rock.
Clay ; a thin band.

In the south of England, much faulted, the OxrorDp
CrAY occupies considerable strips of country between
Weymouth Bay and the river Bredy, about a mile east of
Burton Bradstock. Beyond that faulted region, and
the overlapping of the Cretaceous strata of Dorsetshire,
the Ozford Clay, about 650 feet in thickness, comes on
in great force at Melbury Samplord and Melbury Osmund,
where it is underlaid by about 50 feet of Cornbrash.
From thence it runs somewhat north-easterly, covering
a broad tract of country, by Melksham in Wiltshire,
and so on by Chippenham, Cricklade, Fairford, Bamp-
ton, Oxford, Bicester, Buckingham, Fenny Stratford
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and Bedford, north of which it covers an immense tract
of country, twenty miles in width, in the neighbourhood
of Huntingdon. Still further north it underlies the
great alluvial flats of Cambridgeshire, and the waters of
the Wash, and beyond this, in Lincolunshire, in con-
sequence of the gradual overlap of the Cretaceous strata,
the area occupied by the Oxford Clay narrows by
degrees. North of the Humber it is entirely overlapped
for a space, to reappear in Yorkshire, where it is well
exposed on the sea-cliffs in Filey Bay, accompanied by
the Kelloway Rock.

Not the least remarkable circumstance connected
with the Oxford Clay is the very frequent occurrence in
it of this Kelloway Rock, which some persons would
willingly raise to the rank of an independent formation,
because of its palzontological peculiarities. The thin
clay that occasionally lies beneath it contains a goodly
proportion of species also found in the Cornbrash, but a
greater number found in higher parts of the Oxford
Clay. When analysed it appears that the Calcareous
sandstone, called the Kelloway Rock by Smith,! contains
not less than about 150 species, of which very nearly
one-half are also found in older formations, thus
forming a close bond of union between them. An
equal number passes upward from the Kelloway Rock
into the overlying Oxford Clay, or, if absent there, are
found in formations still higher in the series.

The Kelloway Rock contains many Gryphcas
and Ammonates, one of which, A. Calloviensis, is
especially characteristic of this stratum. Several other
Ammonites, and Ancyloceras Calloviense, besides
Nautili (V. hexagonus), &c., are found in it. Bra-

! I believe originally ‘ Kelloway’s Rock,” named from KeMoway,
who quarried it.
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chiopoda and Lamellibranchiata, of genera and some
species common to all the Oolites, are common. The
Ozford Clay also contains many Belemnites, Ammo-
nites, and other shells, among which, Ammonites
Jason, Ostrea flabelloides, and Gryphwa dilatata
are characteristic of this formation. Z'vigonia costata,
an inferior Oolite species, passes upwards thus far.
The general assemblage of fossils in the Oxford Clay
and Kelloway Rock generically, and largely in species,
strongly resembles that of the Lower Oolite formations,
but the life is not so numerous. Fishes, Hybodus,
Lepidotus, and Pycnodus are found, and Reptilia of
the genera Dakosawrus, Ichthyosaurus (I. dilatatus
and thyreospondylus), Megalosaurus Bucklandi, Pleio-
saurus gamma and P. grandis, 4 species of Plesio-
saurus, P. Oxoniensis, &ec., Rhamphorhynchus
Bucklandi, Steneosauwrus, and Streptospondylus
Cuvieri.

The plentiful assemblage of fossils in an accidental
stratum so thin as the Kelloway Rock, lying in the
Oxford Clay, speaks of physical conditions in the sea
favourable to the development of life, and the diminu-
tion of species in the thick beds of the Oxford Clay
seems to tell of the deepening of a sea in which much
muddy sediment was being deposited.

The CoraL Rae is a rubbly limestone, trending,
with occasional interruptions, from Somersetshire to
Yorkshire, the details of which it is unnecessary to give.
It is associated in places with sandy strata known as
the Calcareous grits, and is often almost entirely com-
posed of broken shells and Echini, Cidaris Smathi,
Hemicidaris intermedia, Pygaster wmbrella, Pygurus
costatus, &c., and numerous corals (whence its name) of
the genera Isastrea, Thecosmilia, Protoseris, &e.,
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Ammonites, a few Gasteropoda, and various genera of
bivalves, common in the Oolitic formations.

