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Tais Treatise, while intended as a sequel to the Author’s
“ Introductory Text-Book,” has been prepared throughout
as a separate and independent work. The purpose of these
Text-Books is briefly this: The Introductory is meant to
exhibit an outline of Geology intelligible to beginners, and
sufficient for those who wish to become acquainted merely
with the leading facts of the science ; the Advanced, on the
other hand, presents-the subject in detail, and is intended for
senior pupils and those who desire to prosecute the study in
its principles as well as deductions. Though thus prepared
on the same plan, and the one but an extension and develop-
ment of the other, they are both independent elementary
works, and may be taken separately or in sequence, according
to the progress and purpose of the student. This much may
De said, that he who has mastered the Introductory will have
nothing to unlearn when he comes to study the Advanced,
while his acquisition of the science will have been rendered
much more easy and agreeable. The Author has a strong
conviction on this point. In teaching the construction of the
steam-engine, for instance, the most natural course is to ex-
plain, in the first place, its more prominent features—its
boiler, steam-pipe, cylinder, piston, crank, and fly-wheel ;
and when the learner has acquired a knowledge of the rela-
tions of these parts, and the force which sets them in motion,
then to proceed to the more intricate connection of valves,
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4 PREFACE.

condenser, hot-well, air-pump, eccentric rods, governor, and
other complicated machinery. By adopting this course, no
confusion is created in the mind of the learner ; he is im-
pressed with gradual and permanent convictions ; has nothing
to unlearn ; and may at length proceed with some degree of
confidence to estimate the power of the entire machine, as
depending on the consumption of fuel, the elasticity of steam,
the dimensions of the several parts, and the force lost through
friction. So it is with every science : Let an outline be
given of its leading features, that the beginner may arrive
at some notion of its purport and bearings; let this be
followed by the details ; and the details by the higher reason-
ings and philosophy of its problems. TUnder this conviction
these volumes have been prepared ; and it will be a source
of unmingled satisfaction to the Author to find his views
corroborated by the experience of intelligent and competent
teachers.

One word to those who may object that these Text-Books
do not contain enough of the “hard facts” of the science. It
had been an easy matter for the Author to have loaded his
pages with minute mineral distinctions, enumeration of
localities, and lists of fossil species; but had he done so, he
could not have chosen a more effectual plan to disgust the
learner and retard his progress. What he has aimed at was
the production, not only of class-books for schools, but
readable manuals for self-instruction—treatises that in their
readableness might imbue the student with the spirit and
methods of Geology, rather than cram him with its details,
many of which, in the progressive state of the science, are
merely temporary and provisional. Once furnished with pro-
per methods, and imbued with the right spirit, the earnest
student has in general little difficulty with details—every
acquisition of his own not only widening the basis of his
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knowledge, but increasing his power to master new difficul-
ties as these may arise in the course of his onward progress.
Still more to foster this spirit, the Author has endeavoured
to write as he would have spoken to a junior companion in
the field—hopefully and encouragingly, yet not disguising
the real difficulties that lie in the way—treating the subject
as one to which the humblest observer may contribute his
mite, rather than attempting to propound authoritatively on
problems, the satisfactory solution of which involves a much
wider range of observation, and deeper and more exact re-
search, than Geology as yet can boast, of.

Yet another word : The Author requests his brother geo-
logists who may glance over these pages to remember that
they are not intended to contain an exposition of his own
peculiar views, but rather to exhibit an elementary outline
of the science as now established by the leading workers in
Britain, France, Germany, and America. The main object.
has been to render the student such assistance as will enable
him to proceed in the field as a practical observer, and to
read with appreciation the higher treatises, special mono-
graphs, papers, and new discoveries of others. To further
this object mention is made, at the end of each section, of
the principal works devoted to the department in question ;
to have done more would have been to enter on the field of
speculative geology—a subject that lies beyond the scope of
an educational Text-book. ”

GILMORE Prace, EDINBURGH,
March 1856. .
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Tais Edition has been enlarged—first, to embrace whatever
is new and important in the science; second, to afford space
for additional illustration ; and, third, to combine, as far as
possible, the Principles with the Deductions of Geology. We
reason our way to the Past through our knowledge of the
Present, and our descriptions of former epochs become more
intelligible and impressive when viewed through the medium
of existing phenomena. For this purpose there has been
inserted such notices of operations now in progress as seem to
bear on the subjects under review—and this in subordinate
type, and in such a form as not to interfere with the con-
tinuity of the original textual arrangement. On the whole,
it has been the aim of the Author to improve rather than
enlarge—to keep the volume abreast with the latest dis-
coveries and advancing views of our leading Geologists, and
yet to prevent it from exceeding the limits of a compendious
Text-Book.

