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PREFACE

TO

THE FIFTH EDITION.

WHEN, almost thirty years since, the ¢Guide to
Geology’ was first given to the public, it was
readily accepted as meeting the frequent demand
of a grammar containing elementary truths, and
theoretical inferences confirmed by observation.
Every succeeding year was then marked by fresh
discoveries, and enlarged reasonings among geo-
logists, which surprised even men of science, and
gave an uncomfortable shock to minds trained in
a different school. Even they who had released
the imprisoned power of steam, and compelled
the black residue of primeval forests to illuminate
our streets, and forced the mimic lightning to
speak our language and perform our will — even
they were startled by the idea of many systems of
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life, which came and passed away before the birth
of man. They heard with surprise, if not with
displeasure, of lands without quadrupeds, skies
without birds, and seas without fishes; hot and
cold fits in the climates, and all but universal
changes in the position of land and sea. If an
almost easy faith in the ¢ wonders of geology * has
now succeeded to that not unreasonable hesita-
tion, it is to be ascribed to the precision of the
statements of fact, and the moderation of the
theoretical views put forth by geologists. If we
are to retain this precious confidence, we must
persevere in the methods which have won it,
carefully shunning speculations without data, and
conclusions which transgress the just limits of
time and force, and conflict with contemporary
local conditions.

It results from my experience as a teacher of
this science that three orders of persons require a
guide to geology. 1. What has been settled by
these enquiries into the early conditions of the
earth ? what changes has it undergone since it
became a globe, and received its ornament of life ?
Questions of this order must be asked by every
person who enquires at all. 2. Are these con-
clusions to be trusted ? what are the facts and
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reasonings by which they are supported ? This is
the reasonable demand of a mind trained to
accept what is true, admit what is probable, and
reject what is false. 3. There is yet another and
more earnest order of enquirers—real students
of Nature — who desire to add to the facts,
complete the reasonings, and advance the con-
clusions, so as to take part in the further pro-
gress, and be counted among the discoverers of
the new truths of geology.

I venture to hope that, in its new and enlarged
form, my ¢Guide to Geology ’ will, to a consider-
able extent, meet the reasonable expectations of
enquirers and students, and concur with the
works of other writers having the same object—to
train up followers better and wiser, if not more
zealous or more fortunate than ourselves.

Oxrorp : Jan, 1, 1864.
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A

GUIDE TO GEOLOGY.

P

CHAPTER 1.
THE MASS OF THE GLOBE.

——
OBJECTS OF THE SCIENCE.

GEoLoGY is that part of science which includes the
natural history of the earth. The present state of
the earth is found to be in harmony with general
laws affecting its whole mass and its separate
parts. These laws represent or express in a com-
prehensive form the mechanical, chemical, and
vital phenomena which make up the system of
effects now observed on our globe, composed of
land, water, and atmosphere. The earth contains
monuments of earlier states through which it has
passed, to which these same laws are found equally
applicable. When so applied, they enable us to
compare any two states of the earth, to determine
B
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2 THE MASS OF THE GLOBE.

their difference, and to measure, estimate, or con-
jecture (according to the completeness or imper-
fection of the evidence ¢n each case) the degrees of
force and the length of time due to the effects
which are observed.

Prosecuted impartially, this method of remark,
which is quite in the spirit of the inductive phi-
losophy, assures us that no special feature of the
earth or sea or air, not a single mountain, river,
or lake, remains as it was in primeval times, is
clothed with the same plants, or affords residence
to the same races of animals. Yet it is equally
true that no phenomenon of which traces remain
in the hills or in the valleys, nor a single pecu-
liarity in the ancient forms of life, is inconsistent
with the general laws regarding matter and or-
ganisation which now prevail. Geology is full of
great and unexpected discoveries of ancient phe-
nomena, but none of them appear to deviate from
the present laws of modern nature, so as to re-
quire the supposition of any other forces than
those known to be in operation. Theselaws, in
fact, appear to us to be the expression of the fixed
purpose of the great Maker, independent of time
and exempt from change.

" Geologists have discovered in the earth monu-
ments of its ancient conditions, enough to allow of
reconstructing several of its earlier aspects, to mark
out boundaries of land, depths of sea, and courses



OBJECTS OF THE SCIENCE. 3

of rivers, and to assign to the different regions
their proper inhabitants, races of plants, and
animals. The changes thus exhibited between
remote epochs in the earth’s history are total—
what is now land was sea:

Quodque fuit campus, vallem decursus aquarum
Fecit, et eluvie mons est deductus in squor.

Giant reptiles have been expelled, giant cetaceans
have supplied their place ;

Inque brevi spatio mutantur secla animantum,

The effects of these changes between particular
epochs are so great, especially in regard to living
beings, as to justify the expression now common
in books of geology, of successive systems of life
on the earth. On comparing these systems in
their proper ¢order of succession’—the order of
time—it is soon ascertained that they are mnot
placed arbitrarily as the letters of an alphabet,
but in mutual relation, like numerals in a progres-
sion—the preceding influencing or determining its
follower. And as in such a series of numerals
the earlier terms are never repeated, so in the
progression of the systems of animal nature, the
forms and combinations of forms once passed,
‘recur no more: in this point of view nature has
no backward steps.

The whole series of life is regarded by many

B2



4 THE MASS OF THE GLOBE.

geologists as beginning with a few forms, and
growing fuller and more varied in each succes-
sive system with the lapse of time, as if it were
unfolded or developed, whether by this is meant
a real descent by offspring continually more and
more unlike the parent, or an enrichment by new
creations added from time to time to an original
stock. And this idea of a beginning of life on
the earth is confirmed in their opinion by the
study of the series of chemical and mechanical
phenomena, which were contemporaneous. with
these systems of life, For thus it appears on
good evidence that the earth was once in a state
quite incompatible with the presence of animals
or vegetables ; that it had no such distinction of
land, sea, or atmosphere as we now enjoy—a globe
of melted matter, enveloped in a vast misty
expansion, in which the water was suspended
which now fills the ocean. The history of such a
globe is not for geology to trace, except by aid of
other branches of knowledge. Physical astronomy
comes to our aid, and leads us one step farther back-
ward into the depths of time and space—shows us
the globe dissolved in a vast nebula, the parent
of the solar system ; traces the condensation of this
nebula, the separation of it into rings and globes
round a condensed central mass; accounts for the
rotations and revolutions of the planets; and opens
to the mind the contemplation of an immensity of
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past duration before the earliest dawn of the pro-
gression of life, which geology has traced with so
much labour and success. This is cosmogony,
and geologists are not to be blamed if they refuse
to take notice of inferences or speculations relating
to phenomena which were ended before the history
of the earth which they strive to recover began.
Yet it is for the advantage of geological theory
not to neglect the comprehensive conclusions of
mathematicians and astronomers regarding the
former probable, and the present actual, state of
the mass of the earth. If the history of the earth
be a progression of phenomena, all the terms are
of importance to be known, and especially the
earlier ones, for their influence still remains.

THE EARTH AS A PLANET.

The earth is known to the greater part of man-
kind as the stage on which men and women are
merely players, the heap of dust from which they
came and to which they will return. To the
botanist and zoologist the earth reveals herself as
the fertile mother of flowers and fruits, the many-
breasted nurse of innumerable forms of animal
life. The geographer contemplates its all-embrac-
ing waters and divided lands, its snowy mountains
and winding rivers, and admires the congruity
of its diversified surface to the various wants of
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mankind. Theastronomer finds it to be a somewhat
uneven globe—one of many such spheroids which
travel round the sun, receiving from it both heat
and light, and interchanging these beneficent rays
with millions of other suns and other worlds, far
away from our own system of revolving planets,
. yet all subject to the same laws, possibly all
evolved from ancient nebuls, like some now visi-
ble in space, which may be undergoing the change
into other suns and planets.

In all these respects the earth is known to
geology, which throws over them all the lights
and shadows of successive periods of ancient time,
and is thus gradually converting the whole into a
natural history of the vicissitudes of the ground -
we tread on.

In this vast research, geology rests on no
traditionary fable, no theological dictum: but full
of faith in the certainty of the laws appointed
by the Maker and Governor of Nature, and in the
power of the human mind to appreciate their ob-
served effects, it calls on every science which
treats of the properties of matter and the functions
of life, to aid in the great attempt of constructing
a continuous history of the globe and its inhabit-
ants ;

. primaque ab origine mundi
Ad sua perpetuum deducere tempora carmen,

The earth, sea, and air, which constitute our
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globe, are in all their parts and at every instant of
time undergoing change —not a diminution or
augmentation of the whole mass, but a change in
relative proportions or places, or other conditions.
What is solid becomes liquid or gaseous, what is
aeriform contracts to liquidity or hardens to stone.
During these changes compounds are resolved to
their elements, and the released molecules enter
into new combinations. Thus for everything ter-
restrial which is compound there is not only
always conceivable, but there is in many cases
actually proved, another and simpler condition of
existence—the condition of uncombined elements.
The combinations which actually prevail are
maintained such as they are by definite natural
forces, which are general, as gravity, and affect
all matter in a certain way, or special, affecting
different sorts of matter in different ways or in
different degrees, as chemical attractions.

These forces do not all tend in the same direc-
tion, nor, except under the same general conditions,
is the resultant of their action uniform. Ifwe ima-
gine the conditions to change, the result must be
supposed to change likewise. One very striking
example of this truth is afforded by the change of
condition which the earth experiences every day
and night, and in the course of every year; for by
the mere difference of the quantity of heat-rays
received from the sun, the invisible vapour of the
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clear sky is condensed to water or crystallised to
snow. With a certain elevation of temperature of
the surface of the globe there would be no snow,
with a further augmentation there would be uni-
versal fog, and at a still greater heat the seas
would be laid dry. In the same manner it is easy
to perceive that, if the elementsshould ¢ melt with
fervent heat, limestones would release carbonic
acid, minerals would give up oxygen and sulphur,
metals would be sublimed, and the great globe
itself, ‘yea, all which it inherit, would dissolve,’
and expand into a vast mass of uncombined ele-
mentary matter. I say this is a conceivable re-
sult of the application of great heat to the mass of
the globe ; it is, indeed, an actual result of ordin:;‘rj'7
experiment on many parts of the substance of the
globe best known to us—those parts whose history
it is most important for us to know.

Whoever examines the substance of a mixed
rock—granite for instance—separates the consti-
tuent minerals, analyses these into their elements,
and considers the laws of their crystallised aggre-
gation, can scarcely avoid the belief that all the
elements thus brought together by forces acting in
definite directions were free to obey those forces—
in other words, were free in space, as the parts of
liquids and gases are. Now, half of what appears
solid inthe substance of the earth is really con-
densed oxygen gas — the vital air, which, if free
from its confinément, would in the existing tem-
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perature and under the actual pressure of the
atmosphere, expand to 2,000 times the bulk which
it occupies in the rocks. Let it be supposed free,
as it must once have been, and our earth-mass
appears at once expanded into something like a
planetary or cometary nebula, of which several
examples appear in the heavens.

Undoubtedly, the most probable conclusion on
this subject to which mechanical and chemical
philosophy lead, represents the globe as condensed
from an immensely expanded and attenuated
mass, in which all, or a great part, of the consti-
tuent elements now combined in liquids and rocks
were separate, the most probable general cause of
their condensation and combination being a re-
duction of the temperature of the mass.

A similar conclusion, though founded on dif-
ferent data, and having much wider applications,
is adopted by many astronomers after the sugges-
tions of the elder Herschel and Laplace. In their
judgment, the component parts of our solar sys-
tem exhibit so many important analogies, and, in
regard to their movements, such remarkable con-
formities of direction, as to render very probable
the supposition of their having all derived origin
from a common source of matter and motion.
The planetsrevolve round the sun in orbits which
lie nearly in the same general plane, so that the
plane of the sun’s equator or the plane of the
earth’s orbit, called the Ecliptic, being taken for
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THE EARTH Af A PLANET. 11

comparison, the planes of the orbits of the other
planets correspond within a few degrees. Con-
ceive, then, the sun to be in the centre of the
whole system of planets, Mercury M, Venus v,
Earth g, Mars M, Jupiter J, Saturn s, and Uranus
v, and to turn round on its axis in the direo-
tion of the arrow. Each of the planets turns
round on its own axis in the same direction, as the
arrows show, and each performs its revolution
round the sun in the same direction, and nearly
in circular curves. Again, the moon, the earth’s
satellite, revolves round the earth in the same di-
rection, and nearly in the same general ecliptic
plane, and turns on its own axis in the same di-
rection ; and so do the satellites of Jupiter and
Saturn. The divided rings of Saturn also revolve
in the same direction.

Towards the boundaries of our system, indeed,
this remarkable harmony fails—in the case of the
four satellites of Uranus, which revolve round the
planet in a plane nearly perpendicular to the
ecliptic, and in a direction which appears retro-
grade when compared with the genmeral orbital
movement. Whether the one or more satellites
of Neptune, which are hard to see at all, conform
to the general rule, is not yet known. Comets
deviate from the general rule.

As Laplace informs us,* these numerous and

* Expos, du Systéme du Monde (1808), ch. vi.

T



12 . THE MASS OF THE GLOBE.

agreeing motions require one general anterior
condition for their explanation; planetary move-
ments in the same direction, and nearly in the
same plane; the movements of satellites in the
same plane as their primaries; the movements of
rotation of ‘these different bodies and of the sun in
the same direction as their movements of direction,
and in planes not very different ; the small degree
of eccentricity of the orbits of planets and satel-
lites ; and, finally, the great eccentricity of the
orbits of comets whose inclinations have no ap-
proach to uniformity: these are the facts for
which one general anterior condition is the pos-
tulate. The answer of Laplace gives for this con-
dition an immense expansion of the matter of the
planets into a vast circumsolar atmosphere.

And this expanse, vast enough to include Nep-
tune, and a radius of three thousand millions of
miles, he regards as depending on a former
high temperature (chaleur excessive) pervading
all this space. By contraction of this primitive
nebulaand the internal changes coincident there-
with, he conceives our planetary system to have
been derived, and gives as an illustration of such
internal changes — the famous new star which in
1572 shone brightly for some months in the con-
stellation of Cassiopeia.*

* ¢Nous devonsdonc croire qu'une cause primitive a dirigé
les mouvemens planétaires; surtout si nous considérons que
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Comets, with the long duration of their revolu-
tions, the great eccentricity of their orbits, and
the variety of their inclinations, he regards as
naturally explained by the resistance of such an
atmosphere to their paths—a resistance which has
destroyed the movements of very many others,
whose eccentricity was less, and uniked their
masses to the sun. Only a residue of the comets
originally sweeping round the sun in various di-
rections now remains, all ot most of those whose
orbit was wholly or partially contained within the
original solar atmosphere, and continually im-
peded by its resistance, having fallen into the sun.
Hence the orbits of the comets which remain are
quite independent of the plane of the solar equa~
tor and of each other; their eccentricity is great,
and their periods are long.*

On the contrary, the paths of the planets being
nearly circular, it is evident they did not at any
time, like comets, plunge into and traverse the
circumsolar atmosphere ; it is probable that they
were formed at the successive limits of that atmoe

Tinclinaison du plus grand nombre de ces mouvemens &
Péquateur solaire est peu considérable et fort au-dessous du
quart de la circonférence.’ — Exp. du Systéme du Monds,
vol. ii. ch. vi.

* Laplace wrote in 1808. Since then the discovery
of Biela’s comet and Encke’s comet, both of short period,
and subject to great changes in their elliptical path, rather
confirm than weaken the general argument.
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sphere by the condensation of the zones which it
released (qu'elle & di. abandonner) in the plane
of the equator, while the whole was cooling and
condensing on the surface of the sun. These
zones of vapours might, by their cooling, form
liquid or solid rings round the central body, of
which condition ome remarkable case, but only
one, appears to remain in our system, viz. the
rings of Saturn. Such rings would in the course
of time generally be broken up and collected into
several globes, which, by the superior attraction of
one, might form a considerable planet.

These globes, retaining the velocities of the rings
from which they were formed, would necessarily
turn on their axes in the direction of their move-
ments of revolution. Satellites might be formed
in the same manmner out of the atmospheres of
their primaries.

The five main phenomena. of the solar system
already mentioned are thus the natural conse-
quences of the nebular hypothesis; the rings of
Saturn and the numerous asteroids discovered be-
tween Jupiter and Mars,at about the mean distance
from the sun, add to its general probability.*

THE TERRAQUEOUS GLOBE.
Following the course of the changes produced

. * See Appendix for Tables of the masses, distances, and
periodic times of the planets.
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in a planetary nebula by condensation toward a
centre and rotation on an axis, three main facts
appear prominent. First, the mass formed by
approximation of the parts would not be spherical
but spheroidal, its axis of rotation being in the
shortest diameter.

Secondly, the special affinities among the parts
of the nebulous mass would effect particular
combinations having different specific gravity
and different relations to heat and moisture, light
and electricity. From the first moment of con-
densation in a nebulous mass chemical affinity
must have begun to produce a variety of inorganic
combinations; compositions, decompositions, and
recompositions among the elements of matter
are the inevitable consequences of general changes
of density in the supposed nebulous mass.

We may readily believe that some of these
compounds, carried toward the centre of the mass,
have left no trace near the surface, and may be of
a nature wholly unknown to us. On the other
hand, by a study of the great varietyin the modes
of chemical combination we learn that elements
very different in weight and other properties are
united in definite aggregates, and thus are en-
couraged to suppose that from the land, sea, and
air we may obtain rzepresentatives of the greater
number of distinct substances which exist in the
globe.
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The elementary substances, and the compounds
of them, exist in one or other of three states,
which are termed solid as rock, liquid as water,
and gaseous as air. But they are not limited to
any one of these states, except by the accompany-
ing conditions, the most important of which are
temperature and pressure. Thus carbonic acid
gas becomes liquid under a pressure of 36
atmospheres at a temperature of 32° Fahr.; sud-
denly released from this high pressure, it ex-
pands greatly; its temperature sinks to—180°; it
appears as a white solid substance resembling
snow, and may be held in the hand; mixed
with ether it causes such intense cold as to
freeze, solidify, and crystallise mercury, which is
liquid at common temperatures, and yet, even in
the summer weather of England, rises in vapour,
a metallic gas, and deposits globules on the in-
terior of the glass tubes employed in barometers.

From such examples we perceive the importance
in the history of the globe of the phenomena
which may be ascribed to changes of temperature
and pressure ; and these are precisely the changes
due to the contraction of the nebula and its conver-
sion into planets. By this contraction, the tempe-
ratures would rise, at least relatively, towards the
centres of pressure, while at the circumference,
and indeed through all the mass, the cooling in-
fluence of the unlimited spaces around might be
incessant and effective. :
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THE ATMOSPHERE.

The atmosphere, thus considered, is an uncon-
densed part of the original nebula ; still undergo-
ing condensation by the absorption of oxygen in
chemical processes, unless this be restored to it
again by other compensating chemical reactions.
According to some observations of Fusiniéri on
the effects of lightning, it appears that the at-
mosphere contains, besides the gaseous elements
oxygen, nitrogen, carbonic acid, and vapour of
water, which constitute its principal substance,
small quantities of metallic and earthy matters.

Speaking on this subject many years ago with
Dr. Dalton, he remarked to me that not these
substances only, but most of the solid materials of
the earth, ought to be looked for in the atmo-
sphere — that being only an unsolidified part of
the planet. The atmosphere in an earlier period
must have been much more contaminated, if we
may so speak, with the numerous sorts of matter
known to exist in the earth, as well as with others
only just beginning to be disclosed by the power
of flame analysis. It seems very probable that at
the present time the luminous envelope of the
sun contains a considerable proportion of the
same elementary substances as those which exist
in and about our own globe. By flame analysis
Kirchoff and his followers have discovered that

c
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potassium, sddium, magnesium, calcium, iron,
nickel, chromium, manganese, cobalt, hydrogen,
aluminium, strontium, and barium, exist round the
sun; aresult not a little favourable to the specula-
tion of Laplace, founded on other considerations.*

Extending this view in both directions far into
the past-and far into the future, we perceive that
in the earlier periods the free envelope of our
planet was quite unsuited to the functions which it
now performs by reason of its abundant extraneous
contents, and that it may again become unsuitable
to these functions by the abstraction or diminution
of some elements essential to the performance
of them. Life has not always existed on this
globe — will not always exist; even as not even
Atna—

Ignea semper erit, heq enim fuit ignea semper.

We must learn to look on our earthly system as
we do on the history of a people — only as one
phase in the series of changes due to previous
revolutions, and destined to be productive of
others. ,

This view is perhaps more strongly illustrated
by considering the part of the atmosphere which
is composed of aqueous vapour ; for the quantity
of this over an unlimited watery surface is de-
pendent only on the temperature of the air-space

* Miller, Pro. Roy. Soc., 1863.
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in which it is diffused. That temperature, ac-
cording to our general argument, was diminish-
ing as the whole globe was cooling ; as the tem-
perature was lowered, the quantity of the aqueous
vapour suspended was reduced, and in a greater
proportion ; by this process continued long enough,
more and more of water deposited from the atmo-
sphere would be gathered on the solid globe, per-
haps to constitute a shallow expanded ocean,
much too hot, however, for the sustenance of life.
If we suppose all the water on the earth’s surface
(which if spread equally over the whole area would
be about one mile in depth) to be again restored
to the atmosphere, it would, as vapour, exert a
pressure about 160 times as great as that we
now experience. The temperature requisite to
maintain the water in the state of vapour under
this pressure would be about 640° Fahr. near the
earth; much less upward; and at a certain con-
siderable distance reduced to freezing and much
lower degrees, 8o as to support little or no moisture
in those cold spaces.

Perpetually ascending as vapour through heat
derived from the earth, perpetually descending
from the cooled upper zones, first as snow and
finally as rain, this long enduring circulation of
water would gradually exhaust the surface heat of
the globe, and collect upon it an ever-growing

€2
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ocean, whose temperature would become lower
and lower with the lapse of immeasurable time.

THE OCEAN.

According to the arguments we are following,
the initial temperature of what may be called the
primitive ocean may be taken at about 640° —a
temperature much below that at which any con-
siderable portion of the substances which compose
the globe would be fusible. The parts of the earth
near the surface, once fluid, must then have
been consolidated from fusion; a¢crust of the
earth ’ must have become the basis of the earliest
ocean ; but inasmuch as many of the solid sub-
stances which appear in the crust are soluble in
heated water, we must not be surprised if, among
the earliest rocks, the presence of water and de-
posits from aqueous solutions should be found.
In fact, this is already established in the case of
the quartz of granite, which, by Sorby’s researches,
contains cavities partly filled with water.

Strictly speaking, these small quantities of
water enclosed in quartz do not prove that
beautiful substance to have been crystallised from
an aqueous solution; they prove water to have
been present in the mass from which the crystal
was formed, even as lava contains water, and has
been supposed by Mr Scrope to derive its fluidity



THE OCEAN. 21

from that cause—to be, in fact, in a state of
aqueous fusion. It is hardly conceivable that,
under the enormous pressure of the primitive
atmosphere of thick vapour, water could be alto-
gether separated from the interior substances,
though fluid with heat, with which it was pre-
viously mixed. We are too apt to reason as if
the atmospheric conditions were constant, as if
the action of heat and the action of water were
incapable of combination, except in the manner
now commonly observed at low temperatures and
under low pressures.

‘What appears, however, the most important of
the effects attributable to the rising and falling of
the watery envelope of our planet,in obedience to
the impulses of heating and cooling, is & mecha-
nical effect. Rain, as it falls at present in
Borrowdale or on the western mountains of India,
surprises the meteorologist by its annual quantity
and occasional violence; but the 160 or 330
inches of rain which fall in a year in these locali-
ties, and waste the surface of the earth at the
rate of an inch in a hundred or a thousand years, .
can hardly give the faintest idea of the deluge
pouring from the skies, and destroying the hardly
firm crust of the primitive globe. Mr. Babbage *
has considered this subject, and regards the rain
a8 having the impetus of a violent torrent rushing

* Ninth Bridgewater Treatise, Note F.
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downward perhaps for thousands of years, so that
‘ the excavation of the largest valleys, or even of
ocean beds, is not too much to expect from such
a force.’ '

If we consider, moreover, the state of the solid
crust and of the fluid parts below it, there may be
good ground for admitting that the whole would
be thrown into commotion, and that very per-
plexing mixtures of substances crystallised from
fusion, but arranged in sedimentary forms under
the mechanical agency of water, might result.
The action of the water being by the conditions,
for the most part, irregular and disturbed, the re-
sulting sedimentary structures should be also, for
the most part, of the same character, and only as
exceptions manifest the uniform and parallel
planes commonly observed in quietly deposited
clays, sandstones, and limestones. These charac-
ters are found exactly in certain rocks, called
gneiss by the German geologists, which exhibit no
material difference from granite, except in the
partial stratification which is marked by discon-
tinuous layers or gatherings of mica. Some
granites show this character by more or less dis-
tinct bands, in which mica is scattered unequally,
so as to form indefinite parallel shades of grey
tint, from a few inches to a foot or more apart.*

Moreover some other rocks, also called gneiss.

* Observed at Killiney, near Dublin, 1857.—J. P.
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and mica slate, less resembling granite, are found
in a few localities below all the stratified rocks
containing organic remains: as, the Laurentian
. rocks, in Canada, observed by Logan, and the
Hebridean rocks of Murchison. These rocks may
be regarded as metamorphic, but not in the sense
signified by that term for part of the rocks in the
Scottish highlands and along the border of the
granites of Wicklow. They may be viewed as
almost original products of coincident heat and
watery action, which have been imitated again
and again in the truly metamorphic rocks of
various ages, in which the watery action has been
followed after a long interval of time by local
and limited heat. They may all without impro-
priety be regarded as having their principal cha-
racters from the action of heat directly conducted,
or through the agency of water.

The nature of the operation here referred to
may be in some degree illustrated by the case of
the volcanic island of Sciacca, thrown up in our
own days off the Sicilian coast, and composed
in a great measure of small grains of crystallised
augite. This only partially coherent mass was
soon distributed on the adjacent sea-bed by the
action of the agitated water, and now forms a
shoal, composed of matter originally crystallised
from fusion, but now gathered into a stratified
form, round the place where it rose to the

surface.
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Similar, but more marked, effects must be at-
tributed to the conflict of the hot ocean and
thinly crusted lava of earlier geological periods;
and generally we may perceive in this process,
continued at intervals during all periods, the origin
of sedimentary strata, in materials obtained from
the disintegration of rocks which had been pre-
viously consolidated from igneous fusion.

PRIMITIVE LAND.

From the epoch when the atmosphere, by the
general cooling of the planet, had shrunk to its
present proportions, inequality in the distribution
of solar heat must have produced effects somewhat;
like what we now perceive— more rapid evapora~
tion in the equatorial regions, more rapid deposi-
tion in the circumpolar spaces. The wasting
effects of the descending torrents in earlier times
must, however, have been distributed without
reference to the differences of surface temperature
as depending on the sun, because, through the vast
atmosphere of cloud and vapour which we have
been considering, no radiant heat—not even that
of the sun—could penetrate to reach the earth.®

The process of solidification would, however,
inevitably produce inequalities of another order

* See notice of Dr. Tyndall’s remarks on this subject,
Roy. Soc. Proceedings, February 7, 1861.
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which must have been influential in the distribu-
tion of the torrents. The principal part of the
interior masses of the planet, as far as we know
them, are compounds of metallic oxides, alkalis,
and earths with silica — the basis of flint acting
the part of an acid, itself a compound of a metal
with oxygen. Among these silicates some of the
less fusible are felspars, with a large proportion of
silica.* Rocks containing these are found in
enormous proportion in the crust of the earth,
below the ordinary strata ; they appear by several
considerations to have been consolidated from
igneous fusion at an earlier period than certain
other rocks in which hornblende is more abundant,
and silica t less so, and which are more fusible.
The felspathic class is specifically lighter, the
hornblendic group heavier.

‘Wherever on the earth’s surface consolidation
was beginning through loss of heat, the rocks first
produced would be the trisilicated compounds, as
requiring the highest temperature for fusion ;
these grown solid, and being lighter than the re-
sidual fused mass, would be lifted above the ge-
neral level. Thus they would be further cooled,
and become local centres of cooling, attracting

* The felspar of granite is a trisilicate of potash and mono-
silicate of alumina, and contains sixty-five per cent. of silica.

t Hornblende is a silicate of magnesia, lime, iron, &e.,
and contains about fifty per cent. of silica.
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rain, and suffering waste by the violent action of
the rain. The action thus set up would tend to
increase in effect; the local cold would be aug-
mented by the rainfall; the isothermals would
gink under the solid rocks, and propagate solidifi-
cation downwards ; the new solids would be lifted
up to grow colder, and be more and more wasted
by the falling torrents.

By this mutual reaction of the vaporous enve-
lope of the globe condensing into water, and the
melted interior crystallising into rock, irregulari-
. ties of form, inequalities of level, ridges of land
and basins of sea, were sketched out from the very
beginning of the changes which it is the special
business of geology to trace in the history of the
terraqueous globe.*

* This theoretical view of the general cause of relative
change of level of land and sea, and the consequent effects,
was proposed by the author in his first treatise on geology
(Encycl. Metrop., 1832).
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CHAPTER II.
THE CRUST OF THE EARTH.

e

ELEMENTARY SUBSTANCES.

To penetrate all the mysteries of Creation is
not the privilege of the most favoured creature.
But it is neither presumptuous nor irrational to
enquire into the changes which have happened
to created things in consequence of the operation
of the appointed laws of nature, provided there
be monuments of such changes. If these monu-
ments be sufficient, open to observation, and
capable of interpretation, the problem of the
¢ revolutions’ which the earth has undergone is
not obviously impracticable, though it may be
found on trial really too difficult for determinate
solution. The earth is the monument of the
changes which it has undergone; its spheroidal ’
figure is a measure of the mechanical forces under
which its constituent matter has been arranged ;
this mineral matter is the result of the operation
of exact chemical laws; and as the forms of life
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now on the globe are kept in harmony and subor-
dination to the physical conditions which these
mechanical and chemical laws maintain, so the
more ancient series of plants and animals, having
been subject to similar laws, but under different
conditions, teach us in some degree what these
conditions were.

That such teaching is often imperfect, and
often hard to follow, none know better than
geologists ; but no ¢ lover of nature,’ who sees in
all the universe of space and time the steady hand
of Divine Providence, will undervalue or neglect
to use the privilege by which, quitting the earth,
and free from the little measures of days and
years, the mind can speculate through boundless
space, and associate its thoughts with the long
ages that have gone darkly by, and the longer
and brighter periods which are yet to come.

The leading facts concerning the earth which
are furnished to us by astronomy, become, when
interpreted by the aid of the general mechanical
theory of the universe, monuments of the earliest
physical changes which our planet has undergone.
The spheroidal figure of the earth is a necessary

) consequence of its rotation on an axis; it could
only be acqmred by a body whose superficial
parts were capable of free relative motion. The
theory of the lunar irregularities which depend on
the earth’s spheroidal figure, appears to teach.
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us that, for at least some considerable distance
downwards from the surface of the earth, the
materials are arranged in conformity with the
elliptical outline of the exterior: hence its in-
terior parts must have been capable of free
relative motion, and it may be very reasonably
supposed that they have been in a state of fluidity.
That such fluidity was occasioned by heat, is a
plausible or rather necessary hypothesis, for
no other known agent is adequate to the effect.
But our confidence in this hypothesis becomes
strengthened when we find that the results of
careful experiments, repeated in varfous parts of
the world, agree in demonstrating that the in-
terior parts of the earth, at small depths, are
now sensibly hotter than the surface, and that
this augmentation of heat follows some regular
ratio to the depth.

The earth, indeed, appears to be exactly in the
condition which the supposition of its former
fluidity through heat and long exposure to the
refrigerating influence of space would require;
cooled at the surface, but, within the external
crust, still sensibly warmed by the remains of its
original heat. The nucleus of the globe may
even now be partially fluid with heat. It is no
objection to this view, that the surface tempera-
ture of the earth is regulated by the sun: this
cannot be otherwise while a thickness of solid
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rock near the surface conceals and almost stifles
all sensible heating effect from within.

The mean density or specific gravity of the
whole mass of minerals near the surface of the
earth, is about twice and a half that of water;
but astronomical and general physical researches
concur in proving that the mean density of the
whole planet is above five times that of water ;
consequently the matter in the interior of the
earth is heavier than that near the surface. This
is all we really know of the nature of the nucleus
of the earth. Whether the substances of which
it consists be of the same kind as some of those
near the surface, or of another kind altogether,
can only be matter of conjecture.

We may conjecture them to be of the same
general nature as those thrown up to the surface
by modern volcanoes ; and perhaps this opinion
may be confirmed by the fact, that mineral com-
pounds in several respects like these, and evi-
dently the produce of heat, lie under all the
strata, or have burst through them from some miles
below, thus giving a considerable range of positive
information in regard to the crust, but little in
regard to the nucleus of the earth.

The next class of monuments from which we
may hope to gather information concerning the
most ancient conditions of the globe, are fur-
nished to us by chemistry. Analysed by this
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powerful science, the apparently innumerable
varieties of rocks and minerals are reduced to
their elements; and thus all the known ponder-
able matter of the globe is found to be composed
of about sixty-one substances, which we regard
as simple or elementary, because they appear in-
capable of further decomposition.

Of these FIVE exist in a separate state as
gases; viz. hydrogen, oxygen, nitrogen, chlorine
(fluorine?).

NINE are non-metallic solids and liquids; viz.
sulphur, phosphorus, selenium, tellurium, iodine,
bromine, boron, silicon, carbon.

SEVENTEEN are metallic, or metalloid bodies,
which unite with oxygen to form the earths and
alkalis; viz. sodium, potassium, lithium, alumi-
nium, yttrium, erbium, terbium, didymium, glu-
cinum, thorium, calcium, magnesium, zirconium,
strontium, barium, cerium, lanthanium.

THIRTY are what are commonly called metals:
manganese, zinc, iron, tin, cadmium, arsenic,
antimony, copper, molybdenum, uranium, tanta-
lum, niobium, chromium, nickel,vanadium, cobalt,
lead, thallium, tungstenum, titanium, mercury, bis-
muth, osmium, silver, palladium, rhodium, plati-
num, gold, iridium, ruthenium.

" Oxygen combines with so many of these, and
in such large quantities with the earthy and
alkaline metalloids, which are the most predomi-
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nant ingredients of minerals, that we may venture
even to say that one half of the ponderable matter
of the exterior parts of the globe is composed of
oxygen gas in a state of combination.

This will appear by examples taken from the
most ordinary masses, such as sandstone, clay,
and limestone, among deposits from water, and
the most abundant of thermogenous rocks, granite,
from which the materials of some of the sedi-
mentary strata have been derived. In common
sandstones composed almost entirely of silica,
oxygen exists to more than half the whole weight ;
in ordinary clays and indurated argillaceous rocks,
which contain about two-thirds silica, it is about
half the whole weight, and in limestones some-
what less than half.

In granite composed of quartz, felspar, and
mica, the case is very similar; the quartz, which is
about one-fourth of the whole mass, contains more
than fifty per cent. of oxygen ; the felspar, which
is the most abundant mineral, about fifty per
cent.; and the mica, which is in the smallest
quantity, less than that proportion.

The depth to which it has been found prac-
ticable for man to penetrate the crust of the earth,
is but a small part of that to the knowledge of
which, in some cases, the power of induction has
enabled him to attain.
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ARRANGEMENT OF ROCKS.

The deepest mines in the British Isles do not
reach half a mile from the surface; Monk Wear-
mouth Colliery near Sunderland and the Con-
solidated Mines in Cornwall, about 600 yards,
and the Dukinfield Colliery near Manchester, 717
yards. Kitzpiihl in the Tyrol, the deepest mine
in the world, extends to something above half a
mile (2,764 feet). We shall see hereafter that,
owing to the way in which the materials of the
earth are arranged, the structure of the crust of
our globe is really known, in particular instances,
to a far greater depth. At present, limiting our
statements to the extent of actual observation,
we shall show what is the arrangement of the
materials of the earth, as they are seen in wells,
pits, and mines, on the sides of rivers, and on the
slopes of mountains, and in cliffs against the sea.

There is a circumstance to be attended to in the
very outset of this enquiry, which it is of much
importance to understand properly. The actual
surface of the earth is occupied by soil (which is
often nothing else than the decomposed substance
of the rocks beneath), by gravel and sand, and
particular sorts of clay, which have been drifted
by wind, but more frequently transported by super-
ficial currents of water, and deposited in much

D
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confusion upon the solid fabric of rocks. In all
the following statements concerning the parts of
the globe near the surface, this irregular and vari-
able covering is neglected, and the reader is sup-
posed to look upon the solid framework of the
globe, stripped of its fertile soil and all its softer
and looser investments. The soil and other loose
materials of the surface of the land are worthy of
curious and diligent research, and have, indeed,
amply rewarded enquiry; but the study of them
belongs to another part of the subject. We learn
little concerning the structure of the earth from
these irregular accumulations, which, in fact, only
mask and conceal its original features, though
they teach very remarkable truths concerning the
revolutions which have affected its surface. (See
Diag. 2.)
Dua. 2.

a, b, ¢. Stratified rocks inclined to the horizon.
d. Superficial detritus.
/. Fault interrupting and displacing the strata. ’

There are two principal conditions of arrange-
ment, to which all the minor appearances obser-
vable in the crust of the earth are subordinate or
dependent.
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In the first case, the bounding surfaces of the
rock are parallel, or nearly so, and extended to
great distances, so as to include between them a
tabular mass or layer of rock, which is technically
called a bed, or stratum. Several such beds or
strata may be laid parallel one to another, and
thus constitute a stratified formation. These
strata may be of the same or of different thick-
nesses, of the same or different chemical qualities ;
they may include the same or different. organic
exuviz, or be wholly devoid of them. All these
circumstances are worthy of remark ; but the im-
portant thing to be attended to in the first in-
stance is, that the rock is stratified. (Diag. 3,

“abeyefyg.)

a, b, ¢. Stratified rocks disturbed.
G. Mass of unstratified rock (granite).
¢, f, g. Stratified rocks undisturbed.

In the second case, no such stratification is ob-
gervable. Many rocks are columnar in structure ;
gsome are formed in large lenticular or spherical
concretions ; others have a peculiar internal cleav-

D2
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age; others are amorphous. All these and many
more circumstances are important; but the first
thing to remark is, that the rock is not stratified.
(Diag. 3, G.)

STRATIFIED ROCKS.

A useful notion of the leading appearances of
stratification is most easily acquired by examining
the eastern, southern, and western coasts of Eng-
land, where the cliffs present what is called a
natural section, and generally display the edges
of more than one kind of stratified rock ; sometimes
many kinds, as limestone, sandstone, and clay,
which are placed one upon another, in a certain
order, like the leaves of a book. The order of
occurrence which the edges observe in one part of
the cliff is found to be the same in another part ; so
that these strata form a series of terms, whose
relative place is known. In other countries, other
and quite different rocks may be seen, but these
likewise show amongst themselves a settled order
of succession. Exactly the same conclusion results
from the experience of miners and colliers, well-
sinkers and quarrymen; it is confirmed by exam-
ination of mountain slopes and valleys. So that
we may state it as a general truth, that the :trata,
wherever they occur, by the sea-coast or in the
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interior of the country, are superimposed on one
another in a constant order of succession, and com-
pose one regular series.

It is observed that the bounding surfaces of the
strata, which we shall henceforward designate
planes of stratification, are seldom quite hori-
zontal, but declining into the earth, so that along
many lines of coast their edges rise from beneath
the water to some height above it. See drawing
of the Isle of Wight, Plate IV. (Frontispiece).
In the interior of a country, in the same manner,
the same or other strata decline in some direction,
east, west, north, or south, so as in that direction to
go deeper and deeper. This declination, or dip, of
the strata is sometimes at a considerable angle to
thehorizon, but generally it is somoderate as1 yard
descent in 50 yards’ length. All the strata in the
same district commonly dip in the same direction.
The exceptions to this general law arise from par-
ticular and well-known, often local, causes. If,
then, the circumstances of the country are favour-
able, we may see in the cliffs of the coast, or along
the valleys and hills of the interior, the several
strata rise in succession from the deeper parts of
the earth, and end at the surface. We can notice
their order of succession, measure the thickness
of each, and combine our observations into an ar-
tificial diagram, which shall represent truly what
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would be the appearance, if we could perform the
operation of cutting the earth along the given line
to the required depth. Such a diagram is called
an artificial section, as this across the vale of
the Thames, where under London are shown by
dotted lines the continuation of the strata, which
appear at the surface on the north and south
of that city. By prosecuting these researches
until we have found the true place of each stratum
in the general series, and its thickness, we come to

Dia. 4.
London,
Sea
level ‘\ :
~=
Dip to the North. Rise to the North,

form a general table or section of the whole series
of strata existing together in any one country.
Though we may not be able at any one place to
see more than a few of these strata exposed, yet,
by examining them as they successively rise to the
surface of the earth, and adding all their thick-
nesses together, we learn the aggregate thickness
of the whole mass of strata under any region ; the
depth, in-short, which must be sunk in order to
penetrate through the whole series, beginning
with the uppermost. In Great Britain and Ire-
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land, we may call this known thickness three,

five, or ten miles, according to the situation. The

following diagram shows how much greater a

proportion of thickness is occupied by the oldest,

and how comparatively thin are the youngest of the

three grand groups of strata, in the British Isles.
Dra. 6.

CANOZOIC OR TERTIARY STRATA

MESOZOIC OR SECONDARY STRATA

PALAOZOIC OR PRIMARY STRATA
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Classification of British strata in large groups.

Pleistocene?s
Pleiocene!,
Meiocene!s,
Eocene!?* |,

CANOZOICS - TERTIARY

Cretaceous!? .,
MESOZOIC? { Oolitic®® ., . } SECONDARY

\ Triassic®

Permian® .

J Carboniferous?
PALAROZOIC'{ Devonian® . . } PRIMARY
«Silurian® .

Cambriant .

e
METAMORPHTG v GRANTTC
BELOW

These terms appear to have been first employed,
or most fully and clearly employed, by the authors
named below: 1, Sedgwick; 2, 3, Phillips; 4,
Sedgwick; 5, Murchison; 6, Lonsdale; 7, Cony-
beare (he included 6); 8, Murchison; 9,German
term; 10, Smith; 11, Fitton; 12, 13, 14, 15,
Lyell. (See Glossary.)

A knowledge of the exact series of strata exist-
ing in any given district may thus be easily ac-
quired, and it has in fact been possessed by prac-
tical men in almost every local district wherenatural
sections can be observed, or mines and collieries
are extensively wrought. But, until Werner and
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Smith, independently of each other, compared
the stratification of different countries, and dis-

covered laws of accordance in the series of strata

over large tracts of the globe, the local knowledge
of miners and colliers, for want of combination,
was of small geological value, and often led to
absurd hypotheses. Any one who possesses this
local knowledge is, however, immediately in a
state to follow the steps of the great geologists
above named. In the first place, he must accus-
tom himself to consider the series of strata, not
only as they succeed each other in the earth, but
also as they appear on the surface; he must not
only draw a section, but outline and colour a
map. On the map (PL L), given as an example,
some of the principal masses of strata are marked
by appropriate shades; the chalk, which is the
uppermost term of this series, extends from
Flamborough Head through Yorkshire, Lincoln-
shire, Norfolk, Suffolk, Hertfordshire, Wilts,
Dorsetshire, &c. Parallel to it stretch the oolite
and lias rocks in an uninterrupted course from
the cliffs near Whitby, through Yorkshire, Lin-
colnshire, Northamptonshire, Gloucestershire, and
Somersetshire, to Dorsetshire. Nor is the range
of these strata limited to England, for they cross
the channel and occupy large spaces, in the same
order of succession, on the continent of Europe.
Hence we learn that not only the law of stra-
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tification is very extensively recognised over the
globe, but also that some particular sets of strata
are continuously traceable over large spaces, pre-
serving the same relative position on the surface
and in the interior; so that a general table of
their order of superposition may be drawn up,
which shall apply, allowing for local peculiarities,
with equal truth to every part of their ranges, as,
for example, to all Europe. Thus we rise to a
general principle of great importance, by which
we may hope eventually to connect the results of
ohservations of stratified rocks over the whole
globe into one harmonious system.

This continwity of the strata is not to be un-
derstood of every locally observed bed of the
series, nor even sometimes of every set of beds of
the same kind; for some of these beds are the
effect of very limited causes, and all of them are
liable to local variation. Hence it happens that
in some countries certain strata are wholly
wanting, and others are so much altered that
certain parts of the series assume totally different
characters. No sets of strata are universally con-
tinuous; there are no wuniversal stratified rocks;
but yet it is true that certain groups of these
stratified rocks, consisting, for example, of certain
kinds of limestones, sandstones, and clays, or of
certain gneiss rocks, mica schists, and slate rocks,
are so extensively traceable as to give us reason to
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conclude that very large and uniform operations
of nature were concerned in their production.
The organic exuvie which are found in the
stratified rocks offer a wide field of enquiry, from
which already rich and valuable results have been
gathered. This is not the place to develope that
magnificent subject further than to show what
these remains are, and how they can be brought
to afford evidence of revolutions which the earth
has undergone. Both plants and animals have
left monuments of their existence and traces of
their forms in the earth, The ligneous, vascular,
and sometimesthe cellular partsof plants aboundin
the earth, and the leaves are so perfectly retained
that an exact comparison can be instituted between
them and recent vegetables. Of animals generally
the soft parts are not preserved in the earth; but
the bones of reptiles and other vertebrata, the
hard coverings of crustacea, the shells of mol-
lusca, the stony and even membranous coverings,
supports, and cells of zoophyta, are abundant.
Generally speaking, the fossil species both of
plants and animals are not identical with existing
kinds; often they belong to different genera, and
sometimes admit of no close resemblance with
any living form. In certain strata of the least
ancient date, both plants and animals occur not
distinct” from existing species. Fossil plants and
animals do not exist in all the strata, nor every-
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where in equal abundance in the same stratum or
set of strata. They are not confined to any
particular kind of rock; they are not always
present in rocks of a certain kind ; nor, except in
a few instances, always absent from other rocks.
These remarks are sufficient for the present
course of argument.

UNSTRATIFIED ROCKS.

The principle of stratification is universal ;
that is to say, in every country of sufficient extent
stratified masses occur in a certain consecutive
order ; and in many very large districts removed
from the mountains none but the stratified rocks
are seen. Any one whose notions of the structure
of the earth were drawn from observations in
south-eastern parts of England would certainly
suppose, as Werner did, that all rocks were
stratified. On the contrary, the inhabitant of
mountainous regions finds a great variety of rocks,
such as granite, syenite, porphyry, &c., in which
no trace of stratification can be seen — many
others, like gneiss and slate, in which this struc-
ture is so anomalous as to convey to his mind a
very indistinct notion of its true nature. These
separated observers can therefore hardly under-
stand each other; and it is no wonder if theories
based on their observations are found to disagree.
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In many countries, however, the stratified and
unstratified rocks occur together; and it is then
seen that, while the former follow a regular
arrangement and lie nearly parallel to the earth’s
surface, the latter appear in irregular, often un-
connected, masses beneath all the strata, or pro-
truding through them in insulated peaks, or
traversing them in vertical masses called dykes,
or penetrating them by veins. Not only have
they no constant relation to the stratified rocks,
but they have no constant relation to one another,
either of position or mode of occurrence; so that
it is impossible to form anything like a regular
series of them. Hence they are very properly
called by D’Halloy roches hors de série.

Further examination shows that the mineral
ingredients of which the stratified and unstratified
rocks consist are either very different or in a
verydifferent state. For, while the stratified rocks,
amidst all their variations of colour, hardness, .
and chemical constitution, can be described as
limestone, sandstone, clay, ironstone, coal, &c., the
unstratified rocks are wholly different, and consist
of minerals of many kinds, variously aggregated
together. The former are often composed of
grains, the latter of perfect crystals; the former
generally contain organic exuvie, the latter
almost never. Whenever these appear at the
surface, the former are more or less disturbed
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and confused in position ; and the result of compa-
rative examinations upon them is invariably found
to be a full belief that they were produced by
different causes acting independently, and, in most
" instances, at different periods.

We shall now class the phenomena presented
by these rocks in such a form as to exhibit their
distinctive peculiarities, and put them in com-
parison with the modern effects of natural agen-
cies upon the globe. In this way we may expect
to learn the causes concerned in their production.

ORIGIN OF THE STRATIFIED AND UNSTRATIFIED
ROCKS. ‘

In the modern system of nature we recognise
two great agencies employed in producing changes
on the face of the globe — WaTER, which wastes
away, grain by grain, the elevated portions of the
- land, and deposits its spoils in lower situations,
thus ever tending to equalise the levels of the
surface; HEAT, which raises matter in masses
from the interior of the earth, and thus tends to
increase the inequalities of its surface. Both of
these agents act chemically ; water dissolves, heat
fuses. Both also act mechanically. The mecha-
nical effects of water depend on the general force
of gravitation, and ever tend downwards, so that
the lowest part of any aqueous deposit is the
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oldest; but the mechanical force of heat is inde-
pendent of gravitation, and ever struggles to
overcome it. Water is a tranquillising, heat a
disturbing, agent.

Rocks are formed beth by aqueous and igneous
agency in the present economy of nature, and the
products of these agents are in general easily dis-
tinguishable. The deposits from water are com-
posed of limestone—which is sometimes a chemical
product, sometimes a mechanical or sedimentary
deposit—or of sandstone and clay, which are al-
ways of sedimentary origin. The accumulations
formed in the beds of lakes, at the mouths of
rivers, and in gulfs of the sea, are so stratified
and composed of such materials. Moreover, these
modern strata enclose remains of terrestrial, fresh-
water, or marine organic bodies, according as
these existed in, or were transported into, the
water; and they are deposited in the strata ac-
cording to the periods when these were formed.
In every respect, then, the modern aqueous de-
posits are exactly similar to the stratified rocks
produced in former conditions of the globe.
Whether they are equally extensive is another
question ; but it is clear that processes of the
same kind have occasioned all these phenomena.

