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PREFACE.

ParT of the present Treatise was written origin-
ally in the form of a supplement to my former
work, entitled ¢ Principles of Geology,” and was
intended for the use of those students who found
certain chapters in the Principles obscure and
difficult, for want of preliminary information. I
afterwards considered that it would not be incom-
patible with this object to enlarge the Elements
into a separate and independent treatise, to serve
as an introduction to Geology proper. As I have
thus been led on to become the author of two
general works on the same science, it may be useful
to explain to the reader that these two publications
do, in fact, occupy very distinct ground.

In the Principles a systematic account is given
of the operations of inorganic causes, such as
rivers, springs, tides, currents, volcanos, and earth-
quakes; the effects of all being particularly con-
sidered, with a view to illustrate geological phe-
nomena. The changes also which the organic
world has undergone in modern times, the geo-
graphical distribution of different species of ani-
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vi PREFACE.

mals and plants, the causes of their multiplication
and extinction, and their first introduction, are
discussed, and the various ways in which their
remains become fossil in new deposits. The stu-
dent, who is familiar with this the larger portion
of the Principles (comprising no less than five-
sixths of the whole), will, it is hoped, more easily
comprehend the explanations of geological appear-
ances proposed in the Elements. On the other
hand, those who begin with the Elements, the
scope of which may be understood by a glance at
the annexed table of contents, will follow more
easily the meaning of that part of the Principles
in which an attempt is made to point out the
bearing on geology of the modern changes of the
earth, and to which is prefixed a history of the
opinions which have been entertained in this
science, from the times of the earliest writers to
the present day.

The volume, therefore, now offered to the pub-
lic, is neither an epitome of the Principles, nor an
abridgement of any part of that work. In some
places, where I thought it desirable to incorporate
in the Elements certain passages of the former
work, I have not abridged what was previously
written, but have expanded it, giving fuller ex-
planations, and additional wood-cuts, in the hope
of rendering it more intelligible to the beginner.

Through the kindness of two of my friends I



PREFACE. vii

have been enabled to refer frequently to two
works, not yet before the public, Mr. Darwin’s
Journal of Travels in South America, 1832 to
1836, &c., and Mr. Murchison’s Silurian System ;
the last of which was presented to me complete,
with the exception of the maps and plates, and
will shortly be published.

Mr. Darwin’s Journal was finished, and ready
for publication, some time before the printing of
my MS. had begun, but is still detained, to the
great regret of the scientific world, because it is to
form part of a larger work, including an account
of the Surveys of Captains King and FitzRoy, in
South America.

N.B. The greater part of the woodcuts in this volume,
especially those most difficult of execution, are the work of
Mr. James Lee, 97, Princes Square, Kennington. The
original drawings in Natural History were done by Mr. Geo.
Sowerby, jun., 14, Tibberton Square, Lower Road, Islington.
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ELEMENTS OF GEOLOGY.

PART L

CHAPTER 1.

ON THE FOUR GREAT CLASSES OF ROCKS—THE AQUEOUS,
VOLCANIC, PLUTONIC, AND METAMORPHIC.

Geology defined — Successive formation of the earth’s
crust — Classification of rocks according to their origin
and age — Aqueous rocks. — Their stratification and im-
bedded fossils— Volcanic rocks, with and without cones
and craters — Plutonic rocks, and their relation to the
volcanic — Metamorphic rocks, and their probable origin
— The term primitive, why erroneously applied to the
crystalline formations— Division of the work into two
parts ; the first descriptive of rocks without reference to
their age, the second treating of their chronology.

Or what materials is the earth composed, and
in what manner are these materials arranged ?
These are the inquiries with which Geology is
occupied, a science which derives its name from
the Greek i, ge, the earth, and Aoyos, logos, a
discourse. Such investigations appear, at first
sight, to relate exclusively to the mineral king-
dom, and to the various rocks, soils, and metals,
which occur upon the surface of the earth, or at
various depths beneath it. But, in pursuing these
researches, we soon find ourselves led on to con-
B



2 BUCCESSIVE FORMATION OF [Part L,

sider the successive changes which have taken
place in the former state of the earth’s surface
and interior, and the causes which have given rise
to these changes ; and, what is still more singular
and unexpected, we soon become engaged in re-
searches into the history of the animate creation,
or of the various tribes of animals and plants
which have, at different periods of the past, in-
habited the globe.

All are aware that the solid parts of the earth
consist of distinct substances, such as clay, chalk,
sand, limestone, coal, slate, granite, and the like ;
but previously to observation it is commonly
imagined that all these had remained from the
first in the state in which we now see them, —
that they were created in their present form, and
in their present position. Geologists have come
to a different conclusion. They have discovered
proofs that the external parts of the earth were
not all produced in the beginning of things, in
the state in which we now behold them, nor in
an instant of time. On the contrary, they have
acquired their actual configuration and condition
gradually, under a great variety of circumstances,
and at successive periods, during each of which
distinct races of living beings have flourished
on the land and in the waters, the remains of
these creatures still lying buried in the crust of
the earth. '
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By the ¢ earth’s crust,” is meant that small
portion of the exterior of our planet which is ac-
cessible to human observation. It comprises not
merely all of which the structure is laid open in
mountain precipices, or in cliffs overhanging a
river or the sea, or whatever the miner may reveal
in artificial excavations; but the whole of that
outer covering of the planet on which we are
enabled to reason by observations made at or near
the surface. These reasonings may extend to a
depth of several miles, perhaps ten miles ; but even
then it may be said, that such a thickness is no
more than ;l;th part of the distance from the
surface to the centre. The remark is just; but
although the dimensions of such a crust are, in
truth, insignificant when compared to the entire
globe, yet they are vast and of magnificent ex-
tent in relation to man, and to the organic beings
which people our globe. Referring to this stand-
ard of magnitude, the geologist may admire the
ample limits of his domain, and admit, at the
same time, that not only the exterior of the
planet, but the entire earth, is but an atom in
the midst of the countless worlds surveyed by the
astronomer.

Now the materials of this crust are not thrown
together confusedly, but distinct mineral masses,
called rocks, are found to occupy definite spaces,
and to exhibit a certain order of arrangement.
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4 CLASSIFICATION OF ROCKS. [Part 1.

The term rock is applied indifferently by geolo-
gists to all these substances, whether they be soft
or stony, for clay and sand are included in the
term, and some have even brought peat under this
denomination. Our older writers endeavoured to
avoid offering such violence to our language, by
speaking of the component materials of the earth
as consisting of rocks and soils. But there is
often so insensible a passage from a soft and inco-
herent state to that of stone, that geologists of all
countries have found it indispensable to have one
technical term to include both, and in this sense
we find rocke applied in French, rocca in Italian,
and felsart in German. The beginner, however,
must constantly bear in mind, that the term rock
by no means implies that a mineral mass is in an
indurated or stony condition.

In order to classify the various rocks which
compose the earth’s crust, it is found most con-
venient to refer, in the first place, to their origin,
and in the second to their age. I shall therefore
begin by endeavouring briefly to explain to the
student how all rocks may be divided into four
great classes by reference to their different origin,
or, in other words, by reference to the different
circumstances and causes by which they have been
produced. ,

The first two divisions, which will at once
be understood as natural, are the aqueous and
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volcanie, or the products of watery and those of
igneous action.

Aqueous rocks.— The aqueous rocks, sometimes
called the sedimentary, or fossiliferous, cover
a larger part of the earth’s surface than any others.
These rocks are stratified, or divided into distinct
layers, or strata. The term stratum means simply
a bed, or any thing spread out or strewed over a
given surface; and we infer that these strata have
been generally spread out by the action of water,
from what we daily see taking place near the
mouths of rivers, or on the land during temporary
inundations. For, whenever a running stream,
charged with mud or sand, has its velocity
checked, as when it enters a lake or sea, or over-
flows a plain, the sediment, previously. held in
suspension by the motion of the water, sinks, by
its own gravity, to the bottom. In this manner
layers of mud and sand are thrown down one
upon another.

If we drain a lake whlch has been fed by a
small stream, we frequently find at the bottom a
series of deposits, disposed with considerable re~
gularity, one above the other; the uppermost,
perhaps, may be a stratum of peat, next below a
more dense and solid variety of the same material ;
still lower a bed of laminated shell-marl, alternating
with peat or sand, and then other beds of marl, di-
vided by layers of clay. Now if a second pit be sunk

B3



6 AQUEOUS ORIGIN OF [Part 1.

through the same continuous lacustrine formation,
at some distancé from the first, we commonly meet:
with nearly the same series of beds, yet with slight
variations; some, for example, of the layers of sand,
clay, or marl, may be wanting, one or more of
them having thinned out and given place to others,
or sometimes one of the masses first examined is
observed to increase in thickness to the exclusion
of other beds.

The term ¢ jformation,” which I have used
in the above explanation, expresses in geology
any assemblage of rocks which have some cha-
racter in common, whether of origin, age, or
composition. Thus we speak of stratified and
unstratified, freshwater and marine, aqueous and
volcanic, ancient and modern, metalliferous and
non-metalliferous formations.

In the estuaries of large rivers, such as the
Ganges and the Mississippi, we may observe, at
low water, phenomena analogous to those of the
drained lakes above mentioned, but on a grander
scale, and extending over areas several hundred
miles in length and breadth. When the period-
ical inundations subside, the river hollows out a
channel to the depth of many yards through hori-
zontal beds of clay and sand, the ends of which
are seen exposed in perpendicular cliffs. These
beds vary in colour, and are occasionally charac~
terized by containing drift-wood or shells. The
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shells may belong to species peculiar to the river,
but are sometimes those of marine testacea, washed
into the mouth of the estuary during storms.

The annual floods of the Nile in Egypt are well
known, and the fertile deposit of mud which they
leave on the plains. This mud is stratified, the
thin layer thrown down in one season differing
slightly in colour from that of a previous year,
and being separable from it, as has been observed
in excavations at Cairo, and other places.*

When beds of sand, clay, and marl, containing
shells and vegetable matter, are found arranged in
the same manner in the interior of the earth, we
ascribe to them a similar origin; and the more we
examine their characters in minute detail, the more
exact do we find the resemblance. Thus, for ex-
ample, at various heights and depths in the earth,
and often far from seas, lakes, and rivers, we meet
with layers of rounded pebbles composed of dif-
ferent rocks mingled together. They are like the
pebbles formed in the beds of torrents and rivers,
which are carried down into the sea wherever
these descend from high grounds bordering a

-coast. There the gravel is spread out by the
waves and currents of the ocean over a consider-
able space; but during seasons of drought the
torrents and rivers are nearly dry, and have only

* See Silliman’s Amer. Journ. of Sci. vol. xxviii. 1835 ; also
Principles of Geology, Index, « Nile,” « Rivers,” &c.
B 4
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power ta convey fine sand or mud into the sea.
Hence, alternate layers of gravel and fine sedi<
ment accumulate under water, and such alter-
nations are found by geologists in the interior of
every continent. *

If a stratified arrangement, and the rounded
forms of pebbles, are alone sufficient to lead
us to the conclusion that certain rocks origin-
ated under water, this opinion is farther con-
firmed by the distinct and independent evidence
of fossils, so abundantly included in the earth’s
crust. By a fossil is meant any body, or the
traces of the existence of any body, whether ani-
mal or vegetable, which has been buried in the
earth by natural causes. Now the remains of
animals, especially of aquatic species, are found
almost everywhere imbedded in stratified rocks.
Shells and corals are the most frequent, and with
them are often associated the bones and teeth of
fish, fragments of wood, impressions of leaves, and
other organic substances. Fossil shells of forms
such as now abound in the sea, are met with far
inland, both near the surface and at all depths
below it, as far as the miner can penetrate. They
occur at all heights above the level of the ocean,
having been observed at an elevation of from
8000 to 9000 feet in the Alps and Pyrenees, more

. # See Principles of Geology by the author; refer to ¢ Mag-
nan,” and ¢ Conglomerates,’ in the Index of different editions.,
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than 13,000 feet high in the Andes, and above
15,000 feet in the Himalayas.

These shells belong mostly to marine testacea,
but in some places exclusively to forms character-
istic of lakes and rivers. Hence we conclude that
some ancient strata were deposited at the bottom
of the sea, while others were formed in lakes and
estuaries.

When geology was first cultivated it was a
general belief, that these marine shells and other
fossils were the effects and proofs of the general
deluge. But all who have carefully investigated
the phenomena have long rejected this doctrine.
A transient flood might be supposed to leave
behind it, here and there upon the surface,
scattered heaps of mud, sand, and shingle, with
shells confusedly intermixed ; but the strata con-
taining fossils are not superficial deposits, and do
not cover the-earth, but constitute the entire mass
of mountains. It has been also the favourite notion
of some modern writers, who are aware that fossil
bodies cannot all be referred to the deluge, that
they, and the strata in which they are entombed,
may have been deposited in the bed of the ocean
during a period of several thousand years which
intervened between the creation of man and the
deluge. They imagine that the antediluvian bed
of the ocean, after having been the receptacle of
many stratified deposits, became converted, at the

B 5
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time of the flood, into the lands which we inhabit,
and that the ancient continents were at the same
time submerged, and became the bed of the
present sea. This hypothesis, however preferable
to the diluvial theory, as admitting that all
fossiliferous strata were slowly and successively
thrown down from water, is yet wholly inadequate
to explain the repeated revolutions which the earth
has undergone, and the signs which the existing
continents exhibit, in most regions, of having
emerged from the ocean at an era far more remote
than four thousand years from the present time.
It will also be seen in the sequel, that many
distinct sets of sedimentary strata, each several
hundreds or thousands of feet thick, are piled one
upon the other in the earth’s crust, each con«
taining their peculiar fossil animals and plants,
which are distinguishable with few exceptions
from species now living. The mass of some of
these strata consists almost entirely of corals, others
are made up of shells, others of plants turned
into coal, while some are without fossils. In one
set of strata the species of fossils are marine,
in another, placed immediately above or below,
they as clearly prove that the deposit was formed
in an estuary or lake. When the student has
more fully examined into these appearances, he
will become - convinced that the time required for
the origin of the actual continents must have been
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far greater than that which is conceded by the
theory above alluded to, and that no one universal
and sudden conversion of sea into land will account
for geological appearances.

We have now pointed out one great class of
rocks, which, however they may vary in mineral
composition, colour, grain, or other characters,
external and internal, may nevertheless be grouped
together as having a common origin. They
have all been formed under water, in the same
manner as sand, mud, shingle, banks of shells,
coral, and the like, and are characterized by stra-
tification or fossils, or by both.

Volcanic rocks.— The division of rocks which we
may next consider are the volcanic, or those which
have been produced, whether in ancient or modern
times, not by water, but by the action of fire, or
subterranean heat. These rocks are for the most
part unstratified, and are devoid of fossils. They
are more partially distributed than aqueous form-
ations, at least in respect to horizontal extension.
Among those parts of Europe where they exhibit
characters not to be mistaken, I may mention not
only Sicily and the country round Naples, but
Auvergne, Velay, and Vivarais, now the de-
partments of Puy de Dome, Haute Loire, and
Ardéche, towards the centre and south of France,
in which we find several hundred conical hills
having the forms of modern volcanos, with craters

B 6
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more or less perfect on many of their summits.
These cones are composed moreover of lava, sand,
and ashes, similar to those of active volcanos.
Streams of lava may sometimes be traced proceed-
ing from the cones into the adjoining valleys,
where they choke up the ancient channels of rivers
with solid rock, in the same manner as some
modern flows of lava in Iceland have been known
to do, the rivers either flowing beneath or cutting
out a narrow passage on one side of the lava.
Although none of these French volcanos have been
in activity within the period of history or tradition,
their forms are often very perfect. Some how-
ever have been compared to the mere skeletons
of volcanos, the rains and torrents having washed
their sides, and removed all the loose sand and
scoriee, leaving only the harder and more solid
materials. By this erosion, and by earthquakes,
their internal structure has occasionally been laid
open to view, in fissures and ravines ; and we then
behold not only many successive beds and masses
of porous lava, sand, and scoriee, but also per-
pendicular walls, or dikes, as they are called, of
volcanic rock, cutting through the other materials.
Such dikes are also observed in the structure of
Vesuvius, Etna, and other active volcanos. They
have been formed by the pouring of melted
matter, whether from above or below, into open
fissures, and they commonly traverse deposits of
volcanic tuff, a substance produced by the shower-
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ing down from the air, or incumbent waters, of
sand and cinders, first shot up from the interior
of the earth by explosions of volcanic gases.
Besides the parts of France above alluded
to, there are other countries, as the north of
Spain, the south of Sicily, the Tuscan territory of
Italy, the lower Rhenish provinces, and Hungary,
where spent volcanos may be seen with cones,
craters, and often accompanying lava-streams.
There are also other rocks in England, Scot-
land, Ireland, and almost every country in Europe,
which we infer to be of igneous origin, although
they do not form hills with cones and craters.
Thus, for example, we feel assured that the rock
of Staffa, and that of the Giants’ Causeway,
called basalt, is volcanic, because it agrees in its
columnar structure and mineral composition with
streams of lava which we know to have flowed
from the craters of volcanos. We find also
similar basaltic rocks associated with beds of zuff
in various parts of the British Isles, and forming
dikes, such as have been spoken of ; and some of
the strata through which these dikes cut are occa~
sionally altered at the point of contact, as if they
had been exposed to the intense heat of melted
matter. .
The absence of cones and craters, and long
narrow streams of lava, in England and elsewhere,
is principally attributed by geologists to the erup~
tions having been formerly submarine, just as a
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considerable proportion of volcanos in our own
times burst out beneath the sea. But this question
must be enlarged upon more fully in the chapters
on Igneous Rocks, in which it will also be shewn,
that as different sedimentary formations, -contain-
ing each their characteristic fossils, have been de-
posited at successive periods, so also volcanic sand
and scoriee have been thrown out, and lavas have
flowed over the land or bed of the sea, at many
different epochs, or have been injected into
fissures ; so that the igneous as well as the aqueous
rocks may be classed as a chronological series of
monuments, throwing light on a succession of
events in the history of the earth.

Plutonic rocks.— We have now therefore pointed
out the existence of two distinct orders of mineral
masses, the aqueous and the volcanic: but if we
examine a large portion of a continent, especially
if it contain within it a lofty mountain range, we
rarely fail to discover two other classes of rocks,
very distinct from either of those above alluded to,
and which we can neither. assimilate to deposits
such as are now accumulated in lakes or seas, nor to
those generated by ordinary volcanic action. The .
members of both these divisions of rocks agree in
being highly crystalline and destitute of organic
remains. The rocks of one division have been
~called plutonic, comprehending all the granites
and certain porphyries, which are nearly allied in
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some of their characters to volcanic formations.
The members of the other class are stratified and
often slaty, and have been called by some the crys-
talline schists. In these are included gneiss, mi-
caceous-schist (or mica-slate), hornblende-schist,
statuary marble, the finer kinds of roofing slate,
and other rocks afterwards to be described.

Asit is admitted that nothing strictly analogous
to these crystalline productions can now be seen in
the progress of formation on the earth’s surface, it
will naturally be asked, on what data we can find a
place for them in asystem of classification founded
on the origin of rocks. First then, in regard to
the plutonic class, a passage has been traced from
various kinds of granite into different varieties of
rocks decidedly volcanic ; so that if the latter are
of igneous origin, it is scarcely possible to refuse
to admit that the granites are so likewise. Second-
ly, large masses of granite are found to send forth
dikes and veins into the contiguous strata, verv
much in the same way as lava and volcanic matter
penetrate aqueous deposits, both the massive gra-
nite and the veins causing changes analogous to
those which lava and volcanic gases are known
to produce. But the plutonic rocks differ from
the volcanic, not only by their more crystalline
texture, but also by the absence of tuffs and
breccias, which are the products of eruptions at
the earth’s surface. They differ also by the absence
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of pores or cellular cavities, which the entangled
gases give rise to in ordinary lava. From these
and other peculiarities it has been inferred, that
the granites have been formed at great depths in
the earth, and have cooled and crystallized slowly
under enormous pressure where the contained
gases could not expand. The volcanic rocks, on
the contrary, although they also have risen up from
below, have cooled from a melted state more rapidly
upon or near the surface. From this hypothesis
of the great depth at which the granites origi-
nated, has been derived the name of ¢ Plutonic
rocks,” which they have received to distinguish
them from the volcanic. The beginner will easily
conceive that the influence of subterranean heat
may extend downwards from the crater of every
active volcano to a great depth below, perhaps
several miles or leagues (see Frontispiece), and
the effects which are produced deep in the bowels
of the earth may, or rather must be distinct; so
that voleanic and plutonic rocks, each different in
texture, and sometimes even in composition, may
originate simultaneously, the one at the surface,
the other far beneath it.

Although granite has often pierced through
other strata, it has rarely, if ever, been observed
to rest upon them as if it had overflowed. But
as this is continually the case with the volcanic
rocks, they have been styled from this pecu-
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liarity, ¢ overlying” by Dr. MacCulloch; and
Mr. Necker has proposed the term  underlying”
for the granites, to designate the opposite mode in
which they almost invariably present themselves.

Metamorphic rocks.— The fourth and last great
division of rocks are the crystalline strata or schists,
called gneiss, mica-schist, clay-slate, chlorite-
schist, marble, and the like, the origin of which
is more doubtful than that of the other three
classes. They contain no pebbles or sand or
scoriee, or angular pieces of imbedded stone, and
no traces of organic bodies, and they are often as
crystalline as granite, yet are divided into beds,
corresponding in form to those of sedimentary
formations, and are therefore said to be stratified.
The beds sometimes consist of an alternation of
substances varying in colour, composition, and
thickness, precisely. as we see in stratified fossi-
liferous deposits. According to the theory which
I adopt as most probable, and which will be
afterwards more fully explained, the materials
of these strata were originally deposited from
water in the usual form of sediment, but they
were subsequently altered by subterranean heat,
so as to assume a new texture. It is demon-
strable, in some cases at least, that such a complete
conversion has actually taken place. I have als
ready remarked that alterations, such as might
be produced by intense heat, are observed in strata
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near their contact with veins and dikes of volcanic
rocks. 'These, however, are on a small scale; but
a similar influence has been exerted much more
powerfully in the neighbourhood of plutonic rocks
under different circumstances, and perhaps in
combination with other causes. The effects there-
by superinduced on fossiliferous strata have some-
times extended to a distance of a quarter of a
mile from the point of contact. Throughout the
greater part of this space the fossiliferous beds
have exchanged an earthy for a highly crystalline
texture, and have lost all traces of organic remains.
Thus, for example, dark- limestones, replete with
shells and corals, are turned into white “statuary
marble, and hard clays into slates called mica-
schist and hornblende-schist, all signs of organic
bodies having been obliterated.

Although we are in a great degree ignorant of
the precise nature of the influence here exerted,
yet it evidently bears some analogy to that which
volcanic heat and gases are capable of producing ;
and the action may be conveniently called plu-
tonic, because it appears to have been developed
in those regions where plutonic rocks are gene-
rated, and under similar circumstances of pressure
and depth in the earth. Whether electricity or
any other causes have co-operated with heat to
produce this influence, may be matter of specu-
lation, but the plutonic influence has sometimes
pervaded entire mountain masses of strata. The
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phenomena, therefore, being sometimes on so
grand a scale, we must not consider that the
strata have always assumed their crystalline or
altered texture in consequence of the proximity
of granite, but rather that granite itself, as well as
the altered strata, have derived their crystalline
texture from plutonic agency.

In accordance with this hypothesis I have pro-
posed (see Principles of Geology), the term
¢« Metamorphic” for the altered strata, a term
derived from pera, meta, trans, and popgn, morphe,
Jorma.

Hence there are are four great classes of rocks
considered in reference to their origin, — the
aqueous, volcanic, plutonic, and metamorphic, all
of which may be conceived to have been formed
contemporaneously at every geological period, and
to be now in the progress of formation. By refer-
ring to the Frontispiece, the reader will perceive
what relative positions the members of these four
great classes A, B, C, D, may occupy in the
earth’s crust, while in the course of simultaneous
production. Thus, while the aqueous deposits A,
which are expressed by the yellow colour, have
been accumulating in successive strata at the bot-
tom of the sea, the volcanic cone B, has been
piled up during a long series of eruptions, and the
other igneous rocks coloured purple have also
ascended from below in a fluid state. Some of
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these last have been poured forth into the sea,
and there mingled with aqueous sediment. On
pursuing downwards either the small dikes or
large masses of volcanic rock, we find them pass
gradually into plutonic formations, D, which are
coloured red, and which underlie all the rest.
These last again are seen to be in contact with
a zone of ‘contemporaneous metamorphic strata,
C, coloured blue, which they penetrate in nu-
merous veins. /

In that part of the section which is uncoloured,
a more ancient series of mineral masses are seen,
belonging also to the four great divisions of rocks.
The strata from a to ¢ represent as many dis-
tinct aqueous formations, which have originated
at different periods, and are each distinguished by
their peculiar fossils, The mass v v is of volcanic
origin, and was formed at one of those periods,
namely, when the strata g were deposited. The
strata m m are ancient metamorphic formations,
and the rocks 1, 2, are plutonic, also ancient, but
of different dates.
~ Now it will be shewn in the course of this
volume, that portions of each of these four distinct
classes of rocks have originated at many succes-
sive periods. It is not true, as was formerly sup~
posed, that all granite, together with the crystal-
line or metamorphic strata, were first formed, and
" therefore entitled to be called ¢ primitive,” and
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that the aqueous and volcanic rocks were afters
wards superimposed, and should, therefore, rank
as secondary in the order of time. This idea was
adopted in the infancy of the science, when all
formations, whether stratified or unstratified,
earthy or crystalline, with or without fossils, were
alike regarded as of aqueous origin. At that
period it was naturally argued, that the foundation -
must be older than the superstructure. Granite,
as being the lowest rock, must have been first
¢ precipitated from the waters of the primeval
ocean which originally invested the globe,” then
the crystalline, and finally the fossiliferous strata,
together with other associated rocks, were de-
posited.

But when the doctrine of the igneous origin of
granite was generally adopted, the terms primi-
tive and primary, as embracing the plutonic and
metamorphic rocks, should at once have been
banished from the nomenclature of geology. For
after it had been first proved 'that granite had
originated at many different epochs, some ante-
cedent, others subsequent to the origin of many
fossiliferous strata, it was also demonstrated that
strata which had once contained fossils, had be-
come metamorphic at different periods ; in other
words, some of the rocks termed primary were
newer than others which were called secondary.
A question, therefore, has arisen, whether the
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lower crystalline portions of the earth’s crust, par-
tially modified as they have been, and renewed
from time to time, are newer or older, regarded
as a whole, than the sedimentary and volcanic
formations. Have the operations of decay and
repair been most active above or below? The
same question might be asked with respect to the
relative antiquity of the foundations and the build-
ings in certain ancient cities, such as Venice or Am-
sterdam, which are supported on wooden piles—
whether in the course of ages have the wooden
props, or the buildings of brick, stone, and mar-
ble which they support, proved the most durable ?
Which have been renewed most frequently ? for
the piles, when rotten, can be removed one after
the other without injury to the buildings above. In
like manner the materials of the lower part of
the earth’s crust may pass from a solid to a fluid
state, and may then again become consolidated ;
or sedimentary strata may assume a new and
metamorphic texture, while the strata above con-
tinue unchanged, or retain characters by which
their claim to high antiquity may be recognized.
During such subterranean mutations, the earth-
quake may shatter and dislocate the incumbent
crust, or the ground may rise or sink slowly and
insensibly throughout wide areas*; or there may

* See chap. 5.
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be volcanic eruptions here and there; but the
great mass may not undergo such an alteration
as to be regenerated and composed of new rocks.
As all the crystalline rocks may, in some re-
spects, be viewed as belonging to one great family,
whether they be stratified or unstratified, it will
often be convenient to speak of them by one com-
mon name. But the use of the term primary
would imply a manifest contradiction, for reasons
which the student will now comprehend. It is
indispensable, therefore, to find a new name, one
which must not be of chronological import, and
must express, on the one hand, some peculiarity
equally attributable to granite and gneiss (to the
plutonic as well as the altered rocks), and, on the
other, must have reference to characters in which
those rocks differ, both from the volcanic and
from the unaltered sedimentary strata. I have
proposed in the Principles of Geology the term
¢ hypogene ” for this purpose, derived from vmo,
under, and yivouas, to be born; a word implying
the theory that granite, gneiss, and the other crys-
talline formations are alike nether-formed rocks, or
rocks which have not assumed their present form
and structure at the surface. It is true that all meta-
morphic strata must have been deposited originally
at the surface, or on that part of the exterior of
the globe w"hich is covered by water; but, accord-
ing to the views above set forth, they could never
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have acquired their crystalline texture, unless
they had been modified by plutonic agency under
pressure in the depths of the earth.

From what has now been said, the reader will
understand that the four great classes of rocks
may each be studied under two distinct points of
view : first, they may be studied simply as mineral
masses deriving their origin from particular causes,
and having a certain composition, form, and po-
sition in the earth’s crust, or other characters both
positive and negative, such as the presence or
absence of organic remains. In the second place,
the rocks of each class may be viewed as a grand
chronological series of monuments, attesting a suc<
cession of events in the former history of the globe
and its living inhabitants.

I shall accordingly divide this work into two
parts, in reference to these two modes of consider-
ing each family of rocks. In the first part, the
characters of the aqueous, volcanic, plutonic, and
metamorphic rocks will be described, without
reference to their ages, or the periods when they
were formed. In the second, their different ages
will be considered, and I shall endeavour to ex~
plain the rules according to which the chronology
of rocks in each of the four classes may be de-
termined.
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CHAPTER II.

AQUEOUS ROCKS — THEIR COMPOSITION AND FORMS OF
STRATIFICATION,

Mineral composition of strata— Arenaceous rocks — Argil-
laceous — Calcareous— Gypsum — Forms of stratification
— Original horizontality — thinning out — Dmgonal ar-
rangement — Ripple mark.

First, then, in pursuance of the arrangement
explained in the last chapter, we have to examine
the aqueous or sedimentary rocks, which are for
the most part distinctly stratified, and contain
fossils. We are to consider them with reference
“to their mineral composition, external appearance,
position, mode of origin, and other characters
which belong to them as aqueous formations,
without reference to their age, or the various
geological penods when they may have origi-
nated.

I have already given an outline of the data
which lead to the belief that the stratified and
fossiliferous rocks were originally deposited under
water; but, before entering into a more detailed
investigation, it will be desirable to say something
of the ordinary materials of which such strata
are composed. These may be said to belong
principally to three divisions, the arenaceous, the
argillaceous, and the calcareous which are formed

c
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respectively of sand, clay, and carbonate of lime.
Of these, the arenaceous, or sandy masses, are
chiefly made up of siliceous or flinty grains; the
argillaceous, or clayey, of a mixture of siliceous
‘matter, with a certain proportion, about a fourth
in weight, of aluminous earth ; and, lastly, the
calcareous rocks or limestones consist of . carbonic
-acid and lime.

Arenaceous or siliceous rocks. — To speak first of
the sandy division: beds of loose sand are fre-
‘quently met with, of which the grains consist en-
tirely of silex, which term comprehends all purely
siliceous’ minerals, as quartz and common flint.
Quartz is silex in its purest form; flint usually
contains some admixture of alumine and oxide of
iron. The siliceous grains in sand and sandstone
are usually rounded, as if by the action of running
water; but they sometimes, though more rarely,
consist of small crystals, as if they had been che-
mically precipitated from a fluid containing silex
in solution.

Sandstone is an aggregate of such grains, which
often cohere together without any visible cement,
but more commonly are bound together by a slight
quantity of siliceous or calcareous matter, or by
iron or clay. In nature there is every intermediate
gradation, from perfectly loose sand, to the hard-
est sandstone.  In micaceous sandstones mica is
abundant; and the thin silvery plates into which
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that mineral divides, are arranged in layers
parallel to the planes of stratification, giving a
slaty or laminated texture to the rock.

When sandstone is coarse-grained, it is usually
called grit. If the grains are rounded, and large
enough to be called pebbles, it becomes a conglo-
merate, or pudding-stone, which may consist of
pieces of one or of many different kinds of rock.
A conglomerate, therefore, is simply gravel bound
together by a cement.

Argillaceous rocks.— Clay, strictly speaking, is a
mixture of silex or flint with a large proportion,
usually about one fourth, of the substance called
alumine, or argil; but, in common language, any
earth which possesses sufficient ductility, when
kneaded up with water, to be fashioned like paste
by the hand, or by the potter’s lathe, is called a
clay ; and such clays vary greatly in their com-
position, and are, in general, nothing more than '
mud derived from the decomposition or wearing
down of various rocks. The purest clay found in
nature is porcelain clay, or kaolin, which results
from the decomposition of a rock composed of
felspar and quartz, and it is almost always mixed
with quartz.* Shale has also the property, like

* The kaolin of China consists of 71°15 parts of silex,
15'86 of alumine, 1:92 of lime, and 673 of water, (W. Phil-
lips, Mineralogy, p. 33.); but other porcelain clays differ
materially, that of Cornwall being composed of 60 parts
of alumine and 40 of silex. (Ibid.)

c2
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clay, of becoming plastic in water: it is a more
solid form of clay, having been probably con-
densed by pressure. It usually divides into thin
laminze.

One general character of all argillaceous rocks
is to give out a peculiar odour when breathed
upon, which is a test of the presence of alumine,
although it does not belong to pure alumine, but,
apparently, to the combination of that substance
with oxide of iron.* '

Calcareous rocks.— This division comprehends
those rocks which, like chalk, are composed of
lime and carbonic acid. Shells and corals are
also formed of the same elements, with the addition
of animal matter. To obtain pure lime it is
necessary to calcine these calcareous substances,
that is to say, to expose them to heat of sufficient
intensity to drive off the carbonic acid, and other
volatile matter, without vitrifying or melting the
lime itself. White chalk is often pure carbonate
of lime ; and this rock, although usually in a soft
and earthy state, is sometimes sufficiently solid to
be used for building, and even passes into a
compact stone, or a stone of which the separate
parts are so minute as not to be distinguishable
from each other by the naked eye.

Many limestones are made up entirely of minute

* See W. Phillips’s Mineralogy, *“ Alumine.”
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fragments of shells and coral, or of ‘calcareous
sand cemented together. These last might be
called ¢ calcareous sandstones;™ but that term
is more properly applied to a rock in which
the grains are partly calcareous and partly
siliceous, or to quartzose sandstones, having a
cement of carbonate of lime.

The variety of limestone called * oolite ” is com-
posed of numerous small egg-like grains, resem-
bling the roe of a fish, each of which has usually a
small fragment of sand as a nucleus, around which
concentric layers of calcareous matter have accu-
mulated. '

Any limestone which is sufficiently hard to take
a fine polish is called marble. Many of these are
fossiliferous; but statuary marble, which is also
called saccharine limestone, as having a texture
resembling that of loaf-sugar, is devoid of fossils,
and a member of the metamorphic series.

Siliceous limestone is an intimate mixture of
carbonate of lime and flint, and is harder in pro-
portion as the flinty matter predominates.

The presence of carbonate of lime in a rock may
be ascertained by applying to the surface a small
drop of diluted sulphuric, nitric, or muriatic acids ;
for the lime, having a stronger chemical affinity
for any one of these acids than for the carbonic,
unites itself immediately with them to form new

c3
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compounds, thereby ‘becoming a sulphate, nitrate,
or muriate of lime. The carbonic acid, when thus
liberated from its union with the lime, escapes in
a gaseous form, and froths up or effervesces as it
miakes its way in small bubbles threugh the drop
of liquid. - This effervescence is brisk or feeble in
proportion as the limestone is pure or impure, or,
in other words, according to the quantity of foreign
‘matter mixed with the carbonate of lime. With-
out the aid of this test, the most experienced
eye cannot always detect the presence of lime in
rocks.

The above-mentioned three classes of rocks,
‘the arenaceous, argillaceous, and calcareous, pass
‘continually into each other, and rarely occur in
a perfectly separate and pure form. Thus it
is an exception to the general rule to meet
-with a limestone as pure as ordinary white chalk,
or with clay as aluminous as that used in

"Cornwall for porcelain, or with sand so entirely
composed of siliceous grains as the white sand of
Alum Bay in the Isle of Wight, or sandstone so
pure as the grit of Fontainebleau, used for pave-
ment in France. More commonly we find sand
and clay, or clay and marl, intermixed in the same
mass. When the sand and clay are each in con-
siderable quantity, the mixture is called loam. If
there is much calcareous matter in clay it is called
marl; but this term has unfortunately been used
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so vaguely, as often to be very ambiguous. It hag
been applied to substances in which there is no
lime; as, to that red loam usually called red marl
in certain parts of England. Agriculturists were
in the habit of calling any soil a marl, which, like
true marl, fell to pieces readily on exposure to the
air. Hence arose the confusion of using this
name for soils which, consisting of loam, were
easily worked by the plough, though devoid of
lime. '

Marl slate bears the same relation to marl which
shale bears to clay, being a calcareous shale. It
is very abundant in some countries, as in the
Swiss Alps. Argillaceous or marly limestone is
also of common occurrence.

There are few other kinds of rock which enter
so largelyinto the composition of sedimentarystrata
as to make it necessary to dwell here on their
characters. I may, however, mention two others,
— magnesian limestone or dolomite, and gypsum.
Magnesian limestone is composed of carbonate of
lime and carbonate of magnesia : the proportion of
the latter amounting in some cases to nearly one
half. It effervesces much more slowly and feebly
with acids than common limestone. In England
this rock is generally of a yellowish colour; but it
varies greatly in mineralogical character, passing
from an earthy state to a white compact stone of
great hardness. Dolomite, so common in many

c4
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parts of Germany and France, is also a variety
of magnesian limestone, usually of a granular
texture. .

Gypsum. — Gypsum is a rock composed of sul-
phuric acid, lime, and water. It is usually a soft
whitish-yellow rock, with a texture resembling
that of loaf-sugar, but sometimes it is entirely
composed of lenticular crystals. It is insoluble
in acids, and does not effervesce like chalk and
dolomite, the lime being already combined with
sulphuric acid, for which it has a stronger affinity
than for any other. Anhydrous gypsum is a rare
variety, into which water does not enter as a com-
ponent part. Gypseous marl is a mixture of
gypsum and marl.

Forms of stratification. — A series of strata
sometimes consists of oite of the above rocks,
sometimes of two or more in alternating beds.
Thus, in the coal districts of England, for example,
we often pass through several beds of sandstone,
some of finer, others of coarser grain, some white, .
others of a dark colour, and below these, layers of
shale and sandstone or beds of shale, divisible into
leaf-like laminse, and containing beautiful impres-
sions of plants. Then again we meet with beds of
pure and impure coal, alternating with shales, and
underneath the whole, perhaps, are calcareous
strata, or beds of limestone, filled with corals and
marine shells, each bed distinguishable from an-
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other by certain fossils, or by the abundance of
particular species of shells or zoophytes.

- This alternation of different kinds of rock pro-
duces the most distinct stratification ; and we often
find beds of limestone and marl, conglomerate and
sandstone, sand and clay, recurring again and
again, in nearly regular order, throughout a series
of many hundred strata. The causes which may
produce these phenomena are various, and have
been fully discussed in my treatise on the modern
changes of the earth’s surface. * It is there seen
that rivers flowing into lakes and seas are charged
with sediment, varying in quantity, composition,
colour, and grain according to the seasons; the
waters are sometimes flooded and rapid, at
other periods low and feeble; different tributaries,
also, draining peculiar countries and soils, and
therefore charged with peculiar sediment, are
swollen at distinct periods. It was also shewn
that the waves of the sea and currents undermine
the cliffs during wintry storms, and sweep away
the materials into the deep, after which a season
of tranquillity succeeds, when nothing but the
finest mud is spread by the movements of the
ocean over the same submarine area.

It is not the object of the present work to give
a description of these operations, repeated as they

* Consult Index to Prin. of Geol. « Stratification,” « Cur-
rents,” Deltas,” “ Water,” &c.
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are, year after year, and century after century ; but
I may suggest an explanation of the manner in
which some micaceous sandstones have originated,
those in which we see innumerable thin layers of
mica dividing layers of fine quartzose sand. I ob-
served the same arrangement of materials in recent
mud deposited in the estuary of La Roche St. Ber-
nard in Brittany, at the mouth of the Loire. The
surrounding rocks are of gneiss, which, by its
waste, supplies the mud : when this dries at low
water, it is found to consist of brown laminated
clay, divided by thin seams of mica. The sepa-
ration of the mica in this case, or in that of
micaceous sandstones, may be thus understood.
K we take a handful of quartzose sand, mixed
with mica, and throw it into a clear running
stream, we see the materials immediately sorted
by the water, the grains of quartz falling almost
directly to the bottom, while the plates of mica
take a much longer time to reach the bottom, and
are carried farther down the stream. At the first
instant the water is turbid, but immediately after
the flat surfaces of the plates of mica are seen alone
reflecting a silvery light, and they descend slowly,
to form a distinct micaceous lamina. The mica is
the heavier mineral of the two; but it remains
longer suspended, owing to its great extent of sur-
face. Itiseasy, therefore, to conceive how the inter-
mittent action of waves, currents, and tides, may
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sort the sediment brought down from the waste
of a granitic country, and throw down the mica,
layer after layer, separately from the mud or sand.

Original horizontality. — It has generally been
said that the upper and under surfaces of strata, or
the planes of stratification, as they are termed, are
parallel. Although this is not strictly true, they
make an approach to parallelism, for the same
reason that sediment is usually deposited at first in
nearly horizontal layers. The reason of this ar-
rangement can by no means be attributed to an
original evenness or horizontality in the bed of the
sea; for it is ascertained that in those places where
no matter has been recently deposited, the bottom
of theocean isoften asuneven asthat of thedryland,
having in like manner its hills, valleys, and ravines.
Yet if the sea should sink, or the water be removed
near the mouth of a large river where a delta has
been forming, we should see extensive plains of
mud and sand laid dry, which, to the eye, would
appear perfectly level, although, in reality, they
would slope gently from the land towards the sea.
This tendency in newly-formed strata to assume
a horizontal position, arises principally from the
motion of the water, which forces along particles
of sand or mud at the bottom, and causes them to
. settle in hollows or depressions, where they are
less exposed to the force of a current than when
they are resting on elevated points. The velocity

cé6
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of the current and the motion of the superficial
waves diminishes from the surface downwards,
and is least in those depressions where the water
is deepest. A good illustration of the principle
here alluded to, may be sometimes seen in the
neighbourhood of a volcano, when a section, whe-
ther natural or artificial, has laid open to view a
succession of various-coloured layers of sand and
ashes, which have fallen in showers upon uneven
ground. Thus let A, B (Fig. 1.) be two ridges,
with an intervening valley. These original in-
equalities of the surface have been gradually
effaced by beds of sand and ashes c d ¢, the surface
at e being quite level. It will be seen that al-
though the materials of the first layers have accom-
modated themselves in a great degree to the shape
of the ground A B, yet each bed is thickest at

Fig.1. _the bottom. At first
/\d/‘—\' a great many particles
. e\ BiY would be carried by
their own gravity down the steep sides of A and
B, and others would afterwards be blown by the
wind as they fell off the ridges, and would settle
in the hollow, which would thus become more and
more effaced ‘as the strata accumulated from ¢
to e. This levelling operation may perhaps be
rendered more clear to the student by supposing
a number of parallel trenches to be dug in a
plain of moving sand, like the African desert,
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in which case the wind would soon cause all
signs of these trenches to disappear, and the
surface would be as uniform as before. Now,
water in motion can exert this levelling power
on similar materials more easily than air, for
almost all stones lose in water more than a
third of the weight which they have in air, the
specific gravity of rocks being in general as 2}
when compared to that of water, which is esti-
mated at 1. But the buoyancy of sand or mud
would be still greater in the sea, as the density of
salt water exceeds that of fresh.

Yet, however uniform and horizontal may be the
surface of new deposits in general, there are still
many disturbing causes, such as eddies in the water,
and currents moving first in one and theninanother
direction, which frequently cause irregularities.
We may sometimes follow a bed of limestone,
shale, or sandstone, for a distance of many hun-
dred yards continuously ; but we generally find at
length that each individual stratum thins out, and

Fig. 2.

Section of strata of sandstonc, grit, and conglomerate.

allows the beds which were previously above and
below it to meet. If the materials are coarse, as
in grits and conglomerates, the same beds can
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rarely be traced many yards without varying in
size, and often coming to an end abruptly. (See
Fig. 2.)

There is also another phenomenon of frequent
occurrence. We find a series of larger strata, each
of which is composed of a number of minor layers
placed obliquely to the general planes of stratifi-
cation. To this diagonal arrangement the name
of ¢ false stratification ” has been given. Thus in
the annexed section (Fig. 3.) we see seven or eight

Fig. 8.

Section of sand at Sandy Hill, near Biggleswade, Bedfordshire.
Height twenty feet. (Green-sand formation.)

large beds of loose sand, yellow and brown, and
the lines a, b, ¢, mark some of the principal planes
of stratification, which are nearly horizontal. But
the greater part of the subordinate laminee do not
conform to these planes, but have often a steep
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slope, the inclination being sometimes towards
opposite points of the compass. When the sand is
loose and incoherent, as in the case here repre-
sented, the ‘deviation from parallelism of the
slanting laminge cannot possibly be accounted
for by any rearrangement of the particles acquired
during the consolidation of the rock. In what
manner then can such irregularities be due to
original deposition? We must suppose that at the
bottom of the sea, as well as in the beds of rivers,
the motions of waves, currents, and eddies often
cause mud, sand, and gravel to be thrown down
in heaps on particular spots, instead of being
spread out uniformly over a wide area. Sometimes,
when banks are thus formed, currents may cut
passages through them, just as a river forms its bed.
Suppose the bank A (Fig. 4.) to be thus formed
with a steep sloping side, and the water being

in a tranquil state, the layer of sediment No. 1.
is thrown down upon it, conforming nearly to
its surface. Afterwards the other layers, 2, 3, 4,
may be deposited in succession, so that the bank
B C D is formed. If the current then increases
in velocity, it may cut away the upper portion of
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this mass down to the dotted line e (Fig. 4.), and

deposit the materials thus removed farther on, so

as to form the layers 5,6,7, 8. We have now the

bank B C D E (Fig. 5.), of which the surface is
Fig. 5. '

2z ~D

g

almost level, and on which the nearly horizontal
layers 9, 10, 11, may then accumulate. The op-
posite slope of the diagonal layers of successive
strata, in the section Fig. 3., may be accounted
for by changes in the direction of the tides and
currents in the same place.