March 1859.
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GEOLOGY.

OBJECTS AND SCOPE OF GEOLOGICAL INQUIRY—INTRO-
DUCTORY OUTLINE.

1. To describe the earth we inhabit, in all its varied aspects
and relations—mineral, vegetable, and animal—is the object of
Natural History. It must be evident, however, that a field so
vast could not well be made the subject of systematic scrutiny
without subdivision into departments; hence, the sciences of
Geology, Geography, Botany, Zoology, and Chemistry-—each of
them susceptible of separate research, yet all of them connecting,
aiding, and combining to form one great theme of human know-
ledge. Thus, the Geologist restricts himself more especially to
a consideration of the rocky or mineral structure of the earth,
the Geographer to its external or superficial conditions, the Botan-
ist to its various vegetable families, the Zoologist to its animal
life, and the Chemist to the elementary composition of all its sub-
stances, whether mineral, vegetable, or animal. Though labour-
ing in this manner in separate departments, the one is materially
assisted by the investigations of the other; indeed there can be
no true knowledge of any one branch of natural science without
some acquaintance with the whole. As in nature, so in man’s
interpretation, all should blend into one harmonious yet de-
perdent system ; and he who has the widest range of knowledge
will best know how to avoid error and inconsistency in his own
peculiar field of research., The student is thus warned, at the

&



12 INTRODUCTORY OUTLINE.

threshold, of the connections of his science, that he may under-
stand distinetly its individual scope and bearing, and so be pre-
pared for its intelligent investigation.

Aim and Methods of the Science.

2. Geology as thus indicated (from g¢, the earth, and logos,
discourse or reasoning) may be defined as that department of
natural science which treats of the mineral structure of our
globe. Tts object is to examine the various materials of which
our planet is composed, to describe their appearance and relative
positions, to investigate their nature and mode of formation, and
generally to discover the laws which seem to regulate their
arrangement. Being unable to penetrate beyond a few thou-
sand feet into the solid substance of the earth, the researches of
geologists are necessarily limited to its exterior shell or crust;
hence they speak of the “crust of the globe,” meaning thereby
that portion of the rocky structure accessible to human investiga-
tion. Speculations as to the nature of the interior, as bearing on
scientific problems, are no doubt permissible, and, aided by astro-
nomical data, we may ascertain the bulk, density, and other
conditions of the mass ; but all this must be carefully separated
from geological deductions, which are based on absolute facts and
known appearances. The geologist has thus a clear and unmis-
takable course before him : his duty is to observe, examine, and
compare ; to ascend from a knowledge of facts to a consideration
of the laws by which they are governed ; and thus endeavour to
unfold, as far as human reason can, the history of the marvellous
planet he inhabits.

3. The materials composing the earth’s crust are rocks of
various kinds—as granite, roofing-slate, marble, sandstone, coal,
chalk, clay, and sand—some hard and compact, others soft and
incohering. These substances do not occur indiscriminately in
every part of the world, nor, when found, do they always lie in
the same positions. Granite, for example, may exist in one dis-
trict of a country, roofing-slate in another, coal in a third, and
chalk in a fourth. Some of these rocks occur in irregular moun-
tain-masses, while others are spread out in regular layers or
courses, termed strata, from the Latin word stratum, strewn or
spread out. It is evident that substances differing so widely in
composition and structure must have been formed under different
circumstances, and by different causes; and it becomes the pro-
vince of the geologist to discover those causes, and thus infer the
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general conditions of the regions in which, and of the periods
when, such different rock-substances were produced.

