


UNIVERSITY OF CALIFORNIA
GIZT OF
HENRY. DOUGLASS BACON.

1877.

I cees. LOI’ZoNO ﬁ__lfz.//m S]‘Lé’lfNO - §
0 I Tt H

e e M S

ST RS,

/IO W% V¥
fs“t g!@gg &gw WW YW UW
W

vy

v v v
v "vv' "VVVVVV VV V \‘VVV VV\/VIUv: iy
VAV, IO o s T 7 S VY
R VIV ESAT b Y ML
3 ¥y !V v g v S A i ¥,
va%v M- «, AV ¥

v oV VIR
MY YL

¢ o g‘vv.iv' V
m“ v va Ry ‘”3!'_-,,\)

v o V";Vs, Y §
JEVy va;vuq\‘%!geggw Vi
¥t % MUY ¥ iv q' 3
. LA AT R L v AN
Vv "va'
VU\f

& VV VV Vi EV“VV \'WV v
Ve w&&?’ W Www

‘,v'

JHVK ,ubam ’ } v ¥



o=

"< (g. 'y s

o

%
P
i
i
.f

\
™

P 'lof .-JJ' fodt-) A

Vg i

iy Ve O s S
VV = W s

N
"‘».""













,/_\\
V. \ g
i A g L

TREATISE ON GEOLOGY,

7 By 75 TR Py
C A7 - *’///////&/, ] .4"7;7.5‘{'/{/.‘/{9. g

PROFESSOR QF GEOLOGY, IN KINGS COLLEGE. LONDON.

VOL. 1. /B’Pm%

)) 0" THE

: U\’IVERSITS
| & RO

v
v

wld, Zel. L. Pinder sz

NEW EDITION.
i852.

Tondon.
ONGMAN, BRQWN, GREEN, AND ',I";ﬂ'A\f"Sl PATERNOSTER. ROW,






PREFACE.

In revising this Edition, I have employed, as the
basis of classification for successive geological
periods, those great natural associations of the
forms of life which are expressed by the terms
Palzozoic, Mesozoic, and Cainozoic. In subdivid-
ing the great classes of strata which were formed
in these successive < life-periods,” no material
change has been found necessary, except in regard
to the Palzozoic formations. Among these a much
improved distribution has been effected, by labours
commenced in Britain, in 1831, by Murchison and
Sedgwick, and ‘since extended by these and other
geologists over great part of the globe. If some of
the questions which these researches have raised
are as yet only provisionally answered, they are
placed in a form which may probably lead to sound
and comprehensive solutions. (Vol. I, Pal®ozoic
Strata.)

Among the many objects of geological inquiry
which have been successfully prosecuted of late
years, the following must be distinguished : —

The beautiful structure of slate has acquired

VOL. L A



iv PREFACE,

more accurate expression, as a problem, by some
laws of phenomena which my own observations,
and those of Mr. Sharpe, have added to the well-
known determinations of Sedgwick; and Mr.
Hopkins, ever ready to give a mathematical form
to geological truth, has shown how mechanical
theory desires to look at this problem. (Vol. IL
p- 111, et seq.)

The dispersion of detritus from the mountains of
Scandinavia, Britain, and the Alps has undergone
critical re-examination, with reference to the change
of level of the land, action of great waves of trans-
lation, variation of climate, extension of glaciers,
and transport of icebergs. The separate labours of
Murchison, Hopkins, Agassiz, J. Forbes, Darwin,
and others, have thrown on this complicated sub-
Ject new, varied, and effective illumination. (Vol. .
p- 11, et seq.) :

I must not be prevented by the share which I
have had in the Memoirs of the (Geological Survey
of Great Britain, from referring to this publication,
and the Maps which it illustrates, for some valuable
additions which have been made to British and
Irish geology. Under the guidance of De la
Beche, Mr. Ramsay and my other friends have
cleared away from Wales whatever obscurity re-
mained, after the strong light thrown on it for so
many years by Sedgwick. Professor E. Forbes,
now in charge of the Palzontological department of
this Survey, has brought to the philosophical study
of its rich collections matured views on the distri-
bution of marine life — views founded on assiduous
dredgings round the British shores, and an ad-
mirable survey of the depths of the Agean. (Vol. L.
p- 326 — 335.)
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Of special discoveries, geology and palzontology
are always prolific. Perhaps no more striking
warning of thé changes which these may yet de-
mand in geological hypothesis can be given than
Mantell’s unexpected Lacertian from the old red
sandstone of Scotland. (Vol. I, Palaozoic Strata.)

Since the former publication of these volumes,
the favour of sovereigns has been extended to
three of the most loved and honoured names in
English geology. We have not found it possible
to alter, in all our stereotyped pages, their social
designations, but this can never be misinterpreted,
Geology has but one example each of De la Beche,
Lyell, and Murchison.

St. Mary's Lodge, York, 1852.
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A

TREATISE ON GEOLOGY.

CHAPTER 1.

INTRODUCTORY VIEW OF THE OBJECTS OF GEOLOGICAL
SCIENCE, AND THE MEANS FOR INVESTIGATING AND
INTERPRETING THE NATURAL HISTORY OF THE
EARTH.

1. OBJECTS OF GEeoLocicAL, ScIENCE.

Tue phenomena of geology are so various and compli-
cated, that hardly any class of writers has left them
wholly untouched; and the aspect of this science changes
according to the peculiar object of different inquirers. -
Strabo, accustomed to enlarged views of physical geo-
graphy, spoke of the existing forms of the surface of a
part of Asia Minor, in reference to the ancient revo-
lutions of nature which had occasioned them, and thus
appeared to include geology among the tributaries to
physical geography. Werner, habituated to minute
discrimination of minerals and rocks, regarded the
science, which sought for philosophical explanations of
these differences, as a branch of mineralogy ; while in
Hutton’s comprehensive mind geology applied itself to
VOL. I. B



2 A TREATISE ON GEOLCGY.

all the variable conditions of our planet, in all ascer-
tainable or conceivable times, past, present, and to
come.

Nor is there less diversity of theme among the zeal-
ous students of geology. For some regard, as the prin-
cipal object of their inquiries, the constitution of rocks
and minerals,— the chemical effects which are traceable
in the earth, and thus merely enlarge the limits of
mineralogy ; others turn their whole energy to the de-
velopment of the history of fossil plants and animals,
and thus constitute the interesting branch of organic
geology*; while a third class watches the relation of
the phenomena established by geologists to general
statical and dynamical truths, and thus strives to found
the new and attractive study of physical geology. Nor
is there in this apparently imperfect apprehension
of the extensive range of geological inquiry much to
be reprehended. It is desirable that as many roads as
possible should be opened toward the attainment of the
varied truths which must be collected, by insulated ob-
servers, before it can be practicable for even the most
comprehensive intellect to frame a general and con-
sistent view of the whole scope of this great branch of
the study of nature.

The natural sciences are commonly understood to
include all inquiries into the history of the inorganic
and vital phenomena which take place on and about the
surface of the globe, and the relation of these to general
terrestrial, and cosmical conditions. The problems thus
proposed for discussion are sufficiently ample and di-
versified to employ a very large number of observers
and reasoners; they are, perhaps, inexhaustible ; yet,
were they all resolved, the study of nature would not
be ended ; for there would remain the inquiry, whether
the present condition of nature is to be taken as a type
of all her past and future states, or to be viewed as
exhibiting one of many aspects, one of many gra-
dations of change—a temporary adjustment, not a con-

* For this branch of Geology the term Palzontology is becoming usual.



CHAP. 1. OBJECTS OF THE SCIENCE. 3

tinued equilibrium — the last known term of a series
whose law of variation is to be discovered.

Taking up this idea of the aspects of nature, at any
particular epoch of the history of the earth (since the
present laws of terrestrial and cosmical phenomena were
appointed), being the last term of a long series — the
complex effect of many anterior influences — we may
proceed to inquire what monuments remain in nature of
any previous aspects or conditions, and from these to in-
fer the nature and amount of the agencies formerly con-
cerned in producingand varying them. Havingascertained
the series of past changes, we may venture to speculate on
the future revolutions of the face of nature, to which
the law of variation of the agencies concerned must
necessarily lead.

Now, these are precisely the problems which it is
the province of geology to consider. Gathering, from
the labours of mineralogists, botanists, and zoologists,
a knowledge of the existing species of inorganic and
organic bodies ; from geography, the account of the
present configuration of the surface of the globe ; from
general physical researches, what is known of the con-
stitution of the atmosphere, the ocean, and interior of
the globe,— geology proceeds to inquire further, whether
the mechanical, chemical, and vital phenomena, formerly
exhibited on the earth, can be traced in their effects, so as
to be put in comparison with those daily occurring ; whe-
ther the mineral products of earlier eras of the world were
identical in kind, and equal in rate of production, with
the modern products of this description ; whether the
plants and animals of the ancient world were of the
same structure as those which now adorn its surface ;
and whether the general physical conditions to which
all these are correlated have always exerted the same
kind and degree of influence as at present. In what-
ever way these questions are answered, they inevitably
lead to speculation as to future revolutions which may
vary the face of the globe; and thus geology, far
from being the limited and narrow subject which

B 2



4 A TREATISE ON GEOLOGY. CHAP. I.

was illustrated by Werner, after the model of the
Saxon mountains, is found to include, perhaps, the
largest class of inquiries which has ever been ranked
under one head. For, in the attempt which it makes
to decipher the history of the past, and to prognosticate
the future changes of our planet, it requires the aid
of all the gathered knowledge of nature, interpreted by
the profoundest researches of abstract science. It is
not even enough to know the actual state of the earth,
we must further learn the measure of momentary changes
in this state; and thus inquiries of a new order are
suggested to naturalists, who are seldom aware, while
investigating the problems before them, that these in-
clude dynamical as well as statical determinations, and
that the former are necessary to the right understanding
of the latter.

It has been made a reproach to geology, that, in its
bold attempts to penetrate the dark veil which time has
thrown over the mysteries of ancient nature, it has
wandered far from its just mark, beyond the boundary
of inductive philosophy and mathematical laws, into the
unprofitable regions of cosmogony. Geologists have been
equally blamed for stopping short of attainable truth,
and declaring, upon inadequate grounds, that the earth
shows no trace of a beginning, no prospect of an end.
But geology is really distinct from cosmogony. In-
quiries into the origin of the planetary bodies belong to

“one of the highest of human sciences, — astronomy.
Geology, far from intruding within its precincts, sup-
poses the globe to be constituted as a planet moving
round the sun; takes for granted all the laws which
this relation implies, and limits itself to the discovery
of the strictly terrestrial phenomena which have hap-
pened upon this globe under these conditions. On the
other hand, it was rash and presumptuous to assert the
invariable uniformity of natural causes and effects,
through all past time, upon data so insufficient as those
known to Dr. Hutton ; and, even if this were esta-
blished, it would not be sound logic to infer that the
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earth showed ““no traces of a beginning no prospect of
an end ”; because, on that matter, other evidence might
have been brought to bear.

But yet a candid reasoner need not greatly reprehend
either the wandering of geology into cosmogony, or the
too forcible acknowledgment of the incompleteness of
all human research into the origin of the visible system
of nature, which is contained in the much-censured
language of Hutton. Neither of these errors is likely
to be very injurious 1n science ; nor can either be justly
charged with the slightest tendency to make men forget
that all the arrangements of nature are but the ex-
pression of the will of the Supreme Creator and Law-
giver of the universe. Let us not, therefore, be
checked in our inquiries into the history of the globe,
by anything but the good rules of philosophising, which
are essential to the right use of the intellectual strength
which God has conferred upon man,to be exercised on
the mighty works of nature ; and least of all let us be
deterred from the pursuit of truth, by the vain and
impious dread that we may go too far, and penetrate
too deeply into those mysteries which, among their other
uses, have this one, — that they continually excite to ac-
tivity the soul of man ; and, the more they are studied,
lead to deeper delight and more awful contemplation of
their glorious and beneficent Author.

Geology, or the natural history of the earth, as a
planet revolving in space round a central orb of light
and heat, surrounded by an atmosphere, and partially
or wholly begirt by water, includes all the phenomena
produced on the land, in the sea, and within the mass
of the globe, by the operation of those mechanical,
chemical, electrical, and vital forces, which are termed
natural agencies, from the earliest epoch of which
monuments remain, down to the present hour. All
variations in the proportions of land and water; all
variations of level ; all changes in the combination and
distribution of masses or molecules of matter, whether
above, upon, or below the surface ; all changes in the

B 3



6 A TREATISE ON GEOLOGY. CHAP. 1.

number, structure, forms, and relations of plants and
animals, are to be ascertained as facts, and employed in
reasoning, for tracing a general and continuous history
of the physical revolutions which the earth has experi-
enced since it became a planet.*

In this comprehensive definition of the objects of
geological science, we include its real and legitimate
field of research, without interfering in the least with
the independent exercise of collateral sciences. To
astronomy belongs the investigation of the history of the
globe, as a part of the planetary system, and the results
“thus reached help to correct and limit geological in-
ferences. Chemistry employs itself upon the inquiry
into the laws and modes of mutual action among the
particles of matter, and gives its results to aid in the
general history of terrestrial phenomena. 1t is the pro-
vince of zoology and botany to arrange and interpret the
facts connected with life and organisation in plants and
animals ; and to these branches of knowledge geology
owes immeasurable obligation. Thus the study of the
ancient natural history of the earth draws help from
every kind of inquiry which man can make into the
actual constitution of mnature, but robs none of its
interest or glory; on the contrary, by the novelty of
its discovered facts, fresh problems are presented to the
cultivators of natural science, and a perpetual excite-
ment is kept up, which has proved of infinite service to
them all,

2. MEeans oF GEorogicaL INVESTIGATION.

Tnus ample and various are the problems clearly pro-
posed in geology: in order to see how far they are de-

* ¢ Geology is principally distinguished from Natural History, inasmuch
as the latter is limited to the description and classification of the pheno-
mena presented by our globe in the three kingdoms of nature, whilst it is
the business of the former to connect these phenomena with their causes.”
** It consists in the knowledge of the causes which have acted, and still
act, upon this earth, and thus embraces all the knowledge we can gain of
nature, by an attentive study of terrestrial phenomena.’” — De Luc,
Lettre Premiere. <
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terminate, and capable of solution, let us survey the
means of investigation placed within our power, from
what sources the data are to be collected, and in what
manner the methods of interpretation are to be disco-
vered.

In existing nature, we can examine and collate, for
purposes of reasoning, three orders of data; viz. facts
relating to organic beings; facts relating to inorganic

“bodies ; facts concerning physical conditions, or modes

of dependence of these two classes on each other, on
the general laws of matter and motion, and the arrange-
ments of the solar system. In this manner, it is seen
that the radiation of light and heat from the sun ; the
alternation of day and night, caused by the rotation of
the earth on its axis ; the variations of seasons, depend-
ing on the position of its axis and on its revolution round
the centre of the planetary system ; the existence of an
ambient atmosphere ; the inequality of elevation of land ;
the distribution of land and sea, and other cosmical and
terrestrial conditions, have a distinet influence on all the
arrangements of organic life, and on some of the phe-
nomena of inorganic bodies. Sometimes the luw of
this dependence is evident ; generally the nature of it
is discoverable, always the fact is capable of being
satisfactorily ascertained : and thus existing nature is
presented to our minds as a system of beautifully
adjusted parts, which it is the highest province of the
noblest intellect to contemplate in one point of view,
and pourtray under the aspect of a general theory.