The ripple mark, so common on the surface
of sandstones of all ages (see Fig. 6.), and which
is so often seen on the sea-shore at low tide,
seems to originate in the drifting of materials
along the bottom of the water, in a manner
very similar to that which may explain the in-
clined layers above described. This ripple is
not entirely confined to the beach between high
and low water mark, but is also produced on
sands which are constantly covered by water.
Similar undulating ridges and furrows may also be
sometimes seen on the surface of drift snow and
blown sand. The following is the manner in
which I once observed the motion of the air to
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here and there of small detached heaps of sand,
which soon lengthened and joined together, so as
to form long sinuous ridges with intervening
furrows. Each ridge had oneside slightly inclined,
Fig. 7.
I3 P4

s> — N > — N\,
and the other steep; the lee side being always
steep, as b, c,—d, e; the windward side a gentle
slope, as a, b,—¢, d, Fig. 7.  When a gust of wind
blew with sufficient force to drive along a cloud of
sand, all the ridges were seen to be in motion at
once, each encroaching on the furrow before it, and,
in the course of a few minutes, filling the place
which the furrows had occupied. The mode of
advance was by the continual drifting of grains of
sand up the slopes a b and ¢ d, many of which
grains, when they arrived at b and d, fell over the
scarps b ¢ and d ¢, and were under shelter from
the wind; so that they remained stationary,
resting, according to their shape and momentum,
on different parts of the descent, and a few only
rolling to the bottom. In this manner each ridge
was distinctly seen to move slowly on as often as
“the force of the wind augmented. Occasionally
part of a ridge, advancing more rapidly than the
rest, overtook the ridge immediately before it,
and became confounded with it, thus causing those
bifurcations and branches which are so common,
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and two of which are seen in the slab Fig. 6.
We may observe this configuration in sandstones
of all ages, and in them also, as now on the sea-
coast, we may often detect two systems of ripples
interfering with each other; one more ancient and
half effaced, and a newer one, in which the grooves
and ridges are more distinct, and in a different
direction. This crossing of two sets of ripples
arises from a change of wind, and the new
direction in which the waves are thrown on the
shore.



CHAPTER IIIL

ARRANGEMENT OF FOSSILS IN STRATA—FRESHWATER AND
MARINE,

Successive déposition indicated by fossils — Limestones
formed of corals and shells— Proofs of gradual in«
crease of strata derived from fossils — Serpula attached
to spatangus — Wood bored by teredina — Tripoli and
semi-opal formed of infusoria — Chalk derived principally
from organic bodies — Distinction of freshwater from
marine formations — Genera of freshwater and land shells
— Rules for recognizing marine testacea — Gyrogonite
and chara — Freshwater fishes — Alternation of marine
and freshwater deposits — Lym-Fiord.

Having in the last chapter considered the forms
of stratification so far as they are determined by
the arrangement of inorganic matter, we may now
turn our attention to the manner in which organic
remains are distributed through stratified deposits.
We should often be unable to detect any signs of
stratification or of successive deposition, if par-
ticular kinds of fossils did not occur here and
there at certain depths in the mass. At one level,
" for example, bivalve shells of some one or more
species predominate ; at another, some univalve
shell, and at a third, corals; while in some form-
ations we find layers of vegetable matter separat-
ing strata.
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~ It may appear inconceivable to a beginner how
mountains, several thousand feet thick, can have
become filled with fossils from top to bottom ; but
the difficulty is removed when he reflects on the
origin of stratification, as explained in the last
chapter, and allows sufficient time for the accu~
mulation of sediment. He must never lose sight
of the fact that, during the process of deposition,
each separate layer was once the uppermost, and
covered immediately by the water in which aquatic
animals lived. Fach stratum, in fact, however
far it may now lie beneath the surface, was once
in the state of loose sand or soft mud at the bot-
tom of the sea, in which shells and other bodies
easily became enveloped.

By attending to the nature of these remains,
we are often enabled to determine whether the
deposition was slow or rapid, whether it took place
in a deep or shallow sea, near the shore or far
from Iand, and whether the water was salt, brackish,
orfresh. Some limestones consist almost exclusively
of corals, and their position has evidently been
determined by the manner in which the zoophytes
grew ; for if the stratum be horizontal, the round
spherical head of certain species is uppermost,
and the point of attachment directed downwards.
This arrangement is sometimes repeated through-
out a great succession of strata. From what we
know of the growth of similar zoophytes in modern
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reefs, we infer that the rate of increase was ex-
tremely slow, and some of the fossils must have
flourished for ages like forest trees, before they
attained so large a size. During these ages, the
water remained clear and transparent, for such
zoophytes cannot live in turbid water.

~ In like manner, when we see thousands of full-
grown shells dispersed every where throughout a
long series of strata, we cannot doubt that time was
required for the multiplication of successive gene-
rations ; and the evidence of slow accumulation is
rendered more striking from the proofs, so often
discovered, of fossil bodies having lain for a time
on the floor of the ocean after death, before they
were imbedded in sediment. Nothing, for ex-
ample, is more common than to see fossil oysters
in clay, with serpulee, acorn-shells, corals, and
other creatures, attached to the inside of the valves,
so that the mollusk was certainly not buried in
argillaceous mud the moment it died. There
must have been an interval during which it was
still surrounded with clear water, when the tes-
tacea, now adhering to it, grew from an embryo
state to full maturity. Attached shells which are
merely external, like some of the serpule in the
annexed figure (Fig.8.), may often have grown
upon an oyster or other shell while the animal
within was still living; but if they are found on
the inside, it -could only happen after the death



Ch. ITL] INDICATED BY FOSSILS 47

Fossil Gryphea, covered f:oth on the outside and inside with fossil serpule.
of the inhabitant of the shell which affords
the support. Thus, in Fig. 8., it will be seen
that two serpulee have grown on the interior, one
of them exactly on the place where the adductor
muscle of the Gryphea (a kind of oyster) was
fixed.

Some fossil shells, even if simply attached to
the outside of others, bear full testimony to the
conclusion above alluded to, namely, that an in-
terval elapsed between the death of the creature
to whose shell they adhere, and the burial of the
same in mud or sand. 'The sea-urchins, or Echini,
so abundant in white chalk, afford a good illus-
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tration. It is well known that these animals, when
living, are invariably covered with numerous spines,
which serve as organs of motion, and are sup-
ported by rows of tubercles, which last are only
seen after the death of the sea-urchin, when the
spines have dropped off. In Fig. 10. a living spe-

Fig.9. . Fig. 10.
Serpula attached to Recent Spatangus with the spines
Jossil Spatangus resmoved from one side.
Jrom the chalk. &. Spine and tubercles, nat. size.

a. The same magnified.

cies of Spatangus, common on our coast, is repre-
sented with one half of its shell stripped of the
spines. In Fig. 9. a fossil of the same genus from
the white chalk of England shews the naked sur-
face which the individuals of this family exhibit
when denuded of their bristles. The full-grown
Serpula, therefore, which now adheres externally,
could not have begun to grow till the Spatangus
had died, and the spines were detached.

Now the series of events here attested by a sin-
gle fossil may be carried a step farther. Thus,
for example, we often meet with a sea-urchin in
the chalk (see Fig. 11.), which has fixed to it the
lower valve of a crania, an extinct gehus of bivalve
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mollusca. The upper valve (b Fig.11.) is almost

Fig. 11. invariably wanting, though oc-

casionally found in a perfect

state of preservation in white

chalk at some distance. In this

case, we see clearly that the sea-

«. Eshinsfrom thechatk, Wrchin first lived from youth to

Crania sacnes ' " age, then died and lost its spines,

* crawiaacached” " which were carried away. Then

the young Crania adhered to the bared shell, and

perished in its turn; after which the upper valve

was separated from the lower before the Echinus
became enveloped in chalky mud.

It may be well to mention one more illustration
of the manner in which single fossils may some-
times throw light on a former state of things, both
in the bed of the ocean and on some adjoining land.
We meet with many fragments of wood bored by
ship-worms at various depths in the clay on which
London is built. Entire branches and stems of
trees, several feet in length, are sometimes dug
out, drilled all over by the holes of these borers,
the tubes and shells of the mollusk still remaining
in the cylindrical hollows. In Fig. 13, ¢ a
representation is given of a piece of recent wood
pierced by the Teredo navalis, or common ship-
worm, which destroys wooden piles and ships.
When the cylindrical tube d has been extracted
from the wood, a shell is seen at the larger ex-

D
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tremity, composed of two pieces, as shown at c.
In like manner, a piece of fossil wood (a, Fig. 12.)
has been perforated by an animal of a kindred
but extinct genus, called Zeredina by Lamarck.

The calcareous tube of this mellusk was united
Fig. 12,

13.

Fig. 12. a. Fossil wood from London clay, bored by Teredina.
5. Shell and tube of Teredina personata, the right hand
figure the ventral, the left the dorsal view.
Fig. 13.e. Recent wood bored by Teredo.
d. Shell and tube of Teredo navalis, from the same.
¢. Anterior and posterior view of the valves of same
detached from the tube.
and as it were soldered on to the valves of the
shell (), which therefore cannot be detached from
the tube, like the valves of the recent Teredo.
The wood in this fossil specimen is now con-
verted into a stony mass, a mixture of clay
and lime; but it must once have been buoyant

and floating in the sea, when the Teredine
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lived upon it, perforating it in all directions.

Again, before the infant colony settled upon the

drift wood, the branch of a tree must have been

floated down to the sea by a river, uprooted,

perhaps, by a flood, or torn off and cast into the -
waves by wind; and thus our thoughts are car-

ried back to a prior period, when the tree grew

for years on dry land, enjoying a fit soil and

climate.

It has been already remarked that there are
rocks in the interior of continents, at various
depths in the earth, and at great heights above
the sea, almost entirely made up of the remains of
zoophytes and testacea. Such masses may be
compared to modern oyster-beds and coral reefs ;
and, like them, the rate of increase must have
been extremely gradual. But there are a variety
of stony deposits in the earth’s crust now proved
to have been derived from plants and animals of
which the organic origin was not suspected until of
late years, even by naturalists. Great surprise
was therefore created by the recent discovery of
Professor Ehrenberg of Berlin, that a certain
kind of siliceous stone, called tripoli, was entirely
composed of millions of the skeletons or eases of
microscopic animalcules. The substance alluded to
has long been well known in the arts, being used
in the form of powder for polishing stones and
metals. It has been procured, among other places,

D 2
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from Bilin, in Bohemia, where a single stratum,
extending over a wide area, is no less than 14 feet
thick. This stone, when examined with a power-
ful microscope, is found to consist of the siliceous
cases of infusoria, united together without any
Fig. 14. Fig. 15. Fig. 16.

cillaria . Gaillonella Gaillonella

vulgaris? distans. Jerruginea.

These figures are magnified mearly 300 times, except the lower
Sfigure of G. ferruginea (Fig. 16, a), which is magnified 2000 times.
visible cement. It is difficult to convey an idea
of their extreme minuteness; but Ehrenberg es-
timates that in the Bilin tripoli there are 41,000
millions of individuals of the Gaillonella distans
(see Fig. 15.) in every cubic inch, which weighs
about 220 grains, or about 187 millions in a single
grain. At every stroke, therefore, that we make
with this polishing powder, several millions, per-
haps tens of millians, of perfect fossils are crushed
to atoms. :
. The shells or shields of these infusoria are of
pure silex, and their forms are various, but very
marked and constant in particular genera and
species, Thus, in the family Bacillaria (see
Fig. 14.), the fossil species preserved in tripoli are
seen to exhibit the same divisions and transverse
lines which characterize the living shells of kindred
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form. ~ With these, also, the siliceous spiculee or
internal supports of the freshwater sponge, or
-Spongilla of Lamarck, are sometimes intermingled
{(see the needle-shaped bodies in Fig. 18.). These
flinty cases and spicule, although hard, are very
fragile, breaking like glass, and are therefore ad-
mirably adapted, when rubbed, for wearing down
into a fine powder fit for polishing the surface of
metals. :

Fie. 18. i Fie. 17.

Fragment of semi-opal from the great bed of tripoli, Bilin,
“Fig. 17. Natural size.
F'g 18. The same magnified, showmg circular nmcu]atlonu ofa
species of Gaillonella, and spiculse of Spongtlla.

»p3
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Besides the tripoli, which is formed exclusively -
of infusoria, there occurs in the upper part of the
great stratum at Bilin another heavier and more
compact stone, a kind of semi-opal, in which in-
‘numerable parts of infusoria and spicule of the
-Spongilla are filled with, and cemented together
by, siliceous matter. It issupposed that the shells
"of the more delicate animalcules have been dis-
solved by water, and have thus given rise to this
opal, in which the more durable fossils are pre-
served like insects in amber. This opinion is
confirmed by the fact that the small shells de-
crease in number and sharpness of outline in pro-
portion as the opaline cement increases in quantity.

In the Bohemian tripoli above described, as in
that of Planitz in Saxony, the species of infusoria
are freshwater ; but in other countries, as in the
tripoli of the Isle of France, they are of marine
species, and they all belong to formations of the
tertiary period, which will be spoken of hereafter.
(See Part 11.)

A well-known substance, called bog-iron ore,
often met with in peat-mosses, has also been shown
by Ehrenberg to consist of innumerable articu-
lated threads, of a yellow ochre colour, composed
partly of flint and partly of oxide of iron. These
threads are the cases of a minute animalcule,
ccalled Gaillonella ferruginea (Fig. 16.).

It is clear that much time must have been re-
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quired for the accumulation of strata to which
countless generations of infusoria have contributed
their shells; and these discoveries lead us natu-
rally to suspect that other deposits, of which the
materials have usually been supposed to be
inorganic, may in reality have been derived from
microscopic organic bodies. That this is the case
with the white chalk, has often been imagined,
this rock having been observed to abound in a
variety of marine fossils, such as shells, echini,
corals, sponges, crustacea, and fishes. Mr. Lons-
dale, on examining lately, in the museum of the
Geological Society of London, portions of white
chalk from different parts of England, found, on
carefully pulverizing them in water, that what
appear to the eye simply as white grains were, in
fact, well-preserved fossils. He obtained about a
thousand of these from each pound weight of chalk,
some being fragments of minute corallines, others
entire Foraminifera and Cytherinee. The annexed
drawings will give an idea of the beautiful forms

Cytherine and Foraminifera from the chalk. '

Fig.ls. Fig. 20. Fig. 21. Fig. 22.
Cytherina. Portion of Lent:cubm Lam. Discorbis.
. Nodosaria. (Operculina, D" Orb.) _

of many of these bodies. The figures a a repre-
sent their natural size, but, minute as they seem,
D 4
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the smallest of them, such as a, Fig. 22, are.
gigantic in comparison with the cases of infusoria
before mentioned. There is, moreover, good reason.
to believe that the chambers into which these
Foraminifera are divided are actually often filled
with hundreds of infusoria; for many of the minute:
grains which they contain, and which compose the
enveloping chalk, have been observed, under a
powerful microscope, to consist of circular discs,
like the articulations of Gaillonella, before repre--
sented in Fig. 18. The bodies alluded to were.
calcareous; but Ehrenberg has discovered others
in the flints of the chalk, which, like the infusoria
in tripoli, are siliceous. These forms are especially
apparent in the white coating of flints, often ac-
companied by innumerable needle-shaped spiculae
of sponges: and the same are occasionally visible
in the central parts of chalk flints where they
are of a lighter colour. After reflecting on these
discoveries, we are naturally led on to conjecture
that, as the formless cement in the semi-opal of
Bilin has been derived from the decomposition of
animal remains, so also even those parts of chalk
flints in which no organic structure can be recog-
nized may nevertheless have constituted a part of
microscopic animalcules,

“ The dust we tread upon was once alive !’ — Byron. .

How faint an idea does this exclamation of the
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poet convey of the real wonders of nature! for
here we discover proofs that the calcareous and
siliceous dust of which hills are composed has not
only been once alive, but almost every particle,
albeit invisible to the naked eye, still retains the
organic structure which, at periods of time incal-
culably remote, was impressed upon it by the
powers of life. '

As I have dwelt upon the proofs of the slowness
with which fossiliferous strata in general have been
produced, I may remark that some writers have
argued, from the appearances of certain deposits
containing coal, that sedimentary rocks of great
thickness have been accumulated with rapidity.
This conclusion has been drawn chiefly from a
remarkable phenomenon, — the position of the
trunks of fossil trees intersecting obliquely, and
often at right angles, the planes of many strata.
For a full examination of this question, the reader
is referred to the chapter on the carboniferous
formations, in the sequel ; and I shall merely say
here, that, although partial deposits have been
thrown down in the spots where these fossil trees
occur in a comparatively short lapse of time, yet
we can by no means infer that a similar rate of
increase of carboniferous rocks prevailed simulta-
neously over a wide area. On the other hand, the
vegetable origin of coal is now universally ad-
mitted by geologists; and, when we discuss the

Db
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probable manner in which the terrestrial plants
from which it was derived were imbedded in
marine shale and sandstone, we shall find it neces~
sary to suppose a long succession of operations.

Freshwater and marine fossils.— Strata, whether
deposited in salt or fresh water, have the same
forms; but the fossils are very different in the two
cases, for the same reason that aquatic animals
which frequent lakes and rivers are distinct from
those inhabiting the sea. As an example of
English strata characterized by freshwater fossils,
I may point out a formation which extends over
the northern part of the Isle of Wight, composed
of marl and limestone more than fifty feet thick.
The shells are principally, if not all, of extinct
species ; but they are of the same genera as those
now abounding in ponds and lakes, either in our
own country or warmer latitudes.

In many parts of France, as in Auvergne, for
example, strata of limestone, marl, and sandstone
occur, hundreds of feet thick, which contain ex-
clusively freshwater and land shells, together with
the remains of terrestrial quadrupeds. The num-
ber of land shells scattered through some of these
freshwater deposits is exceedingly great; and there
are even districts where the rocks scarcely contain
any other fossils except snail-shells (Aelices) ; as, for
instance, the limestone on the left bank of the
Rhine, between Mayence and Worms, at Oppen-
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heim, Findheim, Budenheim, and other places.
In order to account for this phenomenon, the
geologist has only to examine the small deltas of
torrents which enter the Swiss lakes when the
waters are low, such as the newly-formed plain
where the Kander enters the Lake of Thun. He
there sees sand and mud strewed over with innu-~
merable dead land shells, which have been brought
down from valleys in the Alps in the preceding
spring, during the melting of the snows. Again,
if we search the sands on the borders of the Rhine,
in the lower part of its course, we find countless
land shells mixed with others of species belonging
to lakes, stagnant pools, and marshes. These
individuals have been washed away from the
alluvial plains of the great river and its tributaries,
some from mountainous regions, others from the
low country. i

Although freshwater formations are often of
great thickness, yet they are usually very limited
in area when compared to marine deposits, just
as lakes and estuaries are of small dimensions in
comparison with seas.

We may distinguish a freshwater formation,
first, by the absence of many fossils almost invari-
ably met with in marine strata. For example,
there are no corals, no sea-urchins, and scarcely
any other zoophytes; no chambered shells, such
as the nautilus, nor microscropic. Foraminifera.

D 6
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But it is chiefly by attending to the forms of the
mollusca that we are guided in determining the
point in question. In a freshwater deposit, the
number of individual shells is often as great, if
not greater, than in a marine stratum ; but there
are fewer species and genera. This might be
anticipated from the fact that the genera and
species of recent freshwater and land shells are
few when contrasted with the marine. Thus, the
genera of true mollusca according to Blainville’s
system, excluding those of extinct species and
those without shells, amount to about 200 in
number, of which the terrestrial and freshwater
génera scarcely form more than a sixth, * .

Almost all bivalve shells, or those of acepha-
lous mollusca, are marine, about teun only out of
ninety genera being freshwater. Among these
last, the four most commeon forms, both recent and
fossil, are Cyclas, Cyrena, Unio, and Anodonta
(see figures) ; the two first and two last of which
are so nearly allied as to pass into each other,

Fig. 23. ' Fig. 24.

Cyrena trigonuls ; fossil. Grays, Essex.

* See Synoptic Table in Blainville's Malacologie,

b
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Fig. 25. Fig. 26. Fig. 27.
Anodonta Cordierii;  Anodonta latimargi- Unio littoralis ;
fossil. Paris. malus; recent. Bahia. recent. Auvergne.

Lamarck divided the bivalve mollusca into the
Dimyary, or those having two large muscular im-
pressions in eachvalve, asab in the Cyclas, Fig. 23.,

Fig. 28. and the Monomyary, such as

‘the oyster and scallop, in

which there is only one of

these impressions, as is seen

in Fig. 28, Now, as none of

these last, or the unimuscular

Ostrea vesicularis (Gryphea  DIValves, are freshwater, we
- Blobosa, Sow.); chalk. gy at once presume a ‘de-
posit in which we find any of them to be
marine, : e -

The univalve shells most characteristic of fresh-
water deposits are, Planorbis, Limnea, and Palu-
dina. (See figures.) -But to these are occasionally
added Physa, Succinea, Ancylus, Valvata, Mela-
nopsis, Melania, and Neritina. (See figures.)
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Some naturalists include Neritina (Fig. 40.)
and the marine Nerita (Fig. 41.) in the same
genus, it being scarcely possible to distinguish the
two by good generic characters. But, as a general
rule, the fluviatile species are smaller, smoother,

Fig. 40. " Fig. 41.

Neriting globulus. Paris basin, Nerita granulosa. Paris basin,

and more globular than the marine; and they
have never, like the Nerita, the inner margin of
- Fig. 42.  the outer lip toothed or crenulated. (See
Fig. 41.) ' '
A few genera, among which Cerithium
(Fig. 42.) is the most abundant, are com-
mon both to rivers and the sea, having
species peculiar to each. Other genera,
like Auricula (Fig. 86.), are amphibious,
224 living both in freshwater and on land.
vzl The terrestrial shells are all univalves,
Tr The most abundant genera among these,
mﬂi both in a recent and fossil state, are
Parisbasin. Helix (Fig. 45.), Cyclostoma, Pupa,
(Fig. 44.), Clausilia, Bulimus (Fig. 43.), and
Achatina; which two last are nearly allied and
pass into each other. The same may be said
with almost equal truth of Pupa and Clausilia.
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Fig. 48.

all these species are, without exception, carnivorous;
whereas nearly all testacea having entire mouths,
are plant-eaters, whether the species be marine,
freshwater, or terrestrial. :

There is, however, one genus which affords an
occasional exception to one of the above rules. The
Cerithium (Fig. 42.), although provided with a
short canal, comprises some species which inhabit
salt, others brackish, and others fresh water.

Among the fossils very common in freshwater
deposits, are the shells of Cypris, a minute crus-
taceous animal, having a shell much resembling
that of the bivalve mollusca.* Many minute
living species of this genus swarm in lakes and
stagnant pools in Great Britain; but their shells
are not, if considered separately, conclusive as to
the freshwater origin of a deposit, because an-

* See figures in chap. on Wealden, Part II,
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other kindred genus of the same order, the Cythe-
rina of Lamarck (see Fig. 19. p. 55.), inhabits salt
water ; and, although the animal differs slightly,
the shell is undistinguishable from that of the
Cypris, .

‘The seed-vessels of Chara, a genus of aquatie
plants, are very frequent in freshwater strata,
These seed-vessels were called, before their true
nature was known, gyrogonites, and were supposed

to be shells. (See Fig. 49. a.)
Fig. 49. : Fig. 50.

Chara medicaginula ; Chara elastica ; recent. Italy.
fossil. Isle of Wight. a, Sessile seed-vessel between the division
a, Seed-vessel, of the leaves of the female plant.
magnified 20 5, Transverse section of a branch, with five
diameters. seed-vessels magnified, seen from below

5, Stem, magnified. upwards.

The Charse inhabit the bottom of lakes and
ponds, and flourish mostly where the water is
charged with carbonate of lime. Their seed-
vessels are covered with a very tough integument,
capable of resisting decomposition; to which cir-
cumstance we may attribute their abundance in a
fossil state. The annexed figure (Fig. 50.) repre-
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sents a branch of one of many new species found
by Professor Amici in the lakes of northern Italy.
The seed-vessel in this plant is more globular than
in the British Charze, and therefore more nearly
resembles in form the extinct fossil species found
in England, France, and other countries. The
stemns, as well as the seed-vessels, of these plants
are found both in modern shell marl and in an-
cient freshwater formations. They are generally
composed of a large tube surrounded by smaller
tubes; the whole stem being divided at certain
intervals by transverse partitions or joints. (See b,
Fig. 49.) - - :

It is not uncommon to meet with layers of vege«
table matter, impressions of leaves, and branches
of trees, in strata containing freshwater shells;
and we also find occasionally the teeth and bones
of land quadrupeds, of species now unknown.
The manner by which such remains are occasion-
ally carried by rivers into lakes, especially during
floods, has been fully treated of in the ¢ Principles
of Geology.” *

The remains of fish are occasionally useful in
determining the freshwater origin of strata. Cer-
tain genera, such as carp, perch, pike, and loach,
(Cyprinus, Perca, Esox, and Cobitis), as also
Lebias, being peculiar to freshwater. Other ge-

* See Index, “ Fossilization.”



" 68 ALTERNATIONS OF MARINE {Part L

nera contain some freshwater and some marine
species, as Cottus, Mugil, and Anguilla, or eel.
The rest are either common to rivers and the sea,
as the salmon; or are exclusively characteristic of
salt water. The above observations respecting fos~
sil fishes are applicable only to the more modern
or tertiary deposits; for in the more ancient rocks
the forms depart so widely from those of existing
fishes, that it is very difficult, at least in the pre-
sent state of science, to derive any information
from icthyolites, respecting the element in which
strata were deposited. /

The alternation of marine and freshwater form-
ations both on a small and large scale, are facts
well ascertained in geology. When it occurs on
a small scale, it may have arisen from the alternate
occupation of certain spaces by river-water and
the sea; for in the flood season the river forces
back the ocean and freshens it over a large area,
depositing at the same time its sediment; after
which the salt water again returns, and, on re-
suming its former place, brings with it sand, mud,
and marine shells. :

There are also lagoons at the mouths of many
rivers, as the Nile and Mississippi, which are di-
vided off by bars of sand from the sea, and which
are filled with salt and fresh water by turns. They
often communicate exclusively with the river for
months, yeai's, or even centuries; and then a
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breach being made in the bar of sand, they are
for long periods filled with salt water.

The Lym-Fiord in Jutland offers an excellent
illustration of analogous changes; for, in the
course of the last thousand years, the western ex-
tremity of this long frith, which is 120 miles in
length, including its windings, has been four
times fresh and four times salt, a bar of sand
between it and the ocean having been as often
formed and removed. The last irruption of salt
water happened in 1824, when the North Sea
entered, killing all the freshwater shells, fish, and
plants; and from that time to the present, the
sea-weed Fucus wvesiculosus, together with oysters
and other marine mollusca, have succeeded the
Cyclas, Limnea, Paludina, and Charze. *

But changes like these in the Lym-Fiord, and
those before-mentioned as occurring at the mouths
of great rivers, will only account for some cases
of marine deposits resting on freshwater strata.:
When we find, as in the south-east of England,’
a great series of freshwater beds, resting upon
one marine formation of great thickness, and
again covered by another more than 1000 feet
thick, we shall find it necessary to seek for a dif-
ferent explanation of the phenomena. ¢

* See Principles, Index, “ Lym-Fiord.”
.} See account of Wealden, Part IL.
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CHAPTER 1IV.

CONSOLIDATION OF STRATA AND PETRIFACTION OF
FOSSILS.

Chemical and mechanical deposits — Cementing together of
particles — Hardening by exposure to air— Concretionary
nodules — Consolidating effects of pressure — Minerali-
sation of organic remains — Impressions and casts how
formed — Fossil wood — Gappert’s experiments — Pre-
cipitation of stony matter most rapid where putrefaction
is going on— Source of lime in solution — Silex de-
rived from decomposition of felspar — Proofs of the
lapidification of some fossils soon after burial, of others

- when much decayed.

Having spoken in the preceding chapters of the
forms of stratification, both as dependent on the
deposition of inorganic matter and the distribution
of fossils, I may next treat of the consolidation of
stratified rocks, and the petrifaction of imbedded
organic remains.

Chemical and mechanical deposits.— A distinc-
tion has been made by geologists between deposits
of a chemical, and those of a mechanical, origin.
By the latter name are designated beds of mud,
sand, or pebbles produced by the action of run-
ning water, also accumulations of stones and
scorige thrown out by a volcano, which have fallen
into their present place by the force of gravitation.
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But the matter which forms a chemical .deposit
has not been mechanically suspended in water, but
in a state of solution until separated by chemical
action. In this manner carbonate of lime is ofien
thrown to the bottom of lakes and seas in a solid
form, as may be well seen in many parts of Italy,
where mineral springs abound, and where the
calcareous stone, called travertin, is deposited. In
these springs the lime is usually held in solution
by an excess of carbonic acid, or by heat if it
be a hot spring, until the water, on issuing from
the earth, cools or loses part of its acid. The cal-
careous matter then falls down in a solid state,
encrusting shells, fragments of wood and leaves,
and binding them together.*

In coral reefs, large masses of limestone are
formed by the stony skeletons of zoophytes; and
these, together with shells, become cemented to-
gether by carbonate of lime, part of which is pro-
bably furnished to the sea-water by the decom-
position of dead corals. Even shells of which the
animals are still living, on these reefs, are very
eommonly found to be encrusted over with a hard
coating of limestone.

If sand and pebbles are carried by a river into
the sea, and these are bound together immediately
by carbonate of lime, the deposit may be described

* See Principles, Index, ¢ Calcareous S‘prings,”‘&c.
4 Ibid. “ Travertin,” * Coral reefs,” &c.
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as of a mixed origin, partly chemical, and partly
mechanical. '

Now, the remarks already made in Chapter II.
on the original horizontality of strata are strictly
applicable to mechanical deposits, and only par-
tially to those of a mixed nature. Such as are
purely chemical may be formed on a very steep
slope, or may even encrust the vertical walls of a
fissure, and be of equal thickness throughout;
but such deposits are of small extent, and for
the most part confined to vein-stones.

Cementing of particles.— It is chiefly in the case
of calcareous rocks that solidification takes place
at the time of deposition. But there are many
deposits in which a cementing process comes into
operation long subsequently. We may sometimes
observe, where the water of ferruginous or cal
careous springs has flowed through a bed of sand
or gravel, that iron or carbonate of lime has been
deposited in the interstices between the grains or
pebbles, so that in certain places the whole has
been bound together into a stone, the same set” of
strataremaining in other parts looseand incoherent,
* Proofs of a similar cementing action are seen
in a rock at Kelloway in Wiltshire. A peculiar
band of sandy strata, belonging to the group called
Oolite by geologists, may be traced through several
counties, the sand being for the most part loose
and unconsolidated, but becoming stony near
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Kelloway. In this district there ‘are numerous
fossil shells which have decomposed, having for
the most part left only their casts. The calcareous
matter hence derived has evidently served, at
some former period, as a cement to the siliceous
grains of sand, and thus a solid sandstone has
been produced. If we take fragments of many
other argillaceous grits, retaining the casts of
shells, and plunge them into dilute muriatic or
other acid, we see them immediately changed into
common sand and mud; the cement of lime, derived
from the shells, having been dissolved by the acid.
- Traces of impressions and casts are often ex-
tremely faint. In some loose sands of recent date
‘we meet with shells in so advaneed a stage of
decomposition as to crumble into powder when
touched. It is clear that water percolating such
strata may soon remove the calcareous matter of
the shell ; and, unless circumstances cause the car-
bonate of lime to be again deposited, the grains of
sand will not be cemented together; in which
case no memorial of the fossil will remain. The
absence of organic remains from many aqueous
rocks may be thus explained.
In some conglomerates, like the puddingstone
of Hertfordshire, flinty pebbles and sand are
united by a siliceous cement so firmly, that if a
block be fractured the rent passes as readily
 through the pebbles as through the cement.
E
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It is probable that many strata became solid at
the time when they emerged from the waters in
which they were deposited, and when they first
formed a part of the dry land. A well-known
fact seems to confirm this idea ; by far the greater
number of the stones used for building and road-
making are much softer when first taken from the
quarry than after they have been long exposed to
the air. Hence it is found desirable to shape the
stones which are to be used in architectyre while
they are yet soft and wet, and while they contain
their ¢ quarry-water,” as it is called ; also to break
up stone intended for roads when soft, and then
leave it to dry in the air for months that it may
harden. Such induration may perhaps be ac-
counted for by supposing the water, which pene-
trates the minutest pores of rocks, to deposit on
evaporation carbonate of lime, iron, silex, and
other minerals previously held in solution. These
particles, on crystallizing, would not only be de-
prived themselves of freedom of motion, but would
also bind together other portions of the rock which
before were loosely aggregated. On the same
principle wet sand and mud become as hard as
stene when frozen ; because one ingredient of the
mass, namely, the water, has crystallized, so as
to hold firmly together all the separate particles
of which the loose mud and sand were composed.

Dr. MacCulloch mentions a sandstone in Sky,
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which may be moulded like dough when first
found; and another from China, which is compress-
ible by the hand when immersed in water. But
it is not merely these compounds which readily
admit water to penetrate into them ; some simple
minerals, says the same writer, which are rigid
and as hard as glass in our cabinets, are often
flexible and soft in their native beds; this is the
case with asbestos, sahlite, tremolite, and calcedony,
and it is reported also to happen in the case of
the beryl. *

The marl recently deposited at the bottom of
Lake Superior, in North America, is soft, and often
filled with fresh-water shells; but ifa piece be taken
up and dried, it becomes so hard that it can only
be broken by a smart blow of the hammer. If the
lake therefore was drained, such a deposit would
be found to consist of strata of marlstone, like that
observed in many ancient European formations,
and like them containing fresh-water shells.+

It is probable that some of the heterogeneous
materials which rivers transport to the sea may
at once set under water, like the artificial mixture
called pozzolana, which consists of fine volcanic
sand charged with about 20 per cent. of iron, and
the addition of a small quantity of lime. This
substance hardens and becomes a solid stone in

* Dr. MacCulloch, Syst. of Geol. vol.i. p.123.
+ Princ. of Geol., Index, “ Superior, Lake.”
E 2
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water, and was used by the Romans in constructmg

the foundations of buildings in the sea. -
Consolidation in these cases is brought about
by the action of chemical affinity on finely commi-
nuted matter previously suspended in water. After
deposition similar particles seem to exert a mutual
attraction on each other, and congregate together.
in’ particular spots, forming lumps, nodules, and
_concretions. Thus in many argillaceous deposits
there are calcareous balls, or spherical concretions,
-ranged in layers parallel to the general stratifica-
tion; an arrangement which took place after the
shale or marl had been thrown down in successive
laminee ; for these lamina are often traced.in the
concretions, remaining parallel to those of the sur-
Fig. 51. rounding unconsoli-

e datedrock. (See Fig.
= ——————-—| 51.) Such nodules

=20 ¢ _limestone have
Calcareous nodules in Lias. often a shell or other

foreign body in the centre. * .
Among the most remarkable examples of concre-
tionary structure are those described by Professor
Sedgwick as abounding in the magnesian lime-
stone of the north of England. The spherical balls
are of various sizes, from that of a pea to a diameter
of several feet, and they have both a concentric and

* See De la Beche’s Geological Researches, p.95.
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radiated structure, while at the same time the
laminee of original deposition pass uninterruptedly
through them. ' In some cliffs this limestone re-
sembles a great irregular pile of cannon balls.
Some of the globular masses have their centre in
one stratum, while a portion of their exterior
passes through' to the stratum above or below.
Thus the larger spheroid in the annexed section
Fig. 52. (Fig. 52.) passes from
= s the stratum 4 upwards
v into 4. In thisinstance
= we must suppose the’
Spheroidat comeretions in megmesin deposition of a series
Hmestone. of minor layers, first
forming the stratum &, and afterwards the in-
cumbent stratum a; then a movement of the
particles took place, and the carbonates of lime
and magnesia separated from the more impure and
mixed mratter forming the still unconsolidated
parts of the stratum. - Crystallization, begirining
at  the centre, must have gone on forming con-
centric coats, around the original nucleus without
interfering with the laminated structure of -the
rock.” As to the radiations from a centre it is a
phenpmenon which, however singular, is common
in spherical concretions of various mineral ingre-
dients. ;o T :
" When the particles of rocks have_jbeen..thus
re-arranged by chemical forces, it is sometimes
E3 "%
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difficult or impossible to ascertain whether certain
lines of division are due to original deposition or
to the subsequent aggregation of similar particles.

Fig. 53. Thus suppose three

A P T strata of grit, A, B, C,
TR ,dlﬁ, li‘e are charged unequally
c

%

with calcareous matter,
and that B is the most calcareous. If consolida-
tion takes place in B, the concretionary action may
spread upwards into a part of A, where the car-
bonate of lime is more abundant than in the
rest; so that a mass, d, ¢, f; forming a portion of
the superior stratum, becomes united with B into
one solid mass of stone. The original line of
division, d, ¢, being thus effaced, the line,. d, f;
would generally be considered as the surface of
the ‘bed B, though not strictly a true plane of
stratification.

Pressure and heat.—When sand and mud sink to
the bottom of a deep sea the particles are not
pressed down by the enormous weight of the in-
cumbent ocean; for the water, which becomes
mingled with the sand and mud, resists pressure
with a force equal to that of the column of fluid
above. The same happens in regard to organic
remains which are filled with water under great
pressure as they sink, otherwise they would be
immediately crushed to pieces and flattened.
Nevertheless, if the materials of a stratum remain
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in a yielding state, and do not set or solidify, they
will be gradually squeezed down by the weight of
other materials successively heaped upon them, just
as soft clay or loose sand en which a house is built
may give way. By such downward pressure par-
ticles of clay, sand, and marl may become packed
into a smaller space, and be made to cohere
together permanently.

Analogous effects of condensation may arise
when the solid parts of the earth’s crust are forced
in various directions by those mechanical move-
ments afterwards to be described, by which strata
have been bent, broken, and raised above the level
of the sea. Rocks of more yielding materials must
often have been forced against others previously
consolidated, and, thus compressed, may have
acquired a new structure.

But the action of heat at various depths in the
earth is probably the most powerful of all causes
in hardening sedimentary strata. To this subject
I shall refer again when treating of the meta-
morphic rocks, and of the slaty and jointed
structure.

Mineralization of organic remains.—The changes
which fossil organic bodies have undergone since
they were first imbedded in rocks, throw much
light on the consolidation of strata. Fossil shells
in some modern deposits have been scarcely al-
tered in the course of centuries, having simply

E 4
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lost a part of their animal matter. But in other
cases the shell has disappeared, and left an im-
pression only of its exterior, or a cast of its interior
form, or, thirdly, a cast of the shell itself, the
original matter of which has been removed.
These different forms of fossilization may easily be
understood if we examine the mud recently thrown
out from a pond or canal in which there are shells.
If the mud be argillaceous, it acquires consistency
on drying, and on breaking open a portion of it
we find that each shell has left impressions of its
external form. If we then rémove the shell itself,
we find within a solid nucleus of clay, having the
form of the interior of the shell. This form is
often very different from that of the outer shell.
Thus a cast such as a, Fig. 54., commonly called
a fossil screw, would never be suspected by an

Fig. 54.
Phasianella Heddingt is, Trochus Anglicus and
and cast of the same. Coral Rag. cast. Lias.

inexperienced conchologist to be the internal shape
of the fossil univalve, 4, Fig.54. Nor should wé’
have imagined at first sight that the shell a and
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the cast b, Fig. 55., were different parts of the same
fossil. The reader will observe, in the last-men-
tioned figure (5, Fig. 55.), that an empty space
shaded dark, which the shell itself once occupied,
now intervenes between the enveloping stone and
the cast of the smooth interior of the whorls. In
such cases the shell has been dissolved and the
component particles removed by water percolating
the rock. If the nucleus were taken out a hollow
mould would remain, on which the external form
" of the shell with its tubercles and strise, as seen
in @, Fig. 55., would be seen embossed. Now if the
space alluded to between the nucleus and the im-
pression, instead of being left empty, has been
filled up with calcareous spar, pyrites, or other
mineral, we then obtain from the mould an exact
cast both of the external and internal form of the
original shell. In this manner silicified casts of
shells have been formed ; and if the mud or sand
of the nucleus happen to be incoherent, or soluble
in acid, we can then procure in flint an_empty
shell which is the exact counterpart of the original.
This cast may be compared to a bronze statue,
representing merely the superficial form, and not
the internal organization; but there is another
description of petrifaction by no means uncommon,
and of a much more wonderful kind, which inay
be compared 'to certain anatomical models in wax,
where not only the outward forms and features,
ES .
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In attempting to explain the process of petri-
faction in such cases, we may first assume that
strata are very generally permeated by water
charged with minute portions of calcareous, sili-
ceous, and other earths in solution. In what
manner they become so impregnated will be after-
wards considered. If an organic substance is
exposed in the open air to the action of the sun
and rain, it will in time putrefy, or be dissolved
into its component elements, which consist chiefly
of oxygen, hydrogen, and carbon. These will
readily be absorbed by the atmosphere or be
washed away by rain, so that all vestiges of the
dead animal or plant disappear. But if the same
substances be submerged in water, they decompose
more gradually ; and if buried in earth, still more
slowly, as in the familiar example of wooden
piles or other buried timber. Now, if as fast as
each particle is set free by putrefaction in a fluid
or gaseous state, a particle equally minute of car-
bonate of lime, flint, or other mineral, is pre-
cipitated, we may imagine this inorganic matter
to take the place just before left unoccupied by
the organic molecule. In this manner a cast of
the interior of certain vessels may first be taken,
and afterwards the walls of the same may decay
and suffer a like transmutation. Yet when the
whole is lapidified, it may not form one homo-
geneous mass of stone or metal. Some of the

E6
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original ligneous, osseous, or other organic ele-
ments may remain mingled in certain parts, or
the lapidifying mineral itself may be so crystal-
lized in different parts as to reflect light differently,
and thus the texture of the original body may be
falthfully exhibited. '

" But the student will ask whether, on chemlcal .
principles, we have reason to expect that mineral
matter will be thrown down precisely in those
spots where organic decomposition is in progress ?
The following curious experiments may serve to
illustrate this point. Professor Goppert of Bres-
lau attempted recently to imitate the natural pro-
eess of petrifaction. For this purpose he steeped
a variety of animal and’ vegetable substances'in
waters, some holding siliceous, others calcareous,
others metallic matter in solution. He found that
in the period of a few weeks, or even days, the
organic bodies thus immersed were mineralized
to a certain extent. Thus, for example, thin
vertical slices of deal, taken from the Scotch fir
(Pinus Sylvestris), were immersed in a moderately
strong solution of sulphate of iron. When they
had been thoroughly soaked in the liquid for
several days, they were dried and exposed to a
red-heat until the vegetable matter was burnt up
and nothing remained but an oxide of iron, which
was found to have taken the form of the deal so
exactly that even the dotted vessels peculiar to
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this family of plants, and resembling those in
Fig. 56., were distinctly visible under the micro-
- Another accidental experiment has been re-
corded by Mr. Pepys in the Geological Trans-
actions. * An earthen pitcher containing several
quarts of sulphate of iron had remained undis-
turbed and unnoticed for about a twelvemonth in
the laboratory. At the end of this time when the
liquor was examined an oily appearance was ob-
served on the surface, and a yellowish powder,
which proved to be sulphur, together with a
quantity of small hairs. At the bottom were dis-
covered the bones of several mice in a sediment
consisting of small grains of pyrites, others of sul-
phur, others of crystallized green sulphate of iron,
and a black muddy oxide ofiron. It was evident
that some mice had accidentally been drowned in
the fluid, and by the mutual action of the animal
matter and the sulphate of iron on each other, the
" metallic sulphate had been deprived of its oxygen;
hence the pyrites and the other compounds were
thrown down. Although the mice were not fos-
silized, of turned into pyrites, the phenomenon
shows how mineral waters, charged with sulphate
of iron, may be deoxydated on coming in contact
with animal matter undergoing putrefaction, so

* Vol.i. p.399. first series.
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that atom after atom of pyrites may be precipitated,
and ready, under favourable circumstances, to
replace the oxygen, hydrogen, and carbon into
which the original body would be resolved.

- The late Dr. Turner observes, that when mineral
matter is in a  nascent state,” that is to say, just
liberated from a previous state of chemical com-
bination, it is most ready to unite with other mat-
ter, and form a new chemical compound. Probably
the particles or atoms just set free are of extreme
minuteness, and therefore move more freely, and
are more ready to obey any impulse of chemical
affinity. Whatever be the cause it clearly follows,
as before stated, that where organic matter newly
imbedded in sediment is decomposing, there will
chemical changes take place most actively.

An analysis was lately made of the water which
was flowing off from the rich mud deposited by the
Hooghly river in the Delta of the Ganges after the
annual inundation. 'This water was found to be
highly charged with carbonic acid gas holding
lime in solution. * Now if newly deposited mud
is thus proved to be permeated by mineral matter
in a state of solution, it is not difficult to perceive
that decomposing organic bodies, naturally im-
bedded in sediment, may as readily become petri-
fied as the substances artificially immersed by
Professor Goppert in various fluid mixtures.

* Piddington, Asiat. Research. vol. xviii, p.226.



Ch. IV.] ORGANIC REMAINS. 87

It is well known that the water of springs, or
that which is continually percolating the earth’s
crust, is rarely free from a slight admixture either
of iron, carbonate of lime, sulphur, flint, potash,
or some other earthy, alkaline, or metallic ingre-
dient. Hot springs in particular are copiously
charged with one or more of these elements; and
it is only in their waters that silex is found in
abundance. In certain cases, therefore, especially
in volcanic regions, we may imagine the flint
of silicified wood and corals to have been sup-
plied by the waters of thermal springs. In other
instances, as in tripoli and chalk-flint, it may
have been derived in great part, if not wholly,
from the decomposition of infusoria, sponges, and
other bodies. But even if this be granted, we
have still to inquire whence a lake or the ocean
can be constantly replenished with the siliceous
matter so abundantly withdrawn from it by the
secretions of these zoophytes.

In regard to carbonate of lime there is no
difficulty, because not only are calcareous springs
very numerous, but even rain-water has the power
of dissolving a minute portion of the calcareous
rocks over which it flows. Hence marine corals
and mollusca may be provided by rivers with the
materials of their shells and solid supports. But
pure silex, even when reduced to the finest powder
and boiled, is insoluble in water. Nevertheless
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Dr. Turner has well explained, in an essay on the
chemistry of geology*, how the decomposition of
felspar may be a source of silex in solution, as
widely spread as are the felspathic rocks which
form so large a proportion of the volcanic, plutonic,
and metamorphic rocks, and are therefore uni-
versal, occurring somewhere in the course of every
large river.

The siliceous earth, which constitutes more than
half the bulk of felspar, is intimately combined
with alumine, potash, and some other elements.
The alkaline matter of the felspar has a chemical
affinity for water, as also for the carbonic acid
which is more or less contained in the waters of
most springs. The water therefore carries away
alkaline matter, and leaves behind a clay consisting
of alumine and flint. But this residue of the
decomposed mineral, which in its purest state is
called porcelain-clay, is found to contain only a
small proportion of the silica which existed in the
original felspar. The other part therefore must
have been dissolved and removed; and this can be
accounted for in two ways, first, because silex when
combined with an alkali is soluble in water ;
secondly, because silex in what is technically called
its nascent state is-also soluble in water. Hence
an endless supply of silica is afforded to the waters
of the sea. .