. 4, When we sink a well, for instance, and dig through cer-
tain clays, sands, and gravels, and find them succeeding each
other in layers, we are instantly reminded of the operations of
water, seeing it is only by such agency that accumulations of
clay, sand, and gravel are formed at the present day. We are
thus led to inquire as to the origin of the materials through
which we dig, and to discover whether they were originally depo-
sited in river-courses, in lakes, in estuaries, or along the sea-
shore. In our investigation we may also detect shells, bones, and
fragments of plants imbedded in the clays and sands ; and thus
we have a further clue to the history of the strata through which
we pass, according as the shells and bones are the remains of
animals that lived in fresh-water lakes and rivers, or inhabited
the waters of the ocean. Again, in making a railway cutting,
excavating a tunnel, or sinking a coal-pit, we may pass through
many successions of strata—such as clay, sandstone, coal, lime-
stone, and the like ; and each succession of strata may contain
the remains or impressions of different plants and animals, Such
differences can only be accounted for by supposing each stratum
or set of strata to have been formed by different agencies and in
different localities,—under different conditions of climate and
under varying arrangements of sea and land, just as at the pre-
sent day the rivers, estuaries, and seas of different countries are
characterised by their own special accumulations, and by the
imbedded remains of the plants and animals peculiar to these
regions,

5. In making these investigations the geologist is guided by his
knowledge of what is now taking place on the surface of the globe
—reasoning from the known to the unknown, and ascribing
similar results to similar or analogous causes, Thus, at the pre-
sent day, we see rivers carrying down mud and sand and gravel,
and depositing these in layers, either in lakes, in estuaries, or
along the bottom of the ocean. By this process many lakes and
estuaries have, within a comparatively recent period, been filled
up and converted into dry land. We see alsothe tides and waves
wasting away the sea-cliffs in one district, and accumulating wide
tracts of sand and gravel in bays and other sheltered recesses. By
this process thousands of acres of land have been washed away
and covered by the sea, even within the memory of man ; while
by the same means new tracts have been formed in districts
formerly covered by the tides and waves, Further, we learn
that, during earthquake convulsions, large districts of country
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have sunk beneath the waters of the ocean ; while in other regions
the sea-bottom has been elevated into dry land. Volcanic action
is also sensibly affecting the surface of the globe—converting
level tracts into mountain ridges, throwing up new islands from
the sea, and casting forth molten lava and other materials, which
in time become hard and consolidated rock-masses,

6. Now, as these and other agents are at present modifying
the surface of the globe, and changing the relative positions of sea
and land, so in all time past have they exerted a similar influ-
ence, and have necessarily been the main agents employed in the
formation of the rocky crust which it is the province of Geology
to investigate. Not a foot of the land we now inhabit but has
been repeatedly under the ocean, and the bed of the ocean has
formed as repeatedly the habitable dry land. "No matter how far
inland, or at what elevation above the sea, we now find accumu-
lations of sand and gravel,—no matterat what depth we discover
strata of sandstone or limestone,—we know, from their composi-
tion and arrangement, that they must have been formed under
water, and been brought together by the operations of water, just
as ]ayers of sand and gravel and mud are accumulated or depo-
sited at the present day. Andas earthquakes and volcanoes break
up, elevate, and derange the present dry land—here sinking one
portion, there tilting up another, and everywhere producing rents
and fissures ; so must the fractures, derangements, and upheavals
among the strata of the rocky crust be aseribed to the operation
of similar agents in remote and distant epochs,

7. By the study of existing operations, we thus get a clue to
the geological history of the globe; and the task is rendered
much more definite and certain by an examination of the plants
and animals found imbedded in the various strata. At present,
shells, fishes, and other animals are buried in the mud or sil¢ of
lakes and estuaries ; rivers also carry down the carcasses of land
animals, the trunks of trees and other vegetable drift; and
earthquakes submerge plains and islands, with all their vegetable
and animal inhabitants. These remains become enveloped in the
layers of mud and sand and gravel formed by the waters, and in
process of time are petrified (petra a stone, and fio I become) ; that
is, are converted into stony matter like the shells and bones found
in the oldest strata. Now, as at present so in all former time
must the remains of plants and animals have been similarly pre-
served ; and as one tribe of plants is peculiar to the dry plain,
and another to the swampy morass,—as one family belongs to a
temperate, and another to a tropical region,—so, from the cha-
racter of the imbedded plants, are we enabled to arrive at some
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knowledge of the conditions under which they flourished. In the
same mauner with animals: each tribe has its locality assigned
it by peculiarities of food, climate, and the like ; and by compar-
ing fossil remains (fossil, from fossus, dug up, applied to all
remains of plants and animals imbedded in the rocky crust) with
existing races, we are enabled to determine many of the past con-
ditions of the world with considerable certainty.

Theoretical Aspects of the Science.