In geology, however, the physical conditions are not
known, but are to be inferred, for any particular epoch
in the history of the globe, from the facts collected
concerning the organic and inorganic bodies which be-
longed to that era, and are indicative of the physical
influences then operating: and hence arise both the
difficulties and the charms of geological reasoning. The
difficulties are unavoidably very great; for, even in the
acquisition of the data concerning organic and inorganic
bodies, geology is often forced to be satisfied with less

B 4
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exactness than is attainable in modern natural history.
Certain shells, fishes, &c., are recognised by the geo-
logist, but he may not find them of all ages; cannot
know correctly what were the limits of variation, of
their magnitude, forms, habits, &c. In some important
cases, he can hardly know whether particular mollusca
and fishes lived in lakes, rivers, or the sea ; whether
certain plants grew on land or in water. Now, as it is
only on a correct knowledge of the affinities which the
fossil remains of life bear to existing races, that any
just inference can be founded concerning the contem-
poraneous physical conditions, we see how fertile are
the sources of error, and with what justice men of phi-
losophic minds have endeavoured to restrain that pro-
pensity to speculation which imperceptibly gets possession
of the human mind, and has particularly luxuriated
among the enthusiastic votaries of geology. There is
less difficulty with respect to inorganic bodies, because
the laws of their aggregation are such as, in many in-
stances, can be tested by experiments which apply with
equal exactness to the ancient and modern mineral
kingdoms.

Scale of Geological Time.

It is further to be observed, that the very foundation
of all history of geological phenomena is difficult to fix;
for if it be embarrassing, even in civil history, to as-
certain the relative dates of many most important oc-
currences, how careful should we be in marking even
the order of succession of geological phenomena of the
same kind ; how diffident of our power of determining
at all the lines of contemporaneity among occurrences
of different nature, which happened in different regions
of the globe, and under at least some difference of
physical conditions! The very first inquiry to be an-
swered, then, is, what are the limits within which it is
possible to determine the relative dates of geological
phenomena ? For if no scale of geological time he
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known, the problem of the history of the successive
conditions of the globe becomes almost desperate.

There is, however, at any place considered alone, a
scale left us in the crust of the earth, by which to mea-
sure exactly the order of antiquity among the terms of
the series of organic life, and to compare the relative
antiquity of these terms at different and remote places,
often with perfect satisfaction, and generally within
moderate limits of error. This scale is the series of
stratified rocks ; and thus a great difficulty is overcome,
and many of the inorganic and organic productions of
older nature are capable of being arranged in the order
of their successive appearance. We must, therefore,
explain the nature of this fundamental scale, and illus-
trate its application ; for we are, perhaps, not in a state
to define the extent of its applicability.

Series of Stratified Rocks.

The crust of the earth is, for the most part, stratified
— that is to say, the most abundant of the materials
whereof it is composed, are in the form of widely ex-
tended and comparatively thin layers (called strata),
laid one upon another, to a great numerical amount ;
these strata were, beyond all question, deposited in
water, because many of them coutain marine or fresh
water shells, fishes, corals, and other marine exuvie
(and even were this not the case, the fact of the pro-
duction of analogous or very similar strata beneath
modern waters would justify the inference) ; therefore,
the lowest were formed first, the uppermost last. To
attempt proof of such a proposition would be to out-
- rage common sense : he who cannot supply to himself
the proof that the lowest layers of sediment produced
by the waters of a pond, lake, river, or ocean, were
deposited before the upper ones, is incapable of appre-
hending any natural truth. Yet, upon this simple
and self-evident proposition rests the whole body of
geological inferences which include relative time.
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That the lower strata are the oldest, the uppermost
the most recent, is a truth independent of all circum-
stances but the fact of the rocks being stratified and of
aqueous origin: but what is the interval of time?
Whether it was long or short—a day or a thousand
years — how much older one rock is than another —
if ascertainable at all, cannot be known without adding
to the fact of the order of succession a number of
other circumstances, characteristic not merely of succes-
sicn, but of duration.

Lapse of Time inferred from the nature of the Series
of Rocks.

The circumstances which help to define our notions
of the time elapsed in the formation of the crust of the
globe, — to translate, as it were, the symbolical notation
of the geological scale of time into intelligible periods,
having relation to the duration of the human race,—are
various, and all concur in impressing the mind of a
candid reasoner with evergrowing convictions of the
immense antiquity of the globe ; the many long periods
of geological changes which it has experienced before
arriving at the state when, in the magnificent language
of holy writ, it was said to be expressly re-arranged for
the creation of man, and the present system of ter-
raqueous conditions. ;i

The historic records of man’s residence on the earth
are, for most parts of the globe, utterly incomplete ; so
that, but for the Jewish Scriptures and other documents
of eastern nations, we should be in danger of attributing
to the human race an origin too recent by thousands of
years. Now, as all historic records end, for each country,
with the surface, — terminate at some point of man's
history posterior to the preparation of that tract for his
residence, we see how far more ancient than the historic
date of the human race is the series of productions
which lie below the surface. The limit of least anti-
quity of the scale of geological time is in every country
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beyond the date of the present surface. The series of
strata is so ancient, that even its uppermost and newest
term in every country is older than the race of man
now existing there ; though we are not entitled to say,
without further examination, that it is older than the
human species generally, for it is supposable that a
former race of men might have existed over an older
surface of the samme part of the spherical area, under
older physical conditions.

Antiquity of the Surface.

The records and traditions of mankind, which give a
few thousand years to the existence of the human species
on the globe under its present physical conditions, are in
some respects corroborated by geological evidence of the
comparatively recent date at which atmospheric agen-
cies and drainage waters began to waste the surface of
the earth, under the present rclations of the level of land
and sea. The notices of Herodotus concerning the
formation of the alluvial land in Egypt from the inun-
dations of the Nile, and similar facts connected with
other great rivers, combine with the elaborate argu-
ments of De Luc, concerning the formation of deltasin
the upper ends of lakes, instances of which abound in
every country, to show that the actual relations of the
level of land and sea are, for the most part, not of so
ancient a date as to be beyond comparison with the tra-
ditionary dates of the antiquity of the human race.

Having thus adopted as the limit of least antiquity
of the scale of stratified rocks, the traditionary age of
the human race, let us turn to consider the nature and
meaning of the scale itself, so as to learn its value and
range in the interpretation of the phenomena which
happened in earlier physical cunditions of the globe.
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Nuture of the Scale of Time.

The rocks composing the crust of the globe are for
the most part stratified; but exceptions occur, especi-
ally in mountainous countries: the series of strata is
commonly definite, or composed of a certain number of
simple terms, i. e., layers, each of a particular quality, in
every small district ; considered with reference to very
large districts, it is found that, by grouping together the
layers in natural assemblages, the series of these compound
terms is also definite: finally, on comparing the
series of even remote tracts, the compound terms
themselves combine into groups, which are ranged in
the same definite order whenever present together ; for
in some countries whole groups are absent, and others
interpolated in the series. 1t is clear, therefore, that
amidst all the causes of local diversity in the series of
strata, some general influences have prevailed to give a
determinate analogy of character to the resulting suc-
cession of stratified rocks in all parts of the globe If
we can search out the causes of local diversity and
general agreement, and thus ascertain the law of the
geological scale of time, nothing will remain to be done
but the comparison of this law with the analogous oper-
ations of modern nature, in order to attain the most
precise account of geological time which the human
mind can reach,

Terms of the Scale of Geological Time.

The different strata which are terms of the series cr
spaces on the scale of geological time are of various
mineral qualities — arenaceous, argillaceous, calcareous
or composed of mixtures of these in unequal propor-
tions, In the substance of many of them, peculiar
minerals, as mica, red oxide of iron, silicate of iron, &ec.,
are diffused ; they differ in hardness, granulation, erys-
talline structure, and many other circumstances. Every
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one of these differences had its cause in some peculiar
contemporaneous physical condition ; these strata suc-
ceed one another in a settled order over the same area ;
were deposited beneath the water on the same part of the
bed of the sea ; it is certain, therefore, that in and about *
the same regions of the globe the physical conditions
varied thousands of times during the formation of the
series of strata. The mere inspection of one stratified
rock composed of several analogous beds, gives a strong
impression of elapsed time ; but when we see thousands
of beds of different qualities, the mind is opened to the
further evidence which geologists bring on this import-
ant subject.*

Many, indeed most, of these strata contain the
remains of animals which were living in the water at
or before the time of the deposition of the rocks, and
several are full of plants which were swept down from
the dry land on which they grew into the ancient ocean,
and then entombed in the strata at that epoch in progress
of formation. By methods of undoubted accuracy, the
length of life of some of these buried trds is ascertained
to have been considerable — that they lived a2 hundred
years for instance; the shells entombed often show
the growth from young to old during the formation of
one or a few thin layers of rock. Thus, in many in-
stances, we are forced to suppose the lapse of a period
of years during the accumulation of even one thin bed
of stone, And even if this conclusion were not circum-
stantially exact, if the shells of all ages, living together
in the sea, were burfed in one bed by one action, or

* The entire mass of our continents is composed of strata, similar in this
respect to the regular courses of stones in our buildings. A succession of
strata indicates a succession of time for their formation ; and the change
from one species of stratum to another placed upon it, indicates a change
of cause. Thus is the mass of our continents the product of successive
operations, during which the producing causes have undergone successive
changes. 'We see, moreover, that many of these strata contain the remains
of animals ; and that in some successive strata these organized bodies are
of different species. By this we judge that some considerable length of
time was necessary for the formation of these strata, both on account of
the succession of individuals of the same species of animals in some of
them, and also on account of the changeof species in the same.places where
the former are buried. — De Luc’s Letters.
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even brought from small distances to be so buried, yet
the inference is little altered by these admissions; for
still, between the formation of certain beds, above and
below those shells, their lifetime must have passed.

Series of Terms on the Scale of Geological Time.

But these conclusions become at once strengthened
and more definite when we take into consideration the
nature of the series of these terms ; each of which in-
dicates the lapse of time. For, first, it is found that the
terms are recurrent, so that again and again similar or
analogous strata are repeated, in different combinations,
proving that the physical conditions which governed
these depositions ‘of strata were in some respects of
periodical oceurrence, or rather subject to interruption
and fluetuation, so that different combinations prevailed
at different periods. If we ask, in modern nature, so
uniform in the local results of the same kind, the ex-
planation of this, the reply will be immediately found :
those periods of®ew combinations among the physical
conditions of a given region are far beyond the range of
human experience.

Moreover, an additional fact of great interest here
comes to fortify all our inferences — the organic re-
mains of plants and animals which abound in the earth
are not those of the tribes that now live, but of many
wholly extinct, and often quite different, races — dif-
ferent in form and structure, and, consequently, in
function and habits of life, though certainly belonging
to a general system of nature founded on analogous
principal conditions. Further, it is not sufficient nor
correct to say, there is one living and one extinct cre-
ation : the plants and animals buried in the earth belong
to many distinct and successive creations, which differ
among one another no less than they almost all differ
from the actual forms oflife. These distinct creations of
former date are found buried in different parts of the
series of strata ; one series of organic forms belongs to
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the lower and older strate, another to those of middle,
another to those of later date. The different groups of
strata, deposited in successive periods, are thus filled
with distinct races of plants and animals, which lived
at successive periods, and thus it is proved that in every
region the land and the sea were covered and filled
at successive times with new creations suited to the
new physical conditions of the altered planet.

This is not speculation, it is certainty. Each system
or group of stratified rocks contains the remains of the
plants and animals which existed at or previous to its
production in. or near the water in which it was formed :
it is the museum of the period, the only repository of
the monuments of that age of the world. By collect-
ing these, and viewing them in the order of succession
in which they occur in nature, we contemplate the
forms of life which have successively occupied the globe,
and by comparing them, on philosophical grounds, with
the creatures that now exist, we can frame conjectures
more or less satisfactory as to the state of the atmo-
sphere, light, heat, and other circumstances, to which
their life was adapted.

If we are to reason at all concerning the phenomena
of nature, one of two conclusions must be adopted with
reference to this subject ; either the physical conditions
whereto the existence of those plants and animals was
related, changed gradually and equally in obedience to
some continuous law — the forms of life being varied
accordingly — or were liable to violent interruptions
or revolutions, consequent upon new circumstances, or
the accumulated tension of some feeble but continuous
disturbing agency. Which of these views is true, will
be the subject of inquiry hereafter : for the argument
as to the lapse of geological time, it is immaterial which
may be preferred ; since in existing nature the rate
of such physical changes, supposing them to be con-
tinual, is so small, as to have caused almost no changes
of organic life in several thousand years ; — witness the
sculptured monuments of Egyptian grandeur ; — and
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violent revolutions, capable of so influencing organic
life (if probable at all), require, according to what is
known of the earth and planetary system, periods or in-
tervals too great for the mind to comprehend.

Interruptions of the Series of Time.

In certain rocks we find angular fragments, or rolled
pebbles, derived by mechanical action from pre-existent
and pre-consolidated rocks. The Righi, in Switzerland,
is composed of such conglomerate masses;— the red
sandstone of Cumberland and Westmorland is full of
pieces of the subjacent slaty rocks ; — the sands near
London are stored with rolled flints from the subjacent
chalk. The fragmentary masses, thus imbedded, are
often the repositories of organic remains, sometimes of
portions of mineral veins, both of anterior date to the
rocks now including them. Thus we see proof of the
occurrence of different modes of action over the same
geographical areas, and our belief in the length of time
requisite for all these occurrences becomes immove-
able,

In general the stratified masses of the earth’s crust
are placed with their surfaces parallel to each other ;
fromn which we know that during their accumulation
no violent disturbance of the external parts of our
planet happened in those regions to confuse the regu-
larity, and alter tbe horizontal plane of deposition. But
in particular instances this conformity of the strata is
departed from, and certain (older) rocks appear in-
clined at various, often steep, angles, or standing even
vertical, while the more recent deposits lie level or
nearly so, upon them, What renders this case of dis-
turbed stratification more impressive, with respect to
the lapse of time, is the occurrence of positive circum-
stantial proof of the intervention of mechanical, che-
mical, or vital agencies of considerable duration be-
tween the elevation of the older, and the deposition of
the newer strata, Thus in diag. No. l. the inclined
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beds @ of h'}r.estone were exposed to watery action, and
broken up in part, so that fragments and pebbles of

them are found collected into beds among the mass of
later level sandy deposits b (Mendip Hills): and in
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fig. 2. the same inclined limestone beds @ are covered
by horizontal oolitic strata ¢; and are worn and
polished on the face of junction, and penetrated into
holes by boring shells, which lived in the oolitiferous
sea, long after the elevation of the older rocks. (1830.)