¢ Jam. Ed. New Phil. Journ. No. 30. p. 246.
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The disintegration of mica also, another mineral
which enters largely into the composition of
granite and various sandstones, may yield silex

. which may be dissolved in water, for nearly half
of this mineral consists of silica, combined with
alumine, potash, and about a tenth part of iron.
The oxidation of this iron in the air is the prin--
cipal cause of the waste of mica.

We have still, however, much to learn before
the conversion of fossil bodies into stone is fully
understood. Some phenomena seem to imply that
the mineralization must proceed with considerable
rapidity, for stems of a soft and succulent character,
and of a most perishable nature, are preserved in
flint; and there are instances of the complete sili-
cification of the young leaves of a palm-tree when
just about to shoot forth, and in that state which
in the West Indies is called the cabbage of the
palm.* It may, however, be questioned whether
in such cases there may not have been some anti-
septic quality in the water which retarded putrefac-
tion, so that the soft parts of the buried substance
may have remained for a long time without dis-
integration, like the flesh of bodies imbedded in
peat.

Mr. Stokes has pointed out examples of petri-
factions in which the more perishable, and others

* Stokes, Geol. Trans, vol. v, p. 212. second series.
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where the more durable portions of wood are
preserved. These variations, he suggests, must
doubtless depend on the time when the lapidifying
mineral was introduced. Thus in certain silicified .
stems of palm-trees the cellular tissue, that most
destructible part, is in good condition, all signs of
the hard woody fibre having disappeared, and the
spaces once occupied by it being hollow or filled
with agate. Here petrifaction must have com-
menced soon after the wood was exposed to the
action of moisture, and the supply of mineral
matter must have failed, or the water have become
too much diluted before the woody fibre decayed.
But when the latter is alone discoverable, we must
then suppose that an interval of time elapsed
before the commencement of lapidification, during
which the cellular tissue was obliterated. When
both structures, namely the cellular and the
woody fibre, are preserved, the process must have
commenced at an early period, and continued
-without interruption till it was completed through-
out.*

* Stokes, Geol. Trans. vol. v. p. 212, secoild series.
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CHAPTER V.

ELEVATION OF STRATA ABOVE THE SEA — HORIZONTAL
AND INCLINED STRATIFICATION.

Why the elevated position of marine strata should be re-
ferred to the rising up of the land, not to the going down
of the sea— Upheaval of extensive masses of horizontal
strata — Inclined and vertical stratification — Anticlinal
and synclinal lines — Examples of bent strata in east of
Scotland — Theory of folding by lateral movement — Dip

- and strike — Structure of the Jura— Rocks broken by
flexure — Inverted position of disturbed strata — Uncon-
formable stratification — Fractures of strata— Polished

" surfaces — Faults — Appearance of repeated alternations

- produced by them — Origin of great faults.

LAND has been raised, not the sea lowered. — It has
been already stated that the aqueous rocks con-
taining marine fossils extend over wide continental
tracts, and are seen in mountain chains, rising to
great heights above the level of the sea. Hence
it follows that what is now dry land was once
under water. But if we admit this conclusion we
must imagine either that there has been a general
lowering of the waters of the ocean, or that the
solid rocks, once covered by water, have been raised
up bodily out of the sea, and have thus become
dry land. The earlier geologists, finding them-
selves reduced to this alternative, embraced the
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former opinion, assuming that the ocean was
originally universal, and had gradually sunk down
to its actual level, so that the present islands and
continents were left dry. It seemed to them far
easier to conceive that the water had gone down,
than that solid land had risen upwards into its
present position. It was, however, impossible to
invent any satisfactory hypothesis to explain the
disappearance of so enormous a body of water
throughout the globe, it being necessary to infer
that the ocean had once stood at whatever height
marine shells were detected. It moreover ap-
peared clear, as the science of Geology advanced,
that certain spaces on the globe had been alter-
nately sea, then land, then estuary, then sea again,
and, lastly, once more habitable land, having re-
mained in each of these states for considerable
periods. In order to account for such pheno-
mena, without admitting any movement of the
land itself, we are required to imagine several
retreats and returns of the ocean; and even then
our theory applies merely to cases where the
mariné strata composing the dry land are hori-
zontal, leaving unexplained those more common
instances where strata are inclined, curved, or
placed on their edges, and evidently not in the
position in which they were first deposited.

. ‘Geologists, therefore, were at last compelled to
have recourse to the other alternative, namely, the
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_doctrine that the solid land has been repeatedly
moved upwards or downwards, so as permanently
to change its position relatively to the sea. There
are several distinct grounds for preferring ‘this
conclusion. First, it will account equally for the
position of those elevated masses of marine, origin
in which the stratification remains horizontal, and
for those in which the strata are disturbed, broken,
inclined, or vertical. Secondly, it is consistent
with human experience that land should rise

_gradually in some places and be depressed in
others. Such changes have actually occurred in
our own days, and are now in progress, being
accompanied in some cases by violent convulsions,
while in others they proceed insensibly, or are
only ascertainable by the most careful scientific
observations. On the other hand, there is no evi-
dence from human experience of a lowering of
the sea’s level in any region, and the waters of
the ocean cannot sink in one place without their
level being depressed everywhere throughout the
globe. ' ' '

These preliminary remarks will prepare the
reader to understand the great theoretical interest
attached to all facts connected with the position of
strata, whether horizontal or inclined, curved or
vertical. :

Now the first and most simple appearance is
where strata of marine origin occur above the level
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of the sea in horizontal position. Such are the
strata which we meet with in the south of Sicily,
filled with shells of the same species as now live
in the Mediterranean. Some of these rocks rise
to the height of 2000 feet and more above the
sea. Other mountain masses might be mentioned
with horizontal strata of high antiquity which con-
tain fossils wholly dissimilar in form to any now
known to exist, as in the south of Sweden, near
Lake Wener, where the beds of a deposit, called
Transition or Silurian by geologists, occur in as
level a position as if they had recently formed
part of the delta of a great river, and been left
dry on the retiring of the annual floods. Aqueous
rocks of about the same age extend over the
lake-district of North America, exhibiting in like
manner a stratification nearly undisturbed. The
Table Mountain at the Cape of Good Hope is an-
other example of highly elevated and perfectly hori-
zontal strata, no less than 3500 feet in thickness,
and consisting of sandstone of very ancient data.
Instead of imagining that such fossiliferous
rocks were always at their present level, and that
the sea was once high enough to cover them, we
suppose them to have constituted the ancient bed
of the ocean, and that they were gradually up-
lifted to their present height. This idea, how-
ever startling it may at first appear, is quite in
accordance, as above stated, with the analogy of
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changes now going on in certain regions of the
globe. Thus in parts of Sweden, for example,
and the shores and islands of the Gulf of Bothnia,
proofs have been obtained that the land is ex-
periencing, and has experienced for centuries, a
slow upheaving movement. Playfair argued in
favour of this opinion in 1802, and in 1807 Von
Buch, after his travels in Scandinavia, announced
his conviction that a rising of the land was in
progress. Celsius and other Swedish writers had,
a century before, declared their belief that a
gradual change had for ages been taking place
in the relative level of land and sea. They attri-
buted the change to a fall of the waters both of
the ocean and the Baltic; but this theory has
now been refuted by abundant evidence ; for the
alteration of relative level has neither been uni-
versal nor everywhere uniform in quantity, but
has amounted in some regions to several feet in
a century, in others to a few inches, while in the
southernmost part of Sweden, or the province of
Scania, there has been actually a loss instead
of a gain of land, buildings having gradually
sunk below the level of the sea.*

* In the first three editions of my Principles of Geology,
I expressed many doubts as to the validity of the alleged
proofs of a gradual rise of land in Sweden ; but after visiting
that country in 1834 I retracted these objections, and pub-
lished a detailed statement of the observations which led me
to alter my opinion in the Phil. Trans. 1835, Part I. See
also Principles, 4th and 5th editions, book ii. chap.17.
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‘It appears from the observations of Mr. Darwin
and others that very extensive regions of the cons
tinent of South America have been undergoing

.‘ slow and gradual upheaval, by which the level
plains of Patagonia, covered with recent marine
shells, and the Pampas of Buenos Ayres have been

_formed.* On the other hand the gradual sinking
of part of the west coast of Greenland, for the

' space of more than 600 miles from north to south,
during the last four centuries, has been established

'by the observations of a Danish naturalist, Dr.
Pingel. And while these proofs of continental
elevation and subsidence by slow and insensible
‘movements have been recently brought to light,

_the evidence is daily strengthened of continued
changes of level effected by violent convulsions in
countries where earthquakes are frequent. Here
the rocks are rent from time to time, and heaved

) up or thrown down several feet at once, and dis-

turbed in such a manner, that the original position

_of strata may, in the course of centuries, be mo-

dified to any amount.

It has also been shown by Mr. Darwin, that, in
those seas where circular coral islands abound,
there is a slow and continued sinking of the sub-
marine mountains on which these masses of coral
are based ; while in other areas of the South Sea,
where coral is found above the sea level, and in

* See his Journal in Voyage of the Beagle.
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inland situations, and where there are no circular
or barrier reefs, the land is on the rise.*

It would require a volume to explain to the.
reader the various facts and phenomena which-
confirm the reality of these movements of land,
whether of elevation or depression, whether accom-
panied by earthquakes or accomplished slowly and
without local disturbance. Having treated fully.
of these subjects in the Principles of Geology, I must
assume, in the present work, that such changes
are part of the actual course of nature; and when
admitted, they will be found to afford a key to the
interpretation of a variety of geological appear-
ances, such as the elevation of horizontal or
disturbed marine strata, the superposition of
freshwater to marine deposits, and many other
phenomena, afterwards to be described. It will
also appear, in the second part of this volume, how
much light the doctrine of a continued subsidence-
of land may throw on the manner in which a series
of strata formed in shallow water may have accu-
mulated to a great thickness. The excavation of
valleys also, and other effects of denudation, of which
I shall presently treat, can alone be understood
when we duly appreciate the proofs now on record
of the prolonged rising and sinking of land through-
out wide areas. '

* Proceedings of Geol. Soc. No. 51. p.552., and his

Journal in Voyage of the Beagle, vol.iii. p. 557.
F
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Inclined stratification. — The most unequivocal
evidence of a change in the original position of
strata is afforded by their standing up perpen-
dicularly on their edges, which is by no means a
rare phenomenon, especially in mountainous coun-
tries. 'Thus we find in Scotland, on the southern
skirts of the Grampians, beds of puddingstone
alternating with thin layers of fine sand, all placed
vertically to the horizon. When Saussure first
observed certain conglomerates in a similar posi-
tion in the Swiss Alps, he remarked that the
pebbles, being for the
most part of an oval
shape, had their longer
axes parallel to the
planes of stratification,

: : (See fig. 57.) From
Yertical conglomerate and sandsione.  this he inferred that
such strata must, at first, have been horizontal,
each oval pebble having originally settled at the
bottom of the water, with its longer side parallel
to the horizon, for the same reason that an egg
will not stand on either end if unsupported. Some
few, indeed, of the rounded stones in a conglo-
merate may afford exceptions to the above rule,
for the same reason that we see on a shingle beach
an occasional oval or flat-sided pebble resting on
its end or edge. For some pebbles having been
forced along the bottom and against each other,
may have settled in this position. '




Fig. 58.

Valley of Strathmore.

Findhaven,

Sidlaw Hills.
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Level of sea.

Vertical strata,when
they can be traced con-
tinuously upwards or
downwards for some
depth, are almost in-
variably seen to be
parts of great curves,
which may have a dia-
meter of a few yards,
or of several miles. I
shall first describe two
curves of considerable
regularity, which occur
in Forfarshire, extend-
ging over a country
<5 twenty milesinbreadth,
§§. from the foot of the

miles

the Grampians to the sea at Arbroath (volcanic or trap rocks omitted).
section

Grampians to the sea
near Arbroath.

The mass of strata
here shown may be
nearly 2000 feet in
thickness, consisting of
red and white sand-
stone, and various co-
loured shales, the beds
being distinguishable

Section of Forfarshire,from N. W. to 8. E.

into four principal
groups, namely, No. 1.

F 2
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red marl or shale; No. 2. red sandstone, used
for building; No. 3. conglomerate; and No. 4.,
grey paving-stone, and tile-stone, with green
and reddish shale, containing peculiar organic
remains. A glance at the section will show that
each of the formations 2, 8, 4, are repeated
thrice at the surface, twice with a southerly and
once with a northerly inclination or dip, and the
beds in No. 1., which are nearly horizontal, are
still brought up twice by a slight curvature to the
surface, once on each side of A. Beginning at the
north-west extremity, the tile-stones and conglo-
merates No. 4. and No. 3. are vertical, and they
generally form a ridge parallel to the southern
skirts of the Grampians. The superior strata Nos.
2. and 1. become less and less inclined on descend-
ing to the valley of Strathmore, where the strata,
having a concave bend, are said by geologists to lie
in a ¢ trough ” or “basin.” Through the centre of
this valley runs an imaginary line A, called techni-
cally a ¢ synclinal line,” where the beds, which are
tilted in opposite directions, may be supposed to
meet. It is most important for the observer to mark
such lines, for he will perceive by the diagram,
that in travelling from the north to the centre of
the basin, he is'always passing from older to newer
beds ; whereas after crossing the line Ay and pur-,
suing his course in the same southerly direction,
he is continually leaving the newer, and advancing
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upon older strata. All the deposits which he had
before examined begin then to recur in re-
versed order, until he arrives at the central axis
of the Sidlaw hllls, where the strata are seen to
form an arch or saddle, having an anticlinal lme,
B, in the centre. On passing this line, and con-
tmumg towards the S. E., the formations 4, 3,
and 2, are again repeated, in the same relative
order of superposition, but with a northerly dip.
At Whiteness (see diagram) it will be seen that
the inclined strata are covered by a newer de-
posit, @, in horizontal beds. These are composed
of red conglomerate and sand, and are newer than
any of the groups, 1, 2, 3, 4, before described, and
rest unconformably upon strata of the sand-stone
group, No. 2.

An example of curved strata, in whlch the bends
or convolutions of the rock are sharper and far more -
numerous within an equal space, has been well

Curved strata of slate near St. Abd's Head, Berwickshire.
F 3
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described by Sir James Hall.* It occurs near
St. Abb’s Head, on the east coast of Scotland, where
the rocks consist principally of a bluish slate,
having frequently a ripple-marked surface. The
undulations of the beds reach from the top to the
bottom of cliffs from 200 to 300 feet in height,
and there are sixteen distinct bendings in the
course of about six miles, the curvatures being
alternately concave and convex upwards.

An experiment was made by Sir James Hall,
with a view of illustrating the manner in which
such strata, assuming them to have been originally
horizontal, may have been forced into their pre-
sent position. A set of layers of clay were placed
under a weight, and their opposite ends pressed
towards each other with such force as to cause
them to approach more nearly together. On the
removal of the weight, the layers of clay were
found to be curved and folded, so as to bear a
miniature resemblance to the strata in the cliffs.
We must, however, bear in mind, that in the
natural section or sea~cliff we only see the foldings
imperfectly, one part being invisible beneath the
sea, and the other, or upper portion, being sup-
posed to have been carried away by denudation,
or that action of water which will be explained in
the next chapter. The dark lines in the accom-

>

* Edin. Trans, vol. vii. pl.3.
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panying plan (Fig. 60.), represent what is actually

seen of the strata in part of the line of cliff alluded

to ; the fainter lines, that portion which is concealed

beneath the sea level, as also that which is sup-
Fig. 60.

posed to have once existed above the present sur-
face.

We may still more easily illustrate the effects
which a lateral thrust might produce on flexible
strata, by placing several pieces of differently

Fig. 61.

eoloured cloths upon a table, and when they are

spread oyt horizontally, cover them with a book.

Then apply other books to each end, and force
¥4
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them towards each other. Thé folding of the
cloths will exactly imitate those of the bent strata.
“(See Fig. 61.) .
"To inquire whether the analogous flexures in
strata have really been due to similar sideway
movements, or other exertions of force, would lead
me farther into the regions of speculation and
conjecture than might be consistent with the scope
of this elementary work. When the volcanic and
granitic rocks are described, it will be seen that some
of them have, when melted, been injected forcibly
into fissures, while others, already in a solid state,
have been protruded upwards through the incum-~
bent crust of the earth, by which a great dis-
placement of flexible strata must have been caused.
It also appears that cavities are sometimes formed
in the interior of the earth, whether by the re-
moval of matter hy volcanic action, or by the con-
traction of argillaceous rocks, or other causes. In
this manner pliable beds sinking down, from failure
of support, into chasms of less horizontal extent,
may have become folded and compressed laterally.
Such subsidences have been witnessed on a small
scale in the undermined ground immediately over
coal-pits, from which large quantities of coal and
stone had been extracted.
Between the layers of shale, accompanying coal,
we sometimies see the leaves of fossil ferns spread
qut as regularly as dried plants between sheets of
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paper in the herbarium of a botanist. These fern
leaves, or fronds, must have rested horizontally on
soft mud, when first depoéited. If, therefore,
they and the léyers of shale 'a're now inclined, or
standing on end, it is obviously the effect of sub-
sequent derangement. The proof becomes, if
possiblé, still more striking when these strata, in-
cluding vegetable remains, are curved ‘again and
again, and even folded into the form of the letter
Z, so that the same continuous layer of coal is cut
through several times in the same perpendicular
shaft. Thus, in the coal-field near Mons, in Bel-

Fig. 62.

gium, these zigzag bendings are repeated four or
five times, in the manner represented in Fig. 62.,
the black lines representing seams of coal. *

Dip and Strike.— In the above remarks seve-

* See plan by M. Chevalier, Burat’s D’ Aubuisson, tom. ii.
p- 334.
Fb
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ral technical terms have been used, such &s dipy
the unconformable position of strata, and the angi-
elinal and synclinal lines, which, ag well as the
strike of the beds, I shall now explain. If a stra-
tum or bed of rock, instead of being quite level,
be inclined to one side, it is said to dip ; the point
of the compass to which it is inclined is called the
point of dip, and the degree of deviation from a
level or horizontal line is called the amount of dip,
Fig. 63. or the angle of dip.
8 N Thus, in the an-

\ "1 nexed diagram
Sea Level A (Fig. 63.), a se-

s ries of strata are
inclined, and they dip to the north at an angle of
forty-five degrees. 'The strike, or line of bearing,
is the prolongation or extension of the strata in a
direction at right angles to the dip ; and hence it ig
sometimes called the direction of the strata. Thus,
in the above instance of strata dipping to the
north, their strike must necessarily be east and
west. We have borrowed the word from the
German geologists, streichen signifying to extend,
to have a certain direction. Dip and strike may
be aptly illustrated by a row of houses running
east and west, the long ridge of the roof represent-
ing the strike of the stratum of slates, which dip
on one side to the north, and on the other to the
south. '
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A stratum which is horizontal, or quite level in
all directions, has neither dip nor strike.

It is always important for the geologist, who is
endeavouring to comprehend the structure of a
country, to learn how the beds dip in every part
of the district; but it requires some practice to
avoid being occasionally deceived, both as to the
point of dip and the amount of it.

If the upper surface of a hard stony stratum
be uncovered, whether artificially in a quarry, or
by the waves at the foot of a cliff, it is easy to
determine towards what point of the compass the
slope is steepest, or in what direction water
would flow, if poured upon it. This is the true
dip. Perfectly horizontal lines in the face of a
vertical cliff may be the edges of highly inclined
strata, if the observer see them in the line of their
strike, their dip being inwards from the face of
the cliff. If, however, we come to a break in
the cliff, which exhibits a section exactly at right
angles to the line of the strike, we are then able
to ascertain the true dip. In the annexed drawing
(Fig. 64.), we may suppose a headland, one side
of which faces to the north, where the beds would
appear perfectly horizontal, to a person in the
boat; while in the other side facing the west, the
true dip would be seen by the person on shore
to be at an angle of 40°. H, therefore, our ob-
servations are confined to a vertical precipice facing

F6
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Fig. 64.

Apparent horizonbulity of inclined strata.

in one direction, we must endeavour to find a ledge’

or portion of the plane of one of the beds pro-

jecting beyond the others, in order to ascertain’

the true dip.
It is rarely important to determine the angle of
inclination with such minuteness as to require the

aid of the instrument called a clinometer. We

Fig. 65. may measure the angle
within a few degrees by’

dip is exhibited, holding

placing the fingersof one
in a perpendicular, and
of the other ina horizontal position, as in Fig. 65.

It is thus easy to discover whether the lines:

standing exactly opposite
to a cliff where the true’

the hands 1mmed1ately'
before the eyes, and

—_—

.-
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of the inclined beds bisect the angle of 90°,
formed by the meeting of the hands, so as to
give an angle of 45°% or whether it would divide
the space into two equal or unequal portions. The
upper dotted line may express a stratum dipping
to the north ; but should the beds dip precisely to
the opposite point of the compass as in the lower
dotted line, it will be seen that the amount of in-
clination may still be measured by the hands with
equal facility.

It has been already seen,,in describing the
curved strata on the east coast of Scotland, in
Forfarshire and Berwickshire, that a series of
concave and convex bendings are occasionally
repeated several times. These usually form part
of a series of parallel waves of strata, which are
prolonged in the same direction throughout a con~
siderable extent of country. Thus, for example, in
the Swiss Jura, that lofty chain of mountains has
been proved to consist of many parallel ridges,
with intervening longitudinal valleys, as in Fig. 66.,
the ridges-being formed by curved fossiliferous
strata, of which the nature and dip are occasionally
displayed in deep transverse gorges, called * cluses,”
caused by fractures at right angles to the direction
of the chain.* Now let us suppose these ridges

* See M. Thurmann’s work, * Essai sur les Soulévemens
Jurassiques du Porrentruy, Pa.ns, 1832,” with whom I ex<
amined pa.rt of these mountains in 1835,
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Fig. 66.

and parallel valleys to run north and south, we
should then say that the strike of the beds is
north and south, and the dip east and west. A
line drawn along the summit of the ridges A, B
would be an anticlinal line, and one following the
bottom of the adjoining valleys a synclinal line.
It will be observed that some of these ridges, A, B,
are unbroken on the summit, whereas one of them,
€, has been fractured along the line of strike,
and a portion of it carried away by denudation,
so that the edges of the beds in the formations
@, b, ¢ come out to the day, or, as the miners say,
crop out, on the sides of a valley. The ground
plan of such a denuded ridge as C may be ex-
pressed by the diagram Fig. 67., and the cross
section of the same by Fig. 68. The line D E,
Fig. 67., is the anticlinal line, on each side of
which the dip is in opposite directions, as expressed.
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Fig. 67. Fig. 68
e
[

Ground plan of the denuded ridge C, fig. 66.
by the arrows. The emergence of strata at the
surface is called by miners their outcrop or basset.

If, instead of being folded into parallel ridges,
the beds form a boss or dome-shaped protuberance,
and if we suppose the summit of the dome carried
off, the ground plan would exhibit the edges of
the strata forming a succession of circles, or el-
lipses, round a common centre. These circles are
the lines of strike, and the dip being always at
right angles is inclined in the course of the cir-
cuit to every point of the compass, constituting
what is termed a qua-qua-versal dip — that is,
turning each way.

In the majority of cases, an anticlinal axis forms
a ridge, and a synclinal axis a valley, as in A, B,.
Fig. 58. p. 99.; but there are exceptions to this

Fig. 69. rule, the beds sometimes.

- sloping inwards from either

side of a mountain, as in:
Fig. 69. .

On following the anticli-
nal line of the ridges of the




112 BENT STRATA IN PYRENEES [Part 1.

Jura, before mentioned, A, B, C, Fig. 66., we
often discover longitudinal fissures along the
line where the flexure was greatest. At the
eastern extremity of the Pyrenees a curious illus-
tration of an analogous phenomenon may be
seen on a small scale (Fig. 70.). The strata
there laid open, in the sea-cliffs, consist of marl,

, Fig. 70.
€T~

2

Strata of chert, grit, and marl, near St. Jean de Lux.

grit, and chert, belonging to a formation of
the age of the green-sand of English geologists.
Some of the bendings are so sharp, that frag-
ments of the glaty chert —a hard flinty rock —
taken from the points where they form an angle at
a, might be used for ridge-tiles on the roof of a
house. Although this chert is now brittle, we
must necessarily suppose that it was flexible when
folded into this shape ; nevertheless it must have
had some solidity, for precisely at the angle of
flexure there are numerous cracks filled with calce-
dony. There are also some veins of quartz, b,
Fig. 70., traversing the same formation, which
have filled irregular fissures, probably enfiltered at
the same time as the calcedony above mentioned.
Between San Caterina and Castrogiovanni, in
Sicily, bent and undulating gypseous marls occur,
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with here and there thin beds of solid gypsum
interstratified. Sometimes these solid layers have
been broken into detached fragments, still pre-

Fig. 71. serving their sharp edges,
(99 Fig. 71.), while the
continuity of the more:
pliable and ductile marls,
m m, has not been inter-
rupted.

I shall conclude my
remarks on bent strata by stating, that, in moun-
tainous regions like the Alps, it is often difficult
for an experienced geologist to determine cor-
rectly the relative age of beds by superposition,
so often have the strata been folded back upon
themselves, the upper parts of the curve having
been removed by denudation. Thus, if we met
with the strata seen in the section Fig. 72., we
should naturally suppose that there were twelve

" Fig. 72. distinet beds, or sets of

beds, No. 1. being the

1\10\ 9\8 3\2\7\ youngest, and No. 12.

v the oldest of the series.
But this section may, perhaps, exhibit merely six
beds, which have been folded in the manner seen
in Fig. 73, so that each of them are twice re-
peated, the position of one half being reversed,
and part of No. 1., originally the uppermost,
having now become the lowest of the series.

wn ¥ n 3
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Fig. 78.

)

AR

These phenomena are often observable on a mag-
nificent scale in certain regions in Switzerland,
where there are precipices from 2000 to 3000
feet in perpendicular height. In the Iselten Alp,
in the valley of the Lutschine, between Unterseen
and Grindelwald, curves of calcareous shale are
seen from 1000 to 1500 feet in height, in which

: Curved strata of the Jsetten dig.
the beds sometimes plunge down vertically for a
depth of 1000 feet and more, before they bend round
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again. There are many flexures not inferior in
dimensions in the Pyrenees, as those near Gavarnie,
at the base of Mont Perdu.

Unconformable stratification. — Strata are said
to be unconformable, when one series is so placed
over another, that the planes of the superior re-
pose on the edges of the inferior. In this case
it is evident that a period had elapsed between
the production of the two sets of strata, and
that, during this' interval, the inferior series
had been tilted and disturbed. Afterwards the
upper series was thrown down in horizontal strata
upon it. If these superior beds are also inclined,
it is plain that the lower strata have been twice
displaced ; first, when they were themselves brought
into an inclined position, and a second time when
the superior beds were thrown out of the hori-
zontal line.

It often happens that in the interval between
the deposition of two sets of unconformable strata,
the inferior rock has been denuded, and sometimes
drilled by perforating shells, Thus, for example,
at Autreppe and Gusigny, near Mons, beds of
ancient stone, commonly called transition lime-
stone, highly inclined, and often bent, are covered
with horizontal strata of greenish and whitish marls
of the cretaceous formation, which will be mentioned
in a future chapter. The lowest and therefore the
oldest bed of the horizontal series is usually the send
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and éoﬁglbmerate, a, in which are rounded ﬁag-
Fig. 75.

=
Uummmdmumrllm,hm.
ments of stone, from an inch to two feet in diameber.
These fragments have often adhering shells at-
tached to them, and have been bored by perfor=
ating mollusca. The solid surface of the inferior
limestone has also~been bored, so as to exhibit
cylindrical and pear-shaped cavities, as at ¢, the
work of saxicavous mollusca; and many rents, as
at b, which descend several feet or yards into the
limestone, have been filled with sand and shells,
similar to those in the stratum a.

Fractures of the strata. — Numerous rents may
often be seen in rocks which appear to have been
simply broken, the separated parts remaining
in the same places; but we often find a fissure,
several inches or yards wide, intervening between
the disunited portions. These fissures are usually
filled with fine earth and sand, or with angular
fragments of stone, evidently derived from the
fracture of the contiguous rocks.

The face of each wall of the fissure is often
beautifully polished, as if glazed, striated, or
scored with parallel furrows and ridges, such as
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would be produced by the continued rubbing
together of surfaces of unequal hardness. These
polished surfaces are called by miners ¢ slicken-
sides.” It is supposed that the lines of the striee
indicate the direction in which the rocks were
moved. During one of the late minor earthquakes
in Chili, the brick walls of a building were rent
vertically in several places, and made to vibrate
for several minutes during each shock, after which
they remained uninjured, and without any open-
ing, although the line of each crack was still visible.
When all movement had ceased, there were seen
on the floor of the house, at the bottom of each
rent, small heaps of fine brickdust, evidently pro-
duced by trituration.

Faults. — Tt is not uncommon to find the mass
of rock, on one side of a fissure, thrown up
above or down below the mass with which it was
once in contact on the other side. This mode of
displacement is called a shift, slip, or fault. ¢ The
miner,” says Playfair, describing a fault, «is
often perplexed, in his subterraneous journey,
by a derangement in the strata, which changes
at once all those lines and bearings which had
hitherto directed his course. When his mine
reaches a certain plane, which is sometimes per-
pendicular, as in A B, Fig. 76., sometimes oblique
to the horizon (as in C D, ibid.), he finds the beds
of rock broken asunder, those on the one side of
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Fautts, A B perpendioular, C D obique o e horison
the plane having changed their place, by sliding
in a particular direction along the face of the
others. In this motion they have sometimes pre-
served their parallelism, as in Fig. 76., so that the
strata on each side of the faults A B, C D, con-
tinue parallel to one another ; in other cases, the
strata on each side are inclined, as in a, b, ¢, d,
(Fig. 77.), though their identity is still to be re-

. . EF, fault or fissure filled with yubbish, on each side of which the shifted
sirata are not parallel.

cognized by their possessing the same thickness,
and the same internal characters.” *

We sometimes see exact counterparts of these
slips, on a small scale, in pits of fine loose sand and
gravel, many of which have doubtless been caused
by the drying and shrinking of argillaceous and .

* Playfair, Tllust. of Hutt, Theory, § 42.
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other beds, slight subsidences having taken place
from failure of support. Sometimes, however,
even these small slips may have been produced
during earthquakes; for land has been moved, and
its level, relatively to the sea, considerably altered,
within the period when much of the alluvial sand
and gravel now covering the surface of continents
was deposited.

I have already stated that a geologist must be
on his guard, in aregion of disturbed strata, against.
inferring repeated alternations of rocks, when, in
fact, the same strata, once contihuous, have been
bent round so as to recur in the same section,
and with the same dip. A similar mistake has
often been occasioned by a series of faults.

If, for example, the dark line A H (Fig. 78.)
represent the surface of a country on which the
strata a b ¢ frequently crop out, an observer, who
is proceeding from H to A, might at first imagine
that at every step he was approaching new strata,

o'D
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whereas the repetition of the same beds has
been caused by vertical faults, or downthrows.
Thus, suppose the original mass, A, B, C, D, to
have been a set of uniformly inclined strata, and
that the different masses under E F, F G, and
G D, sank down successively, so as to leave vacant
the spaces marked in the diagram by dotted lines,.
and to occupy those marked by the continuous
fainter lines, then let denudation' take place
along the line A H, so that the protruding and
triangular masses indicated by the fainter lines
are swept away, — a miner, who has not discovered
the faults, finding the mass @, which we will sup-
pose to be a bed of coal four times repeated,
might hope to find four beds, workable to an in-
definite depth, but on arriving at the fault G he
is stopped suddenly in his workings, upon reaching
the strata of sandstone ¢, or on arriving at the line
of fault F he comes partly upon the shale 4, and
partly on the sandstone ¢, and on reaching E he
is again stopped by a wall composed of the rock d.

The very different levels at which the separated
parts of the same strata are found on the different
sides of the fissure, in some faults, is truly astonish-
ing. One of the most celebrated in England is
that called the ¢ ninety-fathom dike,” in the coal-
field of Newcastle. This name has been given to
it, because the same beds are ninety fathoms lower
on the northern than they are on the southern side.
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The fissure has been filled by a body of sand,
which is now in the state of sandstone, and is
called the dike, which is sometimes very narrow,
but in other places more than twenty yards wide.*
The walls of the fissure are scored by grooves, such
as would have been produced if the broken ends
of the rock had been rubbed along the plane of
the fault. + Inthe Tynedale and Craven faults, in
the north of England, the vertical displacement is
still greater, and the horizontal extent of the move-
ment is from twenty to forty miles. Some geo-
logists consider it necessary to imagine that the
upward or downward movement in these cases
was accomplished at a single stroke, and not by
a series of sudden but interrupted movements.
This idea appears to have been derived from a
notion that the grooved walls have merely been
rubbed in one direction. But this is so far from
being a constant phenomenon in faults, that it has
often been objected to the received theory respect-
ing slickensides, that the striee are not always
parallel, but often curved and irregular. It has,
moreover, been remarked, that not only the walls
of the fissure or fault, but its earthy contents, some-
times present the same polished and striated faces.
Now these facts seem to indicate partial changes

* Conybeare and Phillips, Outlines, &e. p. 376,
1 Phillips, Geology, Lardner’s Cyclop, p. 41.

G
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in the direction of the movement, and some
slidings subsequent to the first filling up of the
fissure. Suppose the mass of rock A, B, €, to.
overlie an extensive chasm d e, formed at the depth.

-Pig. 79.

of several miles, whether by the gradual contraction
in bulk of a mass of strata, baked by a moderate
heat, or by the subtraction of matter by volcanic
action, or any other cause. Now, if this region be
convulsed by earthquakes, the fissures f g, and
others at right angles to them, may sever the mass
B from A and from C, so that it may move freely,
and begin tosink into the chasm. A fracture may
be conceived so clean and perfect as to allow it to
subside at once to the bottom of the subterranean
cavity ; but it is far more probable that the sinking
will be effected at successive periods during dif-
ferent earthquakes, the mass always continuing to
slide in the same direction along the planes of the
fissures f g, and the edges of the falling mass being
continually more broken and triturated at each
convulsion. If, as is not improbable, the eircum-~
stances which have caused the failure of support
continue in operation, it may happen that when
the mass B has filled the cavity first formed, its
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foundations will again give way under it, so that
it will fall again in the same direction. But, if
the direction should change, the fact could not be
discovered by observing the slickensides, because
the last scoring would efface the lines of previous
friction. In the present state of our ignorance of
the causes of subsidence, an hypothesis which can
explain the great amount of displacement in some
faults, on sound mechanical principles, by a suc-
cession of movements, is far preferable to any
theory which assumes each fault to have been ac-
‘complished by a single upcast or downthrow of
several thousand feet. For we know that there
are operations now in progress, at great depths
in the interior of the earth, by which both large
and small tracts of ground are made to rise above
and sink below their former level, some slowly
and insensibly, others suddenly and by starts,
a few feet or yards at a time; whereas there are
no grounds for believing that, during the last 3000
years at'least, any regions have been either up-
heaved or depressed, at a single stroke, to the
amount of several hundred, much less several
thousand feet.

G 2
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CHAPTER VI

DENUDATION, AND THE PRODUCTION OF ALLUVIUM.

Denudation defined — Its amount equal to the entire mass
of stratified deposits in the earth’s crust — Horizontal
sandstone denuded in Ross-shire — Levelled surface of
countries in which great faults occur — Connexion of
denudation and alluvial formations — Alluvium, how dis-
tinguished from rocks in situ — Ancient alluviums called
diluvium — Origin of these — Erratic blocks and accom-
panying gravel — Theory of their transportation by ice.

BerorEe we take leave of the aqueous or fossili-

ferous rocks, we have still to consider the alluvial

formations. Denudation, which has been occasionally
spoken of in the preceding chapters, is the removal
of mineral matter by running water, whether by

a river or marine current, and the consequent

laying bare of some inferior rock. Geologists are,

perhaps, seldom in the habit of reflecting that this
operation is the inseparakle accompaniment of the
production of all new strata of mechanical origin.

The transport of sediment and pebbles, to form a

new deposit, necessarily implies that there has

been, somewhere else, a grinding down of rock into
rounded fragments, sand, or mud, equal in
quantity to the new strata. The gain at one
point has merely been sufficient to balance the
loss at some other. A ravine, perhaps, has been
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excavated, or a valley deepened, or the bed of the
sea has, by successive upheaval, been exposed to
the power of the waves, so that part of the su-
perior covering of the earth’s crust has been
stripped off, and thus rocks, previously hidden,
have been denuded.

When we see a stone building, we know that
somewhere, far or near, a quarry has been opened.
The courses of stone in the bnilding may be com-
pared to successive strata, the quarry to a ravine
or valley which has suffered denudation. As the
strata, like the courses of hewn stone, have been
laid one upon another gradually, so the excavation
both of the valley and quarry have been gradual.
To pursue the comparison still farther, the super-
ficial heaps of mud, sand, and gravel usually called
alluvium, may be likened to the rubbish cf a quarry
which has been rejected as useless by the workmen,
or has fallen upon the road between the quarry
and the building, so as to lie scattered at random
over the ground. , '

If, then, the entire mass of stratified deposits in
the earth’s crustis at once the monument and mea-
sure of the denudation which has taken place, on
how stupendous a scale ought we to find the signs
of this removal of transported materials in past
ages! Accordingly, there are different classes of
phenomena, which attest in a most striking man-
ner the vast spaces left vacant by the erosive power

¢ 3
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of water. I may allude first, to those valleys on
both sides of which the same strata. are seen fol-
lowing each other in the same order, and having
the same mineral composition and fossil contents.
We may observe for example, several formations,
as Nos. 1,2, 3, 4, in the accompanying diagram
_; (Fig. 80.); No. 1. conglo-
merate, No. 2. clay, No. 3.
grit, and No. 4. limestone,
each repeated in a series
of hills separated by val-
leys varying in depth.
When we examine the subordinate parts of these
four formations, we find, in like manner, distinet
beds in each, corresponding, on the opposite sides
of the valleys, both in composition and order of
position. Ne one can doubt that the strata were
originally continuous, and that seme cause has
swept away the portions which once connected the
whole series. A torrent on the side of a mountain
produces similar interruptions, and when we make
artificial cuts in lowering roads, we expose, in like
manner, corresponding beds on either side. But
in nature, these appearances occur in mountains
several thousand feet high, and separated by in~
tervals of many miles or leagues in extent, of
which a grand exemplification is described by Dr.
MacCulloch, on the north-western eoast of Ross-
shire, in Seotland.*
* Western Islands, vol. ii. p.89. pl. 31. fig. 4.
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Fig. 8l.
Suil Veinn. Coul bag.  Coul mpve.
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Denudation of red sandstone on north-west coast of Ross-shive,

The fundamental rock of that country is gneiss, in
disturbed strata, on which beds of nearly hori-
zontal red sandstone rest unconformably. The
latter are often very thin, forming mere flags, with
their surface distinctly ripple-marked. They end
abruptly on the declivities of many insulated
mountains, which rise up at once to the height of
about 2000 feet above the gneiss of the surrounding
plain or table-land, and to an average elevation of
about 3000 feet above the sea, which all their
summits generally attain. The base of gneiss
varies in height, so that the lower portions of the
sandstone occupy different levels, and the thickness
of the mass is various, sometimes exceeding 3000
feet. It is impossible to compare these scattered
portions without imagining that the whole country
has once been covered with a great body of sand-
stone, and that masses from 1000 to more than
3000 feet in thickness have been removed.

But perhai)s the most convincing evidence of
denudation on a magnificent scale is derived from
the levelled surface of many districts in which
large faults occur. I have already shown, in
Fig.78, p.119, and in Fig. 82, how angular and pro-
G 4



128 DENUDATION. [Part I

truding masses of rock might naturally have been
looked for on the surface immediately above great
faults, although in fact they rarely exist. This
phenomenon may be well studied in those districts
where coal has been extensively worked, for there
the former relation of the béds which have shifted
their position may be determined with great ac-
curacy. Thus in the coal field of Ashby de la
Zouch, in Leicestershire (see Fig. 82.), a fault oc-
Fig. 82,

Faults and denuded coal strata, Ashby de la Zouch.

curs, on one side of which the coal beds a becd
rise to the height of 500 feet above the corre-
sponding beds on the other side. But the uplifted

strata do not stand vp 500 feet above the

general surface; on the contrary, the outline of
the country, as expressed by the line z z, is uni-
form and unbroken, and the mass indicated by
the dotted outline must have been washed away.*
There are proofs of this kind in some level coun-
tries, where dense masses of strata have been

* See Mammat’s Geological Facts, &c., p. 90. and plate.
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cleared away from areas several hundred square
miles in extent.

In the Newecastle coal district, it is ascertamed

that faults occur in which the upward or down-
ward movement could not have been less than
140 fathoms, which, had they affected equally the
configuration of the surface to that amount, would
produce mountains with precipitous escarpments
near 1000 feet high, or chasms of the like depth;
yet is the actual level of the country absolutely
uniform, affording no trace whatever of subterra-
neous disturbance.*
. The ground from which these materials have
been removed, is usually overspread with heaps of
sand and gravel, formed out of the ruins of the
very rocks which have disappeared. Thus, in the
districts above alluded to, rounded and angular
fragments occur of hard sandstone, limestone, and
ironstone, with a small quantity of the more de-
structible shale, and even rounded pieces of coal,
the form of these relics pointing to water as the
denuding agent.

In geological descriptions we often read of « al.
luvium ” and “diluvium,” as opposed to “ regular
strata,” or * fixed rocks,” or ¢ rocks in situ.” It
will be useful, therefore, to explain these terms.
At the surface there is commonly a layer of vege-

® Conybeare’s Report to Brit. Assoc. 1832. p. 381,
e b
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table mould, derived partly from decayed plants,
and partly caused by the castings of earth-worms,
which are continually sifting the fine from the
coarse soil.* Immediately beneath this mould
the regular or fundamental stratified or unstrati-
fied rocks of the district may appear; but there
usually intervenes, if not an alluvial mass, at least
a quantity of broken and angular fragments of
the subjacent rock, provincially called rubble, or
brash, in many parts of England. This last may be
referred partly to the weathering or disintegra-
tion of stone on the spot, the effects of air and
water, sun and frost, and chemical decomposition,
and partly to the expanding force of the roots of
trees, which may have grown in small crevices,
at former geological periods, though they may
now be wanting. Sometimes the vibrations and
undulations of earthquakes may have had power,
at some former era, to shatter a surface previously
rent and weathered. Thus in Calabria, subter-
ranean movements have been known to throw up
into the air the slabs of a stone pavement 4; and
. Mr. Darwin mentions, that in the Island of Qui-
riquina, in Chili, some narrow ridges of hard
primary slate, which is there the fundamental
rock, were as completely shivered by the vibrations

* See Darwin on Formation of Mould, Proceedings of
" Geol. Soc. No. 52. p. 574.
+ See Princ. of Geol., Index, * Calabria.”
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of the great earthquake of February 1835, as if
they had been blasted by gunpowder. The effect
was merely superficial, and had caused fresh frac-
tures and displacement of the soil, the slate below
remaining solid and uninjured.*

Alluvium differs from the rubble or brash, just
described, as being composed of sand and gravel,
more or less rolled, in part local, but often in great
part formed of materials transported from a dis-
tance. The term is derived from alluvio, an in-
undation, or alluo, to wash. The gravel is rarely
- consolidated, often unstratified, like heaps of rub-
bish shot from a cart, but occasionally divided inte
wavy and oblique layers, marking successive de-
position from water. Such alluvium is strewed
alike over inclined and horizontal strata, and
unstratified rocks ; is most abundant in valleys, but
also occurs in high platforms, and even on lofty
mountains, that of the higher grounds usually
differing from that found at lower levels.

The inferior surface of an alluvial deposit is
often very irregular, conforming to all the in-
equalities of the subjacent rock. (Fig. 83.) Oc-
casionally a small mass, as at c, appears detached,
and as if included in the subjacent formation.
Such isolated portions are usually sections of
winding subterranean hollows filled up with al-

* Darwin, p. 370. (for title see note, p. 137.)
G 6
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luvium. They may have
been the courses of
%) springs or subterranean
streamlets, which have
] flowed through and en-
\ larged natural rents; or,
———— %when on a small scale,
a. vegetable soil. t’hey my be Spaces
:.' :J:I:.V io:vufﬂ:.ame, apparently detached. which the roots of large
trees have once occupied, gravel and sand having
been introduced after their decay. '

It is not so easy as may at first appear to draw
a clear line of distinction between the fized rocks,
or regular strata, (rocks in situ, or in place), and
their alluvial covering of travelled materials. If
the bed of a torrent or river be dried up, we call
the gravel, sand, and mud, left in their channels, or
whatever, during floods, they may have scattered
over the neighbouring plains, alluvium. The very
same materials carried into a lake or sea, where
they become sorted by water, and arranged in
more distinct layers, are termed regular strata.

In the same manner we may contrast the gravel,
sand, and broken shells, strewed along the path
of a marine current, with strata formed by the
discharge of similar materials, year after year, into
a deeper and more tranquil part of the sea.

If any fossils occur, the mass may still be called
alluvial, provided the fossils appear to have been
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drifted to the spot. If any of them, as, for example,
freshwater or marine shells, seem to have lived
and died where they are entombed, then the de-
posit, though mainly consisting of drift materials,
should not be termed alluvial, but a regular marine
or freshwater formation. It is, however, easy to
perceive that passages must occur from such al-
luvial to regular deposits, both in the sea and the
estuaries of rivers ; and it is often most difficult to
distinguish between them, because organic remains
have been often obliterated in formations of porous
sand, gravel, and loam, which allow rainwater to
percolate freely through them.

After what has been said of the connexion of
denudation and alluvium, the student will expect
to find alluviums of various ages, and at all heights
above the sea, formed both before and during the
emergence of land, but always most copiously at
’periods when the level of a country has undergone
changes by subterranean movements; for then the
course of running water, whether marine or fluviatile,
has been most frequently deranged, and the power
of the waves of the ocean has been brought to
bear with the greatest effect against the land.