8. By examining, noting, and comparing asindicated in the pre-
ceding paragraphs, the geologist finds that the strata composing
the earth’s crust can be arranged in series ; that one set or series
always underlies, and is succeeded by a different set ; and that
each series contains the remains of certain plants and animals not
to be found in any other series. Having ascertained the exist-
ence of such a sequence among the rocky strata, his next task is
to determine that sequence in point of time—that is, to deter-
mine which is the earlier and which the later formed series of
strata ; to ascertain, if possible, the nature of the plants and
animals whose remains are imbedded in each set; and lastly, to
discover the geographical extent and limits of the successive
series. These series he calls formations, as having been formed
under different conditions, and at different times; and it is by a.
knowledge of these that the geologist is enabled to arrive at
something like a history of the globe—imperfect, it may be, but
still sufficient to show the numerous changes its surface has
undergone, and the varied and wonderful races of plants and
animals by which it has been successively inhabited. To map
out the various mutations of sea and land, from the present mo-
ment to the earliest time of which we have any traces in the
rocky strata ; to restore the forms of extinct plants and animals;
to indicate their habits, the climate and conditions under which
they grew and lived,—to do all this, and trace their connection
up to existing races in one continuous history, would be the
triumph, as it is now the aim, of all true geology.

9. Such are the objects and scope of what may be termed
Theoretical or Descriptive Geology, a science of comparatively
recent growth, but of high and enduring interest. The problems
it endeavours to solve are amongst the most attractive and
‘important that can engage the ingenuity of man—leading him
from his own position and connection with this planet back
through all its former phases and conditions to the time when it
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came fresh and glowing from the hand of the Creator. As a
legitimate cultivator of natural science, the geologist bases his
deductions on numerous and well-observed facts; observes,
collects, and arranges with scrupulous care ; and by such means
proceeds from phenomena that are obvious and taking place
around him to the explanation of those that are more remote and
less apparent. His object is to unfold the history of our globe as
revealed in the composition and arrangement of the rocky crust
which is patent to his investigation, not to invent theories or
frame hypotheses respecting the origin of matter or the develop-
ment of life—themes which may ever lie beyond the compre-
-hension of created intelligence.

10. In reading aright the facts and phenomena which present
themselves to his observation, the task of the geologist is often a
perplexing—always an arduous one, and one requiring a vast
amount of research and collateral information. To account, for
example, for the aggregation and position of many rock masses,
he requires to be acquainted with the principles of mechanics ; to
treat of their composition and formation, the aid of chemistry
must be frequently called in ; to describe and classify the remains
of plants and animals, he must have recourse to botany and
zoology ; while, generally speaking, there are many of his pro-
blems for the successful solution of which the assistance of -
almost every branch of natural science is necessary. It does not
follow, however, that he is to make these minute researches for
himself: it is enough for his purpose to be able to apply the
deductions of the chemist, botanist, and zoologist to the solution
of the particular problem before him ; in other words, to be able
to appreciate their geological bearings, and arrive at the right
interpretation of the phenomena of which they form a part. In
doing all this the earnest student will find the pleasure of the
result more than recompense for the labour incurred ; and
whether in collecting data among the hills and ravines, by the
sea~cliffs or in the mine, or in arranging and drawing from these
data the warranted conclusion, he will find Geology at once one of
the most healthful and exhilarating, as it is intellectually one of
the most fascinating and expanding of human pursuits.

Practical Bearings of the Science.

11. Nor is the science, in a Practical or Industrial point of
view, of less importance to man. Deriving, as we do, all our
metallic and mineral stores—our coal and iron, our gems and
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precious metals—from the crust of the earth, it is of vast utility
to be able to distinguish correctly between mineral substances, to
determine in what positions they occur, and to say where they
are, or are not, to be found. The miner cannot proceed a step in
safety without the light of geological deduction, and though
guided by observation long before the truths of the science
assumed a technical aspect, yet do his operations proceed with
precision and certainty only in proportion to the advancement
of scientific generalisation. Again, the engineer in tunneling
through hills, in cutting canals, excavating harbours, sinking
wells, draining morasses, and the like, must, to do his work
securely and with certainty, base in a great measure his calcula-
tions on the nature of the rocky materials to be passed through—
information he can only obtain through the aid of geology. The
architect also, in selecting his material, by attending to the forma-
tion and texture of the rock, and observing how it has been
affected by the weather in the cliffs and ravines, may often avoid
the use of a wasting and worthless building-stone ; while his
knowledge of geological succession will enable him to detect in
different localities the same material. The farmer, in like man-
ner, whose soils are either formed by the disintegration of the
subjacent rocks, or are affected by their retentive or absorbent
nature, may learn much useful information from the demonstra-
tions of geology. The study of physical geography—that is, the
study of the surface configuration of the earth, the distribution of
land and sea, the altitude and extent of continents, and so forth—
in so far as it bears on the dispersion and habitats of plants and
animals, their adaptation to certain regions, and even touching
the development and health of man himself—can only attain the
character and position of a science, if treated in connection with
the fundamental doetrines of geology. The artist and landscape-
gardener may also reap substantial benefit from a study of the
leading facts of the science; and though such a knowledge, of
itself, will make neither artists nor landscape-gardeners, it will
often prevent them from committing unpardonable outrages on
the landscapes of nature. Such are a few of the more obvious
practical or economic advantages of geology—a subject to which
we will advert at greater length (Cuap. XX.) when the student
is presumed to be able to apply its deductions.,