This formation is rarely more than about 300 feet
thick, and about one-third of its fossils are well known
in older Oolitic strata, while less than a tenth pass

F1a. 38.

a equalis,

Isastreea explanata. Chemnitzia Heddingtonensis. = Pholadomy

Group of Fossils in the Middle Oolites.

upward into the overlying Kimeridge Clay and Port-
land rocks.
For reasons connected with the physical geography
of this epoch, which will be mentioned further on, I
confine the Upper Oolite to two formations, viz. :
Portland Limestone and Sand,
Kimeridge Clay.

The stratigraphical arrangement of these strata and
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of the overlying Purbeck Lime-
stone is well seen in the Isle of
Portland, where all the strata dip
gently from north to south, as
shown in the annexed diagram.

The Kmeripge Cray takes
its name from Kimeridge Bay in
Dorsetshire, on the cliffs of which
it is well exposed, with bands of
cement stones and many fossils,
such as Ammonites, Belemnites,
Reptilian bones, and many ordin-
ary molluscous shells. Certain
hard, shaley bands at Little
Kimeridge have been at intervals
used for the manufacture of
naphtha and mineral oils, but, I
think, never with great success.
West, of this area the clay is well
known in the northern half of
Portland Isle, in Portland Road,
and in the country near the chalk
hills, between Ringstead Bay and
Abbotsbury. North of this it is
overlapped by the Cretaceous
rocks between Abbotsbury and
Buckland Newton near Cerne
Abbas, from whence, beginning
in a narrow band, it gradually
widens, trending north along the
borders of the Cretaceous escarp-
ment between Shaftesbury and
Mere. West of Mere it occurs in |
interrupted patches at the foot of

4, Purbeck Beds.

Fia. 39.
3. Portland Limestone,

Section of the Oolitic and Purbeck strata, Isle of Portland.

. Portland Sand.

2

1. Kimeridge Clay.
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this great escarpment as far north as Rowde, near
Devizes, where it is again overlapped by the uncon-
formable Cretaceous strata, to reappear at Calne, from
whence, on the north-east, it comes on in great force,
covering a broad tract of country by Swindon and
Longecott. A little east of Longcott, a great tongue
of Lower Greensand, running out to Farringdon, over-
laps the Kimeridge Clay. Escaping from this overlap,
the clay runs eastward by Abingdon, Netley, Quainton,
and the south end of Stewkley, between which and
Leighton Buzzard it is again overlapped by broad-
spreading strata of Gault and Lower Greensand.
Between this area and the fens of Lincolnshire it
doubtless lies deep underground, well to the east of the
Chalk escarpment, for it is well known to underlie
much of the marshes on either side of the Wash, from
whence it trends north in a strip at the base of the
Lincolnshire Wolds as far as the Humber, where it is
again unconformably overlapped by the Cretaceous
strata of the Yorkshire Wolds, to reappear in great
force in and around the Vale of Pickering, between
Hambleton Hills and Filey Bay in Yorkshire.

The Kimeridge Clay is in places from 500 to 600
feet in thickness, but of late, in a great experimental
boring in the Weald of Kent, after passing through the
Purbeck and Portland Limestones and Sand, it was
pierced to the depth of 921 feet, below which came clays
supposed to be the Coral Rag and Oxford Clay, the base
of which was not reached at 1,906 feet when for financial
reasons the boring was abandoned. The meaning of
this seems to be, that whereas these clays, in their range
from Dorsetshire to Yorkshire, were deposited in com-
paratively shallow areas mot very far from land, in the
Kent area they were laid down in a much deeper sea.
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F1a. 40.

Ostrea deltoidea.

Cardium dissimile.

o \.:\ :

TPecten Inmello=us,

Lucina Portlandica.

Ammo. biplex. Natica elegans, Cerithium Portlandicum.

Group of Kimeridge Clay and Portland Fossils. Upper Oolite.
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A shell peculiarly characteristic of the Kimeridge Clay
isa large oyster, Ostrea deltoidea, Fig. 40. Shells of the
genera Rhynchonella (Rh. inconstans) and Terebratula,
Discina (D. Humphresiana, &c.), Lingula ovalis,
Pinna, Astarte, Pecten, Trigonia (1. incurva), and
other bivalves, and Ammonites and Belemnites, are
also common, the Belemnites sometimes almost paving
the ledges of the seashore in Kimeridge Bay. Fishes
of the Oolitic genera already named, with others, are
found, and many remains of reptiles, among others
Turtles, Crocodiles of the genera Goniopholis, Teleo-
sauwrus and Steneosaurus, 5 species of Ichthyosaurus,
8 of Plesiosaurus, and 5 of Pleiosaurus, some of the
last of great size. Cetiosaurus longus and Megalo-
saurus Bucklandi also occur. Fragments of wood are
not uncommon.