Before the doctrine of the rising and sinking of
large continental areas, whether insensibly or by
a repetition of sudden shocks, was admitted as
part of the actual course of nature, all ancient
alluviums were classed by some authors under the
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common title of ¢ diluvium,” and were said not to
be due to existing causes. To establish this pro-
position, it was thought sufficient to demonstrate
that the rivers which may now happen to drain
a given district, could never, in the course of
thousands of ages, have given rise to the valleys of
denudation in which they now flow, and that these
same rivers could never have washed into their
present situations (often the summits of hills, and
high table-lands,) all the gravel and boulders evi-
dently connected with former denuding operations.
It was therefore usual to refer the * diluvium” to
a deluge, or succession of deluges, which rolled with
tremendous violence over the land, after it had
acquired its present configuration, and its present -
height above the sea. Not only small gravel, but
large blocks of stone, were supposed to have been
transported from a distance by these devastating
floods or waves, and lodged upon the hill-tops.
But rivers, as we have seen, are not the only
existing causes, nor even the most energetic agents,
by which denudation may be effected. If the
upward movement of land be very slow, the waves
may easily clear away a stratum of yielding ma-
terials as fast as they rise, and before they reach
the surface. Thus, a wide uninterrupted ex-
panse of denudation may take place, and masses,
many hundreds of feet or yards in thickness, may
waste away by inches in the eourse of thousands
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of centuries. But if reefs composed of a more
refractory stone should at length rise up, the
breakers, as they foam over them, may still tear off
fragments, and roll them along until the bottom of
the sea becomes strewed over with blocks and
pebbles. This alluvium of marine origin will be
uplifted when the reefs are ultimately converted
into land, and may then constitute the covering
of the summits of hills, or of elevated terraces, or
table-lands. At the same time, this gravel may
be wanting in all valleys excavated either during
the rise of the land, by currents of the sea running
between islands, or eaten out or deepened by
rivers after the emergence of the land. At the
bottom of such more modern valleys a distinct
alluvium will be found, containing, perhaps, some
pebbles washed out of the older or upland gravel,
but principally composed of the ruins of rocks re-
moved during the erosion of the newer valleys.

It must be remembered, that when we introduce
such an hypothesis, and take for granted the
rise of the land out of the sea, we are merely sup-
posing what we know, from the discovery of
marine fossils, to have happened again and again,
at former periods.

Erratic blocks.— The great size of the boulders
sometimes found associated with ancient alluviums,
in places between which and the parent rock deep
valleys, and even seas, now intervene, has been
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thought by some to offer insurmountable objections
to any theory which does not introduce causes of
great violence to account for their removal. These
blocks, called erratic, are some of them a few feet,
others several yards, in diameter.  They are
strewed by myriads over the sandy countries of
the north of Germany, and parts of Sweden, Den-
mark, Finland, and Russia. Some of them at
least, must have been carried into their present .
position since the commencement of a very modern
geological period, for they rest, near Stockholm,
and elsewhere, on layers of sand and marl contain-
ing shells of the species now inhabiting the Baltic.

Although these erratics are far more numerous
in northern countries, some are met with as far
south as the Swiss Jura, having evidently been
carried thither from the Alps, a chain which is
now separated from the Jura by one of the broadest
and deepest valleys in the world.

Now it is inconceivable how any velocity of
water could convey some of these huge masses,
over seas and valleys, to the places where they
are now found ; but there is no real difficulty in
supposing them to have been carried by ice, when
the lands over which they lie scattered were sub-
merged beneath the sea.

As the reader may perhaps be incredulous re-
specting the adequacy of the cause here alluded
to, I shall enumerate many facts recently brought
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to light, which incontestably prove how important
a part ice plays in the transfer. of alluvium from
place to place, and especially of that containing
large masses of rock. I must confine myself,
however, to a brief description of a few examples,
‘as it is not the object of the present work to treat
at large of the changes illustrative of geological
phenomena, now known to be in progress on the
earth. :

First, in regard to the distribution of erratics ;
they occur, both in the northern and southern
hemispheres, between the fortieth parallels of lati-
tude and the poles, but are not met with in the
intermediate equatorial and warmer regions.*
This fact at once raises a presumption that the
greater warmth of parts of Asia, Africa, and
America, nearer the line, has proved unfavourable
to the transport of such blocks. On the other hand,
they abound in the colder regions of North America,
from Canada northwards, as well as in northern
Europe; and when we travel southwards, and cross
the Line in South America, we fall in with them
again in Chili and Patagonia, between lat. 41° S,
and Cape Horn.t Here, then, we have grounds
for suspecting that a cold climate is favourable to
the production of erratics.

® See Mr. Darwin on some supposed exceptions to this
general rule, Journal of Travels in South America, &c.,
1832 to 1836, in Voyage of H. M. S. Beagle, p. 289.

1 Darwin, ibid.
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Now it is well known, that, annually, in the
Baltic, stones are moved by ice; and, very recently,
on the shores of the Gulf of Finland, some large
fragments were ascertained to have been carried
to some distance. In spring, when the fringe of
ice which has encircled the coast of the Gulf of
Bothnia, and many parts of Sweden, Norway, and
Denmark, during winter, breaks up, large stones,
with small gravel and ice, which have been firmly
frozen into a solid mass on the beach, are floated
off to a distance. In Canada similar operations,
but on a grander scale, have been noticed by
Captain Bayfield. In the river St. Lawrence, the
loose ice accumulates on the shoals during winter,
at which season the water is low. The separate
fragments of ice are readily frozen together in a
climate where the temperature is sometimes 30°
below zero, and boulders become entangled with
them, so that in the spring, when the river rises, on
the melting of the snow, the packs are floated off,
frequently conveying away the boulders to great
distances. A single block of granite, 15 feet long,
by 10 feet both in width and height, and which
could not contain less than 1500 cubic feet of
stone, was in this way moved down the river
several hundred yards, during the late survey
in 1837. Heavy anchors of ships, lying on the
shore have in like manner been closed in and re-
moved. In October, 1836, wooden stakes were
driven several feet into the ground, at one point
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on the banks of the St. Lawrence, at high water
mark, and over them were piled many boulders,
as large as the united force of six men could roll.
The year after, all the boulders had disappeared,
and others had arrived, and the stakes had been
drawn out and carried away by the ice.

It has also been observed, that ice-islands, de-
tached far to the north, perhaps in Baffin’s Bay,
are brought by the current, in great numbers, down
the coast of Labrador every year, and are often
carried through the straits of Belle Isle, between
Newfoundland and the continent of America,
which, after passing through the straits, some-
times float for several hundred miles to the south-
west, up the Gulf of St. Lawrence, between the
40th and 50th degrees of N. latitude. In one of
these icebergs, heaps of boulders, gravel, and
stones were seen.

A similar agency of ice extends in the southern
hemisphere to still lower latitudes. Thus, for
example, we learn from Mr. Darwin, that glaciers
reaching down to the sea, occur at the head of all
the sounds along the western coast of the southern
extremity of South America, in latitudes as low
as 46°, and still farther, the ice being covered with
great fragments of rock. Although these glaciers
come down to the sea, the mountains from which
they descend have only half the altitude of the
Alps, and yet are equidistant from the equator.
Portions of this South American ice, charged with
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large blocks of granite, were seen in Sir George
Eyre’s sound, in the same parallel of latitude as
Paris, floating outwards to the ocean.*
It is therefore natural to suppose that masses
of rock may frequently be carried by icebergs from
the foot of the Andes, in this quarter of South
America, across deep channels, and stranded on
adjacent islands in the Pacific, such as Chiloe,
on which large erratics from the Andes are actually
seen; and a general elevation of the mainland,
together with the islands, accompanied by the lay-
ing dry of the intervening sounds, might present
to a future geologist a problem respecting the
transport of blocks, as enigmatical as any which
are now encountered in Europe.+ :

Icebergs then, detached from glaciers together
with coast ice, may convey, for hundreds of miles,
pebbles, boulders, sand, and mud, and let these
fall wherever they may chance to melt, on sub-
marine hills and valleys. These, when the land
emerges from the deep, may constitute some of the
far-transported alluvium which has been ascribed
to diluvial agency.}

® Darwin, p. 283. (for title, see p. 137.)

+ Darwin, ibid. p. 286.

1 For speculations on the causes of a local and general
change of climate, dependent on fluctuations in physical
geography, and proofs of the wide conversion of sea into

land in Europe, at periods comparatively modern, see Prmc-
of Geol. book i.
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CHAPTER VIIL

VOLCANIG ROCKS,

Trap rocks — Name, whence derived — Their igneous origin
at first doubted — Their general appearance and cha-
racter — Volcanic cones and craters, how formed —
Mineral composition and texture of volcanic rocks —
Varieties of felspar — Hornblende and augite — Isomor-

- phism — Rocks, how to be studied — Basalt, greenstone,
trachyte, porphyry, scoria, amygdaloid, lava, tuff — Alpha-~
betical list, and explanation of names and synonyms, of
volcanic rocks — Table of the analyses of minerals most
abundant in the volcanic and hypogene rocks.

THE aqueous or fossiliferous rocks having now
been described, we have next to examine those
which may be called volcanic, in the most extended
sense of that term. Suppose @ a in the annexed

Fig. 84.

a. Hypogene formations, stratified and unstratified
b. Aqueous formations. ¢. Volcanic rocks.

diagram, to represent the crystalline formations,
such as the granitic and metamorphic, d 5 the
_ fossiliferous strata, and ¢ ¢ the volcanic rocks.
These last are sometimes found, as was explained
in the first chapter and Frontispiece, breaking
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through a and 3, sometimes overlying both, and
occasionally alternating with the strata 5. They
also are seen, in some instances, to pass insensibly
into the unstratified division of a, or the Plutonic
rocks.

When geologists first began to examine atten-
tively the structure of the northern and western
parts of Europe, they were almost entirely igno-
rant of the phenomena of existing volcanos.
They found certain rocks, for the most part with-
out stratification, and of a peculiar mineral com-
position, to which they gave different names, such
as basalt, greenstone, porphyry, and amygdaloid.
All these, which were recognized as belonging to
one family, were called ¢ trap” by Bergmann
(from “trappa, Swedish, for a flight of steps) —a
name since adopted very generally into the nomen-
clature of the science; for it was observed that
many rocks of this class occurred in great tabular
masses of unequal extent, so as to form a succes-
sion of terraces, or steps, on the sides of hills.
This configuration appears to be derived from two
causes, first, the abrupt original terminations of
sheets of melted matter, which have spread, whether
on the land or bottom of the sea, over a level surface.
For we know, in the case of lava flowing from a
voleano, that a stream, when it has ceased to flow,
and grown solid, very commonly ends in a steep
slope, as at @, Fig. 85. But, secondly, the step-like
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appearance arises more
frequently from the mode
in which horizontal masses
of igneous rock, such as
b ¢, intercalated between.

Step-bike appearance of trap.  agueous strata, have, sub-
sequently to their origin, been exposed, at dif-
ferent heights, by denudation. Such an outline, it
is true, is not peculiar to trap rocks; great beds of
limestone, and other hard kinds of stone, often pre-
senting similar terraces and. precipices; but these
are usually on e smaller scale, or less numerous,
than the volcanic steps, or form less decided fea-
tures in the landscape, as being less distinct in
structure and composition from the associated
rocks.

Although the characters of trap rocks are
greatly diversified, the beginner will easily learn
to distinguish them as a class from the aqueous
formations. Sometimes they present themselves,
as already stated, in tabular masses, which are not
divided into strata, sometimes in shapeless lumps
and irregular cones, forming small chains of hills.
Often they are seen in dikes or:wall-like masses,
intersecting fossiliferous beds. The rock is occa~
sionally found divided into columns, often decom-
posing into balls of various sizes, from a few inches
to several feet in diameter. The decomposing
surface very commonly assumes a coating of a
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rusty iron colour, from the oxidation of ferrugi-
nous matter, so -abundant in the traps in which
augite or hornblende occur ; or, in the felspathic
varieties of trap, it acquires a white opaque coat-
ing, from the bleaching of the mineral called fel-
spar. On examining any of these volcanic rocks,
where they have not suffered disintegration, we
rarely fail to detect a crystalline arrangement in
one or more of the component minerals. Some-
times the texture of the mass is cellular or porous,
or has been porous, and the cells have become
filled with carbonate of lime, or other infiltrated
mineral, which has thus taken the globular form
of the cells.

Most of the volcanic rocks produce a fertile soil
by their disintegration. It seems that their com-
ponent ingredients, silica, alumina, lime, potash,
iron, and the rest, are in proportions well fitted
for vegetation. As they do not effervesce with
acids, a deficiency of calcareous matter might at
first have been apprehended; but although car-
bonate of lime is rare, except in the nodules of
amygdaloids, yet it will be seen that lime some-
times enters largely into the composition of augite
and hornblende. (See Table, p. 166.)

In regions where the eruption of volcanic mat-
ter has taken place in the open air, and where the
surface has never since been subjected to great
aqueous denudation, cones and craters are strik-
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ingly characteristic. Many hundreds of these
cones are seen in central France, in the ancient-
provinces of Auvergne, Velay, and Vivarais, where
they observe, for the most part, a linear arrange-

ment, and form chains of hills. Although none of
Fig. 86.

Part of the chain of extinct volcanos called the Monts Dome, Auvergne.
(Scrope.)

the eruptions have happened within the historical
era, the streams of lava may still be traced dis-
tinctly descending from many of the craters, and
following the lowest levels of the existing valleys.
The origin of the cone and crater-shaped hill is
well understood, the growth of many having been
watched during volcanic eruptions. A chasm or
fissure first opens in the earth, from which great
volumes of steam and other gases are evolved.
The explosions are so violent as to hurl up into
the air fragments of broken stone, parts of which
are shivered into minute atoms. At the same
time melted stone or lzva usually ascends through
the chimney or vent by which the gases make
their escape.  Although extremely heavy, this
lava is forced up by the expansive power of en-
tangled gaseous fluids, chiefly steam or aqueous
H
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vapour, exactly in the same manner as water is
made to boil over the edge of a vessel when steam
bas been generated at the bottom by heat. Large
quantities of the lava are alse shot up into the air,
where it separates into fragments, and acquires a
spongy texture by the sudden enlargement of the
included gases, and thus forms scorie, other por-
tions being reduced to an impalpable powder or
dust. The showering down of the various ejected
materials round the orifice .of eruption, gives rise
to a conical mound, in which the successive en-
velopes of sand and scorize form layers, dipping on
all sides from a central axis. In the mean time a
hollow, called a crater, has been kept open in the
middle of the mound by the centinued passage
upwards of steam and other gaseous fluids. The
lava sometimes flows over the edge of the crater,
and thus thickens and strengthens the sides of the
eone ; but sometimes it breaks it down on one side,
and often it flows out from a fissure at the base of
the hill. (See Fig. 86.)

I have given a full history and description of
the phenomena of recent volcanos in the Principles
of Geology, and cannot repeat them here, but shall
merely consider the characters of the igneous rocks
as they appear to a geologist in the earth’s crust.
The subject may be treated of in the following
order; first, the mineral composition, internal
texture, and nomenclature of volcanie rocks;
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secondly, the manner and position in which they
occur in the earth’s crust, and their external
forms; and lastly, the connexion between the pro-
ducts of modern volcanos and the rocks usually
styled trappean.

Mineral composition and texture,— First, in re-
gard to the composition of volcanic rocks, the
varieties most frequently spoken of, are basalt,
greenstone, syenitic greenstone, clinkstone, clay-
stone, and trachyte; while those founded chiefly on
peculiarities of texture, are porphyry, amygdaloid,
lava, tuff, scoriee, and pumice. It may be stated
generally, that all these are mainly composed of
two minerals, or families of simple minerals, felspar
and hornblende, some almost entirely of hornblende,
others of felspar.

These two minerals may be regarded as two
groups, rather than species. Felspar, for example,
may be, first, common felspar, that is to say, pot-
ash-felspar, in which the alkali is potash (sce
Table, p. 166.) ; or, secondly, albite, that is to
say, soda-felspar, where the alkali is soda instead of
potash ; or, thirdly, Labrador-felspar (Labrador-
ite), which differs not only in its iridescent hues,
but also in its angle of fracture or cleavage, and
its composition. We also read much of two other
kinds, called glassy felspar and compact felspar,
which, however, cannot rank as varieties of equal
importance, for both the albitic and common fel-

H 2
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spar appear sometimes in transparent or glassy
crystals; and as to compact felspar, it is probably
a compound of a less definite nature, sometimes
containing, according to Dr. MacCulloch both'
soda and potash.

The other group, or hornblende, consists prin-
cipally of two varieties; first, hornblende, and, se-
condly, augite, which were once regarded as very
distinct, although now some eminent mineralogists
are in doubt whether they are not one and the
same mineral, differing only as one crystalline
form of native sulphur differs from another.

The history of the changes of opinion on this
point is curious and instructive. Werner first
distinguished augite from hornblende; and his
proposal to separate them obtained afterwards the
sanction of Haiiy, Mohs, and “other celebrated
mineralogists. It was agreed that the form of the
crystals of the two species were different, and their
structure, as shown by cleavage, that is to say, by
breaking or cleaving the mineral with a chisel, or
a blow of the hammer, in the direction in which
it yields most readlly It was also found by ana-
lysis that augite usually contained more lime, less
alumma, and no fluoric acid; which last, though
not always found i in hornblende, often enters into
its composmon, in minute quantity. In addition
to these characters, it was remarked as a geologlcal
fact, that augite and hornblende are very rarely
associated together in the same rock; and that
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when this happened, as in some lavas of modern
date, the hornblende occurs in the mass of the
rock, where crystallization may have taken place
more slowly, while the augite merely lines cavities
where the crystals may have been produced rapidly.
It was also remarked, that in the crystalline slags
of furnaces, augit.ic forms were frequent, the horn-~
blendic entirely absent; hence it was conjectured
that hornblende might be the result of slow, and
augite of rapid cooling. - This view was con-
firmed by the fact, that Mitscherlich and Berthier
were able to make augite artificially, but could
never suceeed in forming hornblende. Lastly,
Gustavus Rose fused a mass of hornblende in a
porcelain furnace, and found that it did not, on
cooling, assume its previous shape, but invariably
took that of augite. The same mineralogist ob-

served certain crystals in rocks from Siberia which
plcwuwu - et | 1 1

the external form of augite.

If, from these data, it is inferred that the same
substance may assume the crystalline forms of
hornblende or augite indifferently, according to
the more or less rapid cooling of the melted mass,
it is nevertheless certain that the variety com-
monly called augite, and recognized by a peculiar
crystalline form, has usually more lime in it, and
" less alumina, ‘than that called hornblende, although
" the quantities of these elements do not seem to be
H 3
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always the same. Unquestionably the facts and
experiments above mentioned show the very near
affinity of hornblende and augite; but even the
convertibility of one into the other by melting
and recrystallizing, does not perhaps demonstrate
their absolute identity. For there is often some
portion of the materials in a crystal which are not
in perfect chemical combination with the rest.
Carbonate of lime, for example, sometimes carries
with it a considerable quantity of silex into its
own form of crystal, the silex being mechanically
mixed as sand, and yet not preventing the car-
bonate of lime from assuming the form proper to
it. This is an extreme case, but in many others
some one or more of the ingredients in a crystal
may be excluded from perfect chemical union ; and
after fusion, when the mass recrystallizes, the same
elements may combine perfectly or in new pro-

—aaal

Or some one of the gaseous elements of the atmo-
sphere, the oxygen for example, may, when the
melted matter reconsolidates, combine with some
one of the component elements.

The different quantity of the impurities or re-
fuse above alluded to, which may occur in all but the
most transparent and perfect crystals, may partly
explain the discordant results at which experienced
chemists have arrived in their analysis of the same
mineral. For the reader will find that a mineral

* v -y - e vanuown
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determined to be the same by its physical cha-
racters, crystalline form, and optical properties,
has often been declared by skilful analysers to
be composed of distinct elements. (See the Table
at p. 166.) This disagreement seemed at first sub-
versive of the doctrine, that there is a fixed and
constant relation between the crystalline form and
structure of a mineral, and its chemical composi-
tion. The apparent anomaly, however, which
threatened to throw the whole science of minera-
logy into confusion, was in a great degree recon-
ciled to fixed principles by the discoveries of Pro-
fessor Mitscherlich at Berlin, who ascertained that
the composition of the minerals which had ap-
peared so variable, was governed by a general
law, to which he gave the name of isomorphism
(from icog, is0s, equal, and popen, morphe, form).
According to this law, the ingredients of a given
species of mineral are not absolutely fixed as to
their kind and quality ; but one ingredient may be
replaced by an equivalent portion of some ana-
logous ingredient. Thus, in augite, the lime may
be in part replaced by portions of protoxide of
iron, or of manganese, while the form of the crys-
tal, and the angle of its cleavage planes, remain
the same. These vicarious substitutions, however,
of particular elements cannot exceed certain de-
fined limits.

Having been led into this digression on the re-

H 4
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cent progress of mineralogy, I may here ohserve
that the geological student must endeavour as soon
as possiblé to familiarize himself with the charac-
ters of five at least of the most abundant simple
minerals of which rocks are composed. These
are, felspar, quartz, mica, hornblende, and carbo-
nate of lime, This knowledge cannot be acquired
from books, but requires personal inspection, and
the aid of a teacher. It is well to accustom. the
eye to know the appearance of rocks under the
lens. To learn to distinguish felspar from quartz
is the most important step to be first aimed at;
when these occur in a granular and uncrystallized
state, the young geologist must not be discouraged
if, after considerable practice, he often fails to dis-
tinguish them by the eye alone. If the felspar is
in crystals, it is easily recognized by its cleavage;
but when in grains the blow-pipe must be used,
for the edges of the grains can be rounded in the
flame, whereas those of guartz are infusible. If
the geologist is desirous of distinguishing the three
varieties of felspar above enumerated, or horn-
blende from augite, it will often be necessary to
nse the reflecting goniometer as a test of the angle
of cleavage, and shape of the crystal. The use of
this instrument will not be found difficult.

The external characters and composition of the
felspars are extremely different from those of au-
gite or hornblende; so that the volcanic rocks in
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which either of these minerals decidedly predo-
minate, are easily recognized. But there are
mixtures of the two elements in every possible
proportion, the mass being sometimes exclusively
composed of felspar, atother times solely of
.augite, or, again, of both in equal quantities. Oc-
casionally, the two extremes, and all the interme-
diate gradations, may be detected in one continuous
mass. Nevertheless there are certain varieties or
‘compounds which prevail so largely in nature, and
preserve so much uniformity of aspect and com-
position, that it is useful in geology to regard them
as distinct rocks, and to assign names to them,
such as - basalt, greenstone, trachyte, and others,
'already mentioned.

Basalt. — As an example of rocks in which au-
gite greatly prevails, basalt may first be mentioned.
Although we are more familiar with this term
than with that of any other kind of trap, it is dif-
ficult to define it, the name having been used
so vaguely. It has been very generally applied to
any trap rock of a black, bluish, or leaden-grey
colour, having a uniform and compact texture.
‘Most strictly, it consists of an intimate mixture of
augite, felspar, and iron, to which a mineral of an
olive green colour, called olivine, is often super-
added, in distinct grains or nodular masses. The
iron is usually magnetic, and is often accompanied
by another metal, titanium. Augite is the predo-

o a5
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minant mineral, the felspar being in much smaller
proportions. There is no doubt that many of the
fine-grained and dark-coloured trap rocks, called
basalt, contain hornblende in the place of augite;
but this will be deemed of small importance after
the remarks above made. Other minerals are oc-
casionally found in basalt; and this rock may pass
insensibly into almost any variety of trap, espe-
cially into greenstone, clinkstone, and wacké,
which will be presently described.

Greenstone, or Dolerite, is usually defined as a
granular rock, the constituent parts of which are
hornblende and imperfectly crystallized felspar;
the felspar being more abundant than in basalt,
and the grains or crystals of the two minerals
more distinct from each other. This name may
also be applied when augite is substituted for
hornblende (the dolerite of some authors), or when
albite replaces common felspar, forming the rock
sometimes called Andesite.

Syenitic greenstone.—The highly crystalline com-
pounds of the same two minerals, felspar and
hornblende, having a granitiform texture, and with
occasionally some quartz accompanying, may be
called Syenitic greenstone, a rock which frequently
passes into ordinary trap, and as frequently into
granite.

_ Trachyte.— A porphyritic rock of a whitish or
greyish colour, composed principally of glassy fel-
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spar, with erystals of the same, generally with some
hornblende and some titaniferous iron. In com-
position it is extremely different from basalt, this
being a felspathic, as the other is an augitic, rock.
It has a peculiar rough feel, whence the name
Tpaxvs, trackus, rough. Some varieties of trachyte
contain crystals of quartz.

Porphyry is merely a certain form of rock, very
characteristic of the volcanic formations. When
distinet crystals of one or more minerals are scat-
tered through an earthy or compact base, the
rock is termed a porphyry. (See Fig.87.) Thus
trachyte is porphyritic; for in it, as in many mo-

Fig. 87. dern lavas, there are
crystals of felspar; but
in some porphyries the
crystals are of augite,
olivine, or other mi-
nerals. If the base be
greenstone, basalt, or
pitchstone,the rock may
be denominated green-

* stone-porphyry, pitch-
stone-porphyry, and so forth.

Amygdaloid. — This is also another form of ig-
neous rock, admitting of every variety of composi-
tion. It comprehends any rock in which round or
almond-shaped nodules of some mineral, such as
agate, calcedony, calcareous spar, or zeolite, are

H 6 :
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scattered through a base of wacké, basalt, green-
stone, or other kind of trap. It derives its name
from the Greek word amygdala, an almond. ' The
origin of this structure cannot be doubted, for we
‘may trace the process of its formation in modern
lavas. Small pores or cells are caused by bubbles
of steam and gas confined in the melted matter.
After or during consolidation these empty spaces
are gradually filled up by matter separating from
the mass, or infiltered by water permeating the
tock. As these bubbles have been  sometimes
lengthened by the flow of the lava before it finally
‘cooled, the contents of such cavities have the form
of almonds. In some of the amygdaloidal traps of
‘Scotland, where ‘the nodules have decomposed, the
‘empty cells are seen to have a glazed or vitreous
coating, and in this respect exactly resemble sco-
riaceous lavas, or the slags of furnaces.

The annexed figure represents a fragment of

Scoréaceous lava in part converted into an amygdaloid. — Montagne
de la Vellle, Department of Puy de Dome, France.
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stone taken from the. upper part of a sheet of ba-
saltic lava in Auvergne. One half is scoriaceous,
the pores being perfectly empty, the other part is
amygdaloidal, the pores or cells being mostly filled
up with carbonate of lime, forming white kernels.
Scorie and Pumice may next be mentioned as
porous rocks, produced by the action of gases on
materials melted by volcanic heat. Scorie are
usually of a reddish brown and black colour, and
are the cinders and slags of basaltic or augitic
lavas. Pumice is a light, spongy, fibrous substance,
produced by the action of gases on trachytic and
other lavas; the relation, however, of its origin' to
the composition of lava is not yet well understood.
‘Von Buch says it does not occur where only La-
brador-felspar is present.
 Lava.— This term has a somewhat vague sig-
nification, having been applied to all melted matter
‘observed to flow in streams from volcanic vents.
‘When this matter consolidates in the open air,
the upper part is usually scoriaceous, and the mass
becomes more and more stony as we descend, or in
proportion as it has consolidated more slowly and
under greater pressure. At the bottom, however,
of a stream of lava, a small portion of scoriaceous
rock very frequently occurs, formed by the first
‘thin sheet of liquid matter, which often precedes
the main current, or by contact with water in or
upon the damp soil. '
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'The more compact lavas are often porphyritic,
but even the scoriaceous part sometimes contains
imperfect crystals, which have been derived from
some older rocks, in which the crystals pre-existed,
but were not melted, as being more infusible in
their nature.

Although melted matter rising in a crater, and
even that which enters rents on the side of a
crater, is called lava, yet this term belongs more
properly to that which has flowed either in the
open air or on the bed of a lake or sea. If the
same fluid has not reached the surface, but has
been merely injected into fissures below ground,
it is called trap.

There is every variety of composition in lavas;
some are trachytic, as in the Peak of Teneriffe;
a great number are basaltic, as in Vesuvius and
Auvergne; others are Andesitic, as those of Chili;
some of the most modern in Vesuvius consist of
green augite, and many of those of Etna of augite
and Labrador-felspar.*

Trap tuff, voleanic tuff. — Small angular frag-
ments of the scorise and pumice, above mentioned,
and the dust of the same, produced by volcanie
explosions, form the tuffs which abound in all
regions of active volcanos, where showers of these
materials, together with small pieces of other

* G. Rose, Ann. des Mines, tom. 8. p. 32.
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rocks ejected from the crater, fall down upon the
land or into the sea. Here they often become
mingled with shells; and are stratified. Such tuffs
are sometimes bound together by a calcareous
cement, and form a Stone susceptible of a beau-
tiful polish. But even when little or no lime is
present, there is a great tendency in the materials
of ordinary tuffs to cohere together.

Besides the peculiarity of their composition,
some tuffs, or volcanic grits, as they have been
termed, differ from ordinary sandstones by the
angularity of their grains. When the fragments
are coarse, the rock is styled a volcanic dreccia.
Tufaceous conglomerates result from the intermix-
ture of rolled fragments or pebbles of volcanic
and other rocks with tuff.

According to Mr. Scrope, the Italian geolo-
gists confine the term tuff; or tufa, to felspathose
mixtures, and those composed principally of
pumice, using the term peperino for the basaltic
tuffs.* :

We meet occasionally with extremely compact
beds of volcanic materials, interstratified with
- fossiliferous rocks, much resembling the trap
which may be found in a dike. These may some-
times be tuffs, notwithstanding their density or
compactness. The chocolate-coloured mud, which

* Geol. Trans. vol.ii. p.®11. Second Series.



160 “VOLCANIC ROCKS. {Part I

was poured for weeks out of the crater of Gra-
ham’s Island, in the Mediterranean, in 1831, must,
when unmixed with other materials, have con-
stituted a stone heavier than granite. Each cubic
inch of the impalpable powder which has fallen
for days through the atmosphere during some
modern eruptions, has been found to weigh, with-
out being compressed, as much as ordinary trap
rocks, which are often identical in mineral com-
position. '

"The fusibility of the igneous rocks generally
exceeds that of other rocks, for there is much
alkaline matter and lime in their composition,
which serves as a flux to the large quantity of
silica, which would be otherwise so refractory an
ingredient.

It is remarkable, that notwithstanding the abun-
dance of this silica, quartz is wanting in the vol-
canic rocks, or is present only as an occasional
mineral, like mica. The elements of mica, as of
quartz, occur in lava and trap, but the circum-
stances under which these rocks are formed, are
evidently unfavourable to the development of
mica and quartz, minerals so characteristic of the
hypogene formations.

It would be .tedious to enumerate all the
varieties of trap and lava which have been re-
garded by different observers as sufficiently abun-
dant to deserve distinct names, especially as each
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investigator is too apt to exaggerate the import-
ance of local varieties which happen to prevail in
districts best known to him. It will be useful,
however, to subjoin here, in the form of a glos-
sary, an alphabetical list of the names and sy-
nonyms most commonly in use, with brief ex-
planations, to which I have added a table of the
analysis of the simple minerals most abundant in
the volcanic and hypogene rocks.

Ezplanation qf" the names, synonyms, and mineral
composition of the more abundant volcanic rocks.

AmerisoLrte.  See Hornblende rock, amphibole being Haiiy’s
name for hornblende.

Amycparomn. A particular form of volcanic rock ; see p. 155.

Averre Rock. A kind of basalt or greenstone, composed wholly
or principally of granular augite. (Leonhkard’s Mineral-
reichs, 2d edition, p. 85.)

‘Avcrric-rorpryrY.  Crystals of Labrador-felspar and of augite,
in a green or dark grey base. (Rose, Ann. des Mines, tom. 8.
p- 22. 1885.)

Basarr.  Chiefly augwe—an intimate mixture of augite and
felspar with magnetic iron, olivine, &c. See p. 153. The
yellowish green mineral called olivine, can easily be distin-

- guished from yellowish. felspar by its infusibility, and having
no cleavage. The edges turn brown in the flame of the
blow-pipe.

.CraystoNE and CLAYSTONE-PORPHYRY. An earthy and compact
stone, usually of a purplish colour, like an indurated clay;
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passes into hornstone; generally contains scattered crystals
of felspar and sometimes of quarts.

CrixkstoNx. Syn. Phonolite, fissile Petrosilex ; a greenish or
greyish rock, having a tendency to divide into slabs and
columns; bard, with clean fracture, ringing under the
hammer ; principally composed of compact felspar, and, ac-
cording to Gmelin, of felspar and mesotype. (Leonkard,
Mineralreichs, p. 102.) A rock much resembling clinkstone,
and called by some Petrosilex, contains a considerable per-
centage of quartz and felspar. As both trachyte and basalt
pass into clinkstone, the rock so called must be very various
in composition.

Comracr FeLsrar, which has also been called Petrosilex ; the
rock so called includes the hornstone of some mineralogists,
is allied to clinkstone, but is harder, more compact, and
translucent. It is a varying rock, of which the chemical
composition is not well defined, and is perhaps the same as
that of clay. (MacCulloch’s Classification of Rocks, p. 481.)
Dr. MacCulloch says, that it contains both potash and soda.

CoRNEAN. A variety of claystone allied to hornstone. A fine
homogeneous paste, supposed to consist of an aggregate of

felspar, quartz, and hornblende, with ionally epidote,
and perbaps chlorite; it p into pact felspar and
hornstone. (De la Beche, Geol, Trans. second series, vol. 2.
P 3.)

Diarrace rocx.’ Syn. Euphotide, Gabbro, and some Ophiolites.
Compounded of felspar, and diallage, sometimes with the
addition of serpentine, or mica, or quartz. (Mac Culloch,
ibid. p. 648.)

Diorire. A kind of greenstone, which see. Components,
felspar and hornblende in grains. According to Rose, Ann.
des Mines, tom. 8. p. 4., diorite consists of albite and horn-
blende.

Diosrric-rorenyay. A porphyritic greenstone, composed of
crystals of albite and hornblende, in a g'reemsh or blackish
base. (Rose, ibid. p. 10.)

Dorzarre. Formerly defined as a synonym of greenstone, which
see. But according to Rose (ibid. p. 32.), its composition is
black augite and Labrador-felspar; according to Leonhard
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(Mineralreichs, &c. p. 71.), augite, Labrador-felspar, and
magnetic iron.

Douirz. An earthy condition of trackyte, found in the Puy de
Dome, in Auvergne,

Evrnoripx. A mixture of grains of Labrador-felspar and dial-
lage. (Rose, ibid. p. 19.) According to some, this rock
is defined to be a mixture of augite or hornblende, and Saus-
surite, a mineral allied to jade. (Allan’s Mineralogy, p. 158.)
See Diallage rock. .

FrLspar-roRPHYRY. Syn. Hornstone-porphyry; a base of fel-
spar, with crystals of felspar, and crystals and grains of quartz.
See also Hornstone.

Gassro, see Diallage-rock.

Garrxsronz; Syn. Dolerite and diorite; components, horn.
blende and felspar, or augite and felspar in grains. See
above, p. 154.

Geeysronz. (Graustein of Werner.) Lead grey and greenish
rock, composed of felspar and augite, the felspar being more
than seventy-five per cent. (Scrope, Journ. of Sci. No. 42.
p- 221.) Greystone lavas are intermediate in composition
between basaltic and trachytic lavas.

IfoRNBLENDE XOCK. A greenstone, composed wholly or prin.
cipally of granular hornblende, or augite. (Leonkard, Mi-
neralreichs, &c., p. 85.)

Hoxrxsronx, Horxstonz-rorruyry. A kind of felspar porphyry,
(Leonhard, ibid.) with a base of hornstone, a mineral ap-
proaching near to, flint, differing from compact felspar in
being infusible.

HypzasTHENE ROCK, & mixture of grains of Labrador-felspar and

hypersthene, ( Rose, Ann. des Mines, tom. 8. p. 13.), having

the structure of syenite or granite]; abundant among the
traps of Sky. In a geological view, it has been called a green-
stone, in which hypersthene takes the place of hornblende.

Mrrarnysz. A variety of black porphyry, the base being black
augite with crystals of felspar ; from ueAas, melas, black.
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OsBsin1aN. Vitreous lava llke melted glass, nearly allied to
pmchstone.

OrnioLrrs, sometimes same as Diallage rock (Leonkard, p. 77.);
sometimes a kind of serpentine. )
OrmiTe. A green porphyritic rock, composed chiefly of horn-
blende, with crystals of that mineral in a base of the same,
mixed with some felspar. It passes into serpentine by a

mixture of tale. (Burat's D’ dubuisson, tom. 2. p. 63.)

PrarrstoNe. A volcanic rock having the lustre of mother of
pearl; usually having a nodular structure ; intimately related
to obsidian, but less glassy.

Prrerivo. A form of volcanic tuff, composed of basaltic scorie
See p. 159.

PerrosiLex. See Clinkstone and Compact Felspar.

ProvoLrre.  Syn. of Clinkstone, which see.

Prrcusrone; vitreous lava, less glassy than obsidian; a blackish
green rock resembling glass, having a resinous lustre and
appearance of pitch; composition various, usually felspar
and augite; passes into basalt; occurs in veins, and in
Arran forms a dike thirty feet wide, cutting through sand-
stone; forms the outer walls of some basaltic dikes.

Porruvry. Any rock in which detached crystals of felspar, or of
one or more mmerals, are diffused through a base. See
P 1E8. -

PozzoraNa. A kind of tuﬁ'. See p- 75.

Puvice. A light, spongy, fibrous form of trachyte. See p. 157.

PYROXENIC-PORPHYRY, Same as augitic-porphyry, pyroxene bemg
Haiiy’s name for augite. -

Scor1z. Syn. volcanic cinders; reddish brown or black po-
rous form of lava. See p. 157.

SERPENTINE. A greenish rock, in which there is much magnesia ;
usually contains diallage, which is nearly allied to the simple
mineral called serpentine. Occurs sometimes, though rarely,
in dikes, altering the contiguous strata; is indifferently a
member of the trappean or hypogene series.

SYENITIC-GREENSTONE ; composition, crystals or grains of felspar
and hornblende. See p. 154.
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TeruRINE, synonymous with lava.

ToapstoNe. A local name in Derbyshire for a kind of wacké,
which see.

Tracuyre, chiefly composed of glassy felspar, with crystals
of glassy felspar. See p. 154.

Trar Turr. See p.158.

Trass. A kind of tuff or mud poured out by lake-craters during
eruptions; common in the Eifel, in Germany.

TUFACEOUS CONGLOMERATE. See p. 159.

Turr. Syn. Trap-tuff, volcanic tuff. See p. 158.

Vrrreous Lava. See Pitchstone and Obsidian.
Vorcaxic Turr. See p. 158.

Wacké. A soft and earthy variety of trap, having an argilla-
ceous aspect. It resembles indurated clay, and when
scratched, exhibits a shining streak.

Wainsrone. A Scotch provincial term for greenstone and
other hard trap rocks.
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filled up with earth or angular pieces of stone, or
with sand and pebbles. Instead of such materials,
suppose a quantity of melted stone to be driven
or injected into an open rent, and there consoli-
dated, we have then a tabular mass resembling a
wall, and called a trap dike. It is not uncommon
to find such dikes passing through strata of soft
materials, such as tuff or shale, which, being more
perishable than the trap, are often washed away
by the sea, rivers, or rain, in which case the dike
stands prominently out in the face of precipices,
or on the level surface of a country. (See the

annexed figure.) *
Fig. 89.

In the islands of Arran, Sky, and other parts
of Scotland, where sandstone, conglomerate, and
other hard rocks are traversed by dikes of trap,
the converse of the above phenomenon is seen.

* T have been favoured with this drawing by Captain
B, Hall,

1
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The dike having decomposed more rapidly than
the containing rack, has once more left open the
original fissure, often for a distance of many yards
1 the sea-coast,
ted in the an-
. (Fig. 90.)
nstances the
of the dike
more tough
han the sand-
chemical ac-
chiefly the
of the iron,
rise to the
_ Udecay.

There is yet another case, by no means uncom-
mon in Arran and other parts of Scotland, where
the strata in contact with the dike, and for a cer-
tain distance from it, have been hardened, so as
to resist the action of the weather more than the
dike itself, or the surrounding rocks. When this
happens, two parallel walls of indurated strata are
seen protruding above the general level of the
country, and following the course of the dike.

As fissurgssometimes send off branches, or divide
into two or more fissures of equal size, so also we
find trap dikes bifurcating and ramifying, and
sometimes they are so tortuous as to be called
veins, though this is more common in granite than
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in trap. The acoompanymg sketch (Fig. 91.) by Dr.
MacCulloch  represents
part of a sea-cliff in Ar-
gyleshire, where an over-
lying mass of trap, , sends
out some veins which ter-

) minate downwards. An-

Tyap veins in 4;,4,..,,..,,:,,., other trap vein, a g, cuts
through both the limestone, ¢, and the trap, b.

In Fig. 92. a ground plan is given of a ramify-
ing dike of greenstone, which I observed cuttjng
through sandstone on the beach near Kildonan
Castle, in Arran. The larger branch varies from
five to seven feet in width, which will afford a
scale of measurement for the whole. :

Fig. 92.

Ground plan of greenstone dike traversing sandstope. Arran.

In the Hebrides and other countries the same .
masses of trap which occupy the surface of the
country far and wide, concealing the subjacent

Fig. 93.

Mmmmmmuuswma Sky. (uac(:ullooh.)
12
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stratified rocks, are seen also in the sea-cliffs, pro-
longed downwards in veins or dikes, which pro-
bably unite with other masses of igneous rock at
a greater depth. The largest of the dikes repre-
sented in the annexed diagram, and which are
seen in part of the coast of Sky, is no less than
100 feet in width.

Every variety of trap rock is sometimes found
in these dikes, as basalt, greenstone, felspar-
porphyry, and more rarely trachyte. The amyg-
daloidal traps also occur, and even tuff and
breccia, for the materials of these last may be
washed down into open fissures at the bottom of
the sea, or during eruptions on the land may be
showered into them from the air.

Some dikes of trap may be followed for leagues
uninterruptedly in nearly a straight direction, as
in the north of England, showing that the fissures
which they fill must have been of extraordinary
length.

Dikes more crystalline in the centre.— In many
cases trap at the edges or sides of a dike is less
crystalline or more earthy than in the centre, in
consequence of the melted matter having cooled
more rapidly by coming in contact with the cold
sides of the fissure; whereas, in the centre, the
matter of the dike being kept long in a fluid or
soft state, the crystals are slowly formed. In the
ancient part of Vesuvius a thin band of half-vitre-
ous lava is found at the edge of some dikes. At
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the junction of greenstone dikes with limestone, a
sahlband, or selvage, of serpentine is occasionally
observed.

- On the left shore of the fiord of Christiania, in
Norway, a remarkable dike of syenitic greenstone
is traced through transition strata, until at length,
in the promontory of Nezsodden, it enters mica-
schist. Fig. 94. represents a ground plan, where

Fig. 94.
Syenitic greenstone dike of Neesodden, Christiania. . .

Green-  Syenitic rock.  Green-
stone. stone.

the dike appears eight paces in width. In the
middle it is highly crystalline and granitiform, of
a purplish colour, and containing a few crystals of
mica, and strongly contrasted with the whitish mica~
schist, between which and the syenitic rock there
is usually on each side a distinct black band, 18
inches wide, of dark greenstone. When first seen,
these bands have the appearance of two accompany-
ing dikes; yet they are, in fact, only the different
form which the syenitic materials have assumed
where near to or in contact with the mica-schist.
At one point, a, one of the sahlbands terminates
13
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for a space; but near this there is a large detached
block b, having a gneiss-like structure, consisting
of hornblende and felspar, which is included in the
midst of the dike. Round this a smaller encircling
zone is seen, of dark basalt, or fine-grained green-
stone, nearly corresponding to the larger ones
which border the dike, but only one inch wide.*
The fact above alluded to, of a foreign frag-
ment, such as b (Fig. 94.), included in the midst
of the trap, as if torn off from some subjacent
rock or the walls of a fissure, is by no means
uncommon. A fine illustration is seen in a dike
of greenstone, ten feet wide, in the northern
suburbs of Christiania, in Norway, of which the
annexed figure is a ground plan. The dike passes
' Fig. 95.

Greenstone dike, with fragments of gneiss ; Sorgenfri, Christiania.
through shale, known by its fossils to belong to
the transition, or Silurian series. In the black
base of greenstone are angular and roundish
pieces of gneiss, some white, others of a light

* This dike has been described by Professor Keilhau, of
Christiania, in whose company I examined it.
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flesh-colour, some without lamination, like granite,
others with laminee, which, by their various and
often opposite directions, show that they have
been scattered at random through the matyix.
These imbedded pieces of gneiss measure from
one to about eight inches in diameter.

Rocks altered by volcanic dikes.— After these
remarks on the form and composition of dikes
themselves, I shall describe the alterations which
they“sometimes produce in the rocks in contact
with them. The changes are usually such as the
intense heat of melted matter and the entangled
gases might be expected to cause.

Plas-Newydd. — A striking example, near Plas-
Newydd, in Anglesea, has been described by
Professor Henslow.* The dike is 134 feet wide,
and consists of a rock which is a compound of
felspar and augite (dolerite of some authors).
Strata of shale and argillaceous limestone, through
which it cuts perpendicularly, are altered to a
distance of thirty, or even, in some places, to
thirty-five feet from the edge of the dike. The
shale, as it approaches the trap, becomes gradually
more compact, and is most indurated where
nearest the junction. Here it loses part of its
schistose structure, but the separation into paral-
lel layers is still discernible. In several places

# Cambridge Transactions, vol.i. p. 402.

14



176 . ROCKS ALTERED [Part I

the shale is converted into hard porcellanous
jasper. In the most hardened part of the mass
the fossil shells, principally Producte, are nearly
obliterated ; yet even here their impressions may
frequently be traced. The argillaceous limestone
undergoes analogous mutations, losing its earthy
texture as it approaches the dike, and becoming
granular and crystalline. But the most extra-
ordinary phenomenon is the appearance in the
shale of numerous crystals of analcime and garnet,
which are distinctly confined to those portions of
the rock affected by the dike.* Garnets have
been observed, under very analogous circum-
stances, in High Teesdale, by Professor Sedgwick,
where they occur in shale and limestone, altered
by basalt. +

Antrim. — In several parts of the county of
Antrim, in the north of Ireland, chalk with flints
is traversed by basaltic dikes. The chalk is there
converted into granular marble near the basalt,
the change sometimes extending eight or ten feet
from the wall of the dike, being greatest near the
point of contact, and thence gradually decreasing
till it becomes evanescent. ¢ The extreme effect,”
says Dr. Berger,  presents a dark brown crystal-
line limestone, the crystals running in flakes as
large as those of coarse primitive (metamorphic)

* Cambridge Transactions, vol. i, p. 410.
+ Ibid. vol.ii. p. 175.
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land has converted a mass of red sandstone into
hornstone.* By another, the slate clay of the coal
measures has been indurated, and has assumed
thd character of flinty slate 1; and in another place
the slate clay of the lias has been changed into
flinty slate, which still retains numerous impres-
sions of ammonites. -

It might have been anticipated that beds of coal
would, from their combustible nature, be affected
in an extraordinary degree by the contact of
melted rock. Accordingly, one of the greenstone
dikes of Antrim, on passing through a bed of coal,
reduces it to a cinder for the space of nine feet
on each side. §

At Cockfield Fell, in the north of England, a
similar change is observed. Specimens taken at
the distance of about thirty yards from the trap
are not distinguishable from ordinary pit coal;
those nearer the dike are like cinders, and have
all the character of coke; while those close to it
are converted into a substance resembling soot. ||

As examples might be multiplied without end,
I shall merely select one or two others, and then
conclude. The rock of Stirling Castle is a cal-

#* Geol. Trans., First Series, vol. iii. p. 201.