Length of the Scale of Time.

The scale of geological time given by the series of
stratified rocks is one of unequal parts : for it is almost
certain that the deposition of a given thickness of sand-
stone, was accomplished in a different time from that
consumed in the production of an equal thickness of
clay, limestone, coal, &c. Yet as many of the groups
of strata contain both sandy, argillaceous, and calca-
reous members, there is less error in estimating the re-

YOL. I. ¢
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lative periods which elapsed in the production of such
groups by their proportionate thickness, than in apply-
ing the method to the several strata and beds of the
groups.

In a general sense, then, the total length of the scale
of strata is of importance, as an element for direct com-
putation of the total time elapsed in the formation of
the crust of the globe. This length in some cases
amounts to more than ten miles, and is seldom to be
estimated at less than five.

Means of Investigation of Facts.

Having now sufficiently explained the nature and
origin of that standard of time to which all geological
phenomena are to be referred, it remains to be seen,
1st. What are the means in our power for collecting
the facts concerning chemical, mechanical, and vital
phenomena, effected in ancient periods, which are to
be combined into a history of the physical changes of
the globe? 2d. What are the methods of interpret-
ation applicable to these phenomena ?

Direct observations of the mineral composition of
the globe are the groundwork of geology ; but were
our knowledge limited to the depth which is reached
by actual penetration of the crust of the globe, by pits,
wells, and other excavations, or seen in isolated moun-
tain slopes, it would be of little value for the object
proposed. — The deepest mine in the world (XKitzpuhl
in the Tyrol) is only 2764 feet below the surface, the
loftiest summits of the Himalaya only ascend 28,000
feet above it.—Yet in consequence of the manner in
which the stratified materials are arranged in the crust
of the earth, it is possible, by proper combination of
direct observations, to know the structure of the globe
to the depth of three, five, or ten miles, according to the
situation and circumstances of the country. This will
be understood by attention to the annexed diagrams
where fig. 3 represents a false, and fig. 4 a true, repre-
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sentation of the arrangement of strata, in a part of the
crust of the earth.
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If the globe were conceived to be cut through, the
section near the surface would show a number of layers
variously inclined to the horizon as in fig. 4., so as
+o come up to the surface in succession @, b, ¢, d, &e. ;
not, as in fig. 3., parallel to the horizon, as many per—
sons are apt to imagine. - The thicknesses of g, b, ¢, d,
&e. separately, may be easxly known by pits and wells,
or natural sections in ravines or precipices ; their order
of succession may be found by the same means, and
thus the total thicknesses of all the stratified rocks
visible in any one country, may be easily known by
direct observation. By a judicious selection of ex-
amples, the upper part of the series of strata may be
measured in one district, as a, b, ¢, d, fig. 4., the
middle in another, which contains the lower portions of
the former series, as d, e, f, g, in fig. 4. ; and the in-
ferior portions in a third, fourth, &c., so as to complete
one general table or section of the whole series of strata
visible in an island, or' continent ; and, finally, on the
JSuce of the whole globe.

This labour is actually accomplished for many large
portions of the globe ; and it is found that the strati-
fication of the matter of the earth ceases at some depth
which is not the same at different places, — three, five,
ten, or more miles — below which are rocks of different
structure, aspect, and origin, and not stratified.

Here, then, is the limit of our knowledge, from
actual inspection and exact induction of facts concern-

c2
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ing the constitution of the earth : geology, as such,
can penetrate no farther than this small fraction of the
radius of the earth. But the far-searching power of
mathematical science is capable, by correct interpret-
ation of astronomical observations, and refined experi-
ments on the specific density of the globe, of giving us
some further information as to the nature and arrange-
ment of even the central masses of our planet.

Direct: observation of organic remains is the only
source of information concerning the ancient orders of
living beings, which were in existence at or previous to
the deposition of the several strata: no reasoning
a priori can be, in this inquiry, of the smallest service ;
but may be exceedingly injurious by infusing error and
prejudices. It would be a gross error, for instance, to as-
sume that the earlier forms of life were less complex in
visible structure than those which now exist— that
the lower orders only of animals and plants had been
called into being ; for since the forms of life are most
certainly made dependent on physical conditions, unless
these latter can be known beforehand, there can be no
reasoning on the matter, and there ought to be no spe-
culation in inductive geology.

DMeans of Interpretation of Phenomena.

Admitting that by direct observation and the aid of
higher science, geology has collected the evidence of the
nature and arrangement of the mineral masses and
organic reliquize, we may proceed to point out the
method of interpretation which must be applied to the
phenomena, in order to discover the physical conditions
which prevailed in the several successive periods of the
earth’s structure in the situations observed. From the
known to the unknown, through some common relations,
has ever been the march of philosophical discovery :
the skill of the general reasoner consists in the selec-
tion and use of these common relations for the deter-
mination of the principal conditions or agencies, It is
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through the knowledge of the conditions or agencies
concerned in the phenomena of existing nature, that we
must approach with caution to the sclution of the
similar problems offered by the phenomena of ancient
times: the common relations are found by comparison
of the analogous effects ; but if the modern effects are
merely known as laws of phenomena, and not reduced,
to use Mr. Whewell’s expressive language, to laws of
causation, the corresponding phenomena of geology
must remain equally unexplained,

The intelligent reader will easily see that it is not
meant to convey the impression that nothing in older
geology can be understood, unless there be known
something exactly like it in modern nature ; the laws
of causation which regulate the phenomena now oc-
curring on the globe, once correctly known, will cer
tainly be recognised in a vast variety of older effects, in
which the same agencies — however differently com-
bined, — produced, or predominated so as to charac-
terise, the result.

Thus the laws of chemical phenomena explain the
production of the most ancient minerals, as well as of
those daily produced before our eyes—the laws of phy-
siology apply as well to the fossil flora, and the world
of extinct animal life, as to the botanical and zoolo-
gical enrichment of the actual land and sea: so also
the laws of aggregation of sedimentary substances in
water — of fused rocks and earthy matters — the laws
of optical and calorific phenomena — these laws of
action are limited in their application only by the cir-
cumctances of the case or of the experiment, indepen-
dent of time, and exempt from change.

Geology thus presents itself in an aspect which may
surprise those who have not studied the philosophy of
the subject. Though it gathers the most striking and
beautiful facts, it depends for their interpretation en-
tirely upon the progress of collateral science, and puts
forth no speculation or hypothesis, except in conformity
with the known laws of nature, and as a means of ex-

c3
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citing and directing inquiry. In proportion as the
philosophy of chemical, mechanical, and vital phe-
nomena advances, so the interpretation of geological
phenomena expands ; and if at any time the leaders of
geology have substituted conjecture for induction —a
dogma for a dictum — they were then offending not so
much geology as chemistry, physiology, and astronomy ;
and by these have they been justly condemned. Would
that this warning might suffice to keep many hands to
the sketch book and hammer, which they know well to
use ; and prevent them from attempting, without ade-
quate precaution, to hasten the progress of geological
theory.
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CHAP. II.

GENERAL REASONINGS CONCERNING THE SUBSTANCE OF
THE GLOBE.

Chemical Data as to the Exterior Parts of the Earth.

Waar is the nature of the mass of the globe is a
question to which chemistry and natural philosophy
furnish the only answers which our faculties can com-
prehend. The nature of matter, in the abstract sense,
it is not given to man to know; but instead of this
perhaps useless, and certainly unattainable, knowledge,
we are able to discover differences among the sorts of
matter when subjected to the same conditions— dif-
ferences of weight, of hardness, of fusibility, solubi-
lity, crystalline arrangement, and many other important
circumstances. These properties define the sort of
matter to our senses; and thus it appears that many
different compounds of matter exist in the earth. These
compounds, resolved into their elements by the processes
of chemistry, yield a certain number (fifty-five) of sub-
stances which, under the conditions yet applied to them,
are found to be incapable of further analysis, and are
therefore called simple or elementary substances. They
are singularly diversified in weight, mode of existence
when separate, and relation to temperature and elec-
tricity.

In a free state under ordinary pressure and tempera-
ture, some (five) exist as gas; viz., hydrogen, oxygen,
chlorine, fluorine, azote. Seven are non-metallic solids
and liquids ; viz., sulphur, phosphorus, selenium, jodine,
bromine, boron, carbon. '

The remainder are metallic or metalloid, and, with the

c 4
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exception of mercury, which is both liquid and solid
within the range of terrestrial temperature at the sur-
face, all solid.

Thirteen of these are metallic or metalloid bodies,
which unite with oxygen to form the earths and alkalies,
viz., sodium, potassium, lithium, aluminum, silicium,
yttrium, glucinum, donarium, calcium, magnesium, ti-
tanium, strontium, barium.

Twenty-nine are what are commonly called metals ;
viz., manganese, zinc, irom, tin, cadmium, which de-
compose water at a red heat; and arsemic, antimony,
copper, molybdenum, uranium, tellurium, chromium,
cerium, nickel, vanadium, cobalt, lead, tungstenum,
titanium, mercury, columbium, bismuth, osmium, sil-
ver, palladium, rhodium, platinum, gold, iridium, which
do not decompose water.

“ With the metallic and non-metallic bodies in the
previous lists oxygen enters so generally into combin-
ations which yield solid compounds, and in such large
proportions, especially with the earthy and alkaline
metalloids, that we may venture even to say that ome
half of the ponderable matter of the globe is composed
of oxygen gas. The speculations, to which this conducts
as to the concentration from a gaseous condition of the
matter of the planetary system, seem to be in agreement
with the astronomical views of Herschel and Laplace,
but are perhaps beyond the range of geology, which
considers not the origin of the globe, but its successive
changes of condition.” *

Table of the Proportions per cent. of Oxygen in certain abundant
Earths, Minerals, and Rocks,

100 Silica = 484 Silicium 4 516 oxygen.

100 Alumina = 53-2 Aluminum + 468 Oxygen.
100 Magnesia = 61°4 Magnesium + 386 Oxygen.
100 Lime = 72 Calcium + 28 Oxgen.

* Guide to Geology.
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100 Quartz = 48+4 Metallic base + 516 Oxygen.
100 Felspar = 54 Metallic bases + 46 Oxygen.
160 Mica = 56 Metallic bases + 44 Oxygen.

100 Granite = 52 Metallic bases + 48 Oxygen,
100 Basalt = 57 Metallic bases + 43 Oxygen.

100 Gueiss = 53 Metallic bases + 47 Oxygen.

100 Clay Slate = 54 ? Metallic bases + 46?7 Oxygen.

100 Sandstone = from 49 to 53 Metallic bases + 47 to 51
Oxygen.

100 Limestone = 52 Metallic base + 48 Oxygen.*

In studying the simple and various compound mi-
neral masses occasioned by this union of oxygen with
the metals and the metallic bases of earths and alkalies,
the geologist labours on the same bodies as the mineral-
ogist and the chemist, but not for the same end. To
take a well known rock, granite, as an example —

““The geologist considers the circumstances under
which this rock occurs in mass or in veins, with a view
to determine the agencies which were concerned in its
production, the period when it was produced, and other
important characters, The composition of the stone is
so far a matter of study for him as it helps to clear up
these problems.

“To the mineralogist granite is an object of study,
because it is composed of certain minerals which are
characterised by certain constant properties, It is not
granite that he studies, but its constituents, quartz, fel-
spar, and mica. These minerals are investigated by
their qualities of geometrical form, specific gravity,
hardness, relation to light, electricity, &ec. as separate
objects.

“ Finally, the chemist takes these sepa.rate minerals,
resolves them into their several ingredients, examines
the properties and proportions of these, and investigates
the laws of their combination.” t

Mauval, 2d ed
t Guide to Geology, 3d edit.

* See on the Chemical Constitution of Rocks, De la Beche's Geological
edit.
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Physical Data as to the interior Constitution of the
Earth.

But these oxygenised substances are only such as are
found among the bodies at or near the surface of the
earth; and though some of them have been elevated
from considerable depths by volcanic action, the in-
formation thus acquired may not be at all applicable to
the interior parts of our planet. Observation is here
entirely at fault, and we must be content to remain
wholly ignorant of the analytical constitution of the
interior masses of the globe. We may never know what
chemical or optical properties belong to it ; but instead
of this kind of knowledge, which, however curious,
would be of little value even in theory, we have re-
ceived some very important instruction from astronomy
and general physics, as to the circumstances under
which matter, whatever be its chemical constitution,
now exists and was formerly aggregated in the interior
parts of our planet.

1. Methods have been devised of measuring the at-
tractive force of the whole globe, compared to that of
some of its parts, certain mountains, for instance, and
thus poising its mass against some known weight ; and
these methods, confirmed by astronomical inferences
leave no doubt that the density and specific gravity of
the globe is above five times as great as that of water
at common temperatures and pressures. The average
specific gravity of the principal stony masses near the
surface of.the earth is about 24 times that of water ; con-
sequently, the interior parts of the earth are occupied by
material substances heavier than those near the surface.

2. But it does not follow that they would be heavier
if brought to the surface ; for the pressure of the whole
mass of the globe toward the centre must necessarily
occasion a condensation of the substances, whether
solid, liquid, or gaseous, therein occurring. This con-
densation due to mere pressure would indeed, upon all
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mineral compounds knoewn to us, go so far as to aug-
ment their density much more than is requisite for the
fulfilment of the condition required by the calculation.
According to Leslie (as quoted by Mrs. Somerville)
water would be as heavy as mercury at 362 miles below
the surface of the earth, and air as heavy as water at
84 miles. Calculations of this kind, however, involve
suppositions as to the continuity of the law of the den-
sity of elastic bodies being proportional to the pressure
upon them ; they are thus in strictness liable to ob-
jection ; but the error which might arise from this
cause is quite unimportant for the argument in the text.
We must therefore admit that either the interior sub-
stances are naturally lighter ; that they are of so dif-
ferent a nature as to yield but little even to the im-
mense pressure upon them ; or that their inherent elas-
ticity is aided by some principle of expansion, which
balances a part of the pressure to the centre.

8. To aid us in choosing between these cases we
may call in the aid of mathematical science and astro-
nomical observations, from which it results, 1. That
the figure of the earth is an oblate spheroid, such as
would be produced by revolution on its axis, provided
the constituent matter of the globe were in such a state
as to be allowed freely to arrange itself in obedience to
the central and tangential forces concerned. 2. It is
ascertained as a consequence of the theory of the moon’s
motions, that the interior parts of the earth are not only
more dense than the exterior, but that the inner sur-
faces of equal density are'symmetrical to the same centre
and axis as the external elliptical figure.*

From these observations conjoined, there is no doubt
that the matter of the globe, having free relative motion,
was arranged under the double influence of central and
tangential forces; and consequently, that the substances in
the interior must be naturally at least as heavy as those
near the surface under the same circumstances.