On this determination of the aqueous origin of
stratified rocks enclosing organic exuvie of aquatic
animals, rests the doctrine of the relative antiquity
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of the rocks, according to their relative place in
the scale of stratification. In the same manner
as we cannot doubt that the lowest layer of the
sediment from a pond, lake, river, flood, or inun-
dation of the sea, is the most ancient, and the
upper layer is the least ancient of all those which
exist together, so, in the series of stratified rocks,
which were likewise deposited from water, the
lower are the older, and the upper are the newer.
It is not here a question of what periods of time
elapsed between the deposition of the oldest and
the newest ; the general principle only is required
to be granted, and it will be left to future inves-
tigation to draw the proper inferences on the
lapse of time during the accumulation of the
strata.

There can also be no reasonable doubt on
another important topic. As at the present day
(except under special circumstances), so in ancient
times, we may be sure that the marine stratified
deposits would assume the character of level, or
nearly level surfaces, because this is the result of
the ordinary action of agitated water. In what-
ever positions these strata are now found, we may
always agree that they were at first deposited
nearly level.

The rocky accumulations from modern igneous
agency are exhibited to us in volcanic regions,
where we see that the lava thrown out does not
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form true strata, except for very limited areas,
though, in consequence of successive eruptions, it
may be laid in many consecutive stream-like de-
posits. Even the scoria which is ejected from the
volcanic cone, and falls more or less on all sides of
it, is accumulated in such a way amongst the
streams of lava, and with such & relation to the
slopes of the ground, that it does not form true
strata. The lava frequently forms dykes and
veins.

The materials of these eruptions are not lime-
stone, or sand, or clay, but consist chiefly of a
variety of crystallised minerals, in which the
bases of these rocks are united with other earthy,
alkaline, and metallic substances. Finally, it is
only by peculiar accidental circumstances that
any remains of animals or plants occur in them.
When the melted lavas come in contact with pre-
viously solidified rocks, some changes occasionally
happen, which may be imitated by artificial heat.
In all these particulars the modern products of
fire resemble the ancient unstratified rocks. We
may further remark that the most abundant and
characteristic mineral substances now obtained
from volecanic rocks are equally abundant and
characteristic of their older prototypes; that in
both classes these minerals are often found grouped
together in the same manner; that some of the
most abundant of the older unstratified rocks are

E
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not distinguishable from certain modern volcanic
rocks; and that there is such a general resem-
blance between the two classes, and so much
analogy of combination and appearance continually
observable between them, that we cannot hesitate
to pronounce the unstratified rocks generally to
be the products of heat. It would not be right to
say they were ancient volcanic rocks, for volcanoes
are only a particular case of the general effect of
subterranean heat; and there are various facts
connected with the history of the older rocks
which do not often permit us to assign to them a
real volcanic origin. On the contrary, certain
differences, almost always existing between these
old plutonic and modern voleanic rocks, appear
sufficiently marked to lead us to a theory of their
origin, which may explain at once their general
dependence on subterranean heat, and their par-
ticular differences from volcanic products.

There are some rocks which appear both strati-
fied and crystallised, as certain limestones; others
which are neither stratified nor obviously crystals
lised, as serpentine, and some sorts of felstone.
Yet even these, and some other cases, which on a
first view appear to confuse the classification and
disturb the inference, are capable of satisfactory
solution. It is known by direct experiments that
artificial heat is capable, under particular circum-
stances, of changing sedimentary limestones into
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crystalline limestone. Thus, Sir J. Hall actually
converted chalk into granular limestone. Now
the granular or crystalline limestone, above al-
luded to, sometimes occurs in such a relation to
rocks of igneous origin that its crystalline struc-
ture is with much probability referred to the local
influence of heated rocks in that situation. In
other instances we may eagily imagime the in-
terior heat to have produced the same phenome~
non, though no igneous rocks be actually exhi-
bited in the neighbourhood.

With respect to uncrystallised rocks, which are
also unstratified, we may remark that though,
among the modern effects of volcanic fire, we have
selected crystallised rocks as characteristic of
these effects, and have noticed the analogy in this
particular of the old unstratified and modern ig-
neous rocks, yet neither in one class nor the other
is it meant to be understood that such rocks are
the only ones that exist. Here, again, we are
aided by actual experiment. Mr. G. Watt has
shown that the very same mass of fusible sub-
stance, perfectly melted and allowed to cool, will
become glassy, earthy, or crystallised, according
to the rate of its cooling. The same thing hap~
pens in volcanic products; the same thing, hardly
in a less degree, did happen amongst the ancient
igneous rocks. We have, therefore, the means of
explaining all the apparent exceptions to the

E 2
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general rules given above, and by a careful study
of the cases shall probably in time arrive at a
clear understanding of the conditions which occa-
sioned all the phenomena.

STRUCTURE OF ROCKS.

It has been already remarked that the most
important distinetion in the structure of rocks is
that of their being stratified or unstratified. The
fundamental idea of a stratum of rock is that of a
widely extended mass of matter, which settled to
rest, while in an incoherent state, under the in-
fluence of gravitation, with or without any lateral
impulse. According to this view we may imagine
strata to have been formed by the falling or drift-
ing of sand in the air; by the deposition of par-
ticles in a calm or agitated liquid; and by the
solidification of a fluid mass.

Let us examine these cases in succession. The
ashes thrown up from a volcanic crater fall around
it, and collect in concentric lamina sloping on all
sides from the centre (see Pl IL fig. 9). This
may be called conical lamination: it is, in general,
easily distinguishable from a case of conically up-
lifted stratified rocks, by the irregularity and
discontinuity of the layers,

Sand, drifted by the wind, collects into par-
ticular forms, according to the nature of the
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obstacles to its progress. It is heaped against the
old temples of Egypt; accumulated into irregular
hills on the sea-coast, round the roots and stems
of Elymus arenarius and Arundo arenaria ; but
on the wide plains of Western Norfolk, and on a
greater scale in the African deserts, it is scattered
in a more equable manner. Where a river im-
pedes its progress the sand often fills up the
stream on one side with a shallow projection, and
causes it to excavate the opposite bank. Similar
phenomena happen on the sea-side. No true
strata are formed by such irregular and accidental
causes.

Particles minutely disseminated in a quiet
liquid, whether by chemical decomposition or
mechanical disturbance, produce, when they fall
therein, strata proportioned in thickness to the
quantity of matter suspended above; that is,
generally, proportioned to the depth of the water.
Hence, in the freshwater lakes of Central France,
it has been observed that the calcareous strats
grow thinner toward the edges of the basins.
The same happens to the very fine clays which,
under the name of warp, are deposited on the low
lands adjacent to the tide-rivers of the North of
England.

But the matter which falls from an agitated
liquid partakes, in its arrangement, of the lateral
influence of the currents and eddies. From the
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stormy waters of the Arve falls abundance of
sediment, full of oblique and crossing laminge
which indicate the variable direction of the cur-
rents. The same structure is often noticed in
sandstone strata, as in the cliffs under Notting-
ham Castle and Knaresborough Castle. For such
cases the term oblique lamination is conveniently
employed (PL IV. fig. 12 [).

A different result happens when a rapid stream
delivers coarse detritus into a deep and quiet lake ;
the Rhone, for example, falling into the Lake of
Geneva, communicates to the sediment a hori-
zontal force, which, combined with the influence
of gravitation, causes the particles to describe
curves in the calm water. Parallel to these curves,
which deviate more and more from the horizontal
as the particles descend lower, the matter accu-
mulates round the point where the river enters,
and thus a peculiar concentric lamination is oc-
casioned. In the deeper parts of the water the
curves of descent are too steep for the matter to
lie at rest, and consequently the lamine are found
to follow nearly conical slopes (Pl IV. fig. 11).
(See Mr. Yates’'s paper on this subject, Edin.
Phil. Journal, 1831.)

It is evident that the most extensive and uni-
form strata are produced from a corresponding
diffusion in water of substances which slowly and
equally settle on its bed. The regularity of the
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strata of limestone, shale, and coal is very re-
markable ; the irregularity and discontinuity of
coarse conglomerates are no less striking: both
these results are in conformity with effects daily
produced on a smaller scale. The ocean is to be
viewed as an unquiet lake, receiving sediments
of various kinds under different conditions. The
restless agitation of its surface-waters tends to
diffuse far and wide the lighter matter contributed
by rivers, or obtained by its own warfare with
the coasts, while the coarser and heavier matter
remains near the shore, and thus the materials
are sorted, and transported to various distances,
till they quietly settle in extended strata, which
tend more and more to become horizontal, the
further from shore and the more tardy the depo-
sition.

In this way, we may see the means of distin-
guishing the truly oceanic from the truly littoral
portions of old stratified formations: the former
may in general be known by the regular and
continuous stratification of the limestones and
shales ; the latter by the irregular mixture of
local conglomerates, coarse shales, and debased
and attenuated limestones.

The last cause of stratiform accumulation, viz.
the solidification of a fluid mass, is exemplified in
modern lava, and in old plutonic rocks of several
kinds, Modern lava has generally been consoli-
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dated in air, but the older igneous products most
frequently under the pressure of water or a great
thickness of incumbent rocks. The form assumed
by lava, which has flowed and been indurated in
the air, depends almost wholly on the shape of
the ground. Round a volcanic cone the basaltic
lavas are in the form of narrow irregular streams,
directed down the slope, and thickest toward
their base : in the valleys of Iceland, almost lakes
of liquid rock have congealed, with all possible
irregularity, owing to the cooling of the surface
before the flowing of the under current ceased.
Even when successive lava-streams have been
laid one on another, hardly the least character of
stratification is produced.

Some of the older plutonic rocks, which were
poured out on the bed of the sea, have, indeed,
on one surface a stratiform aspect, because they
take the shape of the stratified rock beneath
them ; but their upper surface has those irregular
bosses and protuberances which must inevitably
result from the cooling of a partially fluid mass.
Igneous rocks, which have been forced between
strata of other materials, assume a tabular form,
which might mislead a beginner uninstructed in
the history of such irruptions. Many such inter-
posed, beds, as they are termed, occur in the Island
of Arran.

Besides the stratified structure, which is coeval
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with the deposition of certain rocks, there is
another pervading all rocks, which has met with
less attention than it deserves. All rocks are
traversed by certain divisional surfaces, commonly
called joints, which in basalt occasion vertical
prisms, in clay-slate parallel tables, in shale rhom-
boidal faces, in limestone cuboidal blocks. There
are many kinds of joints :—

Cracks (PL IV. fig. 12, ¢), which in general
do not pass through even one bed of stone. Some
of these minute internal fissures are empty, others
filled with carbonate of lime or small veins of
metallic substances; some have their surfaces
marked with a beautiful radiated crystallisation
of oxide of iron or manganese, like delicate plants.

These are often called dry cracks by the work-
men. All these substances have, no doubt, been
transferred through the pores of the rocks by
electrical or other subtle agency; that they are
not contemporaneous with the rocks is proved by
the fact that, whether empty, sparry, or metal-
liferous, the cracks sometimes pass through shells,
fishes, plants, and even divide the pebbles of con-
glomerate rocks, in the Righi, at Oban, and at
Kirby Lonsdale (see Pl IV. fig. 12, p).

Joints go through a whole bed, or several beds
of the same description (Pl IV. fig. 12, j).

Fissures pass through a great variety of strata,
though of different nature, as sandstone, lime-
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stone, shale, and coal. They even divide strata
belonging to different formations. They are
either empty, partially lined, or entirely filled
with crystals of carbonate of lime, metallic oxides,
&e. (PL IV. fig. 12, f).

There is amongst the great or master-fissures
in a given district of stratified rocks a remarkable
parallelism,and a tendency to particular directions,
which, at least in some instances, coincide with

" the lines of convulsion. The minor joints seem to
be characteristic of the different sorts of rocks by
their relative number, closeness, parallelism, and
angles of intersection. In slate rocks the joints
and fissures intersect one another with almost geo-
metrical regularity ; they are very symmetrically
arranged in laminated shales; but in thick sand-
stones only the great fissures hold any regular
course. ‘

In unstratified rocks the joints have been little
attended to, except when they appeared to pro-
duce a prismatic arrangement, analogous to that
of basalt. ,

The production of joints in rocks may be re-
ferred to the condensation of their mass from an
aqueous or igneous expansion ; but the symmetry
of their arrangement can only be referred to some
kind of crystalline action; and the parallelism of
the great joints over large tracts of country seems
the effect either of electrical currents controlling
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that action, or of peculiar, perhaps undulatory,
movements affecting large parts of the crust of
the globe.

POSITION OF ROCKS.

It is sufficiently evident that the rocks of aque-
ous origin were deposited in nearly horizontal
strata, and the thermogenous rocks mostly raised
from below, and placed in various circumstances
of contact with the former. The actual position
of stratified deposits, with reference to horizontal
surfaces, to one another, and to the masses of ther-
mogenous rocks, constitutes an important element
in descriptive geology. Over very large portions
of the globe the strata are still nearly horizontal :
the deviation of their surfaces from the spherical
surface of the globe, or the horizon of the place of
observation, is called the dip or declination of the
strata. Measured by the clinometer the dip is
often found less considerable than it appears to
unpractised eyes. A descent of 24° for a large
tract of secondary rocks is always thought remark-
able. Scarcely any road, however dangerous
from its steepness, slopes more than 10° to 15°
from the horizon; mountain sides are abrupt if
they decline 18° or 20° (Carrock Fell in Cumber-
land), and covered with loose detritus, as the
western front of Ingleborugh, if they slope 45°.
Very few precipices exist in the interior of Great
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Britain over which, as at Whitestone Cliff in
Yorkshire, the plummet line may swing freely by
the side of 100 feet of solid rock.

A line drawn on the surface of the strata at
right angles to the dip is of course horizontal, and
is called the ¢strike’ of the beds. The strike
and the terminal edge, or ¢ gutcrop,” of the strata
are on a great scale parallel; but if the dip is
very gentle, and the country much varied in ele-
vation, the difference between them may be very
considerable. The direction of the strike is always
dependent on the situation of the points or lines
which are the centres or axes 'of subterranean
movement, and from or towards which the strata
decline.

If there be a conical elevation of strata (as
nearly happens in the valley of Woolhope, Here-
fordshire), the dip is quaquaversal, or radiates in
all directions from the centre, and the lines of
strike are concentric; if the axis of elevation be
a straight line (as the range of the Malverns,
the escarpment of Cross Fell, &c.) the lines of
strike are parallel to it : between thede extremes
are found many gradations constituting elliptical
elevations (as Greenhow Hill, &c., in Yorkshire).

The strata are sometimes continuous over the
axis, and sometimes wholly or partially. removed,
constituting what has been called a Valley of
Elevation (as at High Clere in Hampshire). An
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anticlinal axis is such that the strata decline from
it on both sides (see Pl. IL. fig. 5); a synclinal axis
is such that the strata dip toward it on both sides.
Some of the great lines of subterranean movements
in England and Wales range ten, fifty, or a hundred
- miles,

In some cases the axis of subterranean move-
ments is a fault, or complete fracture and dis-
placement of the whole series of strata (Pl IL
fig. 6) along a vertical or inclined plane, the beds
being relatively depressed on one side, and ele-
vated on the other. The extent of displacement,
or vertical measure, in inches, feet, or yards, of
the difference of level of the same strata on the
opposite sides of the fault, is often called the throw,
shift, or cast of the fault; and the ¢ throw’ is said
to be up or down according to the side which
is taken as the standard of comparison; it is
often impossible to say on which side of the fault
the strata were really displaced. If, asfrequently
happens, the fault is not vertical, its inclination
- (the angle a 8 v, PL IV. fig. 13) is called ¢ hade’ or
‘underlay,” terms applied to mineral veins ; its de-
clination from the horizon being the angle a 8 A

By the sides of faults, the strata are often
slightly or considerably bent, sometimes in the
direction tending to unite their disrupted parts, as
a; sometimes in the contrary way, as b (fig. 13).
In the former case they are said torise to an
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upthrow and dip to a downthrow,’” in the latter
they ¢rise to a downthrow and dip to an up-
throw.’ These are circumstances of greater im-
portance than the slight attention paid to them by
geologists might seem to indicate. They conduct
us by an easy transition to the cases where the vio-
lence of the disturbing agency has been sufficient
to render the strata for great distances directly
vertical, so that they ¢stand on end, as in the
Isle of Wight, and the escarpment of the Pennine
Chain, or even bend backward, as in the Malvern
Hills. To the same violent agency operating on
yielding materials we must ascribe the singular
contortions of strata which eccur in the limestones
and shales of Yorkshire and Berwickshire, and on
a far grander scale in the limestones of Altorf,
Lauterbrun, Wallenstadt, and the Valley of the
Arve (see PL IV. fig. 14),

In a certain sense all these phenomena of un-
usual position of stratified rocks are geological
accidents; yet they are not without their laws,
and some of these are partially known. Faults,
for example, are most frequently found to dip or
decline under that portion of the divided strata
which is relatively depressed, as @ and b in PL. IV.
fig. 13., not as « of the same figure.

Contorted strata appear most frequently along
the sides of elevated chains of mountains, where
great lateral pressure may be supposed to have
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acted (PL IL fig. 6, ¢), and in soft or thinly
laminated rocks which might yield in undulations,
not snap in fissures.

Axes of disruption and elevation are usually
accompanied by cross rents or faults, and sometimes
by parallel faults, producing two sets or systems
of fractures in the crust of the globe, more or less
rectangular to each other. The philosophical
study of these and other laws of phenomena of
unusual position of strata in relation to the struc-
ture of the rocks and the forces concerned in dis-
placing them, one of the most attractive in modern
geology, has been well opened by Mr. Hopkins’s
Memoir on Physical Geology in the Cambridge
Phil. Trans. See also Illustrations of Geology of
Yorkshire, Part II.

As convulsive movements happened in the crust
of the globe at various epochs after the accu-
mulation of some strata ¢ and before the deposition
of others d (see Pl IL fig. 7), it is frequently
found that the older dislocated strata are covered
over by the undisturbed newer deposits (PL IV.
fig. 15); and when this is not the case, some
great difference of dip, either in amount or direc-
tion, as seen in neighbouring natural sections, or
some great differenca of strike and outcrop, as
traced on the surface, will at once reveal to the
careful observer the geological epoch of the con-
vulsion. To all such cases of discordant posi-
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tion of adjacent strata the term ¢ unconformity’ is
usefully applied; it always marks the occurrence
of subterranean movements, and changes of level
in the period between the ages of the newest dis-
located and the oldest undisturbed strata, their
ages being in fact the limits of error of the pro-
blem. Thus in some cases the geological date of
the disturbance is accurately, in others approxi-
mately fixed.

Bearing in mind that there is an important rela-
tion between the lines and centres of subterranean
disturbance and the exhibition of thermogenous
rocks, the student must complete his researches
as to the position of strata in any given district
by determining the sitnation and phenomena of
the nearest erupted masses of these rocks. If
rocks of this kind appear along a great axis of
elevation, as in the SE, of Ireland, the Lammer-
muir, Cumberland, Malvern, &c.; on the flanks
of a mountain group, as in Westmoreland; or in
minor anticlinal lines, asthe Breiddyn Hills, the
Wrekin, &e., their nature, the chemical and me-
chanical changes produced when they come into
contact with the stratified masses, alterations of
composition, texture, structure, hardness, occur-
rence of spathose and mineral veins, minute con-
tortions and fractures of beds, and other pheno-
mena, must be accurately noticed. Along and
near to great lines of disturbance, basaltic, por-



PHYSICAL GEOGRAPHY. 65

phyritic, and other dykes frequently occur, and
sometimes are accompanied by remarkable altera-
tions of the neighbouring rocks (Isle of Arran,
banks of the Menai, Teesdale, &c.): but one of
the greatest lines of subterranean movement in
Great Britain, the Tynedale, Pennine, and Craven
Fault, is only partially marked by the occurrence
of such rocks in or near its long and flexuous
course, and the great upturning of the chalk and
tertiaries in the Isle of Wight is without any
superficial indication of igneous agency.

PHYSICAL GEOGRAPHY.

Having thus arrived at a clear view of the
origin and relative position of the rocks composing
the crust of the globe, we must turn our atten-
tion to the surface, which, as before observed, is
formed upon the edges and planes of these rocks
(fig. 2), and enquire what connection there may
be between the physical features of the surface of
the globe and the subjacent rocks. Taking the
most general view which the subject admits, we
may consider the mountainous regions of the
globe as rising in the midst of the broad plains
and gently undulating regions, like islands in the
sea. Some particular plains are surrounded and
defined by the chains of elevated ground, as the
Plain of Bohemia; but it is a more general fact

F
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that the plains spread round and énclose the
mountain masses. The depths of the sea appear
to balance the ridges on the land. 'There are in
the sea certain lines and certain centres of depres-
sion, as on the land are particular chains and
peaks of elevation. If we could remove the
whole of the ocean, it is probable that the greatest
depths of the basins of the ocean would be found
proportioned to the greatest elevations of the land,
and equally limited in area. The far greater part
of the ocean is of a moderate depth, as the far
greater part of the land is of a moderate altitude.

Putting out of consideration, for the present,
the loose water-moved fragments which cover to a
gmall depth in many parts the actual solid frame-
work of the earth (Pl I fig. 2), we may state asa
general truth, that the great plains and moderately
undulated regions of the dry land owe their prin-
cipal features to the quiet deposition of the strati~
fied rocks below them{ while the mountainous
lands, on the contraty, owe their peculiar features
to the elevation of stratified and unstratified rocks
into chains and grovps and peaks. It is a
general law, confirmed by most ample evidence,
that the interior parts of mountainous regions
consist of granite and metamorphic rocks sup-
porting all the later strata, and bearing them
up to their present elevations. From these ele-
vated points and lines, both the sabjacent igneous
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and the superior stratified rocks descend at
various angles towards the plains and more level
regions, beneath which they sink and pass for
various distances, until they again emerge in some
other mountain group having similar characters.
In consequence of this arrangement, it happens
generally that the oldest strata, those which sink
deepest under the plains, rise highest against the
mountain slopes; a circumstance easily under-
stood, though sometimes called a geological para-
dox (PL IL fig. 5). The most constant of all the
facts connected with this part of the subject is the
developement of granitic or some other thermoge-
nous rocks about the centres of the elevated groups
from beneath or amidst the lowest strata there
occurring. Very frequently cracks and fissures
of the strata are filled by these igneous rocks in-
jected from below, and thus in some cases the
proximity of their masses is indicated when they
cannot be actually seen.

- The surface of the earth derives all its diversity
of form and products from the originally different
nature of its constituent rocks, the variety of
positions into which these have been thrown, and
the consequent inequality of effect produced upon
them by atmospheric and other modifying agen-
cies. Had the stratified rocks remained in their
original nearly level position, all the immense
variety of mineral treasures which they contain

F2
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would have been hidden from the eye of man, and
the dry land would have been a monotonous
waste, without that picturesque grouping of moun-
tains, that pleasing variety of hill and valley, that
ornament of bay and promontory, which we now
gladly acknowledge to be a great source of enjoy-
ment and instruction.

And, as we behold how marvellously the ani-
mal and vegetable creations are adapted to each
other, and both to the local influences of climate,
soil, elevation, proximity to the ocean, and other
important conditions, produced by geological re-
volutions, there is no room for doubt that the sub-
terranean movements by which this fundamental
diversity of the earth’s surface was occasioned,
are ag much a part of the general plan of creation
as the existence of the atmosphere, the proportion
of land and sea, or the succession of the seasons.

The sea-coast of every country derives its cha-
racteristic outlines, its rocky cliffs and alluvial
depressions, from the unequal hardness, various
directions, and degree of elevation of the rocks.
The long horns of Cornwall and Caernarvonshire
coincide with axes of upheaval; Pembrokeshire,
like the Isle of Wight, is extended by the opera-
tion; of similar causes from east to west; Flam-
borough Head, composed of chalk, projects into
a magnificent promontory, round which the
currents of the German Ocean turn, with fatal
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perseverance, to waste the softer clays and sands
of Holderness.

The chains of mountains and ranges of hills,
and the vales and plains which surround and
divide them, are all occasioned by similar causes.
The range of Snowdon is the line of an axis of
elevation ; the Pennine Chain, from Ingleborough
to the South Tyne, is formed by a magnificent
dislocation, which depresses the strata on the west
above 1,000 yards; and where this dislocation
turns to the east along the Tyne, and to the east
and south-east through Craven, it produces, in
the midst of a mountain country, two great ir-
regular valleys across the summit of drainage.

The forms of the individual hills and valleys
are occasioned principally by peculiarities in their
geological structure. Compare, for instance,
the pinnacled rocks of the high Alps with the
broad swellings of the oolitic Jura; the fantastic
cappings of basalt in Scotland with the serrated
slate mountains of Cumbria and the green swell-
ing outlines of the English chalk.

How different are the vertical cliffs of moun-
tain limestone, which have been rent asunder in
Mendip and the Peak, from those of other rocks!
The streams which foam through many channels
among the slate rocks of Lowdore, or rush in
white lines down the slopes of Skiddaw, give a
totally different effect to the scenery of the Cum-
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brian glens from that which belongs to the lofty
cascade of Hardrow, and other less-known water-
falls, across the ridges of limestone in the magni-
ficent dales of the North of England.

A general acquaintance with geological truths
istherefore absolutely indispensable to an enlarged
intellect, which is desirous of forming right gene-
ral views of the arrangements of existing nature,

and especially of physical geography.

GENERAL VIEW OF THE STRUCTURE OF THE
EARTH.

Leaving the question of the original aggrega~
tion and interior arrangement of the matter of
the globe to the astronomer, and the laws of the
atomic constitution of its mass to the philosophi-
cal chemist and crystallographer, we may gather
from the preceding statements sufficient grounds
for a general view of the structure of the exterior
crust or shell of the globe. By far the greater
portion of the surface of the earth is occupied by
rocks which were deposited by water in the form
of strata, more or less approaching to a horizontal
position, which succeed one another in a certain
order of superposition, are of different antiquity
according to this order, and are continuous for
less or greater distances. In these strata multi-
tudes of remains of plants and animals lie buried,
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which are for the most part distinct from the
plants and animals of the present day, though be-
longing to the same great divisions, and formed
upon the same general plan of terrestrial and
aquatic life, This system of stratified rocks ex-
tends to a variable depth, not exceeding a few
miles, and below it and amongst it occur various
racks, which are not stratified, and do not contain
organic remains, but consist of such minerals, and
oceur in such circumstances, as to be clearly the
result of igneous agency. These pyrogenous rocks
are ftequently found piercing through the strata
in various ways, as if uplifted from below, In
some cases, also, the effects of heat are traceable
in the stratified rocks themselves, in consequence
of which they have partially or generally assumed
some of the appearances properly characteristic of
the rocks crystallised from fusion.

The dry surface of the earth is formed on the
edges and surfaces of the strata and tops of the up- -
lifted thermogenous rocks, in such a manner that
while the great plains and moderately undulated
regions consist almost entirely of stratified rocks,
the mountainous parts usually contain an axis or
nucleus of plutonic and metamorphic rocks covered
by unaltered stratified rocks; both of which groups
decline on all hands from the mountain chains, sink
below the more level regions to various depths, and
Ppass to various distances.
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Both fire and water have been actively engaged
in the construction of the earth. Water has de-
posited from above, in a settled order of succession,
many extensive strata and sets of strata, variously
filled with the remains of plants and animals which
existed during the several periods; and heat has
expanded these strata from below, and thrown up a
different set of rocks from the deeper parts of the
earth. It is the business of the geologist to trace
with accuracy the effects of these agencies, separate
and combined ; to arrange these effects in a chrono-
logical order, and thus to compose a correct if not
complete history of the revolutions by which the
earth has been brought to its present condition,
stored with its present wonderful variety of animal,
vegetable, and mineral forms, and made fit for the
residence of a being gifted with that human curi-
osity which prompts him to examine, and that
divine reason which enables him to interpret, the
works of nature, and through them to hold a
sublime communion with the Creator of the uni-
verse.



CHAPTER IIL
LAND AND SEA.

————

SUBAQUEQOUS PRODUCTION OF THE DRY LAND.

THE most important of all the leading truths
established by modern geologists was not wholly
unperceived by the enlightened philosophers of
antiquity. When Ovid ascribes to Pythagoras
the opinion that, in the course of the changes of
nature, what is now dry land was formerly sea,
and the contrary, and illustrates the doctrine by
the submersion of cities along the shores of the
Mediterranean, and by the occurrence of marine
shells far from the sea, it is impossible not to be
- struck with the force and simplicity of the argu-
ment. Ideas of the same kind were distinctly
announced by Strabo and others accustomed to
the phenomena of earthquakes in Asia Minor.
Even Herodotus was attentive to the sea-shells
on the hilly margin of the Egyptian valley.* But
the poetical notion of alternations of land and sea

* Book II § 12.
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over given regions, suggested by limited pheno-
mena, is distinguishable from the philosophical
conclusion, baged on universal research, that the
whole of the existing continents and islands have
been reared out of the bosom of the sea—that all
our highest mountains are of comparatively
modern date, and that in some former period of
the world the ocean-currents flowed over the yet
unborn Alps and Pyrenees, as well as over the
plains of India, Africa, and America.

‘Whether, at the time when all our continents
were beneath the sea, there were other continents
raised above it, is a matter which it is difficult to

" bring fairly within the scope of inductive science,
except in a very limited form, and upon rather
doubtful assumptions. The only clear and certain
"evidence for the existence of land in other situa-
tions than where it now appears, is to be sought
in the history of terrestrial organie exuvie im-
bedded in the earth; the only reasonable pre-
sumptive evidence in favour of such a doctrine
must be founded on mechanical considerations
connected with the mass and depth of the waters
of the ocean. To conclude that because conti-
nents were raised in one quarter others must have
been depressed elsewhere in a certain proportion,
is unsafe, because it requires us to admit what is
perhaps false, viz. that the spaces occupied by the
solid and liquid parts of the mass of the globe



SUBAQUEOUS PRODUCTION OF THE DRY LAND. 75

have always been exactly and invariably in the
same proportion to each other as at present. Who
can assure the truth or even the probability of
such a law?

The simple argument, of Ovid —

——Vidi factas ex ®quore terras,
Et procul a pelago conchee jacuere marines —

will probably never lose its power of convincing
mankind that they stand upon the elevated bed of
" the ancient sea. When we find shells and corals,
which beyond all doubt must have lived in the
sea, deposited in the interior of solid rocks, with
all their delicate ornaments of structure uninjured,
and lying in these rocks, as they usually do on
the bed of the sea, we are compelled to conclude
not only that these exuvim were deposited by the
ocean, but that the animals actually lived in or
near the very spots where their remains are
buried, and were there quietly covered up by the
deposits of earthy matter then in progress. Each
of the stratified rocks enclosing these remains was
really in succession the bed of the ancient sea;
and wherever we find the faithful testimony of
imbedded marine exuviz, the conclusion is imme-
diate and unobjectionable, that the ancient bed of
the ocean is laid open before us. The extent to
which this principle is applicable, varies in dif-
ferent countries. In Europe generally, in North
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America, in India, a large portion of the whole
area may thus be proved to have been formerly
submerged.

Strata containing no organic remains, sometimes
alternate with others which do contain them, and
they have evidently been subject to the same
local conditions, and have had the same oceanic
origin. Such strata as red sandstone, and many
kinds of slate which, in Eugland at least, contain
no organic remains, were as certainly formed on
“the bed of the sea as the conchiferous limestones
above and below them. Moreover, strata which
in some countries contain no organic remains, do
contain them elsewhere — as, for instance, the red
sandstone ; and, by combining all these facts toge-
ther, we arrive at the conclusion that the Ovidian
argument, from the presence of marine exuvim®,
applies to at least three-fourths of the whole area
of the solid land, and to the whole series of strata
except those which lie at the very bottom; and

- to all heights above the level of the sea, and to
all attainable depths below it. But even if there
were no marine exuvie in the stratified rocks,
yet, because of their composition, texture, and
structure, their regular order of succession, and
other characters, they speak for themselves, and
show most clearly that they are not to be re-
garded in any other light than as deposits upon
the bed of ancient waters. In this case we make
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no exception, but include with equal confidence
the most ancient primary slates and the most
modern tertiary sands.

Thus we arrive at the conclusion, that not only
all the great plains and all the undulated portions
of the land were formerly submerged, but that
the flanks and often the very summits of the
loftiest mountains are composed of rocks formed
under water; for all these are composed of stra-
tified materials of some kind or other.

The same conclusion applies likewise to the
plutonic rocks which appear about the centres of
mountain groups; for, as we have before seen,
these rocks appear in such a relation to the strata
of the mountains, that, by a large induction of
facts, we are led to conclude that they have been
in fusion beneath all these strata, and have, in
fact, been upheaved with them from their original
situation on the bed of the sea. Therefore it is
concluded, as a fundamental maxim in geology,
that the whole area now occupied by dry land
was formerly covered by the sea. We may next
enquire into the agencies by which the land was
redeemed from the waves.

ELEVATION OF LAND.

The strata formed upon the bed of the sea
could only be laid dry by one of two processes;
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either the general level of the sea has been
lowered, as Werner imagined, or there have been
vertical movements of the solid parts of the earth.
The notion of the gradual lowering of the level of
the ocean is one of those imprudent suppositions
which the constantly increasing connection of
geology with exact science has nearly banished
from our systems. It was adopted with the view
of accounting for the often observed fact, that the
strata which descend to the greatest depth under
the plains, and are certainly the oldest, are also
found rising to the greatest height along the
flanks of the mountains. The Wernerian hypo-
thesis assumed that the great physical features of
the globe, its mountains and plains, were abori-
ginal ; it not only assumed that rocks were, for
the most part, produced from water, but extended
this assumption to basalt, porphyry, and granite,
and took no steady view of the enormous frac~
tures and foldings by which the whole crust of
the earth has been disturbed; and it was to agree
with these fundamental errors that the monstrous
notion of the gradual and universal sinking of the
water-level, from the summits of the mountains
to the shores of the actual sea, was framed. This
notion is so contrary to common sense, that it
will be instantly rejected by every mind which is
not prepared to admit an unlimited variation in
the quantity of water upon the globe.
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"No direct collision with natural philosophy can
be chargeable upon the other supposition; we
must therefore judge it by comparison with ob-
served facts. The vertical movements may have
been elevatory or depressing, or both: they may
have been sudden and convulsive, or gradual. In
every case of convulsive elevation or depression
along a line or about a centre, the strata, origi-
nally depositéd nearly level, must be placed in
angular positions with respect to the horizon, and
the dips or slopes thus occasioned will be most
considerable along the line or about the centre of
the disturbance. Nearly analogous results would
follow a gradual vertical movement of the strata
within a limited area, if continued until the pres-
sure were relieved by fracture of the strata. If
the elevatory or depressing action were exerted
over a very broad area, and gradually exbausted,
it might happen that no sudden or violent dips
should be anywhere traceable, but the effect
would be a gradual intumescence or subsidence.
These are obvious truths, and they are sufficient
for the purpose of examining the question of the
desiccation of the land.

" It cannot be doubted that both’ depression and
elevation have happened to many parts of the
bed of the sea; but when we proceed to those
parts of the country which were most sffected by
these disturbances, we are at once convinced that



80 "LAND AND SEA.

it is to local elevation of the bed of the sea we
must ascribe the existence of mountains. The
general fact of the rapid dip of the strata in the
proximity of the mountains (PL IL fig. 5), con-
trasted with their gentle slopes or nearly horizontal
position, even at moderate distances, is sufficient
proof of this. As nothing can be more certain
than the dependence of the figure of continents
and islands upon the direction of the ranges of
mountains, there is no room to doubt that all our
solid land has been raised out of the sea, parallel
to certain lines, and around certain centres of
vertical movement.

The confusion of dip (PLIL fig. 6) so commonly
observed in the proximity of mountains, seems
to indicate that the elevatory movements were
sudden and convulsive; but the full discussion of
this subject would lead to theoretical considera~
tions unsuited for an elementary work. Whether
depressions in other parts of the globe corre-
sponded to the elevations in these, is a question
of the same character.

We may, however, advance our conclusions, as
to the elevation of land, one step farther, by con-
sidering the relation of the lines and centres of
elevation to the exhibition of plutonic rocks.
The appearance of these rocks along the lines of
subterranean movement is so constant and cha-
racteristic a phenomenon, that we cannot doubt
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of the dependence of both upon the same local
causes. Obviously some pressure from within, de-
termined to particular points, has upheaved the
strata with the adjacent thermogenous rocks. In
some cases it is probable that the plutonic rocks
were upheaved in a solid form; in others it is
demonstrable that they were in a state of igneous
fusion, so as to flow into cracks and fissures of
the strata. The phenomena may be plausibly
explained upon the supposition of the local pro-
duction of great subterranean heat, or by con-
sidering the convulsive movement as a paroxysmal
relief to a general pressure upon the internal fluid
nucleus of the globe. Each of these views has
able defenders.

Nothing is more evident in physical geography
than that the extent and direction of the land
depend on the ranges of mountains; these have
been shown to owe their elevation to subterranean
movements; and this is generally thought suf-
ficient proof that the elevation of all the solid
land is due to the convulsive rising of the moun-
tains. This is, however, not proved, though we
may always justly admit that large breadths of
land rose with the mountains. But it is not
adequate as a general explanation of the desiccation
of the continents, for a very sufficient reason, viz
that many mountains were raised by the convul-
sions, of which they exhibit traces, before the strata

G
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were formed, which are mow laid dry around
them. .

Persons who are aware of this difficulty propose
another view. They say, as the mountains cer-
tainly owe their elevation to convulsions centred
beneath them, so also probably were all the other
parts of the dry surface of the earth raised by
other convulsions, suitably posited. Thisis equally
erroneous. There is no ground whatever for
applying this hypothesis to the desiccation of
the eastern and south-eastern parts of England,
the north of Germany, and other large tracts of
Europe ; for in all these cases no convulsions can
be traced at all adequate to the effect.

There remains for these cases, which relate to
perhaps half the area of the dry land, only the
hypothesis of gradual elevation of large tracts,
either by the manifold repetition of small disturb-
ing movements, or some general expansion be-
neath a whole physical region. Many of the
Swedish naturalists believe that such an expansion
is at this moment gently raising a great part of
the Scandinavian peninsula. . Lyell, from per-
sonal examination, has been led to adopt these
views, which are also sanctioned by the authority
of M. Arago; and illustrated by the well-known
historical case of the movements which have hap-
pened to the temple of Serapis at Puzzuoli.*

* Babbage in Geol. Soc. Proceedings.
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One of the most interesting of the results to
which a careful study of the circumstances of the
elevation of mountains has conducted geologists,
and at the same time one of the most certain, is
the knowledge that the dry land is not all of the
same antiquity ; in other words, that some moun-
tain ranges, and some large regions, were raised
above the sea long before the occurrence of the
convulsions which affected the level of other
countries, and even before the production of the
strata of those countries. For instance, we have
no doubt that the Grampian, Lammermuir, and
Cumberland mountains were dry land long before
the Alps were reared from out of the sea, and
while the greater part of the area of Europe was
occupied by the ancient ocean.

How is this ascertained? It depends upon the
determination of two leading truths: First, That
the series of convulsions to which mountain ranges
owe their origin, were effected at many different
and relatively ascertainable periods. Secondly,
That by these convulsions, or some gradual ope-
ration, the bed of the sea was not only relatively
raised in certain parts, but particular portions of
it uplifted above the level of the water.

The relative age of convulsions is known by
observing what strata are and what are not dislo-

: a2
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cated by them. If, for instance, as on the borders
of Cumberland, the old slate and limestone strata
are dislocated in certain directions, while, in the
prolongation of these directions, the newer strata
of red sandstone are not disturbed, but lie level
over the sloping surfaces and edges of the others,
we know that the convulsion happened after the
formation of the slate and limestone, but before
that of the red sandstone (Pl IL fig. 7). Again,
because on many of the peaks and in many valleys
of the Alps tertiary strata are found in a state of
dislocation, it is clear that the last dislocations of
the Alps were during or subsequent to the ter-
tiary era. Always, the age of a convulsion is
less than that of the dislocated strata, and greater
than that of the strata which lie undisturbed, and
unconformable on or against the former.

That certain parts of the bed of the sea were
not only raised in relation to other parts, but
absolutely reared above the waters into ranges of
high ground, is known by the circumstance, that
since the date of the convulsions which can be
traced in them, marine strata have been formed
around them, and in hollows of their surfaces, in
such a way as to indicate that they stood up like
islands, amidst the waters, defining the area over
which the sea could form its deposits, and pro-
ducing the vegetables and other remains of ter-
restrial beings, which are imbedded in these
deposits. Thus the Cumbrian group of moun-
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taing was dry land at the time of the deposit of
the red sandstone around it; the same was the
case with Charnwood Forest; and by continuing
researches on the principle of combining the
evidence of convulsive movements, and subse-
quent deposition of marine strata, we may hope
to see light gradually break in upon the interest-
ing problem of the ancient hydrography of the
earth.

PERMANENCE OF THE LEVEL OF THE OCEAN.

It has already been shown that the whole of
the dry land was formerly submerged. The pre-
ceding statements will probably be admitted as
sufficient to prove the justness of the data for our
conclusions, that the dry land is not all of equal
antiquity, as the strata composing it certainly
are not.

We have stated on what grounds geologists
conclude that the desiccation of much of this land
is a consequence of subterranean movements, and
that for the remainder it is preferable to appeal
to a more gradual and general change of relative
level of land and sea. It has also been stated
that the drying of the land by a general subsi-
dence of the ocean level is a mere delusion, and
that the facts can only be explained by internal
movements producing locally sudden or gradual
change of dimension. Though the Wernerian
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hypothesis of the gradual subsidence of the ocean,
which to suit the phenomenon which it professed
to explain must have been to the extent of some
miles, is now little regarded, it is mnecessary to
show the line of argument according to which it
is allowable for geologists to take for granted the
permanence of the level of the ocean, independ-
ently of astronomical vicissitudes.

In this argument the quantity of water upon
the globe is supposed to be constant: we have
clearly no right to suppose otherwise. Variation
of the level of the water may happen in conse-
quence of internal movements and displacements
of the parts of the earth, or from a change of the
temperature of the globe. Displacements of the
parts of the globe may cause land to sink or rise,
or both. If any part of the bed of the sea sinks
into a cavity, or rises so as to leave a cavity, the
ocean level will be altered in proportion to the
bulk of this cavity. The greater the cavity out
of which any part rises, or into which any part
sinks, the greater the change of level. If we
suppose three-fourths of the globe to be covered
by water, and imagine a portion of the bed of the
sea, equal in cubic content to the land now above
the water, to sink into a cavity, the dry land re-
maining unmoved, the depression of level occa-
sioned over the whole ocean would be something
more than one-third of the mean height of the
land. This we may take at 2,000 feet: conse-
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quently the depression of the sea upon this enor-
mous sinking would be something more than 666
feet. If the existing dry land should sink into
a cavity, so that it should be just submerged, the
level of the sea would remain nearly unaltered.

The converse is true. If the bed of the sea
should be raised, but not to the surface, and leave
below it an internal cavity, there will be a general
elevation of the ocean level proportioned to the
cavity ; if any portion of the displaced mass of
earth should project into dry land, the level of
the ocean will be raised in proportion to the dif-
ference of cubic content between the cavity and
that quantity of land which projects above the
surface directly, and to the new area of the ocean
inversely.

But if we discard the notion of cavities, and
suppose the elevation of one part to be com-
pensated by the depression of another, the ocean
level will vary merely as the quantity of land
above its surface. It will rise by the sinking of
the land under it, and the contrary. If we sup-
pose all the dry land to sink till it be submerged,
it will cause the ocean to rise about 500 feet. To
such a depth then, and no more, could the ocean
have sunk upon the rising of this mass of land.
If at all times as much land rose above as sank
beneath the surface of the sea, the ocean would
remain at the same level.
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The effect of a general change of the tempera-
ture of the globe in altering the relative level of
land and water cannot be stated, unless we assume
some fixed temperature for the water. In this
case the change of dimension must go to some
hundreds of miles on the radius before the relative
level of land and water would be so affected as to
account for the emersion of a large part of the
land. A change in the mean temperature of the
superficial parts of the globe is a probable geolo-
gical cause of some fluctuation of the ocean level ;
but its effect cannot have been considerable.

Astronomical vicissitudes would for the most
part be insensible in altering any of the dimen-
sions of the globe: and unless we take into ac-
count a great displacement of the axis of rotation
of the earth, we are forced to admit that the mean
level of the ocean is nearly permanent, and that
the dry land has been really raised out of its
bosom by the force of subterranean movements.
What was exactly the nature of these is a problem
which must be intrusted to the researches of
mathematicians guiding the industry of geologists.

MOVEMENTS IN THE CRUST OF THE GLOBE.

Perhaps the simplest case of these movements
is that best known, in detail —the case of mineral
veins, trap dykes, and common faults. In each
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of these phenomena, the earth’s crust, so far down
as we know it, has been broken asunder: by at-
tending to the direction of the fractures in a given
large district, as Cornwall or Derbyshire, it is
found that in certain directions more faults occur
than in any others. Often two systems of veins
thus appear in such a district—one, the right
running,’ passes from E. or ENE. to W. or
WNW.; and another, the ¢cross courses,” as
their name implies, traverse the first~-named
veins N. or NNW. to S. or SSE. It is found in
some well-examined cases, that these two sets are
not of the same geological date, for one system is
displaced by the other.

Now, these results are such as would arise if
there had been below all the strata which are
broken a general pressure, such as steam or ex-
panding liquid, producing a strain across the whole
district, which is occupied by one of the systems
of fault.* The general idea of internal pressure, to
which we are thus conducted, is strengthened by
reference to another form of displacement of the
strata, that of the anticlinal axis, a phenomenon
observable in almost every mountain chain, and
often extending much beyond them. Along or
near to these lines of fracture igneous rocks are
not unfrequent. Adjacent to a main anticlinal

* Hopkins's Researches in Physical Geology, Cem.
Phil. Trans. 1837.
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axis, as, for example, that of the Highlands, run-
ning north-east and south-west, and that of North
Wales, which takes a parallel direction, we often
find other anticlinals and synclinals, which pre-
serve, on the whole, parallel courses. They ap-
pear to be all of the same geological age, and thus
widen still more the inferences that some very
extensive subterranean force has been concerned
in the effect.

a. Anticlinal. 8. Synclinal.
(The arrows indicate the directions of the pressures.)

But it is to M. De Beaumont that we are in-
debted for an idea of this force still more general :
he has concluded, from many observations, that
there is some real dependence between the geolo-
gical age of disruptions and their direction—
those of one particular epoch being parallel, or
nearly so, to the same great circle of the sphere,
even in very distant localities. If this could be
sufficiently established, there would be no doubt
of the effect being due to an almost universal
internal disturbance, such as might be compatible
with the supposition of the earth being inter-
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nally fluid by heat at the epoch of these disloca-
tions. There are certain phenomena connected
with these numerous anticlinal and synclinal folds,
which allow of no other supposition than that in
the regions where they occur —as in Wales—the
strata so bent and folded, occupy an arc of the
earth’s surface less by much than their own length.
In the case of many faults, the contrary effect
happens ; the broken strata, by their means, are
made to spread over an arc greater than the
length they occupied before fracture. Each of
these cases is consistent with the supposition that
formerly the earth’s crust floated on an interior
molten sea; and the phenomena of volcanoes
teach us that at least partially it is so now in
certain districts. We may, therefore, consistently
ask, is the earth still generally fluid within ?

INTERNAL FLUIDITY OF THE GLOBE.

Happily for geology, it is not left in this dark
research to its own feeble light. The theory of
gravitation here comes to its aid; and, by a care-
ful analysis of one of the most remarkable among
the phenomena which characterise the earth’s
orbital motion, shows, if not the exact truth, the
limits within which the truth lies. The pheno-
menon alluded to—the ¢Precession of the Equi-
nox’ —is caused by the attraction of the sun and
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moon upon the protuberant matter in the equa-
torial regions of the earth. Were the earth a
perfect globe, with a symmetrical internal struc-
ture, its axis would not describe in the course of
ages a large circle in the heavens, nor would the
return of the seasons be marked in successive
years by continual variation of the equinoctial
points among the stars. It is by comparing the
perfectly known measure of the precession with
what would have been the measure if the earth
were wholly fluid or wholly solid within, and if
its density were uniform, or varied in certain
ways, that it has been found possible to solve,
approximately, this great and important problem.
Mr. Hopkins, to whom we are indebted for this
and other gifts to geology, concludes, from the
whole investigation, that the earth cannot now be
wholly fluid within until we descend below the
surface about 1,000 miles ; but it appears not, im-
probable that it may be partially so at less depths,
provided the fluid spaces were insulated, or had
only slight communication.

On this subject we must refer to the laborious
memoirs of this accomplished mechanician, in the
Phil. Trans.,, 1839-40-42; and shall only add,
that he is engaged in completing the investigation,
by experiments on the effect produced by pressure
on the temperature of fusion—an effect obviously
of the utmost importance in questions regarding
the internal fluidity of the globe.
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CHAPTER IV.
CLIMATE.

—

TEMPERATURE OF THE GLOBE AT SMALL DEPTHS.