+ Ibid. p.205.

1 Ibid. p.213.; and Playfair, Illust. of Hutt. Theory,
8. 253.

§ Ibid. p. 206.
I Sedgwick, Camb. Trans. vol.ii. p.37.
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careous sandstone, fractured, and forcibly displaced
by a mass of greenstone, which has evidently in-
vaded the strata in a melted state. The sandstone
has been indurated, and has assumed a texture
approaching to hornstone near the junction. In
_ Arthur’s Seat and Salisbury Craig, near Edin-
burgh, a sandstone which comes in contact with
greenstone, is converted into a jaspideous rock.*

The secondary sandstones in Sky are converted
into solid quartz in several places, where they
come in contact with veins or masses of trap; and
a bed of quartz, says Dr. MacCulloch, found neara
mass of trap, among the coal strata of Fife, was in
all probability a stratum of ordinary sandstone,
having been subsequently indurated and turned
into quartzite by the action of heat.}
- But although strata in the neighbourhood of
dikes are thus altered in a variety of cases, shale
being turned into flinty slate or jasper, limestone
into crystalline marble, sandstone into quartz, coal
into coke, and the fossil remains of all such strata
wholly or in part obliterated, it is by no means
uncommon to meet with the same rocks, even in
the same districts, absolutely unchanged in the
proximity of volcanic dikes.

This great inequality in the effects of the ig-

# Tilust. of Hutt. Theory, § 253. and 261. Dr. MacCul-

loch, Geol. Trans., First Series, vol.ii. p.305.
. T Syst. of Geol. vol.i. p.206.
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neous rocks may often arise from an original dif-
ference in their temperature, and in that of the
entangled gases, such as is ascertained to prevail
in different lavas, or in the same lava near its
source and at a distance from it. The power
also of the invaded rocks to conduct heat may
vary, according to their composition, structure, and
the fractures which they mayhave experienced, and
perhaps, also, according to the quantity of water
(so capable of being heated) which they contain.
It must happen in some cases that the component
materials are mixed in such proportions as prepare
them readily to enter into chemical union, and
form new minerals; while in other cases the mass
may be more homogeneous, or the proportions less
adapted for such union. .

We must also take into consideration, that one
fissure may be simply filled with lava, which may
begin to cool from the first; whereas in other cases
the fissure may give passage to a current of melted
matter, which may ascend for days. or months,
feeding streams which are overflowing the country
above, or are ejected in the shape of scoriee from
some crater. If the walls of a rent, moreover, are
heated by hot vapour before the lava rises, as we
know may happen on the flanks of a volcano, the
additional caloric supplied by the dike and its
gases will act more powerfully.

Intrusion of trap between strata.—In proof of the
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mechanical force which the fluid trap has some-
times exerted on the rocks into which it has in-
truded itself, I may refer to the Whin-Sill, where
a mass of basalt, from sixty to eighty feet in
height, represented by a, Fig. 97., is in part
wedged in between the rocks of limestone, 5, and
shale, ¢, which have been separated from the great
mass of limestone and shale, d, with which they
were united.

Trap interposed bety displaced beds of limestone and shale, at White Force,
High Teesdale, Durham. (Sedgwick.)*

The shale in this place is indurated; and the
limestone, which at a distance from the trap is
blue, and contains fossil corals, is here converted
into granular marble without fossils.

~ Masses of trap are not unfrequently met with
intercalated between strata, and maintaining their
parallelism to the planes of stratification through-
out large areas. They must in some places have
forced their way laterally between the divisions of
the strata, a direction in which there would be

* Camb. Trans. vol.ii. p.180.
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the least resistance to an advancing fluid, if no
vertical rents communicated with the surface, and
a powerful hydrostatic pressure was caused by
gases propelling the lava upwards.

- Columnar and globular structure.— One of the
characteristic forms of volecanic rocks, especially
of basalt, is the columnar, where large masses
are divided into regular prisms, sometimes easily
separable, but in other cases adhering firmly to-
gether. The columns vary in the number of angles,
from three to twelve; but they have most com-
monly from five to seven sides. They are often
divided transversely, at nearly equal distances,
like the joints in a vertebral column, as in the
Giants’ Causeway, in Ireland. They vary exceed-
ingly in respect to length and diameter. Dr.
MacCulloch mentions some in Sky which are about
400 feet long; others, in Morven, not exceeding
an inch. In regard to diameter, those of Ailsa
measure nine feet, and those of Morven an inch or
less.* They are usually straight, but sometimes
curved ; and examples of both these occur in the
island of Staffa. In a horizontal bed or sheet of
trap the columns are vertical; in a vertical dike
they are horizontal. Among other examples of the
last-mentioned phenomenon is the mass of basalt,
called the Chimney, in St. Helena (see Fig. 98.),
a pile of hexagonal prisms, 64 feet high, evidently

* MacCulloch, Syst. of Geol. vol. ii. p- 187.
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Fig. 98. the remainder of a narrow
dike, the walls of rock
which the dike originally
traversed having been re-
moved down to the level
of the sea. In Fig. 99.
a small portion of this
dike is represented on a
less reduced scale.*

It being assumed that

columnar trap has con-

Fig. 99. solidated from a fluid state, the
prisms are said to be always at

right gmgles to the cooling sur-,

faces. If these surfaces, there-

fore, instead of being either

perpendicular or horizontal, are

curved, the columns ought to be inclined at every
angle to the horizon; and there is a beautiful
exemplification of this phenomenon in one of the
valleys of the Vivarais, a mountainous district in
the South of France, where, in the midst of a
region of gneiss, a geologist encounters unex-
pectedly several voleanic cones of loose sand and
scorize. From the crater of one of these cones,
called La Coupe d’Ayzac, a stream of lava de-
scends and occupies the bottom of a narrow val-
ley, except at those points where the river Volant,

* Seale’s Geognosy of St. Helena, plate 9.



184 COLUMNAR STRUCTURE [Part 1.

or the torrents which join it, have cut away por-
 tions of the solid lava. The accompanying sketch
(Fig. 100.) represents the remnant of the lava at

Fig. 100,

Lava of La Coupe d’Ayzac, near Antraigue, in the Province of drdéche.

one of the points where a lateral torrent joins the
main valley of the Volant. It is clear that the
lava once filled the whole valley up to the dotted
line d a; but the river has gradually swept away
all below that line, while the tributary torrent
has laid open a transverse section; by which we
perceive, in the first place, that the lava is com~
posed, as usual in this country, of three parts; the
uppermost, at a, being scoriaceous; the second, &,
presenting irregular prisms; and the third, ¢, with
regular columns, which are vertical on the banks
of the Volant, where they rest on a horizontal
base of gneiss, but which are inclined at an angle
of 45° at g, and then horizontal at f; their position
having been every where determined, according to
the law before mentioned, by the concave form of
the original valley. '
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* In the annexed figure (101.) a view is given

" me of the inclined

curved columns

| present themselves

e sides of the val-

n the hilly region

of Vicenza, in

and at the foot of

igher Alps.* Un-

10se of the Vivarais,

1entioned, the ba-

(Fortis.) salt of this country was

evidently submarine, and the present valleys have
since been hollowed out by denudation.

The columnar structure is by no means peculiar
to the trap rocks in which hornblende or augite
predominate; it is also observed in clinkstone,
trachyte, and other felspathic rocks of the igneous
class, although in these it is rarely exhibited in
such regular polygonal forms.

It has been already stated that basaltic columns
are often divided by cross joints. Sometimes
each segment, instead of an angular, assumes a
spheroidal form, so that a pillar is made up of a
pile of balls, usually flattened, as in the Cheese-
grotto at Bertrich-Baden, in the Eifel, near the

* Fortis, Mém. sur ’Hist. Nat. de I'Italie, tom.i. p.233.
plate 7.
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Moselle. (Fig. 102.) The basalt, there, is part of
) Fig. 102.

Basaltic pillays of the Kdsegrotte, Bertrich-Baden, half way between Treves
and Coblcntz. Height of grotto, from 7 to 8 feet.

a small stream of lava, from 30 to 40 feet thick,
which has proceeded from one of several volcanic
craters, still extant, on the neighbouring heights.
The position of the lava bordering the river in
this valley, might be represented by a section like
that already given at (Fig. 100. p. 184.), if we
merely suppose inclined strata of slate and the
argillaceous sandstone called greywacké to be
substituted for gneiss. ’

In some masses of decomposing greenstone,
basalt, and other trap rocks, the globular struc-
ture is so conspicuous that the rock has the ap-
pearance of a heap of large cannon balls.

A striking example of this structure occurs in
a resinous trachyte or pitchstone-porphyry in one
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of the Ponza islands, which rise from the Mediter-

ranean, off the coast of Terracina and Gaieta.

" "es vary from a

3 to three feet

ter, and are of

dal form. (See

The whole rock

te of decomposi-

.when the balls,”

Scrope, ¢ have

sed a short time

ather, they scale

touch into nu-

oncentric coats,

: of a bulbous

ising a compact

The laminee of

this nucleus have not been so much loosened by

decomposition; but the application of a ruder
blow will produce a still further exfoliation. *

A fissile texture is occasionally assumed by
clinkstone and other trap rocks, so that they have
been used for roofing houses. Sometimes the pris-
matic and slaty structure is found in the same
mass. The causes which give rise to such arrange-
ments are very obscure, but are supposed to be
connected with changes of temperature during the

® Scrope, Geol. Trans, vol.ii. p.205. Second Series.
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cooling of the mass, as will be pointed out in the
sequel. (See Chap. X.)

Relation_of trappean rocks to the products of active
volcanos.

When we reflect on the changes above described
in the strata near their contact with trap dikes,
and consider how great is the analogy in compo-
sition and structure of the rocks called trappean
and the lavas of active volcanos, it seems difficult
at first to understand how so much doubt could
have prevailed for half a century as to whether
trap was of igneous or aqueous origin. To a certain
extent, however, there was a real distinction be-
tween the trappean formations and those to which
the term volcanic was almost exclusively confined.
The trappean rocks first studied in the north of
Germany, and in Norway, France, Scotland, and
other countries, were either such as had been

- formed entirely under deep water, or had been in-
jected into fissures and intruded between strata,
and which had never flowed out in the air, or over
the bottom of a shallow sea. When these products,
therefore, of submarine or subterranean igneous
action were contrasted with loose cones of scorize,
tuff, and lava, or with narrow streams of lava in
great part scoriaceous and porous, such as were
observed to have proceeded from Vesuvius and
Etna, the resemblance seemed remote and equi-
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vocal. It was, in truth, like comparing the roots of
a tree with its leaves and branches, which, although
they belong to the same plant, differ in form, tex-
ture, colour, mode of growth, and position. The
external cone, with its loose ashes and porous lava,
may be likened to the light foliage and branches,
and the rocks concealed far below, to the roots.
But it is not enough to say of the volcano,

“ quantum vertice in auras
¢ AEtherias, tantum radice in Tartara tendit,”

for its roots do literally reach downwards to Tar-
tarus, or to the regions of subterranean fire; and
what is concealed far below, is probably always
more important in volume and extent than what
is visible above ground.

We have already stated how frequently dense
masses of strata have been removed by denudation
from wide areas (see Chap. VL.); and this fact
prepares us to except a similar destruction of what-
ever may once have formed the uppermost part
of ancient submarine or subaerial volcanos, more
especially as those superficial parts are always of
the lightest and most perishable materials. The
abrupt manner in which dikes of trap usually ter-
minate at the surface (see Fig. 104.), and the water-
worn pebbles of trap in the alluvium which covers
the dike, prove incontestably that whatever was
uppermost in these formations has been swept
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Fig. 104. away. It is easy, there-
i_\—-M fore, to conceive that
[2-=.% 2 . ZA\d whatis gone in regions
of trap may have cor-
responded to what is
now visible in active
volcanos.

Strata inteysected by a trap dike, and . .
covered with alluvium. It will be shown in

the second part of this volume, that in the
earth’s crust there are volcanic tuffs of all ages,
containing marine shells, which bear witness to
eruptions at many successive geological periods.
These tuffs, and the associated trappean rocks,
must not be compared to lava and scoriee which
had cooled in the open air. Their counterparts
must be sought in the products of modern sub-
marine volcanic eruptions. If it be objected that
we have no opportunity of studying these last,
it may be answered, that subterranean movements
have caused, almost everywhere in regions of
active volcanos, great changes in the relative level
of land and sea, in times comparatively modern,
so as to expose to view the effects of volcanic
operations at the bottom of the sea.

Thus, for example, the recent examination of
the igneous rocks of Sicily, especially those of the
Val di Noto, has proved that all the more ordinary
varieties of European trap have been there pro-
duced under the waters of the sea, at a modern
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period; that is to say, since the Mediterranean
has been inhabited by a great proportion of the
existing species of testacea.

These igneous rocks of the Val di Noto, and
the more ancient trappean rocks of Scotland and
other countries, differ from subaerial volcanic
formations in being more compact and heavy, and
in forming sometimes extensive sheets of matter
intercalated between marine strata, and sometimes
stratified conglomerates, of which the rounded peb-
bles are all trap. They differ also in the absence
of regular cones and craters, and in the want of
conformity of the lava to the lowest levels of exist-
ing valleys.

It is highly probable, however, that insular
cones did exist in some parts of the Val di Noto;
and that they were removed by the waves, in the
same manner as the cone of Graham Island, in
the Mediterranean, was swept away in 1831, and
that of Nyde, off Iceland, in 1783. All that would
remain in such cases, after the bed of the sea has
been upheaved and laid dry, would be dikes and
shapeless masses of igneous rock, cutting through
sheets of lava, which may have spread over the level
bottom of the sea, and strata of tuff, formed of
materials first scattered far and wide by the winds
and waves, and then deposited. Trap conglome-
rates also, to which the action of the waves must
give rise during the denudation of such volcanic
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islands, will emerge from the deep whenever the
bottom of the sea becomes land. *

The proportion of volcanic matter which is ori-
ginally submarine must always be very great, as
those volcanic vents which are not entirely beneath
the sea, are almost all of them in islands, or, if on
continents, near the shore. This may explain why
extended sheets of trap so often occur, instead of
narrow threads, like lava streams. For, a multi-
tude of causes tend, near the land, to reduce the
bottom of the sea to a nearly uniform level, — the
sediment of rivers,—materials transported by the
waves and currents of the sea from wasting cliffs,
— showers of sand and scoriae ejected by volcanos,
and scattered by the wind and waves. When,
therefore, lava is poured out on such a surface, it
will spread far and wide in every direction in a
liquid sheet, which may afterwards, when raised
up, form the tabular capping of the land.

As to the absence of porosity in the trappean
formations, the appearances are in a great degree
deceptive, for all amygdaloids are, as already ex-
plained, porous rocks, into the cells of which mi-
neral matter, such as silex, carbonate of lime, and
other ingredients, have been subsequently intro-
duced. (See p.156.)

In the little Cumbray, one of the Western

* See Pritic. of Geol., Indez, “ Graham Island,” “ Nyde,”
“ Conglomerates, volcanic,” &c.
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Islands, near Arran, the amygdaloid sometimes
contains elongated cavities filled with brown spar;
and when the nodules have been washed out, the
interior of the cavities is glazed with the vitreous

- varnish so characteristic of the pores of slaggy
lavas. Even in some parts of this rock which are
excluded from air and water, the cells are empty,
and seem to have always remained in this state,
and are therefore undistinguishable from some
modern lavas. *

Dr. MacCulloch, after examining with great at-
tention these and the other igneous rocks of Scot-
land, observes, ¢ that it is a mere dispute about
terms, to refuse to the ancient eruptions of trap
the name of submarine volcanos; for they are such
in every essential point, although they no longer
eject fire and smoke.”+ The same author also
considers it not improbable that some of the vol-
canic rocks of the same country may have been
poured out in the open air. }

Although the principal component minerals of
subaerial lavas are the same as those of intrusive
trap, and both the columnar and globular struc-
ture are common to both, there are, nevertheless,
some volcanic rocks which never occur as lava,
such as greenstone, clinkstone, the more crystal-
line porphyries, and all those traps in which

#* MacCulloch, West. Isl., vol. ii. p.487.
+ Syst. of Geol., vol.ii. p. 114. 1 Ibid.
K
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quartz and mica frequently appear as constituent
parts. In short the intrusive trap rocks, forming
the intermediate step between lava and the plu-
tonic rocks, depart in their characters from lava
in proportion as they approximate to granite.

These views respecting the relations of the vol-
canic and trap rocks will be better understood,
when the reader has studied, in the next chapter,
what is said of the plutonic formations.



195

CHAPTER IX.

PLUTONIC ROCKS — GRANITE,

General aspect of granite— Decomposing into spherical
masses — Rude columnar structure — Analogy and differ-
ence of volcanic and plutonic formations — Minerals in
granite, and their arrangement — Graphic and porphyritic
granite — Occasional minerals — Syenite — Syenitic, tal-
cose, and schorly granites — Eurite —Passage of granite
into trap — Examples near Christiania and in Aberdeen-
shire — Analogy in composition of trachyte and granite —
Granite veins in Glen Tilt, Cornwall, the Valorsine, and
other countries — Different composition of veins from
main body of granite-— Metalliferous veins in strata near
their junction with granite— Apparent isolation of nodules
of granite — Quartz veins — Whether plutonic rocks are
ever overlying — Their exposure at the surface due to
denudation.

THE plutonic rocks may be treated of next in
order, as they are most nearly allied to the vol-
canic class, already considered. I have described,
in the first chapter, these plutonic rocks as the
unstratified division of the crystalline or hypo-
gene formations, and have endeavoured to point
out in the Frontispiece, at D, the position which
they occupy, when first formed, relatively to the
volecanic formations, B.

By some writers, all the rocks now under con-
sideration have been comprehended under the

K 2
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name of granite, which is, then, understood to em-
brace a large family of crystalline and compound
rocks, usually found underlying all other form-
ations; whereas we have seen that trap very
commonly overlies strata of different ages. Gran-
ite often preserves a very uniform character
throughout a wide range of territory, forming
hills of a peculiar rounded form, usually clad with
a scanty vegetation. The surface of the rock is
for the most part in a crumbling state, and the
hills are often surmounted by piles of stones like
the remains of a stratified mass, as in the annexed

figure, and sometimes like heaps of boulders, for
) Fig. 105.

) Mauquram’k nearm Sham Tor, Cormwall.

which they have been mistaken. The exterior of
these stones, originally quadrangular, acquires a
rounded form by the action of air and water, for
the edges and angles waste away more rapidly than
the sides. A similar spherical structure has al-
ready been described as characteristic of basalt,
and other volcanic formations, and it must be
referred to analogous causes, as yet but imper-
fectly understood.
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Although it is the general peculiarity of granite
to assume no definite shapes, it is nevertheless
occasionally subdivided by fissures, so as to assume
a cuboidal, and even a columnar, structure. Ex-
amples of these appearances may be seen near the
Land’s End, in Cornwall, (see figure.) -

Fig. 106.

Granite having a cuboidal and rude col structure.
Land's End, Cornwall.

The plutonic formations also agree with the
volcanie, in having veins or ramifications proceed-
ing from central masses into the adjoining rocks,
and causing alterations in these last, which will
be Presently described, They also resemble trap

K3



198 MINERAL COMPOSITION [Part L

in containing no organic remains; but they differ in
being more uniform in texture, whole mountain
masses of indefinite extent appearing to have
originated under conditions precisely similar. But
they differ in never being scoriaceous or amyg-
daloidal, in never forming a porphyry with an
uncrystalline base, and never alternating with
tuffs. Nor do they form conglomerates, although
there is sometimes an insensible passage from a
fine to a coarse grained granite, and occasionally
patches of a fine texture are imbedded in a
coarser variety.

Felspar, quartz, and mica are usually con-
sidered as the minerals essential to granite, the
felspar being most abundant in quantity, and the
proportion of quartz exceeding that of mica.
These minerals are united in what is termed a
confused crystallization ; that is to say, there is no
regular arrangement of the crystals in granite, as
in gneiss (see Fig. 107.), except in the variety

Fig. 107.

Gneiss. (See description, p.221.)

termed graphie granite, which occurs mostly in

s
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granitic veins. This variety is a compound of fel-

spar and quartz, so arranged as to produce an

imperfect laminar structure. The crystals of felspar
Fig. 108, Fig. 109.

Graphic g.rauite.
Fig. 108. Section parallel to the laminz.
Fig. 109. Section transverse to the lamine.

appear to have been first formed, leaving between
them the space now occupied by the darker coloured
quartz. This mineral, when a section is made at
right angles to the alternate plates of felspar and
quartz, presents broken lines, which have been
compared to Hebrew characters.

Porphyritic granite. — This name has been
sometimes given to that variety in which large
crystals of felspar, sometimes more than an inch
in length, are scattered through an ordinary base
of granite. An example of this texture may be
seen in the granite of the Land’s End, in Corn-
wall. (Fig. 110.) The two larger prismatic crystals
in this drawing represent felspar, smaller crystals
of which are also seen, similar in form, scattered
through the base. In this base also appear black
specks of mica, the crystals of which have a more

K 4
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‘Fig. 110.

Porphyritic granite, Land’s End, Cornwall.

or less perfect hexagonal outline. The remainder
of the mass is quartz, the translucency of which is
strongly contrasted to the opaqueness of the white
felspar and black mica. But neither this trans-
parency of the quartz, nor the silvery lustre of the
mica, can be expressed in the engraving.

The uniform mineral character of large masses
of granite seems to indicate that large quantities
of the component elements were thoroughly mixed
up together, and then ecrystallized under precisely
similar conditions. There are, however, many
accidental, or ¢ occasional,” minerals, as they are
termed, which belong to granite. Among these
black schorl or tourmaline, actinolite, zircon, gar-
net, and fluor spar, are not uncommon ; but they
are too sparingly dispersed to modify the general
aspect of the rock. 'They show, nevertheless, that
the 1ngred1ents were not everywhere exactly the
same ; and a still greater variation may be traced
in the ever-varying Pl‘OPOl‘thIlS of the felspar,
quartz, and mica,
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Syenite. — When hornblende is the substitute
for mica, which is very commonly the case, the
rock becomes Syenite: so called from the cele-
brated ancient quarries of Syene in Egypt. It
has all the appearance of ordinary granite, except
when mineralogically examined in hand specimens,
and being fully entitled to rank as a geological
member of the same plutonic family as granite.
Syenite, however, after maintaining the granitic
character throughout extensive regions, is not
uncommonly found to lose its quartz, and to pass
insensibly into syenitic-greenstone, a rock of the
trap family. :

Syenitic-granite. — The quadruple compound of
quartz, felspar, mica, and hornblende, may be so
termed. This rock occurs in Scotland and in
Guernsey. _ ,

Talcose granite, or Protogine of the French, is

a mixture of felspar, quartz, and tale. It abounds
in the Alps, and in some parts of Cornwall, pro-
ducing by its decomposition the china clay, more
than 12,000 tons of which are annually exported
from that county for the potteries.*
. Schorl rock, and schorly granite.— The former
of these is an aggregate of schorl, or tourmaline,
and quartz. When felspar and mica are also
present, it may be called schorly granite. This
kind of granite is comparatively rare.

* Boase on Primary Geology, p. 16.
o . X 5
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Eurite.— A rock in which all the ingredients
of granite are blended into a finely granular mass.
Crystals of quartz and mica are sometimes scat-
tered through the base of Eurite.

Pegmatite. — A name given by French writers
to a variety of granite; a granular mixture of
quartz and felspar; frequent in granite veins;
passes into graphic granite.

All these granites pass into certain kinds of
trap, a circumstance which affords one of many
arguments in favour of what is now the prevailing
opinion, that the granites are also of igneous.
origin. The contrast of the most crystalline form
of granite, to that of the most common and earthy
trap, is undoubtedly great; but each member of
the volcanic class is capable of becoming por-
phyritic, and the base of the porphyry may be-
more and more crystalline, until the mass passes
to the kind of granite most nearly allied in mineral
composition.

The minerals which constitute alike the granitic
and volcanic rocks, consist, almost exclusively, of
seven elements, namely, silica, alumina, magnesia,
lime, soda, potash, and iron; and these may some-
times exist in about the same proportions in a
porous lava, a compact trap, or a crystalline
granite. It may perhaps be found, on farther
examination, for on this subject we have yet much
to learn, that the presence of these elements in
certain proportions is .more favourable than in
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others to their assuming a crystalline or true
granitic structure; but it is also ascertained by
experiment, that the same materials may, under
different circumstances, form very different rocks.
The same lava, for example, may be glassy, or
scoriaceous, or stony, or porphyritic, according to
the more or less rapid rate at which it cools ; and
some trachytes and syenitic-greenstones may
doubtless form granite and syenite, if the erys-
tallization take place slowly.

It would be easy to multiply examples and
authorities to prove the gradation of the granitic
into the trap rocks. On the western side of the
fiord of Christiania, in Norway, there is a large
district of trap, chiefly greenstone-porphyry, and
syenitic-greenstone, resting on fossiliferous strata.
. To this, on its southern limit, succeeds a region
equally extensive of syenite, the passage from the
volcanic to the plutonic rock being so gradual
that it is impossible to draw a line of demarcation
between them.

¢ The ordinary granite of Aberdeenshire,” says
Dr. MacCulloch, “ is the usual ternary compound
of quartz, felspar, and mica ; but sometimes horn-
blende is substituted for the mica. But in many
places a variety occurs which is composed simply
of felspar and hornblende ; and in examining more
minutely this duplicate compound, it is observed
in some places to assume a fine grain, and at

K 6
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length to become undistinguishable from the
greenstones of the trap family. It also passes in
the same uninterrupted manner into.a basalt, and
at length into a soft claystone, with a schistose
tendency on exposure, in no respect differing
from those of the trap islands of the western
coast.”* 'The same author mentions, that in
Shetland, a granite composed of hornblende, mica,
felspar, and quartz, graduates in an equally perfect
manner into basalt.t

In Hungary there are varieties of trachyte,
which, geologically speaking, are of modern origin,
in which crystals, not only of mica, but of quartz,
are common, together with felspar and hornblende.
It is easy to conceive how such volcanic masses
may, at a certain depth from the surface, pass
downwards into granite.

I have already hinted at the close analogy in
the forms of certain granitic and trappean veins ;
and it will be found that strata penetrated by
plutonic rocks have suffered changes very similar
to those exhibited near the contact of volcanic
dikes. Thus, in Glen Tilt, in Scotland, alter-
nating strata of limestone and argillaceous schist
come in contact with a mass of granite. The
contact does not take place as might have been
looked for, if the granite had been formed there

~ * Syst. of Geol,, vol.i. p. 157, 1 Ibid,, p.158.
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before the strata were deposited, in which case
the section would have appeared as in Fig. 111.;
but the union is as represented in Fig. 112., the

AY
)l/\/\
-\ /
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//""\I‘
NN MY

Junction of grasite and argillaceous schist in Glen
Tilt. (MacCulloch.)*

undulating outline of the granite intersecting dif-
ferent strata, and occasionally intruding itself in
tortuous veins into the beds of clay-slate and
limestone, from which it differs so remarkably
in composition. The limestone *is sometimes
changed in character by the proximity of the
granitic mass or its veins, and acquires a more
compact texture, like that of hornstone or chert,
with a splintery fracture, effervescing feebly with
acids.

The annexed diagram (Fig. 113.) represents
another junction, in the same district, where the
granite sends forth so many veins as to reticulate
the limestone and schist, the veins diminishing
towards their termination to the thickness of a

* Geol. Trans,, First Series, vol. iii. pL 21
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leaf of paper or a thread. In some places frag-
ments of granite appear entangled, as it were, in
the limestone, and are not visibly connected with
any larger mass; while sometimes, on the other
hand, a lump of the limestone is found in the
midst of the granite. The ordinary colour of

Junction of granite and limestone in Glen Tilt.
a. Granite. 6. Limestone.
c. Blue argillaceous schist.
the limestone of Glen Tilt is lead blue, and its
texture large-grained and highly crystalline; but
where it approximates to the granite, particularly
where it is penetrated by the smaller veins, the
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crystalline texture disappears, and ‘it assumes an
appearance exactly resembling that of hornstone.
The associated argillaceous schist often passes
into hornblende slate, where it approaches very
near to the granite.*

The conversion of the limestone in these and
many other instances into a siliceous rock, effer-
vescing slowly with acids, would be difficult of
explanation, were it not ascertained that such
limestones are always impure, containing grains
of quartz, mica, or felspar disseminated through
them. The elements of these minerals, when the
rock has been subjected to great heat, may have
been fused, and so spread more uniformly through
the whole mass.

In the plutonic, as in the volcanic rocks, there
is every gradation from a tortuous vein to the
most regular form of a dike, such as intersect the
tuffs and lavas of Vesuvius and Etna. Dikes of
granite may be seen, among other places, on the
southern flank of Mount Battock, one of the
Grampians, the opposite walls sometimes pre-
serving an exact parallelism for a considerable
distance.

As a general rule, however, granite veins in
‘all quarters of the globe are more sinuous in
their course than those of trap. They present

* MacCulloch, Geol. Trans., vol. iii. p. 259,
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Fis 114. - similar shapes at the most
' / northern point of Scotland,
' and the southernmost ex-
tremlty of Africa, as the an-
% nexed drawings will show.
It is not uncommon for
.one set of granite veins
to intersect another; and
: ) ‘someumes there are three
‘l"“r“f:‘:‘- ‘sets, as in the environs
Granite veins traversing clay slate, of Heidelberg, where the
Table Mountain, Cape of G
Hope.® granlte on the banks of
the river Necker is seen to consist of three
varieties, differing in colour, grain, and various
peculiarities of mineral composition. One of
these, which is evidently the second in age, is
seen to cut through an older granite ; and another,
still newer, traverses both the second and the
first.
in Shetland there are two kinds of granite.
One of them, composed of hornblende, mica, fel-
spar, and quartz, is of a dark colour, and is seen
underlying gneiss. The other is a red granite,
which penetrates the dark variety everywhere in
veins.+
The accompanying sketches will explain the

* Capt. B. Hall, Trans. Roy. Soc. Edin., vol. vii.
+ MacCulloch, Syst. of Geol., vol._ i p-58.
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manner in which granite veins often ramify and
cut each other.- (Figs. 115. and 116.) They re-

Fig. 115.

Granite veing traversing gneiss, Cape Wrath, (MacCulloch.) *

present the manner in which the gneiss at Cape
Wrath, in Sutherlandshire, is intersected by veins.
‘Their light colour, strongly contrasted with that
of the hornblende-schist, here associated with the
gneiss, renders them very conspicuous.

- Granite veins traversing gneiss at Cape Wrath, in Scotland. (MacCulloch.)

Granite very generally assumes a finer grain,
and undergoes a change in mineral composition,

* Western Islands, pl. 31,
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in the veins which it sends into contiguous rocks.
Thus, according to Professor Sedgwick, the main
body of the Cornish granite is an aggregate of
mica, quartz, and felspar ; but the veins are some-
times without mica, being a granular aggregate of
quartz and felspar. In other varieties quartz pre-
vails to the almost entire exclusion both of felspar
and mica; in others, the mica and quartz both
disappear, and the vein is simply composed of
white granular felspar. *

Fig. 117.

Granite veins passing through hornblende slate, Carnsitver Cove, Cornwall.

Fig. 117. is a sketch of a group of granite veins
in Cornwall, given by Messrs. Von Oeynhausen
and Von Dechen. + The main body of the granite
here is of a porphyritic appearance, with large

* On Geol. of Cornwall, Trans. of Cambridge Soc., vol. i.
p- 124,

+ Phil. Mag., and Annals, No. 27. New Series, March,
1829.
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crystals of felspar; but in the veins it is fine-
grained, and without these large crystals. The
general height of the veins is from sixteen to
twenty feet, but some are much higher.

In the Valorsine, a valley not far from Mont
Blanc, in Switzerland, an ordinary granite, con-
sisting of felspar, quartz, and mica, sends forth
veins into a-talcose gneiss (or stratified protogine),
and in some places lateral ramifications are thrown
off from the principal veins at right angles (see
Fig. 118.) the veins, especially the minuter ones,
being finer grained than the granite in mass.

It is here remarked, that the schist and granite,
as they approach, seem to exercise a reciprocal
influence on each other, for both undergo a modi-
fication of mineral character. The granite, still
remaining unstratified, becomes charged with green
particles; and the talcose gneiss assumes a grani-
tiform structure, without losing its stratification. *

#* Necker, sur la Val. de Valoréine, Mém. de la Soc. de

Phys. de Généve, 1828, — I visited, in 1832, the spot referred
to in Fig. 118,
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Professor Keilhau drew. my attention to several
localities in the country near Christiania, where
the mineral character of gneiss appears to have
been affected by a granite of much newer origin,
for some distance from the point of contact.
The gneiss, without losing its laminated structure,
seems to have become charged with a larger quan-
tity of felspar, and that of a redder colour, than
the felspar usually belonging to the gneiss of Nor-
way. :
_ Granite, syenite, and those porphyrles which
have a granitiform structure, in short all plutonic
rocks, are frequently observed to contain metals, at
or near their junction with stratified formations.
On the other hand, the veins which traverse stra-
tified rocks are, as a general law, more metalli-
ferous near such junctions than in other positions.
Hence it has been inferred that these metals may
have been spread in a gaseous form through the
fused mass, and that the contact of another rock,
in a different state of temperature, or sometimes
the existence of rents in other rocks in the vicinity,
may have caused the sublimation of the metals. *

‘There are many instances, as at Markerud, near
Christiania, in Norway, where the strike of the
beds has not been deranged throughout a large
area by the intrusion of granite, both in large
masses and in veins. This fact is considered by

* Necker, Proceeaings of Geol. Soc., No. 26. p.892.
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some geologists to militate against the theory of
the forcible injection of granite in a fluid state.
But it may be stated in reply, that ramifying
dikes of trap, which almost all now admit to have
been once fluid, pass through the same fossilife-
rous strata, near Christiania, without deranging
their strike or dip. *

The real or apparent isolation of large or small
masses of granite detached from the mainbody, asat
ab, Fig.119., and above, Fig.113., and 4, Fig.118.,

General view of Junction of granite and schist of the Valorsine.
(L. A. Necker.)

has been thought by some writers to be irrecon-
cilable with the doctrine usually taught respect-
ing veins; but many of them may, in fact, be
sections of root-shaped prolongations of granite;
while, in other cases, they may in reality be de-
tached portions of rock having the plutonic struc-
ture. For there may have been spots in the midst
of the invaded strata, in which there was an as-
semblage of materials more fusible than the rest,

* See Keilhau’s Geea Norvegica ; Christiania, 1838.
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or more fitted to combine readily into some form
of granite.

Veins of pure quartz are often found in granite,
as in many stratified rocks, but they are not trace-
able, like veins of granite or trap, to large bodies
.of rock of similar composition. They appear to
have been cracks, into which siliceous matter was
infiltered. Such segregation, as it is called, can
sometimes be shown to have clearly taken place
long subsequently to the original consolidation of
the containing rock. Thus, for example, in the
gneiss of Tronstad Strand, near Drammen, in
Norway, the annexed section is seen on the beach.

Fig. 120.

greenstone
gneiss. dike. ) gneiss.

a.b. Quartz vein passing through gneiss and greenstone,
Tronstad Strand, near Christiania.

It appears that the alternating strata of whitish
granitiform gneiss, and black hornblende-schist,
were first cut through by a greenstone dike, about
24 feet wide; then the crack a b passed through
all these rocks, and was filled up with quartz.
The opposite walls of the vein are in some parts
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incrusted with transparent crystals of quartz, the
middle of the vein being filled up with common
opaque white quartz.

We have seen that the volcanic formations have
been called overlying, because they not only pene-
trate others, but spread over them. Mr. Necker
has proposed to call the granites the underlying
igneous rocks, and the distinction here indicated
is highly characteristic. It was indeed supposed
by Von Buch, at the commencement of his geolo-
gical career, that the granite of Christiania, in
Norway, was sometimes intercalated in mountain
masses between the transition strata of that coun-
try, overlying fossiliferous shale and limestone.
But although the granite sends veins into these
fossiliferous rocks, and is decidedly posterior in
origin, the opinion expressed of its actual super-
position in mass has been disproved by Professor
Keilhau, some of whose observations respecting
localities referred to by Von Buch, I have lately
had opportunities of verifying. There are, how-
ever, on a smaller scale, certain beds of euritic
porphyry, some a few feet, others many yards in
thickness, which pass into granite, and deserve
perhaps to be classed as plutonic rather than
trappean rocks, which may truly be described as
interposed conformably between fossiliferous strata,
as the porphyries (a ¢, Fig. 121.), which divide the
bituminous shales and argillaceous limestones, £

-
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Euritic porphyry alternating with fossiliferous transition strata,
near Christiania.

But some of these same porphyries are partially
unconformable, as b, and may lead us to suspect
that the others also, notwithstanding their appear-
ance of interstratification, have been forcibly in-
jected. Some of the porphyritic rocks above
mentioned are highly quartzose, others very fels-
pathic. In proportion as the masses are more
voluminous, they become more granitic in their
texture, less conformable, and even begin to send
forth veins into contiguous strata. In a word, we
have here a beautiful illustration of the interme-
diate gradations between volcanic and plutonic
rocks, not only in their mineralogical composition
and structure, but also in their relations of posi-
tion to associated formations. If the term over-
lying can in this instance be applied to a plutonic
rock, it is only in proportion as that rock begins
to acquire a trappean aspect.

It has been already hinted that the heat, which
in every active volcano extends downwards to in-
definite depths, must produce simultaneously very
different effects near the surface, and far below it;
and we cannot suppose that rocks resulting from
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the crystallizing of fused matter under a pressure
of several miles of the earth’s crust can resemble
those formed at or near the surface. . Hence the
production at great depths of a class of rocks ana-
logous to the volcanic, and yet differing in many
particulars, might almost have been predicted,
even had we no plutonic formations to account
for. How well these agree, both in their positive
and negative characters with the theory of their
deep subterranean origin, the student will be able
to judge by considering the descriptions already
given.

It has, however, been objected, that if the gra-
nitic and volcanic rocks were simply different
parts of one great series, we ought to find in
mountain chains volcanic dikes passing upwards
into lava, and downwards into granite. But we
may answer, that our vertical sections are usually
of small extent; and if we find in certain places
a transition from trap to porous lava, and in others
a passage from granite to trap, it is as much as
could be expected of this evidence.

The prodigious extent of denudation which has
been already demonstrated to have occurred at
former periods, will reconcile the student to the
belief, that crystalline rocks of high antiquity, al-
though deep in the earth’s crust when originally
formed, may have become uncovered and exposed -
at the surface. Their actual elevation above the

L
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sea may be referred to the same causes to which
we have attributed the upheaval of marine strata,
even to the summits of some mountain chains.
But to these and other topics, I shall revert when
speaking, in the second part, of the relative ages
of different masses of granite.
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CHAPTER X.
METAMORPHIC ROCKS.

General character of metamorphic rocks — Gneiss — Horn-
blende-schist — Mica-schist — Clay-slate — Quartzite —
Chlorite-schist — Metamorphic limestone — Alphabetical
list and explanation of other rocks of this family — Origin
of the metamorphic strata— Their stratification is real
and distinct from cleavage — On joints and slaty cleavage
— Supposed causes of these structures — how far con-
nected with crystalline action.

We have now considered three distinct classes of
rocks : first, the aqueous, or fossiliferous ; secondly,
the volcanic ; and, thirdly, the plutonic, or gra-
nitic; and we have now lastly to examine those
crystalline strata to which the name of metamor-
phic has been assigned. The last-mentioned
term expresses, as before explained, a theoretical
opinion that such strata, after having been de-
posited from water, acquired by the influence of
heat and other causes a highly crystalline tex-
ture.

These rocks, when in their most characteristic
or normal state, are wholly devoid of organic re-
mains, and contain no distinct fragments of other
rocks whether rounded or angular. They some-
times break out in the central parts of narrow

L2
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mountain chains, but in other cases extend over
areas of vast dimensions, occupying, for example,
nearly the whole of Norway and Sweden, where,
as in Brazil, they appear alike in the lower and
higher grounds. In Great Britain those mem-
bers of the series which approach most nearly to
granite in their composition, as gneiss, mica-
schist and hornblende-schist, are confined to the
country north of the rivers Forth and Clyde.
Many attempts have been made to trace a
general order of succession or superposition in
the members of this family; gneiss, for example,
having been often supposed to hold invariably a
lower geological position than mica-schist. But
although such an order may prevail throughout
limited districts, it is by no means universal, nor
even general throughout the globe. To this sub-
ject, however, we shall again revert in the second
part of this volume, when the chronological re-
lations of the metamorphic rocks are pointed out.
The following may be enumerated as the prin-
cipal members of- the metamorphic class, gneiss,
mica-schist, hornblende-schist, clay-slate, chlorite-
schist, hypogene or metamorphic limestone, and
certain kinds of quartz rock or quartzite.
Greiss,— The first of these, gneiss, may be
called stratified granite, being formed of the
same materials as granite, namely felspar, quartz,
and mica. In the specimen here figured, the
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Fig.'lQZ.

Fragment of gneiss, natural size, section at right angles to planes

of stratification. .
white layers consist almost exclusively of granular
felspar, with here and there ‘a speck of mica and
grain of quartz. The dark layers are composed
of grey quartz and black mica, with occasionally
a grain of felspar intermixed. The rock splits
most easily in the plane of these darker layers,
and the surface thus exposed is almost entirely
covered with shining spangles of mica. The ac-
companying quartz however greatly predominates
in quantity, but the most ready cleavage is de-
termined by the abundance of mlca in certaln
parts of the dark layer.

‘Instead of these thin laminse gneiss is some-
times -simply  divided into thick beds, in which
the mica has only a slight degree of parallehsm
to the planes of stratification.

The term ¢ gneiss,” however, in geology is
commonly used in a wider sense to designate a
formation in which the above mentioned rock
prevails, but with which any one of the other

L3 '



299 HORNBLENDE-SCHIST. — MICA-SCHIST. [Part I.

métamorphic rocks, and more especially horn-
blende-schist, may alternate. These other mem-
bers of the metamorphic series are, in this case,
considered as subordinate to the true gneiss. In
some rare instances fragments of pre-existing
rocks may be detected in gneiss.

The different varieties of rock allied to gneiss,
into which felspar enters as an essential ingre-
dient, will be understood by referring to what was
said of granite. Thus, for example, hornblende
may be superadded to mica, quartz, and felspar,
forming a syenitic gneiss; or talc may be sub-
stituted for miea, constituting talcose gneiss, a
rock composed of felspar, quartz, and tale, in
distinct crystals or grains (stratified protogine of
the French).

Hornblende-schist is usually black, and composed
principally of hornblende, with a variable quan-
tity of felspar, and sometimes grains of quartz.
When the hornblende and felspar are nearly in
equal quantities, and the rock is not slaty, it cor-
responds in character with the greenstones of the
trap family, and has been called ¢ primitive green-
stone.” Some of these hornblendic masses may
really have been volcanic rocks, which have since
assumed a more crystalline or metamorphic tex-
ture.

Mica-schist, or micaceous schist, is, next to gneiss,
one of the most abundant rocks of the metamor-
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phic series. It is slaty, essentially composed of
mica and quartz, the mica sometimes appearing
to constitute the whole mass. Beds of pure
quartz also occur in this formation. In some dis-
tricts garnets in regular twelve-sided crystals form
an integrant part of mica-schist. This rock passes
by insensible gradations into clay-slate.

Clay-slate, or Argillaceous schist. — This rock re-
sembles an indurated clay or shale, is for the most
part extremely fissile, often affording good roofing
slate. It may consist of the ingredients of gneiss,
or of an extremely fine mixture of mica and
quartz, or talc and quartz. Occasionally it de-
rives a shining and silky lustre from the minute
particles of mica or talec which it contains. Tt
varies from greenish or bluish-grey to a lead
colour. It may be said of this, more than of any
other schist, that it is common to the metamorphic
and fossiliferous series, for some clay-slates taken
from each division would not be distinguishable
by mineralogical characters.

Quartzite, or Quartz rock, is an aggregate of
grains of quartz, which are either in minute crys-
tals, or in many cases slightly rounded, occurring
in regular strata associated with gneiss or other
metamorphic rocks. Compact quartz, like that
so frequently found in veins is also found together
with granular quartzite. Both of these alternate

L4
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‘with gneiss or mica-schist, or pass into those rocks
by the addition of mica, or of felspar and mica. -
=~ Chlorite-schist is a green slaty rock in which
chlorite is abundant in foliated plates, usually
blended with minute grains of quartz, or some=
times with felspar or mica. * Often associated with,
and graduating into, gneiss and clay-slate.
Hypogene or metamorphic limestone. — This rock,
commonly called primary limestone, is sometimes
a thick bedded white crystalline granular marble
used in sculpture ; but more frequently it occurs
in thin beds, forming a foliated schist much re-
sembling in colour and appearance certain varie-
ties of gneiss and mica-schist. - It alternates with
both these rocks, and in' like manner with argil-
laceous schist. It then usually contains some
crystals of mica, and occasionally quartz, felspar,
hornblende, and tale. This member of the meta-
morphic series enters sparingly into the structure
of the hypogene districts of Norway, Swéden, and
Scotland, but is largely developed in the Alps. -
Before offering any further observations on the
probable origin of the metamorphic rocks, I sub-
join in the form of a glossary, a brief explanation
of some of the principal varieties and their syno-
nymes. - ‘ e S

AcTiNoLiTE-scuisT. A slaty foliated rock, composed chieﬂy'of
actinolite, (an emerald-green mineral, allied to hornblende,)
with some admixture of felspar, or quartz, or miea.
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Aumreure.  Aluminous slate (Bronguiart) ; occurs both in the
metamorphic and fossiliferous series.

Awmenieonire.  Hornblende rock, which see.

ARGILLACEOUS-SCHIST, OF CLAY-SLATE. See p. 223,

CaiasroLitr-state scarcely differs from clay-slate, but includes
numerous crystals of Chiastolite; in considerable thickness
in Cumberland. Chiastolite occurs in long slender rhom-
boidal crystals. For composition, see Table, p. 166.

CaroriTE-scHisT- A green slaty rock, in which chlorite, a green
scaly mineral, is abundant.  See p. 224.

CLAY-SLATE, Or ARGILLACEOUS-SCRIST. See p. 223.

Evurirz and Evritic Poreuyry. A base of compact felspar, with
grains of laminar felspar, and often mica and other minerals
disseminated (Brongniart). M. D'Aubuisson regards eurite
as an extremely fine grained granite, in which felspar pre-
dominpates, the whole forming an apparently homogeneous
rock. Eurite has been already mentioned as a plutonic rock,
but occurs also in beds subordinate to gneiss or mica-slate.

Grmiss. A stratified or laminated rock, same composition as
granite.  See p. 220.