The PorTLaND LiMESTONE and SAND lie above the
Kimeridge Clay. The best sections of these rocks
occur in the Isle of Portland, as shown in fig. 39,
p. 187. The sand which forms the base of the forma-
tion, is there 150 feet thick, and the limestone about
70. Of this, about 20 feet forms marketable stone
in three horizons, from the best part of which the
celebrated Portland stone is derived, used in many
public buildings, of which St. Paul’s may be cited
as an example. The limestone, like those of most
other Oolite formations, is cream-coloured, and gene-
rally fossiliferous. Among the most common forms
found in it are Trigonia gibbosa and 7. incurva,
Pecten lamellosus, Ostrea expansa, Cardium dissimile,
Terebra Portlandica, and various Ammonites, some of
them of large size. The lowest beds are full of layers
of flint and chert. The sand is fossiliferous, containing
Oysters, Cardiums, &c. The Portland stone also occurs
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at the south end of the Isle of Purbeck, in the Vale of
Tisbury in Wiltshire, at Swindon, and in the Vale of
Aylesbury. The beds are very inconstant in their out-
crop, only showing at those places which were probably
near the original western margin of the sea of the
period. At Swindon both limestone and sand are of
trifling thickness. Outliers of it occur in Bedfordshire,
and the whole has evidently been exposed to denuda-
tion before the deposition of the Cretaceous rocks.

Such is a brief outline of the marine Oolitic strata
in the south and centre of England, and also of the
Upper and Middle Oolites in their range into York-
shire.

It will be observed that in this description I have
specially insisted on the unconformable overlapping of
the Cretaceous strata across the Portland, Kimeridge,
and other formations, at intervals, all the way from
Dorsetshire to Yorkshire, for by-and-by it will appear
that this fact has an important bearing on the physical
theory of the deposition of the Purbeck and Wealden
strata, which come next in succession.

In the meanwhile, I must return to the Northamp-
tonshire area, where we left the Lower Oolites, and
follow them into Yorkshire, when it will be seen, that
they were formed under physical conditions in some
respects very different from those which obtained in the
South, while the marine clays and limestones of the
Lower Oolites of that area were being deposited.

It will be remembered that in Gloucestershire, a
few miles west of Stow-on-the-Wold, the Fuller’s Earth
thins out, and the Inferior Oolite and Stonesfield Slate
come together, the latter being formed in part of the
sandy flags that make the base of the Great Oolite, and
constitute the Stonesfield Slate. Going easterly into
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Oxfordshire, these beds get still more sandy, the lime-
stone of the Inferior Oolite disappears by degrees, sandy
beds replace them, which are overlaid directly by the
sands of the Great Oolite, the two forming together
what are generally known as the Northampton Sands.
By-and-by, in the district of Rockingham near Ged-
dington, the Inferior Oolite Limestone begins to re-
appear, overlying the lower part of the Northampton
Sands, and lying flat, and thickening by degrees, it
forms the surface of a great tract of country towards
Stamford and Thistleton, in Northamptonshire and Rut-
landshire, also towards Grantham, and in Lincolnshire,
being always underlaid by the Northamptonshire Sand.
The Inferior Oolite of this district is well known as the
Lincolnshire Qolite Limestone. The sands beneath it
have been largely worked in Northamptonshire for
ironstone, and their upper part is occasionally white,
¢with remains of plants, sometimes vertical, also thin
seams of lignite, and miniature wnderclays, while
‘thin seams containing Cyrena (a fresh-water bivalve
shell) occur in this part of the series. These beds have
been distinguished by Mr. Judd as the Lower Estuarine
Series.!