Free relative motion to the extent here required,

# See Conybeare in Reports of the British Association, vol i. p. 40&
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viz. to the central parts, implies a total incoherence
or fluidity of the mass of the globe. Such fluidity
appears perfectly intelligible, as the effect of a general
and pervading high temperature ; and, perhaps, this is
the only supposition which will at all meet the case.
But it derives a considerable accession of probability
from the fact that the earth is even now kot within ; a
point on which all experiments on subterranean tempe-
rature, and, perhaps, the grander phenomena of vol-
canoes, appear to agree ; and a variety of evidence will
be hereafter adduced to show that it was formerly
hotter, at small depths below the surface, than it is at
present,

From all this we obtain, as the most probable solu-
tion of the problem of the constitution of the interior
parts of the earth, that the substances therein occurring
have such analogies to those now seen near the surface,
that they would have been subjected to very much
greater condensation than they have suffered,— the
globe would have been denser than it is,—were it not for
the expansive influence of heat in the interior of the
planetary mass. Whether the inner or medial parts
of the substance of the globe be fluid or solid, must
remain for very refined researches in physical astronomy
to decide, if, indeed, evidence can be collected, on
points involving the consideration of fixity or motion
of the interior masses, sufficiently precise to give
authority to the rigorous results of calculations applied
for the purpose of testing this great question. Mr.
Hopkins concludes, from the phenomena of precession
and nutation, that the earth’s solid crust cannot be less
than one-fourth or one-fifth of its radius. (Phil. Trans.
1842.)

Mass of the Globe whence derived.

With this knowledge of the nature of the mass of
the globe, the modes of combination of the several
ingredients of the mass, and the properties under
certain physical conditions of these ingredients ez-
isting separately, one of two conclusions must be
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adopted by the human mind. Either we must believe
these combinations to have been original, that is to
say, that the ingredients have had no separate exist-
ence and properties, till the art of chemistry found the
means of disuniting and insulating them ; or view the
existing aggregations of matter, as results of com-
bination of the separate elements, produced by some
change of conditions. If the former view be adopted,
there is no room for further discussion ; if the latter,
an inexhaustible source of intellectual exertion is
opened, and all the mysteries of nature are subjected
to the scrutiny of man.

There may be persons who view this as a matter of
no importance, and would, perhaps, be content to save
themselves the trouble of inquiring into the works of
creation, by the indolent belief that the world was
made as we see it, its complicated phenomena not
produced by appropriate laws of causation, but the
result of an immediate fiat of Deity. As far as re-
gards the reverential thoughts due to the Divine
Lawgiver of nature, it may appear, on a first view, un-
important whether we admit the creation of the com-
plicated phenomena, visible in the structure of the
globe, by an immediate act of Almighty Power, or
their production from a former state of the same ele-
ments by the agency of intermediate laws of causation ;
but, on careful examination, it will certainly be found
otherwise.

If it be true and demonstrated, that in the existing
economy of nature all phenomena (whether they ap-
pear to our imperfect conceptions simple or complicated)
are the result of invariable appointed laws, acting
under definite conditions; if it appear that, in our
own time, the phenomena of mechanical, chemical,
and vital action among the elements and masses of
matter are analogous to those of which meonuments
remain in the erust of the earth ; if the laws which
are known to govern and to correspond accurately to
the modern effects stand in the same relation to those
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of older date ; who, that looks upon the laws of modern
nature, as affording proof of the being and attributes
of God, will take a different view of the similar pheno-
mena of ancient date, and thus virtually derogate from
the respect due to the Lawgiver, by limiting the dura-
tion, and questioning the application of the law ?

For it cannot be denied, that the appearances in the
rocks which compose the crust of the globe, are such
as to indicate most clearly that all their ingredients have
existed in some other and earlier condition. The
pebbles and fragments of stone imbedded in rocks of
different nature are such as might be produced by pre-
vious mechanical action ; crystalssuch as those imbedded
in others are known to be effects of chemical forces ; shells,
plants, &c. retaining all their delicate external forms, and
even their internal structure, can they be supposed to be
mere lusus nature, or created to deceive mankind ?
Which is the more reasonable, to receive as truth
the obvious indication of the senses, to acknowledge
these effects to have happened through proximate
causes, or to attribute to the Divine Wisdom the in-
stantaneous creation of effects which, by their very
nature and the nature of man, must inevitably mislead
right reasoning to a wrong conclusion? It must,
therefore, be allowed that the causes which the effects
indicate, when rightly interpreted, are to be admitted as
true ; if the effects are rightly noted, and correctly
interpreted, all the inferences of geology, however re-
markable they may be, whatever agencies, conditions,
or durations they assign to the composition of the
crust of “the earth, must be received as natural
truths,

We may now follow the inquiry into the prior con-
ditions of the materials consolidated in the crust of the
earth. It is quickly seen that many considerable
rocks are composed of parts which were suspended
in water, as clays, sands, &c. and deposited from it as
sediment; others are such as may be formed from
solution in water ; others resemble the products of
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igneous fusion ; some appear the result of electrical
combinations. All these latter are but forms of che-
mical processes among the elements of matter ; and the
sedimentary rocks, where their parts are clearly dis-
tinguishable, are found to be composed of grains or
fragments, originally produced by aqueous, igneous, or
electrical combination. Thus all the mineral masses
of the earth known to us appear to have existed pre-
viously in a different state, when the elements were
separated, so as to allow of their combination ac-
cording to the forces of affinity, existing in definite
proportions among the small portions of all material
substance,

Take, for example, the very common rock sandstone 5
its component grains of quartz, felspar, and mica are,
more or less, rolled or fragmented crystals of these
substances, derived from rocks like gneiss, mica schist,
&c., which are also composed of grains of the same
kind, less affected by mechanical processes; or from
granite, porphyry, &c., which are purely ecrystalline
rocks. Such derivative sandstones are formed at this
day from such crystallised granite, and other rocks.
But the analysis goes further. Quartz is a compound
of a metallic basis, silicium, and the air or gas oxygen.
Felspar is a compound of silicium, calcium, potassium,
&c., each united with its own proportion of oxygen.
Mica is a compound of silicium, potassium, magnesium,
calcium, &e. similarly combined with oxygen.

Under present physical conditions oxygen, being
liberated from combination with these bases, would
expand into 2000 times the bulk it occupies in the
compound, and become a gas: and thus, since oxygen
forms half the ponderable mass near the surface, half
the crust of the globe, perhaps half its whole mass,
would become an expansion or atmosphere round the
diminished nucleus. It is evident that the tendency
of all this inquiry is to lend some confirmation to the
speculations of Herschel and Laplace, as to the con-
densation of the planetary masses from gaseous expan-
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sions, like the nebule and comets; speculations
which, however, can only be changed into probable
inferences by the progress of modern astronomy. For
the examination of these obscure bodies, most powerful
telescopes are required. The observations of Lord
Rosse have resolved so many of the nebule into small
stars, that it is doubtful whether any of them can be
safely appealed to in illustration of the supposed pro-
cess of condensation and arrangement.

The progress yet made in chemical philosophy is
perhaps not such as to enable us to discover the
single condition on which the elements, now so firmly
united, could exist separately, in a free gaseous ex-
pansion ; yet, since chemical combinations are known
to be subject to temperature, liable to be altered
and even reversed with a change of this condition, may
we not suggest, as the least improbable view, that the
nebulous condition of a planet may be due to intense
heat existing among its particles ; that, in fact, a great
heat prevents their combination, and maintains them a//
together in a gaseous state, as it is known to be capable
of doing, for most of them singly, and several of them
together ? In mixed or combined gases metallic matters
are frequently present (as arseniuretted hydrogen), and
the atmosphere of our planet is believed by several
philosophers to contain so large a proportion of the sub-
stances existing in the superficial parts of the globe, as
to give origin to the meteoric stones.
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CHAP. III

GENERAL TRUTHS CONCERNING THE STRUCTURE OF
THE EXTERNAL PARTS OF THE GLOBE.

Frox these facts and reasonings concerning the nature
and constitution of the materials of the globe, derived
from chemical and physical science, we may turn to
contemplate the gemeral truths obtained by direct pro-
cesses of observation and induction, concerning the mode
of arrangement of these materials, in that limited por-
tion of the earth’s mass which it is possible for man to
explore by artificial excavations, or to understand by
skilful interpretation of the disclosures effected by
nature.

Beginning at the surface, and passing gradually
towards the deeper parts, we shall be able easily to
gather clear ideas of this fundamental portion of positive
geology, without a right knowledge of which the
otherwise pleasing task of following and examining
the common reasonings in the science would be use-
less, if not presumptuous.

STRUCTURE OF THE EXTERNAL PARTS OF THE
GLOBE.

So1L, the external investment of the land, though it
somewhat veil from geologists the objects of their pecu-
liar research, merits attention ; for this thin covering
varies in some real relation to the rocks beneath, and
appears, in many instances, to be nothing else than the
substance of those rocks decomposed by time, and
altered by vegetable admixtures. The depth of soil is
extremely irregular, — some feet thick over ecertain
sandy rocks, a foot thick over clays, only a few inches

VoL, 1. D
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thick over chalk. In valleys the soil is accumulated
from the waste of the hill sides: the surface of many
(especially primary) mountainous regions is devoid of
soil. In particular districts the soil is not merely formed
by decormposition of the rocks beneath; it contains
sand, pebbles, &c., brought from a distance, either by
actual streams or some extraordinary force of water.
Thus, in many instances, a mixture of substances
takes place very beneficial to the fertility of the soil.

Beneath this thin and irregular layer, in some coun-
tries, the solid rock appears; but in others masses of
loose sands, clays, gravel, &c., are found, which lie in
hollows, or on the surfaces of the subjacent rocks, 10,
50, 100, or more feet in depth. These have evidently
been drifted by water, and deposited from it, but yet
they do not properly enter into the structure of the
crust of the earth, but must be viewed as superficial
and local accumulations, produced under circumstances
considerably different from those which determined the
formation of rocks. To these accumulations the names
of alluvial and diluvial deposits have been applied : it
appears desirable at present to use, for them and the
soil collectively, the term superficial accumulations.

Rocks, and the substances which they enclose, lie
beneath the superficial accumulations, and constitute
the crust of the earth as known to geologists. The
term ““rocks” is apt to mislead beginners; for under this
title geologists rank clay, sand, coal, and chalk, as well
as limestone, granite, slate, and basalt, and other hard
and solid masses, to which the use of the term is
generally restricted: and they do so because they are
all and equally constituent parts of the crust of the
earth ; and this crust is generally of a rocky consistence.
The embarrassment which may be felt from this un-
usual employment of the term will diminish as we
proceed, and find ourselves led to adopt various other
modes of designating, in detail, the masses which it
will yet often be convenient to speak of together under
the vague term of Rocks.
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Forms of Rock Masses.,

On mountain sides, in ravines, and sea cliffs, the
rocky masses of the earth are exhibited free from the
obscurity of superficial accumulations: the industry of
man, in mines, wells, roads, canals, has added to the
facilities granted by nature, and from these opportunities
the structure of the crust of the earth, the arrangement
and relative position of the rocks, are known in the
most essential points. The different sorts of rocks are
by no means mixed together in confusion, but placed
in a regular and ascertained method of occurrence, and
often arranged in a certain determinate order of suc-
cession. Almost all rocks exhibit to the careful
observer some interesting circumstances of interior
structure, — particular divisions of their substance by
joints, cleavage, &ec.; but, neglecting for the present
these subjects, we shall fix our attention on the form
of the rock masses taken in their totality.

A very large proportion of rocks are formed so as
to spread over areas of 10, 100, or 1000 square miles,
with thicknesses of only as many or fewer feet or even
inches: these are said to be stratified (s), or formed
like a stratum or layer. Fissures, dividing particular
rocks, are sometimes filled up with another sort of
rock, which is then said to appear as a dyke (d);
various spars, metallic matters filling fissures, or em-
bodied in the rocks, are called veins (v); and many
rocks, neither sfratified nor in the form of dykes or
veins, are in this sense amorphous, but are generally
ranked with dykes, veins, &c., as unstratified rocks (u).

Dykes and veins form but a small part of the mass
of the crust of the globe, which consists principally of
D 2
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stratified and unstratified rocks. In the plains, and
comparatively low portions of the earth, the rocks are
almost universally stratified, — the strata being often
very thin, even to inches, but sometimes many yards
or fathoms in thickness. The superficial area, over
which a particular stratified rock expands, is sometimes
enormous, — chalk, for instance, has a range of many
hundred miles in length, by 5, 10, 20, or more in
width, in England and France, — but sometimes very
limited, as the magnesian limestone of the north of
England, which ranges from Shields to Nottingham.

In more elevated districts, and on the flanks of
mountainous regions, the rocks are also seen to be
distinctly stratified. By patient attention it will be
found that, even in the very midst of chains and
groups of mountains, the marks of stratification may
often be perceived ; but it almost always happens that
the axis of such chains or groups is formed by un-
stratified rocks, and these sometimes appear in lower
situations,

Position of Rocks with respect to the Surface of the
Earth. — Declination of Strata.

Stratified rocks have usually a nearly constant thick-
ness, or else vary in this respect by insensible and re-
gular gradation ; their surfaces, or the planes of stra-
tification, are therefore in general sensibly parallel, and
their position may be known with respect to the surface
of the earth, by observing the bearing of a level line
(or strike) in the plane of stratification, and the an-
gular amount of the descending slope (dip)or ascending
slope (rise). The result of very numerous trials proves
that the strata are over large surfaces often nearly but
seldom quite horizontal ; they dip, in fact, below the
horizon, pass under the surface, and are covered up by
other strata which also mostly dip in the same direction.
Thus the surface of the earth in regions where stratified
rocks occur is formed partly on their edges ; and a section
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or vertical cut to some depth from the surface would pre-
sent on its sides the appearance of the diagram, No. 6.
6

——_—_': ,’:’;"b
We may say that three fourths of the surface of the dry
land of the globe is thus formed on the edges of mode-
rately dipping strata : in all large districts the dip is
found to be variable in amount and in direction, but,
viewed on the great scale, always in harmony with one
general law, which may be thus expressed :

The strata dip from the chaing and groups of
mountains under the plains which surround or divide
them. Thus, from the group of Cumbrian mountains
the stratified rocks dip W. at Whitehaven, N, at Hesket,
E. at Shap, S. at Ulverston ; from the chain of the
Lammermuirs, they dip N. W. under the great valley
of the Forth, and S. E. into Northumberland. The
most general dip in England is easterly, the principal
mountains being situated on the western border: from
Brittany, the Ardennes, and Auvergne, the dips of the
strata converge toward the low ground of the Basin of
Paris ; from the plains of Languedoc the strata rise to-
ward the Pyrenees and the mountains of central France ;
the Pyrenees, the Apennines, the Alps, the Car-
pathians, the Grampians, are axes from which the stra-
tified rocks decline, to pass under the lower ground on
each side. Diag. No. 7. .

7
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It is generally found that the dip of the strata, thus
obviously related in direction to the axes and centres of
mountain groups, is also related to them in amount, so
that the angular value of the dip—or the number of
feet in one hundred that the strata decline— decreases

p 3
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continually from the mountains toward the plains, and
in the middle of these is sometimes evanescent. Near
London, for example, and on the coast of England gene-
rally, strata, though not level, dip moderately (1° or 2°)
toward the east; but on the line to North Wales the dip
angments ; on the border of the Principality it measures
5°,10° 15°, and in the range of the Berwyn moun-
tains, 80° and 40°, or still higher angles.