Bour whatever may be the final result of these en-
quiries into the fluidity or solidity of the interior
of the globe, it is certainly hot within. We do
not appeal for proof of this to volcanic phenomena,
because these, extensive as they are, may be con-
ceived to be locally excited by chemical actions.
It is by experiments conducted in regions far
from volcanic excitement, that the data of most
value have been obtained. In mines and col-
lieries the warmth continually augments as we
pass lower and lower from the surface; and this
increase of heat follows at each place with much
regularity a certain rate, seldom varying greatly
from the general proportion of one degree of
Fahrenheit for every fifteen or twenty yards. At
this rate, the heat of boiling water would be at-
tained under London at a depth of 2,400 or 2,800
yards. The same conclusion arises from the € Ar-
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tesian’ experiments, by which water is procured
from considerable depths. In the case of the
well of La Grenelle, at Paris, a depth of 1,791
feet gave an increase of temperature of thirty
degrees ; and the salt spring of Kissingen, rising
from a depth of nearly 2,000 feet, was found to
give nearly the same result.

The great heat which is thus indicated in the
deeper parts of the earth no doubt communicates
gradually and slowly a certain warmth to the
surface. This effect is not at present sufficient to
affect in a sensible degree the temperature of the
surface. But in earlier periods, when the thick-
ness of slowly conducting rocks over the source of
heat was less, the warmth communicated to the
land and sea may have been greater. :

The temperature of the earth’s surface at pre-
gent is mainly dependent on heat imparted from
the sun, and cold caused by radiation into the
clear planetary spaces. The balance of these
contrary actions, modified by the atmospheric
peculiarities of surface, gives the surface tempera-
ture. It is dependent on latitude ; but not less
so on the form and distribution of land and water,
currents in the sea and in the air, height of
ground, and other causes.

At any one place on the earth’s surface the
mean temperature of the year is nearly the same
as that at small depths from the surface ; but the
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propagation of heat and cold is so slow through
the rocks, that while the greatest heat of summer
is felt at the surface about the middle of July, it
does not penetrate to the depth of 6 feet before
the latter part of August, reaches 12 feet in the
beginning of October, and 24 feet about the
middle of December, thus reversing at that depth
the summer and winter.

The range of temperature diminishes rapidly as
we descend below the surface. At the surface
between the summer and winter, we have about
30° in the central parts of England, and at a
depth of about 70 feet this range is reduced to
less than % part, and is practically insensible.
The mean temperature, in our latitudes, and
amidst all fluctuations, is found to augmentas we
go downward ; after reaching the depth of 70 feet
(more or less according to the nature of the rock)
this augmentation is steady and constant, because
it depends only on the permanent or slowly
changing heat of the interior.

CHANGES OF CLIMATE.

There is reason to believe that during the long
periods consumed in the production of the whole
great series of stratified rocks, and in the eleva-
tion of these out of the sea, the local temperature
and other circumstances which influence the
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growth of plants and animals, both on the land
and in the sea, were subject to remarkable changes.
In this branch of the subject, the progress made
of late years in philosophical botany and zoology
is found of great importance. Without some fixed
notions of the dependence of organic forms upon
the influence of temperature, moisture, and other
conditions — without some clear proofs of the geo-
graphical limitation of the existence of species in a
natural state, according to definable circumstances,
it would be impossible to come to any settled
conclusion respecting ancient climate. Besides
this, it is necessary for a good argument on this
subject that the fossil organic remains on which
we found it should be very carefully compared
with existing tribes, and their several degrees of
analogy or difference noted. It is evident that
any eonclusions as to the character of ancient cli-
mate, drawn from comparison of fossil plants and
animals with those which now inhabit particular
regions of the earth, will be more or less binding
as the analogies obtained are more or less exact
and numerous.

In the existing system of nature the forms of
life become more numerous toward the equator,
and vanish altogether toward either pole. Thus,
Humboldt counts only 4,000 species of plants in
temperate America, and 13,000 in tropical Ame-
rica ; 1,500 in temperate Asia, and 4,500 in equi-
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noctial Asia. In some natural groups of plants,
as, for instance, Ferns, the species grow to the
greatest magnitude in warm regions, and dwindle
to the smallest size in colder countries. These
instances serve to point out the principle of the
investigation of dependence of organic life upon
temperature. The results obtained by this process
apply accurately to the sea at small depths, and
to the land at small elevations. In the gulfs of
the ocean, and on elevated mountains, variations
of temperature obtain which require to be allowed
for. Thus, in mountainous regions, the mean
temperature of the air diminishes at the rate of
about 1° Fahr. for 100 yards’ elevation ; and the
flora of the mountain-slopes varies in a corre-
sponding manner, so that the plants collected from
the base of the Alps differ in a nearly constant
manner from those of moderate heights. At the
greatest height, where the cold is severe, the plants
resemble those which in more northern regions
flourish near the level of the sea.

The relation of bulk and temperature in water
is of a remarkable kind. At a temperature a little
below 40° Fahr. fresh water is in the highest
state of condensation (under the ordinary pressure
of the atmosphere); and therefore in all cases
when the temperature of the surface of fresh
water sinks to below 40° Fahr. the particles so
cooled descend from the surface toward the bottom.

i
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If this process be continued till all the mass of
water is reduced to below 40° Fahr. the surface
may begin to freeze, which is the case with most
fresh-water lakes; but owing to the depth of
others they never freeze. The case is different
with salt water, which continually grows more
heavy as it is cooled, even to the freezing point,
which is several degrees below that of fresh water.
The sea may be looked upon as a great lake,
which never freezes except in latitudes where the
cold is so extreme as to overcome the downward
tendency of the cooled surface-water, and con-
vert it into ice, which, being specifically lighter,
floats on the surface. In all latitudes the hottest
sea water remains at the surface, or tends to rise
thereto.

The greatest difference of temperature in the
ocean, according to latitude, exists at the surface;
the least difference in the deeper parts. We must
therefore direct our enquiries, as to the influence:
of marine temperature upon organic life, to those
plants and animals which constantly dwell near
the surface of the water.

The play of oceanic currents materially di-
minishes the extremes of even its surface tempe-
rature, so that the polar ocean is warmer, and the
equatorial ocean is cooler, than the adjacent con-
tinents. This uniformity of oceanic temperature
is partially communicated to all the islands and
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shores, so as to constitute a distinct sort of cli-
mate, which is less subject to extremes either of
heat or cold than that of the interior of continents,
and is more uniformly charged with aqueous
vapour. We have therefore the following scale
of climates in relation to latitude: —

Mountainous
. Continental
Equatorial{ Littoral Polar.
Marine
Pelagian

In agreement with what was before observed, -
we need not take into account the animals and
plants of the pelagian or deep sea, or those which
dwell on the mountains of very cold countries.
Of the other climates, we may investigate some of
the characteristic organic forms very simply.

First, of terrestrial climate as indicated by
plants. Humboldt and other scientific voyagers
present us with landscapes of the tropical regions,
in which the magnificent Palms, the princes of the
forest, are surrounded by Bananas, Cycades,
arborescent Ferns, Bambusiaces, Equisetaces,
Lycopodiaces, Cacti, ‘Euphorbie, and Mimose.
To enjoy the splendid aspect of the tropical plants
in the colder zones we must imitate the tropical
climates by hot stoves. In the elevated parts of
the tropical continents, which have a climate com-

B2
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parable to that of northern latitudes, occur Cy-
presses, Pines, and Oaks. It is along the moist
shores, and on the small islands of the warm zones
of the earth, that arborescent Ferns, and Cycadez,
and Equisetace® grow in the greatest abundance,
so that in these situations they form a very large
proportion, even to half the total number of plants.
In the drier interior of the continents, on the con-
trary, arborescent Ferns are less abundant; but
Palms, and especially the succulent Cacti, form
the characteristic vegetation. If we suppose that
by any means the plants of an ancient tropical
region of varied surface were buried under marine
sediments, and by subsequent revolutions affect-
ing that part of the globe these altered reliquis
were laid dry and exposed for examination, the
ancient character of the climates, when and where
these plants grew, could be satisfactorily inferred,
provided that, in the actual system of nature, plants
of analogous tribes were found really limited in
their situation by circumstances depending on
climate. Now this is precisely what happens in
the case of fossil plants; for the most abundant
and characteristic forms of ancient vegetation are
Ferns, some of them arborescent, Lycopodiaces,
Equisetace®, Cycadem, Palms, and Cacteacez.
With these, or in separate layers, occur coniferous
trees and other plants, apparently indicative of
cold regions or elevated land. Upon the whole,
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it seems the most probable inference, that the
abundant vegetation of our coal strata was the
produce of a warm and damp region, varied with
plains, and shores, and mountains. The state of
conservation of the plants, covered with leaves
and in a state of considerable perfection, seems to
prove that they have not been washed from a great
distance ; if so, the places where they are buried
had the same sort of climate as warm regions of
the earth in its present state.®

If this conclusion be sound, it will be difficult
to avoid believing that nearly the same warmth
of climate was felt at the same time in those parts
of the globe where now are New Holland, Green-
land, North America, and Europe; for in all these
countries plants belonging to the same or veryana-
logous species lie in a deposit of the same geological
antiquity — the carboniferous system. Humboldt
long ago expressed the necessary consequence of
this pervading high temperature, by saying that
in this condition of the world there was properly
no peculiarity of climate, but a general superficial
warmth, depending on the then greater or nearer
influence of the interior heat.

* If the river rolled as far as the Mississippi, cold regions
and hot might equally yield reliquiee to a basin which
should be in a temperate zone; or in other ways the in-
ferences might be varied. Currents of the Atlantic bring
timber from the tropical shores to Ireland and Iceland,
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ANCIENT WARM CLIMATE.

In the existing economy of nature, terrestrial
climate is supposed to be in a remarkable manner
indicated by the races of vertebral and invertebral
animals; but in the application of this principlea
difficulty occurs, which is, in a less degree, also
experienced in geographical botany. Animals are
limited in their distribution by other causes than
climate; they are localised between certain
chains of mountains, certain breadths of deserts,
and particular arms of the sea, and not un-
frequently confined even to particular valleys and
islands. Moreover, the remains of terrestrial ani-
mals’ are scarce in the earth; and it is perhaps
only by a comparison of the forms of reptiles that
any trustworthy results can be derived concern-
ing the climate of the land in the northern zones
of the world during any part of the period of
stratification. Even here the conclusion is not
very applicable to the land, because most of the
fossil reptiles were marine. While, however, the
ichthyosaurus and plesiosaurus might be littoral,
and the crocodiles were probably estuary and river
animals, the megalosaurus and iguanodon might
live along the margins of primeval lakes; and
from the whole series of these gigantic beings,
compared with the present saurians and other
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reptiles, we may be well justified in inferring, that
as all large reptile forms are now almost peculiar to
the warm regions of the globe, so it most pro-
bably was in the older time.

The existence of zoophytic animals is subjected,
in a very decided manner, to the influence of
warmth at small depths in the ocean, and there-
fore these will furnish the best possible evidence
for the temperature of the ancient sea. If we
confine our attention to the polypiferous and
spongiform zoophyta, we shall find that the stony
corals generally, including the madrepores, mille-
pores, arld tubipores of old writers, belong to warm
seas, as the West Indies, East Indies, the South
Pacific, Red Sea, Mediterranean, &c. and hardly
appear abundant in any part of the ocean beyond
the 33rd parallel of latitude (except along the
south-east coast of Australia). The older calca-
reous strata are so full of remains of stony corals
that they bave been considered by most geologists
as coral-reefs, analogous to those which, in shallow
parts of the seas, grow up, like the Bermudas, a
mingled mass of coral, shells, and calcareous mud
derived from the comminution of these materials
in the currents of the sea.

The corticiferous corallines, like Gorgonia, Isis,
&c. appear equally determined in their general
distribution to the warm shores of the sea, but
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their number in a fossil state is too inconsiderable
to serve as the basis of analogical reasoning.

The Polyzoa and celluliferous corallines, like
Flustra, Sertularia, and Cellaria, appear, on the
contrary, very abundant in the temperate and
colder zones as far morth as 60°; nor are they by
any means of rare occurrence in a fossil state.
Sponges give us some curious results. These half-
animalised beings contain, in their durable parts,
spicule of calcareous or silicious matter, with more
or less of a horny substance. In proportion as the
horny matter increases in quantity, and ramifies
and reunites itself into network, the sponges are
more flexible and more useful: those which con-
sist principally of earthy fibres are too harsh for
use. The horny sponges belong to warm seas
and especially to southern seas, where, as on the
shores of New Holland, they grow even in tem-
perate latitudes. The silicious and calcareous
sponges are plentiful along the coasts of Great
Britain, even to the northern parts. Fossil
sponges are much more analogous to the horny
than to the earthy kinds.

There would be little advantage in extending
this investigation to the Mollusca, Crustacea, or
fishes which dwell in the sea; because these
animalsinhabit various depths in the water, some-
times migrate periodically to the shores,and are not
sufficiently characteristic of climate, except by
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analysis of the families too minute for our argu-
ment. ‘

We have thus found (after limiting our inves-
tigations to such organic races as are eminently
and in large groups characteristic of climate in
the actual economy of nature, and are also plen-
tiful in a fossil state) clear indications that the
ancient climate on the land was such, over a great
portion of the globe, as to nourish plants of
tropical forms; that the water of the ocean in the
same regions, at small depths, was of such tem-
perature as to permit the growth of coral-reefs,
and the existence of large reptiles. And as these
conclusions will not admit of explanation by calling
in astronomical causes, which probably have not
acted, such as the displacement of the earth’s axis,
or others which are not sufficient, as change of the
earth’s distance from the sun, we have only two hy-
potheses to choose between, or to combine. Either
we must suppose the local elements of climatal
variation to have gone to such an extreme as to
nourish tropical forms in arctic zones, or allow
that the superficial warmth of the earth was in a
great degree regulated by the communication of
heat from within. If we adopt the latter alter-
native, we must view the globe as now cooled at
the surface, owing to the accumulation of non-
conducting solid rocks over an ignited nucleus,
and governed in its temperature by the external
influence of the sun.
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GLACIAL PERIOD.

But geology has yet another phenomenon to
be considered before quitting the subject of the
earth’s ancient climate. There is reason to think
that during very late geological (probably pre-
historical) periods, the same northern zones of
the earth, which in earlier times had nourished
plants and animals resembling those within the
tropics, were chilled by a general reduction of tem-
perature; so that the mountainous regions of
Britain and Ireland were crowned with perennial
snow; their rugged valleys filled with gliding
glaciers; the seas at their feet occupied by arctic
life, and covered by floating icebergs, loaded
with rocks from the Mourne, Grampian, Cum-
brian, and Cambrian mountains. The proof of
this in regard to the ancient sea was first pre-
sented in a distinet form to geologists by Mr.
James Smith,* in 1839, and has been applied in
extensive generalisations by Professor Edward
Forbes,} in 1846, In general terms we may
say that in connexion with some of the later and
more superficial deposits —parts of the sea bed
and remains of sea beaches—are found above a

* Memoirs of Wernerian Society, vol. viii.
t Memoirs of the Geological Survey of Great Britain,
vol. i,
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hundred species of shells, which are now living
in the British oceans, and also in seas more
to the northward ; while a much larger number of
the shells now living in the British seas, whose-
affinities are to the southward, are wholly and
constantly absent from the deposits in question.
Certain shore shells, as Littorina expansa, found
in the ‘glacial’ deposits, are still living in the
Arctic, but not known in the British seas.®

In regard to the icy character of the land, we find
in all the mountain regions already named, clear
positive traces of the gliding of glaciers down
many of the valleys: parallel striee, surfaces
smoothed by long and equal friction, heaps of
moraine. Even the movement of the icebergs,
which broke off at the seaside from these glaciers,
can be traced by the blocks of rocks which on
the melting or overturning of the ¢berg’ were
dropped on the bed of the sea. Thus from Shap-
fell, in Westmoreland, the blocks have been floated
on ice, and drifted by currents, over the hills of
Yorkshire and the plains of Lancashire ; from the
porphyritic summits near Bala Lake, the masses
have been conveyed on to the plateaux of the
limestone ranges in Flintshire.

It might, perhaps, be imagined that the higher

* See on this whole subject De la Beche’s Geological
Observer.
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degree of cold which prevailed on the mountains’
of the north of Europe (we might include Asia
and America) was explicable by supposing the
whole country to have been more elevated. But
the facts already proved —viz. the dispersion of
¢ erratic blocks’ on icebergs, and the diffusion of
marine shells in connexion with the glacial drift
—are inconsistent with that condition. They re-
quire, indeed, the admission of the very reverse,
and prove that the ‘glacial sea’ had its level
about 1,500 feet higher than the present sea, or
(which, geologically speaking, is more correct)
that the British land was 1,500 feet lower.

This, which at first view seems to increase the
difficulty of explaining the peculiarities and
changes of ancient climate, opens in reality a way
to account for the greater cold of -the northern
zones, For it shows that the cold was preceded
by a great subterranean movement—a change of

. the land and sea. Ifby such a change, happening
at the present day, the flow of warm water from
the equatorial regions, by the tidal wave and the
gulf stream, were cut off from the north-western
parts of Europe, our temperature, now higher by
ten or twenty degrees than that of the corre-
sponding latitudes in Eastern America, would lose
all this advantage, and might again witness un-
melted snows on Ben Nevis and Helvellyn, and
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icebergs on the surrounding seas.®* The British
Islands, and the west coast of Norway, are situ-
ated on what is now the warmest meridional band
on the globe; by a change of circumstances at the
surface, quite within the acceptance of geologists,
it might become one of the coldest. But by no
change of a contrary kind is it conceivable that
that which is now the warmest band could be
heated ten or twenty degrees more ; still less that
. such a great addition of warmth could be commu-
nicated at the same time to a large part of the
northern zones, and continued through long geo-
logical periods.

We cannot, therefore, dispense with the sup-
position, which seems obviously indicated by the
phenomena, that the internal heat, which is still
sensible at small depths below the surface, was
formerly much more sensible, and that it effec-
tually influenced, and really exalted, the tempe-
rature of the now refrigerated lands and seas of the

north.
* Hopkins, in Geol. Proceedings, 1853.
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CHAPTER V.

SERIES OF LIFE.
—_—
EARLY RACES.

WERE one who was completely ignorant of geo-
logical science required to consider the question
whether this globe had been tenanted in some
ancient periods by races of animals and plants
different from those which now inhabit it, he
would perhaps be surprised at the novelty of the
idea, but would find himself unable to answer.
History, it is evident, can tell us nothing of those
times which preceded the existence of man ; there
is nothing in the Mosaic records of the creation
of man, and the present forms of organic life,
which in any manner defines the earlier condition
of the globe, further than by affirming that it was
formerly in a different state, especially as to its
enrichment with living beings, from that which it
exhibits to us at persent. This latter considera-
tion is too little present to the minds of many
sincere readers of the Bible; and, in consequence,
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a very unhappy conflict has been sometimes occa-
sioned by comparing those results of geology
which relate to periods left wholly undefined in
the Scriptural narrative with the successive
works of creation which are in that aarrative dis-
tinctly marked. If we take the first words of
_ Genesis as containing a general affirmation in
regard to the prior conditions of the world —
from the epoch of its orignal creation until THE
Maxer saw fit to appoint its present character,
and to call into being its present races of man,
animals, and plants—and compare this with geo-
logical inferences relating to periods anterior to
man, we shall find two conclusions inevitable;
first, that there is no word in the Seripture nar-
rative which limits in any way the inferenees or
even the speculations of geology, with reference
to those periods; secondly, that nothing can ever
be learned about them by human labour, except
in the way of geological induction. This is
sufficient for the purpose of the present enquiry,
which relates to races of animals and plants, not
only anterior to man, but even to the elevation of
most parts of our continents from beneath the
waters of the ocean.

Recurring to the observations concerning the
lapse of time which took place during the forma-
tion of the stratified crust of the globe, we shall
be prepared to enter on a more extended enquiry
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concerning the races of animals and plants than
was necessary in a former section.

The number of species of plants and animals at
present in existence is not known even nearly to
accuracy, but the following estimate may perhaps
be accepted as affording a useful notion of the
relative proportions : —-

Living. Fossil.
Plants . - . 80 to 1
Zoophyta . R | » 1
Mollusca . . 1 " 1
Articulosa . . 100 ” 1
Fishes . . . 10 » 1
Reptiles . .4 9y 1
Birds . . . 50 ” 1
Mammalia . . 5 1

”»
The actual system of organic beings is adjusted

to terrestrial and aquatic life; and of aquatic ani-

" mals, some live in the sea, others in fresh water.
The following table gives a comparative estimate

of recent and fossil plants and animals according
to these conditions :—

_ : Recent. Fossil.
TERRESTRIAL. — Chiefly Plants, Arti-

culosa, and Mammalia . . 100 to 1
FrrSEWATER.—Chiefly Mollusca, Ar-

ticulosa, Fishes, and Reptiles . 10 1

MARINE.~— Chiefly Plants, Zoophyta,
Mollusca, Articulosa, Fishes, and
Reptiles . . . . 2 to 1

From these comparisons it is immediately evi-
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dent that by far the larger relative proportion of
fossil organic remains belongs to the marine divi-
sion, that the fewest of all are the terrestrial
races. This might have been foreseen, for as,
when contemplating the strata, we are looking
upon the bed of the ancient sea, we ought to expect
marine remains abundant, and terrestrial reliquise
very rare. At the present day, only a very small
proportion of animals and plants, inhabitants of
the land, is carried down to the sea, or even de-
posited in fresh-water lakes.

It has not been found necessary, in discussing
the history of fossil plants and animals, to consti-
tute a single new class; they all fall naturally
into the same great sections as the existing forms.
Thus, among plants, both recent and fossil, occur
the same leading classes, founded on the cellular
or vascular structure, and on the floral and seminal
partsof the plant. Among Zoophytawe distinguish
recent and fossil Polyparia and Radiaria; among
Mollusca occur all the divisions of Brachiopoda,
Conchifera, Gasteropoda, Heteropoda, Pteropoda,
and Cephalopoda ; among Articulosa we find Crus-
tacea, Insecta, Annellida, &c.; and among ver-
tebral animals, Fishes, Reptiles, Birds, Mammalia.
Moreover, on analysing these classes, and compa-
ring the subdivisions, families, and genera, we
find very often, especially in the marine tribes,
that the same characters will apply equally well

I
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to both the recent and fossil races. Thus, among
conchiferous Mollusca we have both recent and
fossil shells with two lateral muscles (Plagimyona),
shells with one (principal) subcentral muscle
(Mesomyona), and shells of a particular and still
different construction (Brachiopoda). Again, in
Plagimyona some have many teeth at the hinge
(Arca, &c.); others striated hinge-teeth (Tri-
gonia); some large ligamental teeth (Mya); some
gape at the ends (Lutraria); some bore holes in
rocks (Pholas, Lithodomus), &c. All these and
many more characteristic forms and habits occur
in both recent and fossil shells. Now, as these
divisions are all founded upon important points
of structure, we are warranted in concluding that
the older organic creations were formed upon the
same general plan as the modern. They cannot,
therefore, be correctly described as entirely
different systems of nature, but should rather be
viewed as corresponding systems belonging to
different periods and composed of different
details.

The difference of these details arises mostly
from minute specific distinctions ; but sometimes,
especially among terrestrial plants, certain crus-
tacea, and reptiles, the differences are of a more
general nature, and it is not possible to refer the
fossil tribes to any known recent genus, or even
family. Thus we find the problem of the resem-
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blance of recent and fossil organic beings to
resolve itself into a general analogy of system,
frequent agreement in important points, but
almost universal distinetion of minute organisa-
tion. Of 10,000 fossil species well examined, not
more than two or three hundreds are identical
with living species. Of 1,000 generawhich include
those species more than half are peculiar to the
fossil state.

GEOLOGICAL DISTRIBUTION OF ORGANIC
REMAINS.

Remembering that each set of stratified rocks
was successively the bed of the sea, and that the
organic exuvie which lie in these rocks are parts
of animals and plants then living in the sea or on
the land, we shall be able to compare the organic
beings of the several periods of the stratification
of the earth’s crust with each other as well as
with existing tribes. Ifout of the series of strata,
taken in general terms, we select six groups or
systems, as under, beginning with the least
ancient, viz :—

Tertiary system, Triassic system,
Cretaceous system, Carboniferous system,
Oolitic system, Silurian system ;

and consider the numerical relations of the organic
12
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fossils which have been found in these several
groups in various parts of the world (separating,
for the sake of perspicuity, the marine from the
fluviatile and terrestrial reliquiz), we have the
following results:—

The first table relates to marine tribes.®

2 is :
£ g E £ =48 g
2l 2| 5 | 8] 2| 3| &S 3
gl S| R[5 2| & & §

Tertiary 13 49 |[2,728 5 26 2,821 2,000 141
Cretaceous 14 | 235 500 | 13 [ 15 77 1,100 707
Oolitic . 4| 275 771 | 22 70 (1,142 2,500 456
Triassic. 6 15 118 1 24 164 2,000 82
Carboniferous . | ? | 84 866 [ 10 [ 10 470 {12'338 w0 } 47
luris ; sig 1 a5 @ {20,000 27
Silurian 41122 349 | 65 ? 540 | or more | or less

This table shows in a very striking manner
the fact of the far greater abundance of marine
organic exuvie in the newer than in the older
strata, and seems to add a strong argument in
favour of the prevalent opinion that the lowest
of all the primary strata were formed in a period
when the ocean was devoid of living beings. If

* The table was drawn up thirty years since, and
requires enlargement in every one of the numbers; but I
leave it unchanged (except by writing Silurian for Pri-
mary, and Triassic for Saliferous), because the main in-
ference which it teaches is still correct.
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this conclusion be correct, the archives of nature
are almost completely preserved to us, and the
history of fossils is that of nearly the whole series
of living beings which have successively inhabited
the ocean.

Let us now turn our attention to the terres-
trial reliquiee, which are less abundantly diffused
through the same systems of strata. We shall
confine ourselves to plants of undoubtedly terres-

trial and lacustrine origin.*

Number of
No, of Speci
Species | Thickness 100 foet

Tertiary . . 156 2,000 78
Cretaceous . . 7 1,100 07
Oolitic 76 2,500 30
Triassic . . 40 2,000 20
Carboniferous . 274 10,000 27
Silurian . . 1 20,000 0005

For various reasons we cannot venture to draw
any inferences from these data as to the relative
numbers of plants really existing on the land
during these periods. The principal difficulty
arises from the obvious fact that the occurrence of
terrestrial reliqui at all in the marine deposits is
accidental.

We may now advance to another view of the

* Drawn up thirty years since. The numbers for fossils
should now be augmented, but the results are not materially
affected.
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subject of the distribution of organic remains in
the earth. We may enquire whether the fossils
which occur in all these great systems of strata,
and which differ more or less completely from ex-
isting forms, be indefinitely distributed through
the different groups of strata, or whether the
series of fossils in each system of strata be dis-
tinguishable from those in the other systems. To
this the reply is short and decisive. Wherever
examined the several systems of strata above
enumerated contain wholly distinct suites of or-
ganic remains, by which, in every limited district
hitherto explored, they may be respectively cha-
racterised. As the fossils are distinguishable
from recent beings, for the most part by minute
differences of organisation, but sometimes by
whole genera and families, so the several systems
of fossils locally observed differ from one another
in the same manner. The Silurian strata, for
instance, may be distinguished from the carbon-
iferous system by minute yet clear differences in
the several species of shells belonging to the same
genera of Orthoceras, Euomphalus, Spirifera, &c.;
from the triassic system, by the absence in this
latter of Trilobites, and whole groups of corals;
and from the oolitic system, by the presence there
of new forms of Ammonites, Gryphea, Trigoniz,
Pholadomye, &c.

On this subject two propositions may be
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adopted ; first, The amount of the differences ob-
servable between the fossils of any two systems of
strata is greatest in those systems which are the
furthest removed, as, for instance, between the
primary and the tertiary systems ; secondly, The
amount of the differences observable between the
fossils of any system of strata and those at present
in existence is greatest in the oldest system of
strata, and least in the newest. Thus, on placing
together primary fossils and recent shells of
zoophyta, the difference is striking and total; but
on comparing tertiary and living: forms, it is the
resemblance which arrests our attention. In one
cage we see at a glance the most obvious and com-
plete discordance ; in the other it requires careful
serutiny to assure ourselves that they are not
identical. Viewed in this manner, the whole
living and fossil world of existence, as far as
relates to the inferior and especially marine
tribes, seems to be almost united into one vast
chain of being, which has derived from the same
Creator in all past times the same fundamental
laws of relation to the conditions of the world, but
which shows itself in various forms, because these
conditions were made to change. What a lofty
view of the superintending care and providence of
God through all periods of past time is thus
opened to our minds! How heedless of plain
truths must they be who can ever disconnect
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geological enquiries from reverential thoughts of
the divine Lawgiver of Nature!

The conclusions above stated as to the entire
distinctness of the organic remains in the several
systems of strata apply with certainty to every
limited region; that is to say, in whatever part
of the world silurian, carboniferous, triassic,
oolitic, cretaceous, and tertiary systems have yet
been seen together, the fossils which they re-
spectively contain are different from one another.
In every country yet examined it is locally true
that the systems of strata of different age contain
distinct races of organic remains. But enquiries
of equal importance now present themselves. Do
strata of the same age uniformly contain fossils of
the same species? Do they contain fossils of
analogous species? Or are the fossils which any
rocks contain merely of local occurrence, so that
in distant parts of the world strata of the same
age contain wholly different organic remains?

This is a mere question of fact: it must not be
answered by reasoning upon existing phenomena,
or by hasty generalisation from limited data. On
this subject we have yet much to learn : the fol-
lowing, however, are ascertained truths.

The same groups of fossils which are in a very
eminent degree characteristic of certain systems
in one country, are also found under the same

relations to those systems, not only in adjacent,
~
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but in far removed tracts, sometimes even to the
distance of thousands of miles. Thus, for ex-
ample, of the extinct crustaceous animals called
Trilobites, the far greater portion of those found
in England belongs to the Silurian and lower
Paleozoic strata; they also appertain in the same
nearly exclusive manner to the same system of
strata through Norway, Russia, the Harz, Brit-
tany, &c. They also characterise the same sys-
tems in North America.

Again, the extinct plants called Lepidodendra
characterise, almost absolutely as a group, the
coal strata of Great Britain: they have exactly
the same relations to the coal of France, Belgium,
Silesia, and North America.

Certain groups of Ammonites belong exclusively
to the oolitic system of England : they are equally .
characteristic of this system in France and Ger-
many, and come to us from the Himalayan moun-
tains associated with other oolitic fossils.

Peculiar forms of Echinida mark the cretaceous
strata of England, and the same occur in France,
Poland, and along the shores of the Baltic.

Whole families of shells, such as Volutes,
Cones, Cerithia, &c. may be viewed as dis-
tinguishing the tertiary strata from those below
them in all parts of the world.

Instances are known of certain peculiar species
of fossils occurring in the same series of strata in
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almost every region where those strata are known.
Thus, the Dudley Trilobite (Calymene Blumen-
bachii) is found in Shropshire, Herefordshire, and
Gloucestershire ; it also occurs in Norway, in the
Eifel, and in North America, but only in the
same parts of the primary series of strata. Cala-
mates Suckovii occurs in the English coal-fields,
and in those of Liege, Anzin, Pennsylvania, and
Virginia, but not in any deposit of a different
age.

The general aspect and character of series of
fossils derived from the same system of strata in
very distant quarters of the globe are often ex-
tremely similar ; very generally the same cha-
racteristic generic forms are repeated at all points
in the ranges of the same strata; but there are
also local differences always observable, which
become the more considerable and obvious the
greater the distance between the localities.

From all these considerations, we may con-
clude satisfactorily that the organic remains found
in any one system of strata are of the same general
character wherever these strata occur; that many
local distinctions derived from organic remains
between successive systems of strata disappear
when the facts are viewed on a great scale; but
that, as far as our experience at present goes,
each system of strata may be identified through
its whole course, and discriminated from the older
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and more recent systems by a judicious examina-
tion of a sufficient number of its organic contents.
It is thus made evident that there have been
many races of marine animals and terrestrial
plants which have been successively called into
existence in the same regions of the globe to suit
its altered condition, and we may be assured that
these successions of organic beings, well under-
stood, will afford a secure and unchangeable scale
of geological chronology. What the periods are
which this scale of successive creations indicates
we may perhaps never know. There is but one
mode of approximation to even a plausible
estimate of these periods-—a knowledge of the
length of life of the different sorts of marine
animals. If this mode should be found imprac-
ticable, we fear the problem must be despaired of.

It would be impossible, even if it were suitable
to the object, to give in an elementary work any-
thing like an extended exemplification of the
principles above announced. Fortunately, how-
ever, some illustrations can be presented in a
tabular form, which will sufficiently evince the
truth of these views. If we put in one table
some of those genera which in the present system
of nature are most rich in species, and in another
those which were most prolific in forms in the
older periods, we shall see very clearly what ana-
logy or difference may exist. Also, by selecting
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other genera and families, we may show through
what ranges of strata, that is to say, through
what geological periods, they existed, and at what
epochs they were most numerous. There is no
general law on this subject, except that the most
extensive changes of the forms of life occur at the
limits of the three great periods; and that, while
definite ‘species’ are often confined to ome for-
mation, or some one part of it, ¢genera’ and
¢ families’ frequently pass through several forma-
tions, and still larger groups or ¢orders’ often
traverse whole systems, several systems, or even
the whole series of deposits from the earliest to
the latest. Thus, Trilobites (an €order’) existed
during the Cambrian, Silurian, and Carboniferous
eras, but are nowhere known in the more recent
strata, nor do they exist at present; Producte
and Spiriferee (genera) pass through the later
palaozoic periods and end in the mesozoic; while
—a remarkable case—Lingula, one of the earliest
of all genera, and Rhynchonella and Terebratula,
which are also palaozoic, are found in all suc-
ceeding formations, and are still living. On the
other hand, certain tribes began to exist at later
epochs, as the Ammonite, Belemnite, and many
genera of Echini, and their races ended before
the dawn of the tertiary period. This will serve
to render intelligible the following tables : —
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TABLES OF THE GEOLOGICAL DISTRIBUTION OF

FOSSILS.
Table I. Qenera containing many living species.
(GQasteropoda.)
] 4 % g H g g
2 s £ £
Bl 5|28 4l 2]|8]: £
Living » * » ) ® | » - ™ *
Cznozoic .| * » » » | » ™ » *
Mesozoic . ? ? *
Palseozoic. \

In this table the strong affinity of the tertiary
to living forms of animals, and the diminution of
this affinity as we proceed to compare recent life
with the remains of earlier date, are very de-
cided. '

Table I1. Genera containing many fossil species.

(Conchifera.)
£ s. ]
g e| 2| 2| § E Y
] & 8 g kl B ]
S gl f| 8§
ElE|E|E 25|28
Living . »* * * * »
Ceenozoic . b * »
Mesozoic . . » * X x * % * *
Paleozoic. ok x »

Tables of this kind suggest curious remarks
concerning the duration of existence of certain
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genera. The larger asterisks mark the periods of
their greatest fecundity in species. From data
thus compared arises an easy distinction of parti-
cular sets of strata, by the presence or absence of
whole groups of shells, and by the extraordinary
plenty of others.

Table III. Genera of Cephalopoda.

§
AR IEIEER IR IRAREE
] ki ) 8
Ple g E g 4|87
Living . *
Ceenozoic . b
Mesozoic . * * * b » * * * L]
Palseozoic. * » *
Hypozoic.

The above table shows, in a strong light, the
greater prevalence of Cephalopods in the earlier
ages of the world. Yet a few nautiloidal forms
continue to this day.

The next table gives the geological distribution
of some sections of Belemnites.

Table IV. Form of Belemnites.

In and above Greensand *

In and above Oxford Clay . . . .
In and above Inferior Oolite . . . *
In and above Lias . . . . d
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It is easy to see how important, in questions
concerning the relative antiquity of the different
groups of the oolitic rocks, is a knowledge of
Belemnites, since whole sections of them are cha- °
racteristic of certain parts of these rocks.

The last table will show that particular species
of fossils are frequently confined to one system of
strata. The stars indicate in what strata the
species named occur.

Table V. Species of Mollusca and Zoophyta.

El X )
=3 - - a §
I CIPREFIEH Y =;§§=-—§§E
eI PP 23
S A HESH S
s g %) clgatedkE
Ceenozoic . *
Upp. Mesozoic . S U I IR PO PO PO I I
Mid. Mesozoic . [ PR PP I IO (OO IR IO IS I
Low, Mesozoic . N PR PP O I IO O P IO I
Upp. Paleozoic [ (PN IO IR PO I IS I (O IO P I
Mid. Palsozoic N N R I R R
Low. Palmozoic [N IO [ (R I I O L (P (PO [P IO PO
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CHAPTER VL
LAPSE OF TIME.

—_—

THE magnificent spectacle of continents rising
gradually or suddenly from their parent waves is
calculated to impress upon even the least attentive
mind a sentiment of respect for the sublime sub-
jects of geological enquiry. It is hardly possible
to avoid looking around for indications of the time
required for the subaqueous production of such a
mass of strata, and for their subsequent elevation.
Before involving ourselves in the difficulties which
beset the research into the source and prior con-
dition of the materials of stratified rocks, we may
proceed to examine what evidence they afford of
their relative antiquity, and what inferences they
will justify as to the absolute length of time con-
sumed in their production.

As the antiquary, who is required to determine
the dates of the successive piles of a ruined city,
judges by the style and sculpture and state of
preservation of the fragments, so the geologists, by
deciphering the characters impressed by nature
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on the rocks, is able to arrange them according to
successive eras. If the antiquary be unable to
refer his discoveries to historical records, and thus
to learn the absolute intervals from one event to
another, he is reduced to nearly the same state as
the geologist, who desires to ascertain the number
of years or cycles of years which elapsed during
the formation of the crust of the earth. In both
cases certain assumptions must be made before -
even plausible conjectures can be hazarded. Geo-
logy, however, would gain little by even a correct
conjecture on this subject ; and though undoubt-
edly a vast variety of facts observable in the earth
are clearly indicative of definite time, these have
been far too little enquired into to give us at pre-
sent the slightest hope of changing the vague
periods of geology into exact terms of years. The
following investigation is therefore not intended
to accomplish more than to produce a conviction
that a long succession of time elapsed during the
construction of the visible crust of the globe.

In the production of strata, which are composed
of fragmented materials, of any kind, mechanical
forces were exerted; for it is chiefly by the in-
fluence of waves and currents that sandy and ar-
gillaceous matter is brought to the stratified form.
When, therefore, we see even a single sandstone
rock composed of some hundreds of regular layers

of sand and mica, and compare this with deposits
- :
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from modern rivers or the sea, we shall feel as-
sured that, in assigning to the accumulation of
this rock a considerable space of time, we are
proceeding in a just spirit of philosophy.

If we consider the common case of alternating
clays and sandstones, both of which are mechanical
deposits from water, but produced under different
circumstances, perhaps brought in different di-
rections, the indications of the progress of time
become perhaps more clear and satisfactory.

It is very common to find deposits of limestone,
apparently produced by chemical decompositions,
lying in frequent alternation with sandstones and
clays; and, in such a case, by enquiring of the
actual system of nature, we receive an answer
that such changes of the mode of action in a given
place imply cessations and renewals of chemical
and mechanical operations which require time.

By reviewing in this manner the whole series
of strata, amounting locally to some miles in thick-
ness, and considering the accumulation of each
bed, the alternation of beds of different kinds, the
excitement, duration, suspension, and resuscitation
of mechanical and chemical agencies, we shall be
strongly impressed with the folly of setting narrow
bounds to the time employed in these operations.

Some stratified rocks are composed of frag-
ments of various kinds, united by a general cement
of a different nature. These are called brecciated
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or conglomerate rocks, according as the fragments
are angular, or rounded by attrition in water.
Here there is proof that before the production of
one stratum a previously stratified rock had been
consolidated, partially broken up, its fragments
agitated in water, and then redeposited. In some
cases, conglomerate rocks have been again broken
up, and their fragments submitted to a second pro-
cess of attrition and reaggregation.

There is another class of phenomena which
speaks a language on this subject that can hardly
be misunderstood. We are well assured of the
length of time required for the growth and ma-
turity of organic beings; when, therefore, a single
bed of stone, only a few inches thick, is found to
contain a given species of shell, in every variety
of magnitude, from the embryo to the full-grown
or aged individual, all the specimens having evi-
dently been enveloped quietly on the bed of the
sea, and no bed either above or below for 100
yards or more containing any such shells, the
conclusion seems certain that even for the accu-
mulation of this one bed of stone the lifetime of
that species of molluscous animal was required.
Such a case occurs in the coal district of York-
shire, where a bed of shale only a few inches
thick, but extending for many miles, contains
Amvmonites Listeri in every stage of its growth;

K 2
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but that shell does not occur above or below,
through a great thickness of strata.

In some cases whole rocks are literally com-
posed of zoophytes, so as to resemble a modern
coral reef, or of shells of many kinds. The
extensive strata of coal are derived entirely from
immense accumulations of vegetables, and some-
times no less than fifty consecutively deposited
strata of this kind extended over a hundred square
miles and more.

Strata which contain certain tribes of organic
remains alternate with others which inclose none,
or quite different races. Strata full of marine
exuvis are separated by others full of trees swept
down from the land ; and thus we are furnished
‘with evidence of intermitting energy among the
agents of ancient nature.

It seems unnecessary to accumulate more evi-
dence in order to obtain an unanimous verdict
from all impartial readers that the length of time
occupied in the production of the strata, some
miles in thickness, which exhibit all this variety
of events, was really very great. Whether it
may hereafter be found susceptible of some rude
approximation will depend upon the knowledge
we may be able to gain of the rate of stratifica-
tion and consolidation, and of the length of life
of some of the fossil races. Is this expectation
wholly chimerical ?
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Perhaps one of the best and most interesting
cages for determination of elapsed time is that of
the English coal formation where it is thickest.
The sediments of this formation in South Wales,
12,000 feet thick, are of a nature to be clearly
understood as the result of a long series of river
currents and inundations depositing mud along
a flat estuarine coast. Calculating by the average
effect of a great river of the present period like
the Ganges, this mass of sediments would require
at least 333,000 years for its accumulation. But
in this period were many pauses; and at each a
growth of some land plants on the spot, and the
accretion of others by short drifting. Supposing
all the plants to have grown on the spot, they would
have required in addition 244,800 years. On the
whole, then, I have concluded that half a million
of years may probably have elapsed during the
growth of the precious deposits of the coal for-
mation.®

* Life on the Earth, under the section of ¢ Antiquity of
the Earth.” 1860.
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CHAPTER VIL

SUCCESSION OF ROCKS IN THE CRUST OF
THE GLOBE.

————

GRANITE.

Rocks of the granitic character, containing crys-
tallised orthoclase in combination with quartz and
mica (granite), or with quartz and hornblende
(syenite), ‘are very extensively found under the
lowest of the strata which appear in any given
large district of country. Granite is found in
this manner in many parts of the Highlands, in
Arran, under Skiddaw, in Dartmoor and Cornwall,
the Mourne Mountains, Wicklow, &c. Syenite is
similarly recognised in Malvern, Charnwood Forest,
and Cumberland.

Rocks of this kind constitute, in fact, as far as
we can tell, the general basis of all the known
parts of what is called the ¢ Crust of the Earth.
They are believed to have been consolidated by
crystallisation from a fluid mass. Immediately
above them lie stratified masses, which in several
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instances have the same mineral composition,
and differ only by their structure.

This structure is admitted to be in many ex-
amples derived from distribution of the materials
in water; their actual state of consolidation being
due to the pervading effect of heat, which seems
to have always recemented the particles, some-
times to have recrystallised them, and generated
amongst them other minerals — as garnet. By a
further action of heat, it is conceivable that these
rocks, which seem to have been derived from
granite, would be again converted to that rock.
This is supposed by Marshall to have occurred in
Cumberland, and by Haughton and Scott in
some parts of Ireland.

Granitic rocks may be regarded as a funda-
mental product of fusion, in every age, from which
by enormous mechanical and chemical disintegra-
tion, and the action of water, were derived the
ingredients of the stratified rocks of later date;
first, a fundamental gneissic series, which again
yielded materials for later deposits in water. It
is, however, not easy to assure ourselves of good
examples of such primeval granites and funda-
mental gneiss; for in most cases the age of the
granites, if dated from their consolidation, is not so
great as their low position might seem to indicate.
Indeed, from the once melted granite, the lowest
we can reach, ramifications rise and pass off in
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many places. to fill fissures in the strata above.
From this it follows that, in such cases, the sub-
jacent igneous rock has been in fusion since the
deposition of the strata which it penetrates. As ex-
amples of granitic and syenitic rocks underlying
the oldest strata of the district, and not sending
veins into cracks and fissures of those strata, the
best instances known to me are in the range of
the Malvern Hills, the oldest stratum being a
. fucoidal sandstone below shales with Oleni, and
in Charnwood Forest, where the slates are pro-
bably «f Cambrian ag>. In Scotland, Cumber-
land, Devonshire, and Ireland, the granites send
veins into the adjoining strata of whatever age.
Granite, considered in regard to its composition,
may be described as essentially a mass of crystal-
lised orthoclase felspar, with variable admixtures
of crystallised mica, and more or less quartz, part
of which is sometimes perfectly crystallised, and
part appears to fill spaces left between the fels-
pathic masses. Felspar mixed with quartz only
may be termed binary granite. When the quartz
has a particular arrangement, and is included in
the felspar, it is called pegmatite, or graphic
granite. In ordinary granite of three elements,
the felspar varies in tint from nearly white or
greenish to red; and in size from mere grains
to lamellar masses six inches across. Granites
are called porphyritic when they contain large
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crystals of orthoclase scattered in the general
mass. These large crystals of felspar usually
include grains or larger portions of quartz and
mica, and they are in some cases arranged parallel
to the exterior faces of the felspathic crystal.
When cavities occur in granite, the constituent
minerals are found crystallised on the sides of the
hollow. Thus quartz, orthoclase, mica, topaz,
and other minerals may be obtained in the
granites of Mourne Mountain and Goatfell.

The mica is of various colours and composition,
not always uniform even in the same locality, but
easily recognised by its peculiar lamellar, gene-
rally six-sided plates, and high lustre.

The quartz crystals in some granites (as at Ru-
bieslaw near Aberdeen) contain regular orirregular
cavities, in which small quantities of water have
been detected by Mr. Sorby, who has, by studying
the circumstances, arrived at probable conclusions
as to the pressure and temperature under which
these granites were formed. Thus,in some cases,
the depth at which granite was formed becomes
a matter of reasonable inference. In the case of
the granites of Cornwall, 40,000 feet of superin-
cumbent rock, and in those of the Highlands
69,000 feet, represent the pressures under which
they were consolidated — from eight to fourteen
miles. By so much, then, they may have been
subsequently raised, and uncovered.*

* Journal of the Geological Society.
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The granite of Cornwall is often traversed by
curvilinear surfaces, making broad floors; and by
vertical or inclined joints, which exhibit some kind
of symmetry distinct from crystalline structure,
probably due to pressure and tension. Veins of
finer or of coarser grain are not unfrequent; some
being merely peculiar arrangements of the ingre-
dients, as at Dalkey near Dublin; others really
filling fissures, as at Rubieslaw, near Aberdeen.

Veins of granite, as they pass into the substance
of the strata in contact with them, grow finer in
the grain, as' they penetrate deeper into the
rocks — a circumstance usually ascribed to more
rapid consolidation from a liquid or pasty con-
dition.

METAMORPHIC STRATA OF GNEISS, MICA SCHIST,
QUARTZITE, AND LIMESTONE.

It is sometimes clearly seen that strata, of
argillaceous composition, where they come in con-
tact with igneous rocks, have themselves under-
gone fusion and rearrangement of their particles,
80 that garnets and other minerals, not elsewhere
apparent in them, are produced near the surfaces
of contact, and the stratification, everywhere else
obvious, is there destroyed or complicated with
some new structure, such as prismatisation, or
other forms which heat is known to produce in
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rocks. Sandstone under similar circumstances
becomes much indurated, the grains cohere, and
in some cases acquire—we might say resume—
crystalline faces. Limestone becomes granular,
in fact, a mass of crystals, like statuary marble.
Stratified rocks thus changed in their texture and
structure are generally said to be in a metamorphic
state, and many geologists regard the whole or a
great part of the most ancient strata as in this
condition. That this opinion is to some extent
true cannot be doubted; it is the natural conse-
quence of such strata being buried by the accu-
mulation of others over them to a depth of some
miles: thus they have been brought under the in-
fluence of the heated interior. of the globe. But
that these strata, such as mica slate, gneiss, &c.,
are to be regarded, everywhere, as derived by
metamorphism from ordinary sandstones and
shales, and that their deficiency of organic remains
is to be regarded as one of the effects of this meta-
morphism, is not proved. On the contrary, it is
certain that among these strata in Norway and
Scotland are conglomeritic portions, containing
Jragments and rolled crystals; others have pre-
served the oblique lamination due to original drift-
ing of the grains which compose them (Sorby);
and in some of the strata above them, which have
not undergone metamorphism to such an extent as
to destroy organic remains, these are, nevertheless,
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very rare, comprised within very few genera and
species, and seem to be finally lost in going
downwards, as we might expect them to be on
approaching the earliest dawn of created life.

Some of the flaggy gneiss and mica schist of
the Highlands is regarded by Murchison as over-
lying the fossiliferous limestone and sandstone of
Durness and Assynt; to be, in fact, coeval with
lower Silurian rocks. Below these limestones and
sandstones are conglomerate, supposed to be of
Cambrian date, and below these again occurs the
remarkable gneiss rocks of the Hebrides, which
are often composed distinctly of little else than
hornblende, crystallised in lamins. This funda-
mental gneiss, perhaps the oldest rock of stratified
origin in these islands, is compared by Murchison
with the Laurentian rocks, which are the oldest in
Canada.