HornsLenoe Rock, or Auenisorrrx.  The same composition as
hornblende schist, stratified, but not fissile. See p. 163.
HORNBLENDE-SCHIST, or SLATE. Composed chiefly of hornblende,
with occasionally some felspar. See p. 222.

HornsLenpic or Syxnrric Grriss. Composed of felspar, quartz,
and hornblende.

HyrocxNe Limzstoxe. See p. 224.

MareLe. See p. 224.

Mica-scuist, or Micacxous-scaist. A slaty rock, composed of
. mica and quartz in variable proportions. See p. 222.

Mica-suaTe.  See Mica-scHisT, p. 222.

Puyrrape. D’Aubuisson’s term for clay-slate, from ¢vAAas, a
heap of leaves. ) .
Primany Limestons. See Hyroaxnx LiMesToNE, p. 224,

LS
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Prorocive. See Tavrcosz-anxiss, p. 222.: when unstratified it is
Talcose-granite.

Quarrz Rock, or Quartzire. A stratified rock; an aggregate
of grains of quartz. See p. 228.

SzreENTINE occurs in both divisions of the hypogene series, as
a stratified or unstratified rock; contains much magnesia;
is' chiefly composed of the mineral called serpentine, mixed
with diallage, tale, and steatite. The pure varieties of this
rock, called noble serpentine, consist of a hydrated silicate
of magnesia, generally of a greenish colour; this base is
commonly mixed with oxide of iron,

TaLcosE-GNRIsSs. Same composition as talcose granite or pro-
togine, but either stratified or laminated.

TavLcose-scuist consists chiefly of talc, or of talc and quartz,
or of talc and felspar, and has a texture something like that
of clay-slate.

‘WarrestoNe. Same as Eurite.

Origin of the Metamorphic Strata.

Having said thus much of the mineral com-
position of the metamorphic rocks, I may combine
what remains to be said of their structure and
history, with an account of the opinions enter-
tained of their probable origin. At the same
time it may be well to forewarn the reader that
we are here entering upon ground of controversy,
and soon reach the limits where positive induction
ends, and beyond which we can only indulge in
speculations. It was once a favourite doctrine, and
is still maintained by many, that these rocks owe
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their crystalline texture, their want of all signs of
a mechanical origin, or of fossil contents, to a
peculiar and nascent condition of the planet at
the period of their formation. The arguments
in refutation of this hypothesis will be more fully
considered when I show, in the second part of
this volume, to how many different ages the
metamorphic formations are referable, and how
gneiss, mica-schist, clay-slate, and hypogene lime-
stone (that of Carrara for example), have been
formed, not only since the first introduction of
organic beings into this planet, but even long
after many distinct races of plants and animals
had passed away in succession.

The doctrine respecting the crystalline strata,
implied in the name metamorphic, may properly
be treated of in this place; and we must first in-
quire whether these rocks are really entitled to
be called stratified in the strict sense of having
been originally deposited as sediment from water.
The general adoption by geologists of the term
stratified, as applied to these rocks, sufficiently
attests their division into beds very analogous, at
least in form, to ordinary fossiliferous strata. This
resemblance is by no means confined to the exist-
ence in both of an occasional slaty structure, but
extends to every kind of arrangement which is
compatible with the absence of fossils, and of sand,
pebbles, ripple mark, and other characters which
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the metamorphic theory supposes to have been
obliterated by plutonic action. Thus, for ex-
ample, we behold alike in the crystalline and fos-
siliferous formations an alternation of beds varying
greatly in composition, colour, and thickness. We
observe, for instance, gneiss alternating with lay-
ers of black hornblende-schist, or with granular
quartz, or limestone; and the interchange of these
different strata may be repeated for an indefinite
number of times. In the like manner, mica-
schist alternates with chlorite-schist, and with
granular limestone in thin layers.

As in fossiliferous formations strata of pure
siliceous sand alternate with micaceous sand and
with layers of clay, so in the crystalline or meta-
morphic rocks we have beds of pure quartzite alter-
nating with mica-schist and clay-slate. "As in the
secondary and tertiary series we meet with lime-
stone alternating again and again with micaceous
or argillaceous sand, so we find in the hypogene;
gneiss and mica-schist alternating with pure and
impure granular limestones.

It bhas also been shown that the. npple mark is
very commonly repeated throughout a considerable
thickness of fossiliferous strata, so in mica-schist
and.gneiss, there is sometimes an undulation of
the lamine on a minute scale, which inay, per-
haps, be a modification of similar inequalities in
the original deposit.
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In the crystalline formations also, as in many
of the sedimentary before described, single strata
are sometimes made up of laming placed diago--
nally, such laminee not being regularly para]lel to-
the planes of cleavage. -

- This disposition of the layers is illustrated in
the accompanymg diagram, in which I have re-

- Fig. 128.

Lamination of clay-slate, Montagne de Seguinat, near Gavarnie,
én the Pyrenees.

presented carefully the stratification of a coarse
argillaceous " schist, which I examined in the
Pyrenees, part of which approaches in character
to a green and blue roofing slate, while part is
extremely quartzose, the whole mass passing down-
wards into micaceous schist. The vertical section
here exhibited is about three feet in height, and
the layers are sometimes so thin that fifty may be
counted in the thickness ‘of an inch. - Some of
them consist of pure quartz. - g
The inference drawn from the phenomena
above described, in favour of the aqueous origin
of clay-slate and other crystalline strata, is greatly
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strengthened by the fact that many of these me-
tamorphic rocks occasionally alternate with, and
sometimes pass, by intermediate gradations, into
rocks of a decidedly mechanical origin, and ex~
hibiting traces of organic remains. The fossil-
iferous formations, moreover, into which this pas-
sage is effected, are by no means invariably of the
same age nor of the highest antiquity, as will be

afterwards explained. (See Part IL.)
Stratification of the metamorphic rocks distinct
from cleavage. — The beds into which gneiss, mica-
schist, and hypogene limestone divide, exhibit
most commonly, like ordinary strata, a want of
perfect geometrical parallelism. For this reason,
therefore, in addition to the alternate recurrence
of layers of distinct materials, the stratified ar-
rangement of the crystalline rocks cannot be ex-
plained away by supposing it to be simply a
divisional structure like that to which we owe
some of the slates used for writing and roofing.
Slaty cleavage as it has been called, has in many
cases been produced by the regular deposition of
thin plates of fine sediment one upon another,
but there are many instances where it is decidedly
unconnected with such a mode of origin, and
where it is not even confined to the aqueous form-
ations. Some kinds of trap, for example, as clink-
stone, split into laminee, and are used for roofing.
. There are, says Professor Sedgwick, three dis-
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tinct forms of structure exhibited in certain rocks
throughout large districts : viz. — First, stratifica~
tion ; secondly, joints; and thirdly, slaty cleavage ;
the two last having no connection with true bed-
ding, and having been superinduced by causes
absolutely independent of gravitation. All these
different structures must have different names, even
though there be some cases where it is impossible,
after carefully studying the appearances, to decide
upon the class to which they belong. *

Joints.— Now in regard to the second of these
forms of structure or joints, they are natural
fissures which often traverse rocks in straight and
well determined lines. They afford to the quarry-
man, as Mr. Murchison observes, when speaking
of the phenomena, as exhibited in Shropshire and
the neighbouring counties, the greatest aid in the
extraction of blocks of stone, and, if a sufficient
number cross each other, the whole mass of rock
is split into symmetrical blocks.+ The faces of
the joints are for the most part smoother and
more regular than the surfaces of true strata.
The joints are straight-cut chinks, often slightly
‘open, often passing, not only through layers of
successive deposition, but also through balls of
limestone or other matter which have been formed

* Geol. Trans., Second Series, vol. iii. p. 480.
+ The Silurian System of Rocks, as developed in Salop,
Hereford, &c., p. 245. '
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by concretionary action, since the original accu-
mulation of the strata. Such joints, theérefore,
must often have resulted - from one of the- last
~ changes superinduced upon sedimentary deposits.*
In the annexed diagram the flat surfaces of
rock A, B, C, represent’exposed faces of joints, to
which the walls of other joints, J J, are parallel.
S S are the lines of stratification ; ‘C C are lines
of slaty cleavage, which intersect the rock at a con-
siderable angle to the planes of stratlhcatlon
Fig. 124.

Stratification, joints, and cleavage.

Joints according to Professor Sedgwick are dis-
tinguishable from lines of slaty cleavage in this,
that the rock intervening between two joints has
no tendency to cleave in a direction parallel to
the planes of the joints, whereas a rock is capable’
of indefinite subdivision in the direction of its
slaty cleavage. In some cases where the strata
are curved, the planes of cleavage are still per-

* The Silurian System of Rocks, as developed in Salop,
Hereford, &c., p. 246,
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fectly parallel. This has been observed in the
slate rocks of part of Wales. '(See Fig. 125.) which
: " Fig. 125. '

consist of a hard greenish slate. The true bed-
ding is there indicated by a number of parallel
stripes, some of a lighter and some of a darker
colour than the general mass. Such stripes are
found to be parallel to the true planes of stratifica-
tion, wherever these are manifested by ripplemark,
or by beds containing peculiar organic remains.
Some of the contorted strata are of a coarse me-
chanical structure, alternating with fine-grained
crystalline chloritic slates, in which case the same
slaty cleavage extends through the coarser and
finer beds, though it is brought out in greater
perfection in proportion as the materials of the
rock are fine and homogeneous. It is only when
these are very coarse that the cleavage planes
entirely vanish. These planes are usually inclined
at a very considerable angle to the planes of the
strata.  In the Welsh chains, for example, the aver-
age angle is as much as from 30° to 40° - Some-
times the cleavage planes dip towards the same
point of the compass as those of stratification, but
more frequently to opposite points. It may be
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stated as a general rule, that when beds of coarser
materials alternate with those composed of finer
particles, the slaty cleavage is either entirely con-
fined to the fine-grained rock, or is very imper-
fectly exhibited in that of coarser texture. This
rule holds, whether the cleavage is parallel to the
planes of stratification or not. '

" In the Swiss and Savoy Alps, as Mr. Bakewell
has remarked, enormous masses of limestone are
cut through so regularly by nearly vertical part-
ings, and these are often so much more conspi-
cuous than the seams of stratification, that an
unexperienced observer will almost inevitably
confound them, and suppose the strata to be per-
pendicular in places where in fact they are almost
horizontal. *

Now these joints are supposed to be analogous
to those partings which have been already ob-
served to separate volcanic and plutonic rocks
into cuboidal and prismatic masses. On a small
scale we see clay and starch when dry split into
similar shapes, which is often caused by simple
c¢ontraction, whether the shrinking be due to the
evaporation of water, or to a change of tempera-
ture. It is well known that many sandstones
and other rocks expand by the application of mo-
derate degrees of heat, and then contract again

# Introduction to Geology, chap. iv.
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on cooling; and there can be no doubt that large
portions of the earth’s crust have, in the course of
past ages, been subjected again and again to very
different degrees of heat and cold. These alter-
nations of temperature have probably contributed
largely to the production of joints in rocks.

In some countries, as in Saxony, where masses
of basalt rest on sandstone, the aqueous rock has
for the distance of several feet from the point of
junction assumed a colummar structure similar
to that of the trap. In like manner some hearth-
stones, after exposure to the heat of a furnace
without being melted, have become prismatic.
Certain crystals also acquire by the application of
heat a new internal arrangement, so as to break
in a new direction, their external form remaining
unaltered.

Scoresby, when speaking of the icebergs of Spitz-
bergen, states that ¢ they are full of rents, extend-
ing perpendicularly downwards, and dividing them
. into innumerable columns.” Colonel Jackson, who
has lately investigated this subject more atten-
tively, found that the ice on the Neva, at St. Peters-
burg, at the beginning of a thaw, when two feet
in thickness, is traversed by rows of very minute
air-bubbles extending in straight lines, sometimes
a little inflected, from the upper surface of the ice
towards the lower, within from two to five inches
of which they terminate. ¢ Other blocks pre-
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sented these bubbles united, so as to form cylin-
drical canals, a little thickér than ‘a horsehair.
Observing still further,” he says, *I found blocks
in which the process was more advanced, and two,
three, or more clefts, struck off in different direc-
tions from the vertical veins, so that a section per-
pendicular to the vein would represent in miniature
the star-formed cracks of timber. Finally, in some
pieces, these cracks united from top to bottom of
the veins, separating the whole mass into vertical
prisms, having a greater or less number of sides.
In this state a slight shock was sufficient to detach
them; and the block with its scattered fragments
was in all respects the exact miniature resemblance,
in crystal, of a Giant’s Causeway. The surface
was like a tessellated pavement, and the columns
rose close, adhering and parallel, from the com~
pact mass of a few inches at the under surface.
More or less time is required for the process,
which I have since seen in all its different stages.” *
- Here again we find the columnar or jointed
structure in a solid mass, which had been sub-
jected to great changes of temperature.

It seems, therefore, that the fissures called joints
may have been the result of different causes, as of
some modification of crystalline action, or simple
contraction during consolidation, or ' during a

# Journ. of Roy. Geograph. Soc., vol.v. p. 19.
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change of temperature. And there are cases
where joints may have been due to mechanical
violence, and the strain exerted on strata during
their _upheaval, or when they have sunk ‘down
below their former level. Professor Phillips
has suggested that the previous existence of divi-
sional planes may often bave determined, and
must greatly have modified, the lines and points
of fracture caused in rocks by those forces to which
they owe their elevation or dislocations.. These
lines and points being those of least resistance,
cannot fail to have influenced the direction in
which the solid mass would give way on the ap-
plication of external force. -

It has been observed by Mr. Murchison, that
in referring both joints and slaty cleavage to crys-
talline action, we are borne out by a well-known
analogy in which crystallization has in like man-
ner given rise to two distinct kinds of structure in
the same body. Thus for example, in a six-sided
prism of quartz, the planes of cleavage are dis-
tinct from those of the prism. It is impossible to
cleave the crystals parallel to the plane of the
prism, just as slaty rocks cannot be cleaved pa-
rallel to the joints, but the quartz crystal, like
the older schists, may be cleaved ad infinitum in
the direction of the cleavage planes.*

* Surias System of Rocks, &c., p. 246.
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I have already stated that extremely fine slates,
like thoee of the Niesen, near the Lake of Thun,
in Switzerland, are perfectly parallel to the planes
of stratification, and are, therefore, probably due
to successive aqueous deposition. Even when the
slates are oblique to the general planes of the
strata, it by no means follows as a matter of course,
that they have been caused by crystalline action,
for they may be the result of that diagonal lami-
nation which I have before described (p. 38.).
In this case, however, there is usually much irre-
gularity, whereas those cleavage planes oblique to
the true stratification, which are referred to a crys-
talline action, are often perfectly symmetrical, and
observe a strict geometrical parallelism, even when
the strata are contorted, as already described
(p. 233.).

In regard to the origin of slaty cleavage, where
it is unconnected with sedimentary deposition,
Professor Sedgwick is of opinion that no retreat
of parts, no contraction in dimensions, in passing
to a solid state, can account for the phenomenon.
It must be referred to crystalline or polar forces
acting simultaneously and somewhat uniformly, in
given directions, on large masses having a homo-
geneous composition.

A fact recorded by Mr. Darwin affords con-
firmation to this theory. The ore of the gold
mines of Yaquil, in Chili, is ground in a mill into
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an impalpable powder. After this powder has
been washed, and nearly all the metal separated,
the mud which passes from the mills is collected
into pools, where it subsides, and is cleared out
and thrown into a common heap. A great deal
of chemical action then commences, salts of va-
rious kinds effloresce on the surface, and the mass
becomes hard, and divides into concretionary frag-
ments. These fragments were observed to possess
an even and well defined slaty structure; but the
laminae were not inclined at any uniform angle. *
Mr. R. W. Fox lately submitted a mass of moist
clay, worked up with acidulated water, to weak
voltaic action for some months, and it was found
when dry to be rudely laminated, the planes of
the slightly undulating laminee being at right
angles to the direction of the electrical forces. +
Sir John Herschel, in allusion to slaty cleavage,
has suggested,  that if rocks have been so heated
as to allow a commencement of crystallization ;
that is to say, if they have been heated to a point
at which the particles can begin to move amongst
themselves, or at least on their own axes, some
general law must then determine the position in
which these particles will rest on cooling. Pro-

* Journal, p. 324. (for title, see note p. 137.).

1 Although the lamination in the specimen shown to me
was very imperfect, it was sufficiently evident to encourage
farther experiments.
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bably, that position will have some relation to the
direction in which the heat escapes. Now, when
all, or a majority of particles of the same nature
have a general tendency to one position, that
must of course determine a cleavage plane. Thus
we see the infinitesimal crystals of fresh preci-
pitated sulphate of baryte, and some other such
bodies, arrange themselves alike in the fluid in
which they float; so as, when stirred, all to glance
with one light, and give the appearance of silky
filaments. Some sorts of soap, in which insoluble
margarates * exist, exhibit the same phenomenon
when mixed with water; and what occurs in our
experiments on a minute scale may occur in na-
ture on a great one.” +

* Margaric acid is an oleaginous acid, formed from differ-
ent animal and vegetable fatty substances. A margarate isa
compound of this acid with soda, potash, or some other base,
and is so named from its pearly lustre.

+ Letter to the author, dated Cape of Good Hope,
Feb. 20. 1836.
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CHAPTER XI.

METAMORPHIC ROCKS —— continued,

Strata near some intrusive masses of granite converted into
rocks identical with different members of the metamorphic
series— Arguments hence derived as to the nature of
plutonic action — Time may enable this action to pervade
denser masses — From what kinds of sedimentary rock
each variety of the metamorphic class may be derived —
Certain objections to the metamorphic theory considered.

It has been seen that geologists have been very
generally led to infer, from the phenomena of
joints and slaty cleavage, that mountain masses, of
which the sedimentary origin is unquestionable,
have been acted upon simultaneously by vast crys;
talline forces. That the structure of fossiliferous
strata has often been modified by some general
cause since their original deposition, and even
subsequently to their consolidation and disloca-
tion, is undeniable. These facts prepare us to
believe, that still greater changes may have been
worked out by a greater intensity, or more pro-
longed development of the same agency, com-
bined, perhaps, with other causes. Now we have
seen that, near the immediate contact of granitic
veins and volcanic dikes, very extraordinary alter-
ations in rocks have taken place, more especially
M
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in the neighbourhood of granite. It will be use-
ful here to add other illustrations, showing that
a texture undistinguishable from that which cha-
racterizes the more crystalline metamorphic form-
ations, has actually been superinduced in strata
once fossiliferous.

In the southern extremity of Norway, there isa
large district, on the west side of the fiord of Chris-
tiania, in which granite or syenite protrudes in
mountain masses through fossiliferous strata, and
usually sends veins into them at the point of con-
tact. The stratified rocks, replete with shells and
zoophytes, consist chiefly of shale, limestone, and
some sandstone, and all these are invariably altered
near the granite for a distance of from 50 to 400
yards. The aluminous shales are hardened and have
become flinty. Sometimes they resemble jasper.
Ribboned jasper is produced by the hardening of
alternate layers of green and chocolate-coloured
schist, each stripe faithfully representing the ori-
ginal lines of stratification. Nearer the granite
the schist often contains crystals of hornblende,
which are even met with in some places for a dis-
tance of several hundred yards from the junction;
and this black hornblende is so abundant, that
eminent geologists, when passing through the
country, have confounded it with the ancient
hornblende-schist, subordinate to the great gneiss
formation of Norway. Frequently, between the

7/
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though sometimes preserved, even in the white
marble. Both the altered limestone and hardened
slate contain -garnets in many places, also ores of
iron, lead, and copper, with some silver. These
alterations occur equally, whether the granite in-
vades the strata in a line parallel to the general
strike of the fossiliferous beds, or in a line at right
angles to their strike, as will be seen by the ac-
companying ground plan. *

The indurated and ribboned schists above men-
tioned, bear a strong resemblance to certain shales
of the coal found at Russell’s Hall, near Dudley,
where coal mines have been on fire for ages. Beds
of shale of considerable thickness, lying over the
burning coal, have been baked and hardened so
as to acquire a flinty fracture, the layers being
alternately green and brick-coloured.

The granite of Cornwall, in like manner, sends
forth veins into a coarse argillaceous-schist, pro-
vincially termed killas. This killas is converted
into hornblende-schist near the contact with the
veins. These appearances are well seen at the
junction of the granite and killas, in St. Michael’s
Mount, a small island nearly 300 feet high, situated
in the bay, at a distance of about three miles from
Penzance.

The granite of Dartmoor, in Devonshire, says

* Keilhau, Ga Norvegica, pp. 61—63.
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Mr. De la Beche, has intruded itself into the slate
and slaty sandstone called greywacké, twisting and
contorting the strata, and sending veins into them.
Hence some of the slate rocks have become ¢ mi-
caceous, others more indurated, and with the cha-
racters of mica-slate and gneiss, while others again
appear converted into a hard-zoned rock strongly
impregnated with felspar.” *

We learn from the investigations of M. Du-
frénoy, that in the eastern Pyrenees there are
mountain masses of granite posterior in date to
the formation called lias and chalk of that district,
and that these fossiliferous rocks are greatly altered
in texture, and often charged with iron-ore, in the
neighbourhood of the granite. Thus in the en- -
virons of St. Martin, near St. Paul de Fénouillet,
the chalky limestone becomes more crystalline
and saccharoid as it approaches the granite, and
loses all traces of the fossils which it previously
contained in abundance. At some points also it
becomes dolomitic, and filled with small veins of
carbonate of iron, and spots of red iron-ore. At
Rancié the lias nearest the granite is not only
filled with iron-ore, but charged with pyrites,
tremolite, garnet, and a new mineral somewhat
allied to felspar, called, from the place in the
Pyrenees where it occurs * couzeranite.”

* Geol. Manual, p. 479.
M 3
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Now the alterations above described as super-
induced in rocks by volcanic dikes and granite
veins, prove incontestably that powers exist in na~
ture capable of transforming fossiliferous into
crystalline strata, — powers capable of generating
in them a new mineral character, similar, nay,
often absolutely identical with that of gneiss,
mica-schist, and other stratified members of the
hypogene series. The precise nature of these
altering causes, which may provisionally be termed
plutonic, is in a great degree obscure and doubt-
ful ; but their reality is no less clear, and we must
suppose the influence of heat to be in some way
connected with the transmutation, if, for reasons
before explained, we concede the igneous origin
of granite. ,

The experiments of Gregory Watt, in fusing
rocks in the laboratory, and allowing them to
consolidate by slow cooling, prove distinctly that
a rock need not be perfectly melted in order that
a re-arrangement of its component particles should
take place, and a partial crystallization ensue.*
We may easily suppose, therefore, that all traces
of shells and other organic remains may be de-
stroyed ; and that new chemical combinations may
arise, without the mass being so fused as that the
lines of stratification should be wholly oblite-
rated.

"# Phil. Trans. 1804.
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We must not, however, imagine that heat alone,
such as may be applied to a stone in the open air,
can constitute all that is comprised in plutonic ac-
tion. We know that volcanos in eruption not
only emit fluid lava, but give off steam and other
heated gases, which rush out in enormous volume,
for days, weeks, or years continuously, and are
even disengaged from lava during its consolida-
tion. When the materials of granite, therefore,
came in contact with the fossiliferous stratum in the
bowels of the earth under great pressure, the con-
tained gases might be unable to escape; yet when
brought into contact withrocks, might pass through
their pores with greater facility than water is known
to do. (see p. 74.) These aeriform fluids, such as
sulphuretted hydrogen, muriatic acid, and carbonic
acid, issue in many places from rents in rocks, which
they have discoloured and corroded, softeningsome
and hardening others. If the rocks are charged
with water, they would pass through more readily ;
for, according to the experiments of Henry, water,
under an hydrostatic pressure of ninety-six feet,
will absorb three times as much carbonic acid gas
as it can under the ordinary pressure of the atmo-
sphere. Although this increased power of absorp-
tion would be diminished, in consequence of the
higher temperature found to exist as we descend
in the earth, yet Professor Bischoff has shown that
the heat by no means augments in such a propar-

M4
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tion as to counteract the effect of augmented pres-
sure.* There are other gases, as well as the car-
bonic acid, which water absorbs, and more rapidly
in proportion to the amount of pressure. Now
even the most compact rocks may be regarded,
before they have been exposed to the air and
dried, in the light of sponges filled with water;
and it is conceivable that heated gases brought
into contact with them, at great depths, may be
absorbed readily, and transfused through their
pores. Although the gaseous matter first absorbed
would soon be condensed, and part with its heat,
yet the continued arrival of fresh supplies from
below, might, in the course of ages, cause the
temperature of the water, and with it that of the
containing rock, to be materially raised. '
M. Fournet, in his description of the metalli-
ferous gneiss near Clermont, in Auvergne, states
that all the minute fissures of the rock are quite
saturated with free carbonic acid gas, which rises
plentifully from the soil there and in many part§
of the surrounding country. The various elements
of the gneiss, with the exception of the quartz,
are all softened; and new combinations of the,
acid, with lime, u'on, and manganese, are con-
tinually in progress. } ,

Another illustration of the power of subterra-

* Poggendorf’s Annalen, No. X V1. Second Series, vol. iii.
+ See Principles, Index, “ Auvergne,” &c.
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nean gases is afforded by the stufas of St. Calo-
gero, situated in the largest of. the Lipari Islands.
Here, according to the description lately published
by Hoffmann, horizontal strata of tuff, extending
for four miles along the coast, and forming cliffs
more than 200 feet high, have been discoloured
in various places, and strangely altered by the
¢ all-penetrating vapours.” Dark clays have be-
come yellow, or often snow-white; or have assumed
a chequered and brecciated appearance, being
crossed with ferruginous red stripes. In some
places the fumeroles have been found by analysis
to consist partly of sublimations of oxide of iron;
but it also appears that veins of calcedony and
opal, and others of fibrous gypsum, have resulted
from these volcanic exhalations. *

The reader may also refer to M. Virlet’s ac- -
count of the corrosion of hard, flinty, and jaspi-
~ deous rocks near Corinth, by the prolonged agency
of subterranean gases +; and to Dr. Daubeny’s de-
écription of the decomposition of trachytic rocks
in the Solfatara, near Naples, by sulphuretted
hydrogen and muriatic acid gases. 1

Although in all these instances we can only
study the phenomena as exhibited at the surface,

* Hoffmann’s Liparischen Inseln, p. 38. Leipzig, 1832.
+ See Princ. of Geol.; and Bulletin de la Soc. Géol. de
France, tom. ii. p.330.
"1 See Princ. of Geol. ; and Daubeny’s Volcanos, p.167.
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it is clear that the gaseous fluids must have made
their way through the whole thickness of porous
or fissured rocks, which intervene between the
subterranean reservoirs of gas and the external
air. The extent, therefore, of the earth’s crust,
which the vapours have permeated and are now
permeating, may be thousands of fathoms in thick-
ness, and their heating and modifying influence may
be spread throughout the whole of this solid mass.

The above observations are calculated to meet
some of the objections which have been urged
against the metamorphic theory on the ground of
the small power of rocks to conduct heat; for it
is well known that rocks, when dry and in the air,
differ remarkably from metals in this respect. It
has been asked how the changes which extend
merely for a few feet from the contact of a dike
could have penetrated through mountain masses
of crystalline strata several miles in thickness,
Now it has been stated that the plutonic influence
of the syenite of Norway, has sometimes altered
fossiliferous strata for a distance of a quarter of a
mile, both in the direction of their dip and of their
strike. (See Fig.126. p.243.) This is undoubtedly
an extreme case; but is it not far more philoso-
phical to suppose that this influence may, under
favourable circumstances, affect denser masses, than
to invent an entirely new cause to account for
effects merely differing in quantity, and not in
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kind? The metamorphic theory does not require
us to affirm that some contiguous mass of granite
bas been the altering power; but merely that an
action, existing in the interior of the earth at an
unknown depth, whether thermal, electrical, or
other, analogous to that exerted near intruding
masses of granite, has, in the course of vast and
indefinite periods, and when rising perhaps from a
large heated surface, reduced strata thousands of
yards thick to a state of semi-fusion, so that on
cooling they have become crystalline, like gneiss.
Granite may have been another result of the same
action in a higher state of intensity, by which a
thorough fusion has been produced; and in this
manner the passage from granite into gneiss may
be explained.

Some geologists are of opinion, that the alter-
nate layers of mica and quartz, or mica and fel-
spar, or lime and felspar, are so much more distinct
in certain metamorphic rocks, than the ingredients
composing alternate layers in many sedimentary
deposits, that the similar particles must be sup-
posed to have exerted a molecular attraction for
each other, and to have thus congregated together
in layers, more distinct in mineral composition
than before they were crystallized.

In considering, then, the various data already
enumerated, the forms of stratification in meta-
morphic rocks, their passage on the one hand

' M 6 o :
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into the fossiliferous, and on the other -into the.
plutonic formations, and the conversions which
can be ascertained to have occurred in the vicinity
of granite, we may conclude that gneiss and mica-
schist may be nothing more than altered mica~
ceous and argillaceous sandstones, that granular
quartz may have been derived from siliceous sand-
stone, and compact quartz from the same mate-
rials. Clay-slate may bealtered shale, and granular
marble may have originated in the form of ordi-
nary limestone, replete with shells and corals, which
have since been obliterated ; and, lastly, calcareous
sands and marls may have been changed into im-
pure crystalline limestones.

¢¢ Hornblende-schist,” says Dr. MacCulloch
“ may at first have been mere clay; for clay or
shale is found altered by trap into Lydian stone,
a substance differing from hornblende-schist almost
solely in compactness and uniformity of texture.” *
¢ In Shetland,” remarks the same author, ¢ argil-
laceous-schist (or clay-slate), when in contact with
granite, is sometimes converted into hornblende-
schist, the schist becoming first siliceous, and ulti-
mately, at the contact, hornblende-schist.”

The anthracite found associated with hypogene
rocks may have been coal; for we know that, in
the vicinity of some trap dikes, coal i 1s converted
into anthracite.

© # Syst. of Geol., vol. i. p.210. + Ibid., p. 211,



Ch. X1.] METAMORPHIC ROCKS . 253

The total absence of any trace of fossils has
inclined many geologists to attribute the origin of
crystalline ‘strata to a period antecedent to the
existence of organic beings. Admitting, they say,
the obliteration, in some cases, of fossils by plutonic
action, we might still expect that traces of them
would oftener occur in certain ancient systems of
slate, in which, as in Cumberland, some conglo-
merates occur. But in urging this argument, it
'seems to have been forgotten, that there are stra-
tified formations of enormous thickness, and of
various ages, and some of them very modern, all
formed after the earth had become the abode of
living creatures, which are nevertheless in certain
districts entirely destitute of all vestiges of or-
ganic bodies. In some, the traces of fossils
may have been effaced by water and acids, at
many successive periods; and it is clear, that the
older the stratum, the greater is the chance of its
being non-fossiliferous, even if it has escaped all
metamorphic ‘action.

It has been also objected to.the metamorphic
theory, that the chemical composition of the se-
condary strata differs essentially from that of the
crystalline schists, into which they are supposed to
be convertible.* The ¢ primary” schists, it is
said, usually contain a considerable proportion of

* Dr. Boase, Primary Geology, p. 319.
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potash or of soda, which the secondary elays, shales,

and slates do not, these last being the result of the

decomposition of felspathic rocks, from which the
alkaline matter has been abstracted during the
process of decomposition. But this reasoning pro-
eeeds on insufficient and apparently mistaken data;

for a large portion of what is usually called clay,

marl, shale, and slate does actually contain a cer-

tain and often a considerable proportion of alkali;

so that it is difficult in many countries to obtain
clay or shale sufficiently free from alkaline ingre-
dients to allow of their being burnt into bricks or
used for pottery.

Thus the argillaceous shales, as they are called,
and slates of the old red sandstone, in Forfarshire
and other parts of Scotland, are so much charged
with alkali, derived from triturated felspar, that,
instead of hardening when exposed to fire, they
melt readily into a glass. They contain no lime,
but appear to consist of extremely minute grains
of the various ingredients of granite, which are
distinctly visible in the coarser-grained varieties,
and in almost all the interposed sandstones. These
laminated clays, marls, and shales might certainly,
if erystsllized, resemble in composition many of
the primary strata. '

There is also potash in the vegetable remains
included in strata, and soda in the salts by which
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they are sometimes so largely impregnated, as in
Patagonia.

Another objection has been derived from the
alternation of highly crystalline strata with others
having a less crystalline texture. The heat, it is
said, in its aseent from below, must have traversed
the less altered schists before it reached a higher
and more crystalline bed. In answer to this, it
may be observed, that if a number of strata differ-
ing greatly in composition from each other be sub=
jected to equal quantities of heat, there is every
probability that some will be more fusible than
others. Some, for example, will contain soda,
potash, lime, or some other ingredient capable of
acting as a flux; while others may be destitute of
the same elements, and so refractory as to be very
slightly affected by a degree of heat capable of
reducing others to semi-fusion. Nor should it be
forgotten that, as a general rule, the less crystal-
line rocks do really occur in the upper, and the
more crystalline in the lower part of each meta-
morphic series.

But it will be impossible for the reader duly to
appreciate the propriety of the term metamorphic,
‘as applied to the strata hitherto called primary,
until I have shown in the second part of this
work, that these crystalline strata have been formed
at a great variety of distinct periods.
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PART IIL

CHAPTER XII.

ON THE DIFFERENT AGES OF THE FOUR GREAT CLASSES
OF ROCKS.

Aqueous, plutonic, volcanic, and metamorphic rocks, con-
sidered chronologically— Lehman’s division into primitive
and secondary — Werner’s addition of a transition class —
Neptunian theory— Hutton on igneous origin of granite—
How the name of primary was still retained for granite—
The term * transition,” why faulty —The adherence to
the old chronological nomenclature retarded the progress
of geology — New hypothesis invented to reconcile the
igneous origin of granite to the notion of its high anti-
quity — Explanation of the chronological nomenclature
adopted in this work, so far as regards primary, secondary,
and tertiary periods.

Ix the first part of this work the four great classes
of rocks, the aqueous, the volcanic, the plutonic
and the metamorphic, have been considered with
reference to their external characters, their mi-
neral composition, and mode of origin; and it now
remains to treat of the same classes with reference
to the different periods at which they were formed.
In speaking of the aqueous rocks, for example, it
has been shown that they are stratified, that some
are calcareous, others argillaceous, some made up
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of sand, others of pebbles; that some contain fresh-
water, others marine fossils, and so forth; but the
student has still to learn which rocks, exhibiting
‘some or all of these characters, have originated at
one period of the earth’s history, and which at
another.

So in regard to the volcanic and plutonic form-
ations, we have hitherto examined their mineral
peculiarities, forms, and mode of origin, but have
still to inquire into their chronological history.

Lastly, a more curious question will demand
our attention, when we endeavour to ascertain the
relative ages of the metamorphie rocks, the chro-
nology of which may be said to be twofold, each
formation having been deposited at one period,
and having assumed a crystalline texture at an-
other. ' -

It was for many years a received opinion, that
the formation of whole classes of rocks, such as
the plutonic and metamorphic, began and ended
before any members of the aqueous and volcanic
orders were produced ; and although this idea has
long been modified, and is nearly exploded, it
will be necessary to give some account of the an-
cient doctrine, in order that beginners may under-
stand whence part of the nomenclature of geology
still partially in use was derived.

About the middle of the last century, Lehman,
a German miner, proposed to divide rocks into
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three classes, the first and oldest to be called pri-
mitive, comprising the plutonic and metamorphic
rocks; the next to be termed secondary, com-
prehending the aqueous or fossiliferous strata;
and the remainder or third class, the supposed
effect of ¢ local floods, and the deluge of Noah,”
corresponding to our alluvium, ancient and mo-
dern. In the primitive class, he said, such as
granite and gneiss, there are no organic remains,
nor any signs of materials derived from the ruins
of pre-existing rocks. Their origin, therefore,
may have been purely chemical, antecedent to the
creation of living beings, and probably coeval
with the birth of the world itself. The secondary
formations, on the contrary, which often contain
sand, pebbles, and organic remains, must have
been mechanical deposits, produced after the
planet had become the habitation of animals and
plants. This bold generalization, although anti-
cipated in some measure by Steno, a century
before, in Italy, formed at the time an important
step in the progress of geology, and sketched out
correctly some of the leading divisions into which
rocks may be separated. About half a century
later, Werner, so justly celebrated for his improved
methods of discriminating the mineralogical cha-
racters of rocks, attempted to improve Lehman’s
classification, and with this view intercalated a
class, called by him ¢ the transition formations,”
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between the primitive and secondary. Between
these last he had discovered, in northern Ger-
many, a series of strata, which in their mineral
peculiarities were of an intermediate character,
partaking in some degree of the crystalline nature
of micaceous and clay-slate, and yet exhibiting
here and there signs of a mechanical origin and
organic remains. For this group, therefore, form-
ing a passage between Lehman’s primitive and
secondary rocks, the name of transition was pro-
posed. They consisted principally of clay-slate
and an argillaceous sandstone, called greywacké,
and partly of calcareous beds. It happened in
the district which Werner first investigated, that
both the primitive and transition strata were
highly inclined, while the beds of the newer and
fossiliferous rocks were horizontal. To these lat-
ter, therefore, he gave the name of flitz, or flat;
and every deposit more modern than the chalk,
or uppermost of the flotz series, was designated
¢ the overflowed land,” an expression which may
be regarded as equivalent to alluvium. As the
followers of Werner soon discovered that the in-
clined position of the ¢ transition beds,” and the
horizontality of the flotz, or newer fossiliferous
strata, were mere local accidents, they soon aban-
doned the term flotz; and the four divisions of the
Wernerian school were then named primitive,
transition, secondary, and alluvium.
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As to the trappean rocks, although their igneous
origin had been already demonstrated by Arduino,
Fortis, Faujas, and others, and especially by Des-
marest, they were all regarded by Werner as
aqueous, and as mere subordinate members of the
secondary formations. *

This theory of Werner’s was called the ¢ Nep-
tunian,” and for many years enjoyed much popu-
larity. It assumed that the globe had been at
first invested by an universal chaotic ocean, hold-
ing the materials of all rocks in solution. From
the waters of this ocean, granite, gneiss, and other
crystalline formations, were first precipitated ;
and afterwards, when the waters were purged of
these ingredients, and more nearly resembled
those of our actual seas, the transition strata were
deposited. These were of a mixed character, not
purely chemical, because the waves and currents
had already begun to wear down solid land, and
to give rise to pebbles, sand, and mud; nor en-
tirely without fossils, because a few of the first
marine animals had begun to exist. After this
period, the secondary formations were accumulated
in waters resembling those of the present ocean,
except at certain intervals, when, from causes
wholly unexplained, a partial recurrence of the
% chaotic fluid” took place, during which various

* See Principles, vol. i. chap. iv.
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trap rocks, some highly crystalline, were formed.
This arbitrary hypothesis rejected all intervention
of igneous agency, volcanos being regarded as
partial and superficial accidents, of trifling account
among the great causes which have modified the
external structure of the globe.

Meanwhile Hutton, a contemporary of Werner,
began to teach, in Scotland, that granite as well
as trap was of igneous origin, and had at various
periods intruded itself in a fluid state into dif-
ferent parts of the earth’s crust. He recognized
and faithfully described many of the phenomena
of granitic veins, and the alterations produced by
them on the invaded strata, which have been
treated of in the ninth chapter. He, moreover,
advanced the opinion, that the crystalline strata
called primitive had not been precipitated from a
primeeval ocean, but were sedimentary strata al-
tered by heat. In his writings, -therefore, and in
those of his illustrator, Playfair, we find the germ
of that metamorphic theory which has been already
expounded. *

At length, after much controversy, the doctrine
of the igneous origin of trap and granite made
-their way into general favour; but although it
‘was, in consequence, admitted thgt ‘both granite
and trap had been produced at many successive

# See chapters X. and XI.
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periods, the term primitive or primary still con-
tinued to be applied to the crystalline formations
in general, whether stratified, like gneiss, or un-
stratified, like granite. The pupil was told that
granite was a primary rock, but that some gra-
nites were newer than certain secondary form-
ations; and in conformity with the spirit of the
ancient language, to which the teacher was still
determined to adhere, a desire was naturally en-
gendered of extenuating the importance of those
more modern granites which new observations
were continually bringing to light.

A no less decided inclination was shown to
persist in the use of the term  transition,” after
it had been proved to be almost as faulty in its
original application as that of flotz. The name
of transition, as already stated, was first given by
Werner, to designate a mineral character, inter-
mediate between the metamorphic state and that
of an ordinary fossiliferous rock. But the term
acquired also from the first a chronological im-
port, because it had been appropriated to sedi-
mentary formations, which, in the Hartz and
other parts of Germany, were more ancient than
the oldest of the secondary series, and were cha-
racterized by peculiar fossil zoophytes and shells.
When, therefore, geologists found in other districts
stratified rocks occupying the same position, and
inclosing similar fossils, they gave to them also
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the name of ¢ransition, according to rules which
will be explained in the next chapter; yet, in
many cases, such rocks were found not to exhibit
the same mineral texture which Werner had called
transition. On the contrary, many of them were
not more crystalline than different members of the
secondary class; while, on the other hand, these
last were sometimes found to assume a semi-crys-
talline and almost metamorphic aspect, and thus,
on lithological grounds, to deserve equally the
name of transition. So remarkably was this the
case in the Swiss Alps, that certain rocks, which
had for years been regarded by some of the most
skilful disciples of Werner to be transition, were
at last acknowledged, when their relative position
and fossils were better understood, to belong to the
newest of the secondary groups! If under such cir-
cumstances the name of transition was retained, it
is clear that it ought to have been applied without
reference to the age of strata, and simply as ex-
pressive of a mineral peculiarity. The continued
appropriation of the term to formations of a given
date, induced geologists to go on believing that
the ancient strata so designated bore a less re-
semblance to the secondary than is really the case,
and to imagine that these last never pass, as they
frequently do, into metamorphic rocks.

The poet Waller, when lamenting over the
antiquated style of Chaucer, complains that —
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We write in sand, our language grows,
And, like the tide, our work o’erflows;

But the reverse is true in geology; for here it is
our work which continually outgrows the lan-
guage. The tide of observation advances with
such speed, that improvements in theory outrun *
the changes of nomenclature; and the attempt to
inculcate new truths by words invented to express
a different or opposite opinion, tends constantly,
by the force of association, to perpetuate error; so
that dogmas renounced by the reason still retain
a strong hold upon the imagination.

In order to reconcile the old chronological views
with the new doctrine of the igneous origin of
granite, the following hypothesis was substituted
for that of the Neptunists. Instead of beginning
with an aqueous menstruum or chaotic fluid, the
materials of the present crust of the earth were
supposed to have been at first in a state of igneous
fusion, until part of the heat having been diffused
into surrounding space, the surface of the fluid
consolidated, and formed a crust of granite. This
covering of crystalline stone, which afterwards
grew thicker and thicker as it cooled, was so hot,
at first, that no water could exist upon it; but as
the refrigeration proceeded, the aqueous vapour
in the atmosphere was condensed, and, falling in
rain, gave rise to the first thermal ocean. So high
was the temperature of this boiling sea, that no
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aquatic beings could inhabit its waters, and its
deposits were not only devoid of fossils, but, like
those of some hot springs, were highly crystalline.
Hence the origin of the primary or crystalline
strata.

Afterwards, when the granitic crust had been
partially broken up, land and mountains began
to rise above the waters, and rains and torrents
ground down rock, so that sediment was spread
over the bottom of the seas. Yet the heat still
remaining in the solid supporting substances was
sufficient to increase the chemical action exerted
by the water, although not so intense as to pre-
vent the introduction and increase of some living
beings. During this state of things some of the
residuary mineral ingredients of the primaeval
ocean were precipitated, and formed deposits (the
transition strata of Werner), half chemical and
half mechanical, and containing a few fossils.

By this new theory, which was in part a revival
of the doctrine of Leibnitz, published in 1680, on
the igneous origin of the planet, the old ideas
respecting the priority of all crystalline rocks to
the creation of organic beings, were still preserved;
and the notion, that all the semi-crystalline and
partially fossiliferous rocks belonged to one period,
while all the earthy and uncrystalline formations
originated at a subsequent epoch, was also per-
petuated.

N
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It may or may not be true, as the great Liebnitz
imagined, that the whole planet was once in a state
of liquefaction by heat ; but there are certainly no
geological proofs that the granite which constitutes
the foundation of so much of the earth’s crust was
ever in a state of universal fusion. On the con-
trary, all our evidence tends to show that the form-
ation of granite, like the deposition of the stratified
rocks, has been successive, and that different por-
tions of granite have been in a melted state at
distinct and often distant periods. One mass was
solid, and had been fractured, before another body
of granitic matter was injected into it, or through
it, in the form of veins. In short, the universal
fluidity of the crystalline foundations of the earth’s
crust, can only be understood in the same sense
as the universality of the ancient ocean. All the
land has been under water, but not all at one
time; so all the subterranean unstratified rocks to
which man can obtain access have been melted,
but not simultaneously.

In the present work the four great classes of
rocks, the aqueous, plutonic, volcanic, and meta-~
" morphie, will form four parallel, or nearly parallel,
columns in one chronological table. They will be
considered as four sets of monuments relating to
four contemporaneous, or nearly contemporaneous,
series of events. I have endeavoured, in the Frontis-
piece, to express the manner in which members of
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each of the four classes may have originated simul-
taneously at every geological period. According
to this view, the earth’s crust may have been con-
tinually remodelled, above and below, by aqueous
and igneous causes, from times indefinitely remote.
In the same manner as aqueous and fossiliferous
strata are now formed in certain seas or lakes,
while in other places volcanic rocks break out at
the surface, and are connected with reservoirs of
melted matter at vast depths in the bowels of the
earth, — so, at every era of the past, fossiliferous
deposits and superficial igneous rocks were in
progress contemporaneously with others of sub-
terranean and plutonic origin, and some sedi-
mentary strata were exposed to heat and made to
assume a crystalline or metamorphic structure.

It can by no means be taken for granted, that
during all these changes the solid crust of the
earth has been increasing in thickness. It has
been shown, that so far as aqueous action is con-
cerned, the gain by fresh deposits, and the loss by
denudation, must at each period have been equal ;
and in like manner, in the inferior portion of the
earth’s crust, the acquisition of new crystalline
rocks, at each successive era, may merely have
counterbalanced the loss sustained by the melting
of materials previously consolidated. As to the
relative antiquity of the crystalline foundations of -
the earth’s crust, when compared to the fossiliferous

N 2
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and volcanic rocks which they support, I have al-
ready stated, in the first chapter, that to pronounce
an opinion on this matter is as difficult as at once
to decide which of the two, whether the founda-
tions or superstructure of an ancient city built on
wooden piles may be the oldest. We have seen
that to answer this question, we must first be pre-
pared to say whether the work of decay and re-
storation had gone on most rapidly above or below,
whether the average duration of the piles has ex-
ceeded that of the stone buildings, or the contrary.
So also in regard to the relative age of the su-
perior and inferior portions of the earth’s crust;
we cannot hazard even a conjecture on this point,
until we know whether, upon an average, the power
of water above, or that of fire below, is most effi-
cacious in giving new forms to solid matter.