Above the Lincolnshire Oolite Limestone there lie
certain strata, named by Mr. Judd the Upper Estu-
arine Series, forming, in his opinion, the lowest part
of the Great Oolite of this area. They are well seen in
some of the cuttings of the Great Northern Railway,
and on the top of the Inferior Oolite Limestone quarries
at Ketton, Clipsham, and Casterton. As described by
Mr. Judd, there are in these strata ‘bands of sandy
stone with vertical plant markings and layers of shells,

' *Geology of Rutland,’ &c. J. W. Judd, p. 92, *Memoirs of the
Geological Survey,’
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sometimes marine, as Pholadomya, Modiola, Ostrea,
Neara, &c. ; at other times fresh-water shells, as Cyrena,
Unto, &c., and he correctly states that “all the cha-
racters presented by the beds of the Upper Estuarine
Series, point to the conclusion that they were accumu-
lated under an alternation of marine and fresh-water
conditions, such as takes place in the estuaries of rivers.’
These strata between Northampton and Grantham are
rarely more than about 25 feet in thickness.

When we think of the meaning of these phenomena,
it is evident that, while from Gloucestershire to the south
coast, all the strata from the base of the Lower Lias to
the top of the Oolitic series are marine, in the middle
area of Northamptonshire, Rutland, and Lincolnshire, a
set of conditions prevailed in the time of the deposition
of the Lower Oolites that indicated filling up of the area,
and temporary elevation of the old marine deposits, in
places, quite above the level of the sea, so that swampy
terrestrial surfaces were formed, through which wandered
minor streams inhabited by fresh-water shells, Further
north this fact becomes still more plain.

After crossing the Humber, and passing the uncon-
formable overlap of the Cretaceous rocks of the Yorkshire
Wolds, a series of Liassic and Oolitic strata appears in
the North Riding, forming a great tract of beautiful
hilly country, the sections of which are best seen on the
coast cliffs that lie between the mouth of the Tees and
Filey Bay. That part of the cliffs of which the strata
are of Oolitic age, more or less includes representatives
wm time of all the so-called formations from the Inferior
Oolite to the Kimeridge Clay inclusive. The lithological
characters, and mode of formation, of all the strata that
are presumed to lie between the horizon of the base of
the inferior Oolite and the Cornbrash, are, however, of a
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very different nature from those of the equivalent
strata in the south of England, and though I have ex-
amined these sections from end to end, I shall quote
from the measured sections of Mr. Etheridge, and give
the latest information.

Resting directly on the Alum shales of the Upper
Lias, there are sands intermingled with bands of shale,
the whole being about 50 feet thick. All the fossils,
which are generally scarce, are of marine species,
and the whole of the strata are known to paleon-
tologists as the zone of Ammonites Jurensis, and
it is generally considered to be the equivalent of
the Midford Sands of the South of England, or the
Sands of the Inferior Oolite, as named by William
Smith.

Above these come strata, locally known as Dogger,
consisting of about 30 feet of brown sands, which are
sometimes ferruginous and red. They are interstratified
with shaley sands, and the whole contains numbers of
the marine fossils of the Inferior Oolite.

On these there lie about 200 feet of sandstone,
destitute as far as known of the remains of any kind of
life, except a few land plants. Then comes about 25
feet of sandy limestone, known as the Millepore Bed,
full of fossils common in the Inferior Qolite of the
south. This is succeeded by about 80 feet of shales
interstratified with sandstones, as yet destitute of the
remains of molluscs, but what is of especial interest,
there are at least eight distinct bands of coal, inter-
stratified chiefly with the shales, and several other lines
of carbonaceous matter more interrupted and broken.
What adds to the importance of this fact is, that the
coal-beds have not been formed of drifted vegetation,
for underneath each bed there occurs an wnderclay or
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old soil, charged with the roots of those plants, the
decay of which on the spot formed the thin beds of coal,
Just in the manner that coal-beds were formed during
the Coal-measure epoch, but, in the case of these Qolitic
coal-beds, on a much smaller scale.

Above these fresh-water and terrestrial strata, there
occur beds of ¢grey limestone’ and shales. It is often
called the Scarborough Limestone, and is full of marine
shells, &c., common in the ordinary Inferior Oolite.
Finally, on the top of this, there are strata of sand-
stones and shales, often called the upper series, to
distinguish them from the lower sandstones and
shales that lie below the grey marine limestone. Like
the lower series, they seem to contain no mollusca of any
kind, and, indeed, the only fossils that have been found
in them are the remains of plants scattered through
the rocks, accompanied here and there by streaks of
coaly matter. On the whole, such evidence as there is,
tends to show that these also are fresh-water or at
most estuarine strata.