The narrow bands of rocks composing this
geries in the vicinity of Dublin, are probably
altered clay slates and sandstones of lower Si-
lurian age, and the same may be the case with
the whole range of metamorphic beds which ad-
join the granite of Leinster. ¢Whenever the
- granite comes to the surface, a belt of slates
surrounding it is converted into mica schist with,
“in a few places, beds of perfect gneiss; crystals
of garnet, schorl, andalusite, and staurolite make
their appearance in these altered slates in greater
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and greater abundance as they approach the
granite.” *

In Cumberland, between Skiddaw and Saddle-
back, gneiss and mica schist, very limited in ex-
tent, appear in contact with granite, which sends
veins through them. Above these rocks are
hornblendic and chiastolitic slates, growing more
and more argillaceous as we recede from the
granite, and finally appearing as ordinary slate,
with graptolites and other fossils. In Cornwall,
also, slate rocks become indistinctly gneissose, in
contact with granite, which throws off many
veins. No such changes occur on the west side
of the Malvern Hills, where Silurian strata touch
the granitic and syenitic rocks, but admit no
veins there ; yet in theridge and on the east side,
in some places, rocks which were caught up in the
igneous mass, or covered by it when it was fluid,
are distinctly converted togneiss. Thus, in thisone
narrow ridge we have gneiss made by conversion
of strata, invaded by the granite and syenite ; and
also later Silurian strata deposited against those
rocks after they were cooled and consolidated.

The thickness of these rocks sometimes amount
to many thousand feet; but it is doubtful if the
estimates which assign several miles to them in
the Highlands can be relied on, because of the
singular structure which characterises them and

» is supposed to represent stratification.

* Jukes's Manual of Geology, 2nd edit. p. 276.
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This structure is called foliation ; and it may
at once be understood by regarding it as a series
of largely waved and minutely crumpled and
puckered surfaces, sometimes accurately parallel,
always to a certain degree conformed to one
another. Something like it is occasionally seen
in pasty compounds which grow stiff under irre-
gular pressures.

A minutely undulated character of lamination
belongs to the system : it is least evident in the
limestones, and most striking in the fine grained
varieties of schist. Contortions in the mica schists
appear most frequently along and near to the axes
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of anticlinals, as at the head of Loch Lomond.
The lamin® are sometimes separated by small
irregular cavities, lined with crystallised quartz
and mica. How much of these curious lamina-
tions is due to original settling from agitated
water, and how much to the metamorphic actions
which have probably generated garnets, and
lined the cavities already alluded to, is a subject
on which new and critical observation would not
be misemployed.

Gneiss and mica schist are largely developed in
Scotland and Ireland, not so in England or Wales,
Besides true gneiss, composed of orthoclase,
quartz, and mica, and mica schist, which contains
little or no felspar, but a great abundance of
mica, often in silvery sheets, the principal rocks
are quartzite and granular limestone. Garnets
occur in all these, very abundantly in mica schist.
Some kinds of this rock, fine grained and green-
ish, are often called chlorite schist and talc schist,
without sufficient reason (lower part of Loch
Lomond). Hornblende schist does occur, and is
regarded as a sort of gneiss by M<Culloch.

Serpentine, chiefly in veins, is & frequent com-
panion of these rocks, especially of the light-
coloured limestones, which often also contain
tremolite (Glentilt). Augite occurs in the lime-
stone of Tiree.

It is generally found that those schists which
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most resemble clay slate lie in the upper part of
the series; the most felspathic portions lie to-
ward the bottom; the limestones and quartzite
occur in detached masses along certain surfaces of
deposition on the mica schist and gneiss.

1 Hebridean. 2 Cambrian. 3 Cambro-Silurian. 4 Silurian.
G. Granite. =~ M. Metamorphic., 8, Stratified.

The above diagram will sufficiently explain
the present views of the position of these meta-
morphic rocks, and show clearly at what point we
begin to feel ourselves in possession of a strictly
successive series of stratified rocks, data for a real
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history and a scale of chronology, though not
capable of expression in years or centuries, or
other terms depending on the motion of the earth
round the sun.

In this diagram @ is granite, situated under all
the deposited rocks of the district, and yielding
veins into the lowest (No. 1), which may be taken
to represent the hornblendic gneiss of the Hebrides,
which has undergone change by heat, but in what
state it was originally aggregated is not known.

No. 2 may represent the lowest rocks in An-
glesea, which are rude quartzose and micaceous
masses, presumed to belong to the Cambrian
system of strata. The strata marked 3 are the
Upper Cambrian of Sedgwick, Lower Silurian of
Murchison: they are altered near the granite of
Wicklow, but retain much of their original charac-
ter at a distance from it. No. 4, Upper Silurian
strata of Malvern, not metamorphic.

From this it will be evident that gneiss and
mica schist, with their accompaniments, are, like
granite, characteristic effects of particular physical
conditions, not products of one definite period.
Some appear older than any known strata, as,
in the mountain border of Bohemia, earlier than
any known forms of life; others are the result of
actions which happened at different epochs in the
geological history which is founded on the series
of unchanged deposits from water.

L
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In the following diagram the series of deposits
from water is classed in three grand divisions,
which are again subdivided, according to the no-
menclature employed in this treatise. A scale of
ten parts (which may be regarded as miles) placed
by the side will enable the reader to judge of their
relative thicknesses, but it is not easy, even in the
British Islands, to assign a fair average thickness
to each. The maximum thickness given by Prof.
 Ramsay is about fourteen miles. The same scale
read upwards may be supposed to represent the
lapse of time, but the unit of value is unknown.
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The following table of British fossiliferous
strata, subdivided so as to show the groups usually
referred to by name, has been drawn up as a con-
venient index to the descriptions of the several
rocks which follow: —

Cenozoic strata, containing some recent species and many
recent genera of plants and animals. Pachydermatous mammals
frequent. Remains of man confined to the latest period.

Postglacial
Glaci

lacial
Preglacial ?
Crag npper
PraioceNs . . . ey ’ lower
MzeroceNE (?) . (‘]!rl[uil an'd Bovey)
ectian
} Bagshot
Eocenr B . -+ 1 London

Plastic

PLRISTOCENR .

Mesozoic strata, containing no living species of plant or
animal,* but many living genera of invertebrate animals, marine
reptiles, and Marsupial mammalia,

Chalk, upper

o ,» lower

UPPER MESOZOIC Gmxs AND Upper green
BEEN Gault

wer green

12 Terms proposed in my work on the rivers, mountains, and
sea-coast of Yorkshire, 1853.

# Name now proposed for the Fluvio-marine beds of the Isle of
Wight.

* Foraminifera must be excepted. Possibly also one brachio-
pod (Tereb. striatula of the chalk) may be undistinguishable from
& recent form,

L2
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MIDDLE

MESOZOIC |

(WEALDENX *

Urrrr Oorrra

Mmbre OoriTe

Lowzr OoLrte

Las . .

LOWER
MESOZOIC }Tm‘ ..

eald
Hastings
Purbeck
{Porﬂa.nd
Kimmeridge
Cale grit, upper
Coralline oolite
Cale grit, lower
Oxford clay
Kelloway rock
Cornbrash
Forest marble
Great oolite
Fuller's earth
Inferior oolite
Sand
Lias shale, upper
Marlstone
Lias shale, middle
Lias limestone
Lias shale, lower

marls
" { Red sandstones
Conglomerates]

Palxozoic strats, containing very few living genera. Trilobites
are limited to these strata: no fishes have occurred below the
Ludlow rocks ; no reptiles below the carboniferous ; no mammalia
in any part of the Pal®ozoic series.

UPPER

PREMIAN

PALZEOZOIC

MIDDLE

PALZOZOIC

CARBONIFEROUS

}vaomx

imestone
Red clays
Limestone
Marl slate
Red sandstone

oal
Millstone grit
Yoredale rocks
Sear limestone

ternations

Middle
Lower

# By several writers the Wealden beds are regarded as a cre-
taceous group ; and Purbeck beds are classed with the oolites.
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mm yhill
Llandovery

LOWER Lownn Caradoc
PALZAOZOIC Llandeilo
Tremadoc
Ffestmlog
Barmouth

Metamorphic rocks and granites in some cases derived from
the Lower Palaeozoics.

LOWER PALZZEOZOIC STRATA.

The classification of these rocks, which enclose
the most ancient remains of life yet discovered,
has been completed for many parts of the world
on the pattern set by Sedgwick and Murchison,
whose labours date from 1831. So many addi-
tions have been made to the first catalogues of
Silurian fossils given by Murchison, that all the
paleontologists of Europe and America have been
fully tasked to keep pace with the discoveries.
Among them all no one is so eminent as M.
Barrande, the great investigator of the Bohemian
basin.

These investigations have established three
main zones of life; which are distinct enoughon a
comparison of them in full, but graduate into one
another by many analogies, and several generic
affinities.

These three main zones are most fully exhibited
in the far separated Tremadoc, Caradoc, and Wen-
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lock formations, to each of which some strata both
above and below may be joined with convenience,
though sometimes in one district and sometimes
in another nature refuses to be bound by the
chain of classification.

The three general groups here employed have
been already adopted. The upper and middle
divisions constitute the original ¢ Silurian system ’
of Murchison ; the middle and lower are included
in the ¢ Cambrian’ series of Sedgwick ; the lower
one nearly corresponds to the primordial zone of
Barrande,with the addition of part of the Tremadoc
beds above and the Barmouth beds below.

Murchison now includes the Tremadoc and
Ffestiniog beds in the Lower Silurian. The whole,
however, is one great natural system of associated
strata and successive life, across which no lines of
division can be drawn which are very satisfactory
except for small tracts of country. By help of the
organic remains, however, the classification above
given may be made to fit the sections in other
parts of the British Islands, in Bohemia, Scan-
dinavia, and North America.

The thickness of these strata varies from dis-
trict to district. In the following diagram
an attempt is made to give something like an
average to each, on the supposition that the
whole series may be taken at four miles—that
being, however, in the opinion of the government



LOWER -PALAOZOIC STRATA. 151

surveyors actually exceeded in the Longmynd by
the lowest group alone.

LOWER PALZO0ZOIC PERIOD.

rLepRURY . Arenaceous

Arenaceous
Luprow *4 Calcareous 1,000
(UPPER < Argillaceous
Calcareous
WeNLOCK . 1,250
Argillaceous
k]
\MAYHILL . Arenaceous =
SILURIAN ¢ 1,260 .4
(LLANDOVERY . Arenaceous } 2
Arenaceous g
Carapoc . 2,500 =2
Lowsz, { Caleareous %
123
Calcareous E
L \LraNpEmo . 2,600
Argillaceous
‘Tremanoc . Argillaceous 1,500
Frestinioe . Argillaceous 2,600
CAMBRIAN . .J .
( Argillaceous
| BArRMOUTH i and 7,600
Arenaceous
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Mineral Characters. The rocks of this, the
most ancient series of strata which has escaped
metamorphosis, have much analogy with ordinary
sandstones, limestones, and indurated clays. They
contain no coal, and but very slight traces of iron-
stone or pyrites, except in metalliferous veins, or
near thermogenous rocks. Gypsum, flint, and red
oxide of iron are but rarely and locally met with.

The sandstones are remarkably hard, and ap-
proach to quartzite in the Barmouth series; at St.
David’s and some other places they are of a purple
tint. Most of the Lower Silurian sandstones are
occasionally conglomeritic — those of the Upper
Silurians are softer and pass into arenaceous
shales and flagstones,

The argillaceous rocks usually hold arenaceous
and calcareous particles, and are seldom to be re-
garded as clays. Shales of a decided character
occur in the Malvern Hills, of the same age pro-
bably as the laminated beds of the Ffestiniog and
Tremadoc series, which, however, exhibit also slaty
cleavage. This characteristic structure, common
in the Cambrian and also in the Lower Silurian
rocks, may be described as a natural fissility,
parallel to one certain plane, which almost always
differs from the lamin of deposition. Cleavage
is most perfect in thick masses of fine-grained argil-
laceousrock ; but even very coarse-grained rocks in
the region of Snowdonia are rudely fissile. The
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cleavage through great part of North Wales is
limitedin direction between N. 28° E. and N.35° E.
Where the beds of argillaceous rocks are thin and
dissimilar (as at Aberystwith), the cleavage struc-
ture pervades the fine-grained beds only; in other
cases cleavage may be seen to traverse coarser and
finer beds, the former more transversely, the
latter more obliquely; the two sets of cleavage
planes often gradually passing into one another
by a short curvature.

i ‘“‘\'\ |
7

A case of cleavage planes occurring in fine-grained beds of
argillaceous rock, s, #, &, but not in the sandstone beds g, ¢,
g',¢". The cleavage planes dip 85° from the horizontal, and
all in the same direction, though the beds are contorted. A
joint, §, crosses the fine-grained beds s, &, &, at an angle of 57°,
and the coarse-grained beds at 77°, which is the angle of incli-
nation of many lesser joints in g, ¢/, on the plane of the bed ;
these lesser joints never entering the beds s, &, &, as the cleav-
age of these beds never enters g, ¢, ¢’. This interesting case
occurs at Aberystwith.

It is frequently observed that the planes of
cleavage and great axes of stratification have the
same strike (i. e. coincide in a horizontal line),
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but the cleavage is often more highly inclined
than the strata, so as generally to approach a ver-
tical position. If strata are vertical, cleavage
may be inclined. If the strata are curved, cleavage
may be in planes. The effect of lateral pressure
as a concomitant of cleavage, and directed across
its planes, is evident in many ways; by the fold-
ing of the surfaces of deposition, in wrinkles
parallel to the edges of the cleavage laminz, and
by the distortion of the figures of organic remains.
Pressure, heat, and electrical currents have been
cited as the causes of cleavage. One thing is
certain — the particles of the slate have under-
gone displacement with respect to their mutual
distances, and their mutual angular positions,
and they have become fixed in these new relations.
Many rocks associated with slates do not admit of
cleavage; but throughout all these ancient de-
posits the joints present a great degree of local
symmetry, and, when they have been sufficiently
studied, will probably combine, with the constancy
of the direction of cleavage, to indicate some
general geometrical relations of great importance
in physical geology. Wales, Cumberland, York-
shire, Charnwood Forest, Wicklow, Wexford, the
Lammermuir Hills and Highlands, exhibit these
slaty rocks very fully.

The limestones which occur in the Ludlow
rocks (dividing that series into upper and lower),

™~
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and in the Wenlock, Caradoc, and Llandeilo beds,
are for the most part not only filled with zoophytes,
crinoids, shells, and trilobites, but are almost
wholly composed of these remains, in all cases
except the thin-bedded and somewhat argillaceous
varieties of Llandeilo. Pisolitic structure is rarely
met with in Wenlock limestone at Malvern. It
has been found almost impracticable to obtain a
slab of Silurian limestone large enough and com-
pact enough to be polished for a marble shaft.

Thermogenous rocks are associated with the
strata of the Cambrian and Silurian series, both by
interposed masses, and by intrusive dykes. Inter-
posed porphyritic and greenstone masses occur in
Cader Idris, Aran Mowddy, Arenig, and Snowdon—
chieflyin Cambrian and Lower Silurian strata ; and
the same strata are divided by dykes, sometimes
of great magnitude. Inthe Malvern Hills syenite
and granite are in contact both with the Lower
and Upper Silurians. In Cumberland and West-
moreland, thermogenous rocks abound, both pa-
rallel to and across the strata, which are greatly
altered near them.

Mineral veins, some yielding argentiferous
lead ore, others gold, others oxide of iron, others
sulphide of copper, occur in the lower parts of the
series in Wales and Cumberland.

Organic remains. The life of this period, per-
haps the earliest life on the globe, begins with a
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very few forms in the Barmouth group. They
consist of tracks of an annellid and part of a trilo-
bite from the Longmynd in Shropshire; and of a
marine plant (Oldhamia) and burrowing annellid
(Histioderma) from Brayhead in the county of
Wicklow. In the Ffestiniog beds above, more tri-
lobites and other crustacea appear, and the earliest
brachiopod, lingula. The series of trilobites is
merely enlarged in the Tremadoc beds—orthis is
added to the brachiopoda—polyzoa and pteropoda
appear.

The full series of Cambrian life, including the fossils of Bray,
the Primordial zone of Barrande, and the Tremadoc groups,
stands thus¥* :—

Lowest Zone | Middle Zone Upper Zone

Marine plants
(Actinozoa) none
Echinodermata
Annellida .

Crustacea

Polyzoa

Brachiopoda . .
(Monomyaria) none .
(Dimyaria) none
Pteropoda . .
Gasteropoda
(Heteropods) none
Cephalopoda

LTI el [

MEIIEEEEE TN
#| | %] | esnnn]|

* In the Primordial zone of Bohemia, believed to cor-
respond with this division of the Cambrians, Barrande
finds crinoidea, but no pteropod and no lingula, while
in the north-west of Spain a gasteropod genus is met with,
which also occurs in beds of equal age in North America,
according to Marcou.
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The absence of amorphozoa, foraminifera,
actinozoa, monomyaria, dimyaria, and hetero-
poda is remarkable. These classes are added in
the great group of Lower Silurians, next in order
of time, and thus, excepting insecta and some
other articulata, the whole series of invertebral
classes is complete in the Lower Pal®ozoic strata.
But no vertebrata appear until we reach the
upper divisions of the Upper Silurians, and there
only fishes of small size have been recognised.

In respect of number the fossils are distributed
in the Lower Pal®ozoic strata in a remarkable and
systematic manner, which the diagram (p. 158)
will explain.

The stratified masses being represented of their
relative thickness, in succession vertically, the
relative richness in variety of life in the several
deposits is expressed by the numerals placed on
the left, and by the distance of the curve from
the vertical.

If 312 species could be collected from 500 feet
of Wenlock rocks in a certain space of country,
124 could be collected from the Caradoc, under
. the same conditions. But as the Caradoc is, on
the average, twice as thick as the Wenlock, it is
found to yield, in fact, quite as many species when
all parts of its thickness are equally searched.
The numbers given appear, however, to represent
fairly the relative richness of life of the deposits,
and they show the remarkable growth of this
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richness from a minimum in the Barmouth beds,
to maximum in Wenlock rocks, after which the
whole series rapidly dies out (at least on the
border of Wales), and is extinct in the uppermost
Silurians of Ledbury.

The following general summary of the organic
remains of the Lower Pal®ozoic strata is compiled
from the large table of species given in Murchison’s
¢ Siluria.’

Plants, 13; species mostly marine. )

Amorphozoa, 6 ; in the middle parts of the series of strata
from Caradoc to Wenlock.

Actinozoa, 91 ; chiefly in Caradoc, Llandovery, and Wen-
lock beds—a few in Llandeilo and Ludlow beds.

Echinodermata, 76 ; from Caradoc to Ludlow beds.

Annellida, 34 ; distributed through the whole series,

Crustacea, 185; distributed through the series, but
specially abundant in Caradoc beds. 'We may specify as
characteristic of some of the divisions the following genera:

Eurypterus and Pterygotus belong mostly to the Ludlow
beds; Calymene and Phacops are frequent in Wenlock
rocks ; Encrinurus in Mayhill rocks; Trinucleus in Caradoc ;
Ogygia in Llandeilo ; Angelina in Tremadoc ; and Olenus
in Ffestiniog; only one imperfect trilobite yet found in the
Barmouth group.

Polyzoa, 65 ; from Llandeilo to Ludlow rocks, but most
abundant in Caradoc.

Brachiopoda, 177 ; which are distributed as follows : —

Ledbury beds, none ; Ludlow, 30; Wenlock, 79 ; May-
hill and Llandovery, 69; Caradoc, 67; Llandeilo, 18;
beds below, 3; a remarkable illustration of the growth to
a maximum, and decline to extinction, which has been
shown to affect all the fossils of this ancient series of strata.
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Monomyaria, 30 ; chiefly in Upper Silurians ; rare below
Caradoc ; none above Ludlow.

Dimyaria, 867 rare below Caradoc, none above Ludlow
beds.

Gasteropods, 84 ; rare below Caradoc, none above Lud-
low beds.

Heteropoda, 14; rare below Caradoc, none above Lud-

low beds.
Pteropoda, 18 ; rare below Caradoc, none above Ludlow

beds.
Cephalopoda, 69 ; rare below Caradoc, none above Lud-

low beds.

Thus in & general sense the Mollusca seem to have been
plentiful only in the middle part of the Lower Silurian
period, and to have died out before its close, about the
time when fishes came in ; of which 12 small species occur
in the Upper Ludlow rocks, but not below them.

Of the fossils in this series of strata few acquire
great size, except the crustacea, as isotelus, eurypte-
rus, and pterygotus. Bellerophon, orthoceras, and
lituites, are of full, but not inordinate size. Re-
garded as polyzoa, some graptolites are large, and
8o are a few of the actinozoa and echinodermata.

Localities. The best district for studying the
Iower groups of these rocks is about Barmouth
and Tremadoc; the Middle or Lower Silurian
groups are well seen about Snowdon, Bala, Church
Stretton, Builth, Llandovery, and Llandeilo; the
pper groups in the Malvern and Abberley Hills,
Usk, Woolhope Forest, and Ludlow. For the
upper groups, Dudley and Kirkby Lonsdale in
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England, and Ferriter’s Cove in the SW. of Ire-
land, may be quoted; in Ireland, Tyrome, in
Scotland the Lammermuir Hills, and in England
the head of Windermere may be examined for the
middle group.

We have now passed through the Lower Pa-
leozoic series. Before entering another great
division of the old strata, it may be well to call
attention to a few main points in their history.
First, it may be observed that they are all of
marine origin; hitherto no freshwater remains,
few land-plants, no land animals have been
found in the series. Secondly, the forms of life,
viewed on a large scale, at first extremely few
and rare, become more numerous as we ascend,
and appear specially plentiful and varied in the
parallel of Bala and Llandeilo, and in that of
‘Wenlock and Dudley; the lower development
constituting the grand Cambro-Silurian type, the
upper one being truly and exclusively Silurian :
very strong analogies, however, unite these groups
into one great series of life. Thirdly, vertebral
life appears in the upper part of the Silurians.
Looking at the whole series of rocks, we remark
above the micaceous systems which rest on the
granitic skeleton, a vast thickness of sediments,
mostly tinted by protoxide of iron, some deposited
in tranquillity, others with local disturbance ; al-
ternately with these, thick aggregates of limestone,

M
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the fruit of chemical reagencies and vital secre-
tions in sea-water ; and bands of porphyry and
greenstone, which were poured from submarine
volcanic vents, and spread out on the old sea bed.
(Snowdonia, Sca fell, &c.) In conformity with
this indication of the extensive effects of internal
heat, we find the metamorphism of the slaty rocks,
and the general induration of the entire series,—
qualities which are, on the whole, reduced as we
ascend in the strata.

During the deposition of these rocks some cases
of nonconformity appear, as pointed out by the
geological survey of Wales, proofs of local dis-
turbance of the sea-bed, through volcanic excite-
ment, of which the porphyries and greenstones
areindications. After the completion of the whole
series, more general movements happened, especi-
ally in the districts of the English lakes, the Isle of
Man, and the South of Scotland. For here the Silu-
rian sea-bed was elevated into mountainous ranges ;
land was apparent; its shores were worn by the
breakers ; valleys were formed in it, and in these
valleys, at a later time, were deposited the red
sandstones and marls of the next great group of
strata, to which we at once proceed.

MIDDLE PALZOZOIC STRATA.

Which have only taken this name in the scale
of English rocks since the investigations of Lons-
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dale, and the field-work of Murchison, Sedgwick,
and others, have demonstrated in Devonshire the
true place of a large series of slaty, sandy, con-
glomeritic, and calcareous rocks, locally rich in
fossils, to be, in a general sense, the same as that -
of the old red sandstone of Wales. Entirely dif-
ferent physical conditions must have accompanied
the formation of these two very different types
—the Devonian being by far the most developed,
representing, probably, a longer seriesof geological
time, and presenting no small amount of analogies,
on the one hand, to the Silurians below, and on the
other, still stronger relationship to the mountain
limestone, with which its strata are usually con-
formed, and to which it was formerly joined by
Conybeare. .

The old Red Sandstone type may be first
noticed, having a thickness of three to eight
thousand feet on the course of the Wye, the Usk,
and the Towy, which may be regarded as typical
districts. Here the series consists of three parts;
viz., quartzose conglomerates, and sandstones
above; concretionary limestones in red and blue
clays in the middle ; and similar clays, sandstones,
and flagstones below. The limestones of this
series are little known in the North of England
and in Scotland.  Around the Cumbrian, Lam-
mermuir, and Grampian mountains red conglo-
merates abound, and contain fragments of the

M2
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neighbouring older rocks. In the south-west of
Ireland this group of rocks is extensive.

Organic Remains. In the lowest beds round
Woolhope Forest and May Hill some traces of
land plants occurred to the author.* Animal re-
mains are nowhere numerous in England’; but at
Gamrie, and some other localities in Morayshire
and Cromarty, and in Caithness and the Orkneys,
in grey beds, fishes of singular forms — Cepha~
laspis, Pterichthys, Coccosteus, &c.—have been
described by Agassiz, Miller,t and others. Only
a few of these fishes have been found in Here~
fordshire and Caermarthenshire by Murchison,
Symonds, and others. In Kilkenny, Ireland,
bivalve shells, resembling the fresh-water genus
Anodon, occur with Ferns and other land plants.

In strong contrast with this peroxidated group
and poor fauna is the Devonian type, which
was not formed round detached ridges of lofty
Silurian land, but rather in oceanic valleys subject
to varying currents.

In North Devon, De la Beche describes a series
several thousand feet thick, of various rocks,
mostly subject to slaty cleavage, which lie in the
following order, dipping mostly to the south.

* Mem, Geol. Survey, vol. ii. pt. i. See alse Strickland,
in Geol. Proceedings, 1852.
1 The Old Red Bandstone.
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Upper or Pilton Group. Flaggy, shaly, and calcareous
beds, yielding land plants, marine shells, corals, trilobites, &e.

Morthoe Group. Fine gray or green slates, with red
and variously coloured sandstones—neither fossiliferous.

Iifracombe Group. Gray argillaceous slates and lime-
stone bands, with some plants, several corals, and a few
Brachiopoda.

Martinhoe Group. Red, brown, gray, and claret-coloured
grits and slates, without fossils.

Linton Group. Gray slaty rocks, perhaps 1,000 feet
thick; in most parts rich in corals and Brachiopoda, and
containing a few Gasteropoda and Cephalopoda.

Lowest or Foreland Group. Red and gray grit rocks,
without fossils.

In South Devon the series is of great thick-
ness, and may be observed near Plymouth, with
a great southward dip, as under.

Upper group of Boveysand Bay. Blue and gray shales,
with thin calcareous bands, partly fossiliferous.

Red and gray grits and purple schists, with fossils in
bands, and ironstone layers and quartz laminee, crumpled
by cleavage.

Carbonaceous and gritty beds, and schists with fossils,
and some nodules of limestone.

Blue and gray schists, and nodular limestones, with
layers of fossils.

Laminated schists, and layers of “ash,” or trappean
fragments.

The Plymouth limestonse—a thick but very variable
mass, 80 rich in corals of the greatest beauty as to be
almost a reef. Many Brachiopoda, some Gasteropoda and
Cephalopoda.

Lower group—thick purple slaty rocks, without fossils.
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Organic Remains. In these Devonian groups
we have land plants in and above the limestone
of Ilfracombe; Actinozoa in the gray parts of
nearly the whole series, and specially abundant
in the Plymouth limestones; their affinity to the
Silurian life is indicated by Heliopora, Cyatho-
phyllum and Favosites. The Crinoidea, which
occur in the same limestone, and in higher beds,
belong to Platycrinus, Pentremites, Cyathocrinus,
Actinoerinus, &c., and are more allied to the
forms of the mountain limestone. The Brachio-
poda are numerous, and, for the most part,
peculiar; but a rather considerable proportion of
those in the upper part are the same as, or very
similar to, Upper Pal®ozoic races. The Lamel-
lifera are few, including Cucullez, Modiole,
Pterines, Pleurorhynchi. The Gasteropoda are
numerous, more similar on the whole to Upper
than Lower Pal®ozoic forms; and the same is
the case with the Cephalopoda.* The Crustacea
are all trilobites. Fishes are rare in the Devonian
type of these middle Palzozoic strata, except in
Russia, where Murchison had the good fortune to
find together the Devonian shells and the old red

fishes.
Characteristic Fossils. Calceolasandalina. Cyr-

* Palwozoic Fossils of Devon and Cornwall, 1841,

-
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toceras sexdecimale. Brontes flabellifer. Holo-
ptychius nobilissimus.

The Devonian type has been studied by several
geologists on the Rhine and Moselle (Nieder
Lahnstein), in the region of the Meuse, by Du-
mont, in the Boulonnais by Austen, Forbes, and
Sharpe. In Ireland the peculiar characters of
the series have been exhibited by Griffith, Port-
lock, Kelly and Jukes.

Part of the slaty killas of Cornwall, in which
are situated the famous mines of tin, copper, lead,
iron, &c., belongs to the Devonian series. In it
occur porphyry, greenstone, serpentine; under it
and sending veins through it, are granites of
various quality, often rich in tourmaline.

We now pass, by an easy gradation, to the

UPPER PALAOZOIC STRATA.

The thick varied and valuable rocks and mine-
rals of this series may be grouped in two great
gystems; viz, the Permian above, the Car-
boniferous below; which have to one another a
real affinity in the forms and combinations of life,
but offer a considerable contrast in regard to
mineral aspect. In this respect the analogy of
the Permian series to the Mesozoic group next
above is 8o considerable as to have allowed of their
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being formerly joined together in the Saliferous
System ;* a classification still of use in some pro-
blems of physical geology. We begin with the

lower or

UprPER
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Lowzsr

DrvisioN.

P

<

CARBONIFEROUS SYSTEM.

( Coal formation— Sandstones, shales, iron-
stone, and twenty or more beds of coal in
many alternations (rarely any limestone),
with land plants, shells, crustacea, fishes,
and reptiles, mostly of estuarine habits.t
2,000 to 11,000 feet thick.

Millstone grit— Coarse sandstones and

shales alternating with some coal and iron-
stone beds, and a smaller series of fossils;
(1,000 feet thick at the utmost.
- Yoredale rocks—Five alternations of llme-
stone, chert, shale, sandstone, ironstone, and
thin coal beds, with many marine fossils,
and some land plants. 1,000 feet thick at the
utmost,

Scar limestone— A calcareous mass of
corals, crinoids, polyzoa and shells, with
crustacea and fishes— divided by thermo-
genous rocks (foadstone) in Derbyshire, and
by greenstone, shale, sandstone, and coal in
Northumberland and Scotland. 500 to 2,600
feet.

Caldy limestones, shales, and sandstones,
with abundance of polyzoa, corals, crinoids,
Lmd fishes, 500 feet.

* Guide to Geology, first edition, 1834,
t In Coalbrookdale the shells are mostly marine.
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Such is a general view; but the sections are
rarely complete. One of the best is onthe Avon,
but it bardly exhibits the Yoredale series, which is
best seen in Yorkshire ; but there and in all the
north of England, as in Scotland, the Caldy series
is not well made out. So of the millstone grit;
it is comspicuous in Northumberland, Yorkshire,
and Derbyshire; but contracts to the Farewell Rock
in Wales. Similar variations occur in Ireland,
where yellow sandstone, like the upper Devonian
group (p. 165), occupies the lowest place.

The Coal formation is extremely variable. In
Derbyshire it does not exceed 2,000 feet in thick-
ness, with 6 feet for the thickest bed of coal; in
Yorkshire 3,000 or 4,000 feet, with a 10 foot bed
of coal; in South Wales, 11,000 feet, with 120
feet of coal, in many mostly thin beds; in South
Staffordshire, about 1,000 feet, with one bed—or
rather an aggregation of beds —27, 30, or even
45 feet thick. In Shropshire, Cheshire, and Lan-
cashire, a thin limestone lies near the top: in
Yorkshire, Lancashire, and Derbyshire, a series of
calcareous nodules and a remarkable hard grit-
stone (“ ganister’) lie near the bottom.

The limestones are of many tints, nearly white,
yellowish, red, gray, blue, black, and mottled ;
yielding excellent marble, either compact, oolitic,
or crinoidal. They are almost wholly composed
of organic reliquizz. The chert is often nodular,
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and lies in the limestone like flint in chalk. The
pebbly conglomerates of the millstone grit consist
of quartz, felspar, and mica, with, occasionally,
garnets and other minerals, derived from granite
and gneiss. The sandstones are often finely and
truly laminated, constituting excellent flagstone.
The shales are occasionally quite dark and richly
carbonaceous. The ironstones, hydrocarbonates,
are of nodular shapes, mostly lying in layers, but
sometimes extended in beds.

The coal exhibits every variety of composition
between anthracite, which is nearly pure carbon,
and a bright substance like jet, and equally rich
‘in hydrogen. Anthracitic beds are rarely seen
except in districts of much disturbed stratification
(e. g. Pembrokeshire). Neither in this nor in the
compact ¢Cannel’coal is the laminar structure,
or symmetrical jointing, so distinct as in ¢ com-
mon’ coal.

Coal is nothing else than a compressed and
chemically altered mass of vegetables. The tis-
sue of some of the trees remains in the substance
and may be detected by fracture, burning, and
thin sections. In some cases trees appear rooted
in attitude of growth, their stems above, their
roots in or below the coal. The accumulation of
coal in so many parallel beds can be explained by
no hypothesis, unless it includes gradual and long-

~ N\
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continued subsidence of limited tracts of the old
sea-bed and the adjoining lands.

Dykes of greenstone, in Durham and Northum-
berland, and larger overlying masses of this rock
in Shropshire and Scotland, transform the coal
near them to a kind of cinder.

The organic remains of this carboniferous series
are very numerous, and of marine, estuarine and
terrestrial origin. The British groups, as col-
lected in Morris’s Catalogue (2nd edition), give
nearly the following members, which may be
usefully compared with the corresponding list for
the Lower Pal®ozoic series, p. 159. '

Plants (chiefly in the Brachiopoda . W10

coal formation) . 286 | Monomyaria . .118
Amorphozoa « + 1 |Dimyaria . . .168
Foraminifera . . 8 | Pteropoda . . . 1
Actinozoa . . . 114 | Gasteropoda . . 179
Echinodermata . . 127 | Heteropoda .27
Annellida . . . 16 | Cephalopoda . . 137
Crustacea . . . 386 | Fishes .. 174
Insecta « « +« 8 |Reptiia . . . 1
Polyzoa . . . 58

The most striking differences are occasioned by
the abundance of plants and fishes; the augmen-
tation of all the molluscous divisions except
Pteropoda, and the reduction of the Crustacea.
Insects now make their appearance in England,
and Myriopoda in Nova Scotia, where also, and
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in Germhany, other species of reptiles occur.
Nearly all the invertebrate fossils are distinct
specifically from those of the Lower Pal®ozoic
strata, but many exhibit affinity both to the
Devonian and to the Permian fauna. Among
plants, Asterophyllites, Calamites, Lepldodendron,
Sigillaria, Neuropteris, Pecopteris, and Spheno-
pteris are most frequent. Among Actinozoa,
Cyathophyllum, Lithodendron, Lithostrotion,
Syringopora, and Zaphrentis are prevalent.
Pentremites, Platycrinus, Poteriocrinus and
Archzocidaris represent Echinodermata. Dithy-
rocaris, Griffithsia, and Phillipsia are the most
common, Crustacea. Fenestella is the ordinary
Polyzoon ; Chonetes, Producta, and Spirifera
very frequent among Brachiopoda; Aviculo-
pecten includes half the Monomyaria; while
Pleurorhynchus, Edmondia, Modiola, Nucula, and
Sanguinolites show how much the Dimyaria are
augmented in number, without very great
changes of form. Euomphalus, Loxonema, Ma-
crocheilus, and Pleurotomaria give the same evi-
dence for Gasteropoda, Bellerophon for Hetero-
poda, and Orthoceras for Cephalopoda. But in
this latter group Nautilus and Goniatites are now
conspicuous and numerous.

The fishes, mostly known by teeth and spine-
rays, have many agreements with Devonian forms,



178

PERMIAN SYSTEM.

Under this title Murchison, in 1844, classed
the magnesian limestone series of England, and
a portion of the sandstones above and below it.

The series in descending order in the north of
England stands thus:

Upper Gyoup. . fRed sandstones and clays.
¢ Limestone of Knottingley.

. 4 Gypsiferous clays.
Middle Group. .{ P Y
ddle Group ¢ Magnesian limestone.

® Marly beds.
Lower Group. . * Red sandstones and clay.

The whole group, perhaps, but certainly the
upper and middle groups, are unconformed to the
carboniferous strata below, in most parts of the
north of England, the magnesian or middle group
being only fully developed in that region. This
circumstance is very conspicuous in Yorkshire
at Aberford, and in Durham, near Bishop Auck-
land, coal being in both cases worked under the
magnesian rock.

The limestones of the Permian system are
magnesian through most parts of the section;
the thick rocks (c¢) are often nearly exact double
carbonates of lime and magnesia, but the upper
beds (¢) contain only a small percentage of mag-
nesia; they vary much in texture and hardness.
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The Houses of Parliament are built of a hard crys-
talline variety from near Bolsover.

The lower sandstones are generally pebbly, and
in the vicinity of Harrogate much resemble red
varieties of soft millstone grit; the upper sand-
stones and clays are of red colours, and not very

Dia. 12.

In this diagram, a represents the Yoredale limestone series,
below b, the millstone grit, and ¢, the coal formation ; all which
beds are placed with contrary slopes under nearly level strata
of dés::d and yellow sandstone, ¢, marly beds, and f, magnesian

ne.

conspicuous in Yorkshire and Nottinghamshire.
Sandstones of this system surround the Midland
coalfields. The clays are red and greenish ; con-
taining gypsum in several places, especially the
beds marked d. Copper ore, both sulphide and
green carbonate, occurs in Yorkshire in small
quantity ; also oxide of iron and sulphate of baryta.

The organic remains, fewer in England than
in Germany, have on the whole a decided resem-
blance to those of the carboniferous limestone,
and several species are identical. The sandstones
of Lochmaben, with footprints, are referred to this
system.
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Mr. King's catalogue of the fossils of the En-
glish rocks includes : —

Plants .
Amorphozoa .
Foraminifera , .
A ctinozoa .
Echinodermata .

Polyzoa. . . b
Brachiopoda . ., 23
Monomyaria . . b
Dimyaria . .25
Gasteropoda . 20
Annellida- . . Cephalopoda . , 2
Crustacea ., .11 | Fishes . . .16

From this catalogue the Saurian fossils from
Bristol are omitted, as not really of this period.

Producta calva, Spirifera undulata, Monotis
speluncaria, Axinus obscurus, Mytilus squamosus
may be quoted as characteristic shells, No tri-
lobites known in the English rocks.*

Looking back on the long series of Paleozoic
stratifications, we find some facts established which
are of primary importance in the physical history
of the earth.

This series of rocks composes by far the greatest
part of the thickness of the crust of the earth, as
may be in some degree illustrated by the sectional
diagram which accompanies the map (PL L.).

Previous to theirformation, granitic, and, during
their deposition, other igneous compounds were
formed, and in the latter case effused on the old
sea-bed of the time. (Snowdonia.)

o
=T O Ot

* For the German fossils, see Geinitz’s work, entitled
. Dya.s,’
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There were displacements of the old sea-bed
during the Pal®ozoic period, especially after the
deposition and consolidation of the Lower Palzo-
zoics, so that later strata cover unconforma.bly the
earlier displaced formations. . (Westmoreland.)

In the case just mentioned, and others in Scot-
land, the Lower Pal®ozoic rocks had been up-
lifted from the sea; washed ‘and worn away by

_its waves; so that on the worn surface the later
paleozoics were deposited. The shores of the sea
thus become partially known: and from other
phenomena we infer valleys, descending into arms
of the sea, from ranges of mountainous land—from
land which is still mountainous. Thus some of
the grand features of physical geography were
fixed in the early periods now under consideration,
and some of the ranges of mountains may be justly
called ¢ palzozoic.’

Previous to the close of this system, after the
deposition of the coal, a great disturbance hap-
pened, by which the sea bed was broken up, and
the land in many places thrown into new forms.

Of the marine life of the Pal®ozoic ages we have
abundant remains, which upon the whole grow
more varied as we ascend. In the earliest period
as yet only Brachiopoda and Crustacea; till the
close of the Lower Palaozoic ages no fishes have
been found; at the same point of time we discover
traces of land plants. In the later part of the
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Palxozoic period land plants abound, and may be
seen erect as they were growing; fresh waters
and estuaries contribute to the catalogue of life ;
fishes are numerous; and reptiles have left a few
traces. But as a whole thisis the age of T'rilobites
and Orthoceratites. From the land plants and
marine corals, equally, we infer that a higher
temperature prevailed generally over the northern
zones, during the Paleozoic ages, than can be ac-
counted for by any variations in the arrangement
of sea and land, or any fluctuations in the other
surface elements of climate. :

It has been conjectured that the atmosphere
was then more loaded with carbonic acid ; a con-
dition which Brongniart thought favourable, and
Daubeny has proved to be at least not unfriendly,
to the growth of ferns and other cryptogamic
plants, which make up so large a part of the
Palzozoic flora of the world.

THE LOWER MESOZOIC STRATA,

composed of red, greenish, bluish and white
layers of sandstone, clay, gypsum, salt (and lime-
stone in France and Germany) constitute but one
great natural system, in three formations, to which
the Germans give the name of Trias. From its
various colours the system has been called Poi-
kilitic, and parts of it Bunter and Marnes irisées.

N
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It is the Saliferous system of England, occupying
large spaces in the drainage of the Severn, Trent,
and Mersey, and often covering coal unconform-
ably, as in the annexed diagram (No. 13).

Dia. 13,

¢, inclined coal formation, broken by fault s, which does
not pass into the superior undisturbed bed ¥. The coal
strata were displaced and broken, and worn to nearly a
level top, before the Keuper was deposited horizontally over
their uplifted edges.

By observation of the manner in which the
Lower Mesozoic strata meet the Paleozoic ridges of
high ground in Europe, it appears generally to
have been the case that all the principal masses

Dia. 14.

23N\ R
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of the older strata, now visible, had been elevated
by subterranean movements, and formed dry land,
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before the thick and varied sediments of the trias
were laid against them. The section across
Charnwood Forest (Diag. No. 14) may serve to
show the way in which the older rocks are met
and covered; 8, being Silurian, ¢, Carboniferous,
K, Keuper, and @, a granitic mass.

The complete system, including the calcareous
middle term, which is not yet ascertained in
Britain, but excluding the ¢bone bed,” which is
commonly referred to the Lias, stands thus in
the German nomenclature :—

Krvrer.—Red and green clays, marls, and thin sand-
stones, with plants, shells, and vertebrata.

MuscHELEALE.—A series of gray fossiliferous limestones,
shales, and sandstones, with many fossils.

BuNTER.— White and red sandstones, and coloured marls,
resting on red and white sandstones and conglomerates.

Total thickness, 1,000 to 2,600 feet.

The Sandstones, the prevalent members of this
system, are usually composed of quartz grains,
coloured by an external thin adherent layer of red
oxide of iron; in other cases, they are white or
greenish. By additions of pebbles of quartz, highly
indurated sandstone, and various other rolled
masses derived from older rocks, the sandstones
become conglomeritic; and when reduced to fine
grains, they pass into the coloured clays which
alternate with them.

These clays are occasionally divided by thin

N 2
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laminated sandstones, beds of gypsum, and rock
salt.

These substances also accompany the lower
series of limestone bands called Muschelkalk,
which are of a gray tint, and are associated with
gray shales and some sandstone, all very fossili-
ferous.

Copper ore occurs in the conglomerate of Alder-
ley Edge ; manganese ores are another product of
the Bunter. '

Organic remains are rare in this system in Eng-
land, except in the sandstones and clays, which
are of a blue, green, or gray colour, and lie in the
midst of the Keuper. These contain plants, bi-
valve shells, with fish teeth and spines. Therep-
tilian remains of Labyrinthodon, Cladyodon, and
Rhynchosaurus belong to the Keuper and Bunter
in England ; and, probably, the Stagonolepis and
Hyperodapedon of Elgin are of the same age.

In France and Germany, organic remains occur
more plentifullyinthe Keuper, both in argillaceous
and sandy beds (Westphalia), and in the Muschel-
kalk, with its many subordinate bands (Luneville).
In general these fossils are very distinct from
those of the Palxozoic ages; but at St. Cassian
and Hallstadt, on the flanks of the Tyrol, there
occur beds of the Keuper age, which contain Cyrto-
ceras, Orthoceras, and Goniatites, genera which are
common in Paleozoic rocks ; as well as Ceratites,
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which is almost confined to the Triassic strata,
and Ammonites and Belemnites, universally found
in the Jurassic deposits. This remarkable case
seems to furnish proof of the long duration of
some races, and of the early appearance of others,
in situations which enjoyed immunity from dis-
turbance. Thus the forms of ancient life are in
some degree connected into a continuous series,
uniting the Paleozoic and Mesozoic periods of
time. Similar facts have been observed in India.

The catalogue of Triassic life is, however, at
present very incomplete, and can only be collected
in the following general manner :

Plants, of Cryptogamic, Cycadeous, Coniferous, and other
terrestrial groups ; chiefly from Keuper and Bunter.

Amorphozoa. (Not recorded.)

Actinozoa. (Not recorded.)

Foraminifera. (Not recorded.)

Echinodermata, as Encrinus, Asterias.

Annellida, es Serpula.

Crustaces, as Palinurus Suerii.

Brachiopoda, rare ; including Terebratula and Spirifera.

Monomyaria, especially Avicula, Lima, and Ostrea.

Dimyaria, including Trigonia and Myophoria.

Gasteropods, as Nerinsa, Platystoma.

Heteropoda. Porcellia in St. Cassian beds,

Pteropoda. (Not recorded.)

Cephalopoda. Ceratites: also Orthoceras, Goniatites, and
Cyrtoceras, with Ammonites and Belemnites in the St.
Cassian beds.

Fishes, of the Ganoid and Placoid orders, as Gyrolepis,
Hybodus.
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Reptiles, numerous, as Nothosaurus, Rhynchosaurus,
Dicynodon, Labyrinthodon, Cladyodon, Simosaurus,
Placodus, Paleosaurus.and Thecodontosaurus.

Birds, only footprints in Connecticut.

Mammalia, probably marsupial, as Microlestes, of which
teeth have been found in Wiirtemberg, and near Frome,
Somerset (Moore).

THE MIDDLE MESOZOIC STRATA,

to which the terms Oolitic and Jurassic are com-
monly given, contain altogether about 4,000 feet
of argillaceous, arenaceous, and calcareous rocks,
varied by partial admixtures of ironstone and
coal. Five natural groups may be formed, the
upper one only known as fluviatile or estuarine,
the others wholly marine or partially mixed with
fresh-water deposits.

THE LIAS FORMATION,

which in Yorkshire is about 1,000 feet thick, con-
sists principally of laminated blue clay, or shale,
with ironstone courses, and septaria. In it are
beds of sandstone, and balls and strata of blue
and white limestone. It contains many subdivi-
sions, which taken in descending order may be
thus described : —

(k) Sandy and micaceous layers gradually be-
coming more argillaceous below.

(9) Upper lias clay or shale, with balls of argil-
laceous limestone and ironstone.
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(f) Hard lias shale, with jet bands at Whitby.

(e¢) Shales and ironstone bands, 2, 4, 6, 8, 12,
and even 16 feet thick in Cleveland.

(d) Marlstone, a series of calcareous and arena-
ceous bands, yielding ironstone in Oxfordshire.

(¢) Middle lias shales, with balls of limestone,
500 feet.

(b) Lias limestones, blue and white.

(@) Lower shales, thin sandstones, and lime-
stones, and the bone beds of Aust and Westbury.

The lower beds (a) of this series are often
classed with the Keuper, and are acquiring the
name of ¢ Rhoetic beds” The higher beds (&)
gradually change upwards to resemble the inferior
oolite group. Several of the strata are useful in
the arts. The blue limestone beds yield lime
which sets in water, and some of the nodules are
burnt for cement, others smelted for iron; the
white limestone has been used for lithography,
the upper shale for alum, the bone bed has been
recommended for manure, and jet obtained in
Yorkshire is the basis of a flourishing trade. Py-
rites, blende, and petroleum occur in connection
with the Ammonites and other fossils of the lias.

This characteristic feature of English geology
runs in a long, connected course of hill slopes and
low plains beneath the escarpment of the lower
oolites, from the Tees to the Exe. Through a
great part of this course it has tempted trials for
coal. It is discovered in the Hebrides, and
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extends to the east and centre of France, Switzer-
land, and Germany. It may be well studied on
the coasts of Yorkshire and Dorsetshire, and in
the vicinity of Cheltenham and Bath. The lias
limestones are well seen at Barrow-on-Soar, near
Shipston, near Bath, and at Lyme Regis. Be-
neath the basalt of Antrim, it is of a metamorphic
character, but its fossils are distinct.

The orgamic remains of the British lias are
about 450 in number, and except a few Coniferous
plants, and Insects, all marine. Owing to the
argillaceous character of the deposits, Corals and
Echinida are scarce, and Gasteropoda not nu-
merous. Most of the other classes of animals are
fully represented, and Cephalopoda, Fishes, and
Reptiles abound. Insects occur in the lower
layers, and also in the upper lias shales.

Most of the species of fossils in the lias are
characteristy of it, either by exclusive occurrence
or remarkable abundance. The following may
be taken as examples: — Pentacrinus Briareus,
Gryphza incurva, Plagiostoma giganteum, Tro-
chus anglicus, Belemnites paxillosus, Ammonites
Bucklandi, Dapedius politus, Ichthyosaurus com-
munis, Plesiosaurus dolichodeirus. The several
stages of the lias from a to 2 may also be distin-
guished by fossils, especially by Ammonites and
Belemnites. The Ammonites planorbis, near the
bottom, is succeeded by A. Conybeari in the lime-
stone, and this by A. bifrons in the upper lias.
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THE LOWER OR BATH OOLITE FORMATION.