The direction of mountain chains, and the position of
mountain groups, being extremely diversified, the lines
of strike and dip of the strata which depend upon them
are also very various. Perhaps in the progress of the
science some law of these directions may be established :
in the progress of this essay we shall examine one such
attempt by a distinguished foreign geologist. At
present the most important things taught us by the
phenomena of dipping strata are these: —1. The dip is
related to the elevation of ground; and 2. The strata
do not descend from oné mountain chain below the
surface of plain countries more than a very moderate
depth (four to five miles) before they begin to rise again
toward another axis of elevated ground.

The principal mountain chains and groups are thus
seen to be the axes of declination of the stratified rocks ;
and it was not without reason that De Saussure explored
with so much patience the giant elevations of Switzer-
land, Dr. Hutton and Werner studied the Scottish
and Saxon chains, and Mitchell with a grand gene-
ralisation referred to the leading features of physical
geography as a basis of laws of geological phenomena,
The axes of mountain chains and groups being before
shown to be generally occupied by unstratified rocks,
we have arrived at the important inference, that the dip,
or deviation of stratified rocks from the horizontal posi-
tion, depends on the same axes or centres as the exhi-
bition of unstratified rocks: the production of the
latter is therefore in some way connected with the de-
clination of the former.

If we suppose the unstratified rocks to have been
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raised from below, the position of the strata, the re-
lations of physical geography, and the relations of the
two classes of rocks would be at once explained. In
order to see what foundation may exist for such a
speculation, let us inquire into further details and other
cases of the position of stratified and unstratified rocks.

Local Declinations and unusual Positions of Strata, &c.

It is not only in mountainous regions that the strata
are found dipping at high angles ; the same phenomena
are repeated on a smaller scale, and for smaller distances,
at many points situated in the midst of the great basins
of strata far from the principal axes of declination.

The appearances presented at these points of disturbed
stratification are extremely various, but they admit of
a simple and useful classification. Nothing is more
common, in many large districts, than a slight elevation
of the plane of stratification along a certain straight
line, so that the rocks decline from it on both sides, as
a, diag. No. 8, This is called an anticlinal axis, and
the elevated ridge a saddle. Its converse (b), the line
to which the strata decline, is called a synclinal axis,
and the whole depression a frough.

It not unfrequently happens, on a small scale, as in
the Craven district of Yorkshire, in the Abberley hills,
Clee hills, the shores of Berwickshire, &c., and still more
frequently and remarkably on a great scale, among the
Alps (Vale of Chamouni, Lauterbrun, &c.), that the
strata near an anticlinal axis, instead of being formed in
evenly declining planes, are twisted and contorted in
several directions, as if exceeding violence had been re-
peatedlyexerted in lateral as well as vertical directions(c).
In many instances (as on the line of the Penine fault
near Crossfell, near Kirby Lonsdale, and near Lancas-
ter), the strata are reared on end, so as to be nearly or
actually vertical (d); in other rarer examples (Malvern
hills) they are totally overthrown, or, after having been
raised to a vertical position, the upper parts have been

D 4
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pushed outwards, so that the strata usually lying upper-
most in the group are actually, for a short distance,
undermost (e).

Faults.

Besides these, other forms of disturbed stratification
demand attention ; especially those in which the con-
tinuity of the strata is broken, and the divided parts
placed at different levels. This interruption and dis-
location of the strata commonly happens along a plane
approaching to the vertical, which is usually marked
by a rude and irregular fissure. This fissure, whether
empty or in any manner filled (with fragments of the
bordering rocks or other substances), is called * a
JSuult,” and locally ““a dyke,” ““a trouble,” “a gall,”
“a slip,” &c.

The most simple and frequent case of faults is re-
presented in the annexed vertical section (No. 9.) at the
letter a, the strata lying nearly level, the fault vertical,
the dislocation moderate in amount, and no particular
bending of the rocks near it. In b the fault deviates

ry
from the vertical by the anglex b y, and is said to have
an underlay ; the strata are considerably depressed, and
in such a manner that a perpendicular dropped from &
would fall clear of the edges of the depressed beds ; not
as in ¢, which represents a rare and exceptional case, so
rare, indeed, that a clear example of it with a consider-
able depression of beds never occurred to the author,
among very numerous instances studied in all classes
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of stratified rocks. In d the strata bend to the fault
so as to coincide with its direction. In e the contrary
effect is seen, the strata bending so as to meet the fault
at right angles, as on the line of the great Tynedale
fault, which disturbs the beds 1200 feet.

In some instances the fault fissures are open, as f;
in others full of angular dispersed fragments from the
adjoining rocks (¢); sometimes a leader of one or more
of the softer strata follows up the fissure for a con-
siderable distance (2) ; but frequently, as i, the fissure
is closed.—See the annexed vertical section,

The surfaces of the fissure accompanying a fault are
often remarkable, and afford good evidence in favour of
the dislocation of the masses having been accomplished
by great mechanical violence, and perhaps a single con-
tinued effort. Let V fig.11. be any vertical plane crossing
S F F’ F”, the plane of a fault fissure, which is accom-
panied by a dislocation of strata through the extent
S F”; abec, being the corresponding beds on the two
sides of the fault. The face f F F” F”, one side of
the fissure of the fault, is often scored by grooves (g99)
parallel to the direction of the dislocation of the strata ;
that is to say, deep lines are ploughed on the broken
ends of the rocks in the very direction in which they
must have been produced, supposing, as the other phe-
pomena indicate, the rocks to have slipped along the
plane of the fault. A magnificent example of this is
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seen at Cullercoats in the great Tynedale, or 90 fathom
dyke, of the Newcastle Coalfield.

Euxtent and Frequency of Faults.

The extent of vertical displacement occasioned by
faults varies from a few inches or feet to thousands of
feet ; examples of the former are common, of the latter
rare,. When carefully studied, however, the principal
difference between them — the extent of the movement,
is the only one which appears constant and essential.
This is obviously related to the force employed in pro-
ducing the fracture. That force may have been different
in amount in the two cases contrasted, or different in
the duration of its exertion ; for the conformity of the
circumstances of fracture seems to forbid a supposition
of a different mode of action. Now, as an examination
of the smaller and larger faults, when their planes can
be clearly seen, appears to show that only one kind ot
action has been impressed upon the masses, as they
appear to have slided in one direction, have been rubbed



CHAP. IIl. THE KXTERNAL PARTS OF THE GLOBE. 43

on their faces in one direction, and exhibit almost never
any signs of repeated action along the same or neigh-
bouring planes, we are forced to adopt, as a highly pro-
bable view of their origin, one continuous effort of a
great force tending to extend, and, consequently in-
ducing tension in, and fracture of, the crust of the
globe. It appears no more necessary to suppose many
interrupted efforts for a great fault like the Tynedale or
Craven faults, of a thousand feet or yards, than for the
numerous “ hitches ” in a colliery of one or 2 dozen
feet.

It is commonly the case that such faults, when viewed
on a horizontal plane, range nearly instraight lines, and
for considerable, but very variable, lengths. When many
faults occur, each producing only a moderate * throw,”
“ shift,” or displacement of the strata, their range is
usually of only a few hundred yards, or a few miles,
when they fall into and are stopped by some greater
faults, or axes of movement,

On the contrary, when only a few faults occur in a
district, and these have a greateffect as to vertical move-
ment, their course is usually of very considerable extent,
even to many miles (the Tynedale and Craven faults
range from 20 to 40 miles); but these also terminate in
other faults or great centres or axes of movement.
Faults which cross and appear to displace one another
laterally, obey the same law of the angles as when their
planes are compared to the surfaces of stratification,
and the direction of vertical movements. (Fig. 9. b.)
Faults are the most confmon of all the forms of dis-
turbed stratification: but, except in particular cases,
they are the least influential on the physical configur-
ation of the country. All the rocks which are disturbed
by any fault have experienced on one side the same
movement, and to the same extent, excepting only those
portions which have been subjected to violent pressure ;
and the bottomn of the faults has never been reached,
except when they terminate in another dislocation.
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Relation of Faults, Mineral Veins, Dykes, &c., to
the great Lines of disturbed Rocks.

It is noticed, as a circumstance of common occurrence,
that mineral veins are no otherwise different from faults
than by reason of the fissures which these have opened
in the rocks being filled by sparry and metallic matters.
This filling of a fissure constitutes a mineral vein ; a
similar fissure filled by basaltic or other rocks would
be called a rock dyke; if occupied by clay and soft
materials, a clay dyke. The point of importance in
each of these cases is the mechanical formation of a
fissure of the rocks along the plane of the fault ; and it
is to be determined by further inquiry, what was the
cause of this particular line being followed by the dis-
turbing force, and how the fissure, when made, came
to be filled with its sparry, rocky, or soft argillaceous
contents,

There appears to be some general relation observ-
able between the lines of fault and the axes of great
subterranean movement: that a ¢ master fault”
swallows up the smaller ones, or ramifies into them
near the surface, has long been believed by the colliers
of Somersetshire (as we learn from Dr. W. Smith). It
appears, from our own and other researches, that the
fissures accompanying mineral veins in the north of
England, in the Penine Chain, and on the side of the
Vale of Clwydd, terminate in such master faults ; it also
appears, by a careful analysis of phenomena, that
mineral veins are so related to axes of disturbed strata,
(like the Stiperstones, Greenhow hill, &c.), that they
spring out from such, or tend to cross them at right
angles, and scarcely appear anywhere abundant except
in the vicinity of points or lines of great disruption
of the rocks. Faults, dykes, and veins must, therefore,
be referred, as to the origin of the fractures, to the
same general cause which placed the strata of the moun-
tains in their disturbed and inclined positions.
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Before adopting, definitively, the conclusion obviously
indicated by all the preceding facts, that the stratified
rocks in the crust of the earth have been broken up, so that
its disrupted masses have been placed in new positions,
and that the unstratified rocks have been raised in con-
sequence of such disruptions along the axes, and about
the centres of mountain chains and groups, it will be
proper to inquire further into the nature and origin of
these two classes of rocks.

Origin of stratified and unstratified Rocks.

The great and leading distinction between these
rocks, is the form of their whole masses; but, besides
this, we observe, in other respects, very important
differences, which facilitate investigations into their
origin, — differences of internal structure, chemical
character, mineral aggregation, and imbedded sub-
stances.

Stratification is a form of matter seldom produced in
perfection among the effects of modern nature, except
by the agency of water. The sediment from rivers, the
deposits in lakes, the sandy and pebbly accumulations
from the sea, all possess the true characters of stratifi-
cation, for they tend to be produced in considerable
breadths, with comparatively small thicknesses. And
as among the ancient rocks we frequently find con-
tiguous deposits of different chemical nature, as lime-
stone succeeding clay or sandstone, so in these more
modern products, similar successions of strata occur :
clays and sands, and marly limestones of different colour,
consistence, and chemical quality. Many of the ancient
sandy strata are laminated parallel to the surface, as
are the modern sediments from a river or the tide ; others
are irregularly composed of oblique lamine, or ripple-
marked on the surface, as are the deposits from agitated
rivers and tidal currents.

All the comparisons which can be made between
ancient strata and analogous products of modern nature,
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appear clearly to evince their common origin, no other
essential differences being discoverable between them,
except the great thickness and extent of the ancient
rocks ; and could we raise for examination the bed of
the Atlantic or the Mediterranean, perhaps a part of
this discrepancy might vanish ; for Donati’s researches
on the bed of the Adriatic show the great extent of the
modern deposits in that sea.

The unstratified rocks tried by the same test, the
form of their masses, can in no manner be paralleled to
the productions of water. The dykes and veins which
belong to the same class as the huge amorphous masses,
and are often of the same kind of rock, do resemble in
their forms, to a considerable degree, the known pro.
ducts of modern volcanoes: particular aneient unstrati-
fied rocks, as basalt, exist in forms, and under circum-
stances, very similar to analogous rocks, the fruit of
volcanic fires.

The chemical composition of the two classes of rocks
resembles in some points, and differs in others: they
are in some points similar, for they contain some identi-
cal minerals, and many identical elementary substances ;
but numerous minerals are found in the unstratified
rocks which are not known among the others. Limestone,
sandstone, and clay, which constitute so many of the
stratified masses, are forms of mineral aggregations such
as never occur among granites, basalts, porphyries, &c.,
which make up a large portion of the unstratified rocks.

But the difference in their mineral aggregation is
yet more remarkable. The ingredients of the stratified
rocks appear almost always in such a state, as to sug-
gest to the observer their aggregation from a state of
solution, suspension, or drifting in water : limestone
rocks, for instance, appear to have been collected, as
smaller quantities are at this day,from the decomposition
of water by chemical and vital agencies; clays were
clearly collected from matter finely divided and diffused
or suspended in water. Sandstones are as clearly theaccu-
mulation of grains of quartz, or other minerals worn and
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rounded in water, while conglomerates leave no more
doubt of the former action of agitated water, than the
pebbles of a river bed, or the sea shore,

On the contrary, the unstratified rocks are mostly
crystallised ; that is to say, their constituent ingredients
are symmetrically arranged and bounded by regular
surfaces, meeting at definite angles: they are not such
as in general to be separately soluble in water at any
temperature ; they never show any marks of arrange-
ment such as might arise from suspension or drifting,
nor auny such proofs of mechanical action, as worn
grains of sand, or pebbles of rock. But their compo-
sition is in the great mass, and in the nature of the
constituent crystals, always analogous, and frequently
identical with, the known effects of heat in the furnace
of the chemist, or the subterranean laboratory of nature.

Finally, these two classes of rocks differ essentially in
another most important respect, which, taken in con-
Jjunction with the preceding facts, is quite decisive of
their difference of origin : the stratified rocks are gene-
rally stored with the reliquie of plants and animals,
even to a greater degree than modern marls, clays, and
sands deposited from water ; while the unstratified rocks
contain none of these things, or if, by chance, a soli-
tary shell has been found amongst such rocks, its
inclusion is easily explained, just as by some accident
volcanic scoriz have been found to cover bones in
Auvergne.

The animal remains found in the stratified rocks are
chiefly marine, and nearly all aquatic; they occur, in
many instances, under circumstances of position and
relation which prove that they were often quietly buried
or drifted by water from small distances, but sometimes
worn to pebbles ; just as from the deep and quiet sea
we now dredge shells in complete preservation, their
spines and ornaments perfect ; while nearer the shore,
worn shells, and under the cliffs, among the pebbles,
rolled and fragmented particles appear.

It is, therefore, impossible to doubt that the strati-
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fied rocks, holding remains of aquatic animals or water-
drifted portions of land plants, were formed in water:
this applies to the far greater number of the strata.
But it is equally clear, that those strata which alter-
nate with these, and do not yield organic remains, but
are of the same general characters, and were, by marks
of structure and aggregation, evidently produced in the
same way, are also of watery origin. All the really
stratified rocks, then, are the product of water; but
the unstratified rocks are generally the fruit of the
action of heat.