After the observations which have now been
made, the reader will perceive that the term pri-
mary must either be entirely renounced, or, if re-
tained, must be differently defined, and not made
to designate a set of crystalline rocks, some of
which may be newer than the secondary form-
ations. In this work I shall follow most nearly
the method proposed by Mr. Boué, who has called
all fossiliferous rocks older than the secondary by
the name of primary, which thus becomes a sub-
stitute for the term transition, so far as regards
the aqueous strata. To prevent confusion, how-
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ever, I shall always speak of these as the primary
Jossiliferous formations, because the word primary
has hitherto been almost inseparably connected
with the idea of a non-fossiliferous rock.

If we can prove any plutonic, volcanic, or meta-

morphic rocks to be older than the secondary
formations, such rocks will also be primary, ac-
cording to this system. Mr. Boué having with
great propriety excluded the metamorphic rocks,
as a class, from the primary formations, proposed
to call them all * crystalline schists,” restricting
the name of primary to the older fossiliferous or
transition strata.
- As there are secondary fossiliferous strata, so
we shall find that there are plutonic, volcanic,
and metamorphic rocks of contemporaneous origin,
which I shall also term secondary.

In the next chapter it will be shown that the
strata above the chalk have been called tertiary.
If, therefore, we discover any volcanic, plutonic,
or metamorphic rocks, which have originated since
the deposition of the chalk, these also will rank as
tertiary formations.

It may perhaps be suggested that some meta-
morphic strata, and some granites, may be anterior
in date to the oldest of the primary fossiliferous
rocks. The opinion is certainly not improbable,
and will be discussed in future chapters; but I
may here observe, that when we arrange the four

N 3
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classes of rocks in four parallel columns in one
table of chronology, it is by no means assumed
that these columns are all of equal length; one
may begin at an earlier period than the rest, and
another may come down to a later point of time.
In the small part of the globe hitherto examined,
it is hardly to be expected that we should have
discovered either the oldest or the newest of all
the four classes of rocks. Thus, if there be pri-
mary, secondary, and tertiary rocks of the fossili-
ferous class, and in like manner primary, second-
ary, and tertiary plutonic formations, we may not
be yet acquainted with the most ancient of the
primary fossiliferous beds, or with the newest of
the plutonic, and so of the rest.
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CHAPTER XIII

ON THE DIFFERENT AGES OF THE AQUEOUS ROCKS.

On the three principal tests of relative age — superposition,
mineral character, and fossils — Change of mineral cha-
racter and fossils in the same cortinuous formation —
Proofs that distinct species of animals and plants have
lived at successive periods — Test of age by included
fragments — Frequent absence of strata of intervening
periods — Principal groups of strata in western Europe
— Tertiary strata separable into four groups, the fossil
shells of which approach nearer to those now living in
proportion as the formation is more modern — Terms
Eocene, Miocene, and Pliocene — Identifications of fossil
and recent shells by M. Deshayes — Opinions of Dr. Beck.

IN the last chapter I spoke generally of the chro-
nological relations of the four great classes of
rocks, and I shall now treat of the aqueous rocks
in particular, or of the successive periods at which
the different fossiliferous formations have been
deposited.

Now there are three principal tests by which
we determine the age of a given set of strata;
first, superposition; secondly, mineral character;
and, thirdly, organic remains. Some aid can oc-
casionally be derived from a fourth kind of proof,
namely, the fact of one deposit including in it

N 4
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fragments of a preexisting rock, which last may
thus be shown, even in the absence of all other
evidence, to be the older of the two.
Superposition.—The first and principal test of
the age of one aqueous deposit, as compared to
another, is relative position. It has been already
stated, that where the strata are horizontal, the
bed which lies uppermost is the newest of the
whole, and that which lies at the bottom the most
ancient. So, of a series of sedimentary formations,
they are like volumes of history, in which each
writer has recorded the annals of his own times,
and then laid down the book, with the last written
page uppermost, upon the volumein which the events
of the era immediai:ely preceding were comme-
morated. In this manner a lofty pile of chronicles
is at length accumulated ; and they are so arranged
as to indicate, by their position alone, the order in
which the events recorded in them have occurred.
In regard to the crust of the earth, however,
there are some regions where, as the student has
already been informed, the beds have been dis-
turbed, and sometimes reversed. (See pp. 113,
114.) But the experienced geologist will not be
deceived by these exceptional cases. When he
finds that the strata are fractured, curved, in-
clined, or vertical, he knows that the original
order of superposition must be doubtful, and he
will endeavour to find sections in some rieighbour-
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ing district where the strata are horizontal, or
only slightly inclined. Here, it is impossible that
they can have been extensively thrown over and
turned upside down, for such a derangement can-
not have taken place throughout a wide area with-
out leaving manifest signs of displacement and
dislocation. '

. Mineral character.— The same rocks may often
be observed to retain for miles, or even hundreds
of miles, the same mineral peculiarities, if we fol-
low them in the direction of the planes of stratifi-
cation. But this uniformity ceases almost imme-
diately, if we pursue them in an opposite direction.
In that case we can scarcely ever penetrate a
stratified mass for a few hundred yards, much
less several miles, without beholding a succession
of extremely dissimilar calcareous, argillaceous, and
siliceous rocks. These phenomena lead to the
conclusion, that rivers and currents have dispersed
the same sediment over wide areas at one period,
but at successive periods have been charged, in the
same region, with very different kinds of matter.
The first observers were so astonished at the vast
spaces over which they were able to follow the
same homogeneous rocks in a horizontal direction,
that they came hastily to the opinion, that the
whole globe had been environed by a succession
.of distinct aqueous formations, disposed round the
nucleus of the planet, like the concentric coats of

N 5
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an onion. But although, in fact, some formations
may be continuous over districts as large as half
of Europe, or even more, yet most of them either
terminate wholly within narrower limits, or soon
change their lithological character. Sometimes
they thin out gradually, as if the supply of sedi-
ment had failed in that direction, or they come
abruptly to an end, as if we had arrived at the
borders of the ancient sea or lake which served
as their receptacle. It no less frequently happens
that they vary in mineral aspect and composition,
as we pursue them horizontally. For example,
we trace a limestone for a hundred miles, until it
becomes more arenaceous, and finally passes into
sand, or sandstone. We may then follow this
sandstone, already proved by its continuity to be
of the same age, throughout another district a
hundred miles or more in length.

Organic remains.— This character must be used
as a criterion of the age of a formation, or of the
contemporaneous origin of two deposits in distant
places, under very much the same restrictions as
the test of mineral composition.

First, the same fossils may be traced over wide
regions, if we examine strata in the direction of
their planes, although by no means for indefinite
distances. This might have been expected ; for
although many species of animals and plants have
a wide geographical range, yet each species ge-
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nerally inhabits a small part only of the entire
globe, and is often incapable of existing in other
regions. But, in those cases where the fossils vary,
the mineral character of the rock often remains
constant; and, on the other hand, the fossils are
sometimes uniform throughout spaces where the
lithological nature of the rock is variable. In this
manner we are frequently enabled to prove the
contemporaneous origin of the same formation by
one test, when the other fails.

Secondly, while the same fossils prevail in a
particular set of strata for hundreds of miles in a
horizontal direction, we seldom meet with the
same remains for many fathoms, and scarcely
ever for several hundred yards, in a vertical line,
or a line transverse to the strata. This fact has
now been verified in almost all parts of the globe,
and has led to a conviction, that at successive
periods of the past, the same area of land and
water has been inhabited by species of animals
and plants as distinct as those which now people
the antipodes, or which now coexist in the arctic,
temperate, and tropical zones. It appears, that
from the remotest periods there has been ever a
coming in of new organic forms, and an extinction
of those which pre-existed on the earth; some
species having endured for a longer, others for a
shorter time; but none having ever reappeared
after once dying out. The law which has governed

N 6
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the creation and extinction of species seems to
be expressed in the verse of the poet,

Natura il fece e poi ruppe la stampa. — Ariosto.
Nature made it, and then broke the die.

And this circumstance it is, which confers on fos-
sils their highest value as chronological tests,
giving to each of them, in the eyes of the geo-
logist, that authority which belongs to contem-
porary medals in history.

The same cannot be said of each peculiar variety
of rock; for some of these, as red marl and red
sandstone, for example, may occur at once at the
top, bottom, and middle of the entire sedimentary
series; exhibiting in each position so perfect an
identity of mineral aspect as to be undistinguish-
able. Such exact repetitions, however, of the
same mixtures of sediment have not often oc-
curred, at distant periods, in precisely the same
parts of the globe; and even where this has hap-
pened, we may usually avoid confounding together
the monuments of remote eras, by the aid of fossils
and relative position.

Test by included fragments of older rocks.— It
was stated, that independent proof may sometimes
be obtained of the relative date of two formations,
by fragments of an older rock being included in
a newer one. This evidence may sometimes be
of great use, where a geologist is at a loss to
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determine the relative age of two formations, from
want of clear sections exhibiting their true order
of position, or because the strata of each group
are vertical. In such cases we sometimes dis-
cover that the more modern rock has been in part
derived from the degradation of the older. Thus,
for example, we may find chalk with flints; and,
in another part of the same country, a distinct
series, consisting of alternations of clay, sand, and
pebbles. If some of these pebbles consist of flints,
with fossil shells of the same species as those in
the chalk, we may confidently infer that the chalk
is the oldest of the two formations.

The number of groups into which the fossili-
ferous strata may be separated, are more or less
numerous, according to the views of classification
which different geologists entertain ; but when we
have adopted a certain system of arrangement, we
immediately find that a few only of the entire
series of groups occur one upon the other in any
single section or district. .

The thinning out of individual strata was before
described (p.837.). But let the annexed diagram

Fig. 127.
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represent seven fossiliferous groups, instead of as
many strata. It will then be seen that in the middle
all the superimposed formations are present; but
in consequence of some of them thinning out, No.2.
and No. 5. are absent at one extremity of the sec-
tion, and No. 4. at the other.

If the reader consults the Frontispiece, he will
see, that as the strata A rest unconformably upon
the older groups, a, b, ¢, ¢, f, g, we should meet
with a very different succession in a vertical sec-
tion exposed at different places; in one spot A
lying immediately on ¢, in another on g, and so
forth. Now here the difference has been partly
occasioned by denudation ; the formations a, &, for
instance, once extended much farther to the
left, and but for denudation would have been
everywhere interposed between A and the rocks
¢, f; 9. In many instances the entire absence of
one or more formations of intervening periods be-
tween two groups, such as A and ¢, (see Frontis-
piece,) arises, not from the destruction of what
once existed, by denudation, but because no strata
of an intermediate age were ever deposited on c.
They were not formed at that place, either be-
cause the region was dry land during the interval,
or because it was part of a sea or lake to which
no sediment was carried.

In order, therefore, to establish a chi‘onological
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succession of fossiliferous groups, a geologist must
begin with a single section, in which several sets
of strata lie one upon the other. He must then
trace these formations, by attention to their mineral
character and fossils, continuously, as far as pos-
sible, from the starting point. As often as he
meets with new groups, he must ascertain by
superposition their age relatively to those first
examined, and thus learn how to intercalate them
in a tabular arrangement of the whole.

By this means the German, French, and Eng-
lish geologists have determined the succession of
strata throughout a great part of Europe, and have
adopted pretty generally the following groups, al-
most all of which have their representatives in the
British Islands.

G'roups of Fossiliferous Strata observed in Western
Europe, arranged in what is termed a descending
series, or beginning with the newest.

1. Newer Pliocene.

2. Older Pliocene. Tertiary or Supracretace-
8. Miocene. ous.*
4. Eocene.

* For tertiary, Mr. De la Beche has used the term ¢ supra-
cretaceous,” a name implying that the strata so called are
superior in position to the chalk.
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Chalk. 1

Greensand.

. Wealden.

. Upper Oolite.

. Middle Oolite.

Lower Oolite.

11. Lias. P Secondary.

12. Upper New Red sandstone and
Muschelkalk.

18. Lower New Red and Magne-
sian limestone.

14. Coal.

15. Old Red sandstone. J

16. Upper Silurian.

17. Lower Silurian.

18. Cambrian and older fossili-

ferous strata.

Pomuon

Primary fossiliferous (or
transition of sowe au-
thors).

A glance at the above table will show that the
three great sections called primary fossiliferous,
secondary, and tertiary, are by no means of equi-
valent importance, if the eighteen subordinate
groups comprise monuments relating to equal por-
tions of past time, or of the earth’s history. But
this we cannot assert; but merely know that they
each relate to successive periods, during which cer-
tain animals and plants, for the most part peculiar
to that era, flourished, and during which different
kinds of sediment were deposited in the space now
occupied by Europe.

If we were disposed, on palaontological grounds,
to divide the entire fossiliferous series into a few
groups, less numerous than those in the above
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‘table, and moré nearly co-ordinate in value than
the sections called primary, secondary, and ter-
tiary, we might, perhaps, adopt the six following
"groups or periods. * At the same time I may ob-
serve, that in the present state of the science, when
we have not yet compared the evidence derivable
from all classes of fossils, not even those most ge-
nerally distributed, such as shells, corals, and fish,
such generalizations are premature, and can only
be regarded as conjectural schemes for the found-

ing of large natural groups.

1. Tertiary - - Eocene inclusive,

from the Chalk to the Wealden in-
clusive.

8. Oolitic - - - from the Oolite to the Lias inclusive.

{including the Keuper, Muschel-

{from the Newer Pliocene to the

2. Cretaceous -

4. Upper New Red - - kalk, and Bunter Sandstein of

the Germans.

5. Lower New Red and {mcludmg Magnesian Limestone

chstein), d Re:
Carboniferous - - (Zechstein), Coal, and Old Red

sandstone.
from the Upper Silurian to the oldest

6. . . .
fossiliferous rocks inclusive.

Primary fossiliferous - {

The limits of this volume will not allow of a
full description, even of the leading features of all
the formations enumerated in the above tables;
but I shall briefly advert to each of them in chro-

* Palontology is the science which treats of fossil re-
mains, both animal and vegetable. Etym. wa\awg, palaios,
ancient, oyra, onta, beings, and Noyog, logos, a discourse.
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nological order, as they will afford illustrations of
the rules of classification, the tests of relative age,
and the mode of deriving information from geolo-
gical monuments respecting the former history of
the earth and its inhabitants.

Tertiary formations.— These strata, as we have
seen, were so called because, when first discovered,
they were observed to be of a date posterior to
the chalk, which had long been regarded as the
last or uppermost of the secondary formations.
It was remarked, that in France, Italy, Germany,
and England, the tertiary deposits occupied a posi-
tion, in reference to all older rocks, like that of the
waters of lakes, inland seas, and gulfs in relation
to a continent, being often, like such waters, of
great depth, though of limited area, and frequently
occurring in detached and isolated patches. The
strata were for the most part horizontal, but
usually surrounded by older rocks, of which the
beds were highly inclined or vertical.

On comparing together the fossils of the aqueous
formations in general, especially the testacea, which
are the most abundant and best preserved of all,
it appears that those of the primary fossiliferous
rocks depart most widely in form and structure
from the type of the living creation, those of the
secondary less widely, and the tertiary least of all.
In like manner, if we divide the tertiary deposits
into four principal groups, and then compare the
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fossil shells which they contain with the testacea now
living in the nearest seas in the same latitudes, we
find that the shells of the oldest strata have much
less resemblance, on the whole, to the fauna of the
neighbouring seas, than those of the newest group.
In a word, in proportion as the age of a tertiary
formation is more modern, so also is the resem-
blance greater of its fossil shells to the testaceous
fauna of the actual seas.

Having observed the prevalence of this change
of character in the tertiary strata of France and
Italy, in 1828, I conceived the idea of classing the
whole series of tertiary strata into four groups, en-
deavouring to find characters for each expressive
of their different degrees of affinity to the living
fauna. I hoped that an estimate of this varying
relation to the fauna of the existing seas might be
obtained by determining the proportional number
of shells identical with living species which be-
longed to each group. With this view, I obtained
information respecting the specific identity of many
tertiary and recent shells from several Italian na-
turalists; and among others, from Professors Bo-
nelli, Guidotti, and Costa.

I have explained at length, in the Principles of
Geology, the opinions which were at that time
generally entertained respecting the classification
of tertiary formations, and the observations which
led me, in 1828, to divide them into four groups,
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by reference not only to their geological position,
but also to the proportional number of recent
species found fossil in each. I have also there
stated, that having, in 1829, become acquainted
with M. Deshayes, of Paris, I learnt from him
that he had arrived, by independent researches,
and by the study of a large collection of fossil and
recent shells, at very similar views. At my re-
quest he drew up, in a tabular form, lists of all the
. shells known to him to occur both in some tertiary
formation and in a living state, for the express
purpose of ascertaining the proportional number
of fossil species identical with the recent which
characterized the successive groups; and this table
was published by me in 1833.* The number of
tertiary fossil shells examined by M. Deshayes
was about 3000; and the recent species with which
they had been compared, about 5000. The result
at which that naturalist arrived was, that in the
oldest tertiary deposits, such as those found near
London and Paris, there were about 3} per cent.
of species of fossil shells identical with recent
species; in the next, or middle tertiary period, to
which certain strata on the Loire and Gironde, in
France, belonged, about 17 per cent.; and in the
deposits of a third, or newer era, embracing those
of the Subapennine hills, from 35 to 50 per cent.

* See Princ. of Geol, vol. iii., 1st ed.
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In formations still more modern, some of which I
had particularly studied in Sicily, where they at-
tain a vast thickness and elevation above the sea,
the number of species identical with those now
living was from 90 to 95 per cent. For the sake
of clearness and brevity, I proposed to give short
technical names to these four groups, or the periods
to which they respectively belonged. I called the
first or oldest of them Eocene, the second Miocene,
the third Older Pliocene, and the last or fourth
Newer Pliocene. The first of the above terms,
Eocene, is derived from nws, eos, dawn, and xasvos,
cainos, recent, because the fossil shells of this
period contain an extremely small proportion of
living species, which may be looked upon as indi-
cating the dawn of the recent or existing state of
the testaceous fauna.

The other terms, Miocene and Pliocene, arecom-
parative; the first meaning less recent, (from geioy,
meion, less, and xaivog, cainos, recent,) and the
other more recent, (from wAeioy, pleion, more, and
xauvog, cainos, recent,) they express the more or
less near approach which the deposits of these
eras, when contrasted with each other, make to the
existing creation, at least so far as the mollusca
are concerned. It may assist the memory of stu-
dents to remind them, that the Miocene contain a
minor proportion, and Pliocene a comparative plu-
rality of recent species; and that the greater num-



286 CLASSIFICATION OF THE [Part IL

ber of recent species always implies the more
modern origin of the strata.

Two subjects of discussion have arisen respect-
ing the tables above alluded to; first, whether the
fossil shells were, upon the whole, correctly identi-
fied with recent species by M. Deshayes ; secondly,
whether such a per-centage of recent species oc-
curring fossil in particular groups, affords the best
criterion for estimating the relation of each fossil
fauna to the living creation.

Now in regard to the per-centage test, its appli-
cation must evidently depend on the extent to
which conchologists are agreed in their determin-
ation of species. In every branch of natural his-
tory there is always some difference of opinion as
to certain species which are variable in their
characters, and seem to pass by imperceptible
gradations into other forms, considered by many
zoologists and botanists as entitled to rank as dis-
tinct species. The difficulty of defining the limits
in such cases is not greater, perhaps, in conchology
than in other departments; but it happens that
this science has advanced very rapidly since the
year 1830, when M. Deshayes drew up the tables
published in the Principles of Geology. In that
year he had it in his power to refer to no more
than 5000 species of recent shells then in Paris;
but the number of species now in the public and
private collections of Europe has increased to

fam e — =
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between 8000 and 9000 ; and, what is of no less
consequence, individuals of species which before
that time were extremely rare, have been supplied
in abundance. Fossil shells also have been col-
lected with equal zeal and success; and thus the
facility of discriminating nice distinctions in closely
allied species, or of deciding which characters are
constant and which variable, has been greatly pro-
moted; and the study of these more ample data
has led all conchologists to separate many species,
both of fossil and recent shells, which before they
had confounded together. '

In consequence of the changes of opinion brought
about by these additions to our knowledge, it has
become necessary not only to examine all the
newly discovered fossil and recent testacea, but
also to reconsider all the species previously known.

~ As this laborious task has not yet been executed
by M. Deshayes, engaged as he is in other scien-
tific labours, I am unable at present to offer to
the reader the improved results which the revi-
sion of the tables drawn up in 1830 would afford.
In the mean time I have obtained the aid of se-
veral eminent conchologists, and in particular of
Dr. Beck, of Copenhagen, in comparing a great
number of the recent and fossil shells which had
been identified. By this investigation I have
come to the conclusion that the per-centage of
recent species in a fossil state is decidedly less,
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especially in the older tertiary strata, than was in-
dicated in the list published in 1833. A large
number, in particular, of the forty-two species of
Eocene testacea, to which the names of recent
shells were given in the tables, cannot be consi-
dered as identical, if we adopt the same standard
of specific distinctions as is recognized in the new
edition of Lamarck’s conchology, edited by M.
Deshayes himself, in 1836. '

But although many corrections are indispen-
sable, and the proportion of recent species found
fossil in the Eocene, Miocene, and older Pliocene
strata may be considerably less than was at first
supposed, we have no reason on this account to
feel discouraged in an attempt to found the classi-
fication and nomenclature of the tertiary periods
on the great principle before explained ; namely,
the comparative resemblance of the testaceous
fauna of each period to that of the neighbouring
seas. There can be no cabalistic virtue in such
numbers as 3. 17. or 40., which were at first
imagined to express correctly the proportional
number of identical species in three of the tertiary
periods; but until the time arrives when we can
obtain the general acquiescence of conchologists
as to the real proportional numbers, we must en-
deavour to find some readier method of estimat-
ing the relation of one fauna to another; a method
not involving the question of the identity or non-
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identity of every fossil with some known recent
species.

Now, it has been suggested by Dr. Beck that,
in order to form such an estimate of the compara-~
tive resemblance of the faunas of different eras, we
may follow the same plan as would enable us to
appreciate the amount of agreement or discre-
pancy between the faunas now existing in two
distinct geographical regions.

It is well known that, although nearly all the
species of mollusca inhabiting the temperate zones
on each side of the equator are distinct, yet the
whole assemblage of species in one of these zones
bears a striking analogy to that in the other, and
differs in a corresponding manner from the tro-
pical and arctic faunas. By what language can
the zoologist express such points of agreement or
disagreement, where the species are admitted to
be distinct ?

In such cases it is necessary to mark the rela-
tive abundance in the two regions compared of
certain families, genera, and sections of genera;
the entire absence of some of these, the compara-
tive strength of others, this strength being some-
times represented by the numbers of species,
sometimes by the great abundance and size of the
individuals of certain species. It is, moreover, im-
portant to estimate the total number of species
inhabiting a given area; and also the average

o
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proportion of species to genera, as this differs ma-
terially according to climate. Thus, if we adopt
comprehensive genera like those of Lamarck, we
shall find, according to Dr. Beck, that, upon an
average, there are in arctic latitudes nearly as
many genera as species; in the temperate re-
gions, about three or four species to a genus; in
the tropical, five or six species to a genus.

The method of which the above sketch conveys
but a faint outline, is the more ‘easy of application
to the tertiary deposits of Europe, because the
conchological fauna of the Eocene period indicates
a tropical climate; that of the Miocene strata, a
climate bordering on the tropics; and that of the
Older and Newer Pliocene deposits, a climate much
more closely approaching to, if not the same as,
that of the seas in corresponding latitudes.

Although I cannot enter in this work into
farther details, it may be stated that, if we com-
pare tertiary formations on this principle, the no-
menclature above proposed will not be inappro-
priate; for the fauna of the older, or Eocene,
tertiary formations is still the first in the order of
time in which there is an assemblage of testacea
like that of the present ocean between the tropics;
and in this period a small proportion of mollusca
are undistinguishable from living species; whereas
at the opposite extreme of the series, or in the
‘Newer Pliocene deposits, all conchologists agree
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that the marine shells are all, or nearly all,
identical with those now inhabiting the nearest
seas. As to the Miocene and Older Pliocene
groups, the terms less and more will always ex-
press correctly the different degrees of analogy
which their fossils bear to the assemblage of
living species in similar latitudes.

But it should never be forgotten that, as the
extinct species preponderate in all groups, with
the exception of the Newer Pliocene, it is from
their characters that we derive the distinguishing
feature in the palsontology of each period. The
relative approach which the shells may make to
the living fauna affords a useful and interesting
term of comparison ; but it is one feature only, and
by no means the most prominent one, in the or-
ganic remains of successive periods.

02‘
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CHAPTER XIV.
RECENT AND TERTIARY FORMATIONS,

How to distinguish Recent from Tertiary strata— Recent and
Newer Pliocene strata near Naples — near Stockholm and
Christiania — in South America, on coasts of Chili and
Peru — Rocks of Recent period, with human skeleton, in
Guadaloupe — Shells of living species, with extinct mam-
malia, in loess of the Rhine — Recent and Newer Pliocene
deposits in England — Older Pliocene strata in England—
Crag — Red and Coralline crag — their fossils in part dis-
tinct — their strata unconformable —belong to the same
period —London clay — Its shells and fish imply a tropical
climate — Tertiary mammalia — Fossil quadrumana.

RECENT and Newer Pliocene strata.—If we begin
with the history of the more modern aqueous form-
ations, and then pass on to the more ancient, the
first strata which present themselves are thaose
termed, in the last chapter, the Newer Pliocene.
But in what manner shall we define the limits be-
tween this group and those fossiliferous deposits
which are now in progress, or which have accumu-
lated under water since the globe was inhabited by
man? The strata last mentioned, namely, those
of the human period, I shall call Recent, distin-
guishing them from the most modern tertiary
formations. Strata may be proved to belong to
the Recent period by our finding in them the




Ch. XIV.] RECENT STRATA. ; 203

bones of man in a fossil state, that is to say, im-
bedded in them by natural causes; or we may
recognize them by their containing articles fabri-
cated by the hands of man, or by showing that
such deposits did not exist in the place where we
now observe them at a given period of the past
when man existed, so that they must be of subse-
quent origin. In general all recent formations lie
hidden from our sight beneath the waters of lakes
and seas; but we may examine them wherever
these lakes or seas have been partially converted
into land, as in the deltas of rivers, or where the
submerged ground has been heaved up by sub-
terranean movements, and laid dry.

Thus at Puzzuoli, near Naples, marine strata
are seen containing fragments of sculpture, pot-
tery, and the remains of buildings, together with
innumerable shells retaining in part their colour,
and of the same species as those now inhabiting
the Mediterranean. The uppermost of these beds
is about twenty feet above the level of the sea.
Their emergence can be proved to have taken
place since the beginning of the sixteenth cen-
tury.* But the hills at the base of which these
strata have been deposited, and those of the in-
terior of the adjacent country round Naples, some
of which rise to the height of 1500 feet above the

# See Principles, Index, « Serapis.”
o3
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sea, are formed of horizontal strata of the Newer
Pliocene period; that is to say, the marine shells
observed in them are of living species, and yet
are not accompanied by any remains of man or
his works. Had such been discovered, it would
have afforded to the antiquary and geologist mat-
ter of great surprise, since it would have shown
that man was an inhabitant of that part of the
globe, while the materials composing the present
hills and plains of Campania were still in the
progress of deposition at the bottom of the sea;
vhereas we know that for nearly 3000 years, or
from the times of the earliest Greek colonists, no
extensive revolution in the physical geography of
that part of Italy has occurred.

In Sweden, analogous phenomena have been ob-
served. Near Stockholm, for example, when the
canal of Sodertelje was dug, horizontal beds of
sand, loam, and marl were passed through, in
some of which the same peculiar assemblage of
testacea which now live in the Baltic were found.
Mingled with these, at different depths, were de-
tected various works of art implying a rude state
of civilization, and some vessels built before the
introduction of iron. These vessels and imple-
ments must have sunk to the bottom of an arm of
the sea, afterwards filled up with sand and loam
including marine shells, and the whole must then

have been upraised ; so that the upper beds became
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sixty feet higher than the surface of the Baltic.
There are, however, in the neighbourhood of these
formations, others precisely similar in mineral com-
position and testaceous remains, which ascend to
the height of between 100 and 200 feet, in which
no vestige of human art has been seen. Similar de-
posits reach an elevation of 500 and even 600 feet
in Norway, as in the neighbourhood of Christiania,
where they have usually been described as raised
beaches, but are, in fact, strata of clay, sand, and
mar], often many hundred feet thick, which cover
the inland country far and wide, filling valleys
and deep depressions in the granite, gneiss, and
primary fossiliferous rocks, just as the tertiary
formations of England and France rest upon the
chalk, or fill depressions in it.

All conchologists are agreed that the shells of
the deposits above mentioned are nearly all, per-
haps all, absolutely identical with those now peo-
pling the contiguous ocean ; so that, in the absence
of any evidence of their being Recent, we must
regard them as Newer Pliocene formations.

Along the western shores of South America,
Recent and Newer Pliocene strata have in like
manner been brought to light. These often con-
sist of enormous masses of shells, similar to those
now swarming in the Pacific. In one bed of this
kind, in the island of San Lorenzo, near Lima,
Mr. Darwin found, at the altitude of eighty-five

o4
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feet above the sea, pieces of cotton-thread, plaited
rush, and the head of a stalk of Indian corm, all
of which had evidently been imbedded with the
shells. At the same height on the neighbouring
mainland, he found other signs corroborating the
opinion that the ancient bed of the sea had there
also been uplifted eighty-five feet, since the region
was first peopled by the Peruvian race.* But
similar shells, or strata containing them, have been
found much higher, almost every wherebetween the
Andes and sea coasts of Chili and Peru, in which
no human remains were ever, or in all probability
ever will be, discovered. These strata, therefore,
may provisionally, at least, be designated Newer
Pliocene.

In the West Indies, also, rocks both of the Re-
cent and Newer Pliocene periods abound. Thus,
a solid limestone occurs at the level of the sea-
beach in the island of Guadaloupe, enveloping
human skeletons. The stone is extremely hard,
and chiefly composed of comminuted shell and
coral, with here and there some entire corals and
shells, of species now living in the adjacent sea.
With them are included arrow heads, fragments
of pottery, and other fabricated articles. A lime-
stone with similar contents has been formed, and
is still forming, in St. Domingo and other islands.

* Journal, p.451. (for title, see note, p. 137.)
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But there are also more ancient rocks in the West
Indian Archipelago, as in Cuba, near the Havanna,
and in other islands in which are shells identical
with those now living in corresponding latitudes ;
some well preserved, others in casts, all referable
to a period which, if we can depend on negative
evidence, was anterior to the introduction of man
into the New World.

The history of Holland, during the last 2000
years, makes us acquainted with a vast accession of
Recent strata, by which parts of the sea near the
mouths of the Rhine have been filled up and con-
verted into dry land. But, if we ascend the Rhine,
we find throughout its course, from Cologne to
the frontiers of Switzerland, a yellow calcareous
loam, called loess by the Germans, in which are
fossil shells, both freshwater and terrestrial, of com-
mon European species. The entire thickness of
this loam amounts in some places to 200 or 300
feet, and it rises from the height of 300 to 1200
feet above the sea. Bones of the mammoth or
extinct elephant, together with those of the horse,
and some other quadrupeds, have been met with
in this Newer Pliocene formation, but no remains
or signs of man; and it can be proved that the
physical geography of the whole valley of the
Rhine has undergone enormous changes since the
deposition of this loam.

No marine strata of the Recent period have yet

ob
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been brought to light in England which rise to
such a height above the level of the sea as the
highest tides may not once have reached. Buried
ships have been found in the former channels of
the Rother in Sussex, of the Mersey in Kent,
and Thames near London. Canoes and stone-
hatchets have been dug up, in almost all parts of
the kingdom, in peat and shell-marl; but there is
no evidence, as in Sweden, Italy, Peru, Chili, and
other parts of the world, of the bed of the sea, and
the adjoining coast, having been uplifted bodily in
modern times, so that Recent formations have be-
come land. There are, however, in various parts
of Great Britain and Ireland, Newer Pliocene
deposits of marine origin, consisting of sand and-
clay, usually of small thickness ; as, for example, in
Cornwall, and near the borders of the great
estuaries of the Clyde and Forth, in Scotland,
and in that of the Shannon, in Ireland. These
are found usually near the coast, but in some rare
instances they penetrate inland to a distance of
sixty miles from the sea, as at Bridgnorth, in
Shropshire.* They also rise occasionally to great
heights, as at Preston, in Lancashire, where they
are 350 feet above the sea; and, what is still more
remarkable, on a mountain called Moel Tryfane,
in Wales, near the Menai Straits, they attain an

# See Murchison, Proceedings of Geol. Soc., vol. ii. p. 333.
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elevation of about 1400 feet. * In all these places
they contain shells indisputably of the same spe-
cies as those which now people the British seas;
and although, perhaps, on more accurate examin-
ation some slight intermixture of extinct testacea
will appear, yet the geologist will always refer
them to the most modern tertiary era. -

There are, moreover, a great many freshwater
deposits scattered over England, which belong to
the Newer Pliocene period, as at North Cliff, in
the county of York, where thirteen species of
British land and freshwater shells were found im-
bedded in the same strata with the remains of the
bison and mammoth.+ In like manner, at Crop-
thorne, in Worcestershire, on the banks of the
Avon, a tributary of the Severn, Mr. Strickland
observed fluviatile and land shells, nearly all of
recent species, with the bones of an extinet kind
of hippopotamus. Recent freshwater shells also
appear in beds of loam, together with bones of
the deer and mammoth, in the cliffs of the estuary
of the Stour, in Suffolk. Some writers have con-
founded these and similar fluviatile and lacustrine
strata, with the ancient alluviums which they
term diluvial.

Older Pliocene strata in England — Crag. —
There are some few countries in Europe, as in

* Proceedings of Geol. Soc., vol.i. p. 331.,and vol.ii. p. 333.

+ See Principles, Index, “ Mammoth.”
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the district between the Gironde and the Pyre-
nees, in the south of France, or that between the
Alps, north of Vicenza, and the hills near Turin,
in the north of Italy, where fossiliferous strata
representing all the three periods, the Eocene,
Miocene, and Older Pliocene, are present. But
the tertiary deposits of England are limited to
the Eocene and the Older and Newer Pliocene
groups, the Miocene being wanting.

It is chiefly in the eastern part of the county
of Suffolk that a deposit provincially named crag
is seen in its most characteristic form. This crag
consists chiefly of a series of thin layers of quartz-
ose sand and comminuted shell, which rest some-
times on chalk, sometimes on an Eocene tertiary
formation, called the ¢ London Clay.” Mr.
Charlesworth, whose opinion I have lately had
opportunities of confirming, has correctly stated
that the crag, in part of Suffolk, may be divided
into two distinct masses, the upper of which may
be termed the red, and the lower the coralline
crag.* The inferior division, however, is of very
limited extent, ranging over an area about twenty
miles in length, and three or four miles in breadth,
between the rivers Alde and Stour.

The red crag is generally at once distinguish-
able from the coralline, by the deep red ferruginous

¢ London and Edin. Phil. Mag. No. 38. p. 81, Aug. 1835.
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or ochreous-colour of its sands and fossils. Its
strata are also remarkable for the oblique or
diagonal position of the subordinate layers (see
p. 38.); and these often consist of small flat pieces
of shell, which lie parallel to the planes of the
smaller strata, showing clearly that they were so
deposited, and that this structure has not been
due to any subsequent rearrangement of the mass
after deposition. That the ancient sandbanks in
question had sometimes sides sloping in all direc-
tions, is implied by the fact that the oblique layers
sometimes slant towards all points of the compass
in different parts of the same quarry. They were
probably shifting sands, and a great proportion of
the shells composing them have been ground down
to small pieces, while others have been rolled ; and
the two parts of the bivalves are almost invariably
disunited. The red crag contains some peculiar
fossils, and others which seem to have been washed
out of the lower or coralline crag. Some few of
the bivalves of the red crag are entire, with both
valves joined.

The coralline crag is usually free from ferru-
ginous stains, and consists of light greenish shelly
marl, and white calcareous sand. Sometimes it
forms a soft building stone, in which entire shells,
echini, and many zoophytes are imbedded. Here
and there the softer mass is divided by thin flags of
bard limestone, in which are corals in a good state
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of preservation, which evidently grew at the bottom
of a tranquil sea, in the position in which we now
see them. Yet the sands in this formation, as in
the red crag, are often composed entirely of com-
minuted shell. .

In some places, as at Tattingstone, in Suffolk,
the lithological distinction of the two divisions,
though perceptible, is much less marked; the in-
ferior crag being composed chiefly of greenish
marl, with only a few stony beds. The shells also
are mostly broken, and corals are almost as rare
as in the red crag.

At some places, as near Orford, the coralline
crag is exposed at the surface, and the bottom of
it has not been reached at the depth of fifty feet.
Yet not far from this town, the surface is occupied
exclusively with red crag, which rests immediately
upon the London clay. Wherever the two divi-
sions are found together, the coralline mass is the
lower of the two, and is interposed between the
red crag "nd London clay; and the strata of the
upper and lower crag are unconformable one to
the other, as in the section represented in the
annexed diagram, which I have myself examined.

Fig. 128.

Shottisham
Creek.

SRutton.

Section near Ipswich, in Syffolk.
a. red crag. b. coralline crag. ¢. London clay.
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is of very peculiar structure, unknown in the liv-
ing creation. (See Fig. 133.)
Fig. 183.

Fascicularia aurantium, Milne Edwards. Family, Tub wliporide,
of same author. A4 coral of an extinct genus, from the inferior
or coralline crag, Suffolk.

a. exterior. " b. vertical section of interior.

c. portion of exterior magnified.

d. portion of interior magnified, showing that it is made up of
long, thin, straight tubes, united in conical bundles.

The general analogy of the crag shells to those
now living in the neighbouring seas, between the
latitudes 50° and 60° north, is so striking that we
cannot hesitate to refer the formation to the Plio-
cene period; but, as all conchologists are agreed that
more than half the species are extinct or unknown,
it is to the Older and not the Newer Pliocene
period that they belong. Dr. Beck, after examin-
ing 260 species of these shells, informs me that
the average number of species to genera is such
as indicates a temperate climate, a result which is
also confirmed by the large development of ‘cer-
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tain northern forms, such as the genus Astarte

(see Fig. 134.), of which there are about fourteen

species, many of them being rich in individuals;

and there is an absence of genera peculiar to hot

climates, such as Conus, Oliva, Mitra, Fasciolaria,
Fig. 184.

Adarie, (Crassina, Lam,) ; species common to upper and lowey crag.

and others. The cowries (Cyprea) (Fig. 132.)
also are small, as in the colder regions. A large
volute, called PVoluta Lamberti (Fig. 135.), may

Fig. 135. seem an exception; but it differs in
. form from the volutes of the torrid
zone, and may, like the large Voluta
Magellanica, have been extra-tropical.

When I first submitted the shells of
the crag to M. Deshayes, in 1829, he
recognized their general resemblance
to the fauna of the German ocean, and
determined that out of 111 species

Voluta L
youngindivid. - there were 45 identical with those
now living. Dr. Beck, on the other hand, who
has since seen much larger collections, considers

that almost all the species are distinguishable from
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those now living, and this subject is still under
discussion. '

It has been asked whether, as the upper and
lower crag of Suffolk differs greatly in mineral
composition and fossils, they may not belong to
two different tertiary periods. To this I may
reply, that the general character of the shells is
the same, and by no means leads to such a conclu-
sion. The two deposits may have been going on
contemporaneously under different geographical
- conditions in the same sea. One region of deep
“and clear water, far from the shore, may have

been fitted for the growth of certain corals, echini,
and testacea; while another shallower part nearer
the shore, and more frequently turbid, or where
sand and shingle were occasionally drifted along,
may have been favourable to other species. After
this, the region of deep and tranquil water becom-
ing shallow, or exposed to the action of waves and
currents, a formation like the coralline crag may
have been covered over with sandy deposits, such
as the red crag, and many fossils of the older
beds may have been washed into the newer strata.
If a considerable lapse of time intervened in a
particular spot between the conversion of a deep
sea into a shoal, some small change in organic life
may have taken place, and consequently the dis-
tinctness in character of the fossils of the two
formations may be derived from two causes, first
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and principally the difference of geographical con-
ditions, and, secondly, that law of the coming in
and going out of species which was alluded to in
the last chapter. (p. 275.)

The area over which both divisions of the
crag can be traced is too small to enable us to
arrive at satisfactory conclusions on a question of
such magnitude; but the section given above
(p- 302.) shows distinctly that, near Sutton, the
lower crag had suffered much denudation before
the deposition of the red crag. At D (Fig. 128.)
there is not only a distinct cliff, eight or ten feet
high, of coralline crag, running in a direction
N. E. and S. W., against which the red crag abuts
with its horizontal layers, but this cliff occasionally
overhangs. The rock composing it is drilled
everywhere by Pholades belonging to the period
of the red crag. The cliff may have been caused
by submarine denudation, in a shallow sea; and
had the red crag been equally solid, it would
probably have presented many similar perpendi-
cular cliffs; for beds, ten or twelve feet thick, of
loam or sand, in this formation, are often seen to
be unconformable to older beds, which have been
in part cut away. Similar excavations are now
made, even on a larger scale, by the sea, in the
great sandbanks off Yarmouth, in part of which
Captain Hewett, R. N., found, in 1836, a broad
channel, sixty-five feet deep, where there had been
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only a depth of four feet in 1822. This remark-
able change was ascertained during two hydro-
graphical surveys, in the years above mentioned,
and shows how denudation, amounting to sixty
feet in vertical depth, can take place under water
in the course of fourteen years. The new channel
thus formed, serves now (1838) for the entrance
of ships into Yarmouth Roads.

Eocene formations in England— London Clay. —
In the section already given of the tertiary strata
of Suffolk (p.302.), it will be seen that the crag
rests on a formation called the London clay, which
there consists of alternating beds of blue and brown
clay, with many nodules of calcareous stone, used
for Roman cement. This formation is well seen
in the neighbouring cliffs of Harwich, where the
nodules contain many marine shells, and some-
times the bones of turtles. The relative position

of the chalk, London clay, and crag, between the
coast of Essex and the interior, may be under-
stood by reference to the annexed diagram. The
London clay has been so named, because it oc-
curs in the neighbourhood of the metropolis, in
a trough or basin of the chalk. (See section,
p- 815.) Weknow, by numerous borings made for
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water, that the chalk exists everywhere below, after
we have penetrated through clay and sand to the
depth of from 200 to 600 feet; and, if we proceed
to the south of London, we find the chalk rising
up to the surface and forming the Surrey hills;
while if we proceed northwards, into Hertford-
shire, or, westward, by the Thames, into Oxford-
shire, we again meet with the same chalk.

The overlying Eocene deposit consists of two
portions; the upper of blue clay, with occasional
cement stones, as before mentioned ; the lower of
various coloured sands and clays; the fossils
throughout all the beds being very different from
those of the crag. - Scarcely any one of the shells
can be identified with species now living; and
the whole assemblage is such as to resemble the
testaceous fauna of the tropics. This opinion
is favoured by the occurrence of many species
of Mitra and Voluta, a large Cyprzea, a very large
Rostellaria, and shells of the genera Terebellum,
Cancellaria, Crassatella, and.others, with four or
more species of Nautilus. (See Figures, p. 310.)
There are fish, also, which indicate a warm climate ;
among which may be mentioned a sword-fish, ( Zet-
rapterus priscus, Agassiz,) about eight feet long, and
a saw-fish, (Pristis bisulcatus, Ag.) about ten feet
in length ; genera foreign to the British seas.

These last have been found in the island of
Sheppey, which is composed of London clay, where
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FOSSIL SHELLS OF THE LONDON CLAY.
Fig. 137, Fig. 138.

Crassatcella sulcata. Rostellaria macroptera, Sow.
one third of nat. size.

Fig. 140. Fig. 141. Fig. 142.

Nautilus centralis. Voluta athleta. Terebellum
Jusiforme.

also, as I learn from M. Agassiz, the remains of no
less than fifty other species of fish have been dis-
covered. It does not appear that the fossil plants
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and fruits, so numerous in this same island, or the
fossil plants of the corresponding Eocene form-
ation of Paris, have by any means so tropical an
aspect as the shells, but rather indicate such a
flora as might be found on the borders of the
Mediterranean.

Besides the marine formation called London
clay, there are freshwater strata of the Eocene
period in the Isle of Wight, and opposite coast of
Hampshire. They contain shells, such as Limnea
and Planorbis; Gyrogonites, or the fossil seeds of
Chara (see p. 66.) ; and the bones of several qua-
drupeds of extinct genera, such as Palaeotherium,
Anoplotherium, and Cheaeropotamus, which were
lately found by the Rev. W. D. Fox, near Bin-
stead.

It has already been remarked that fossil mam-
malia of extinct species have been met with
in the Newer Pliocene deposits of England and
other countries. Different species characterize the
Miocene, and others are proper to the Eocene
formations ; and among them nearly every order
and family of the herbivorous and carnivorous
tribes are represented: but those which inhabit
trees are most rare; and it was not until very
lately, namely in 1837, that any remains of qua-
drumana, or of the ape and monkey tribe, were
discovered. These were obtained about the same
time in France and India; in France, by M. Lartet,



312 FOSSIL MAMMALIA, [Part IL.

near Auch, in the department of Gers, about forty
miles west of Toulouse, where the bones of an ape,
or gibbon, accompanied those of the rhinoceros,
dinotherium, mastodon, and others; in India, by
Captain Cautley and Dr. Falconer, who found the
remains of a monkey, with the bones of many ex-
tinct quadrupeds, in the Sewalik hills, a lower
range of the Himalaya mountains, near Saharun-
pore.

The frequent occurrence in the tertiary strata
of fossils referable to the highest class of verte-
brata is a fact the more worthy of notice, as we
shall find in the sequel how great is their rarity
in the secondary formations.
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CHAPTER XV.

CRETACEOUS GROUP.

White chalk — Its marine origin shown by fossil shells —
Extinct genera of cephalopoda — Sponges and corals in
the chalk — No terrestrial or fluviatile shells, no land
plants — Supposed origin of white chalk from decomposed
corals — Single pebbles, whence derived — Cretaceous
coral-reef in Denmark — Maestricht beds and fossils —
Origin of flint in chalk — Wide area covered by chalk —
Green-sand formation and fossils — Origin of — External
configuration of chalk — Outstanding columns or needles
— Period of emergence from the sea — Difference of the
chalk of the north and south of Europe — Hippurites —
Nummulites —Altered lithological character of cretaceous
formation in Spain and Greece — Terminology.

THE next group which succeeds to the tertiary
strata in the descending order has been called
Cretaceous or chalky, because it consists in part
of that remarkable white earthy limestone called
chalk (creta). With this limestone however are
usually associated other deposits of sand, marl,
and clay, called the Green-sand formation, be-
cause some of its sands are remarkable for their
bright green colour. .