One of the most characteristic of the stratified
rocks of England exhibits in its range from Dor-
gsetshire to Yorkshire marine, estuarine, and fresh-
water deposits. Near Bath it is mostly of marine
origin; at Stonesfield it includes drifted land
plants and land reptiles; near Scarborough it
is principally a mass of river-drifted sands and
shales, with freshwater shells, land plants, coal,
_ and ironstone. Near Bath and Cheltenham the
thickness where greatest is above 600 feet: in
Yorkshire it somewhat exceeds that amount.

In the following diagram the two contrasted
types at Bath and in Yorkshire are placed side by
side, the total thickness being supposed the same
in each case :—

Bath. Yorkshire.
Cornbrash . . Cornbrash.
Hinton sands . . | Sands and clays.
Forest marble . . | Two bands of oolitic lime-
Bradford clay . . stone, separated by clays,
Great oolite . . ironstone, and coal.
Fuller’s earth rocks . | Sands, clays, and coal.
Inferior oolite . .~ Inferior oolite.
Sand . . . . Sands,

The Bath type occurs in Normandy, the Jura,
and Franconia.
The sandstones of the series are never conglo-
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meritic and rarely micaceous, except in the river
deposits on the Yorkshire coast; the clays are
nowhere shaly except in the same district; the
limestones are mostly oolitic, except the cornbrash.
The coal is mostly composed of equiseta and ferns.
The inferior oolite becomes highly ferruginous in
Yorkshire ; and perhaps it is the same bed which
yields the greater part of the Northamptonshire
ores. The oolitic beds were quarried by the
Romans at Ancaster in Lincolnshire, and at Bath.
Some of the finest and most desirable sorts of this
rock are found near Stamford ; one bed yields a
pretty marble full of Nerinza.

From the Dorsetshire coast to the Humber,
these oolitic rocks constitute an almost continuous
range of elevated terrace-like hills, inclined to the
east and overlooking the country on the west.
The greatest elevation is near Cheltenham, 1,134
feet. North of the Humber, the highest point is
1,485 feet above the sea.

The orgamic remains are very numerous, and
offer probably a more complete series of the in-
habitants of the land and sea than can be gathered
from any other period, not excepting even the
earlier Cenozoic ages. Land plants abound at
Stonesfield and in Yorkshire, including Ferns,
Lycopodiacez, Equisetace, Zami®, and Conifers,
Sponges, Actinozoa, Foraminifera, Echinodermata
of all orders ; Annellida, Crustacea, Insecta, Poly-
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zoa, Brachiopoda, Monomyaria, Dimyaria, Gaste-
ropoda (no Heteropoda, no Pteropoda), Cephalo-
poda, all are plentiful, and of varied structure.
Fishes of ganoid and placoid genera; Reptiles,
marine (Ichthyogaurus), fluviatile (Teleosaurus),
terrestrial (Megalosaurus), and aerial (Pterodac-
tylus), and Mammalia of insectivorous and artio-
dactylous orders, probably marsupial, complete the
rich catalogue; the whole yielding above one
thousand species in the British Isles.

As characteristic of this lower oolitic stage, we
may name Equisetum columnare, Apiocrinus ro-
tundus, Terebratula maxillata, Trigonia striata,
Pholadomya acuticosta, Belemnites giganteus,
Ammonites Blagdeni. The stages of the oolite
are marked by ammonites, as A. Murchisonz near
the bottom, A. Parkinsoni toward the middle, A.
macrocephalus toward the top.

The subdivisions may be thus stated :—

THE MIDDLE OR OXFORD OOLITE FORMATION.

Blue or yellow oolite, occasionally of a pisolitic
character, locally full of coral; enclosed in a mass
of cherty or calcareousshelly sandstones ; beneath
these a thick blue clay with shelly sandstone
near its bagse. The total thickness in Yorkshire is
about 300 feet, in Oxfordshire and Wiltshire 600
to 800 feet.
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(f) Upper calcareous grit.
(e) Coraline oolite.

(d) Lower calcareous grit.
(¢) Oxford clay.

(b) Kelloway rock. s

(a) Clay.

The upper portion forms a range of dry hills of
moderate elevation through England ; the lower
portion spreads in broad vales near Oxford, Calne,
and Weymouth.

Orgamnicremains, chiefly of marinekinds,abound
in these strata to the extent of 266 species. Land-
plants occur chiefly in the oolitic and arenaceous
beds. The classes of animals which occur are the
same as in the Bath series, Corals and Echinida
being equally plentiful. Among Reptiles, Megalo-
saurus occurs. No Mammalia yet discovered, but
the extraordinary fossil bird from Solenhofen, now
in the British Museum, belongs to this period.

Characteristic Fossils.  Stylina  tubulifera,
Hemicidaris intermedia, Nucleolites dimidiatus,
Plagiostoma rigidum, Gryphea dilatata, Ammon-
ites Calloviensis, Belemnites tornatilis. Ammon-
ites Calloviensis lies near the base of the Oxford
clay; A. vertebralis near its top and in the whole
range of the Oxford oolites above.
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THE UPPER OR PORTLAND OOLITE FORMATION

consists of a mass of limestone, partly oolitic,
partly compact or cretaceous, including nodules
and ramifications of chert; green sandy and
nodular beds below, resting on a thick blue clay,
with lignite and layers of Septaria, and one or two
thin calcareous and arenaceous bands. Only three
. subdivisions are commonly used; viz.,

(¢) Portland oolite.

(b) Portland sands.

(e) Kimmeridge clay.

This series is very discontinuous in the upper
portions ; butthe lower is traced from Dorsetshire,
where it is 600 feet thick, to Oxfordshire, where
it is sometimes less than 100 feet thick, and thence
into Cambridgeshire and Yorkshire, everywhere
marked by one bed of flat oysters (O. deltoidea).

Organic remains, not so plentiful in these
upper oolites as in the middle and lower ones,
amount to eighty species. Corals, Echinodermata,
Polyzoa and Brachiopoda are not frequent. Mo~
nomyaria, Diomyaria, Gasteropoda,and Cephalopo-
da occur, often of unusual magnitude. Among the
Ammonites, A. biplex belongs to the upper part
of the Kimmeridge clay, and acquires large size
in the rocks above, being however there surpassed
by A. giganteus, which is sometimes thirty inches
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across. Cardium dissimile and Trigonia gibbosa
belong to the oolite ; Ostrea deltoidea and Thracia
depressa to the Kimmeridge clay.

THE WEALDEN FORMATION

is composed of variously coloured sands and clays,
with interspersed lignites, conglomerates, and
calcareous portions in the former, and limestone
and ironstoune in the latter. The organic remains
indicate that it was principally a freshwater and
estuarine deposit, extending across the English
Channel to Boulogne and Beauvais.
The subdivisions are very numerous, but may

be collected under three heads; viz.,

(¢) Weald clay, alternating below with

(b) Hastings sands, which rest on

(a) Purbeck clays and limestones.

The Purbeck beds, composed of thin limestones
and clays, with freshwater and estuarine shells,
Insects, Fishes, Reptiles and Mammalia, rest on
the Portland oolite in the Isle of Purbeck, near
Weymouth, in the vale of Wardour, and near
Swindon and Oxford. Near their base in the
cliffs of Dorsetshire occur one or two ¢ dirt-beds,”
withroots and stems of Cycadaceous and Coniferous
trees, situated as though they grew on an ancient -
surface of land and soil, which was afterwards
sunk under fresh waters and covered by numerous
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thin lacustrine deposits, 200 or 300 feet thick,
varied by occasional irruptions of salt or brackish
water.

In these layers occur no marine forms, except
one echinoderm, and an oyster, probably littoral
species; but abundance of freshwater bivalves
(Cyrena), and univalves (Physa, Paludina), which
are very like the corresponding forms of the pre-
sent day. Ganoid fishes (Aspidorhynchus), Croco-
dilian and other Reptiles, and Mammalia of several
genera (Spalacotherium, Plagiaulax, &c.), probably
marsupial.

The Hastings deposits, several hundred feet
thick, consist mainly of sandstones and clays, more
or less frequently alternating ; the former some-
times containing pebbles, ferns, fragments of wood,
bones of reptiles, and bivalve shells of freshwater
origin; probably drifted by some ancient river.
In these beds occur the huge remains of Hylzo-
saurus, Iguanodon, Megalosaurus, and Peloro-
saurus. They form the central elevation of Kent
and Surrey, rising to 805 feet.

The Weald clay, with sandy partings and sub-
ordinate beds of ironstone and shelly marble,
about 600 feet thick, sweeps round the Hastings
sands in a broad woody vale. The marble beds
are composed of Cyrena, or else of Paludine of one
or two species, the most celebrated being found at
Petworth in Sussex, and Bethersden in Kent.
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The marine equivalents of these thick fluviatile
estuarine, and lacustrine strata are not known
(unless a part of the neocomian strata of Switzer-
land be of this age); they separate the unlike
fauna of the oolites and the green sands; the two
upper parts being joined by some geologists te
the cretaceous rocks.

The organic remains of the Middle Mesozoic
strata may be thus summarized; the numbers
being nearly as given in Morris’s Catalogue : —

Plants « .+ . 163 | Brachiopoda .. 98
Amorphozoa . . 8| Monomyaria . . 169
Foraminifera . . 16 | Dimyaria . . . 328
Zoophyta . . . 74| Pteropoda . . none
Echinodermata . . 109 | Gasteropoda .. 284
Anpellida . . . 26 | Cephalopoda . . 2565
Cirripedia . . . 3| Fishes. . . 207
Crustacea . . . 21 | Reptilia . . . 68
Insecta .+ 111 | Bids. . . . 1
Polyzoa . . . 24 | Mammalia . . . 10

UPPER MESOZOIC STRATA.

They rest unconformably on the oolitic forma-
tions, or on the lias, in Yorkshire and Dorset-
shire, the oolitiferous sea-bed having been pre-
viously displaced very extensively.

THE GREENSAND FORMATION.

A stratified mass of sands, occasionally pebbly,
often cherty, almost always slightly calcareous,
and characterised by abundance of green grains
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in some or all of the beds. In many tracts, the
lower sands are very irony. In the midst of the
series is a sandy and calcareous fossiliferous clay.
The green grains are silicate of iron, possibly de-

rived from some old augitic rock.
¢. Upper greensand, passing below into
b. Gault, which sometimes alternates

- with T

a. Lower green or iron-sand, enclosing
limestone in Kent, and fullers’ earth

at Nutfield in Surrey.

In England, it generally forms the base of the
chalk hills, but in Blackdown, Surrey, and Kent,
it rises into separate ranges of hills. In the
north-east of Ireland, it is covered by basalt. On
the Continent, it extends with the chalk, and is
found separate from that rock in Saxony, along
the Alps, and Carpathians.

Organic remains are plentiful in the greensand
and gault strata. A few marine plants occur;
sponges for the first time become numerous, es-
pecially in the upper greensand. Echinida are
very frequent, and of many genera.  Brachiopoda
Monomyaria, Dimyaria, Gasteropoda, and Cepha-
lopoda abound. Decapod Crustacea occur, and at
Cambridge in upper greensand Pterodactylus and
other reptiles.

Among Characteristic Fossils may be men-
tioned Siphonize, Cyclocyathus Keenigi, Galerites

0
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subuculus, Terebratula biplicata, Exogyra sinuata,
Pecten quinquecostatus, Inoceramus sulcatus, Tri-
gonia aliformis, Cardium Hillanum, Ammonites
splendens, Belemnites minimus, Hamites inter-
medius. Ammonites are found to be considerably
different in the different groups. A. Deshaysii
belongs to the lower, A. auritus to the middle, A.
varians to the upper beds.

THE CHALK FORMATION

consists principally of carbonate of lime in a
finely granular state (sometimes full of minute
Rotalize and other Foraminifera), imperfectly in-
durated, and white. The stratification is rendered
evident chiefly by layers of flint nodules, which
occur at regular intervals, mostly in the upper
part, but sometimes in other parts, or through
nearly the whole of the mass.

The main subdivisions of the chalk, including
the beds of Maestricht, not recognised in England
are four:

(d) Maestricht, granular beds.

(¢) Norwich, beds soft, with flints.

(b) Wiltshire, beds hard, without flints.
(a) Chalk marl, soft, without flints.

The flints are formed mostly round sponges,
aud lie in parallel surfaces, at four or more feet
apart. Continuous layers of flint are also known.
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In Yorkshire, the chalk is hard, and the beds
marked b contain most of the flints. The beds a
are sometimes hardly distinguishable from the
upper greensand, which is often more intimately
united to the chalk than to the series below. The
lowest part of the Yorkshire and Lincolnshire
chalk is of a red colour, rich in Foraminifera. The
same occurs at Hunstanton in Norfolk, resting on
lower greensand.

The chalk occupies generally a district of con-
nected green (not woody) hills, with dry valleys:
very strong springs at their base ; surface excavated
in pits and grooves, and often covered with flints.
It forms the Wolds of York and Lincoln, the
Downs of Berks, Wilts, Dorset, Hants, Isle of
Wight, Sussex, Surrey, Kent. It sweeps round
the tertiary basin of Paris, and appears in the
south-east of France, Belgium, Poland, and Isle
of Rugen.

Organic Remains are very numerous, mostly
marine, but including Cycade and other plants
drifted from the land. Amorphozoa abundant,
often enclosed in flint, which, likewise, as well
as the chalk, contains Foraminifera. Actinozoa
are less frequent. Echinida are mnumerous;
among them genera unknown in older strata, as
Ananchytes.

Asteroidea of several species, and Crinoidea,
as Apiocrinus, Marsupites, are common,

02
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Brachiopoda are frequent, and Conchifera plen-
tiful, including Grypheza and Inoceramus. Gas-
teropoda are less abundant, but Cephalopoda,
numerous, including Ammonites, peculiar groups
of Belemnites, Scaphites, Turrilites, Baculites, &c.

COrustacea are not common. Fishes, many,
including (in the chalk) Cycloid and Ctenoid
genera.

Reptiles, of large size, as Ichthyosaurus and
Mosasaurus, complete the catalogue, which
‘amounts to about 1,350 species.

Characteristic Fossils. Marsupites ornatus,
Ananchytes ovatus, Galerites albogalerus, Inoce-
ramus Cuvieri, Lima spinosa, Terebratula pli-
catilis, Belemnites mucronatus, Mosasaurus Hoff-
manni.

The following is a summary of the fossils of the
Cretaceous System — the numbers nearly as in
Morris’s Catalogue ; — :
Plants . . . 14| Brachiopoda N 1

Amorphozoa .. 127 | Monomyaria . . 139
Foraminifera . . 130 | Dimyaria . . . 168
Zoophyta . . . 29 | Pteropoda . . none
Echimnodermata . . 136 | Gasteropoda . . 105
Anpellida . . . 81| Cephalopoda . . 141
Cirripedia . . . 21 | Fishes R
Crustacea . . . 44 | Reptiles . . . 23
Polyzoa . . . 81

On a review of the Mesozoic strata, we find
that the alternations of limestone, sandstone, clay,
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coal, ironstone, which they contain, are generally
distinguishable lithologically from the rocks bear-
ing the same names in the Palaozoic series.

The forms of life, whether terrestrial, fluvia-
tile, or marine, are in general very different from
those of earlier date, often referable to different
genera, always distinet specifically, more numerous
and more varied. This is the Age of Reptiles.
Though in Yorkshire and Dorsetshire uncon-
formity appears among these strata, by the over
extension of the chalk and greensand, to the Lias,
they have rarely been exposed to igneous action ;
and, except in the cases of lias near the Whindyke
in Yorkshire, and the Antrim Basalt, they have
seldom suffered metamorphism.

At the close of this period, through great part
of Europe, the strata were again disturbed, new
hills were added to the land, new outlines were
imparted to the sea, and very different conditions
of life began. ‘

CANOZOIC STRATA.

The last great group of stratified deposits in
which lie the latest of the extinct races of plants
and animals, have been formed since the ocean
became much divided into arms and gulfs, and
have so much of local character and independent
origin, as to render it almost impossible, by direct
comparisons of stratification, to refer these dis-
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sociated and interrupted strata to one general
series. It is only by employing intermediate
analogies, and the evidence of organic remains,
that we can form to ourselves a proper general
view of the order of antiquity of the deposits in
different districts. On this account it is always
best to describe the tertiary strata according to
the natural regions in which they were formed :
the English tertiaries are one series ; the Parisian
another, and very analogous one ; the Subapennine
a third ; the Danubian a fourth. There are many
others in Europe, Asia, and America.

The notices in the text will be confined to the
English tertiaries, for though these are, indeed,
of small extent compared to the Cenozoic rocks
which range parallel to the Alps and Apennines,
the Caucasus and the Himalaya, they are highly
instructive, and have been very carefully studied,
80 ag to offer an excellent basis for wider enquiries.
According to Deshayes and Lyell, the tertiary
series of Europe may admit of being ranked
in three leading groups, according to the niumeri-
cal relation of the organic remains with existing
species of shells. The upper group, with from
40 to 95 per cent of living species (Pleiocene),
includes the Sicilian tertiaries, the crag, and
Subapennine marls: the middle group, with about
20 per cent (Meiocene), the tertiaries of the
Danube, Rhine, Loire, and Garonne: the lower
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group, with about 5 per cent (Eocene),is typified
by the Calcaire grossier of France, the Barton
clay, the London clay, and the Plastic clays of
England. . Itis convenient to add a fourth group,
the Pleistocene in which most of the Invertebrata
and many of the Vertebrata are of species still
living. It therefore includes what has been called
the ¢ recent’ period.

EOCENE STRATA.

The series fills the northern half of the Isle of
Wight, and exhibits the following general terms,
the upper one being by some writers transferred
to the Meiocene period.

Vectian Beds: of freshwater and estuarine

- origin, 500 to 600 feet, in four groups:
Hempstead beds.
Bembridge beds.
Osborne beds.
Headon beds.

Bagshot Beds: of sands, clays, pebbles variously
coloured, and lignites, in four groups, 1,200 to
1,300 feet :

Upper Bagshot beds.
Bracklesham beds.
Barton clay.

Lower Bagshot.

London Clay:  clay, Septaria, and basement
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beds of sand and pebbles, corresponding to the
Bognor Rocks, 300 to 500 feet.

Plastic Clay: sands, and pebbles of different
tints, with lignite, and oyster beds, 100 to 200
feet :

Woolwich clays, &e.
Thanet sands.

Organic Remains. Those in the Bagshot
group, the London clay, and some of the clays
below, and in greensands which are near the
base of the whole series, are for the most part
marine, and consist of an immense number of
shells, among which are the Voluta, Rostellaria,
Fusus, Cassidaria, Ancilla, Buccinum, and other
existing genera: no Belemnites or Ammonites;
very few Terebratule or Echinida. A few species
of these (not exceeding 5 per cent.) are still in
existence. Most of them are characteristic of the
formation. '

The Limnae, Planorbes, and Gyrogonites, in
the freshwater marls, are associated with Palao-
theria and Anoplotheria at Binstead in the Isle of
Wight.

At Kyson, near Woodbridge, the London clay
has yielded mammals (Hyracotherium and Didel-

phys).*
* The calcaire grossier of the Paris basin corresponds

in age to the Bracklesham and Barton beds, and is even
more rich in fossils. The subjacent coloured sands and
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The organic remains of the British Eocene
deposits amount to about 1,100 species.

Plants .. .113 )| Dimyaria . . .205
Foraminifera . . 41 | Pteropoda . . none
Zoophyta . . . 24| Gasteropoda .. . 431
Echinodermata . . 21 | Cephalopoda . . 12
Anmnellida . . . 9| Fishes A Y
Cirripedia . . . 4| Reptiles . . . 31
Orustacea . . . 10| Birds. . . . 14
Polyzoa . . . 5| Mammalia . . . 24
Monomyaria . . 88

. Mgrocene Strata are represented in the British

Isles by the Plant beds of the Isle of Mull, and
the Lignitic beds of Bovey Tracey: no shells are
known in them.

PLEIOCENE STRATA.

These are in England referable to two or three
groups of no great thickness or extent, confined to
the low parts of England east of the chalk (Essex,

clays have been generally referred to the plastic clay group
of England.

The freshwater deposits in the Paris basin consist of
upper and lower; the former characterised by silicious
millstone, the lower composed of marls locally gypseous.
In the gypsum lie bones of Paleeotheria, Anoplotheria,
Didelphys, and many other quadrupeds. The intermediate
marine beds are chiefly sands. It is difficult to determine
the relative age of the detached tertiary freshwater deposits
in other parts of France, Germany, Hungary, &c. Some of
them are of much more recent date.
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Suffolk, Norfolk, Yorkshire). The upper portion
vmmediately precedes in time what are here
called preglacial deposits, and is partly of estuarine
character; the lower portions are littoral and
marine.

Norfolk Crag, with 15® per cent. of extinct
species of shells, the others having, on the whole,
a decided affinity to the existing fauna of the
British seas; but affording some evidence of lower
temperature, and no affinity with southern forms.

Red Crag, with 43 per cent. of extinct shells ; the
others mostly living in British seas, but manifest-
ing somewhat greater affinities with the shells of
southern seas than with those of the north.

Coralline Crag, with 49 per cent. of extinctshells,
the others mostly living in British seas, but show-
ing much greater affinity with the southern than
northern types.

It is evident that the upper portion is not so
intimately connected with the lower parts as to
preclude the expectation that it may hereafter be
found more convenient to remove it to the Pleis-
tocene division, as a preglacial bed.

The Norfolk or ¢ Mammaliferous’ crag contains
abundance of littoral shells, as Mya, Cardium,
Littorina.

* These numerical relations of the Crag shells to exist-
ing species are taken from Mr. Woodward’s contribution to
Lyell’s Antiquity of Man, p. 299 ; Mr. Searles Wood being
the authority.
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¢ The Coralline Crag,’ seldom completely exposed,
is light in colour and nearly uniform in composi-
tion, and appears to have been deposited with
more tranquillity ; it is a coralline limestone at
Orford, and contains abundance of shells, not at
all worn, and not ochraceous, at Ramsholt and
other places. Bones are rarely found in it.

The ‘Red Crag’ of Suffolk resembles almost
exactly a shingle or pebble-beach, with layers of
sand and shells, being composed of pebbles of
various sorts, rolled and worn fish-teeth and bones,
a few bonesof extinct large quadrupeds, also worn ;
many shells, sometimes worn, sometimes not;
parts of Crustacea, Actinozoa, &c. The whole
has an ochreous aspect, from the admixture of
oxide of iron. At or near the base, the bones,
teeth, and phosphatic nodules are in sufficient
quantity to be extracted for agriculture. Among
the bones are those of Mastodon, Hippopotamus,
Physeter, Cervus, but as yet no Paleotheria or
elephants.

Organic Remains. These are very plentiful :
there are above five hundred species of Actinozoa,
Polyzoa, Conchifera and Mollusca in the Crag. Of
these about 60 per cent., on the whole, belong to
species which still exist, mostly in the neighbour-
ing seas, but, as already observed, some of the
earlier are of southern types, and some of the
later belong to northern seas. Fusus contrarius
and Buccinum Dalei abound in Red Crag.
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The following is a numerical summary of the
Pleiocene fossils of Britain: —

Plants (only marine) . 1 | Monomyaria . . 25
Amorphozoa . . 1| Dimyaria . . . 190
Foraminifera 60 | Pteropoda . . .1
Zoophyta . 5 | Gasteropoda ..23
Echinodermata . 20 | Cephalopoda . none
Annellida . . . 10| Fishes ... 2
Cirripedia . . 13 | Reptiles . . none
Crustacea (some dnfted) 6§ |Birds. . . none
Polyzoa . . . 52| Mammalia . . . 10
Brachiopoda . . 6

PLEISTOCENE DEPOSITS.

Following immediately the Pleistocene Strata
is an extremely varied series of marine, littoral,
estuarine, fluviatile, and lacustrine deposits, pro-
duced by causes still in action, and in some cases
acting under very similar conditions to those of
the earlier date. Thus the ¢ recent’ period is in-
separably united with the earlier pleistocene, or,
if distinguishable by a strong line, it must be
drawn where the human race makes its appear-
ance; viz., in the latter part of the pleistocene
period.

PREGLACIAL DEPOSITS.

Deposits which are of later date than the Nor-
folk Crag, and of earlier date than the ¢boulder
clay,” with its fragments of rocks brought from
great distances, are now ranked under this title.
The best example is on the Norfolk coast, where
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estuarine sands, pebbles, and clays, and clays of
freshwater origin with lignite, are seen above the
Norfolk Crag, west of Cromer, and even with
tree-stems in situ, alder and pine, under the
boulder clay near Happisburgh.

The series may be thus expressed :—

(Boulder clay above.)

Marine sands, silts, and gravel, mostly in thin
laminz, with occasional layers of marine shells.

Lignitic clays, with fresh-water shells, mostly of
living British species. Pebbly and argillaceous bed,
sometimes bearing tree-stems above, and contain-
ing bones of Elephas meridionalis, E. antiquus,
and E. primigenius; Rhinoceros etruscus, and
other quadrupeds allied to the fossils of Val
d’Arno.

(Norfolk Crag below.)

Here there is plain proof of a terrestrial surface
occupied by plants and a great variety of animals,
before the advent of the glacial crisis which is
specially marked by the marine deposit of the
-boulder clay. Many of the animals, especially
the Invertebrata, belong to species still living;
others, especially the large Pachydermata, are
extinct.

GLACIAL ACCUMULATIONS.

It is not so much the presence of any particular
earthy materials, such as boulders, gravel, &e., but
the mode of their geographical distribution, and
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the occurrence in them of the remains of certain
tribes of extinct Mammalia, which define the
glacial products. The relation of the deposits to
the physical geography of the region marks the
condition of the watery or icy action concerned;
and the natural history of the organic remains
determines the relative date of the operations.
When deposits, like those of the glacial era, lie in
valleys, we may sometimes refer them to a local
origin; but when over wide plains, on hill slopes,
and on ranges of high ground, we find heaps of
rock fragments, and rolled but not river gravel —
materials unknown in situ in the vicinity, — in
situations to which no existing streams could-carry
them — where no imagined lakes could leave
them —where, by no conceivable combination of
conditions, consistent with the geological history
of the country, either ancient streams or lakes
could transport them, we are compelled to infer
that some other agency has been employed. This
was the course of reasoning applied by Smith, forty
years ago, to some facts near Bath, and soon gene-
ralised by his extensive researches in England;
by Buckland, Conybeare, and Sedgwick, to a
large class of impressive phenomena in the North
of England, in the midland counties, and in the
valley of the Thames; by Saussure and De Luc to
the scattered blocks of the Alps; by Brongniart
and others to the travelled boulders of the North



GLACIAL ACCUMULATIONS. 207

of Germany. A case in the North of England
appears decisive of the truth of the principle.

The accompanying section (Pl. IL fig. 8) is in-
tended to show the nature of the country along a
line ESE. from Shap Fell in Cumberland, to Flam-
borough Head in Yorkshire, a distance, in a straight
line, of 1074 miles, but by this rather bending
course, of 110 miles. Shap Fells, elevated only
1,479 feet above the sea, consist of porphyritic
granite, enveloped in schistose rocks. The slope
from these fells, eastward, is soon stopped by a
bold escarpment of the lower mountain limestone
series, which rises to about 1,000 feet in height,
and slopes eastward under the flat narrow valley
of the Eden, running NNW., which is full of red
sandstone, at the bottom of which are certain con-
glomerate beds. Immediately above, on the east,
is an escarpment of the same lower mountain
limestone, thrown up to a great height, and sur-
mounted by other rocks of the same formation to
an altitude, in Cross Fell, of 2,901 feet; in Shun-
nor Fell, of 2,329 feet; Water Crag, 2,186 feet,
&c. The lowest part of this ridge, which opens
darectly to the west, is the pass of Stainmoor, 1,440
feet, which is almost level with Shap Fells: from
hence the slope is almost uniform to the Vale of
York, which runs north and south. Beyond rises
the oolitic ridge of the eastern moorlands 300 to
1,485 feet; then follows the Vale of Pickering, 100
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feet above the sea; and the section crosses over the
chalk wolds, 500 to 800 feet, and ends at Flam-
borough Head, 150 feet above the sea.

It is found that blocks of the Shap granite have
travelled down the slope of their native mountains,
over the limestone ridge of Orton, across the Vale
of Eden, over the limestone ridge of Stainmoor,
down and athwart the whole Vale of York, over
the oolitic ridge—not at the highest points— and
over the chalk hills to Flamborough Head.*

The valley of the Eden is a submarine valley of
mesozoic age,defined by elevations of the limestone
and slate on either side; the Vale of York has
served for the passage of vast bodies of water,
which have removed much of its stratified red
sandstone, so that the physical features of the
country were much the same during the transport
of the blocks as at present. But the level of the
sea was different. Accumulations marking this
level can be' traced to about 1,500feet higher than
the actual mean height of the tide, and there is
little doubt that after the age of the crag and other
preglacial deposits a large portion of the northern
hemisphere was depressed; the sea currents were
altered; the temperature was lowered; and the
mountains, though less conspicuous, were over-

* For details on this and many other instances, read

Buckland, Reliq. Diluv.; Conyb. and Phill,, Geology of
England, Enclyop. Metrop. ; Geology of Yorkshire.
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spread with snows, which gave birth to glaciers.
These, loaded with detritus and broken off at the
edge of the sea, were floated away by the currents
in various directions, and dropped their load in
different parts of the sea.

The difficulty of distinguishing between glacial
and old alluvial accumulations may, in general, be
removed by attention to these points: 1st. The
rock fragments, or boulders, and smaller masses
in diluvial deposits, have been generally removed
great distances (so that often no rocks of the same
kind occur in the drainage of the district), and in
directions different from those of existing streams.
2nd. The gravel of these deposits is generally
somewhat different in its aspect and manner of
attrition from that of old river-courses: it often lies
in clay. 3rd. Bones of elephants, oxen, horses,
deer, &c., are not unfrequently found in the
gravel and clay.

There is good geological evidence that the glacial
accumulations are not all contemporaneous— not.
all the result of one transient agency, but of forces
varying in strength and direction, and transporting
different materials—clay and pebbles, gravel and
sand, in several alternations. But there is such a
conformity among the organic remains associated
with these deposits, that we are entitled to say
these deposits mark, over large regions, first, the
termination of a certain geological period, defined

P
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by the existence on the dry land of peculiar, chiefly
extinct races of quadrupeds; secondly, the sub-
mersion of large tracts of this ancient land; and
thirdly, the reelevation of it to nearly its present
level. The glacial deposits, then, are mostly marine,
formed during the descent and reelevation of tracts
of land ; and they separate the littoral, estuarine,
and freshwater formations of the pleistocene ages
into the two groups—one preglacial, the other post-
glacial.

POSTGLACIAL ACCUMULATIONS,

Under this head we shall rank a considerable
variety of deposits whieh have happened on the
land, at the shores, and in the sea, for the most
part at a remote period; but under the same or
nearly the same general conditions of land and
.sea as those which now prevail; the remains of
life connected with them are mostly those of
species now living in the same regions; corre-
sponding phenomena are still in progress; and we
find ourselves brought to the period when geo-
logical time approximates to, if it does not really
pass, into historical date. _

We shall first notice those lacustrine and peaty
deposits, which by their contents, trees, or shells,
or bones, seem to claim a comparatively high and
definite antiquity, immediately following the
glacial period, and then add a few remarks on
fluviatile and marine deposits now in progress.
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LACUSTRINE SEDIMENTS.

Deposits are formed in lakes from several
causes: 1, From the growth of shells; 2, from
springs containing carbonate of lime; 3, from
mechanical admixtures of sand and clay, and vege-
table remains derived from inundations or rivers.
Some of these may be of very high geological
antiquity ; for we may believe lacustrine deposits
to have been produced upon the land as soon as
it was raised above the sea; and this has been
shown to have happened at many different periods.
The right way of investigating their antiquity is
to study and compare the organic remains im-
bedded. Thus studied, it is found that all the
known superficial lacustrine deposits in England
are nearly all subsequent to the era when the
mammoth existed in northern regions.

The processes connected with lacustrine sedi-
ments are various. Lyell has described the pro-
duction of shell marl in Bakie Loch, Forfarshire,
as depending on calcareous springs, and the growth
of Limna®, Cyclades, &c. It contains seeds of
Chara, horns of stags, &c. Almost every trace of
shells is sometimes obliterated. Certain springs,
especially in the volcanic regions of Italy and
Auvergne, deposit in lakes a great quantity of
carbonate of lime. The accumulation of fine
clay in ponds and lakes may be universally

P2
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observed. Inclined lamine of pebbles and sand
are swept into the Lake of Geneva by the stormy
waters of the Rhone, and deposited in the upper
part. In some lakes all these processes go on
simultaneously.

It is not easy to point out the real or even the
relative antiquity of the various lacustrine de-
posits not associated with marine deposits now
known to geologists. We may distinguish, how-
ever, among them some which are now in progress
in many lakes of Italy, and some in Scotland,
England, and Wales.

Others which mark the site of old lakes, nearly
contemporaneous with submarine forests, con-
taining the bones of the beaver, the wolf, the red
deer, and other existing species of animals, and
the extinct Irish elk. (Holderness, Berwickshire.)
And probably many lakes of the mammoth era,
traversed by floods or rough rivers, and con-
taining bones of the fossil elephant, fossil urus,
Felis spelea, and Ursus speleus. (Weighton in
Yorkshire ; Mundesley in Norfolk.) In the latter
locality the fluvio-lacustrine deposit fills an ex-
cavation in the boulder clay, and the marine beds
above and below it.

Much older are the lakes of the paleotherian
period ; lakes of the Cantal, &c., which enclose
the extinct genera paleotherium, anoplotherium,
and lophiodon.
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TURF MOORS, SUBMARINE FORESTS, ETC.

In most cases, the submarine forests, as they
are termed, lie along the course and near the
mouths of great rivers, and are often, perhaps
generally, at a level between high and low-water
mark, and in a situation where the river sediment,
or silt from the tide, has partially covered them.
Along the Yorkshire rivers the trees lie generally
in a mass of vegetable remains called turf, which
occurs at all levels, from about high-water mark
to a depth of thirty or more feet beneath it. This
surprising spectacle of ancient oaks and firs buried
in the earth, in situations where they could not
now be made to vegetate, except by the aid of
artificial drainage, has not often been carefully
described by geological eye-witnesses, and the
workmen commonly give but a very confused
account of what they have seen. It is by no
means certain that in all instances the trees grew
where they now appear; the geological era of
their growth is sometimes extremely dubious;
the ancient condition of the drainage of the
country, in relation to the tide-opening of the
estuary, is seldom ascertainable : for these reasons
the subject is yet in some obscurity.

In one case, near the Humber, the phenomena
are not irreconcilable with a probable view of the
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ancient state of drainage of Yorkshire, without
any intervention of subterranean movements: how
far this mode of explanation will apply to other
cases, may be a subject of further enquiry. In
the meantime we may perhaps believe, from the
occurrence of peat-beds in the old lakes on the
Yorkshire coast, from the certainty of the drifting
of peat and timber in other parts, and from the
great analogy of the vegetable deposits, that some
very general agency was concerned in the pro-
stration and inhumation, and perhaps drifting, of
the trees, whether accompanied by a change of
level or not. The trees are oak, birch, fir, hazel,
alder, yew, &c. With them lie acorns, fir-cones,
hazel-nuts, bones of the horse, ox, stag, fallow
deer, sheep, &c. (Phil. Mag. 1834.)

The turf-moors of the countries adjoining the
Baltic have been the subject of many enquiries,
which in the opinion of Danish archwologists,
show them to have been accumulated in a long
course of time, embracing the ‘ages’ of stone,
bronze, and iron. The animal remains are almost
without exception of living species.

VALLEY SEDIMENTS.

In all valleys through which ¢ontinuous streams,
or periodical or accidental inundations pass, the
effects of their mechanical action remain more or
less distinctly marked. The erosive power of the
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currents is conspicuous in all the steeper parts of
the sloping valley, which, originating generally in
a convulsive displacement of rocks, has received,
in most cases, its peculiar character from the action
of water. According to the nature of the rocks
the features of the valley vary. In all the lower
parts of the valley, and especially towards the
meeting of the freshes and the tide, the sediment
brought down from the uplands is deposited on
the now level surfaces of the marshes and meadows
in floods, or on the bed of the river in the ordinary
state of the waters, or carried out to sea.

In many cases, the sedimentary deposits in
valleys seem to have little relation to the actual
stream. For instance, in the valley of the Rhine,
between Strasburgh and Bingen, the deposit
called loss is found at the height of some hundreds
of feet above the river, and seems to have been a
very extensive mass, through which, in some cases,
the Rhine now works its way. The remarkable
terrace-heaps of gravel and sand at the mouth of
Glen Roy, and along many other Highland and
Cumbrian valleys, is & phenomenon apparently of
a similar nature. It seems to prove that these
valleys are of high geological antiquity, and that
water formerly stagnated in or flowed down them
under different circumstances as to level, outlet,
and dynamical action from the present.

In some cases the action of rivers, in accumula-
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ting sediment, is so regular as to permit the layers
to be counted for terms of years. This is ob-
served on the slopes of the Alps to depend on the
periodical melting of the snows.

The organic remains in valley deposits are of
such land animals and plants as, lying on the sur-
face, were exposed to the inundation. Land shells
are very abundant in the 16ss of the Rhine valley ;
along the rivers of Yorkshire, hazel-nuts and trees,
bones of stags, land and freshwater shells, &c.,
occur, and in some instances have undergone
petrifaction. (Phil. Mag. and Annals, 1828.)

In the Valley of the Somme in Picardy, and in
that of the Ouse near Bedford, and in the gravel
beds above some other English rivers, artificially
chipped flints occur, which seem to indicate an
early race of savages contemporaneous with some
of the now extinct postglacial mammals, especially
the Mammoth and Rhinoceros.

CAVERN DEPOSITS.

Caverns in limestone rocks are of every geological
age, since those rocks were exposed to the wasting
action of the sea, or of the rains, entering their
fissures. They are still in progress, and often are
only precursors to yawning chasms, destined after-
wards to be moulded into valleys.

There seems reason, therefore, to think that a
great proportion of the ossiferous caves of Europe
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received their interesting contents in the postglacial
period, and that several of the races therein buried
became extinct in the northern zone, since the
arrival of man in this quarter of the globe.

From various causes some of the caverns and
fissures naturally existing in thick limestone rocks
have been partially filled by a mass of materials
holding bones of the rhinoceros, hyzna, and other
races of animals, In some cases the animals are
conjectured to have entered the caves for the mere
purpose of dying in quiet (bear-caves of Fran-
conia); into others, hyenas have been the in-
struments of dragging the carcasses of elephant,
rhinoceros, deer, &ec. (Kirkdale, Kent’s Hole.)
Grazing quadrupeds have fallen or been drifted
into others (Mendip caves, the ossiferous fissures
of Nice, Gibraltar, &c.); and currents of water
have contributed to carry the bones into particular
repositories, or to move them along the passages
of a cave. The extent of the earth’s surface over
which ossiferous caves and fissures have been dis-
covered is prodigious. In the North and South
of England, in Ireland, South and South-east of
France, the Ardennes, the Harz, Franconia, Wiir-
temburg, Switzerland, and along the Mediterra-
nean shores and islands, are the most remarkable
localities in Europe. Bone-caves occur in India,
North America, South America, and Australia.

Upon the whole the animal remains are ana-
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logous in all these situations; but there is much
local diversity. It is probable that they are
nearly all of one geological period, that in which
the mammoth, the woolly rhinoceros, and large
hippopotamus were common on the plains and by
the marshes and rivers of Europe. No doubt into
a cave full of old and extinct quadrupeds others in
more modern times might enter, fall, or be driven
to die; and thus a mixture of existing and extinct
races be occasioned. Still more probable is the
event of man, in an early and uncivilised state, or
in a state of war and oppression, occupying a cave
formerly tenanted by wild beasts, and there leav-
ing traces of human art. Apparently this is the
right view of most of the cases of human remains
found mixed among, or buried in, or lying upon
the heaps of older bones. Some of the caves in
the South of France and in Belgium, where
human remains, rude pottery, and chipped flints
occur, have been found to admit of this explana-
tion; but in the late work of Sir C. Lyell, on the
antiquity of man, it is contended that the remains
of men are of contemporary date with the animal
remains in the caves.

The following animals are frequent in the
cavern deposits: most of them are found in the
postglacial detritus of the same countries ; several
of them also occur in lacustrine deposits, of
various antiquity.
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Ursus spelasus. Horse.

—— arctoideus. Boar.

Machairodus cultridens. Elephas primigenius.
Gulo spelsus. Hippopotamus major.
Wolf. Rhinoceros tichorhinus.
Fox. Megaceros hibernicus.
Hysena spelea. Cervus elaphus.

Felis speleea. Bos primigenius.
Hare. —— priscus.

Rabbit. Megatherium Cuvierii.
‘Water Rat. Megalonyx Jeffersonii.
Beaver.

The remarkable pachydermal genus Mastodon
occurs in the crag and other tertiaries of Europe,
America, and Ava, but not in caverns.

CORAL REEFS, SHELL BEDS, EIC.

The growth of coral in the warm tropical waters,
and along the Australian shores, is one of the
most important agencies now at work in altering
the face of the globe. Coral reefs are not formed
at such enormous depths as was once imagined,
but they rise from submarine mountain ridges,
from the peaks of old submarine volcanos, along
the coasts, and around the islands. In these ac-
cumulations the lamelliferous corals bearthe largest
share; but many shells, fragments of other coral,
drifted sand, and many other substances lodged in
the reef, are enveloped in its growing mass; and
thus islands of living rock slowly emerge from the
middle of the ocean, gradually become heightened
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by the heaping up of the materials broken from
their edges or drifted by the sea, covered by trees
and inhabited by birds and a few other animals.
The coral reefs of the Bermudas are described as
partly a mass of chalky or granular carbonate of
lime, derived from comminuted and decomposed
coral, and as taking a form depending partly on
the currents of the sea. The elevation above the
sea which some West Indian coral islands assume
is ascribed to volcanic action. We have already
noticed the opinion, which is gradually gaining
ground among geologists, that several of the lime-
stone strata are locally to be regarded as magni-
ficent coral reefs.

In particular parts of the sea the currents drift
shell and fishes’ teeth, so as to make the seamen
remark the fact in their soundings. This is analo-
gous to many cases of the accumulation of shells
and shelly fragments in particular parts of the
ancient strata.

COAST SEDIMENTS.

The materials brought into the sea by rivers,
and obtained from the incessant wasting of cliffs,
are not all carried down to the depths, but in a
great measure restored to the land, where the
coastward currents cease their movements. This
happens generally along some low shore, which
only just rises above the gradually deepening
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waters, in some land-locked bay or estuary. The
most rapid growths of new land certainly adjoin,
or are influenced by, the mouths of great rivers;
but many considerable tracts are only remotely
dependent on such influence. It is not so much
by the mud which descends with the Ouse, the
Dun, and the Trent, that the coast of Lincolnshire
has been extended, as by the materials brought
from the ruined cliffs of Holderness ; neither have
the sluggish streams which meander through the
fens of Cambridgeshire yielded that mass of matter
which, since the Roman sway in Britain, has been
added to the coast, to the extent of miles, beyond
their line of embankment. The case is different
along the shore of the Adriatic, where the torrents
from the Alps bring such loads of sediment as to
promise the eventual conversion of all the northern
end of that sea inte marsh land. The flatness of
these foreshores "corresponds with the degree of
quiescence of the water, and the laminz, which
cover one another successively, are not quite
horizontal, but form long inclined planes, sloping
seaward. ‘
Storms, or varying circumstances, may produce
a temporary derangement of the laminz, or spread
layers of pebbles, or scatter shells over the surfaces.
A variety of marine worms may leave their traces,
or marine reptiles the prints of their feet; but
generally, remains of such animals, of shells, and
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plants, are very rare in marsh lands formed under
shallow waters. In this manner we may conceive
some sandstones of the old strata to have origi-
nated ; and account for many of their peculiar ap-
pearances. The pebble beaches along some parts
of the English coast may remind us of the appear-
ance of some conglomerates.

SANDBANKS.

The agitation of the ocean is so unequal, even
on the same line of coast, that in some parts sand,
in other parts fine clay, in others pebbles, are ac-
cumulated, according to the moving force of the
water. Generally, the materials which fall from
sea cliffs are sorted by the tide; pebbles drop
quickly near their original sites; sand moves
further ; fine clay is transported for leagues along
the coast. The sandbanks along many parts of
the coast are either stationary or moving, aug-
menting or decreasing, according to the circum-
stances of the oceanic currents. Along the east
coast of England especially, but everywhere more
or less, the submarine sandbanks are cut through
by real channels, which might be properly called
tidal valleys.

This fact is perhaps analogous to the well-known
irregularity of the extent and thickness of many
. of the ancient stratified sandstones.
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Certain modern sandbanks are occupied by
weeds, cockles, oysters, or fishes; others not.
This is also to be compared with the very irre-
gular distribution of organic remains in the sand-
stone rocks.

MODERN ELEVATIONS OF THE SEA-BED.

The geologist must on mno account think it
out of the bounds of his legitimate province to
examine with care and interest into the history
of the processes now performed in the ocean
and on the land; for it is only by discrimination
and generalisation of these that we can hope to
draw satisfactory inferences concerning the force
and direction of the agencies formerly exerted in
earlier oceans, and on earlier continents.

There is, in fact, no hard line of separation
between the modern sea deposits and the ancient
sabmarine strata. In some situations the sea-bed
has been laid dry, at epochs within the reach of
history, as by volcanic action at Santorino, in the
Grecian Seas; in other cases, in periods which
ascend beyond the existence of mankind, to the
earlier era of the mammoth, asin the eastern parts
of Yorkshire. The deposits thus exposed to our
view often present characteristics of organic life and
mineral aggregation, which are distinct both from
those of diurnal occurrence, and from those of
the tertiary periods; but as frequently they dis-
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play intermediate characters, and thus connect the
actual with the past—the modern reef with the
ancient coral rock—the sediments of to-day with
the sandstones of immeasurable antiquity — the
shell and fish banks of our shallow seas with the
crag, the lias, and the mountain limestone.

The most frequent examples of such elevations
of the sea-bed are called ¢ Raised beaches.” Such
occur in Sweden extensively, as at Uddevalla;
on the English coast, as near Preston in Lanca-
shire, and near Filey in Yorkshire; on the Scot-
tish coast, as in the vale of the Clyde, and the
valley of the Forth; on the Irish coast, as about
Wexford. Similar cases abound on the shores of
Europe and America. In the sand or argillaceous
deposits referred to, moderns hells often occur,
and in great numbers, such as Turritella terebra,
Cardium - edule, Littorina littoralis, &c. Occa~
sionally an extinct species appears among them.
The elevation of such deposits above the sea is
generally from 10 to 100, but reaches 1,400 feet
on Moel Tryfane in Wales.

In judging of the upward extent of these
movements of the sea-bed, we shall find the benefit
conferred on geology by Professor E. Forbes’s
surveys of the British and Agean seas. From
his dredgings at various depths we learn that the
invertebral life of the ocean may be classed in
several zones of depth, and that to each zone
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some characteristic forms of plants or animals, or,
in the case of shallow seas, both, may be assigned.
In the Agean we have soundings to the depth of
1,380 feet ; and dividing the depth into eight zones,
we find the following useful table of characters.*

1. Littoral Zone—to depth of 12 feet; the
bottom variable. Plants, Padina pavonia.
Animals, Littorina ceserulescens, Fascio-
laria tarentina, Cardium edule.

2. Zone from 12 to 60 feet; ground variable.
Plants, Caulerpa, Zostera. Animals, Ce-
rithium vulgatum, Lucina lactea, Holo-
thuriz. ’

3. Zone from 60 to 120 feet. Ground muddy
or sandy. Animals, Aplysie, Cardium pa-
pillosum.

4. Zone from 120 to 210 feet; ground gravelly
and weedy or muddy. Plants, Dictyo-
menia volubilis, Codium bursa. Animals,
Ascidise, Nucula emarginata, Cellaria ce-
ramoides.

5. Zone from 210 to 330 feet. Ground full of
Nullipores and shelly. Plants, Rityphlea
tinctoria. Animals, Cardita aculeata, Nu-
cula striata, Pecten opercularis, Myrio-
pora truncata.

6. Zone from 330 to 474 feet. Ground mostly
nulliporous. Plant, Nullipora. Animals,

* Reports of British Association, 1843,
Q



226 SUCCESSION OF ROCKS IN THE GLOBE’S CRUST.

Venus ovata, Turbo sanguineus, Pleuro-~
toma maravigne, Cidaris hystrix.

7. Zone from 474 to 630 feet. Ground mostly
nulliporous. Plant, Nullipora. Amnimals,
Brachiopoda,' Rissoa reticulata, Pecten
similis, Echinus monilis.

8. Zone from 630 to 1,380 feet. Ground yellow
mud, full of remains of Pteropoda and
Foraminifera. No Plants. Animals, Den-
talium 5-angulare, Kellia abyssicola,
Ligula profundissima, Pecten Hoskynsi,
Ophiura abyssicola, Idmonea Alecto.