12. To arrive at a rational history of the successive phases of
the globe, is, we have said, the aim of theoretical geology ; to dis-
cover and classify its mineral stores—to ascertain their position
and determine their abundance, so as to make them available for
the industrial purposes of life, is the task of the practical geolo-
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gist. Combining its economic with its speculative bearings, Geo-
logy becomes a science of high and enduring interest, and one
which must shortly take a place in every course of enlightened
education. And, luckily for its progress, the objects of research,
though often complicated and obscure, are scattered everywhere
around us. Not a quarry by the wayside, not a railway-cutting
through which we are carried, not a mountain-glen up which we
climb, nor a sea-cliff under which we wander, but furnishes, when
duly observed, important lessons in geology. A hammer to
detach specimens, and a bag to carry them in, a sketch-book to
note unusual appearances, an observing eye, and a pair of willing
limbs, are nearly all the young student requires for the field ; and
by inspection and comparison in some museum, and the diligent
use of his text-book, he will very shortly be able to proceed in the
study as a practical observer. Let him note every new and
strange appearance, handle and preserve every specimen with
which he is not familiar—throwing nothing aside until he has
become acquainted with its nature; and thus, besides obtaining
additional knowledge and facilitating his progress in the study,
he will shortly acquire the invaluable power of prompt and accu-
rate discrimination.

NOTE, RECAPITULATORY AND EXPLANATORY.

13. In the preceding chapter we have endeavoured to explain
that the object of Geology is to investigate the structure of the
earth, in as far as that structure is accessible to human investi-
gation. Combining all we know of this rocky structure, from the
top of the highest mountain to the bottom of the deepest mine, it
forms but an insignificant film of the four thousand miles which
lie between the surface and centre of the globe. This film or
outer portion is spoken of as the “ crust of the globe” (Erdirinde,
as the Germans term it), in eontradistinction to the interior por-
tions, of which we can know nothing by direct observation. Thin
as this crust may appear, it is nevertheless the theatre of exten-
sive, diversified, and ceaseless changes. Every change arising
from the violence of the earthquake and voleano, every modifica-
tion resulting from the waters that cover or course its surface,
every operation dependent on atmospheric agency, as well as all
that appertains to the development of vegetable and animal life,
is performed on or within this shell, It isthus at once the theatre
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of all geological change, and the index to all true geological his-
tory. By noting the composition of its rocks, their position.and
succession, the space over which they spread, and the fossils they
contain, the geologist is enabled to indicate the condition and ap-
pearance of the world during former epochs—to speculate as to
the distribution of sea and land, the influence of climate, and the
kind of vegetables and animals that successively peopled its sur-
face. To arrive at a rational history of the successive phases of
the globe, is the aim of theoretical geology; to discover and
classify its mineral stores—to ascertain their position and deter-
mine their abundance, so as to make them available for the indus-
trial purposes of life, is the task of the practical geologist. Com-
bining its economic with its speculative bearings, geology becomes
a science of high and enduring interest, deserving the study of
every cultivated mind, and the encouragement of every enlight-
ened government.