We must, therefore, here divide the subjects for
consideration in the structure of the globe according to
the aqueous or igneous agency concerned, and shall
commence with the history of the deposits from water.

The most general view to which we are thus con-
ducted, gives to all the stratified rocks an aqueous, and
to the unstratified an igneous, origin: the former were
deposited from above, in calm or agitated water, along
the shores, in the depths of the sea, or in lakes; the
latter were raised from below, by the excitement of
internal heat, Subterranean movements affected the
stratified rocks, and elevated them from their level
position into mountain chains and ranges of hills,
and the same influence, or an action consequent upon
it, raised the fluid or solid unstratified rocks along
the axes, or at the centres, of the elevatory move-
ments. Thus, it is a certain and general truth, that in
the composition of the crust of the globe, in the ar-
rangement of rocks in their present position, in the
production of the physical features of our planet, both
internal heat and the agency of external water have had
their share ; and by studying, carefully, the effects now
produced, though apparently on a smaller scale, by the
same natural agencies, under varied circumstances, we
may hope to arrive at correct general inferences as to
the manner in which even the grandest and most sur-
prising of the old revolutions of nature were occasioned.
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Relative Periods of disturbed Stratification.

One of the most remarkable of all the results yet
arrived at, by combining the study of the two classes of
rocks just distinguished, is the certainty that the sub-
terranean movements of the solid crust of the globe, to
which the deranged positions of the strata are owing, were
not all of the same date ; but that some mountain ridges,
and some lines and points of unstratified rocks, had been
uplifted before others, —some strata disturbed, before
others were formed. The mode by which this has been
ascertained is extremely simple. When, as in the section
(fig.12.), certain old strata (@ be, &c.) are found displaced
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from their original nearly level position, and thrown to
high anglesof elevation, and other more recentstrata (hik)
are placed level against the slopes, or even covering the
ends of the former, it is plain that the dislocation of a b ¢
happened in the interval of geological time which oc-
curred between the completion of the newest bed (f) of
the dislocated, and the oldest bed (%) of the undisturbed
deposits. On different chains of mountains, along
different lines of faults, &ec., the period when the dis-
turbances happened, judged of by this test, is found to
be often very different. One of the most singular ex-
amples of this dislocation of some strata, in districts
where others of more recent deposition remain undis-
turbed, was noticed by Dr. William Smith, in 1791, at
Pucklechurch in Gloucestershire, and in Somersetshire.
The coal formation is here found dipping at a high
VvoL. I. E
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angle below, and covered up by horizontal strata of red
marl and las, thus:
15 7 s s A
Red marl,

AR
\ - ..

Coal formation.

In Yorkshire and Durham the same thing is observed
with respect to the magnesian limestone and the coal,
with the addition that the coal strata are broken by
faults, which do not affect the limestone above ; thus:

The principal difficulty in applying this very simple
mode of determination to particular cases, so as to class
all faults and other effects of subterranean movements
according to the date of their occurrence, consists in
ascertaining the indispensable data of what strata are
and what are not disturbed along a given line, or at a
certain point. When the undisturbed strata lie upon,
or abut clearly against, or plainly surround the dis-
turbed rocks, the evidence is satisfactory, and easily
verified ; but, in most cases, this clear testimony is
wanting, and it is by considering the relative directions
and relative dips of the two sets of strata (the disturbed
and undisturbed), that we are to arrive at a deter-
mination of the question. The following notices and
sketches will illustrate this point.
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Whenever, in any district, the stratified rocks, in-
stead of all lying parallel to one another, suffering
the same deviations from horizontality, bending in
the same flexures, dropping or rising by the same
faults, and regarding in their declinations the same
axis or centre of dips, divide themselves, in these
respects, into two or more sets, which differ from
one another in all or any of these respects, there
is said to be unconformity of the strata. The place
of this unconformity is the interval between the two
sets thus disagreeing ; it is said to occur between the
oldest of one and the newest of the other set; it affects
the geographical distribution of the strata, as shown on
a map, and their relative inclination and exposures, as
shown in a section. Thus in the map diagram ( fig.15.),

£ 15

~

h

‘Q
~

s -

D
the series of strata marked a b ¢ & are parallel in one
set, and e fg in another ; but their directions, or strikes,
(8, S and 5 ) on the surface differ, and the lowest of
the upper set (e) rests in one place on g, in another on
b, in another on ¢ or d.; the dips, D and d, are in dif-
ferent directions.

In a section (as fig. 16.), some difference of inclination
E 2
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commonly occurs. But when the strikes and dips of
either the upper or lower set vary, which is a very com-
mon case, the same district, as Yorkshire or Derbyshire,
may exhibit in the same region both conformity and un-
conformity between the same two sets of beds, as in the

17

E
w b

a
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Q

b=

A

map diagram (fig. 17.); where a b ¢ d are coal strata,
with variable dips and strikes, generally unconformed,
but on the line W E, for a short distance, conformed
to the magnesian strata lying upon them (e £ g ). Yet,
in this case, the section on the line W E would ex-
hibit a want of conformity in the dip (as in fig. 16.),
the beds a b ¢ d being more inclined than e f g k.
When the strata are not in contact, or, for any reason
the junction cannot be clearly seen, many observations
of dip and strike in each set of beds will in general de-
termine the existence of unconformity: but it would
be folly to rest so important a decision upon testimony
less demonstrative than the country will yield ; and, in
some cases, sufficient evidence is unattainable by any
exertion of industry and skill.

d
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CHAP. IV.

SERIES OF STRATIFIED ROCKS.

By following the methods previously described (pages
18, 19.) the whole series of strata existing in any country
can be known ; by comparing the results thus obtained
in different countries, the extent of the strata, and the
degree of generality of the causes concerned in pro-
ducing them, can also be known. The investigations,
in both respects, have now proceeded so far as to fully
justify 2 geologist in asserting, that the principal fea-
tures of the stratified rocks in the crust of the globe
are very similar over large regions ; the aggregate thick-
ness of their mass is everywhere limited to a few
miles ; the order of succession among the principal
groups is the same, or analogous; even the minute
variations of their composition, aggregation, and struc-
ture are observable in remote situations ; their organic
contents are reducible to the same schemes of classi-
fication, and everywhere indicate several great physical
changes on the surface of the globe, since it became
the theatre of vegetable and animal life.

The foundations of all sound generalisations in geo-
logical science are accurate and mutually explanatory
sections and maps of the whole series of stratified and
igneous rocks existing in each natural geological dis-
trict ; a term by which we wish to express a part of
the earth’s crust, whether large or small, in which the
formation of aqueous deposits has followed, amidst many
local irregularities, one general law of succession. Such
sections and maps express, by one common type or
formula, the general result of many separate and local
investigations ; the principal local deviations from the
general type must be on no account omitted, for these

E 3
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limited differences are often more important in theory
(as well as in practical applications) than all the general
resemblances. Assuming that the British islands form
such a natural district, we shall be able to present a
satisfactory general table or section of the series of strata
which here compose the crust of the globe, placed in
the order of their succession downwards, from the sur-

face of the most recent aqueous deposits.

TasrLe or Bririsa Dgeposits.

circumstances.

Superficial Accumulations.

Depositions from springs, rivers, glaciers, lakes, the sea, under ordinary

Depositions from some of these agents under extraordinary circum-

stances.

StrATIFIED RoCKs.

Tertiary or Cainozoic Strata.

Thick- bt 8
Names of form- ; Subdivisions or 4 .
Atiohis: x;;srsdlsl.l groups. Nature of the deposits.
Upper or mammali-Marine and  estuary
ferous crag. shells, pebbles, bones,
sand, &c.
Middle or red crag. [Marine shells, pebbles,
Crag. 16 bones, sand, &c. i
Lower or coralline{Marine shells and corals
crag. in sand, or coarse lime-
stone.
Upper freshwater. |Marly limestone and
clays.
PPetiwater marls, 334 |Estuary beds. M:;xle;,ugc:'stmry clays,
Lower freshwater. Ma{ly limestone and
clays.
[|London clay (upper).|Clay with septaria, &c.
200 to Sand and clays. Coloured sands, ciays.
London clay. 6003 |London clay (lower).|Clay with septaria, &c.
Plastic clay. Variegated sands, clays,
lignite, &c.
Secondary or Mesozoic Strata.
Cretaceous System.
Upper chalk, Soft chalk, with flints in
layers.
Chalk, 1) Lower chalk. Harder chalk,
Chalk marl. Soft argillaceous chalk.
[‘Upper green sand. |Green sands.
?ault. Blue marl or clay.
ower green sand. (Ferruginous, brown, or
Green sand. 1604 green salih, with, lo-
cal deposits of lime-~
stone.
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Oolitic System.

55

Thick- ey
Names of form- 3 Subdivisions or
pot -3 ‘;?::dlsl.l groups. Nature of the deposits.
" Weald clay. Clays and calcareous lay-
ers.
‘Wealden. 3004 |Hastings sands. Variously coloured sands
and clays.
Purbeck beds. Clays and limestones.
5 Portland oolite. Limestone, often cherty,
Ujper oolite. 130 with sand,
Kimmeridge clay. |Blue clay, with septaria,
({Upper  calcareous Sandstone (calcareous).
grit.
Coralline oolite. Oolitic limestone.
Middle oolite. 1504 Lowier calcareous/Sandstone (calcareous).
grit.
Oxford clay. Blue clay, with septaria.
Kelloway rock. Sandstone (calcareous).
Cornbrash. Coarse limestone.
Forest marble. Coarse limestone, sands,
and clays.
Great oolite. Limestone, oolitic, com-
pact or sandy.
Lower oolite.* 130< Fullers’ earth. Limestones, clays, &c.
loferior oolite. Lime;tone, oolitic, fer-
ruginous.
Sand. Calcareous or ferrugi-
nous sand and sand-
| stone.
Jpper lias shale. Blue laminated clay.
Marlstone. Sandy, calcareous, and
irony beds.
Lias. 350< [Middle lias shale.  |itlue laminated clay.
Lias limestone. Blue and white com-
.| pact limestones.
{|Lower lias marls.  !Claysof different colours.
Saliferous or New Red Sandstone System.
[ Variegated clays. Red, greenish, &c. clays,
with gypsum.
Keuper. Sandstones, usually
light-coioured, with
; e plants, and ve]l;lebr?ta.
v Red clays. ed clays, with a few
New red sand-
300 ale bands, gypsum,
stone. } 3 Ealt, &c.
Sandstone. Red and wbite sandstone,
with bands of clay.
Conglomerate. Sand and sandstone, with
pebbles of quartz, por-
U phyry, &c.

* As seen near Bath.

differences, as will appear hereafter.

E 4

In other parts of England it offers important
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Primary or Paleozoic Strata.

. Magnesian or Permian* System.

Names of form- | Thick-|  gupdivisions or -
Cone] l;'?isl'sd:l groups. Nature of the deposits.
(|Knottingley lime-|Grey laminated lime-
| Gstone. stone.
& ' ypseous marls. Red and white clays, &c.
Mgg:]e:l?"vorl;‘;“;} 100 | Magnesian  lime-{Yellow, granular,  &c.
R lan:l) stone. limestone.
L 3 Marl slate. Laminated  calcareous
beds, with fishes.
Rothetodteliegende. {[Red  sandstones and
U clays.
Carboniferous System
The subdivisions are Strataofsandstone,shale,
only locally ascer-| ironstone, with rare
tained. deposits nf‘marine or
freshwater limestone.
Coal. 1000 Millstone grit. Sands:ones, often coarse-
grained, or pebbly;
shales, ironstones, thin
limestones.
Yoredale rocks. Limestones, sandstones,
shales, coal.
Carboniferous 9004 Scar limestones. Limestones.
limestone ? |Alternating  sand- Limestones, sandstones,
(N. of England). stones and lime-| &c., often red.
stunes.

Old Red or Devonian System. +

r

Old red sandstone

100 l
(Herefordshire.) ¢

f

Conglomerate
group.
Cornstone group.

3300 ‘ Tllestone group.

Conglomerates and sand-
stones.

Coloured clays and con-
cretionary limestones.

Flagstones and clays.
The lower beds pass to
the group below,

* So named by Murchison, from a large Russian district, in which he
has found it more fully developed than in England. (Geol. of Russia.)

- ¥ As seen in Herefordshire, &c.

is different. as will be explained hereafter.

In North and South Devon the series
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Silurian System.*

'[AJpper Luglow rock.| Laminated sandstone,
ymestry li Subcrystalline li
e rg(l;'!' 660 Lower Ludlow rock. Sand “shale, with con-
Ea Y cretionary limestone.
g_-:{ Wenlock limestone, (Gre, uannd] blue subcrys.
o= talline limestone.
@ | Wenlock 6004 | Wenlock shale. Shale and earthy lime-
rocks. stone.
Lime;toues and|Laminated limestones
sandstones. and sandstones.
e C":_‘;?: 830 Conglomerates, &c. IGritstones, conglomer-
g .;.f ates, limestones.
5 = - - Dark calcareous flags,
Z { Llandeilo 400 sandstones, &c.
rocks.

Cambrian System. (See page 124.)

Hypozoic Strata. (See page 111.)

Granite and other unstratified Rocks, the effect of Heat.

In possession of this complete section of all the prin-
cipal masses of stratified rocks in the British isles, and
guided by a map of the ranges of each of these on
the surface, — aware, also, that within the narrow
compass of these islands some of the groups of strata
vary extremely (as the lower oolites, which are prin-
cipally calcareous near Bath, but principally arena-
ceous near Whitby), and others have only a limited
range (as the magnesian limestones), we may proceed
to inquire how far the sections of other natural districts
agree with that given above.

Throughout the great basins of Europe, and parts of
Asia and Africa, including the countries bordering on
the German Ocean, the Baltic, the Black Sea, and the
Mediterranean, within the mountain boundaries of the
Ural, Caucasus, Greece, Calabria, the Atlas, Western
Spain, Brittany, Cornwall, the west of Ireland, Scot-
land, and Scandinavia, the general features and suc-

* As originally given by Murchison. (Sil. Syst. 1826.)
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cession of the great masses are the same: most of the
systems of strata are also to be recognised, either in
the mountains or the lower ground ; and fresh addi-
tions to these analogies are continually added by
geological travellers. But when we come to consider
the constituent formations, discordance is manifested of
the same kind as that which, as hefore observed,
appears between different parts of England with respect
to certain oolitic and carboniferous formations.

In Scandinavia, as well as along the Alps, and
Grampians, hypozoic strata are predominant, while
mica schist and gneiss are rare in the Harz, Cornwall,
and Wales. There is more carboniferous limestone in
England and Ireland than in all Europe besides. The
oolites of Germany and France sometimes perfectly
resemble, in composition and succession, that group in
England ; but on the Italian side of the Alps, and in
Greece, they have different characters, The chalk for-
mation is little seen about or beyond the Alps; and
in the Carpathians greensand appears in plenty, but
little or no chalk. Turning to more distant localities,
we find, in North America, a vast series of widely
spread stratified deposits, much allied to those of Europe,
grouped, for the most part, in similar systems; but
the series between the cretaceous and carboniferous
rocks is much less developed than in Europe. On the
contrary, in the Himalaya mountains, and the basin of
the Indus, these formations are greatly developed,
and rocks of the lias and oolitic formations are perfectly
identified. As a general result, it appears already
ascertained that the same great divisions of strata may
be applied to nearly all parts of the globe; that, even
in very distant localities, the same systems of strata
were produced, though sometimes in isolated patches ;
but that the particular formations, though often very
extensively spread, are yet somewhat irregular in their
expansion, some extending in one direction, and others
in a different one, so as clearly to evince their depend-
ence on local and variable conditions.
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Varieties of Stratification.