The study of the ‘ancient sea-margins,’ as
Mr. Chambers justly calls them, which the raised
beaches, and the terrace lines of watery action
often associated with them, indicate, is one of the
most curious parts of modern geology. They are
really of all geological ages; and by their help,
conjoined with the independent data regarding
depths of marine life furnished by such dredgings
and such reasonings as those of Forbes in the
Agean Sea, we shall find many parts of the hydro-
graphy of the Old World come more distinctly
into view, and afford standing points for those
philosophical views of the ancignt land and sea
at successive epochs, to which man is invited by

geology.
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CHAPTER VIIIL

LITHOLOGY.
——

THE composition of the stony crust of the earth
has for many years, especially in England, been but
lightly regarded by geologists, except in relation
to the organic remains which it includes. Yet
the mineral constitution of rocks offers matter
of research, which must be prosecuted by minera-
logists, and ought to be interesting to the geolo-
gist. It is, however, only within a few years that
chemists have been able to trace a clear road
through the perplexities of the silicates which
form so large a portion of the rocks of fusion ; and
bardly a longer period has elapsed since the com-
pletion of such a system of crystallography as to
render the recognition of minerals comparatively
sure. In the following remarks we shall mention
a few of the minerals which euter into the com-
position of rocks, such as appear most essential
for a student to know; and shall add short de-
scriptions, with figures, which may assist him in
Q2 :
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distinguishing them. Let him, however, obtain
specimens and examine them frequently ; for it is
a good rule in this, as, indeed, in all parts of na-
tural history—

Nocturni versare manu, versare diurné.

The characters by which the student of rocks
will most easily recognise their mineral comsti-
tuents are: 1. The crystalline form, colour, and -
optical peculiarities ; 2. The specific gravity;
3. The degree of hardness on the following
scale :—

Diamond . . 10 | Apatite . ]
Corundum 9 | Fluor spar 4
Topaz . 8| Calcareous spar 8
Quartz . 7 | Selenite 2
Orthoclase 6 | Tale 1.

4. The action of the blowpipe, marking the
degree of fusibility and the product of fusion;
5. The action of chemical reagents, especially
nitric and hydrochloric acids.

PLUTONIC ROCKS.

Mostly formed under the heavy pressure of
thick strata or deep sea, these silicates of the
alkalies and earths appear in a variety of forms,
which may be understood by help of a diagram
like that annexed.
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G is granite below the metamorphic strata M, into which it
throws veins v. A dyke of porphyry, p, passes through the
metamorphic rocks into the granite ; and a mineral vein, V,
traverses the strata S; greenstone is marked d where itis a
dyke, ¢ where it is interposed, and o where it isoverlying.

The difference between these rocks and ordi-
nary volcanic accumulations depends probably
on the subaerial consolidation of the latter, which
thus on the whole have less compactness of texture,
more frequent cavities, and a larger proportion of
ashes gathered in conical forms round centres
of eruption. Could we examine the deep founda-
tions of volcanic energy, probably the rocks there
solidified from fusion might closely resemble the
older gifts of subterranean heat which we call
greenstones, porphyries and granites.

The affinity of the ancient plutonic and the
modern volcanic rocks may be illustrated by
placing some of each division in a general scheme
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of classification suited to both. This scheme is
founded on the predominance of one or other of
two groups of minerals—felspar and its highly
silicated allies, and hornblende and its associates,
with lower proportions of silica.

Plutonic division.
Felstone
Porphyritic Gra-

nite
Pitchstone
Eurite

Silica 60 to 80
per cent.

Volcanic division.

chyte
Obsidian
Domite

Felspathic Order. {g}j;‘p‘fy*‘r’ft;’é Tra.

Hornblendic or

‘Whinstone

Greenstone { Anugitic Order. }Doleriw

Silica 45 to 56

Basalt

per cent.*

Not less clearly appear the general affinity
and the special difference of these rocks if we
attend to their textures, as in the subjoined com-

parison :—

Plutonic.
Mostly crystallised.
Sometimes fine-grained.
Rarely cellular.
Rarely glassy.
Porphyry frequent.
Amygdaloid rare.
Ashes rare.

Volcanic.
Often crystallised.
Often fine-grained.
Often cellular.
Sometimes glassy.
Porphyry rare.t
Amygdaloid frequent.
Ashes abundant.

* The proportions of silica are from Cotta’s ¢ Gesteins-

lehre.

+ Exceptions occur where the deeper parts of the volcanic
masses have been brought up to the surface; as in Mont

Dor and Mexico,
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By the study of modern volecanic rocks, con-
solidated under different degrees of pressure and
different rates of cooling, by experiments under
like conditions, and by observation of old plutonic
rocks in large masses and small veins, it is con-
cluded that from one given mass of fused mineral
matter might be derived largely crystallised rocks
like granite, or a more compact mass like por-
phyry or felstone, or a glassy product like pitch-
stone, or vesicular and fibrous masses like
amygdaloid and pumice-stone. The various tex-
tures of plutonic rocks, now to be mentioned, do
not then show so much original peculiarities of
mineral and of chemical nature as differences of
conditions under which they were consolidated.

Granite, the most abundant of the felspathic
order of plutonic rocks, is worthy of even more
careful and prolonged study than its conspicuous
beauty has secured for it. Itisa mass of felspar,
quartz, and mica crystallised together. The
quartz, an essential part of the compound, seems
rarely to be crystallised in freedom, but to fill up
spaces among the other minerals. The mica is
found penetrating with its six-sided plates and short
prisms both the quartz and the felspar. When
cavities occur, each of these minerals may be seen
freely crystallised on the walls of the cavity,
sometimes with topaz and beryl. The felspar is
generally of the kind called orthoclase, with three
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cleavages and containing potash. In other ex-
amples it is albite, with soda; and a third sort
called oligoclase, with less distinct cleavage, is re-
cognised, especially in Norwegian granites. Tour-
maline is common in Cornish granites, and garnet
in those of Ross-shire.

The quartz is usually gray and translucent ;
the mica black, or of a pearly white; the felspar
red, white, or greenish, rarely translucent, except
in thin flakes. Some of the most durable granites
are polished at Aberdeen. The specific gravity of
granite is about 2:65. The per-centage of silica in
the aggregate is about 75.

Porphyritic granite of Shap Fell. The large crystals are ortho-
clase, the black is mica, the gray parts quartz.

The mica sometimes becomes very scanty or
entirely fails, leaving a binary granite which has
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been called aplite. When the quartz appears in
angular masses, surrounded by largely crystal-
" lised felspar, the rock is called graphic granite
or pegmatite. If, in addition to the ordinary
granular mixture of the minerals, large scattered
crystals of orthoclase occur, the rock is called
porphyritic granite. A fine example occurs at
Shap Fell, and others in Ben Nevis, Cornwall, &c.
Veins pass from all varieties of granite.

Eurite, the Whitestone of Werner, is a very fine-
grained granular mixture of felspar and quartz,
with variable, sometimes very small, proportions
of mica. It occurs in contemporaneous veins, or
segregated masses, in ordinary granite, as at
Dalkey. Specific gravity as granite.

Elvanite, with crystals of orthocnse, quartz, and mica.
Elvanite, a Cornish rock composed of granular

Google
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or compact felspar, mixed with quartz; distinct
crystals of felspar and quartz and even mica ap-
pear in the compact varieties, so that it is a sort
of granite porphyry, and is probably associated
with, or a ramification from, granite. An allied
rock occurs red in Dufton Pike, with large crystals
of mica. Specific gravity as granite.

Felstone, including the ¢compact felspar’ of
MacCulloch, and other mixtures of quartz and
felspar, not distinctly crystallised, is a very
common rock, often occurring as a metamor-
phic product among old slaty deposits; as under
Helvellyn and Cader Idris. It varies in the pro-
portion of silica, but is usually richer in that
substance than granite, sometimes containing
above eighty per cent.* Imperfect crystals of
felspar appear in some examples, perfect crystals
in others, thus producing a true porphyry. Less
common are the concretionary textures, called
amygdaloidal. The more siliceous and less fusible
varieties have received the name of hornstone.
Specific gravity, 2°6.

Claystone has a basis of uncrystallised, granular,
almost earthy felspar, with or without crystals of
felspar, quartz, and rarely mica, embedded. It
occurs of red, yellow, and gray tints in the Isle of
Arran, forming numerous dykes, with prisms at

* Haughton in ¢Jukes’s Manual,’ p. 71, 2nd ed.
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right angles to the bounding surfaces. On the
western side, the rock is porphyritic, with abun~
dance of included felspar ; amygdaloidal textures
also occur. Specific gravity, 2+2 to 2.6.
Pitchstone, a glassy felspathic rock, with or
without crystals of felspar, and small spherulitic
concretions. This interesting rock occurs in the
Isle of Arran, in dykes and interposed masses of
green, reddish, or black tints, and often assumes
the prismatic structure. In the island of Eigg it
is largely porphyritic. It contains a notable
quantity of water. Specific gravity, 2:3 to 2-6.
The three rocks named felstone, claystone, and
pitchstone, each becoming porphyritic, have great
natural affinity. They conduct to elvam, as this
to eurite and granite; and may all be entitled
¢ Felspathic Traps,” to mark their frequent occur-
rence in dykes and interposed beds, rather than
in huge amorphous masses like granite.
Porphyry, from what has been said, is usually
formed by the occurrence of separate crystals in
an uncrystallised base of felstone. Thus the dark
red rock of Ulfdalen, with its felspar crystals ; the
beautiful pale red dykes of Armboth Fell, near
Thirlmere, with its crystals of felspar and quartz;
the fine pale stone of Bodmin, with crystals of
felspar, quartz, and mica, as well as the celebrated
verde antico, come within the modern notion of
porphyry, though only the first might have been.
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acknowledged by the ancients. Granites and
greenstones also become porphyritic, and perhaps
it will eventually be found best to employ the
adjective in a scientific, and the substantive in a
popular sense. We shall then have porphyritic
varieties of every felspathic rock.

Syenite, which commences the hornblendic
order, if we take the rock of Syene for type, is
granite with hornblende added, the quartz and
mica being reduced in amount, the latter some-
times absent. It is not a satisfactory term; too
great a latitude has been allowed in the use of it;
too little conformity of usage has been observed
by the geologists of Germany and England.
Orthoclase felspar and hornblende distinctly crys-
tallised together, with variable admixtures of
mica, quartz, epidote, titanite, and oxidulous iron,
would be called syenite; the felspar is usually
red or white. This occurs in the Malvern Hills,
Charnwood Forest, and Carrock Fell, with various
compounds of a granitic aspect, and masses of
rich hornblende mixed with a small quantity of
felspar. No veins pass from these hornblendic
syenites into the stratified rocks of Malvern. The
specific gravity of the syenite of Charnwood
Forest is about 2:8. In Norway occurs the re-
markable variety called Zircon syenite. The
geological history of the more quartzose syenite
is the same as that of granite —the syenites with
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larger proportions of hornblende have more affi-
nity with greenstones.
Greenstone * follows naturally the syenitic

Dia. 18.

Amygdaloidal greenstone,

* Consult Cotta, ¢Gesteinslehre,” 1862; and Jukes's
¢ Manual,’ 2nd ed.
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rocks, and has a more positively basic character
of its silicates, and a smaller per-centage of silica.
If we regard it as a family of rocks, it may in-
clude nearly all the various mixtures of felspars
distinct from orthoclase, with hornblende, and
some analogous minerals. It seems convenient,
however, to employ special terms for some of
these mixtures, which are commonly known as
trap, and occur in dykes and overlying and inter-
posed masses.

Hypersthenite is a mixture of the felspar
called labradorite with the variety of hornblende
called hypersthene, in small or large crystallisa-
tion, with titanite, magnetite, iron ore, garnet,
&c. In some Swedish rocks called norite, the
felspar is said to be orthoclase, and in the Valte-
line it seems to graduate toward syenite. The
specific gravity is about 3:00. The silica is about
50 per cent. The Isle of Skye is the best ex-
ample in the British Isles.

Diallage Rock differs from the preceding only
by the small distinction of the variety of horn-
blende which it contains. It occurs in the Lizard
district of Cornwall. The Italians call the rock
gabbro; the French, euphotide.

Serpentinite, treated by many geologists as a
metamorphic rock, seems, however, by its abun-
dantly contained diallage or bronzite, to claim a
place near Diallage Rock, with which it is asso-
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ciated in Cornwall. It does not seem to be the
talcose mineral called serpentine which encloses
the diallage, but rather a soft felspathic substance
often traversed by veins of steatite. In the Lizard
district, no true stratification can be traced in it,
nor is there any ordinary cause of metamorphism
traceable, In the Pyrenees, Apennines, and Cor-
sica it is common. The proportion of silica is
about 40 per cent.

Diorite is the French term for a simple green-
stone, composed of some other felspar than ortho-
clase, and common hornblende, The orbicular
greenstone of Corsica shows a singular segregation
of the minerals in concentric zones. The crystal-
lisation so evident in this variety is much less so
in other cases, but, according to our own observa-~
tion, always traceable. The specific gravity is
about 2:9; the per-centage of silica about 50.
This is a frequent rock in the dykes and seeming
beds in the Pal®ozoic strata; Arthur’s Seat and
Salisbury Craig contain it. It commonly encloses
sulphide of iron.

Melaphyre is a name of Brongniart’s, the apph-
cation of which to hornblendic rocks is much too
vague to be satisfactory. It may perhaps be em-
ployed to collect into one group many varieties
of rock less crystallised than diorites, and less
simple in texture. It may thus admit the rock
of Fassa-thal, with its crystals of augite ; the amyg-
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daloidal traps of Scotland and Oberstein; and
the less compact whinstones of Durham and
Northumberland.

Diabase is a name given by Brongniart,'t'o
which Cotta assigns the greenstones, with a fine-
grained crystalline mixture of some felspar not
orthoclase, with augite, and some chlorite. The
texture is sometimes porphyritic and sometimes
amygdaloidal. It contains magnetic iron ore,
and sulphide of irom, besides calcite and other
minerals, in cavities of the amygdaloidal varieties.

Aphanite, a dark greenish rock, which appears
to be of the same composition as diabase, but so
very close-grained that the constituent minerals
can hardly be distinguished. It occasionally con-
tains distinct crystals, of felspar, hornblende, or
augite, and encloses cavities or concretions with
calcite or zeolites. It bears to the obviously cry-
stallised greenstones the same relations as basalt
to dolerite.

In the composition of Plutonic rocks the mine-
rals most essential to be known are grouped under
a few families which may now be noticed.

Quartz is a compound of one atom of silicon,
and two atoms of oxygen ; giving silicon 46+7 and
oxygen 533 per cent. Its crystalline system is
rhombohedral, and one of the most usual forms
a six-sided prism, with pyramidal summit ; colour
various, but in granite transparent. Specific
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gravity, 2:65. Hardness, such as to seratch glass
very easily. Infusible before the blowpipe. In-
soluble in acids.

a. Crystal from the granite of Mourne mountains.
6. From Leitrim. a and b parallel to the axis.
¢. Pyramidal termination of b,

Felspar is the family name of several minerals
which contain a silicate of alumina combined
with another silicate, the base of which may be
potash, or soda, or lime, or two of these. The
crystals always belong to the oblique, or else the
doubly oblique system. Their specific gravity
varies in the different species, but is always
between 25 and 2'8. Hardness, 6. They are all
fusible by the blowpipe, and insoluble in acids.

Orthoclase (6pfos, right, and xAdw, to cleave),
is a compound of trisilicate of potash and mono-
silicate of alumina, one equivalent each, yielding
silica, 65-35 ; potash, 16'59; and alumina, 18-06.
Its crystals are of the oblique prismatic system,

R
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and show three clear cleavages. The glassy
variety in volcanic rocks is called Sanidine,

Dua. 21.

TN

a / ¢

>

a. Prismatic crystal of orthoclase from granite of Arran.

b. Glassy felspar from Drachenfels, showing the striation, on &
plane perpendicular to that seen in a.

¢. Terminal planes of a.

Albite, named from its frequently white colour,
differs from orthoclase, chemically, by containing
soda, instead of potash, and in crystallisation by
its assuming the doubly oblique prism, which,
however, is nearly alike to that of orthoclase.

The diagrams above given, especially a and ¢,
would suit almost equally well for albite; the
difference being the want of exact rectangularity
in albite, in those planes which are rectangular in
orthoclase.

~ Oligoclase (oAuyos, little, and sAaw, to cleave),
is less easily cleavable than orthoclase, and differs
chemically from it and albite, by not containing
a trisilicate. Its composition is—silica, 630 ; alu-
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mina, 23; soda, &c., 14. Its crystals have the
same angles as those of albite.

Labradorite is a compound of silicates of alu-
mina, lime, and soda, yielding silica, 53:69, alu-
mina, 29°68 ; lime, 12:13; and soda, 450 ; thus
appearing to be the poorest in silica of the felspars
now described. Its crystals conform to the same
oblique prism as albite. Specific gravity, 2:68—
2:'74. Rhyacolite has a similar composition, but
belongs to the oblique system.

. Mica.—Of this brilliant mineral, there are
several kinds, and many colours. One of the

Dia. 22.

===

a. Six-sided table of Mica; b. the same seen edgeways,

most common in granite, now called Muscovite,

is composed of trisilicate of potash, and a basic

gilicate of alumina — yielding about 48 silica,

37 alumina, 10 potash, and 5 oxide of iron. It

‘crystallises in short, six-sided oblique prisms,

with cleavages parallel to the terminal planes.
R 2
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Specific gravity, 2'7-3'1. Hardness, 2—3.
Fusible. Insoluble.

Margarodite, a white mica, occasionally found
in granites, differs not much in composition from
ordinary mica, but has rather less silica.

Lepidomelane, or black mica, has still less silica,
contains more of oxide of iron than of alumina,
and is uniaxial for light. Its specific gravity is
3-0.

Chlorite, a green mineral which occurs in
tabular, six-sided crystals, is supposed to replace
mica in some granites. It occurs also in meta-
morphic rocks and in mineral veins. It contains
about 30 per cent. of silica ; specific gravity, about
2:8. Hardness, 2.

Hornblende includes several compound silicates,
in which magnesia, lime, iron, and alumina occur

Dia. 23.

a !
!

e <

a. The oblique six-sided prism, presenting two adjacent simiiar

faces : , the same seen at right angles to a. ¢, the terminal
faces of the prism.

as bases, in variable proportions. The silica
in magnesian and caleareous silicates is quoted
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as high as 60 per cent.; in some others with iron
and alumina for bases, as low as 40. Its crystals
follow the oblique system. Their specific gravity
is about 3-2 ; their hardness, 5'5. Easily fusible;
not soluble in acids.
Tourmaline is a very compound silicate, in which
“the principal base is alumina, and one of the

Di1a. 24,

Striated prism of Tourmaline.

common ingredients is boracic acid, which is a local
product of volcanoes. Silica, 36—42; alumina,
30—44 ; boracic acid, 6—10; withsoda, oxide of
iron, manganese, &c. Crystallisation, rhombo-
hedral ; a frequent form being a six-sided prism,
(often striated) with trihedral or hexahedral sum-
mit. Colour, black, and of several other tints.
Specific gravity, 3—3-2. Hardness, between fel-
spar and quartz. Acquires electricity by friction
and heat. Fusible and swelling up under the
. blow-pipe. .

Zircon is a silicate of zirconia, nearly pure,
yielding silica, 33+7 ; and zirconia, 66:3. Crys-
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tallisation, square prismatic, or square pyramidal,
with brilliant faces; colour, of a reddish-gray or

Dia. 25.

L 4

a. Square prism, with four terminal faces.

b. Octahedral crystal
yellow ; specific gravity, above 4:0. Hardness, 75,
exceeding that of quartz. Infusible by the blow-
pipe. It occurs in the syenite of Norway, and the
granite of Criffel, in basalt on the Rhine, and in
gneiss near Stockholm.

Epidote (#miSoots, augmentation) is a double

silicate of alumina and lime, with small quantities

Dus. 26.

il

Striated prism with two terminal faces.

of oxide of iron, magnesia, &c.; silica about 40
per cent., alumina about 30, lime, oxide of iron,
and oxide of manganese (in variable proportion),
about 30 per cent.
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Crystallisation, a slightly oblique rhombic prism,
often much elongated, with striated sides and
dihedral summit ; colour often green; lustre bril-
liant. Specific gravity, 3-2 to 3:5. Hardness,
between felspar and quartz: fusible. Prehnite
differsin composition from epidote chiefly by con-
taining water ; its system of crystallisation is the
right rhombic prism.

VOLCANIC ROCKS.

The lava currents (coulées) which issue from a
burning mountain are completely fluid mineral
compounds, which, according to circumstances
affecting them after their eruption, solidify into
glassy, cellular, compact, or crystalline rocks.
Rapid cooling of lava leaves it a glass; slow cool--

Dra. 27.

Lava from Vesuvius, with crystals of leucite and augite.

ing, a crystalline rock ;. gaseous extrications make
it a cellular mass. It is found that lava solidified
under water, that is, under the pressure of water,

~

:00QqI1¢C
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is less cellular and more dense than parts of the
same current which were indurated in the air.
Hence we see that the rate of cooling and the
degree of pressure control in a remarkable degree
the condensation of lava, and determine some of
its most general characters.

The chemical composition of lava is generally
such as to give origin to abundance of glassy
felspar, or of augite with felspar. The felspar is
composed of silica, 65 ; alumina, 15—17 ; potash,
13—15. The augite, of 50 silica, 24 lime, 12
to 28 oxide of iron, &c. As an intermediate
case, the compact lava of Catania and Calabria
yields 51 silica, 19 alumina, 10 lime, 4 soda, 14
oxide of iron, 1 muriatic acid. Basalt is an au-
gitic lava, generally consisting of about 46 silica,
16+5 alumina, 9 lime, 20 oxide of iron, and 3 or 4
soda. Trachyte is a felspathic rock. Between
trachyte and basalt are innumerable varieties,
depending on the proportions of augite and fel-
spar, and on the admixture of olivine, oxide of
iron, hornblende, quartz, and many other mine-
rals.

Many volcanoes have yielded, as superficial
products, both basalt and trachytic lava; but the
far greater portion of basaltic rocks has been
formed in subterranean or subaqueous sheets, and
subsequently elevated with the strata; the same
is supposed by some writers to be the case with
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the trachytes of the Mont Dor and some other
localities.

SITUATIONS OF ACTIVE VOLCANOES.

In European Islands and Sea-coasts. Ftna,
Vesuvius, Stromboli, Vulcano ; several in Iceland ;
Jan Mayen, Santorino.

In African Islands. Teneriffe, Lanzerote,
Cape Verd Isles, Azores, Isle of Bourbon, Mada-
gascar.

In Asia. On the Continent: Demavend,
Kamschatka. In the Islands: Zibbel Teir (Red
Sea), an Island in the Sea of Azof, Aleutian Is-
lands, Kurile Islands, Japan, Loo Choo, Formosa,
Lugon, Fugo, Mindanao, Celebes, Ternate, Fidore,
Sumbawa, Java, Sumatra, Barren Island, Banda,
New Guinea, New Britain, New Ireland, Friendly
Islands, Society Islands, Ladrone Islands.

In America. The Continent: North California,
Mexico, Nicaragua, Guatemala, Colombia, Peru,
Chili. West Indian Islands, Galapagos.

The principal volcanic accumulations are ashes,
scori, and ejected stones, forming the cone of the
crater; ashes, and other ejecta, accumulated by
rivers and in lakes; lava currents solidified on
land, in lakes, and in the sea. These deposits
may alternate.*

* Consult Daubeny on Volcanoes.
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Taking these in the same order as their plu-
tonic rivals, we have, first, those felspathic lavas,
rich in silica to the extent of 60 or 70 per
cent., and commence with trachyte, an abundant
product of the old volcanoes of Auvergne, which
derives its name from 7Tpayvs, signifying rough.
It is a confusedly crystalline mass of oligoclase, or
of glassy orthoclase, with small additions of horn-
blende or augite,and dark mica—and often titanite
and magnetic iron ore. With large imbedded crys-
tals of sanidine, or glassy orthoclase, it constitutes
the porphyritic trachyte of the Drachenfels:
in a fine equal grained oligoclastic mass, it makes
the domite of Auvergne. Largely grained, it has
a loose granitic aspect in the Mont Dor. Some
cases occur of the formation of small spherical
concretions instead of crystals in trachyte; it is
occasionally compact, sometimes cellular. Silica,
about 70 per cent. Specific gravity, about 2-3.

Pearlstone is of nearly the same ultimate com-
position as trachyte; but is full of globular, ad-
herent, semivitreous concretions, of very minute
or considerable size. Hungary gives a variety of
examples,

Clinkstone, or phonolite, is a compact felspathic
mass, divisible into thin lamine, which rings
when struck. It appears to contain a notable
quantity of water. Silica, about 60 per cent.

™, Obsidian is the glass of trachytic rocks, pro-
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bably cooled under conditions unfavourable to
crystallisation of the constituents. Crystals of
felspar do, however, appear in it occasionally.
Ascension Isle yields fine dark obsidian. It occurs
also green, and of a pale tint. Silica, about
70 per cent.

Pumice is volcanic glass expanded into a
network of cells and filaments, by gases or steam
extricated from the fused mass of obsidian.

Trachydolerite is a term employed by some
writers to mark some of the varieties of lava
intermediate between the highly silicated tra-
chytes, and the basic or poorly silicated dolerites.
It has no definite characters,

Proceeding now to the hornblendic and augitic
division, we first notice the black or gray rocks
called dolerite, composed of a granular mixture of
crystallised felspar (usually labradorite), and au-
gite, with occasional admixture of titaniferous
oxide of iron, zeolites, and other materials. The
texture is even, or cellular, amygdaloidal, or por-
phyritic. Much of the dark, cellular lava of the
old volcanoes of central France is of this rock.
Thelabradorite issometimes replaced by nepheline,
and is then called nepheline-dolerite. It is sup-
posed to be common among plutonic, as well as
voleanic rocks.

Basalt is distinguishable from dolerite only by
its compact texture, and the cross jointing of its
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prisms. Olivine, with zeolite and other minerals,
including carbonate of lime, occurs in basalt. The
Isle of Staffa and the Giant’s Causeway offer the
best examples. The name of anamesite has been
given to varieties intermediate between dolerite
and basalt. A peculiar lava, more common in the
old ejections of Somma than in the modern cur-
rents from Vesuvius, is called leucite rock by
Abich and others. Leucite mixed with augite is
the basis of the mass, which is often enriched by
large separate 24-hedral crystals of leucite. It
is sometimes cellular and amygdaloidal.

Volcanic rocks in a decomposed earthy state
have received the name of wacké. In some cases
materials of this kind, or ashes, have been reag-
gregated, in irregularly bedded shapes, as in the
Calton Hill, Edinburgh. The rock is usually
traversed by strings, and filled with nodules, of
calcareous spar, chalcedony, and quartz, and be-
comes what is ordinarily called amygdaloid.

The products of volcanic action are either blown
into the air by the explosive gases and vapours
which accompany a volcanic eruption, and fall as
dust, ashes, scoriz, and stones ; or are poured out in
astream of melted rock from the summit, or more
generally the flanks, of the volcano. In conse-
quence of the explosive force being directed nearly
vertically, and the ashes falling on all sides
equally round the aperture, the hills of scorie,
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ashes, &c., accumulated round a volcanic vent,
are always conical. Whether lava currents issue
from the apex or the side, they merely cause a
slight irregularity in the figure; but a new ex-
plosive vent opening toward the base of the
mountain may throw up a new hill. Thus several
cones on the flanks of Atna have been thrown
up. :
Heavy rains often accompany volcanic erup-
tions. These may sweep down the falling clouds
of ashes to some plain or other repository in
enormous quantities: thus, probably, the city of
Herculaneum was buried, while Pompeii and
Stabiee were overwhelmed with dry ashes. The
volcanic ashes deposited in lakes and hollows
form what is called volcanic tuff; at Naples, puz-
zolana ; on the Rhine, trass. The loose stones,
scorie, ashes, &c., thrown into the air by a vol-
cano, are generally of the same mineral com-
position as the lava currents, and are probably
derived from the melted rocks within the crater,
acted on by steam and gaseous expansion. It
is evident that such ejections may happen from
beneath the sea or lakes, but the depth of the
ocean and other circumstances seldom permit
their appearance. The short-lived island of Sci-
acca, on the Sicilian coast (1831), threw up a vast
heap of scoriee, &c., probably from a depth of
above 100 fathoms in the sea. These loose ma-
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terials, subsequently agitated in the water, and
collected on the bed of the sea into irregular
strata, will, probably, constitute a marine puzzo-
lana, or volcanic sandstone, which may or may
not contain marine shells.

Most of the minerals already mentioned, as of
frequent occurrence in plutonic rocks, also ocecur
in the volcanic series, with others less common in
the older rocks. Among these may be mentioned
nepheline, augite, leucite, olivine, several zeolites,
specular iron ore.

Augite, like hornblende, is a compound silicate,
the most prevalent bases being lime and mag-
nesia. The oxides of iron and manganese and

Dia. 28.

0 <@ [

a. Usual aspect of a crystal of augite.
b. The same seen at right angles to a.
¢. The dihedral summit of the obligue prism,

alumina also occur, and sometimes in large pro-
portions. The proportion of silica is least when
these three bases prevail, viz.,, 48 ; and greatest
when they are absent, viz., 56. The crystalline
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system is oblique; the colours black, green, gray,
or white. Fusible, insoluble; specific gravity,
3-2—3-5. Hardness, 5—6.

Hypersthene, diallage, and bronzite have the
crystalline forms of augite, and no essential dif-
ference of chemical composition.

Olivine is essentially a double silicate of magnesia
and oxide of iron, with 40 per ceut. of silica; it
crystallises in the rhombic system, and when
transparent is called chrysolite, but is generally in
uncrystallised masses. Colour, usually of a light
yellowish green. Specific gravity, 3'3 to 3-5.
Hardness, 6—7.

Leucite is a double silicate of alumina and
potash, with 56 per cent. of silica. It crystal-
lises in the form of a regular 24-hedron. Colour,
pale gray. Specific gravity, 2'4. Hardness, 55

Dia. 29.

—60. Very difficult of fusion. Soluble in hy-
drochloric acid. Abundant in some Vesuvian
lavas.

Zeolitic minerals are a considerable family of
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silicates holding water ; they occur in the horn-
blendic division of plutonic rocks, and in the au-
gitic division of volcanic products.

Analcime is a double silicate of alumina and
soda, with water, yielding silica 55 per cent.,
and water, 8. It crystallises in the cubical
gystem. Generally of light reddish tint. Specific
gravity, 2:1. Hardness, 5:5. Dissolves and ge-
latinises in hydrochloric acid. Lines cavities in
amygdaloid.

Dia. 30.

Natrolite oocupying an irregular cavity in amygdaloid, with
detached crystals of chabasite—Giant’s Causeway. !

Natrolite or mesotype is of nearly similar com-
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position to analcime, but with only 48 parts of
silica. It dissolves and gelatinises in hydrochloric
acid. It forms elongated crystals of the rhombic
system. Colour, pale. Specific gravity, 2-2.
Hardness, 5—55. Occurs in cavities of rocks.

Scolezite or needlestone differs from the pre-
ceding chiefly by containing lime instead of soda.
It crystallises in slightly oblique rhombic prisms.
Specific gravity, 2:2. Hardness, 5—55. Occurs
in amygdaloidal cavities, Faroé Islands, Giant’s
Causeway.

For other zeolites, as stilbite, chabasite, harmo-
tome, Heulandite, apophyllite, Laumonite, and
Thomsonite, which also occur in cavities of rocks,
we must refer to treatises on Mineralogy, as
also for prehnite and nepheline, which have ana--
logy with the zeolites.

METALLIC DEPOSITS.

In particular tracts of country certain metals
occur abundantly, either native, alloyed, or united
with sulphur, oxygen, and acids; and singly, orin
connexion with other metals. Certain associations
of metallic substances are known ; as of iron and
copper, lead and zinc, tin and copper. It gene-
rally happens that sulphurets occur together,
frequently at great depths; carbonates, phos-
phates, arseniates, &c. together, often in the upper

8
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parts of veins, which have undergone change by
exposure to air and water. It is seldom that
metallic substances occur unmixed with rock
minerals: these are sometimes characteristically
associated with certain metals.

Excepting ironstone, which is an aqueous de-
posit of carbonate of iron, red oxide of ironm,
which fills irregular cavities in limestone, and
sulphide of copper in the copper-slate of Thu-
ringia, metallic deposits rarely form or occur
in beds. Most commonly they occur in veins
which fill far-extended vertical or inclined fis-
sures of the preconsolidated rocks, and in other
veins which are contemporaneous with the rocks.
In some veins (PL IV. fig. 12, v.) (called rake
veins) the metallic substances mixed with various
rock minerals, all crystallised more or less dis-
tinctly, form vertical plates more or less regular,
the different ingredients alternating. (See Dia.
31.) In other veins (pipe veins), the metallic
and rocky substances are vertical or nearly so, but
restricted to narrow angular spaces, not fissures,
in the rocks. The particular rock minerals asso-
ciated with metallic substances in veins receive
the name of matrix or veinstuff: they vary, per-
haps, in some real relation to the period of their
production, and to the nature of the containing
rocks, but a certain independence of local charac-
ter seems always to be recognised. In Cornwall,

" and the slate districts of Wales and Cumberland,
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quartz is a common matrix; in the limestone
tracts of Derbyshire and Alston Moor, carbonate
and sulphate of barytes and fluor spar abound;

Dia. 31.

This represents a section across a vein of lead ore g, enclosed
between repeated vertical layers of fluor spar f, and sulphate of
baryta s, the whole contained between walls of limestone /.
At p are crystals of bisulphide of iron, or iron pyrites,

Digiized by Googlc
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the metallic substances sometimes lie in soft
earthy veinstuff, as at Greenhow Hill, Yorkshire,
and in Cornwall.

Metallic veins are not confined to any particular
tracts of country or any particular age of rocks,
*but yet they are by far most abundant along the
lines and about the centres of mountain eleva-
tions, and in strata of high geological antiquity.
No metallic vein has yet been worked in the
British islands in strata above the triassic system.
In almost every instance their origin is somehow
related to convulsive movements within the earth,
and to the development of igneous rocks. In
the Pyrenees and Central France, the metallic
veins are chiefly confined to a narrow zone round
the granitic and other pyrogenous rocks, and are
there produced in strata of various antiquity.
Rock dykes and metallic veins differ chiefly in
the nature of their contents; they have great
analogies of origin, but it is rare to find the
rock dykes yielding metallic treasures. In some
granitic districts, as Cornwall, metallic substances
have been aggregated by water from the decom-
posed masses of the rock. Thus tin, and gold in
grains and ¢nuggets,’” have been obtained by
washing the gravel of streams. As from early
times in Scythia (Oural), so now in California
and Australia, the ruins of quartzose and granitic
hills, collected in hollows and valleys, yield vast
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stores of gold; nor is Cardiganshire unproductive
of auriferous quartz.

There is a remarkable general fact concerning
minerdl veins, viz. that the most prevalent direc-
tion of those which are productive of metallic
treasures is from west to east nearly. This obtains
in the North of England and Derbyshire, in Wales,
Cornwall, Saxony, and most parts of Europe, and
in Mexico. Other directions are also character-
istic, as from north to south: but veins in these
lines are often less productive, and are generally
supposed to be of less ancient date, because they
cut through the east and west veins. These latter
are called right-running veins, the former cross-
courses.

In the mining districts of the North of England,
the cross-courses are parallel to the dislocations
along the Penine chain; the right-running veins
are nearly parallel to the two great faults which
pass from that chain to the east along the river
Tyne and through Craven. This dependence of
the direction of the veins upon that of the great
lines of convulsion isin harmony with observations
in other mining districts, and with the theoretical
deductions of Mr. Hopkins.

Another problem of great interest in the rea-
soning on the origin of mineral veins, is their
relation to the divisional planes or joints of rocks,
In the vicinity of Aldstone Moor, and parts of
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Yorkshire, the right-running veins and cross-
courses seem to be nearly coincident with the
predominant joints and fissures, one set of which
runs nearly ENE., another nearly NNW. In
Derbyshire the joints and principal veins form,
according to Mr. Hopkins, an angle of 25°. It is
desirable that this problem should be accurately
examined in different districts, among rocks of
different kinds and ages, and under different cir-
cumstances of position.

Metallic deposits are often found in the sub-
stance of the rocks bordering a vein, in sparry
nests and cavities, and in the hollows of shells.
These facts, combined with analogous results of
operations still in progress, indicate a tramsfer of
the metallic substances by electrical or other
subtle agency, even through a considerable mass
of rock.

Electricity, probably excited by unequal tem-
perature or chemical action, circulates along many
mineral veins. In the ¢Philosophical Transac-
tions’ for 1830 are the results of Mr. Fox’s
experiments on this subject.

The metallic products of the British Islands
amount in annual value to about sixteen millions,
The most important are irom, copper, lead, tin,
silver, zinc, gold.* Arsenic, manganese, cobalt,
nickel, tungsten, uranium, molybdenum, titanium,

* Mining Records of Geological Survey.
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bismuth, antimony, chromium, cadmium, also
occur in smaller quantities, or in minerals valued
only for cabinets. Platinum is also mentioned
in Wicklow, Jersey, and Kirkcudbright.

GOLD.

There are no gold ores, properly so called, in
Britain. Though the metal is widely distributed
in small quantities amongst many metallic and

Dia. 32.
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Microscopic crystals of native gold.

earthy substances, it is chiefly in quartz veins
or in the alluvial deposits of countries yielding
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quartz veins that gold is worked to profit. The
quartz veins of Gogofan were penetrated by the
Romans, who crushed the quartz and separated
the grains of gold. Near Dolgelli in Merionedd,
the researches of Mr. Readwin, with superior
mining processes, have been rewarded by more
considerable results.

SILVER.

Native silver occurs in Cornwall, and several
alloys, sulphurets and oxides of silver are found

Dia. 33.

Native silver.

there in larger quantity : but the greatest quan-
tity of silver obtained from British mines is se-
parated from lead. The process is cheap, so that
a few ounces only of silver to a ton of lead are



METALLIC DEPOSITS. 2635

worth the labour of extraction. The lead ores of
Wales are among the richest in silver.

Copper occurs native,and combined with sulphur,
oxygen, carbonic and other acids, in Pal®ozoic
strata, especially in Cornwall and some parts of

Dia. 34.
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Microscopic crystals of native copper, red oxide of copper,
and carbonate of copper.

Ireland, Wales, Westmoreland, Cumberland, and
Scotland. It is found, as a sulphuret and carbonate,
but not worked, in the magnesian limestone of
Yorkshire.

Lead occurs in the state of bisulphide, oxide,
carbonate, sulphate, phosphate, and other salts, in
most parts of the British Isles where Paleozoic
rocks occur— as Ireland, Cornwall, Devon, South
and North Wales, Derbyshire, Yorkshire, Cum-
berland, Durham, Northumberland, Scotland, and



266 LITHOLOGY.

the Isle of Man—in most parts, especially in the
Silurian and Cambrian districts, yielding a notable
portion of silver. It is hardly found at all in our

D1a. 35.

Cubo-octahedral crystal of

Mesozoic or Cnozoic strata; and it is principally
from the mountain limestone rocks, and from the
bisulphide, called galena, that the lead market
is supplied.

Zinc is found combined with sulphur (blende),
oxygen, and carbonic acid, in almost every lead-
bearing district of England; often making a con-

Dia. 36.

Tetrahedral crystal of blende.

siderable portion of the crystallised parts of the
veins in Alston Moor, and other districts of the
mountain limestone.

Tin ores constitute the most valuable products
of the mines of Cornwall and Devon, but are
scarcely found elsewhere in Britain. They were
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known before the Roman invasion. Onlyin a
few districts in Europe (Bohemia and Gallicia),

Dia. 37.

Oxide of tin—Cornwall.

is tin discovered in sufficient quantity to be worth
working. It has been known from very ancient
times in the East Indies.

Iron ores abound in veins in the British Isles
as sulphurets, oxides, and carbonates, but the
supply of our furnaces is chiefly from what may
be better called ¢ Ironstones ’—such as the earthy

Dia. 38.

Nodule of ironstone, with fern leaf.

carbonates common in our coal districts, in the
form of nodules, and the beds of calcareous stone
rich in oxide and peroxide of irom, in Yorkshire
and Northamptonshire. These beds vary from a
few inches to as much as sixteen feet in thickness,
and yield on an average about 30 per cent of



268 LITHOLOGY.

iron. The bed at Rosedale in Yorkshire, lying at
the hase of the inferior oolite, is much richer (40
and upwards per cent.), and is magnetic with fixed
polarity, though of oolitic texture and not crystal-
lised. Another source of abundant iron ore is
in the mountain limestone districts of North
Lancashire and West Cumberland. Here rich
and deep deposits of red peroxide of iron lie in
fissures, and singular openings and hollows of
the rocks, free from any impurity. The Mendip
Hills and some parts of North Devon contain
deposits somewhat like these, and probably of
the same age.

Spathose carbonate of iron occurs in sufficient
quantity in veins in Weardale to maintain the
works at Towlaw, where iron of pure quality is
carefully made from it, for special purposes.

The earthy minerals of most frequent occur-
rence in association with metallic substances in
veins, besides some which have been mentioned
in the rocks of fusion, as quartz and chlorite, are
sulphate of baryta and fluoride of calcium.

D1a. 29.

Sulphate of baryta (Dia. 39) consists of sul-
phuric acid, 34, and baryta, 66. Its crystalline
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forms are those of a right rhombic prism : they are
often extended in the tabular form given above,
and in more complicated shapes. Generally
transparent and colourless. Specific gravity, 46.
Hardness, 3-5. Insoluble in acids.

Fluoride of calcium—fluor spar—consists of
fluorine, 48, and calcium, 52. Crystalline forms,
cubical (Dia. 40.), octahedral, dodecahedral.

D1a. 40.

Colours, various, mostly transparent. Specific
gravity, 3:15. Hardness, 4. Soluble in acids.

METAMORPHIC ROCKS.

These variable compounds are probably best
arranged according to the analogies which they
offer to one or other of the groups already men-
tioned. First may be placed those extensive,
almost world-wide rocks often associated with
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granite, which suggested to M. Delesse® the idea
of ¢ general metamorphism ’ with aid of heat.

Gneiss consists of laminz either plane, undu-
lated, or contorted (see Dia. 7, p. 142). The
minerals composing it are felspar, mica, and
quartz, the ingredients of granite; or -felspar,
hornblende,and quartz, the components of syenite ;
and other mixtures related to these, pass under
the same name. The very ancient gneiss of the
Hebrides contains much hornblende.

Mica schist is constituted of mica and quartz,

Dia. 41.

Mica schist.

in plane, or undulated, or contorted laminz. Talc
and chlorite sometimes replace the mica, but this
is not so commonly the case as for the soft glisten-
ing micaceous surfaces to be mistaken for talc.

* Etudes sur le Métamorphisme des Roches, 1858,
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Garnets, staurolite, cyanite, and magnetite occur
in mica schist and talc schist.
Dra. 42.
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Mica schist with garnets.

Granular limestone is the altered crystalline

D1a. 43.

Tiree marble with augite, garnct, and quartz.

product of common limestone (or' chalk, as in
Ireland). It often shows plane, undulated, and
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contorted lamination, and contains garnet, crys-
tals of quartz, and augite. Serpentine often
abounds in it, and the rock then becomes
¢ ophiocalcite.’

Quartzite is the indurated and partially recrys-
tallised representative of common sandstone. It
often contains mica, and thus passes to a sort of
mica schist. In the Wrekin this rock prevails,
and illustrates ¢ local metamorphosis.’

Next follow more limited groups of rock, whose
origin is more easily traced to definite stratified
masses, which have undergone change of texture,
without obliteration of main structural features.
Such are very common in the district of the Eng-
lish lakes, on the borders of the granitic tracts of
Bootle, the Caldew Valley, and Wasdale Crag, as
well as in Helvellyn, and the mountains round
Scafell, far from any visible granite.

Hornblende schist, composed wholly or princi-
pally of lamellar crystals of dark hornblende,
occurs in the Hebrides, as a part of the gneiss
formation. It also appears near the granite of the
Skiddaw region, and in the Malvern Hills, in
bands and patches with felspar and quartz.

Chiastolite schist is very well exhibited in the
argillaceous slate series of Skiddaw, not far from
the granite — a case of local metamorphosis, by
which the crystals of chiastolite have been gene-
rated. '
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Felstone and felstone porphyry are common
products of local metamorphism, in Cumberland
and Wales (see p. 234).

Dia. 44.

Chiastolite in slate—Skiddaw.

Amygdaloidal slate occurs in Borrowdale, and
other valleys of the Lake district. The amygda-
loidal cavities indicate the action of heat: the
calcareous, chloritic, quartzose, and chalcedonic
substances which fill them are marks of subse-
quent, probably hot, watery infiltration.

Pyritous slate owes its peculiarity to chemical
actions set up along great lines of fracture (as at
Ingleton in Yorkshire), or near dykes and larger
masses of pyrogenous rock.

Metamorphism of the substance of portions of
stratified rocks, and of the organic remains which
they include, without destroying the texture of
either, are common. In this operation water was
the agent, sometimes warmed probably, but this
appears not to be a mecessary condition. Thus

T
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calcareous oolite is converted to carbonate and
oxide of iron; corals and shells are silicified ; the
tissues of wood are changed to calcareous spar or
silica, or sulphuret of iron, which also sometimes
replaces the mingled carbonate and phosphate of
lime in Saurian bones.

In the study of metamorphic rocks the minerals
most essential to be known, in addition to those
already referred to as characteristic of plutonic
and volcanic rocks, are now to be mentioned.

Garnet is a double silicate, with bases of alu-
mina, iron, and lime—the silica being about 40
per cent., the bases in variable proportions.

Crystallisation on the regular system, mostly in

Dua. 46.

@

Gamet from the Slmplon.
d b Trihedral summit.

the form of the dodecahedron, with equal rhom-
boidal faces, and brilliant lustre. Colour, various,
in rocks usually red. Specific gravity, about 4-0.
Hardness, about equal to quartz. Fusible. Com-
mon in mica schist, and gneiss, not unfrequent in
metamorphic felstones, greenstones, and lime-
stones.
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Andalusite is a silicate of alumina, nearly pure,
yielding silica, about 40, and alumina, about 60.
Crystallisation in a right nearly square prism, with.
plane and dihedral summit. Of a grey or brown

Dia. 46.

Andalusite, in four-sided prism, with pyramidal summit.

colour. Specific gravity, 3:2. Hardness, exceed-
ing that of quartz. Infusible by the blow-pipe.
This mineral is, perhaps, identical with chiastolite,

Dia. 47,

Chiastolite from Spain,

and offers close analogies of composition with
cyanite, fibrolite, killinite, and staurolite, which
T2
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are also found in the same metamorphic rocks,
viz. mica schist, talc schist, &c.

Chiastolite is a silicate of alumina, like anda-
lusite, and has the same crystalline forms, with
the singularity of a cruciform internal structure.
Occurs in those parts of the clay slates of Skiddaw
which are not far removed from granite.

Staurolite (oravpés, a cross), a double silicate of
alumina and iron, with from 30 to 40 per cent. of

Dia. 48.

a

Staurolite—two aspects of the prism.

gilica. Crystallisation, a right rhombic prism,
with the acute edges replaced, the prisms often
crossing at right angles. Colour, brown. Specific
gravity, 3-5 to 3-8. Hardly fusible by the blow-
pipe. Occurs in mica schist.

Magnetite, a compound of oxide and peroxide
of iron; about 30 of the former with 70 of the
latter. It crystallises in the regular octahedron,
with many variations. = Colour, usually black.



METAMORPHIC ROCKS. 277

Specific gravity, about 50 Hardness, less than
felspar. Hardly fusible by the blow-pipe, losing

.dim

Dua. 49.

N

Magnetite in regular octahedral crystals—one having enlarged faces.
its magnetic property. Occurs in gneiss, mica
schist, syenite, greenstone, &c.

Bisulphide of iron, or common iron pyrites, a
compound of sulphur, 53, and iron, 47, nearly.
Crystallisation, cubical, octahedral, dodecahedral,

@ dodecahedral pyrites. b Cubic (striated).

with many modifications, and macles. Metallic
aspect, often yellow. Specific gravity, about 5-0.
Hardness, 6. Gives off sulphur before the blow-
pipe.

A very common mineral in locally metamorphic
rocks, as in shales near dykes of basalt, in slate,
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and in limestone; also in greenstones and in
granite. It is equally common in mineral veins,
and in aqueous deposits of all ages.

Graphite is carbon with variable admixtures of
iron and earths. It crystallises in hexagonal
prisms or plates, but is generally found in small
irregular masses or in irregular veins. Occurs in
Borrowdale, in slate rocks which have undergone
some change, and in gneiss with garnets in Inver-
ness-shire.

ROCKS FORMED IN WATER.

The stratified deposits, with many associated
concretionary masses, offer a field of study not
less interesting than that which includes the rocks
of fusion. They may be ranked in three divisions.
The first includes mineral substances brought
by exterior agencies into water, and therein
dropped as sediments: as conglomerate, sand-
stone, clay. The second division contains sub-
stances separated from solution in the water in a
crystallised or concretionary state: as sulphate
of lime, phosphate of lime, carbonate of lime,
carbonate of iron, chloride of sodium. The third,
of organic origin, may be regarded in groups: as
corals, shells, and other marine exuvie; shells of
freshwater mollusks; and land plants converted
to coal.
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To the first division belong the rocks called
breccia, derived from preconsolidated rocks, the
fragments of which are cemented together. They
are in general of very limited extent ; formed, it is
probable, on the edges of wasting cliffs, in water
not much agitated. They are mostly calcareous,
and have a calcareous cement, but some flint
breccias occur. _

Conglomerates are composed of worn fragments
of preconsolidated rocks. They are of frequent
occurrence in almost every congiderable series of
strata, and often mark the border of the ancient
sea, and indicate the degree of its agitation.
Perhaps the oldest conglomerate in the British
Isles is that on the north-west coast of Scotland,
which rests on the Hebridean gneiss. An in-
teresting and very ancient conglomerate in the
tract of the Killeries (Connemara) contains large
rolled masses of granite, showing an example of
that rock being crystallised at a very early
period.