~ Overlying these sands, there is a persistent band of
impure limestone, generally from 3 to 6 feet thick,
which is considered to represent the Cornbrash of
more southern areas, where, it will be remembered, it
lies directly on strata of the Great Oolite series. It is
certain that in its fossils it is intimately related both to
the Great and the Inferior Oolite, including the Fuller’s
Earth. If, therefore, we take the Lower Oolites as a
whole, the most philosophical method of regarding them
is to consider them as one. Owing to minor changes in
the physical geography of the sea bot'tom,. and of the
neighbouring land, this formation was, during thez pro-
gress of deposition, locally broken up into a series of
subformations, now of limestone, now of clay, now of
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sand, and, according to locality, of marine, estuarine,
fresh-water, and even terrestrial origin ; marine in Dorset,
Somerset, and Gloucestershire, partly passing into
estuarine and fresh-water strata in Northamptonshire, at
the very time, for example, that. the marine sediments
of the Stonesfield Slate, had washed in among them,
from the neighbouring land, plants, insects, and mar-
supial mammals. Still further north, in Yorkshire, the
equivalent of great part of the Inferior Oolite actually
constitutes a coal-field, on a miniature scale, quite
comparable, in its sandstones, shales, underclays, and
beds of coal, to the broad and thick deposits of the
Coal-measures, and showing the same kind of alter-
nations of terrestrial and aquatic conditions, indicating,
repeated filling by sediments of a certain area, its
conversion into land, and its subsequent depression to
receive new accessions of sands and shales.

These circumstances seem to me to agree, in a strik-
ing manner, with what may be surmised to have been
the state of the geography of the neighbouring lands.
In the south of what is now England the seas were
broad and comparatively shallow, during all the time of
the deposition of the Lower Oolites, and the islands
round which these seas flowed (including Wales) were
comparatively small. But further north we come to a
fragment of a much larger land, formed of Palaozoic
rocks, that in those days formed a mountainous country
extending from the hills of Derbyshire far away to the
northern extremity of Scotland, and how much further
entire, or broken into islands, no man yet knows. In
spite of disturbances of upheaval of later date than
these Oolitic times, it may also very well have been
that this old land was much higher than the highest
Highland mountains of the present day, seeing the vast
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amount of waste and degradation that they have under-
gone since that ancient time, and we may be sure that
it was surrounded by seas of this lower Mesozoic epoch,
for fragments of the Oolitic strata still surround the
island. This was the larger land, from which the
rivers flowed that deposited the fresh-water sands de-
scribed above. On the low banks of these rivers grew
many a plant now represented merely by indistinct

impressions—
¢ Their meaning lost,
Save what remains on stone, or fragments vast ’—

in which the relics of species of Araucaria, Cycus,
Zamia, Screw Pine, and numerous other forms, to-
gether with gigantic Lquisetums which grew in the still
waters on their borders, while Marsupial mammals on
the shores, and Trigoniee and Terebratul® in the seas,
help us to realise that the physical characteristics of
the time in some degree resembled that of Australia
in our own day, a circumstance first noticed by
Professor Owen.

This state of affairs was at length partly brought to
an end by a gradual submergence, during which the
Oxford and Kimeridge Clays were deposited in open
seas, but the sinking of the area was not by any
means so great as to swallow up the old islands
round which the strata were formed, and which still
remain, much changed, as the most lofty portions of
Great Britain. Such fragments of the Jurassic strata
as still remain on the coasts of Scotland throw some
light on this question.

On the east of Scotland, at and near Brora, in
Sutherland, the Liassic and Oolitic strata have been
long known, and were first described in the Journal
of the Geological Society in 1858 by M. (afterwards)
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Sir R. Murchison. In 1859 I accompanied him
during a tour in Scotland to that district, and mapped
the strata with all its faults and dislocations, but
never published the results. The region was afterwards
investigated by Mr. Judd, and the results published
in great detail in the “Journal of the Geological Society,’
for 18738. At the base lie Keuper sandstones, &c., with
Stagenolepis (a crocodile) and Telerpeton (a land lizard),
&e., above which are beds of sandstone and conglome-
rate, which may possibly represent the Rhetic beds.
These are succeeded by about 400 feet of sandstone and
shale, with plant remains and seams of coal (terrestrial),
with pectensin the overlying strata. These are overlaid
by l