14. As a department of Natural History, geology confers, as
well as receives, important aid from all the co-relative branches
of the science—more especially from Geography, Botany, Zoology,
and Chemistry. For the solution of many of its more difficult
problems, it also calls in the aid of Physical or Mathematical
Science ; while not a few of its reasonings are based on Meteoro-
logical and Astronomical considerations. It has been proposed
by some to substitute the term Geognosy for that of Geology—
geognosy (g¢ the earth, and gnosis knowledge) implying absolute
knowledge ; while geology refers more to our theoretical reason-
ings. The substitution, however, is rarely or ever adopted ; and
for all ordinary purposes geology has become the accepted desig-
nation. As thus defined, the science may be viewed in three
great aspects—Descriptive, Theoretical, and Practical ; Descriptive
Geology being that which restricts itself to a consideration of facts
and appearances as presented in the rocky crust; Zheoretical,
that which attempts to account for the phenomena, and arrange
them into a connected world-history ; and Practical, that which,
guided in its researches by the other two, treats of the mineral
products of the globe, the methods of obtaining them, and their
application to industrial or economic purposes.

15. As a main topie, geology may also be conveniently studied
under the three sub-sciences— Physical Geography, Mineralogy,
and Palwontology ; the first, treating of the surface configuration
of the globe as depending on geological influences ; the second,
restricting itself more especially to a consideration of the mineral
substances which enter into the composition of the erust ; and the
third (from palaios, ancient—onta, beings—and Jlogos, reasoning),
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devoting itself exclusively to a consideration of the fossil plants
and animals found in the rocky strata. Each of these sub-sciences
can be studied intimately, and in detail, as separate departments ;
yet it must be seen at a glance that, without an acquaintance
with all the three, there can be no true knowledge of geology.
The terms Physical Geology and Lithology (lithos, a stone—and
logos, reasoning) are frequently used as in contradistinction to
Paleontology or Organic Geology—the former referring to the
mere rock relations of the crust, the latter to the plants and
animals imbedded therein. Hence we may treat of the lithologi-
cal character of a formation without at all referring to its palce-
ontological aspects. The term Petralogy (petra, a rock) was at
one time used for Lithology, and Oryctology (oryctos, dug up) for
Palzontology ; but they are now very rarely employed. It has
:also been proposed to subdivide Paleontology into two branches
— Paleozoology (200m, an animal), or that which relates to fossil
animals, and Paleophytology (phyton, a plant), or that which
refers alone to fossil vegetation ; but, for all practical purposes,
the broader term Palxontology, which embraces all organic
remains of whatever description, may still be advantageously
retained.

16. For fuller explanations of these and other technical terms
employed throughout this treatise, the student is referred to the
appended Glossary, where he will find not only their derivations,
but their peculiar applications as sanctioned by the usage of our
leading geologists. These terms, when once thoroughly compre-
hended, are quite as easily remembered as those derived from
the language of everyday life ; while, being chiefly compounds
of Greek and Latin, they constitute a nomenclature distinctive
of, and peculiar to, the science, and are thus readily intelligible
to the scholars of every country. There is nothing more per-
plexing than a multiplicity of local and provincial terms; and
one can easily imagine the confusion and obstruction that would
arise were every country and district adhering to its own verna-
cular instead of adopting a uniform system of terminology. The
technicalities of science, often so ignorantly inveighed against, are
in fact the instruments by which it effects its progress. New
objects require new names, and new facts new phrases to express
their relations ; and the sooner the student can make himself
familiar with those terms and their applications, the more rapid
and pleasant will be his onward progress.
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GENERAL RELATIONS, STRUCTURE, AND CONDITIONS OF
THE EARTH.

17. THE object and scope of geology, it has been stated, is to
investigate the history of our earth as revealed in the structure
of the rocky or accessible crust. As this structure, however, is
in a great measure dependent on certain general relations and
conditions appertaining to the globe as a part of the solar system,
it is as well to remind the student of this connection, and so place
before him at the outset the entire data on which his own special
science is founded. We shall, therefore, in this chapter advert
to those general relations of motion, atmosphere, form, bulk,
density, temperature, surface configuration, distribution of land
and water, and constitution of ocean, which must always have
influenced, and will ever continue to control and modify, all
geological operations.

Planetary Relations.