In the old red conglomerate of Kirkby Lonsdale,
pebbles occur with veins of micaceous iron ore,
showing the antiquity of that substance segregated
among the older palxozoic strata. A very in-
teresting cenozoic conglomerate is that much
used by the early Britons for corn millstones ; the
pebbles in it are well rolled flints, derived from
the chalk, and the cement is siliceous.
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GRITSTONE, SANDSTONE, SAND.

Very coarse sandstones are of the nature of
conglomerate. Such is the millstone grit, at the
base of the coalfields of the north of England.
It consists of quartz-sand, mica, and orthoclase
felspar; the latter retains its internal crystal-
line. structure; but in external figure it is worn
like a pebble, though not so much as the larger
quartz fragments. These materials are probably
derived from granite.

Sandstones of more equal grain have a similar
composition in general ; but the felspar is often
decomposed and serves as a cementing substance.
The mica is sometimes abundant, and lies in
continuous plane surfaces, making ¢flagstone.’
Though the colour of sandstones near the surface
may be yellowish or brownish, miners find them
generally blue or gray ¢in the deep.” The reason
seems to be, that ¢in the deep’ it is protoxide
of iron which colours the stone, but near the
surface, air and water have changed it in part
to a carbonate. The same fact occurs in the
paler sorts of limestone like oolite.

The green sands of the cretaceous and cenozoic
geries owe their colour to glauconite, a silicate
of iron, perhaps derived from some augitic
mineral. The red sandstones are composed of
clear quartz grains invested by peroxide of iron.
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Sandstones, by disintegration, give origin to loose
sands, in which, for the most part, neither mica
nor felspar can be traced. They are of all
colours, especially in the c®nozoic strata. The
quartz grains ‘are always rounded by mutual
attrition through long periods of time.

Clay, shale, and slate are equally composed of
sediments derived from waste of preconsolidated
rocks. Grains of quartz sand are detected in
all of them, immersed, as it were, in a mass of
fine-grained argillaceous matter.- The coarser
and laminated shales gradually pass into flag-
stone; so that the use of the word ¢shale’ is
rather ambiguous. Exactly as at the present
day, pebbles line the shores, sands appear in
shallow water, and clay occupies the deeper
anchorage grounds, so it was in the earlier
periods. Clay was deposited; by the accumula-
tions of other strata it was flattened to shale;
and by a different pressure acting laterally, it
was compressed to roofing-slate. In argillaceous
deposits, ironstone (p.267), selenite, and pyrites
are common.

Among the masses more or less stratified, which
appear to have been directly produced from solu-
tion in water, we may first notice rock-salt, which
lies in short interrupted beds in Cheshire and
different parts of the red marl districts of Eng-
land. The beds are usually thick, the salt has a
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prismatic structure, and is partly very clear
and partly earthy. Crystallisation, cubical, often
fibrous. Specific gravity, 2°1. Hardness, 2,
Sulphate of lime occurs in many clays, but
especially in the Kimmeridge clay of Shotover
Hill, well crystallised in rhomboidal tables; in
the coloured marls often associated with rock-

Dia. 61,

Belenite in tabular crystal,

salt it is in fibrous crystalline masses. It con-
tains lime, 326; sulphuric acid, 46°5; water,
20'9. Specific gravity, 2:3. Softer than rock-
salt.

Phosphate of lime forms beds in Estremadura.
It is crystallised with quartz at Caldbeck Fells; in
granite at Strontian and Bovey Tracey. It is dis-
covered by analysis in the substance of most stra-
tified rocks, being there derived from bones, shells,
crusts, and other parts of animals. It is said to
exist in some part or other of the substance of
all plants and animals. From this it has been
conjectured that the presence of phosphate of
lime in rock proves the existence of life preyious
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to the formation of that rock; merely a mistake
in reasoning. On. the other hand, if this sub-
stance be totally absent from a stratified rock,
it may be held to prove thatno organic remains are
included in it, or have left their substance in it.
Dr. Daubeny, by trials as to the growth of plants
on soil made from the powdered slate of Llanberis,
has made it probable that no phosphate of lime
occurs in that rock, which is not known to con-
tain any trace of life. Lingula, one of the very
oldest genera of brachiopoda, contains much
phosphate of lime in its shelly valves,

Calcite, or crystallised carbonate of lime, occurs

Dra. 52.

a

N7,

a. Obtuse rhombohedron. ¢, Termination of the prism.
b, Hexahedral prism. d. Acute dodecahedron,
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as the cementing substance to the grains of oolite
and the sandstone of Fontainebleau; it occupies
innumerable cracks and cavities of the stratified
rocks; fills the space once occupied by corals and
shells, and composes the mass of several metamor-
phic limestones. Its composition is, lime, 56-2,
carbonic acid, 43-8. Crystallisation, rhombohedral,
in countless forms, the most frequent being six-
sided prisms, with flat or three-faced summits,
and acute and obtuse rhomboids. Double refrac-
tion, remarkable. Usually transparent, and co-
lourless or white. Specific gravity, 2:7. Hard-
ness, 3. Soluble in acids with escape of carbonic
acid gas.

LIMESTONE, CHALK, MARL.

Some calcareous rocks may be certainly known
to have been aggregated by the mechanical agency
of water,othersmay be thought to have acrystalline
origin from solution ; but in the majority of cases
the small parts of which they consist are mostly
joints or fragments of the hard internal supports
or exterior coverings of invertebrate animals.
Thus thick beds of mountain limestone are com-
posed of joints and stems and bodies of crinoidea.
Some oolitic beds are half made up of coral, others
of shells, and some chalk is a mass of foraminifera.
These elements of the rock are sometimes merely
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coherent, as in marl and chalk, but often firmly
cemented together by crystallised calcite, as in
the oolite of Ancaster. In a metamorphic state
they all become crystalline.

The siliceous masses of flint and chert are ge-
nerally found in limestone, chalk, or sands, formed
round and within some organic bodies which have
served as centres of attraction. Thus flint nodules
lie in chalk in regular layers; chert occupies a
similar position in the mountain limestone and
Portland oolite. A remarkable flint in the Oxford
Museum contains in the interior a worn fragment
of a mesozoic pine, perforated by teredo: the
wood and the shelly remains being silicified. In
this one specimen we read a page of the history
of the ancient land and sea. At some considerable
height above the rather warm sea-border grew a
pine forest, its branches and fragments were
drifted down some river to the sea ; while floating,
or after it had sunk, it was perforated by teredo;
then both wood and shells were overspread, on the
chalky bed of the sea, by the growth of sponge,
whose tissues were siliceous during life, and ad-
mitted more silica after death. Thus not only the
sponge-mass was slowly filled with flint by secre-
tion from sea-water, but the enclosed wood and
shelly tubes were impregnated by the same in-
gredient ; every single cell of the wood preserved
a8 perfectly as in the recent close-grained pines,
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with which we may compare it. Thus it is that
geology finds in every stone some sure memorial
of its own history, and some useful evidence of
the former condition of Nature.

Coal, the most important of all the strata pro-
duced from organic elements, varies in composition
from the almost purely carbonaceous anthracite of
Virginia, through the stone coal of Wales, the
steam coal of Northumberland, and the furnace
coals of Yorkshire, to the cannel coal of Lancashire,
which contains about 64 per cent. of carbon, and
36 per cent. of hydrogen and oxygen, with some
nitrogen. The area of visible coal in the British
Isles may be reckoned at 5,000 square miles, with
an average quantity of 50 or 60 feet, half of it
workable, but perhaps not more than a quarter
really available. The annual consumption has now
reached, according to Mr. R. Hunt, 81,638,338
tons, equal to about 13 square miles of coal 10 feet
thick. Much coal, doubtless, exists unseen below
the triassic and oolitic parts of England ; but at
what depth? Let no one suppose that from this
source the additional supply can greatly extend
the few hundred years which may be supplied
from our actual coal-fields, and that the econo-
mical or wasteful working of our collieries is a
matter to be regarded with indifference by a
nation whose steam power exceeds the muscular
effort of all the races of mankind.
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CHAPTER IX.

TABLES AND CALCULATIONS.

(

_—

PHYSICAL RELATIONS OF THE GLOBE AS A PART
OF THE SOLAR SYSTEM.

The Earth and the Sun,

Figure of the Earth, a spﬁeroid of revolution, with diameters as 298 : 299.
Eqnatorlal diameter , , 7925°648 miles ) Difference commonly called the.
lar diameter. . . . 7899°170 ,, compression.. ., . =26'418

Merm distance from the Sun, 95,365,000 miles,*
Obliquity of Ecliptic, 28° 28'.
Time in which the Sun tetums d.

the equi called the Equi 8659 5h 48m 51e 6} {865'242264

or

orTmpicd or Civil Year . .

[_60’"1=l.ntime .°.‘ m .. } 0020 199 0014119

Sidereal Year . « . . . . . . 366 6 9 115 365°256383

LA Dipocedon of the apogee,} g o 4 473} { 0008825
Anomalistic Year . , . 365269708

. o R
. e

* This distance of the Earth from the Sun was computed by transits of
Venus. It app by later hes of several kinds to be in excess three or
four millions of miles. Till the next transits of Venus, this correction, which
involves other changes, especially in the diameters of the Sun and planets
(but not in their relative dist ) t be d ined exactly, The
computed diameter of the Sun (nearly 111} times that of the Earth), and
its mass (nearly 355,000 times that of the Earth), will require reduction, but
not in equal proportions,
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The Earth and the Moon.
Mean distance of the Moon from the Earth, 599643 equatorial radii of

An equatorial radius = 3962'824 miles. Hence, distance of the Moon’s
centre from that of the Earth =237628 miles nesrly

Diameter of the Moon . « .« 2160 miles.
The mass of the Earth being . . e« + .« 10000000
That of the Moonis . . . . . e o . . 00125172
Mean sidereal revolution of the .« « . 21-321661418 days.
Mean synodical revolution of the Moon . . 29-530588715 days.
Excentricity of orbit . . . . . . . . 0054844200
Mean inclination of orbit . . . . . 5° & 479
The Earth and the other Planets.
8 3
34 % =3 2 e
§olms| B o|E ] o | k| sk
= 8 g‘g 2g g3 32 - sé ]
258 | =y 5 i3 i JE'-:
155 | 15 | i £k 3 | 22
=84 | =24 | & £33 g3 | S8%
Mercury | 0-387 87969 | 0-2055 | 7° ¢/ 9”1 0729 0398
Venus 0723 224:700 | 0°0068 | 3 28 286 9101 0-995
Earth ."} 1000 365256 | 0°0167 . . 1°0000 1-000
Mars .| 1543 686:979 1 070933 | 1 51 62 1324 0517
Jupiter 5202 | 4332584 | 00481 | 1 18 51-3| 338718 10-860
Saturn . | 9538 | 10759-219 | 0°0561 | 2 29 85°7| 101'364 9987
Uranus . | 19:182 | 30686820 | 00466 | 0 46 21°4| 14:251 4-332
Neptune | 30036 | 60126170 | 0°0087 | 1 46 49 18900 4260

TEMPERATURE OF THE GLOBE.

LaNp.—The mean: temperatures near the level
of the sea vary nearly as the cosines of latitude.
Thus, if the equatorial mean temperature=81%5
Fahr., the mean temperature for any latitude =
This is found to apply pretty well

81°5 cos. lat.
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until we arrive near the polar circle, when several
anomalies occur, which seem to indicate at least
two centres of maximum cold, one in America,
one in Asia.

Warer.—The oceanic temperature is not sub-
ject to the same extremes as that of the land:
the sea, on the average, is warmer than the land
toward the poles, and consequently permits the
existence of marine animals in latitudes which are
fatal to nearly all terrestrial beings.

Fresh water is heaviest at about 38°75 Fahr.,
growing lighter both by heating and cooling ; and
consequently, in latitudes which permit of this de-
gree of cold at the surface during the winter, there
will then be a falling of cold water, and a rising of
warm water, so as to counteract materially the
rigour of the season. In latitudes where it.is only
in summer that the surface water can be heated
to 38°75, the warmed water will then sink from
the surface, which at other times may freeze, and
experience extreme cold, while the bottom is
warm.

This does not apply to the ocean; for it is
found that salt water goes on increasing in density
as it cools, even to some degrees below freezing.
The variations of the temperature of the sea, in
relation to depth from the surface, are not yet
sufficiently known. It appears, however, that
the reduction of temperature in the deep parts of

U
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the tropical seas is very considerable (1° Fahr. in
25 fathoms), and that in polar regions the lowest
water is warmest.

ArmosPHERE.—The decrease of temperature, as
we ascend from the level of the sea, is subject to
so many causes of fluctuation and local diversity,
that it has been found very difficult to come to
any general conclusion. In equatorial regions
according to Humboldt, there is a diminution of
temperature=1° Reaum. for 121 toises of ascent:
at St. Bernard, 1° R. for 1234 toises=1° Fahr. for
352 feet English. At Ventoux, near Avignon,
1° R. corresponds to 80 toises in summer, and to
100 in winter : on the Righi, 1° R. for 97 toises.
In the North of England, Mr. Nizon’s experience,
on mountains of 1,000 to 2,000 and 3,000 fet ,
gives 1° F. in 230 feet. Dr. Dalton allows 1° F.
to 100 yards’ elevation. Generally it is found
that the temperatures diminish more rapidly
from the lowest stations.

The above statements apply to the air near the
ground, where it is influenced by the heating
surface of the earth. The balloon experiments by
Mr. Glaisher appear to indicate a much lower rate
of reduction of temperature in the higher regions
of the atmosphere. At five miles only 1° for
1,000 feet of elevation.

SpriNgs.—The unfailing springs which gush
out from fissures of rock, bring with them the
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temperature of their shallow subterranean chan-
nels; and this temperature is generally found to
be constant, and in cold regions a little higher
than the mean temperature of the air. This was
first noticed by Dalton, and has since been made
the subject of extended enquiry by Prof. Kiipffer,
from whose researches it appears, that the differ-
ence of shallow subterranean mean temperature
from that of the air above the surface of the
ground follows a certain law, depending on the
latitude and on local influences. Near the equa~
tor, the ground, at 25 metres depth, appears to
have a temperature 2° R. below the mean tem-
perature of the air; whilst in Lapland it is 2°
above it. This appears to be a strong corrobora-
tive argument for the internal temperature of the
earth depending on a cause distinct from solar
influence. — (Forbes, in Report to the British
Association, 1832.)

SuBreERRANEAN HEAT. — The fluctuations of
superficial temperature diminish as we descend
into the earth, so that at last we arrive at a point
where, through the whole year, there is no change,
and consequently below which the variation of
solar influence is insensible. This depth is called
the invariable stratum. From the observations
in the caves at Paris, it is inferred to be nearly 30
metres, or 100 feet from the surface. Below this
depth, any differences in the temperature of the

v2
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earth must be ascribed to internal terrestrial pe-
culiarities. It is found that below the invariable
stratum the temperature of any point is wholly
uninfluenced by seasons, and is constant; that
the temperature augments regularly in proportion
to the depth, at a rate, upon the average, of 1° F.
for 15 or 20 English yards. It is clear, therefore,
that there is a proper source of heat within the
earth.

The warm and hot springs, which issue from
great depths, yield another and very satisfactory
proof of the existence of great heat within the
earth. Some of these are closely connected with
existing volcanoes, others with lines of convulsion,
which open a communication to the deep parts of
the earth. It is clearly to this communication
that the heat is owing, and not to any local che-
mical actions along the channels; for the chemical
composition of the watersis by no means uniform,
and, perhaps generally, hot waters are as pure as
others. In some places hot and cold springs rise
within a few feet of each other.

Temp. of the Great Geyser . . 209° Sir G. Mackenzie
La Trinchera, 3 leagues trom Valencia 194'5 Humboldt
Carlsbad . . . . . . 165
Aix-la-Chapelle . . . . . 143
Bath . . . . . . . 116{ Ure's Chemical
Buxton. . ce e . 82 Dictionary.
Hotwells (Brlsf/ol) [ £ Y

Matlock . .« . . 88
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THERMOMETRICAL SCALES.

The freezing-point of water is marked 32° on
Fahrenheit’s thermometer; but on Reaumur’s,
and Celsius’s or the centigrade, it is marked 0°
The boiling-point of pure water (when the baro-
meter is at 30°0) is marked 212° on Fahrenheit’s,
80° on Reaumur’s, 100° on the centigrade. Hence
the relative values of the thermometrical unit or
degree are, on Fahrenheit, 1°; on the centigrade,
1°8 ; on Reaumur’s, 2°25. Hence the following
rules:

1. To reduce to Fahrenheit the observations on the other scales :—
Multiply the number on Reaumur’s by 3%, and add 32°,
Multiply the number on the centigrade by 18, and add 32°.

2. To reduce to the centigrade scale observations on the others :(—
Multiply the number on Reanmur’s by 1}.
Diminish the number on Fahrenheit by 32°;
And multiply the remainder by 0°555+,
Or divide it by 1-8.

It is much to be recommended that English
philosophers should adopt the centigrade scale.

|
Value of English Measures in French Value of French Measures in English |
Metres. Inches. ,
EnglishINCcH . . . . . 00254 | French Millimeétre . . . 003937
Foot . . . . . 0°3048 Centimétre. . . 039371
ard . . . . . 09144 Decimetre . . . 8'93708
Fathom 1-8287 METRE . . . . 3937079

THE BAROMETER.

A little experience in moderately elevated re-
gions of stratified rocks will convince the geologist
*us
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who values the connexion of the physical sciences,
or desires to give the utmost accuracy to his re-
sults, that it is wrong to neglect the use of the
portable barometer. The objections usually
urged against the Englefield barometer are of
little importance, if the construction of the in-
strument has been properly attended to. Heights
of ground, thicknesses of rocks, otherwise often
unascertainable, extent of dislocation, and many
other useful data may be thus quickly obtained,
at the time when they are most wanted, by the
geologist. No apparatus is needed for the sup-
port of the instrument ; if the observer kneel on
the ground and be steady of hand and sure of
eye, his observations can hardly fail to be correct.
The observations are, 1. The height of the baro-
meter, in inches, tenths, hundredths,{and thou-
sandths, at each station; 2. The degree of the
thermometer attached to the instrument at each
station ; 3. The degree of this or another thermo-
meter detached from the instrument, and exposed
to the air in the shade, at each station.

To calculate with accuracy the difference of
level corresponding to any two sets of observations,
the following easy and brief processes will be suf-
ficient, without special tables or logarithms, for
altitudes under 4,000 feet, and in the latitudes of
Great Britain. The geologist is recommended to
copy them into his field note book.
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1. Having written down the observations as they were
made, take the mean and difference of the readings of the
barometer, the difference of the attached thermometers,
and the sum of the detached thermometers.

2. Correct the barometric difference for relative capacity
of tube and cistern. This correction is always additive,
and its value is marked on the barometer.

8. Correct for difference of attached thermometers, by
multiplying that difference by ysdosth of the mean baro-
metric pressure. The product must be subtracted from the
barometric difference (2) when the upper station is colder ;
added to it when warmer.

4. Correct for the temperature of the air above 0° Fahr.
by the following process. To the sum of the detached
thermometers add 1,000; multiply together this quotient,
the corrected barometric difference (8), and the constant
number 24:9000; divide the product by the mean baro-
metric pressure 1,000 (1). The quotient is the height in
English feet, very nearly.

Ezxample of the whole process.
(1) Lower station, Bar. Press, 80°040 Att. Ther. 72'6 Det. Ther. 720
Upper Station 26575 635 626
Mean . . 28307 Diff. . 9 Sum . 184'6
Difference . 3465 18068

(2) In this instrument the capacity is allowed for by the construction.
(3) 9x°00283="0254 and 34650 —0°2564=3"4396.
(4) Sum of detached thermometer+1000=1134"6.
1134 exgsfgo!)(;x% 900.—-:3483'7 feet.
In lat. 54°, the height by Oltmann’s Tables in De la Beche’s Manual, is
8432'3 ; height by Nixon’s Tables (Phil. Mag.), 3435'9.

The fluctuations of the barometer are not neces-
sarily productive of error in the use of the instru-

ment. It is not requisite to have more than one
*u4
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barometer, provided the observer returns again, in
the course of a few hours, to the point which he
has chosen for his reference station; or verifies
his results by including amongst his measures
some point whose height, compared to that refer-
ence station, is known ; or in any other way deter-
mines the hourly rate of the rising or falling of
the barometer. For example :—

September 92, 1832.
B | Time | RS | ooy | Somed
Inn at Hawes . . .| 29878 | 9h. 40m.| 60° 000 29-878
Gale . . . . . . 29-800 |11 0 58 + <006 29-806
Summit of a hill . .| 28735 {12 0 b5 + 016 28750
Innat Hawes . . .| 2985012 O 64 —*012 20838

Hence it is seen, that in 4h. 20m. the barometer fell
*040; and by applying a correction in this proportion to all
the observations,

29-8784--000=29-878

29-806+4-'012=29-818 .
we have 28750 --022=28772 true relative pressures,

29-838+4--040=29-878

AnEroID.—This instrument may be advantage-
ously employed, by a careful observer, for deter-
mining differences of level. The correction for
the temperature of the air and the method of
computation are the same as in process (4) for
the barometer.
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CLINOMETER AND COMPASS.

In ascertaining generally the direction and
angle of the dip, and direction of the horizontal
line or strike of the stratified rocks, nothing is
more convenient than the pocket clinometer,
fitted with a compass-needle, as usually sold in
London. For accurate determination .of the
strike of beds, direction of joints, and bearings of
objects on the surface (which the geologist will
often need) better instruments than those com-
monly in use are necessary. Gambey’s and other
clinometrical compasses are (if rightly used) very
satisfactory. A very ingenious instrument ap-
plicable to geological surveys, as well as ordinary
clinometrical uses, was manufactured by Mr.
Dunn of Edinburgh. Capt. Kater’s, or any other
good surveying-compass, may often be found to
give curious results among certain primary rocks,
along dykes of basalt, &. The variation of the
needle being marked on the circle, the geologist
may record his observations in true bearings.
The declination to the west is now between 21°
and 25° in England: between 24° and 28° in
Scotland and the Hebrides ; between 25° and 28°
in Ireland.

Unprovided with a clinometer, a jointed rule
will suffice to those acquainted with trigonometry;
and a faithful drawing or photograph will often
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be as good as any measure. When it happens
(as in a cliff) that there are two or more lines of
section exposed, neither of which passes along the
line of dip, or line of strike, the amount of dip,
and direction of dip and strike, can be calculated
trigonometrically from the observed dips and
directions of the rocks exposed in the sections.
The following simple construction will furnish
conveniently the required direction of strike, and
amount of dip :—

D1a. 63.

i‘.

Let A B and ¢ p be the directions in reference
to the magnetic meridian (M M’) of two sloping
lines on the surface of a stratum ; the inclination
from A to B = 9§, that from ¢ to p =&. Make
A B=cor & and ¢ p=cor &. Draw A E parallel
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and equal to ¢ . Draw B E and, perpendicular to
it, A . Then is B E the line of strike; A P is the
line of dip, and its length is the cotangent of the
angle of dip of the stratum.

The use of the clinometer is soon learned, and
questions of the highest importance in the very
first stages of physical geology can only be solved
by frequent and exact observation with this in-
strument. For example, further information is
needed on the direction of great axes of disloca-
tion compared to the jointed structure of the
rocks; and on the relation of faults, dykes, veins,
and cleavage to this structure and those axes; for
the evidence yet collected on this subject is by no
means complete. Several problems are here pre-
sented to the observer. 1. The degree of sym-
metry of the jointed structure as indicated by the
predominance of particular directions in it. 2.
The geometrical relation of these divisional planes
to faults, veins, &c., and to the centres or axes of
great subterranean movements. 3. The age of
the joints as compared to any neighbouring faults,
veins, or axes of movement. 4. Similar inquiries
as to cleavage.

The following remarks may be of use to per-
sons who are anxious to furnish correct data for
the solution of these and other questions:—

The strike and dip of the strata are always
most certainly exhibited among thinbedded rocks,
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especially where layers of different nature alter-
nate; thickbedded sandstones are likely to mis-
lead a novice by their oblique lamination ; thick
limestone beds have often nodular surfaces; but
shales, thinbedded limestones, and flagstones
generally yield consistent measures of dip and
strike.

On a large scale the dip and strike may be
calculated from good barometrical measures of
the relative elevation above the sea of three
points at known distances, on any one plane of
stratification. In reasoning on the relation of
axes of elevation to joints, faults, and mineral
veins, general results thus obtained are of great
value.

The strike can always be taken with more ac-
curacy than the direction of the dip, except when
the beds are vertical. The dip being at right
angles to the strike is easily measured in amount,
if care be taken that during the process the plane
of the clinometer is vertical. The unevenness of
the surface of beds may be remedied by employ-
ing a clinometer with long radius; in using Gam-
bey’s or any other clinometric compass-box, a long
straight rod, or the edge of a sketch-book, will be
of service.

Divisional Planes are generally most sym-
metrical in those rocks where the stratification is
most regularly parallel, as in the argillaceous
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plates of Aldstone Moor, the thin limestones of
Craven and Derbyshire, and the thin beds of
coarse slate at Aberystwyth. In examining the
strike and dip of cracks, joints, and fissures, it is
requisite to try more than one example of any set
supposed to be parallel, in, order to know whether
they are so; or what are the limits of error. In
some situations two sets of joints appear, in others
(as in the oolitic rocks and carboniferous forma-
tions of Yorkshire), a diagonal set sometimes
occurs. In order to state a general law of the
direction of the strike or dip of the joints in any
country, a great number of instances, collected
at distant points having nearly the same relation
to an axis of elevation, should be carefully dis-
cussed in a tabular form to obtain the mean
result. To learn the nature of the geometrical
relation of joints, faults, veins, &c., to centres
and axee of subterranean movement, observations
made far from such situations should be com-
pared with others made near to them. Itis very
important to ascertain whether veins, faults, &c.,
change their course, and in what manner, at or
near the centres or axes of movement ;—do faults
converge towards a centre of elevation, as Mr.
Hopkins has observed in Nottinghamshire; do
mineral veins cross at right angles an anticlinal
axis or master fault, as I have found to be the
case in Yorkshire ? In every instance the exact
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strike and dip of the strata in the same situation
must be recorded ; for where the dip of the strata
is considerable, observations of the planes of joints,
faults, &c., must in most cases be submitted to
calculation before their true relations to the axis
of movement can be known. The object of the
calculation is to ascertain what would be the
strike and dip of any joint-plane, if the strata
were restored to their original level position.*
The strike and dip of the cleavage in slaty rocks
is a very interesting and easy subject of inquiry ;
and if conjoined with exact determinations of the
planes of stratification, divisional joints, faults,
quartzose, and mineral veins, results of great
theoretical value may be deduced. It should be
carefully observed whether the cleavage planes
vary in their inclination from the vertical accord-
ing to the different beds of slate (for the slate
rocks are perfectly bedded), and the other coarse
schistose rocks which accompany or enclose them.
It is very desirable to know if there are many
exceptions to the law, stated by Sedgwick, that

* In former editions of this work I presented a method
of computation by which this theoretical replacement of
the strata could be effected, and mentioned an instrument
which I had devised for obtaining, without computation,
the same result; but as I never met with a geologist who
had employed either the formula or the instrument, I con-
tent myself now with repeating the scheme of observation

then suggested (pp. 303, 304).
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the strike of cleavage is generally coincident with
that of the stratification, and under what circum-
stances these occur. If the planes of strata
change their inclination, does the inclination of
the cleavage vary in any assignable ratio? If the
slate beds are contorted, do the cleavage planes
retain their bearing and dip across the contor-
tions?

What is the effect of faults, quartz veins, &e.,
upon the perfection and symmetry of the cleavage ?
What is the relation of the numerous joints in
slaty rocks to the plane of cleavage, the plane of
stratification, and the planes of the veins and
faults? The answers to these questions which I
have obtained by measurements in the slaty regions
of Wales and Yorkshire, appear to contain impor-
tant evidence with reference to the geological date
and influential circumstances of the production of
slaty cleavage and other symmetrical structures.
To assist in guiding enquirieson this subject into
a right channel, I propose the following general
formula of observation.*

Date ( ): Locality (. :
Description of the rocks: Marks of stratification :

* These suggestions were first issued in 1836, Since
that time Sharpe, Sorby, Tyndall, Haughton, Jukes, Hark-
ness, and others, have added to our knowledge. See my
Report on the Slaty Cleavage to the British Association,
1856,
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Notices of contortion of the beds: Qualities of
different beds of slate : Occurrence of joints, veins,

&c.
Strata ... ...strike....N, 4° E....... Dip....N. 46° W.....(45°)
Cleavage...... » -+ N.40°E....... 3 oeeoN.50° W.....(873°)
Joint @ «evvaes » .. N.86° W...... sy eeeoN. 4°E......(76%
p Baveeens 3 eneeNeiiiiiiiinen, v e Wereerenenns 72°)
w € eeees ve gy een . NL4BPWL.LLL, 99 seceenes vertical
F Horizontal Tables
P vee m N.40°W...... Dip....N. 50° E......(85°)
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GLOSSARY.

TroveE many of the technical terms employed in this
Treatise may be sufficiently understood by the context, or
by the figures employed in illustration, it seems useful to
explain a few comprehensive words in common use, which
are derived from the Greek or Latin languages.

1. Several words used for large groups of Rocks contain the
Greek element Zwij, life, combined with various pre-
fixes, as—

Azorc, or without life (a, privative). This has been
employed by Murchison for very ancient strata, sup-
posed to be unfossiliferous.

Cainozorc or CENozorc. — Recent life (xawog, recent).
The upper grand division of strata. The Germans
write it Kainozoic. In this volume the Greek a: is
changed to the ordinary Latin form .

Hyrozoic. — Below life (76, below). This term was
proposed by myself. It applies to the same group

a8 Azoic, being subjacent to the Palozoic strata.

Mgsozorc.— Middle life (uéooc, middle). The middle
grand group of strata.

Parxozorc.—Ancient life (rakaidc, ancient). Thelower
grand group of fossiliferous strata.

Prorozorc.—Earliest life (wparo, first), The lower part
of the Palwozoic series has been thus named, occa~

X
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sionally, by Murchison and Sedgwick. Vaguely, it
corresponds to the Primordial Zone of Barrande.

2. A group of convenient terms for dividing the Caenozoic
series of Strata was proposed by Lyell, in which the
Greek rawic, recent, was combined with prefixes to
mark the degree in which the characters of recent
life appeared.

EoceNE.— The beginning of recent life (éc, the dawn).
The lower tertiaries, with only about 5 per cent. of
recent shells.

MEzI10CENE, or M1oceNE.—Middle Ceenozoic strata with
a small proportion of recent shells (ueiwy, less).
PLEIOCENE, or PLIocENE.—Upper Ceenozoic strata with

a large proportion of recent shells (wA¢iwy, more).

Pre1sTocENE.—Uppermost Ceenozoic strata, with a very
large proportion of species of recent shells (zAétorog,
most).

3. Rocks are termed Stratified or Unstratified, from the
Latin stratum, a layer. The term ‘Stromatology’ is
sometimes used for the designation of this branch of
study (orpdpa, & bed).

Rocks deriving their characters from heat-action, are
often called in this treatise Thermo-genous (9éppun,
heat; yev, the radical for beginning). The terms Py-
rogenous (rip, fire), and Igneous are commonly used
to designate these rocks. The rocks of watery origin
may becalled Hydrogenous (i#éwp, water); and finally
we have Metamorphic rocks which have undergone
change of condition (uerapdppworg, transformation).

4. The principal divisions (classes, orders, &c.) of the
Vegetable Kingdom are—

AcoryLEDONOUS.—Without seed-lobes (¢ privative, and
rorvAnddv, lobe).

DicoryrLEDONOUS.—With two seed-lobes (dic, twice).

MonNocorYLEDONOUS.— With one seed-lobe (udvog, one).
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5. The principal divisions of the Animel Kingdom which
occur in a fossil state are the following:—

ZOOPHYTIC division of Cuvier, including :

AMORPHOZOA. — Animals without definite form (&
privative ; popgn, form) ; as sponges.

ForaMINIFERA, — Very small, often spiral, perforated
shells ( foramen, an opening); as nummulites.

ZoorrYTA.—Plant-like animals, with one opening to
the body, and a radiated structure (J@ov, animal ;
puroy, plalit).

ARTICULATA. — A large Invertebral division (arti-
culus, a joint), including :

ECHINODERMATA, — Animals allied to the Echinus,
often with spinose surface (Fyivoc, urchin;
and déppa, skin), Subdivisions of this group
are—

Crinoidea. — Lily-shaped animal (xpivor, a
lily ; eldog, form).

Asteroidea. — Star-shaped animals (aor7p, &
star). .

Echinoidea. — Like the Echinus (¢éxwddng,
=ixivog, €idog).

AXNNELLIDA. — Ringed worms (annellus, a little
ring), often written Annelida, from the French
Annelides.

CirripEDIA. — Curl-footed animals, a group of the
Articulata (cirrus, a curl).

CRrUSTACEA. — Animals covered with a jointed crust;
as crabs, lobsters, trilobites—breathing by gills.

Entomostraca.—A group of Crustacea (évro-
pov, insect; Gorpaxov, shell).

InsEcTA.—Animals with six feet in the perfect state,
and breathing by trachese. Named from the body
being as it were cut across.

x 2
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ARACHNIDA. — Spider-like animals, with eight legs
(apdx»n, spider ; &idog, form).

Myrroropa.—Often written Myriapoda. Animals with
many feet, breathing by traches (uupiog, thou-
sand ; woic, a foot).

MOLLUSCA.—A great Invertebral division (mollis,
soft), including :

Poryzos. — Many associated animals (wolic, many;
and ZGa, animals). .

BrAcHIOPODA. — Arm-footed animals, with bivalve
shells; not a good name, the so-called arms or
feet being neither one nor the other (Bpayiwv,
arm ; woig, foot). They are also called—

PALLIOBRANCHIATA.—Cloak-gilled animals (pallium,
a cloak; Bpdyyia, gill).

LAMELLIBRANCHIATA. — Gills in layers (lamella, a
layer), including many bivalve shells ; as :

Monomyaria.—With one sub-central muscle
(uévoc, one; pvaw, & muscle).

Dimyaria.—With two lateral muscles (3ig,
twice ; pviv, muscle).

Preroropa. — Fin-footed mollusks (wrepév, wing or
fin ; wodg, foot).

GASTEROPODA. — Crawling mollusks (yaorip, belly;
woiy, foot).

HererRoPODA.—With abnormal foot (¥repog, irregular;
head ; o, foot).

CepEALOPODA. — Head surrounded by feet (xepars,
head ; moig, foot).

VERTEBRATA.—Vertebrated animals, the spinal nerve
mass protected by a chain of jointed bones, called
¢ vertebree,” The classes are :

Fisues. — Among these are the Placoid tribes with
enamelled scales (wAdZ, a plate) ; the Ganoids
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with scales composed of bright enamel on bone
(ydvog, brightness); Ctenoids, with pectinated
horny scales (xreic, a comb); and Cycloids, with
round horny scales (kveAéc, round). Fishes with
symmetrical tails are called Homocercal (8potoc,
similar ; «éproc, tail); and those with unsymme-
trical tails, Heterocercal (¢repoc, different).

REeprILES. — (Repto, to crawl). The title is too re-
strictive in meaning; swimming and flying
reptiles were very common in the mesozoic ages.
The class in its largest sense includes Amphibia
or Batrachia (Bdrpayoc, a frog) ; Saurida (savpa,
a lizard) ; Ophidia (6¢i, a serpent); and Che-
lonida (xeAdwn, a tortoise). The group of Sau-
rida is much subdivided by Owen ; the principal
sections being Ichthyopterygia (ix8ic, fish ; wre-
pv¢, wing or fin); including Ichthyosaurus;
Sauropterygia (caipa, lizard ; wrepvE) ; including
Plesiosaurus; Lacertilia (lacerta, lizard); Cro-
codilia ; Deinosauria (Jewéc, monstrous); and
Pterosauna, flying reptiles (wrépor and cavpa),
like Pterodactylus.

Brrps.—Those most frequent in a fossil state belong to
the natural orders of Cursorial and Wading birds.

Mammaria. — Viviparous quadrupeds. The earliest
are thought to be principally of the Marsupial
division (marsupium, & pouch).
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REFERENCES TO THE PLATES.

PLATE I.

Fig. 1. Shows the real proportions of the height of ground
above the sea level from Bridlington to White-
haven : the lines drawn sloping from west to east
mark the depth to which the systems of strata
descend in that country.

2. This section shows the distinction, as to arrange-
ment, between the superficial deposits (d) and the
inferior strata (c). A dislocation, orfault, affects
the latter.

3. Here the stratified rocks (b) are contrasted with
the unstratified rocks (a), and the superficial de-
posits (d).

4. A Geological Map of the British Isles, to show the
relative extent of the great groups of strata, and
the principal masses of igneous rocks.

PLATE II.

5. From the axis of crystalline rocks (a) the strata
(b, ¢, d, ¢, f) decline on both sides ; those which
rise highest on the mountains sink lowest under
the plains.

6. Near the axis of crystalline rocks (&) the stratified
rocks are thrown into great and almost inexpli-
cable confusion of dip, broken by faults, and bent
in violent curves. (Alps.)

7. After the occurrence of the convulsions which dis-
placed the formation (¢), marine strata (d) were
deposited level on the edges and slopes of the pre-
viously disturbed rocks,
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Fig. 8. Shows the course of the Shap-Fell granite boulders
across three vales and three abrupt ridges of hills,
a distance of 107 miles.
9. Aspect of a volcanic cone, and section of its concen-
tric layers of scoriee, &c.
10. Effect of local depression (d) and of local eleva-
tion (e).

PLATE III. (FRONTISPIECE.)

This geological view of the Isle of Wight, comprising a
plan and elevation of the surface, the natural section of the
South Cliffs, and an ideal section through the middle of
it, is designed as an instructive example of the relations
between the superficial and the interior or subterranean
arrangement of stratified rocks. Minute topographical ac-
curacy was not essential for this object, yet the leading
physical features of this remarkable island are not ill repre-
sented by the lines which portray its geological structure.
‘While the northern half of the island, consisting of tertiary
formations, partly marine, partly lacustrine, extends into
a low triangular space, the southern portion, formed of
secondary strata, swells into boldly undulating ridges, which
are abruptly truncated by the sea.

From the pinnacles of chalk in the west, called ¢ The
Needles,” to ¢ Culver CLff’ in the east, is the line of a re-
markable dislocation, which has thrown the lower tertiary
beds and the chalk from a horizontal into a vertical posi-
tion. In the drawing the island is supposed to be cut
through by a broad channel passing nearly north and south,
and exposing on one of its sides & complete section of all the
strata, in their real order and arrangement. It is there
seen that both to the north and the south of the line of
vertical strata the rocks recover their nearly horizontal
position ; further, we remark the Wealden formation rising
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into the imaginary cliff in the form of an arch, which agrees

with the appearance of that formation both in Brixton Bay

to the west, and Sandown Bay to the east, in a kind
of ¢‘saddle,’ parallel to the line of vertical strata before
mentioned.

Drawings of this nature are peculiarly useful, and there
are few interesting geological tracts to which they are in-
applicable : in many instances, especially in mining and coal
districts, it will be proper to construct them upon the
principles of isometrical perspective, as proposed by Pro-
fessor Farish, and developed with much ingenuity and
practical skill in Mr. Sopwith’s Treatise.

The letters A, I, g, &c., mark the strata.

h, HastNes SanDs, or Wealden formation.

!, Lower GREENSAKND, nearly horizontal in the southern
cliffs, rising thence towards ‘the north, and passing
inland, over the Hastings Sands, and returning to the
cliffs near Culver and the Needles, with a steep dip
northward.

g, GavLT, ranging parallel to and above the Lower Green-
sand.

4, UPPER GREENSAND, forming the highest points of some
of the southern cliffs; then ranging inland, and return-
ing to the cliffs, and dipping north under the chalk of
the Needles and Culver.

¢, CHALK, in ramified and detached high masses or downs
on the surface, dipping very steeply to the north at
Culver, and acquiring at the Needles almost a vertical
position. The flints which lie in the upper part of the
chalk near the line of dislocation are in a singular
condition, penetrated by secret fissures, so as to fall to
fragments on being removed from the rock.

¢, Tue TERTIARY STRATA. Of these the London clay, and
a great variety of coloured sands, with mottled clays,
beds of lignite, and layers of pebbles, are placed
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directly vertical at Alum Bay, north of the Needles,
while the upper beds of the sandy series turn under the
horizontal freshwater marls and limestones of Headen -
Hill, which is a little farther north.

PLATE IV.

Fig. 11. Illustrates the simplest case of the sloping layers
of detritus round the place where a rapid river
enters a deep and quiet lake: &, 4, the surface of
the water; s, 8/, the slope of the layers, becoming
straight in the lower parts; b, b, the bed of the
lake. It is probable that the matter in these
laming grows coarser toward the bottom, so as to
give somewhat of horizontality to lines of similar
ingredients.

12. This figure is proposed as an example of the rela-
tions of symmetrical structures and dislocations to
the planes of stratification ; ¢, cracks; f, fissure ;
Jy joints; », a vein passing through s series of
different sorts of stratified rocks. Fissures and
joints seldom deviate much from a plane rect-
angled to the strata (small joints are sometimes
oblique in shales) ; cracks are less regular ; vein-
fissures are of unequal breadth, and are unequally
productive in rocks of different nature. ', shows
the relation of oblique lamination to true strati-
fication ; p, the pebbles of a conglomerate divided
by the cracks and joints.

13. The relation of faults to planes of stratification is
here shown.

14. Contorted strata: near such the rocks are usually
full of cracks, and these in limestone are often

SparTy.
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Fig. 15. Ilustrates in a vertical section the meaning of
unconformed stratification, the coal measures
having been elevated and dislocated, so that the
red marl and lias were deposited on their dis-
placed edges.

16. A general section of the strata, showing the
principal cases of unconformity in the British
Islands.
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F.R.S., with the co-operation of the Author. 8vo [Nearly ready.

THE LIFE OF WILLIAM WARBURTION, D.D., Lord Bishop of
Gloucester from 1760 to 1779 ; with Remarks on his Works. By the Rev.
Jonn SELBY WATSON, M.A., M.R.S.L. 8vo with Portrait, 18¢

By the same Author.

LIFE OF RICHARD PORSON, ML.A,, Professor of Greek in the
University of Cambridge from 1792 to 1808, With Portrait and 2 Fac-
similes, 8vo l4¢

BIOGRAPHIES OF DISTINGUISHED SCIENTIFIC MEN. By
FRANGoIs ARAGO. Translated by Admiral W. H. SmyrH, D.C.L.,
F.R.S., &c. ; the Rev. B. PoweLL, M.A.; and R. GRANT, M.A., F.R.A S,
8vo 18s

By the same Author.

METEOROLOGICAL ESSAYS. With an Introduction by Baron
Humsorpr. Translated under the superintendence of Major-General
E. SABINE, R.A., V.P.R.S. 8vo18s .

POPULAR 'ASTRONOMY. Translated and edited by Admiral
W. H. SmyTH, D.C.L., F.R.S.; and R. GraNT, M.A,, F.R.A.S. With
25 Plates and 358 Woodcuts. 2 vols. 8vo £32 5

TREATISE ON COMETS, from the above, price 5s

LIFE OF THE DUKE OF WELLINGTON, partly from the French
of M. BRIALMONT; partly from Original Documents. By the Rev. G.
R. GLE1G, M.A., Chaplain-General to H.M. Forces. New Edition, in
One Volume, with PLans, MAPs, and a PORTRAIT. 8vO 158

MEMOIRS OF SIR HENRY HAVELQCK, Major-General, K.C.B.
By Joﬁ? Ggmnx MARSHMAN. With Portrait, Map, and 2 Plans. svo
price

MEMOIRS OF ADMIRAL PARRY, THE ARCTIC NAVIGATOR. f
i
I
!
f
!

By his Son, the Rev. E. PARRY, M.A. Eighth Edition; with Portrai
and coloured Chart. Fcp 8vo 5¢ ' € ! it

VICISSITUDES OF FAMILIES. By Sir BrrnarD BURKE,
Ulster King of Arms. FirsT, SECOND, and THIRD SERIES. 3 vols.
crown 8vo price 12¢ 6d each

GREEK HISTORY FROM THEMISTOCLES TO ALEXANDER,
in a Series of Lives from Plutarch. Revised and arranged by A. H.
gmgonﬁ,‘sometime Fellow of Oriel College, Oxford. With 4¢ Woodcuts.

'cp 8vo
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TALES FROM GREEK MYTHOLOGY. By the Rev. G. W. Cox,
M. A., late Scholar of Trinity College, Oxford. Square 16mo price 3s 6d

By the same Author.

TALES OF THE GODS AND HEROES. With 6 Landscape
Illustrations from Drawings by the Author. Fcp 8vo 52

THE TALE OF THE GREAT PERSIAN WAR, from the His-
tories of Herodotus. With 13 Woodcuts. Fcp 8vo7¢ 64

A DICTIORARY OF ROMAN AND GREEK ANTIQUITIES,
with nearly 2,000 Wood Engravings, representing Objects from the
Antique, illustrative of the Industrial Arts and Social Life of the
Greeks and Romans. Being the Second Edition of the Illustrated Com-
panion to the Latin Dictionary and Greek Lexicon, By ANTHONY RICH,
Jun., B.A. Post 8vo 125 6d

ANCIENT HISTORY OF EGYPT, ASSYRIA, AND BABYLONIA.
By EL1ZABETH M. SEWELL, Author of ‘ Amy Herbert,’ &c. With Two
Maps. Fcp 8vo 6s

By the same Author.

HISTORY OF THE EARLY CHURCH, from the First Preaching

of the Gospel to the Council of Nicaza, A.D. 325. Second Edition. Fcp
8v0 45 6d

MEMOIR OF THE REV. SYDNEY SMITH. By his Daughter,

Lapy HoLLAND. With a Selection from his Letters, edited by Mrs.
AUSTIN. 2 vols. 8v0 28¢

THOMAS MOORE'S MEMOIRS, JOURNAL, AND CORRESPOND-
ENCE. People’s Edition. With 8 Portraits and 2 Vignettes. Edited
and abridged from the First Edition by the Right Hon. EARL RUSSELL.
Square crown 8vo 12s 6d

SPEECHES OF THE RIGHT HON. LORD MACAULAY. Cor-
rected by HimseL?. New Edition. 8vo 12¢

LORD MACAULAY'S SPEECHES ON PARLIAMENTARY
REFORM IN 1831 AND 1832. Reprinted in the TRAVELLER’S
L1BRARY. 16mo ls

S8OUTHEY'S LIFE OF WESLEY, AND RISE AND PROGRESS
OF METHODISM. Fourth Edition, with Notes and Additions. Edited
by the Rev. C. C. SouTHEY, M.A. 2 vols. crown 8vo 128

THE HISTORY OF WESLEYAN METHODISM. By GEORGE
SmiTH, F.A.S.,, Member of the Royal Asiatic Society, &c. 3 vols.
crown 8vo 31¢ 64

THE VOYAGE AND SHIPWRECK OF S8T. PAUL: With
Dissertations on the Life and Writings of St. Luke, and the Ships and
Navigation of the Ancients. By JamEes SmiTH, of Jordanhill, Esq.,
F.R.8. Second Edition; with Charts, &c. Crown 8vo 8s 6d
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THEE LIFE AED EPISTLES OF &T. PAUL By the Rev. W.. J.

CoNYBBARE, M A,, late Fellow of Trinity College, bridge ; and the
Rev. J. S. Howson, D.D., Principal of the Collegiate Institution,
Liverpool. People's Edition, condensed ; with 46 Illustrations and Maps.
2 vols. crown 8vo0 12¢

CONYBEARE AND HOWSON'S LIFE AND EPISTLES OF
. ST. PAUL. The Intermediate Edition, thoroughlyrevised ; with a Selec-
tion of Mn}n, Plates, and Wood Bngravings. 2 vols, square crown 8vo
price 31¢ 6

| GONYBEABE AND HOWSON'S LIFE AND EPISTLES OF
ST. PAUL. The Library Edition, corrected and reprinted ; with all the
Original Plates, Maps, Wood Engravings, and other Illustrations. 3 vols.
440 188 .

THE GENTILE AND THE JEW IN THE COURTS OF THE
' TRMPLE OF CHRIST. An Introduction to the History of Christianity.
From the German of Professor DOLLING&R, by the Rev. N. DARNELL,
M.A., late Fellow of New College, Oxford. 2 vols. §vo 21¢

PORT-ROYAL; A Contribution to the History of Religion and
Literature in France. By CuariLes Bearp, B.A. 2 vols. post 8vo
price 24¢

HIPPOLYTUS AND HIS AGE; or, the Beginninis and Prospects
gf Cahol;istianity. By C. C. J. BunseNn, D.D,, D.C.L., D. Ph. 2 vols.
vo
By the same Author.

OUTLINES OF THE PHILOSOPHY OF UNIVERSAL HISTORY,
applied to Language and Religion: Containing an Account of the
Alphabetical Conferences. 2 vols. 8vo 33s

ANALECTA ANTE-NICENA. 3 vols. 8vo 42s

EGYPT'S PLACE IN UNIVERSAL HISTORY: An Historical In-
vestigation, in Five Books. Translated from the German by C. H.
CorTrELL, M.A. With many Illustrations. 4 vols. 8vo £5 8¢ Vor.
V., completing the work, is in preparation.