The following are the subdivisions into which
the Cretaceous Strata have been divided in the
south of England : — ’

P
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g a. soft white chalk, with } united
1. Chalk flints - - - | thickness
formation b. hard white chalk,with 2from 600
. few or no flints - | to 1000
c. chalk marl - - J feet.®
Cretaceous p thickness
group. a. upper green-sand -{ 30to 100

feet.
2 fGreen.- sand 5. Gault, or blue marl, 10to 150 ft.
ormation.
c. lower green-sand and
iron-sand, with occa- { 250.f
sional limestone -

-

The accompanying section (Fig. 143.) will show
the manner in which the tertiary strata of the
London and Paris basins, as they are called, rest
upon the chalk, and how the white chalk in its
turn reposes throughout this region upon the
green-sand formation.

I shall now speak first of the chalk, its fossils,
and probable origin; and then say something of
the green-sand ; after-which I shall point out the
probable relations of the chalk and green-sand to
each other.

White Chalk. — The white chalk used in writing
consists almost purely of carbonate of lime. Al-
though usually soft, this substance passes in some
districts by a gradual change into a solid stone
used for building. The stratification is often ob-
scure, except where rendered distinct by alternat-
 ing layers of flint. These layers are from two to
four feet distant from each other, and from three

# Conybeare, Outlines, &c., p.85.
4 Fitton, Geol. Trans., Second Series, vok iv. p. 319.
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Valley of Bray. Paris.

Boulogne,

Hythe.

London.,

Herts.

Section from Hertfordshire, in England, to Sens, in France.

FOBSILS OF THE CHALK. 815

to six inches in thickness, oc-

‘casionally in continuous beds, but

more frequently in nodules.

The annexed figures represent
some few of the fossil shells which
are abundant in the white chalk,
and these alone are sufficient to
prove its marine origin. Some
of them, such as the Terebratulee,

.. (see". Figs. 148. 150, 151, 152.)

are known to live at the bottom of
the sea, where the water is tran-
quil, and of some depth. The
Crania and Catillus (Figs.145. &
144.) may be pointed out as forms
which, so far as our present in-
formation extends, became ex-
tinct at the close of the cretaceous
period, and are therefore never
met with in any tertiary stratum,
orina living state. Among other

- forms, equally conspicuousamong

the fossil mollusca of the creta-
ceous group, and foreign to the
tertiary and recent periods, may
be mentioned the Belemnite, Am-
monite, Baculite, and Turrilite
of the family Cephalopoda, to
which the living cuttle-fish and
nautilus belong.
P2
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FOSSILS OF THE WHITE CHALK.

Catillus Cuvieri. (Syn. Imoceramus Cuvieri, Sow.)

Fig.

Fig. 145.

Fig. 146.

e R—
tnfertor or attaci ma
valve. Hopenri.

Terebratula Ostrea carinata,

Defrancii. also in Upper Green-sand.

Fig. 150. mg' 151.  Fig. 152.

Terebratula @ Terebratula
Teredratula LTN carnea.

octoplicata,
(Var. of T. plicatilis.)  (Magas > Sow.)

[Part 1L



Ch. XV.] AND, GREEN-SAND. 3817

Ostrea mu‘ulan: Grgg)lwaglobom , Sow.) e
reen-sand.
FOSSIL CEPHALOPODA OF EXTINCT GENERA.
Cretaceous Period.

a Fig. 154. b

. Turrilites costatus, Gault.
b. Same, showing the indented border of the partition of the chambers.

a Fig. 155. b

. Belemnites mucronatus,
b Same, internal structure, } ‘White Chalk and Upper Green-sand.

Fig. 157.

Baculites Fayujasii, Portion of Baculites anceps,
Whnte Ch k and Upper Green-sand.  White Chalk and Upper Green-sand.

One of these, the Belemnite, like the bone of
the common cuttle-fish, was an internal shell. Be-
P3
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sides these there are other fossils in the chalk,
such as sea-urchins, corals, and sponges (see
Figures), which are alike marine. They are dis-
persed indifferently through the soft chalk and
the hard flint.

Fig. 158.

Ananchytes ovatus.
a. side view,
5. bottom of the shell on which both the oral and anal apertures
are placed ; the anal being to the right, and more oval.

Fig. 159.

Eschara disticha. : -
a. natural size. b. portion magnified.

"I'o some of these inclosed zoophytes many flints
owe their irregular forms, as in .the flint repre-
sented in Fig. 161., where the hollows on the ex-
terior are caused by the branches of a sponge,
which is seen on breaking open the flint. (See
Fig. 160.)

~ -

e
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Fig. 160. Fig. 161.

A branching sponge in a flint from the chalk.*

With these fossils the remains of fish and crus-
tacea are not uncommon; but we meet with no
bones of land animals, nor any terrestrial or fluvia-
tile shells, nor any plants, except pieces of drift
wood and sea-weed, nor any sand or “pebbles; all
the appearances concur in leading us to believe
that this deposit was formed in a deep sea, far from
land, and at a time when the European fauna was
perfectly distinct from that of the tertiary period,
from which its numerous species of plants and
animals entirely differ.

Origin of the White Chalk. — Having then come
to the conclusion, that the chalk was formed in an
open sea of some depth; we may next inquire, in
what manner so large a quantity of this peculiar
white substance could have accumulated over an
area many hundred miles in diameter, and some
of the extreme points of which are distant, as we
shall see in the sequel, more than 1000 geogra-
phical miles from each other.

# From the collection of Mr. Bowerbank.
P4
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It was remarked in an early part of this volume,
that some even of that chalk which appears to an
ordinary observer quite destitute of organic re-
mains, is nevertheless seen under the microscope
to be full of fragments of corals and sponges; the
valves of Cytherina, the shells of foraminifera, and
still more minute infusoria. (See p. 55.)

Now it had been often suspected before these
discoveries, that white chalk might be of animal
origin, even where every trace of organic structure
has vanished. This bold idea was partly founded
on the fact, that the chalk consisted of pure car-
bonate of lime, such as would result from the
decomposition of testacea, echini, and corals, and
in the passage observable between these fossils
when half decomposed into chalk. But this con-
jecture seemed to many naturalists quite vague
and visionary, until its probability was strength-
ened by new evidence brought to light by modern
geologists.

We learn from Lieutenant Nelson, that, in the
Bermuda islands, there are several basins or la-
goons almost surrounded and inclosed by reefs of
coral. At the bottom of these lagoons a soft
white calcareous mud is formed by the decompo-
sition of Eschara, Flustra, Cellepora, and other
soft corallines. This mud, when dried, is undis-
tinguishable from common white earthy chalk;
and some portions of it, presented to the Museum
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of the Geological Society of London, might, after
full examination, be mistaken for ancient chalk,
but for the labels attached to them. - About the
same time Mr. C. Darwin observed similar facts
in the coral islands of the Pacific; and came also
to the opinion, that much of the soft white mud
found at the bottom of the sea near coral reefs
has passed through the bodies of worms, by which
the stony masses of coral are everywhere bored ;
and other portions through the intestines of fish;
for certain gregarious fish of the genus Sparus are
visible through the clear water, browsing quietly,
in great numbers, on living corals, like grazing
herds of graminivorous quadrupeds. On opening
their bodies, Mr. Darwin found their intestines
filled with impure chalk. This circumstance is
the more in point, when we recollect how the fos-
silist was formerly puzzled by meeting with cer-
tain bodies, called cones of the °
larch, in chalk, which were
afterwards recognized by Dr.
, Buckland to be the excre-
" ment of fish.* These spiral
coprolites (see Figures) like
the scales and bones of fossil
fish in the chalk, are composed chiefly of phosphabe
of lime.

* Geol. Trans., Second Series, vol.iii. p.232. plate 31.
figs. 3. and 11.

P55
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Single pebbles in chalk.— The general absence of
sand and pebbles in the white chalk hasbeen already
mentioned ; but the occurrence here and there of

a few isolated pebbles of quartz and green-schist,
some of them two or three inches in diameter, in
the south-east of England, has justly excited much
wonder. If these had been carried to the spots
where we now find them by waves or currents
from the lands once berdering the cretaceous sea,
how happened it that no sand or mud were trans-
ported thither at the same time? We cannot
conceive such rounded stones to have been drifted
like erratie blocks by ice *, for that would imply
a cold climate in the cretaceous period; a sup-
position inconsistent with the luxuriant growth of
large chambered univalves, numerous corals, and
many fish, and other fossils of tropical forms.

Now in Keeling Island, one of those detached
masses of coral which rise up in the wide Pacific,
Captain Ross found a single fragment of green-
stone, where every other particle of matter was
calcareous; and Mr. Darwin concludes that it
must have come there entangled in the roots of a
large tree. He reminds us that Chamisso, a dis-
tinguished naturalist who accompanied Kotzebue,
affirms, that the inhabitants of the Radack archi-
pelago, a group of lagoon islands, in the midst of

# See p.136.
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the Pacific, obtained stones for sharpening their
instruments by searching the roots of trees which
are cast up on the beach.*

It may perhaps be objected, that a similar mode
of transport cannot have happened in the creta-
ceous sea, because fossil wood is very rare in the
chalk. Nevertheless wood is sometimes met with,
and in the same parts of the chalk where the
pebbles are found, both in soft stone and in a
silicified state in flints. In these cases it has often
every appearance of having been floated from a
distance, being usually perforated by boring-shells,
such as the Teredo and Fistulana. }

The only other mode of transport which sug-
gests itself is sea-weed. Dr. Beck informs me,
that in the Lym-Fiord, in Jutland, the Fucus vesi-
culosus, sometimes grows to the height of ten feet,
and the branches rising from a single root, form a
cluster several feet in diameter. When the blad~
ders are distended, the plant becomes so buoyant
as to float up loose stones several inches in dia-
meter, and these are often thrown by the waves
high up on the beach. The Fucus giganteus, of
Solander, so common in Terra del Fuego, is said
by Captain Cook to obtain the length of 360 feet,
although the stem is not much thicker than a

# Darwin, p. 549, Kotzebue’s First Voyage, vol. iii.
p. 155.
4+ Mantell, Geol. of S. E. of England, p. 96.
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man’s thumb. It is often met with floating at
sea, with shells attached, several hundred miles
from the spots where it grew. Some of these
plants, says Mr. Darwin, were found adhering to
large loose stones in the inland channels of Terra
del Fuego, during the voyage of the Beagle in
1834 ; and that so firmly, that the stones were
drawn up from the bottom into the boat, although
so heavy that they could scarcely be lifted in by
one person.* Some fossil sea-weeds have been
found in the cretaceous formation, but none, as
yet, of large size.

Cretaceous coral reef in Denmark.— Having sald
so much on the probable derivation of chalk from
the decay of corals and shells, I may add, that in
the island of Seeland, in Denmark, there is a yel-
low limestone intimately connected with the chalk,
and containing a vast number of the same fossils,
which consists of an aggregate of corals, retaining
their forms as distinctly as the dead zoophytes
which enter into the structure of reefs now grow-
ing in the sea. The thickness of this rock is un-
known, but it has been quarried at Faxoe to the
depth of forty feet. At Stevensklint, in Seeland,
it is seen to rest on white chalk with flints, from
which it differs greatly in appearance, and where
it is covered again by another limestone, which

* Darwin, p. 303. (For full reference see p.137.)
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although of later date, agrees more nearly with
the white chalk, both in fossils and mineral cha-
racter. Out of 104 species of sponges, corals, and
other zoophytes, collected from the limestone of
Faxoe, and from the ordinary white chalk of Den-
mark, which agrees with that of England, no less
than forty-two are common to both formations;
and many of the same species of bivalve shells
and echinodermata have been found in both.
The Faxoe formation, however, is not only re-
markable for the number and good preservation
of its fossil corals, but also from the generic re-
semblance of many of its univalve shells to forms
usually supposed to appertain chiefly or exclu-
sively to the tertiary period. Thus among the
patelliform univalves, we find Patella and Emar-
ginula, and among the spiral, the following genera,
Cyprea, Oliva, Mitra, Cerithium, Fusus, Trochus,
Triton, Nassa, and Bulla.

The species however do not agree with those
of the tertiary strata, and are associated with
cephalopoda of those extinct families before men-
tioned as characteristic of the cretaceous, and
foreign to the tertiary epoch; as, for example, the
ammonite, belemnite, and baculite. Two species,
the Belemnites mucronatus (Fig. 155.), and the
Baculites Faujasii (Fig. 156.), being common to
the Faxoe beds and the white chalk.

From these facts, we may conclude that the



326 CRETACBOUS GROUP. (Part 1L

Faxoe limestone was formed in the cretaceous
sea, in a spot favourable for the multiplication of
stony corals and univalve shells; and as some
small portions of the rock consist of white earthy
ehalk, this latter substance must have been pro-
duced simultaneously, and some of it may have
been washed away, in the form of mud, from the
coral reef of Faxoe, and dispersed over the deeper
parts of the same ocean, just as the white mud,
swept out of the lagoons of the Bermudas or coral
islets of the Pacific, must form deposits of white
chalk, covering much wider spaces than those oc-
cupied by the reefs.

The same remarks apply to a rock, which re-
poses on the Upper Chalk with flints, at St. Peter’s
Mount, Maestricht, and at Ciply, near Mons. It
is a soft yellowish stone, not very unlike chalk,
and * includes siliceous masses, which are much
more rare than those of the chalk, of greater bulk,
and not composed of black flint, but of chert and
calcedony.” * Like the Faxoe stone, it is cha~
racterized by a peculiar assemblage of organic re~
mains which are specifically distinct from those of '
the tertiary period, but many of them common to
the white chalk. A

As these Maestricht beds have been thought to
be intermediate in character between the second-

* Fitton, Geol. Proceedings, 1830.
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ary and tertiary formations, it may be proper to
mention, as opposed to this opinion, that the Am-
monite (Fig. 164.), Baculite, Hamite, and Hip-
purite, have been found in
the Maestricht limestone,
genera which bave not yet
been detected in strata
newer than the chalk. In
the same formation, also,
large turtles have been found,
and a gigantic reptile, the
Mosasaurus, or fossil Monitor, some of the ver-
tebree of which appear also in the English chalk.®
The osteological characters of this oviparous qua-
druped prove it to have been intermediate be-
tween the living Monitors and Iguanas; and, from
the size of the head, vertebrs, and other bones,
it is supposed to have been twenty-four feet in
length.

The existence of such turtles and saurians
seems to imply some neighbouring land, on the
sandy shores of which these creatures may have
laid their eggs. But a few small islets in mid
ocean, like Ascension, so much frequented by
turtles, may perhaps have afforded the required
retreat to these cretaceous reptiles.

Origin of the flint in chalk. —1It js difficult to

4 Rhotomagensis,
Maestricht ; found by Count
Munster.

* See Mantell’s Geol. of S. E. of England.
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give a satisfactory explanation of the origin of the
flint in chalk, whether it occurs in nodules or
continuous layers. It seems that there was ori-
ginally siliceous as well as calcareous earth in the
muddy bottom of the cretaceous sea, at least when
the upper chalk was deposited. Whether both
these. earths could have been alike supplied by
the . decay of -organic bodies may be matter of
speculation ; but what was said of the origin of
Tripoli (see p.51.) shows how microscopic infu-
soria can give rise to dense masses of pure flint.
The skeletons of many living sponges consist of
needles or spicula of flint, and these are found
very abundantly in the flints of the chalk. There
are also other living zoophytes, which have the
power of secreting siliceous matters from the
waters of the sea, just as mollusca secrete cal-
careous particles.

From whatever source the mud derived its
silex, we may attribute the parallel disposition of
the flinty layers to successive deposition. The
distances between the layers, says Dr. Buckland,
must have been regulated by the intervals of pre-
cipitation, each new mass forming at the bottom
of the ocean a bed of pulpy fluid, which did not
penetrate the preceding bed on which it rested,
because the consolidation of this last was so far
advanced as to prevent such intermixture.* Never-

* Geol. Trans., First Series, vol. iv. p. 420.
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theless the separation of the flint into layers, so
distinct from the chalk, is a singular phenomenon,
and not yet accounted for. Perhaps, as the specific
gravity of the siliceous exceeds that of the cal-
careous particles, the heavier flint may have sunk
to the bottom of each stratum of soft mud ?
Geographical extent of White Chalk. — The area
over which the white chalk preserves a nearly
homogeneous aspect is so great that geologists
have often despaired of finding any analogous de-
posits of recent date; for chalk is met with in a
north-west and south-east direction, from the north
of Ireland to the Crimea, a distance of about
1140 geographical miles, and in an opposite di-
rection it extends from the south of Sweden to
the south of Bordeaux, a distance of about 840
geographical miles. But we must not conclude
that it was ever spread out uniformly over the
whole of this vast space, but merely that there
were patches of it, of various sizes, throughout
this area. Now, if we turn to those regions of the
Pacific over which coral reefs are scattered, we
find some archipelagoes of lagoon islands, such as
that of the Dangerous archipelago for instance,
and that of Radack, with some adjoining groups,
which are from 1100 to 1200 miles in length, and
800 or 400 miles broad ; and the space to which
Flinders proposed to give the name of the Coral-
lian sea is still larger; for it is bounded on the
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east by the Australian barrier, on the west by
New Caledonia, and on the north by the reefs
of Louisiade. Although the islands in these
spaces may be thinly sown, the mud of the decom-
posing zoophytes may be scattered far and wide
by oceanic currents.

Green-sand formation.— The lower division of
the Cretaceous group in England is divisible, as
we have already seen, into Upper Green-sand,
Gault, and Lower Green-sand. The green’grains
have been found, by analysis, to consist chiefly of
silicate of iron, and they agree in composition
with chlorite. The inferior white marly chalk
becomes more and more charged with these grains
until it passes into the upper green-sand, a form-
ation of sand and sandy marl, frequently mixed
with chert, and this again passes downwards into
the clay and marl, provincially called Gault. Both
of these subdivisions, although often diminishing
in volume to a thickness of two or three yards,
form distinct and continuous bands of sand and
clay between the chalk and lower green-sand
throughout considerable tracts in England, France,
and Belgium; and each preserve throughout this
space certain mineral peculiarities and character-
istic fossils,

The lower green-sand below the gault is formed

pertly of green and partly of ferruginous sand
and sandstone, with some limestone. These rocks
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guish the Green-sand formation in England from
the White Chalk.

Origin of the Green-sand formation.— Unlike the
white chalk, this deposit consists of a succession
of ordinary beds of sand, clay, marl, and impure
limestone, the materials of which might result
from the wearing down of pre-existing rocks.
The nature of these derivative rocks we learn,
from finding in the green-sand pebbles of quartz,
quartzose sandstone, jasper, and flinty slate, toge-
ther with grains of chlorite and mica.* Butwenatu-
rally inquire, how it could happen that, throughout
a large submarine area, there should be formed,
first, a set of mechanical strata, such as the
green-sand, and then over the same space a pure
zoophytic and shelly limestone, such as the white
chalk. Certain causes, which during the first
period gave rise to deposits of mud, sand, and
pebbles, must subsequently have ceased to act;
for it is evident that no similar sediment disturbed
the clear waters of the sea in which the white
chalk accumulated. The only hypothesis which
seems capable of explaining such changes is the
gradual submergence of land which had been
previously exposed to aqueous denudation. This
operation may have gone on with such slowness
as to allow time for considerable fluctuations in the

* Fitton, Geol. Trans., Second Series, vol.iv. p.116.
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state of the organic world, so that different sets of
strata, beginning with the lower green-sand, and
ending with the upper white chalk, may each con-
tain some peculiar remains of animals which lived
successively in the sea; while some species may have
continued to exist throughout the whole period,
and are therefore common to all these formations.

‘It will be seen in the next chapter, when we
treat of the strata called the Wealden, that such a
general subsidence of land as is here supposed to
explain the manner in which the chalk succeeds
the green-sand, may be inferred from other inde-
pendent proofs to have taken place throughout
large areas.

It cannot however be assumed, that all the
green-sand in Europe had ceased to be deposited
before any chalk began to accumulate. Such
indeed was the order of events in parts of Eng-
land, France, Belgium, and Denmark; but if we
compare different countries, and some of these
not far distant from each other, we find reason to
believe that sand and clay continued to be thrown
down in one place, while pure chalk was forming
in another. In Westphalia, for example, strata
containing the same fossils as the white chalk of
England, consist of sand and marl with green
grains like the upper green-sand. Similar facts
have been observed in Hungary in the Carpathian
mountain chain. Such variations would occur if

R
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the supposed sinking down of land did not take
place simultaneously everywhere; and for this
reason the minor subdivisions of the cretaceous
group, however persistent and uniform in their
mineral characters in some regions, vary rapidly,
and change entirely in other directions.

External configuration of Chalk.— The smooth
rounded outline of the hills composed of white
chalk is well known to all who have travelled in
the south-east of England. The chalk downs,
being free from trees or hedge-rows, afford us an
opportunity of observing the manner in which the
upper valleys unite with larger ones, and how these
become wider and deeper as they descend. For
the most part they are dry, yet occasionally they
afford a perfect system of drainage, when a sudden
flood is caused by heavy rains or the melting of
snow. We may conceive their excavation to have
been caused by the action of the waves and cur-
rents while the chalk was gradually emerging
from the sea. To the same action we may ascribe
the escarpments as they are called, or those long
lines of precipitous cliffs in which the chalk often
terminates abruptly, and which, though now in-
land, have been undermined by the waves when
the chalk was upheaved from the sea.

Many examples occur in England; but there
are no precipices of chalk more striking than
those which bound the lower part of the great
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terrace. At heights corresponding to the beaches
the isolated masses of calcareous rock retain the
marks worn by the waves. These marks probably
indicate pauses in the upheaving process, during
which the sea had a considerable time to wear
away the stone as well as to throw up a beach at
the same level.*

The needles of the Isle of Wight, and the Old
Harry Rocks of the coast of Dorsetshire, are well
known to those who have examined the chalk
cliffs of the South of England. Besides the inland
columns in Normandy, above described, there are
others more recently formed on the sea coast of
that same country.

Fig. 171,

Needle and Arch of Etretat, in the chalk ckff¥ of Normandy.
Height of Arch 100 feet. (Passy.)t
If we inquire at what period the emergence
and denudation of the cretaceous rocks took place,

* Captain Bayfield, Geol. Trans., Second Series, vol. v.
p. 94. Also Princ. of Geol,, Index, “ Niapisca island.”
1 Seine-Inferieure, p. 142. and plate 6. fig. 1.
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we shall find that it occurred in great part after
the deposition of various marine tertiary form-
ations, so that both the cretaceous and tertiary
beds were upraised together. 'The greatest eleva-
tion which the chalk reaches in England, is the
summit of Inkpen Beacon in Berkshire, which is
1011 feet above the sea; but marine deposits
of the same age attain an elevation of 8000 feet in
the Alps and Pyrenees. These may have partly
emerged during the cretaceous period, just as the
coral reefs in some regions of the Pacific are
growing in one spot, while other portions of the
same have been uplifted by subterranean forces,
and converted into land.

Difference between the chalk of the north and south
of Europe.— By the aid of the three tests of relative
age, namely, superposition, mineral character, and
fossils, the geologist has been enabled to refer to
the same cretaceous period certain rocks in the
north and south of Europe, which differ greatly
both in their fossil contents, and in their mineral
composition and structure. -

If we attempt to trace the cretaceous deposits
from England and France to the countries border-
ing the Mediterranean, we perceive, in the first
place, that the chalk and green-sand in the neigh-
bourhood of London and Paris, form one great
continuous mass, the strait of Dover being a trifling
interruption, a mere valley with chalk cliffs on

Q
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both sides. We then observe that the main body
of the chalk which surrounds Paris stretches from
Tours to near Poitiers, (see the annexed map
(Fig. 172.), in which the shaded part represents

_ Between Poitiers and
| La Rochelle, the space
2| marked A on the map
separates two regions
of chalk. This space
is occupied by the oolite
and certain other form-
ations older than the
chalk, and bhas been
supposed by M. E.
de Beaumont to have

o0 )
» B formed an island in the
cretaceous sea. South
° Daxr - . .
Torels % of this space we again
M » meet with a formation

which we at once recognize by its mineral cha-
racter to be chalk, although there are some places
where the rock becomes oolitic. The fossils also
are upon the whole very similar, although some
new forms now begin to appear in abundance
which are rare or wholly unknown further to the
north. Amorng these may be mentioned many
Hippurites, Spheerulites, and other memibers of
that great family of mollusca called Rudistes by
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Lamarck, to which nothing analogous has been
discovered in the living creation. Although very
uncommon in England, one species of this family
has been discovered in our chalk.

Fie. 178. Fig. 174.

Fig. 175.

Hippurites Mortoni, Mantell. Maidstone, Kent.
Diameter one-seventh of nat, size.

Fig. 173. Two individuals deprived of their opercula, adhering
together.
174. Same seen from above.
175. Transverse section of part of the wall of the shell,
magnified to show the structure.
176. Vertical section of the same.

On the side where the shell is thinnest, there is one external
farrow and corresponding internal ridge, a. b. Figs. 173, 174. ;
but they are usually less prominent than in these figures. This
species has been referred to Hippurites, but does not, I believe,
fully agree in character with that genus. I have never seen the
opercular piece, or valve, as it is called by those conchologists
who regard the Rudistes as bivalve mollusca.

But this family, which is so feebly represented
in England and the north of France, becomes
quite characteristic of rocks of the cretaceous era

Q2
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in the south of France, Spain, Greece, and other
countries bordering the Mediterranean.

a Fig. 177.

a. Hippurites, Lamk.
[ Op’;’r’:ular valve of H. radio:a} Lower chalk, South of France.

Fig. 179.

Spherulites agariciformis.

Between the region of chalk last mentioned in
which Perigeux is situated, and the Pyrenees,
the space B intervenes (see Map).

Here the tertiary strata cover, and for the most
part conceal, the cretaceous rocks, except in some
spots where they have been laid open to view by
the denudation of the newer formations. In these
places they are seen still preserving the form of a
white chalky rock, which is filled in part with
grains of green sand. Even as far south as Tercis,
on the Adour, near Dax, it retains this character
where I have examined it, and where M. Grate-
loup has found in it Ananchytes ovata (Fig.158.),
and other fossils of the English chalk, together
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with Hippurites. When we arrive at Bayonne
and the Pyrenees, the cretaceous formation, al-
though still exhibiting some of the same mineralo-
gical peculiarities, is nevertheless greatly changed.
Its calcareous division consists for the most part of
compact crystalline marble, often full of nummu-
lites (see Fig.180.), and those portions which
may be imagined to represent the green-sand, are
composed of shales, grits, and micaceous sand-
stone, containing impressions of marine plants,
together with lignite and coal. There are also
beds of red sandstone and conglomerate belonging
to the same group. These rocks ascend gradually
into the highest parts of the Pyrenees, and cross
over into Spain, where the cretaceous system as-
sumes a character still more unlike that of northern
Europe.

Here, as on the north side of the Pyrenees, the
most conspicuous fossils are hippurites, sphaeru-

Nummulite limestone ; Peyrehorade, Py,

a. External surface of one of the nummulites, of which longitudinal
sections are seen in the limestone.

5. Transverse section of same.

Q3
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lites, and nummulites. The last-mentioned fossil,
s0 called from its resemblance to a piece of money,
is a genus of mollusca very abundant in the ter-
tiary strata of Northern Europe; but only met
with in chalk in the South of Europe.

So many species and genera of shells now want-
ing in our northern seas, are frequent in the
Mediterranean, that we need not be surprised,
when following from north to south the deposits
of the old cretaceous sea, at finding similar modi-
fications in organic forms.

The cretaceous rocks in the Alps, Italy, Greece,
and Asia Minor, are distinct in like manner from
the type of that formation in the North of Europe;
yet their age in most of these countries can be
clearly ascertained, partly by following them con-
tinuously from the north in the manner above
described ; and partly by their position below the
tertiary, and above the oolitic strata.

We learn from the researches of M. M. Boblaye
and Virlet, that the cretaceous system in the
Morea, is composed of compact and lithographic
limestones’ of great thickness; also of granular
limestones, with jasper; and in some districts, as
in Messenia, a puddingstone with a siliceous ce-
ment more than 1600 feet in thickness, belongs
to the same group.*

* Bull. de la Soc. Géol. de France, tom. iii. p. 149.
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It is evident, observe these geologists, from the
great range of the hippurite and nummulite lime-
stone, that the South of Europe was occupied at
the cretaceous period by an immense sea, which
extended from the Atlantic Qcean into Asia, and
comprehended the southernmost part of France,
-together with Spain, Sicily, part of Italy, and the
Austrian Alps, Dalmatia, Albania, a portion of
Syria, the isles of the Atgean, coasts of Thrace,
and the Troad.

In proportion, therefore, as we enlarge the
sphere of our researches, we may find in the
strata of one era, the mineralogical counterparts
of the rocks, which, in a single country like Eng-
land, may characterise successive periods. Thus,
the grits, sandstone, and shale with coal, of the
Pyrenees have actually been mistaken by skilful
miners for the ancient carboniferous group of
England and France. In like manner the creta-
ceous red marl and salt of northern Spain have
been regarded as the same as our new red and
saliferous sandstone; and the lithographic lime-
stone of the Morea might be confounded with
the oolite of Solenhofen in Germany.

The beginner, perhaps, on hearing these facts,
may object to the term cretaceous, as applied to
the rocks of the southern region in which there is
no chalk. But the term green-sand would have
been equally inappropriate as a general name for

Q4
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this group; and that of hippurite and nummulite
limestone, however well suited to the Mediter-
ranean region, would be inapplicable to the chalk
of the north. Scarcely any designation would
remain unexceptionable as we enlarge the bounds
of our knowledge, and we must therefore be con-
‘tent to retain’ many ancient names, as simply ex-
pressing the mineral, or palseontological characters
of rocks in the country where they were first studied.
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CHAPTER XVI.

WEALDEN GROUP.

The Wealden, including the Weald clay, Hastings sand, and
Purbeck beds — Intercalated between two marine form-
ations — Fossil shells freshwater, with a few marine —
Cypris — Fish — Reptiles — Birds — Plants — Section
showing passage of Wealden beneath chalk —Junction of
Wealden and Oolite — Dirt-bed —Theory of gradual sub-
sidence — Proofs that the Wealden strata, notwithstanding
their thickness, may have been formed in shallow water—
Geographical extent of Wealden — Bray near Beauvais—
Relation of the Wealden to the Lower Green-sand and
Oolite.

BeNEaTH the cretaceous rocks in the S. E. of

England, a freshwater formation is found called

the Wealden, which, although it occupies a small

area in Europe, as compared to the chalk, is never-
theless of great interest, as being intercalated be-
tween two marine formations. It is composed of
three minor groups, of which the aggregate thick-
ness in some places cannot be less than 800 feet.*
These subdivisions are,

Thickness.
1st. Weald clay, sometimes including thin

beds of sand and shelly limestone - 140 to 280 ft.
2d. Hastings sand, in which occurs some clays :

and calcareous grits ; —between - - - 400 and 500 ft.
8d. Purbeck beds, consisting of various kinds

of limestones and marls - - about 250 ft.

* Dr. Fitton, Geol. Trans. vol.iv. p.320. Second Series.
Qb
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To all these subdivisions, the common name of
the Wealden has been given, because they may
be best studied in part of Kent, Surrey, and Sus-
sex, called the Weald.

We have seen that the fossils of the chalk and
green-sands which repose upon the Wealden are
all marine, and the species numerous; and the
same remark applies to the Portland stone and
other members of the Oolitic series which lie im-
mediately beneath (see Fig.181.). But in the

Fig. 181.

< e 7 < 2 a<\Chak
marine C o

=%, Weald clay,
freshwater|.-. ! Hastings sand, » Weald
Purbeck beds,
marine !Oolite.
Position of the Wealden b two marine for

Wealden itself, although the fossils are abundant
as to quantity, the number of different species is
comparatively small, and by far the greater part of
them show that they were deposited in a freshwater
lake, or estnary communicating with the sea.*
Fossils of the Wealden. — The shells of this form-
ation are almost exclusively of fluviatile or la-
custrine genera, such as Melanopsis, Paludina,
Neritina, Cyclas, Unio, and others. The indi-
viduals are sometimes in such profusion, that the

* Fitton, Geol. Trans. vol.iv. p.104. Second Series.
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zoophytes so characteristic of the chalk above, or
the oolite below the Wealden.

Shells of the Cypris, an animal allied to the
Crustacea, and before mentioned (p. 65.) as

Fig. 184. Fig. 186.
&"."@
Cypris is Valdensis, Fitton. Cypris tuberculata,
spinigera, R Ao Fitton.
on.

abounding in lakes and ponds, are also plentifully
scattered through the clays of the Wealden, some-
Fig.187. times producing, like plates of
mica, a thin lamination (see
Fig. 187.). Similar cypriferous
marls are found in the lacus-
trine tertiary beds of Auvergne,

and in recent deposits of shell marl.

The fishes of the Wealden belong partly to the
genera Pycnodus and Hybodus, forms common to
the Wealden and Oolite (see Fig. 225.) ; but the
teeth and scales of a species of Lepidotus are most
widely diffused (see Fig. 188.). The general form
of these fish was that of the carp tribe, although
perfectly distinct in anatomical character, and more
allied to the pike. The whole body was covered
with large rhomboidal scales very thick, and having
the exposed part covered with enamel. Most of
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5 4

Fig. 188.

Lepidotus Mantelli, Agass. Wealden.
a. palate and teeth, b. side view of teeth, c. scale.

the species of this genus are supposed to have
been either river fish, or inhabitants of the coasts,
baving not sufficient powers of swimming to ad-
vance into the deep sea. :

Among the remains of vertebrata, those of rep-
tiles form the most remarkable feature. Some of
them belong to tortoises, such as the Trionyx and
Emys, genera now occurring in freshwater in
tropical regions. Of Saurian lizards there are at
least five genera; the Crocodile, Plesiosaur, Me-
galosaur, Iguanodon, and Hylaosaur. The Iguan-
odon, of which the remains were first discovered
by Mr. Mantell, was an herbivorous reptile, and
was regarded by Cuvier as more extraordinary
than any with which he was acquainted; for the
teeth, though bearing a great analogy to the
modern Igunanas which now frequent the tro-
pical woods of America and the West Indies,
exhibit many striking and important differences
(see Fig. 190.). It appears that they have been
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worn by mastication ; whereas the existing her-
bivorous reptiles clip and gnaw off' the vegetable
productions on which they feed, but do not chew
them. Their teeth, when worn, present an ap-

Teeth of Iguanodon.
Fig. 190.

-

Fig. 189.

Crown of tooth in
adult, worn down.
Mantell. Pointed tooth of
a young animal.
Mantell.

pearance of having been chipped off, and never,
like the fossil teeth of the Iguanodon, have a flat
ground surface, (see Fig. 189.), resembling the
grinders of herbivorous mammalia. From the
large bones, found in great numbers near these
teeth, and fairly presumed to belong to the same
animal, it is computed that the entire length of
this reptile could not have been less than seventy
feet.

The bones of birds of the order Gralle or
waders have been discovered by Mr. Mantell in
the Wealden, and appear to be the oldest well-
authenticated examples of fossils of this class
hitherto found in Great Britain.* But no portion

* Mantell, Proceedings Geol. Soc. vol.ii. p. 203.
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of the skeleton of a mammiferous quadruped has
yet been met with.

The vegetable remains, which are numerous,
exhibit many characters of a tropical flora, some
being allied to the living genera Cycas and Zamia
(see Fig. 194.), others to large Equiseta. There
are also Coniferse allied to Araucaria, and other
genera of warm climates (see Fig. 191), besides
numerous ferns (see Fig. 192.).

Fig. 191. : Fig. 192.
Cone from the Isle of Purbeck, Sphenopteris gracilis (Fitton), from
resembling the D;,mmam of ? near 1’5' i ge( Well:.)'ﬁ
the Moluccas. Fitton, a. portion of the same magnified.

Pussage of Wealden beneath Chalk.— It has heen
already seen that the chalk and green sand have
an aggregate thickness of 1000 or sometimes 1500
feet. It is therefore a wonderful fact that after
penetrating these rocks, we come down upon a
subjacent freshwater formation from 800 to 1000
feet in thickness. The order of superposition isclear -
for we see the weald clay passing beneath the green-
sand in various parts of Surrey, Kent, and Sussex ;
and if we proceed from Sussex westward to the Vale
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N Fig. 193.
Vale of Wardour. Wilts. Hants. Sussex.

Wealde! ‘Wealden.

of Wardour, we there again observe the same
formation. occupying the same relative position,
and resting on the oolite (see Fig. 193.). Or if
we pass from the base of the south downs in Sus-
sex, and cross to the Isle of Wight, we there
again meet with the same series reappearing be-
neath the green-sand, and we cannot doubt that
the beds are prolonged subterraneously, as in-
dicated by the dotted lines in Fig. 194.

Fig. 194.
Isle of Wight. Hants, Sussex.

It has been already suggested that, during the
accumulation of the green-sand, there was a gradual
sinking down and submersion of land, by which
the wide open sea of the chalk was produced. But
the position of the Wealden points still more
forcibly to such a conclusion, and especially the
appearances exhibited at the point of junction of
the wealden, and the oolitic formation on which it
rests. First, in regard to its junction with the
superincumbent lower green-sand, the beds of
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this last, says Dr. Fitton, repose in the south-east
of England, conformably upon those of the sub-
jacent weald clay. There is no indication of dis-
turbance : ¢ To all appearance the change from
the deposition of the freshwater remains to that
of the marine shells, may have been effected
simply by a tranquil submersion of the land to a
greater depth beneath the surface of the waters.” *

Portland dirt-bed and proofs of subsidence.— But
when we examine the contact of the Purbeck beds,
or inferior division of the wealden, with the Port-
land stone, or upper member of the oolite, some
very singular phenomena are observed. Between
the two formations, the marine and the freshwater,
there intervenes in Portland a layer of dark mat-
ter, called by the quarrymen the ¢ Dirt,” or
¢ Black dirt,” which appears evidently to have
been an ancient vegetable soil. It is from twelve
to eighteen inches thick, is of a dark brown or
black colour, and contains a large proportion of
earthy lignite. Through it are dispersed rounded
fragments of stone, from three to nine inches in
diameter, in such numbers that it almost deserves
the name of gravel. Many silicified trunks of
coniferous trees, and the remains of plants allied
to the Zamia and Cycas are buried in this dirt-
bed (see figure of living Zamia).

* Geol. of Hastings, p. 28
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Fig. 195.

Zewia spiralis ; Southern Australia *

These plants must have become fossil on the
spots where they grew. The stumps of the trees
stand erect for a height of from one to three feet,
and even in one instance to six feet, with their
roots attached to the soil at about the same dis-
tances from one another as the trees in a modern
forest.t The carbonaceous matter is most abun-
dant immediately around the stumps, and round
the remains of fossil Cycadee. t

Besides the upright stumps above mentioned,
the dirt-bed contains the stems of silicified trees
laid prostrate. These are partly sunk into the

* See Flinder’s Voyage.

+ Mr. Webster first noticed the erect position of the trees
and described the Dirt-bed. The account here given is
drawn from Dr. Buckland and Mr. De la Beche, Geol.
Trans., Second Series, vol.iv. p. 1.; Mantell, Geol. of S. E.
of England, p.336 ; and Dr, Fitton, Geol. Trans., Second
Series, vol.iv. p. 220,

1 Fitton, ibid. pp. 220, 221.
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stumps of the trees, around the top of each of
which they form hemispherical concretions.

The dirt-bed is by no means confined to the
island of Portland, but isseen in the same relative
position in a cliff east of Lulworth Cove, in
Dorsetshire, where, as the strata have been dis-
turbed, and are now inclined at an angle of 45°,
the stumps of the trees are also inclined at the

Fig. 197.

freshwater calcareous
__slate.

Portland stone of
marine formal

Section in cliff east of Lulworth Cove. (Buckland and De la Beche.)

same angle in an opposite direction — a beautiful
illustration of a change in the position of beds
originally horizontal (see Fig.197.). Traces of
the dirt-bed have also been observed by Dr.
Buckland, about two miles north of Thame, in Ox-
fordshire; and by Dr. Fitton, in the cliffs of the
Boulonnois, on the French coast: but, as might be
expected, this freshwater deposit is of limited ex-
tent when compared to most marine formations.
From the facts above described, we may infer,
first, that the superior beds of the oolite, which are
full of marine shells, became dry land, and covered
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by a forest, throughout a portion of the space now
occupied by the south of England, the climate
being such as to admit the growth of the zamia
and cycas. 2dly. This land at length sank down
and was submerged with its forests beneath a
body of freshwater, from which sediment envelop-
ing fluviatile shells was deposited. 8dly. ¢« The
regular and uniform preservation of this thin bed
of black earth over a distance of many miles,
shows that the change from dry land to the state
of a freshwater lake or estuary, was not accom-
panied by any violent denudation, or rush of
water, since the loose black earth, together with
the trees which lay prostrate on its surface, must
inevitably have been swept away had any such
violent catastrophe then taken place.” *

The dirt-bed has been described above in its
most simple form, but in some sections the ap-
pearances are more complicated. The forest of
the dirt-bed was not everywhere the first vegeta-
tion which grew in this region. Two other beds
of carbonaceous clay, one of them containing
Cycadee in an upright position have been found
below it+, which implies other oscillations in the
level of the same ground, and its alternate occu-
pation by land and water more than once. There

o Buckland and De la Beche, Geol. Trans., Second
Series, vol. iv. p.16.
+ Fitton, Geol. Trans., Second Series, vol.iv. p. 223.
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must have been, first, the sea in which the corals
and shells of the oolite grew; then, land, which sup-
ported a vegetable soil with Cycadese; then, a lake
or estuary, in which freshwater strata were depo-
sited ; then, again, land, on which other Cycadea!
and a forest of dicotyledonous trees flourished;
then, a second submergence under freshwater, in
which the wealden strata were gradually formed ;
and, finally, in the cretaceous period, a return over
the same space of the ocean.

To imagine such a series of events will appear
extravagant and visionary to some who are not
aware that similar changes occur in the ordinary
course of nature; and that large areas near the
sea are now subject to be laid dry, and then sub-
merged, after remaining years covered with houses
and trees.*

In some of these modern revolutions, such as
have been witnessed in the delta of the Indus,
in Cutch, we have instances of land being per-
manently laid under the waters, both of the river
and the sea, without the soil and its shrubs being
swept away; but such preservation of an ancient
soil must be a rare exception to the general rule,
for it would be destroyed by denuding waves and
currents, unless the land sank suddenly down to

* For an account of recent movements of land attended
by such consequences, see Principles of Geology, Index,
“ Cutch,” “ Sindree,” &c.
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a great depth, of unless its form was such as to
exclude the free ingress of the sea.
Notwithstanding the enormous thickness of the
wealden, exceeding in some places perhaps 1000
feet, there are many grounds for believing that
the whole of it was a deposit in water of moderate
depth, and often extremely shallow. This idea
may seem startling at first, yet such would be the
. natural consequence of a gradual and continuous
sinking of the ground in an estuary or bay, into
which a great river discharged its turbid waters.
By each foot of subsidence, the fundamental rock,
such as the Portland oolite, would be depressed
one foot farther from the surface of the ocean; but
the bay would not be deepened, if new strata of
mud and sand should raise the bottom one foot.
On the contrary, such sand and mud might be
frequently laid dry at low water, or overgrown for
a season by a vegetation proper to marshes. At
different heights in the Hastings Sand in the
middle of the Wealden, we find again and again
slabs of sandstone with a strong ripple-mark, and
between these slabs beds of clay many yards thick.
In some places, as at Stammerham, near Horsham,
there are indications of this clay having been ex-
posed so as to dry and crack before the next layer
was thrown down upon it. The open cracks in
the clay have served as moulds, of which casts
have been taken in relief, and which are, there-
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fore, seen on the lower surface of the sandstone *
(see Fig. 198.).
Fig. 198.

Underside of slab of sandstone about one yard in diameter ;
v ~ Stammerham, Sussex. ’

Near the same place a reddish sandstone occurs
in which are innumerable traces of a fossil vege-
table, apparently Sphenopteris, the stems and
branches of which are disposed as if the plants
were standing erect on the spot where they origi-
nally grew, the sand having been. gently de-
posited upon and around them ; and similar
appearances have been remarked in other places
in this formation.+ In the same division also of
the wealden, at Cuckfield, is a bed of gravel or
conglomerate, consisting of water-worn pebbles of

quartz and jasper, with rolled bones of reptiles.

* Observed by Mr. Mantell and myself in 1831.
+ Mantell, Geol. of S. E. of England, p. 244.
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These must have been drifted by a current, pro-
bably in water of no great depth.

The occasional presence of oysters in the Pur-
beck limestone, and throughout the Hastings sand
and Weald clay, proves that the waters of the sea
sometimes found access into the estuary *, whether
in consequence of subsidence, or in seasons when
the body of freshwater was lessened in volume.

. Geographical extent.— The Wealden strata have

been traced about 200 English miles from west
to east, from Lulworth Cove to near Boulogne, in
France, and about 220 miles from north-west to
south-east, from Whitchurch, in Buckinghamshire,
to Beauvais, in France. If the formation be
continuous throughout this space, which is very
doubtful, it does not follow that the whole was
contemporaneous; because in all likelihood the
physical geography of the region underwent fre-
quent change throughout the whole period, and
the estuary may have altered its form, and even
shifted its place. Yet some modern deltas are of
vast size, as for example, that of the newly disco-
vered Quorra, or Niger, in Africa, which stretches
into the interior for more than 170 miles, and oc-
cupies, it is supposed, a space of more than 300
miles along the coast; thus forming a surface of

* Fitton, Geol. Trans., 2d Ser., vol. iv. p. 321.

R
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more than 25,000 square miles, or equal to about
. one half of England.*

I have stated that the Wealden has been ob-
served near Beauvais, in France; and the locality
is marked in the section at p.315. It is called
¢ the country of Bray;” and resembles in struc-
ture the English Weald between the north and
south downs. In a similar manner the green-
sand crops out from beneath the chalk, and fresh-
water strata from beneath the green-sand. One
member of the series, a fine whitish sand, contains
impressions of ferns, considered by M. Adolphe
Brongniart as identical with Lonchopteris Mantelli,
a plant found frequently in the Wealden. I ex-
amined part of the valley of Bray in company
with M. Graves, in 1833, and I observed that
the sand last mentioned, with its vegetable re-
mains, was intercalated between two sets of marine
strata, containing trigonize, and referred by French
geologists to the lower green-sand. In the same
country of Bray, and associated with the same
formation, is a limestone resembling the Purbeck
marble, and containing a Paludina which seems
specifically identical with that of Purbeck.

If it be asked where the continent was placed
from the ruins of which the Wealden strata were

* Fitton, Geol. of Hastings, p.58.; who cites Lander’s
Travels.
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derived, and by the drainage of which a great
river was fed, we are half tempted to speculate on
the former existence of the Atlantis of Plato.
The story of the submergence of an ancient con-
tinent, however fabulo