Stratified rocks are either of equal thickness over a
large extent of country, or attenuated to a wedge shape
in some one direction, or decreasing in thickness every
way from a certain point or district, so as to constitute
a lenticular formation. Strata of one certain kind of
rock, which are, in some places, accumulated into a
uniform mass, become divided in other districts, and
separated into distinct members by the interposition of
wedge-shaped deposits. All these circumstances are
represented in the annexed diagram (fig. 18.), where

limestone strata are marked 7, shale beds s, gritstone ¢ ;
the gritstone and shale being in lenticular or wedge-
shaped, and limestone in parallel, beds, divided in one
direction, but conjoined in the other.

By observations of this kind in certain districts
(e. g., in the north of England, along the Penine chain,
and on the Yorkshire coast), it has been inferred, that
the different strata of limestone, shale, and grit, have
originated under different circumstances; the former
being an oceanic deposit, but the two latter substances
derived from the waste of ancient lands bordering on
the sea in which the limestone was formed. This con-
clusion is strongly corroborated by the fact, that it is
chiefly or wholly in gritstones and shales that land
plants occur, while the marine exuvie of shells, corals,
&c. abound almost exclusively in the limestones.

The term stratum or layer is of general signification,
and independent of the absolute thickness of the mass.
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By some writers (Dr. Smith and others) it has been
used to express the whole of one mass of layers or beds
of the same or nearly the same quality (as the Bath
oolite), or one similar series of alternations (as the
Weald clay). By others (Playfair, &c) it is applied to
the thinner layers of rocks, which Smith denominates
beds. Neither mode is perhaps inaccurate, yet it is
convenient now to settle the nomenclature we must
employ in the following descriptions.

Many rocks, as limestones, are divided by parallel,
or nearly parallel, seams, into what are by the quar-
rymen called bdeds or posts ; in some cases these are
further divisible into lamine. Moreover, it is the
custom of geologists to include several rocks which
are generally concomitant, and have some common cha-
racters of deposition and organic remains, under one
title, viz. formation. The subjoined diagram (fig. 19.)
will illustrate the use of these terms,

Formation of Bath oolite above.

——————

———————— Upper lias shales,

s .‘__'; “) Maristone.

Lias formation. <

C — Middle lias shales,
=zt ot

é Njﬁiﬁ- Lias limestones.

P

L Lower lias shales.

Formation of red sandstone below.

The shales in this diagram (a ¢ €) are from 20 to
800 feet thick, and are composed of lamine parallel to
the planes of stratification ; the limestones (b) are thin
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bedded, the beds being separated by thin clays: the
marlstone series (d) consists of sandstone beds, calca-
reous beds, and ironstone bands, separated by thin
clays or shales.

The lias formation is included between the Bath
oolite formation above, and the red sandstone formation
below.

According to this mode of description, the word stra-
tum need never be used as a special term of definition,
but reserved for general reasoning. The word series is
found to be extremely serviceable in designating a
number of similar or similarly associated rocks: the
arbitrary word group is also convenient in geological
deseription.

The lamination of rocks offers some interesting facts.
Some beds of gritstone (as a) are composed of lamina
parallel to the plane of the beds; such lamination is
generally produced by the alternation of mica, whose
broad plates cause a partial disunion of the parallel
lamine of quartzose grains. Other beds (as &) are com-
posed of oblique or curved lamine, a circumstance gene-
- — rally dependent on the irre-
07 .7 _."— T~ — ¢ gular admixture of pebbles

T’@— shells, or particles of un-
S0y =_1 4 The

=

e e equal magnitude.
—=————"==——=— former may be supposed to

——=—__ @ be tranquil, the latter dis-

turbed, deposits.
In shales and other argillaceous rocks, nodules of
ironstone or limestone, aggregated round some solid
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bodies (as a leaf or shell), are frequently included,
and sometimes these interrupt the lamination of the
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shale, as in fig. 21. Such nodules are frequently
traversed by plates of calcareous spar, and these receive
the name of septaria.

In limestone beds the nodules of chert, in chalk the
nodules of flint, often appear to have been aggregited
round some previously solidified sponge, coral, or shell,
This process of accretion round a nucleus is beauti-
fully exemplified in certain “ oolitic”’ limestones, so
called from their being composed of spherical grains,
Each of these consist of several concentric coats, col-
lected round a previously solidified body, as a minute
grain of sand, fragment of shell, or other centre of at-
traction. Radiating fibres frequently cross the spher-
ical shells.

Something of this concretionary struc-
ture appears in particular unstratified
rocks (as pitchstone) ; but for the most
part the appearances previously described
belong to the stratified formations ex-
clusively.

Divisional Structures.

All rocks are traversed by divisional planes of less or
greater width and frequency, and thus divided into
masses of definable shapes and proportions. These
¢“ joints,” as they are often called, present themselves
under a great variety of appearances, but almost always
such as to be intelligible on the supposition of the mass
of the rock having been contracted, so as to separate
into prismatic and other forms, as clay, starch, &e.
contract and split by drying.

The joints varyin their combination, so as to pro-
duce masses of different forms in rocks of different
nature : they also vary in rocks of the same nature
which are of different antiquity : their frequency
and regularity also depend upon the mineral aggre-
gation of the rock: it is further probable that they
are somewhat complicated with additional fissures, near
axes and centres of elevation or depression of rocks.
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Among unstratified rocks the most remarkable and
best known form is that of the divided prisms of
basalt, as seen in Staffa and the
Giant’s Causeway. This appearance
arises from the intersection of planes
rectangulated to the surface of the
rock, and meeting one another in
several directions, so as to insulate
polygonal prisms. These prisms are
divided across, by concavo-convex surfaces, as fig. 23.

Much more common in these rocks is the form of an
irregular polygonal prism not divided across, as in the
greenstene and pitchstone of Corygills, Arran. It is
interesting to observe, in vertical dykes of these rocks
(as in Cleveland, Yorkshire), the prisms lying hori-
zontally, and in other cases curved (asin Staffa), in
obedience to the general law of the planes of the
prismatic faces being at right angles to the bounding
surface of the mass.

Many rocks of igneous origin (as greenstone, clay-
stone, porphyry, sienite,) show this prismatic structure
more or less distinctly, but none so perfectly as basalt.

A prismatic form of the masses is found also among
stratified rocks, when these are very thick and of uniform
composition, as in the rock-salt mines of Northwich
(observed 1827), in the gypsum quarries of Montmartre,
and in the thick scar limestone of Wharfdale (ob-
served 1834).

A great variety of other appearances are presented in
the stratified rocks by the various directions and inter-
sections of the different sorts of joints.

Under particular circumstances, and especially in the
vicinity of faults, anticlinal axes, and other forms of dis-
placement, the beds of rock are frequently cracked in
their substance ; sometimes these cracks are filled with
sparry substances (carbonate of lime frequently, me-
tallic matters rarely) ; sometimes they are very minute
chinks lined on the sides with dendritical oxide of iron
or manganese, in which case they are called dry cracks.
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Their direction is very irregular, and there is no doubt
that in many cases they are the effect of mechanical
strain or tension in the mass of rocks which accom-
panied the displacement of the rocks. Near the anti-
clinal axes of Ribblesdale, sparry cracks are wonder-
fully numerous ; but away from these axes the level beds
are little marked by such accidents.

Besides these irregular cracks (¢), which often do not
pass through the whole mass of a bed, are joints () which
divide at least one bed, and often several, and which
exhibit some regularity of direction ; these are so situ-
ated in the different beds, have such diversity of slopes,
irregularity of number, openness, and other characters,
and are so abundant in situations far from lines and
points of displacement, as to leave no doubt that they
are due to a very general cause.

Amongst these joints, some more open and extended,
than others, passing through a greater number of beds,
dividing a whole rock, or even a considerable portion of
a formation, may be distinguished as fissures (f) or mas-
ter joints. 'The diagram, fig. 24., is intended to convey
a correct notion of these several divisional planes.
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Viewed on a horizontal plan, joints frequently end in
fissures ; and these latter commonly exhibit a great de-
gree of local symmetry. In the mountain limestone
districts of the north of England, the arrangement of
the fissures has been ascertained to be correctly repre-
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sented by the following diagram, in which the breadth
of shade in any direction corresponds to the number of
fissures observed. Thus, in the direction N. N. W.
and S.S.E.,, and E.N. E. and W.S8. W, and about
these lines, a greater number of fissures occur, thus
producing two principal systems of divisions in the
rocks at right angles to each other; while in the lines
N.E. by N. and N. W. by W,, and about these lines,
few or no fissures have been noticed. Thus there are
positive and negative axes of frequency and rarity of
the fissures situated at right angles to each other respec-
tively. The same result of predominance of fissures
in N. N. W, directions is found to obtain in Derbyshire
(Hopkins), in Cornwall (De la Beche), and in some
districts of Ireland (Griffith).

The effect of these fissures in causing lines of weak-
ness of the rocks may be understood from the diagram :
the breadth occupied in each radius being proportioned

VoL L.
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to the number of long joints, or fissures, observed in
that direction.

The following is the table of observations relurred
to.*

GeNERAL TABLE oF RESULTS FOR THE SECONDARY
Rocks oF YORKSHIRE.

shire.

W. by N.

Names of Formations.

No. of Observ-
ations in York-
W.N. W.

N. W. by W.
N. W, by N.
N.N. W,

N. by W.
N.N.E.

N. E. by N..
N.E. by E.
EN.E

E. by N.

|
N. by E.

!0305:91"'-11

Magnesian limestone g 1
Coal

ry="

Mi.stone grit « 13
Chert group - 17 1
Yordale series - 35 21 |1 4
Lower limestone 15 11 4 2
Red sandstone - 1 1

‘Whin sill 1 1

[T
OB
20 bt it

89 |1)2]0]7|7eslozjoa|1[1 03]} 24]7]

It appears that some remarkable differences of cha-
racters belong to the joints and fissures in rocks of
different chemical and mineral quality. In limestone
the join:s are usually rectangled to the planes of strati-
fication and frequently open and regular ; in gritstone
they are very irregular, but often widely open ; while
in argillaceous rocks they are usually much more nume-
rous, but far less open, and often oblique to the planes
of stratification. In conglomerate rocks there are few
regular joints, but the rude fissures are sometimes re-
markably large.

On considering the occurrence of joints with refer-
ence to the age of the rocks, it appears quite certain
that it is among the older rocks that joints are most
numerous and symmetrical. If we compare in this
respect the old argillaceous slate, to the shale of a coal
tract, and then with the clays of an oolitic district, or
make a similar comparison of the sncient primary

* Geology of Yorkshire, vol, il p. 97,
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limestone of the highlands, with the calcareous rocks of
later production, this dependence of the frequency and
regularity of joints, on the age of the rocks, will clearly
appear.

Cleavage.

Among the argillaceous slate rocks, a further pecu-
Larity of internal structure takes place, which is deserv-
ing of special attention, since it appears to be the case
of divisional planes carried to extreme in number and
symmetry.

This structure, commonly called cleavage, is really
distinct from joints and stratification, and may be, per-
haps, understood in its relation to them by the accom-
panying sketch.

In this drawing, S is a plane of stratification dipping
in the direction A ; ¢ ¢ are the edges of planes of cleav-
age, which in the plane § continue in lines ¢ ¢!. These
planes are continuous, and very numerous in the fine

] F 2
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grained beds s, which alternate with the coarse beds
g 9, but in these latter the lamine of cleavage are often
totally absent. j is a joint which varies its angle of dip
in the different beds of rock. The line 7/, at right angles
to the dip of the strata A, is called the strike of the bed,
and is of course level ; and it is frequently observed that
the horizontal line, or strike, of the cleavage, coincides
with the strike of the strata. The planes of cleavage ge-
nerally approach toward the perpendicular, whatever may
be the amount of the dip of the strata: their course is
almost exactly the same over immense spaces of country
(in North Wales, in Cumberland, Charnwood Forest,
&ec.), and it is to them that the valuable substance called
slate is owing. It is quite certain, in some instances,
that this beautiful structure of the slate rocks was
caused since the strata of these rocks were placed in
‘their disturbed directions, and that it is the fruit of a
peculiar degree of crystalline action in the mass ; for in
some cases at Aberystwith and elsewhere, the nearly
vertical lamine of cleavage cross highly contorted beds
of slate dipping in various directions.

There are reasons for conjecturing that this cleavage
of many of the argillaceous strata is an effect due to the
pervading agency of heat; amongst others we may
mention the fact that near igneous rocks (as at Coley
Hill near Newcastle) something of the same kind is
produced in shales of later date; and that among the
Alps of Savoy, the lias clays are so altered near the
axis of elevation, as to assume much of the aspect of
an old slate country. The relation already pointed out
between the strikes of cleavage and axes of elevation,
leads to the supposition that pressure may be concerned
in the result. Mr. Fox’s experiments have given some
countenance to the opinion that electrical currents have
re-arranged the molecules in slate. *

* For suggestions to observers on the subject of cleavage and joints, and
a method of caleulation to be applied to cases of inclined strata, see Guide
to Geology, 3d edition. The Geological Intersector, 2 small and cheap in~
strument, which has been constrncted by the author, and engraved by

Mr. Lowry, may be used to represent the phenomena, and save the trouble
of calculation,
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CHAP. V.
ORGANIC REMAINS OF PLANTS AND ANIMALS.

Peruars geology might never have escaped from the
domain of empiricism and conjecture but for the innu-
merable testimonies of elapsed periods and perished
creations, which the stratified rocks of the globe present
in the remains of ancient plants and animals. So
many important questions concerning their nature, cir-
cumstances of existence, and mode of inhumation in
the rocks, have been suggested by the examination of
these interesting reliquie, and the natural sciences have
in consequence received so powerful an impulse, and
been directed with such great success to the solution of
problems concerning the past history of the earth, that
we scarcely feel disposed to dissent from the opinion of
Cuvier, “ that without (fossil) zoology, there was no
true geology.”

The stratified crust of the globe may, without ex-
aggeration, be said to be full of these monuments of
the vanished forms of life : they are of extremely various
kinds ; lie in many different states of preservation ; occur
very unequally in rocks of different sorts and ages ; and
thus present a large field of contemplation to the
philosophic geologist.

Fossil Plants.

The organic remains both of plants and animals
occur abundantly in the earth; the latter are most
numerous. Of fossil plants, many are terrestrial, a few
are fluviatile, others are marine. In the present system
of nature terrestrial plants are, probably, ten times
as numerous as the marine tribes, and it does not
appear that the ratio of the fossil tribes is very different.