A NEW LATIN-ENGLISH DICTIONARY. By the Rev. J. T.
WHITE, M.A,, of Corpus Christi College, Oxford ; and the Rev. J. E.
RipbLE, M.A,, of St. Edmund Hall, Oxford. Imperial 8vo 12

| A GREEK-ENGLISH LEXICON. Compiled by HrNRY Go.
LippkLL, D.D., Dean of Christ Church; and RoBerT Scerr, D.D.,
) Mgate;l ogdBulliol. Fifth Edition, revised and augmented. Crown 4to
| price 81¢

A LEXICON, GREEK AND ENGLISH, abridged from Lrpprrr
and ScoTr’s Greek-English Lexicon. Ninth Edition, revised and com-
pared throughout with the Original. Square 12mo 7s 64

|
|

|
|
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A NEW ENSLISH-GREEK LEXICOR, containing all fhe Breek
Words used by Writers of good authority. By CuarLes Duge Yongk,
B.A. Second Edition, thoroughly revised. 4to 21s

A DICTIONARY OF THE ENGLISH LANGUAGE. By R. G.
LaTHaM, M.A,, M.D,, B.R.8,, late Fellow of King’s College, Cambridge.
Founded on that of Dr. SaMuBL JOHNSON, a8 edited by the Rev. H. T.
Topp, M.A., with numerous Emendations and Additions. 2 vols. 4to
in course of publication in Thirty Monthly Parts, price 5s each.

THESAURUS OF ENGLISH WORDS AND PHRASES, classified
and arranged so as to facilitate the Expression of Ideas, and assist in
Literary Composition. By P, M. Roeer, M.D., F.R.S., &c. Twelfth
Edition, revised and improved. Crown 8vo 10s 6d

A PRACTICAL DICTIORARY OF THE FRENCH AND ENGLISH
LANGUAGES. By LtoN ConTANSKAU, lately Professor of the French
Language and Literature in the Royal Indian Military College, Addis-
combe (now dissolved); and 'Examiner for Military Appoimtments.
Sixth Edition, with Corrections. Post 8vo 10¢ 62

By the same Author.

A POCKET DICTIONABRY OF THE FRERCH AND 'ENGLISH
LANGUAGES; being a careful abridgment of the above, preserving all
the most useful features of the original work, condensed into a pocket
volume for the convenience of Tourists, Travellers, and English Readers
or Students to whom portability of size is a requicite. Square 18mo 5¢

LECTURES ON THE SCIENCE OF LANGUAGE, delivered at the

Royal Institution of Great Britain. By Max MULLER, M.A., Pellow of .
All Souls College, Oxford. Third Edition, revised. 8vo 12s .

THE STUDENT'S HANDBOOK OF COMPARATIVE GRAMMAR,
applied to the Sanskrit, Zend, Greek, Latin, Gothic, Anglo-Saxon, and .
English Languages. By the Rev. THomAs CLARK, M. Crown 8vo
price 7s 6d .

THE DEBATER: A Series of Complete Debates, Outlines of !

Debates, and Questions for Discussion ; with ample References to the
best Sources of Information. By F. Rowron. Fep 8vo 6s

THE ENGLISH LANGUAGE. By R. G. LatEam, M.A,, M.D,,
F.R.8,, late Fellow of King’s College, Cambridge. Fifth Edition, revised
and . 8vol8s )

By the same Author.

HANDBOOK OF THE ENGLISH LANGUAGE, for the Use of
Students of the Universities and Higher Classes of Schools. .Fourth
Edition. Crown 8vo 7z 6d :

ELEMENTS OF COMPARATIVE PHILOLOGY. B8vo 21s

MANUAL OF ENGLISH LITERATURE, HISTORICAL AND
CRITICAL; with a Chapter on English Metres. For the use of Schools .
and Colleges. By THomAs ARrNoOLD, B.A., Professor of English Litera. |
ture, Cath, Univ. Ireland. Post 8vo 10s 6d )
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ON TRAKSLATING HOMER: Three Lectures given at Oxford
By MATTHEW ARNOLD, M.A., Professor of Poetry in the University of
Oxford, and formerly Fellow of Oriel College. Crown 8vo 3s 6d—Ar
ARNOLD’s Last Words on Translating Homer, price 3 6d

JERUSALEM : A Sketch of the City and Temple, from the Earliest
Times to the S8iege by Titus. By ThHomas LEwIN, M.A. With Msp
and lllustrations. 8vo 10¢

PEAKS, PASSES, AND GLACIERS: a Series of Excursions by
Members of the Alpine Club. Edited by J. BaLL, M.R.L.A,, F.LS
Fourth Edition; with Maps, Illustrations, and Woodcuts. Square
crown 8vo s—TRAVELLERS’ EpitION, condensed, 16mo 55 64

SECOND SERIES OF PEAKS, PASSES, AND GLACIERS. Edited
by E. 8, KunneEDY, M.A., F.R.G.S., President of the Alpine Club.
With 4 DouBLE MaPs and 10 Single Maps by E. WELLER, F.R.G.5.;
and 51 Illustrations on Wood by E. WuyMPER and G. PEARSON. 2 vols-
square crown 8vo 42s .

NINETEEN MAPS OF THE ALPINE DISTRICTS: from the First
and S;coel:id Series of Peaks, Passes, and Glaciers. Square crown 8
price 7¢

MOUNTAINEERING IN 186l; a Vacation Tour. By JomX
TyYNDALL, F.R.8., Professor of Natural Philosophy in the Royal Instits-
tion of Great Britain. Square crown 8vo with 2 Views, 7s 6d

A SUMMER TOUR IN THE GRISONS AND ITALIAN VALLEYS
OF THE BERNINA. By Mrs. HEnry FREsurIELD. With 2coloured
Maps and 4 Views. Post 8vo 10s 6d

By the same Author.

ALPINE BYWAYS; or, Light Leaves gathered in 1859 and 1860.
With 8 Illustrations and 4 Route Maps. Post 8vo 10s 6d

A LADY'S TOUR ROUND MORTE ROSA; including Visits to the
Italian Valleys of Anzasca, Mastalone, Camasco, Sesia, Lys, Challant,
Aosta, and Cogne. With Map and Illustrations. Post 8vo 148

THE ALFS; or, Sketches of Life and Nature in the Mountains.
By Baron H. VoN BERrLEPscH. Translated by the Rev. LEsLIS
STePHEN, M.A. With 17 Tinted Illustrations, 8vo 15s

THEBES, ITS TOMBS AND THEIR TENANTS, Ancient and
Modern ; including a Record of Excavations in the Necropolis. By

A. HENRY RHIND, F.S.A. With 17 Illustrations, including a Msp.
Royal 8vo 18¢

LETTERS FROM ITALY AND SWITZERLAND. By Fmnx

MENDELSSOHN-BARTHOLDY. Translsted from the German by LapY
WaLLACE. Second Edition, revised. Post 8vo 9¢ 64
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A GUIDE TO THE PYREREES ; especially intended for the use
oF( Mgunaineen. By CHARLES PAckE. With Frontispiece and 3 Maps.
cp 8vo

The Mav of the Central Pyrenees, separately, price 3s 64

HERZEGOVINA; or, Omer Pacha and the Christian Rebels:
With a Brief Account of Servia, its Social, Political, and Financial Con-
dition. By Lieut. G. ARBUTHNOT, R.H.A., F.R.G.S. Post 8vo, Fron-
tispiece and Map, 10s 6d

CANADA AND THE CRIMEA; or, Sketches of a Soldier's Life,
from the Journals and Correspondence of the late Major RANKEN, R.E.,
Edited by his Brother, W. B. RANKEN. Second Edition. Post 8vo, with
Portrait, price 7s 6d

NOTES ON MEXICO IN 1861 AND 1862, Politically and Socially
coosidered. By CHARLES LEMPRIERE, D.C.L., of the Inner Temple,
and Law Fellow of 8t. John’s College, Oxford. With Map and 10 Wood-
cuts. Post 8vo 125 64

EXPLORATIONS IN LABRADOR, the Country of the Montagnais
and Nasquapee Indians. By HenNry YouLe Hinp, M.A, F.R.G.S,
Professor of Chemistry and Geology in the University of Trinity College,
Toronto. 2 vols. [Just ready.

By the same Author.

NARRATIVE OF THE CANADIAN RED RIVER EXPLORING
KXPEDITION OF 1857 ; and of the ASSINNIBOINE AND SASKAT-
CHEWAN EXPLORING EXPEDITION OF 1858, With several
Coloured Maps and Plans, numerous Woodcuts, and 20 Chromoxylogra-
phic Engravings. 2 vois. 8vo 42¢

HAWAII; the Past, Present, and Future of its Island-kingdom :
An Historical A t of the Sandwich Islands (Polynesia). By MANLEY
Hopxkins, Hawaiian Consul-General. Post 8vo. Map and 1liustrations,
price 125 6d

WILD LIFE ON THE FJELDS OF NORWAY. By Frawcis M. .

Wynpuam., With Maps and Woodcuts. Post 8vo 10s 6d

THE LAKE REGIONS OF CENTRAL AFRICA: A Picture of
Exploration. By RicHARD F. BurTtoN, Captain H.M. Indian Army.
2 vola, 8vo, Map and 1liustratious, 31 6d

By the same Author.
FIRST FOOTSTEPS IN EAST AFRICA; or, An Exploration of
Harar. With Maps and coloured lllustrations. 8vo 18¢

PERSONAL NARRATIVE OF A PILGRIMAGE TO EL MEDINAH
aud MECCAH. Second Edition ; with numerous 1llustrations. 2 vols,
crown 8vo 348

THE CITY OF THE SAIRTS; and Across the Rocky Mountains to
California. Second Edition; with Maps and Illustrations, 8vo 18s
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A DICTIONARY OF CHEMISTRY, founded on that of the late

Dr. Ure. By HeENrY WatTs, B.A., F.C.S., Editor of the Quarterly -
Journal of the Chemical Society. To be published in Mouthly Parts,

uniform with the New Edition of Dr. Urs’s Dictionary of drts, Manufac-
tures, and Mines, recently completed.

HANDBOOK OF CHEMICAL ANALYSIS, adapted to the Unitary
System of Notation. Based on the 4th Edition of Dr. H. Wills® dnleitung
sur chfmﬁi;chen Analyse. By F.T. ConineTon, M.A., F.C.8. Post 8vo
price 7&

CONINGTON'S TABLES OF QUALITATIVE ANALYSIS, to accom-
pany in use his Handbook of Chkemical Analysis. Post 8vo 2s 6a

A HANDBOOK OF VOLUMETRICAL ANALYSIS. By Rosmrr H.
georr,d;l.A., T.C.D., Secretary of the Geological Society of Dublin. Post
VO 48

A

A TREATISE ON ELECTRICITY, in Theo{r; and P"recti?e. By

A.De LA RivE, Professor in the A d for

of G
the Autlior by C. V. WALKER, F.R.S. With Illustrations. 3 vols. 8vo

price £38 132

AN ESSAY ON CLASSIFICATION [The Mutual Relation of
Organised Beings]. By Louls Agassiz. 8vo12s

A DICTIONARY OF SCIENCE, LITERATURE, AND ART: Com-

%rilinz the History, Description, and Scientific Principles of every

ranch of Human Knowledge. Edited by W. T. Bl.uu)si F.R.S.L. and |

E. The Fourth Edition, revised and corrected. 8vo [

THE CORRELATION OF PHYSICAL FORCES. By W. R. Grovs,
Q.C., M.A,, V.P.R.S,, Corresponding Member of the Academies of Rome,
Turin, &c. Fourth Edition. 8vo 7s6d

THE ELEMENTS OF PHYSICS. By C.F. PrscHRL, Principal of
the Roval Military College, Dresden. Translated from the German, with
Notes, by E. WesT. 3 vols. fcp 8vo 31¢

PHILLIPS'S ELEMERTARY INTRODUCTION TO MINERALOGY.
A New Edition, with extensive Alterations and Additions by H. J.
Brookeg, F.R.S.,, F.G.S.; and W. H, MILLER, M.A,, F.G.S. With
numerous Woodcuts., Post 8vo 18¢

A GLOSSARY OF MINERALOGY. By HeNrY WILLIAM BRrISTOW,
F.G.8., of the Geological Survey of Great Britain. With 486 Figures on
Wood. Crown 8vo 12¢

n the press.

ELEMENTS OF MATERIA MEDICA AND THERAPEUTICS, By

JoNATHAN PEREIRA, M.D). F.R.S. Third Edition, enlarged and im-

roved from the Author’s Materials. By A. S. TAvyLor, M.D.,snd G. O.

rES, M.D. With numerous Woodcuts. VoLr. I. §vo 28¢; VoL, II.
Parr IL. 21s; VoL. I1. Parr 11. 26¢
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OUTLINES OF ASTRONOMY. By SirJ.F. W. HErscHEL, Bart.,
M.Al. Fifth Edition, revised and corrected. With Plates and Woodcuts.
8 8¢
vo By the same Author.
ESSAYS FROM THE EDINBURGH AND QUARTERLY REVIEWS,
with Addresses and other Pieces. 8vo 18¢

CELESTIAL OBJECTS FOR COMMON TELESCOPES. By the Rev.
ll6 W.7Wnnn, M.A., F.R.A.8. With Woodcuts and Map of the Moon.
mo 7s

A GUIDE TO GEOLOGY. By Jomwx Prinires, M.A.,, F.RS.,
F.G.S., &c. Fourth Edition. With 4 Plates. Fcp 8vo 5¢

THE LAW OF STORMS considered in connexion with the ordi-
nary Movements of the Atmosphere. By H., W. Dove, F.R.8., Member
of the Academies of Moscow, Munich, St. Petersburg, &c. Second
Edition, translated, with the Author’s sanction, by R. H. Scorr, M.A.,
Trin. Coll. Dublin. With Diagrams and Charts. 8vo 10s 6d

THE WEATHER-BOOK; A Manual of Practical Meteorology. B
gteni-édminl RosegrT FiTzRoYy, R.N. With 16 Disgrams on Wood.
vo

ON THE STRENGTH OF MATERIALS; Containing various
original and useful Formule, specially applied to Tubular Bridges,
aVC'ro‘;mé:‘t-h-on and Cast-Iron Beams, &c. By THomas TaTs, F.R.A.S,

vo 88

MANUAL OF THE SUB-KINGDOM CELENTERATA. By J. ReaY
GREENE, B.A., M.R.I.A. Being the SEcowp of a New Series of MANUALS
of the Experimental and Natural Sciences; edited by the Rev. J. A.
GALBRAITH, M.A,, and the Rev. S. HAvenToN, M.A., F.R.8., Fellows
of Trinity College, Dublin. With 39 Woodcuts. Fcp 8vo 5¢

By the same Author and Editors.

MANUAL OF PROT0ZOA; With a General Introduction on the
Principles of Zoology, and 16 Woodcuts: Being the First Manual of the
Series. Fcp 8vo 2¢

THE SEA AND ITS LIVING WONDERS. By Dr. Georgs
Hartwie, Translated by the Author from the Fourth German Edition ;
and embellished with numerous lllustrations from Original Designs.

8vo 188
By the same Author.

THE TROPICAL WORLD: a Popular Scientific Account of the
Natural History of the Animal and Vegetable Kingdoms in the Equa-
torial ‘Regions. With 8 Chromoxylographs and 173 Woodcut llius-
trations. 8vo 21s

FOREST CREATURES. By CHarrrs BoNER, Author of ¢ Chamois
Honting in the Mountains of Bavaria,” &c. With 18 Illustrations from
Drawings by Guipo Hammer. Post 8vo 10s 6d
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THE CRICKET FIELD; or, the History and the Science of the
Game of Cricket. By the Rev. J. Ptcnon, B.A., Trin. Coll. Oxon.
Fourth Edition ; with 2 Plates. Fcp 8vo 5¢

By the same Author.

THE CRICKET TUTOR; a Treatise oxclusively Practical, dedicated
to the Captains of Elevens in Public Schools. 18mo 1s

THE WARDEN: a Novel. By AxtHONY TROLLOPE. New and
cheaper Edition. Crown 8vo 3s 64

By the same Author.

BARCHESTER TOWERS: A Sequel to the Wardes. New and
cheaper Edition. Crown 8vo 5s

ELLICE: A Tale. By L. N. Couyx. Post 8vo 9s 6d

THE LAST OF THE OLD SQUIRES: A Sketch. By the Rev.
%. Wswtnzzx,ﬂ .D., Vicar of West Tarring, Sussex. Second Edition.
cp. 8vO 48

THE ROMANCE OF A DULL LIFE. Second Edition, revised.
Post 8vo 9s 6d
By the same Author.
MORNING CLOUDS. Second and cheaper KEdition, revised
throughout. Fcp8vo 5¢

THE AFTERNOON OF LIFE. Second and cheaper Edition,
revised throughout. Fcp 8vo 58

PROBLEMS IN HUMAN NATURE. Post 8vo 5¢

THE TALES ARD STORIES OF THE AUTHOR OF AMY
HERBERT. New and cheaper Edition, in 10 vols. crown 8vo price
#£1 14¢ 6d boards ; or each work sepumtely, complete in a single volume.
AMY HERBERT ......... 2664 , IVORS . 3s6d
GERTRUDE ............ .. 266d | KATHERINE ASHTON .. 3s6d
The EARL’S DAUGHTER. 2s6d | MARGARET PERCIVAL.. 5s80d
EXPERIENCE of LIFE. ... 2664 | LANETON PARSONAGE.. 4s6d
CLEVE HALL ........ vees 386d | URSULA ..........cccu.... 486d

.« Each work may be had separately in cloth, with gilt edges, at
One Shilling per volume extra.

SUNSETS AND SUNSHINE; or, Varied Aspects of Life. By
ErRsKINE NEALE, M.A,, Vlcar of Exning, and Chaplain to the Earl of
Huntingdon. Fost 8vo 82 6d

MY LIFE, AND WHAT SHALL I DO WITH IT? A Question
for 6Y‘oumr Gentlewomen. By an OLp Maip. Fourth Edition. Fcp
8vo

DEACONESSES: An Essay on the Official Help of Women in
Parochial Work and in Charitable Institutions. By the Rev. J. S,
Howson, D.D., Principal of the Collegiate Institution, Liverpool. Fcp
8vo 5¢
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ESSAYS IN ECCLESIASTICAL BIOGRAPHY. By the Right Hon.
Sir JaAMEs STEPHEN, LL.D. Fourth Edition, with a Biographical Notice
of the Author, by his Son. 8vo l4¢

By the same Author.

LECTURES ON THE HISTORY OF FRANCE. Third Edition.
2 vols. 8vo 24¢

CRITICAL AND HISTORICAL ESSAYS contributed to The Edin-
burgh Review. By the Right Hon. Lord Macauray. Four KEditions,
as follows : —

1. A LiBRARY EDITION (the Tentk), 3 vols. 8vo S8

2. Comg:ete in ONE VOLUME, with Portrait and Vignette. Square crown 8vo 21s
3. Another NEw EDITION, in 8 vols. fcp 8vo 21s

4. The PEorLE’s EDITION, in 2 vols. crown 8vo 8s

LORD MACAULAY'S MISCELLANEOUS WRITINGS: comprising
his Contributions to Knight's Quarterly Magazine, Articles contributed
to the Edinburgh Review not included in his Critical and Historical
Essays, Biographies written for the Encyclopedia Britanni Miscel-

laneous Poems and Inscriptions. 3 vols. 8vo with Portrait, 21¢

THE REV. SYDREY SMITH'S MISCELLANEOUS WORKS: In-
cluding his Coutributions to the Edinburgh Review. Four Editions,
viz.

. A LiBrARY EDITION (the Fourth), in 8 vols. 870 with Portrait, 36¢

. Complete in ONE VOoLUMBE, with Portrait and Vignette, Square crown 8vo 21s
. Another NEW EDITION, in 8 vols. fcp 8vo 21s

. The PRorLE’s EDITION, in 2 vols. erown 8vo 82

By the same Author.

ELEMENTARY SKETCHES OF MORAL PHILOSOPHY, delivered
at the Royal lnstitution. Fcp 8vo 7¢

SR

THE WIT AND WISDOM OF THE REV. SYDNEY SMITH: A
Selection of the most memorable Passages in his Writings and Con-
versation. 16mo 7s 6d

ESSAYS SELECTED FROM CONTRIBUTIONS TO THE Edinlurgh
Review. By HEnry Roaers. Second Edition. 3 vols, fcp 8vo 21s

By the same Author.

THE ECLIPSE OF FAITH; or, A Visit to a Religious Sceptic.
Tenth Edition. Fcp 8vo 5s

DEFERCE OF THE ECLIPSE OF FAITH, by its Author: Being
a Rejoinder to Professor Newman’s Reply. Fcp 8vo 3s 6d

SELECTIONS FROM THE CORRESPONDENCE OF R. E H.
GREYE'; )N, Esq. Edited by the Author of The Eclipse of Faith. Crown
8vo 7¢
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HYMNOLOGIA CHRISTIANA: Psalms and Hymns for the Chris-
tian Seasons. Selected and Contributed by Philhymnic Friends; and
Edited by BenyamiNn HarLr KenNepy, D.D., Prebendary of Lichfield.
Crown 8vo [Just ready.

LYRA BACRA; Being a Collection of Hymns, Ancient and Modern
Odes, and Fragments of Sacred Poetry; compiled and edited, with a
Preface, by the Rev, B. W. SaviLg, M.A. Fcp 8vo 5¢

LYRA DOMESTICA: Christian Songs for Domestic Edification.
Translated from the Psaltery and Harp of C. J. P. SPiTTA. By RICHARD
Massix. Fcp 8vo 42 6d

THE WIFE'S MANUAL; or, Prayers, Thoughts, and Songs on
Several Occasions of a Matron’s Life. By the Rev. W. CALVERT, M.A.
Omnnlxgl;eg in the style of Queen Elizabeth’s Prayer:Book. Crown 8vo
price

HORNE'S INTRODUCTION TO THE CRITICAL STUDY AND
KNOWLEDGE OF THE HOLY SCRIPTURES. Eleventh Edition,
revised throughout, and brought up to the existing state of Biblical
Knowledge. Edited by the Rev. T. H. Horng, B.D., the Author, the
Rev. JoHN AYRE, M.A,, and S. P. TrReGELLES, LL.D.; or with the
Second Volume, on the Old Testament, edited by S. Davipson, D.D.

and LL.D. With 4 Maps and 22 Woodcuts and Facsimiles. 4 vols. 8vo |

price £8 13s 6d

HORNE'S COMPENDIOUS INTRODUCTION TO THE STUDY OF
THE BIBLE. Tentk Edition, carefully re-edited by the Rev. Joun
AYRE, M.A,, of Gonville and Caius College, Cambridge. With 3 Maps
and 6 Iliustrations. Post 8vo 9¢

THE TREASURY OF BIBLE KNOWLEDGE: Comprising a Sum-
mary of the Evidences of Christianity; the Principles of Biblical
Criticism ; the History, Chronology, and Geography of the Scriptures ;
an Account of the Formation of the Canon; separate Introductions to
the several Books of the Bible, &c. By the Rev. JouN AYRE, M.A.
Fcp 8vo with Maps, Engravings on Steel, and numerous Woodcuts ;
uniform with Maunder’s Treasuries, [Nearly ready.

INSTRUCTIONS IN THE DOCTRINE AND PRACTICE OF CHRIS-
TIANITY. Intended chiefly as an Introduction to Confirmation. By
the ma%l:stam" G, E. L. Corron, D.D., Bisnor of CALCUTTA. 18mo
price

BOWDLER'S FAMILY SHAKSPEARE ; in whioh nothing is added
to the Ori%inal Text, but those words and expressions are omitéed which
cannot with propriety be read alond. Cheaper Genuine Rdition, complete
in 1 vol. large type, with 36 Woodcut Illustrations, price 14¢# Or, with
the same ILLUSTRATIONS, in 6 volumes for the pocket, price 5¢ each.

GOLDSMITH'S POETICAL WORKS. Edited by Borroxn CORFEY,
Esq. Illustrated with numerous Wood Engravings, from Designs by
Members of the Etching Club. Square crown 8vo 31s
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MOORE'S IRISH MELODIES. With 161 Designs on Steel by
DanigL MacLisg, R.A., and the whole of the Text of the Songs engraved
by BEcxer. Super-royal 8vo 31¢ 64

TENNIEL'S EDITION OF MOORE'S LALLA ROOKH. With 68
Wooedcut Illustrations, from Original Drawings, and 5 Initial Pages of
Persian Designs by T. Sulman, Jun. Fcp 4to 21s

MOORE'S POETICAL WORKS. People’s Edition, complete in One
Vo.lun;g; g;rge type, with Portrait after Phillips. Square crown Svo
price

POETICAL WORKS OF LETITIA ELIZABETH LANDON (LE.L.)
Comprising the Improvisatrice, the Venetian Bracelet, the Golden Violet,
the Troubadour, and Poetical Remains. New Edition ; with 2 Vignettes.
2 vols. 16mo 10s

LAYS OF ANCIENT ROME ; with Jory and the Armads. By the
Right Hon. Lord MAcAauLAY. 16mo 45 6d

LORD MACAULAY’S LAYS OF ANCIENT ROME. With Illustra-
tio:;s‘, Original and from the Antique, drawn on Wood by G. Scharf, Fcp
4t0 21s

POEMS. By Marreew ArNorp. First Sgmiks, Third Edition.
Fcp 8vo 58 64 SECOND SERIES, 5¢

By the same Author.

MEROPE : A Tragedy. With a Preface and an Historical Intro-
duction. Fcp 8vo 5¢

SOUTHEY'S POETICAL WORKS; with all the Author's last Intro-
ductions and Notes. Library Edition, with Portrait and Vignette.
Medium 8vo 21#; in 10 vols, fcp 8vo with Portrait and 19 Vignettes, 35¢

By the same Author.

THE DOCTOR, &e. Comglete in One Volume. Edited by the
Rev. J. W. WARTER, B.D. With Portrait, Vignette, Bust, and coloured
Plate. Square crown 8vo 13 64

CALDERON'S THREE DRAMAS : Love the Greatest Enchantment,
The Sorceries of Sin, and The Devotion of the Cross, attempted in English
Asonante and other Imitative Verse, by D. F. MacCArTHY, M.R.L.A,,
with Notes, and the Spanish Text. Fcp 4to 15¢

A SURVEY OF HUMAN PROGRESS TOWARDS HIGHER CIVI.
LISATION: a Progress as little perceived by the multitude in any age,
as is the growing of a tree by the children who sport under its shade. %y
NgIL ArNoTT, M.D., F.R.8., &c. 8vo price 6s 6d

COLONISATION AND COLONIES: Being a Series of Lectures
delivered before the University of Oxford in 1839, ’40, and ’41. By
HrrMAN MERIVALE, M.A,, Professor of Political Economy. Second
Edition, with Notes and Additions. 8vo 18s
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HINTS T0 MOTHERS ON THE MANAGEMENT OF
HRALTH DURING THE PERIOD OF PREGNANCY AND IN THE
LYING-IN ROOM. By T. BurL, M.D. Fcp8vo5s

AL MANAGEMENT OF CHILDREN IN HEALTH
AND DISEASE. Fcp 8vo 5s

LECTURES ON THE DISEASES OF INFANCY AND CHILDHOOD.
By Cuarres West, M.D., &c. Fourth Edition, carefully revised
throughout; with numerous additional Cases, and a copious INpex.
8vo l4s

THE PATENRTEE'S MANUAL: A Treatise on the Law and Prac-
tice of Letters Patent, especially intended for the use of Patentees and
Inventors. By J. Jonnsonxand J. H. JouNsoN, Esqrs. Post 8vo 7s6d

THE PRACTICAL DRAUGHTSMAN'S BOOK OF IRDUSTRIAL
DESIGN. By W. JouNsoN, Assoc. Inst. C.E. Second Edition, enlarged;
comprising 300 Pages of Letterpress, 310 Quarto Plates, and numerous
‘Woodcuts. 4to 28¢ 64

THE PRACTICAL MECHANIC'S JOURNAL: An Illustrated Record
of Mechanical and Engineering Science. and Epitome of Patent Inven-
tions. 4to price 1¢ monthly. Vous, I. to XV, price 14¢ each, in cloth,

THE PRACTICAL MECHANIC'S JOURNAL RECORD OF THE
INTERNATIONAL EXHIBITION OF 1862, A full and elaborate
Illustrated Account of the Exhibition, contributed by 43 Writers of
eminence in the Departments of Science and Art. InOne Volume, com-
prising 630 Pages of Letterpress, illustrated by 20 Plate Engravings and
900 Woodcuts. 4to price 26s 6d cloth.

COLLIERIES AND COLLIERS; A Handbook of the Law and
leading Cases relating thereto. By J. C. FowLERr, Barrister-at-Law;
lgtipendiel‘ry Magistrate for the District of Merthyr Tydfil and Aberdare.

cp 8vo

THE THEORY OF WAR ILLUSTRATED by numerous Examples
from History. By Lieut.-Col. MAcDoUGALL, late Superiutendent of the
Staff College. Third Edition, with 10 Plans. Post 8vo price 10s 64

| PROJECTILE WEAPONS OF WAR AND EXPLOSIVE COM-
POUNDS. By J. ScorFerN, M.B. Lond. late Professor of Chemistry in
the Aldersgate School of Medicine. Fourth Edition. Post 8vo with
‘Woodcuts, 9s 6d

SUPPLEMENT, containing New Resources of Warfare, price 2s

A MANUAL FOR NAVAL CADETS. By Jomn M‘Nrm Boyp,
late Captain R.N. Published with the Sanction and Approval of the
Lords Commissioners of the Admiralty. Second Rdition; with 240
‘Woodcuts, 2 coloured Plates of Signals, &¢c., and 11 coloured Plates of
Flags, Post 8vo 12¢ 6d
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PROJECTION AND CALCULATION OF THE SPHERE. For
Young Sea Officers ; being a com{Jlete Initiation into Nautical Astronomy.
By 8. M. SaxByY, R.N., Principal Instructor of Naval Engineers, H.M,
Steam Reserve. With 77 Diagrams. Post 8vo 5

By the same Author.

THE STUDY OF STEAM AND THE MARINE ENGINE. For
Young Sea Officers in H.M, Navy, the Merchant Navy, &c.; being a
complete Initiation into a knowledge of Principles and their Application
to Practice. Post 8vo with 87 Diagrams, 5s 6d

A TREATISE ON THE STEAM ENGINE, in its various Applica-
tions to Mines, Mills, Steam Navigation, Railways, and Agriculture.
‘With Theoretical Investigations respecting the Motive Power of Heat and
the Proportions of Steam Engines; Tables of the Right Dimensions of
every Part; and Practical Instructions for the Manufacture and
Manag nt of every species of Engine in actualuse. By Joux BouRrNE,
C.E. Fifth Edition; with 37 Plates and 546 Woodcuts (200 new in this
Edition). 4to 42s

By the same Author.,

A CATECHISM OF THE STEAM ENGINE, in its yarious Applica-
tions to Mines, Mills, Steam Navigation, Railways, and Agriculture ;
with Practical Instructions for the Manufacture and Management of
Engines of every class. New Edition, with 80 Woodcuts. Fcp 8vo 6¢

HANDBOOK OF FARM LABOUR : Comprising Labour Statistics ;
Steam, Water, Wind ; Horse Power; Hand Power ; Cost of Farm Opera-
tions; Monthly Calendar; APrENpix on Boarding Agricultural
Labourers, &c.; and INDEXx. By JoHN CHALMERS MoRrTON, Editor of
the dgricultural Gazette, &c. 16mo 1s 6d

By the same Author.

HANDBOOX OF DAIRY HUSBANDRY: Comprising Dairy Sta-
tistics ; Food of the Cow; Choice and Treatment of the Cow; Milk;
Butter; Cheese ; General Management of a Dairy Farm; Monthly
Csalendm;; ‘«i)f Daily Operations; ArPENDIX of Statistics; and INDEx.
16mo l1s

CONVERSATIONS ON NATURAL PHILOSOPHY, in which the
Elements of that Science are familiarly explained. By JANE MARCET.
13th Edition ; with 34+ Plates. Fcp 8vo 10s 64

By the same Author.
CONVERSATIONS ON CHEMISTRY, in which the Elements of that

Science are familiarly explained and illustrated. A thoroughly revised
Edition. 2 vols. fcp 8vo 14s

CONVERSATIONS ON LAND AND WATER. Revised Edition, with
;v Coslo%;cd Map, showing the comparative Altitude of Mountains. Fcp
0 58

CONVERSATIONS ON POLITICAL ECONOMY. Fcp 8vo 7s6d
BAYLDON'S ART OF VALUING RENTS AND TILLAGES, and

Claims _of Tenants upon Quitting Farms, at both Michaelmas and Lady-
Day. Seventh Edition, enlarged. 8vo 10s 6d
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AN ENCYCLOPZEDIA OF AGRICULTURE: Comprising the Theory
and Practice of the Valuation, Transfer, Laying-out, Improvement, and
Management of Landed Property, and of the Cuitivation and Economy
of the Animal and Vegetable uctions of Agriculture. By J. C.
Loupon, With 1,100 Woodcuts. 8vo 81s 64

By the same Author.

AN ENCYCLOPZEDIA OF GARDENING: Comprising the Theory
and Practice of Horticulture, Floriculture, Arboriculture, and Landscape
Gardening. Corrected and improved by Mrs. LoupoN. With 1,000
Woodcuts. 8vo 315 6d

AN ENCYCLOPXEDIA OF TREES AND SHRUBS: Containing the
Hardy Trees and Shrubs of Great Britain, Native and Foreign, Scientifi-
cally and Popularly Described. With 2,000 Woodcuts. 8vo 50s

AN ENCYCLOPEDIA OF PLANTS: Comprising the Specific
Character, Description, Culture, History, Application in the”A and
every other desirable Particular respecting all the Plants found in Great
Britain. Corrected by Mrs. Loupon. ith upwards of 12,000 Wood-
cuts. 8vo #£3 3564

THE CABINET LAWYER: A Popular Digest of the Laws of
England, Civil and Criminal: Comprising aleo a Dictionary of Law
Terms, Maxims, Statutes, and much other useful Legal Information.
19th Edition, extended by the Author; with the Statutes and Legal Deci-
sions to Michaelmas Term, 24 and 25 Victoria. Fcp 8vo 10¢ 6d

EXECUTOR'S GUIDE. By J. C. HupsoN. New and enlarged
ition, revised by the Author. Fcp 8vo 8¢

By the same Author,

PLAIN' DIRECTIONS FOR MAKING WILLS IN CONFORMITY
;Vl’l‘s}vl 'giolfi LAW. New Edition, corrected and revised by the Author.
cp 8vo

THE BRITISH FLORA : Comprising the Phenogamous or Flower-
ing Plants, and the Ferns. 8th Edition, with Additions’and Corrections;
and numerous Figures engraved on 12 Plates. By Sir W.J. HOOKER,
K.H., &c.; and G. A, WaLkER-ARNOTT, LL.D., F.L.S. 12mo 14s;
with the Plates coloured, 21s

BRYOLOGIA BRITANNICA: Containing the Mosses of Great
Britain and Ireland systematically arranged and described according to
the method of Bruck and Schimper; with 61 illustrative Plates. By
WinLiaM WILSON. 8vo 42s; or with the Plates coloured, price £4 4¢

HISTORY OF THE BRITISH FRESH-WATER ALGE : Including
Descriptions of the Desmides and Diatomace®e. By A. H, HassaLL,
M.D. With 100 Plates of Figures. 2 vols. 8vo £1 15¢

By the same Author.

ADULTERATIONS DETECTED; or, Plain Instructions for the
Discovery of Frauds in Food and Medicine. By ARTHUR HiLy HAssALL,
M.D. Lond., Analyst of The Lancet Sanitary Commission. With 225
Woodcuts. Crown 8vo 17s 64

B
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CORDON-TRAINING OF FRUIT TREES, Diagonal, Vertical,
Spiral, Horizontal, adapted to the Orchard-Houge and Open-Air Culture.
By Rev. T. CoLLinGgs BRErAUT. Fep 8vo with Woodcuts, 3¢ 64

THE THEORY AND PRACTICE OF HORTICULTURE; or, An
Attempt to Explain the Principal ()g;rations of Gardening upon Physio-
logical Grounds, By J. LinpLEY, M.D., F.R.S,,F.L.S. With 98 Wood-

cuts. 8vo 2l¢
By the same. Author.

AN INTRODUCTION T@ BOTANY. New Edition, revised and
enlarged ; with 6 Plates and many Woodcuts. 2 vols. 8vo 24

THE ROSE AMATEUR’S GUIDE : Containing ample Descriptions
of all thefineleading Varieties of Roses, regularly classed in their respec-
tive Families ; their History and Mode of Culture. By THoMas RIVERS.
Seventh Edition. Fcp 8vo 48

THE GARDENERS' ANNUAL FOR 1863. Edited by the Rev. S.

ReynorLps Hore. With a coloured Frontispiece by JouN LEECH.
Fcp. 8vo 286d

THE TREASURY OF NATURAL HISTORY; or, Popular Diec-
tionary of Zoology: in which the Characteristics that distinguish the
different Classes, Genera, and Species are combined with a variety of
interesting information illustrative of the Habits, Instincts, and General
Economy of the Animal Kingdom. By SaAmMueL MAUNDER. With
above 900 accurate Woodcuts. Fcp 8vo 10s

By the same Author,

THE SCIENTIFIC AND LITERARY TREASURY: A Popular
Encyclopedia of Science and the Belles-Lettres ; inrcluding all branches
of Science, and every subject connected with Literature and Art. Fcp
8vo 10s

THE TREASURY OF GEQGGRAPHY, Physical, Historical, Descrip-
tive, and Political ; containing a succinct Account of every Country in
the World. Completed by WiLLiAM Huasnges, F.R.G.S. With 7 Maps
and 16 Plates. Fcp 8vo 108

THE HISTORICAL TREASURY : Comprising a Geeneral Introduc-
tory Outline of Universal History, Ancient and Modern, and a Series of
Separate Histories of every principal Nation. Fcp 8vo 10s

THE BIOGRAPHICAL TREASURY: Consisting of Memoirs,
Sketches, and Brief Notices of above 12,000 Eminent Persons of All Ages
and Nations. 12tk Edition. Fcp 8vo 108

THE TREASURY OF KNOWLEDGE AND LIBRARY OF REFE-
RENCE : Comprising an English Dictionery and Grammar, a Universal
Gazetteer, a Classical Dictionary, a Chronology, a Law Dictionary, a
Synopsis of the Peerage, useful Tables, &c. Fcp 8vo 10

Uniform with the above.

' THE TREASURY OF BOTANY. By Dr. J. LINDLEY. [In t/e press.

THE TREASURY OF BIBLE KNOWLEDGE. By Rev.J. Avrr,
M.A. [In the press.




GRADUATED SERIES OF ENGLISH READING-BOOKS.

In 5 vols. fcp 8vo price 10s cloth, each of which Volumes may be had
separately as below,

THE GRADUATED SERIES

FIVE READING-LESSON BOOKS

WITH EXPLANATORY NOTES;

Adapted, as a Progressive Course of Reading, for all Classes of
English Schools and Families.

Edited by J. 8. LAURIE,
Editor of the Shilling Entertaining Library, &c.

s d.
Fi1rsT BoOOK, 192 Pages, Sixth Edition cevvveveeever... 1 0
SecoND BoOK, 256 Pages, Fifth Edition .............. 1 6
THIRD BoOOK, 312 Pages, Sirth Edition ... .20
FourTH BOOK, 440 Pages, Sixth Edition...... ..23 6
FirrH BOOK, 496 Pages, Second Edition.....ce..oee... 3 0

THi1s is an entirely new series of Read- | comprises literary selections in prose
ing-Books, carefully adapted throughout|and verse, descriptive travel, natural
to the requirements of modern education. | history (whh reference to the previous
The Five ks are arranged each in cor- | section), and narratives of English his-
responding sections, on a serial and uni- tor{. 00K IV. to which the Third Buok
form scheme of progressive, fetconstantly is introductory, is a further extension of
varied selections. Book I. consists of | the same general plan, with the addition
rhymes and_fireside stories, fables and | of a division on the more %mular branches
parables, and short simple tales, all within | of Natural Science and Physics, sequen-
the comprehension of children who have | tially arranged. Boox V., which com-
mastered the first steps in reading. Boox | pletes the course, forms & further advance
II. contains miscellanies, tales of ldve;x- and a completion of the general plan, and
3 dotes in

ture, ve and rea! aims at answering the practical pu poses
natural history, and bnll:é poetry — all | of a Class-book of ]nbel; Englinl}) Ifn.em-
preliminary to the Third Book. Book IIL ! ture,

By the same Author.

FIRST STEPS to READING : being an Introduction

to the Graduated Series of English Reading-Books. Fcp 8vo Parrl.
price 3d, ParT IL. price 6d sewed; or complete, price 104 cloth. Or
the whole conspicuously printed in bold type for Class Teaching, ona
Set of Broadside Sheets, price 4s 6d, or price 7¢ the Set of BROADSIDES
mounted as 15 Cardboards, or 9s 6d with convenient IroN FRAME; the
IrRON FRAME, separately, price 25 6d




LAURIE’S ENTERTAINING LIBRARY.

In course of publication, in Quarterly Volumes, from January 1863, each
volume in squaare 18mo, with Six full-page Illustrations,
price Une Shilling cloth, or Ninepence sewed,

THE

SHILLING ENTERTAINING LIBRARY,

Adapted to the requirements of School Libraries, Families, and
Working Men.
By J. 8. LAURIE,
‘Editor of the Graduated Series of Reading-Lesson Books, &c.
The First Three Volumes are now ready, viz.

ROBINSON CRUSOE.

GULLIVER’S TRAVELS.

OHBISTMA‘S TALES.

Tue object of the ENTERTAINING
LiBRARY {8 to provide the young and
generally spenk&g, the less educate
portion of the community with books
which they will find readable. Man,
simnilar projects have been started, an
have failed, The Proprietors of the pre-
sent LIBRARY believe that those failures
are to be ascribed to a fundamental defi-
ciency which, with proper attention and
care, may be fully supplied.

In undertakings ot this kind too little
allowance has heen made for what may
almost be termed the. repulsiveness of a
book to the untutored mind. Children
freed from irksome tasks, and working
men wearied with a hard day’s toil, can-
not possibly be induced to read until they
find out what a wealth of entertainment
is concealed under the hard, ungraceful
forms of t; phy. Nothing appears
more certain than that they will not read
at all, unless materials are placed before
them which are calculated to arouse their
interest and enchain their

A glance at the sources uPon which
he has already drawn will, it 1s believed,
convince those who are uainted with
English literature, that such volumes as
he Eé\'mim::;nxmxe ant:ng ogronxilises
to contain necessarily ten enlarge
the intellectual views, and to direct and
strengthen the moral sentiments of every
reader. But the prime end kept in view
will be to afford, in a wide and liberal
sense, pleasure and amusement; and to
this end whatever bears more dircetly
upon the practical utilities of life will in-
variably be held subordinate,

It is proper to state that the Editor as-
sumes the right of adapting the original
text 8o as to suit his purpose. Gramma-
tical constructions which are too involved
and difficult will be simplified ; modern
words and idioms will be substituted for

such as have become obsolete or nearly ob-
solete ; and inall cases pass: which are
unsuitable to the young will be expunged.

Care will be taken to adorn each of the
1l with a ber of striking illus-

The practical problem to be solved
would seem to be to furnish a selection of
works which will appeal to that dominant
principle in the hnman breast, the love of

leasure, The aim of the Editor of the

SNTERTAINING LIBRARY is toprovide an
ample and varied repast for the gratifica~
tion of this iustinct. The concentration
of his efforts upon this single point will
give the present series of books its dis-
tinctive character.

trations. The illustrations to the three
volumes now ready are drawn by Mr,
Sandercock, a risine% artist, whose merit
has been acknowledged by competent

udges.

. Special attention will be paid to the
bindiug of the volames. They will be pre-
pared for being well thumbed. The type,
also, in which they will be printed will be
of the clearest and distinctest kind that
can be procured.

Volumes preparing for Publication Quarterly, uniform with the above three:

SANDFORD and MERTON
[On March 31.

The PILGRIM’S PROGRESS
EVENINGS AT HOME

HISTORY of the PLAGUE
The VICAR of WAKEFIELD
CITIZEN of the WORLD
SWISSFAMILY ROBINSON

AND OTHER WORKS.




INDEX.

Acton’s Cookery-Book ..ocecuees
Afternoon of Life..
Agassiz on Clt-lﬂe-t.bn ceececsrasacas
Alcock’s Japan
Arago's

Selentific Blographi
Arago's Meteorological Essays ........
Arago’s Popular Astronomy .eeeeeeces

Arago's Treatise on Comets.
Arbuthnot's Herssgovina
Arnold’s Manual of English Literature
Arnold’'s Poems ...ooueenne cessscscecnne
Arnold's Merope..........coosecscscccan
Arnold on Translating Homer........

crsesscensee

Chorale-Book (The) for England......
Clark's C
Clough's Lives from Plutarch.
Colenso on the Pentateuch
Collyns on Stag-Hunting.....
Comyn's Ellice, a Tale.... .
Conington's Chemical Aunlydn .
Ce 's French Dicti
Conybeare and Howson's St. Pnnl
Copland’s Dictionary of Medicine ....
Cotton’s Instructions in Christianity ..
Cox's Tales from Greek Mythology ..
Cox's Tale of the Great Persian War
Cox’s Tales of the Gods and Heroes ..
Creay’s Encyclopedia of Civil Engi-

Black on Brewing...... teceseccene
Blaine's Encyclopsedia of Rural Sports
's Land’s End wovievveinninnnen,
Boner's Forest Creatures ......
Bourne on the Steam Engine
's Catechism of ditto.
Bowdler's Family Shakspeare ...
Boyd's Naval Cadst’s Manual ...
Brande’s Dictionary of Science..
Bréhawt on Cordon-Training....
Brodie's Psychological Inquiries
Bristow's Glossary of Mineralogy .
Bromfield’s Brittany and the Bible
Brunel's Life, by Beamish.....
Bull's Hints to Mothers...
Bull on Management of Children.
Bunsen's Hippolytus
Bunsen’s Outlines of Universal History
Bunsen’s Analecta Ante-Nicena.......
Bunsen's Ancient Egypt ..
Bunyan's Pllzrlmnl’romi ultnwd
Burke's Vicissitudes of Families .

BooBecw 8—=a==~.¢....~==&

esececsencsosissctanassecnanan

Cricket Field (The).. cecenen
Cricket Tutor (The)......eeveun. .
Crowe’s History of

Déllinger's Gentile -ndlew cesen
Dove's Law of Storms .

Essays and Reoviews........coeee.. cese

Fairbairn's Information for Engineers
Fairbairn's Treatise on Millwork .....
FitzRoy's Weather Book....
Folkard’s Sailing Boat .
Forster's Life of Eliot ............
Fowler's Collieries...... ... tesetcacnane
Freshfield's Alpine Byways ........,
Freshfield's Tour in the Grisons ...

Burn's Agricul 1 Tour ln"“ i

Burton's Lake Regions of Central Africa
Burton’s Footsteps in East Africa....
Burton’s Medina and Mecoa ..

Green'’s English Princesses ...........,
Greene's Manuzl of Celenterata .....,

Burton’s City of the Saints.
Cabinet Lawyer (The) ..........

21 ocoeSaEaeaaE!uEEgS'ﬁ:!!aa

Hartwig's Sea ..... cereceanene
Hartwig's Tropical World sestesetaane

b
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Hassall's Freshwater Alg®.....coc00ee 86 ZLoudon’s Ency dia of Gardening 8
Hassall's Adulterations Detected... 28 Loudona Encydopndis of Trees and
Havelock’s Life, by Marshman... 4 hrubs........ PRI 1
Hawker on Guns and Shooting ....... 14 Loudm’a Encyclopudh ofl’lnh..... 28
Herschel's Outlines of Astronomy 13 Lowndes's Engineer's Handbook.... .. 28
Herschel's E888Y8 .o.oveneennnnnenns . 13 sessoeee B0
Hind’s American Explorinz Expedl R
L2 L0 T . 9 ‘20
Hind's Lébrador..... 9 a
Hints on thuetﬁe . I
‘Hole's Gard " Annual pos Iacaulayl BEIm' .ee '...;v.;i....n.. :;
Holland's Es8ay8....cocnuee vessesesecsse 10 v
Holland's Medical Notes ... 0 llmlmys L&n of Ancient Rome ... a;
Hallandl on Mental Physiclogy 1o l{acBra;rn Africans ‘ cocasse ::' 10
gmwa‘]i;l::l:ﬁl‘lon . seees "'; MacDougall's Theory of War ...ceceee 34
Horne's M to the. ..' 2 ‘Il:g:lll;cc:“a Commercial Dinftionary . :
's Geographical Dictionary..
Zm‘ ' C;-;lpendium of ditto ..ooveee "; Marcet’'s Land and Water cvoveeeacess 25
Howard's Athleti P Marcet’s Political Eeonomy .. .
o B seeeneeees 10 Marcet's Conversations on Natural
Howitt's History of the 8u s Philosophy «ccevvevnnenosarsassensces 86
gmm.u's Remarkable Places .......... 10 Marcet's Conversations on Chemistry 6
lowitt's Rural Life of England...... 10 Maunder's Biographieal Treasary e
Houwson's Deaconesses......ovuevveoces 18 | ooy Geographical Tm'"" o
Hudson's Directions for Making Wills 26 Maunder's Historical Treasury — K 4
Hudson's Executor's Guide.....c...... 26 Iamuia-a Nataral History seoenent ‘7
Hughes's Geography of History........ 22 l 3 Scientific ﬂd.jdt;l;l;
Hughes's Manual of Geography .o.... 82 v . .
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