F3
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But the total number, as far as yet known, is wonder-
fully disproportionate. For, if we estimate the recent
species of plants at only 60,000, and the fossil races, yet
clearly distinguished, at 600, numbers which are, per-
haps, equally below the truth, the proportion is 100 to 1.
To infer, from this fact, that the ancient globe nourished
few species of plants compared to the present rich flora
of different latitudes, would be unauthorised by the data,
though from other phenomena such a conclusion might
appear probable. 'We must recollect that the stratified
rocks were formed chiefly on the bed of the sea, and there-
fore could not be expected to contain, except rarely,
the remains of terrestrial plants; just as at this day,
it is only under particular conditions of the surface
drainage that vegetables are carried abundantly to the
deep. And, since most of the marine plants are natant
or confined to rocky shores, there would be little reason
in expecting these to be common among the oceanic
sediments.

We must further observe, that the cellular substance
of the marine tribes of plants might cause many of
them to perish under the slow accumulation of the
strata : nothing is less common than to find the sub-
stance of marine vegetables preserved in the same
manner as the ligneous parts of land plants; and,
indeed, among land plants, the experiments of Dr.
Lindley show that many of them perish by macera-
tion in water, while ferns, cycades, and other tribes,
resist decomposition for a long time. Hence, it is no
wonder that such races of plants are the most frequently
met with in a fossil state.

The ligneous parts of plants are sometimes (in the
blue clays of the oolitic formation especially) converted to
jet: sometimes, only the external layers of coniferous
wood are so converted, while the internal parts are
changed to carbonate of lime. In the latter case, the
structure of every cell and vessel is distinctly seen in
thin slices. When woody plants lie in limestone rock
which contains silica, or in calcareous sandstone (as im
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the coralline oolite and calcareous grit), they are often
silicified : very frequently in clays pyrites aids the
beauty, but diminishes the duration of the specimens.
In the shales of a coal tract plants of all kinds are
converted to coal of different qualities: the same effect
happens in the fine grained sandstones of the coal tracts ;
but in millstore grit, and other coarse sandstones, the
only reliques of the plants are the external impressions
of them, and a brown carbonaceous or ochraceous powder.
In the upper coal measures of Lancashire, and in the
shales of the peculiar oolitic strata of Yorkshire, we
have found thin leaves yet retaining their elasticity,
and changed to a brown translucent pellicle, in which
the impressions of the superficial respiratory pores might
be clearly seen. In other cases the nervures and seed
vessels of fern leaves are perfectly retained in shale,
fine sandstone, and ironstone.

The distribution of fossil plants in the earth is
remarkable on many accounts. Being for the most
part of terrestrial races, it is not surprising that they
should be found principally in the sedimentary strata of
sandstone and clay, for it is always associated with such
sediments that they pass at this day with the Mississippi
and other rivers to the ocean. So strict, however, is
this connection, that in a series of alternating lime-
stones, sandstones, and shales, the two latter may be
gichly stored with land plants, and the former filled
with marine shells ; neither partaking in the treasures
of the other. It must be considered much in favour of
this view of the dispersion of fossil plants by rivers
entering the sea, that the trees are usually in fragments,
the branches and leaves scattered, and roots generally
wanting altogether. One case, indeed, has been appa-
rently established, of the trees being buried in the very
spot where they grew, by submergence of the land,
¢ the Dirt Bed ” of the Isle of Portland: but this is
certainly an exceptional case ; the rule is undoubtedly
contrary,

Those who expect, consistently with general proba-

F 4
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bility, that the earliest indications of life on the globe
should be of the vegetable kingdom, may be somewhat
astonished to learn, that traces of plants are really not
known in a distinct form in strata so ancient as those
which contain the shells of Brachiopoda in the moun-
tains of Wales, and that only fucoids are discovered in
the silurian system. What is calculated to add to this
feeling of surprise is the circumstance that in the next
but one system which lies upon the silurian, two of the
formations are the repository of most enormous accumu-
lations of fossil plants; for in these rocks principally
lie the coal beds of Europe and America, which are
nothing else than a mass of chemically altered vege-
tables. How vast must have been the luxuriance of
the vegetable world at that era in particular parts,
appears from the thickness and continuity of the coal
beds ; for it is probable that the most dense forest of
tropical America would, if buried under sediments, and
subjected to the changes which yield coal, produce but
a very thin bed of that substance. Yet, in the coal
formation, beds of three, four, six, ten, and more feet
are not uncommon, and the different layers yield as
much as sixty feet of solid coal.

Whatever were the causes which permitted that pro-
digious growth and aggregation of trees and other
plants during the era of the production of coal, it ap-
pears they were never repeated, for the few unimportant
deposits of coal in the oolitic system of Sutherland,
Yorkshire, Bornholm, and Westphalia, which are chiefly
formed of cycadex and equiseta, hardly deserve men-
tion in comparison.

The races of plants entombed in the earth at differ-
ent periods of its formation, are by no means the same.
M. Adolphe Brongniart, to whom we are indebted for
almost the first philosophical view of the affinities of
fossil plants, presents the following comparative table of
the extinet and living classes of plants: —



CH.V. ORGANIC REMAINS OF PLANTS AND ANIMALS. 73

First |Second| Third I-A‘ourt;vu ¢
Period. | Period. | Period. | Period, | [4VID8*
Agamia - - - 4 5 18 13
Cryptogamia cellulos: - 2 Z%
——————vasculosa - 202 8 31 6 1700
Phanerogamia gymnospermia 5 35 20 150
————————— monocotyle-
= don;a ¥ 16 5 E 25 | 8000
—————— dicotyledonia
Indeterminate -’ - 22 per
264 | 23 &1 | 16 | 50350
< A )
540

The first period ends with the carboniferous system ;
the second includes the saliferous and magnesian
systems ; the third comprises the oolitic and chalk
systems ; the fourth is the tertiary period.

The numbers of species are now considerably aug-
mented since the table was drawn up (1829), but the
proportions are not materially affected. It is still true,
that vascular cryptogamia abound in an extraordinary
degree among the earlier rocks, where ferns, calamites,
and what seem like gigantic lycopodiaces are very pre-
valent ; that in the second and third periods cycadiform
and coniferous plants (phanerogamia gymnospermia) be-
come remarkable and frequent, though ferns and
lycopodiacee still prevail ; while it is principally in the
fourth period that the usual forms of dicotyledonous
plants, now so plentiful on the earth, appear at all
common. Moreover, on a close examination, it appears
that nearly every fossil plant is of an extinet species,
and that the several periods distinguished by M. Brong-
niart had each its own peculiar vegetable creation,
distinct from every other that preceded and succeeded it.

Fossil Zoophyta.

Zoophyta being in the present system of nature all
aquatic, and mostly marine, they may be expected to occur
abundantly in the marine strata of the earth. They
are, indeed, very plentiful, and it is interesting to
observe that all, or nearly all, the species are marine. It
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is further remarkable, that few traces occur of any
other zoophyta than such as, like the lithophyta, secreted
stony supports ; or like spongiade, had an internal
horny or spicular skeleton; or like echinida, were
covered with a crustaceous skin: the soft meduside,
holothuride, &c., are, perhaps, sometimes recognisable
by faint impressions in the rocks, but their substance
has wholly vanished. The soft parts of nearly all the
zoophyta are absent from the fossil state.

The recent zoophyta are either free in the sea, or at-
tached for life after a very early period of growth : in-
stances of both divisions occur in the earth. The fossil
corals do not, perhaps, in general appear in the very place
where they grew, but rather seem to have suffered some
displacement before being buried inthe oceanic sediments.
But exceptions occur ; and some of the fossil radiaria
which were attached by a pedicle (crinoidea) are found
in several places (near Bradford in Wiltshire), yet
rooted to the limestone rock. 1In such cases, how vain
is the supposition that the deposition of the substance of
the rocks was either rapid, confused, or violent. The
limestones of the Devonian and silurian systems are so
very rich in corals as to suggest to good observers the
notion that these concretionary and rather irregular
rocks were ancient coral reefs.

Calcareous matter composes the greater part of the
hard parts of zoophyta ; in a few instances besides the
family of spongiade, siliceous spiculee and fibres enter
into the skeleton of the animal. In a fossil state corals,
echinida, crinoidea, &c., are generally calcareous ; rarely
particular tribes of corals (as millepera, syringopora) are
converted to siliccous matter: sponges are commonly
siliceous, but sometimes calcareous. Occasionally no-
thing remains of the original body; its place in the
rock is vacant, and there is left only the external im-
pression or mould. These circumstances depend partly
on the nature of the rock in which they are imbedded,
and partly on the composition and texture of the original
body. In limestone rocks the substance of coral is usually
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little changed, except by the introduction of calcareous
or siliceous matter into the minutest interstices ; but, in
the same circumstances, the crusts of echinida and stelle-
rida are converted to crystallised calcareous spar. Even
in arenaceous and argillaceous strata, and amidst flint
nodules where every sponge is silicified, the stems of
crinoidea and spines of echinida are thus represented. A
curious circumstance was noticed some time ago by the
Rev. H. Jelly of Bath, concerning some lamelliferous
corals of the oolite : the great mass of the coral was
decomposed, and the cavity it once filled was partially
occupied by pyramidal crystals of carbonate of lime, in
whose transparent substance the radiating plates of the
coral were clearly discernible; a fact in harmony with
many other phenomena indicative of the power of
crystalline attractions to overcome and involve arrange-
ments of matter depending on other causes.

The laws of the distribution of fossil zoophyta so far
agree with what has been already inferred concerning
plants, as to prove that in this class of beings likewise,
many distinct systems or assemblages of forms have
existed at different ancient periods, which are all now
extinet. Yet it is certain that the differences are mostly
only such as belong to species, genera, and families, those
minor groups of orders and classes which most distinctly
reveal differences of physical condition, while agree-
ments of a very general kind permit nearly all fossil
zocphyta to be ranked as analogous to known living
tribes. Even for the crinoidea, the most considerable
exception, at least one living type is known. There is,
undoubtedly, to be noticed a great difference as to the
groups of zoophyta which belong to the different periods
of the formation of the stratified crust of the globe ;
and a considerable discordance between the forms of the
oldest fossil races, and those now actually existing.
Zoophyta were collected by the author (1836) ameng
bivalve shells, in one of the oldest fossiliferous slaty
rocks of Britain, on the summit of Snowdon ; they
abound to admiration in the bands of Wenlock and
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Aymestry, and in most of the limestones of the Devo-
nian and carboniferous rocks. The magnesian lime-
.stone has a small number ; certain oolites are full of
them ; the green sand and chalk yield great plenty of
sponges ; the calcareous and arenaceous tertiaries of
France furnish many beautiful forms, of genera often
the same as those now found in the sea. Undoubtedly,
as a general rule, zoophyta occur more plentifully in
calcareous rocks than in any others ; they are probably
more numerous in the older strata; and there are pro-
bably more fossil than recent species, if we exclude
from the latter, those whose bodies are unconnected to
stony or horny external or internal supports.

It was once imagined that the higher orders of zoophyta,
those ranked by Lamarck in his group of echinodermata,
-were absent from the older formations ; and certainly
they are, at least, not common among the very oldest
fossils. Crinoidea, however, occur in the silurian rocks,
and they are more plentiful in the carboniferous lime-
stone than in any older or more recent deposits.
Echinida and Stellerida first appear in the lower silu-
rian rocks (Malvern and Wales), but become far more
numerous in the oolitic and chalk systems. Sponges
are by far most numerous in the cretaceous rocks.

Systems. | Spongiz. Lam'elliferae.f Crinoidea. ‘Echinida. Stellerida.

Tertiary * * * o~ ¥
Cretaceous b3 * o * X
Oolitic * * * X %
Red sandstone »

Carboniferous 2 * * *

Silurian * * i * 5

In the above table, the small stars indicate that some
species of the groups of zoophyta whose names occur
above are found in the system of strata on the line of
which they are situated ; the large stars are placed on
the line of that system of strata in which the group of
zoophyta is specially numerous.
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Mollusca.

Recent mollusca are principally found at mode-
rate depths in the sea, and respire the air contained
in water ; some particular tribes live in fresh water,
and either breathe the air in water by branchie, or
come to the surface to respire by lungs; others live
on the land. In a very few cases certain stratified
masses appear fto have been accumulated either in
limited areas of fresh water, or in estuaries so much
under the influence of rivers and inundatiofls as to con-
tain land and fresh-water shells alone or mixed with the
exuvie of farine animals. But these few and excep-
tional cases yield, perhaps, altogether in England not
one twentieth part of the number of fossil testaceous
remains ; on the continent of Europe tke proportion is
not very different. In the existing economy of nature,
however, the land shells are so extremely numerous that,
with the fresh-water tribes, they probably constitute
one fourth of the total number of known species. We
must not,however, conclude, from the comparative rarity
of land and fresh-water shells mn a fossil state, that the
ancient land and fresh waters were but scantily supplied
with mollusca; for, in the first place, their remains
would seldom be transported to the ocean ; and further,
the presumed fresh-water shells are extremely plen-
tiful in the coal tracts, weald of Sussex, and fresh water
beds of the Isle of Wight. The total number of fossil
marine mollusca already collected is about equal to that
of the living races: what may be the proportions here-
after is difficult to estimate, for it is certain that great
additions will be made to both the catalogues.

It is not entirely without reason that geologists have
been long accustomed to look on the study of fossil
shells as more instructive with regard to the physical
conditions of the globe in ancient times than most other
reliquie of animal life. They are of all fussils the
most numerous, the most generally diffused through
rocks of all ages, most perfectly preserved, and of such
definable forms as to ke easily described, figured, and
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recognised. The state cf perfection in which many
delicately ornamented shells occur, is such as to leave
little doubt of their having been quietly entombed on or
near the spots where they lived in the deep sea; while
in other cases the disunion of valves and the fragmen-
tary state, even of the most solid shells, recall to our me-
mory the agitation of waves over the sands and pebbles
of the shore.

The hard calcareous coverings of mollusca are per-
fectly preserved in a fossil state; the semi-calcareous
hinge ligamént of bivalves is sometimes observed in
cardia, veneride and unionide; very rarely the softer
animal tissues,

Among recent shells the most contrasted appearances
of -structure are those presented by the oyster, which
is lamellar, and the venus,which 1s, apparently, com-
pact, and the internal plate of the cuttle, which is of a
fibrous nature. All are full of carbonate of lime, as a
hardening earth, and all mixed with membranous gela-
tine, which, by its different arrangements, determines
the above and other interior structures.* It is re-
markable that oysters, and shells which like them
are composed of distinct broad lamelle of alternating
membrane and carbonate of lime, have resisted in almost
all rocks, argillaceous, calcareous, arenaceous, the che-
mical changes to which veneride, trigonie, and others
of an apparently compact texture, have completely
yielded. While the former retain their lamelle and
pearly surfaces, the latter have often been wholly dis-
solved in limestone rocks, and their places left vacant ;
while a cast of the inside of the shell, and an impression
of the outside, disclose completely the history of the
change. A further process is frequent