18. The origin of all geological history is change ; the cause
of all change is motion ; and the primary motions of the earth
are those dependent on its relations to the solar system. From
the sun the earth derives its light, heat, and it may be other
more subtle influences (actinism, magnetism, &e.) which are in-
dispensable to the growth and development of vegetable and
animal life, Light and heat are modified in their distribution
by the daily rotation of the earth on its own axis, by its annual
revolution round the sun in an elliptical orbit, and also by the
slanting position in which it revolves in that orbit. From these
motions, and this peculiar position of the earth, arise the alterna-
tions of summer and winter in certain latitudes, of dry and wet
seasons in others, and also that alternate impetus and retardation
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which is given to the growth and reproduction of vegetable and
animal life. To these seasonal differences belong in like manner
those meteorological vicissitudes from drought to rain, from heat
to frost, and from calm to storm, which produce so many geolo-
gical changes on the rock-surfaces of the globe. On the earth’s
relation to the sun and moon—in other words, on the attractive
force exerted by these bodies, depend also the bi-diurnal flow
and ebb of the tides, which, as will afterwards be seen, are
among the most permanent and important of geological agents.

19. It must be evident, therefore, from what we have thus
briefly indicated, that any change in the planetary relations of
the globe would be attended not only by a change in the distri-
bution of light, heat, and meteorological influences, but also by a
consequent alteration in the distribution and relationship of ani-
mal and vegetable life, As a necessary consequence also of any
derangement of the existing planetary relations, there would be
a change in the tidal influences, and a different distribution of sea
and land. As at present the polar, temperate, and tropical zones
of the earth are all marked by striking differences, not only in
their botanical and zoological aspects, but in the degree and
manner in which their rock materials are wasted, shifted, and
re-distributed ; so would any alteration in the existing planetary
relations of the globe be attended by new and different pheno-
mena. The student is thus apprised of these great cosmical con-
siderations that he may learn to familiarise himself with their
mutual actions and reactions, and so be prepared to appreciate
aright such hypotheses as alteration of the earth’s axis of rota-
tion, greater eccentricity of the earth’s annual orbit, &ec., which
are sometimes advanced to account for geological phenomena.

[Although the chief planetary relations of the Earth seem fixed and im-
mutable, there are certain minor phenomena which are now known to obey
laws of secular succession, and this fact renders it possible that other
phenomena, seemingly unchangeable, may be dependent on similar laws—
the periods of recurrence being so vast that the variation within the limits
of human history has as yet been unappreciable, or at all events has
hitherto escaped scientific d);tection. Thus the magnetic needle which in
1660 pointed due north in London, began in 1662 to diverge to the west-
ward, till in 1815 (a lapse of 155 years) it pointed 24}° west of north.
Since 1815 it has been gradually returning from the extreme divergence,
and we therefore regard it as obeying some law of secular succession. So
also with the polar direction of the earth’s axis, which we generally regard
as pointing to one spot or ‘“fixed point” in the heavens—namely, the
polar star. This, however, is not strictly correct. The pole moves very
slowly, so as to describe very nearly what is called a smafl circle in the
heavens. This small eircle, and the motion of the pole along it, are such
that in 12,000 or 13,000 years the pole will be distant from the present pole
by more than 40 degrees ; but in some 25,000 years it will have returned
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to the point in the heavens which it now occupies. As with these, which
unrecorded observation could never have detected,.so it may be with other
phenomena which we now regard as fixed and immutable.]

Atmospheric Relations.

20, Another important consideration connected with the gene-
ral constitution of the globe is its atmosphere or gaseous envelope
which surrounds it on every side, and is either of itself the cause
of numerous terrestrial changes, or the medium through which
they are effected. This atmosphere or air is essentially composed
of nitrogen and oxygen gases—79 parts of the former to 21 of
the latter—with a small per-centage of carbonic acid and other
extraneous impurities. As at present constituted, the air is indis-
pensable to animal and vegetable life, and any alteration in this
respect, however slight, would change the whole aspect of the vital
economy. About four parts of nitrogen to one of oxygen forms,
as we every moment experience, a breathable salubrious air;
the same gases in different proportions produce a compound
(nitric acid or aquafortis) so corrosive that even the metals are
dissolved by it. Carbonic acid is exhaled by animals, but in-
haled and assimilated by plants ; any increase, therefore, in the
per-centage of this gas on the atmosphere, while it might add to
the luxuriance of vegetation, would be poison and death to ani-
mals. Being an elastic or compressible medium, the air nearest
the sea-level is denser than that at considerable elevations ; and
by caleulating the rate at which this rarity takes place, it is esti-
mated that at the height of 45 miles above the sea the atmos-
phere becomes so rare or light as to be inappreciable.

21. We have thus surrounding the globe a gaseous envelope
45 miles in thickness, having a certain ascertainable density at
the level of the sea (its pressure being estimated at 14} Ib.
avoirdupois on the square inch), and gradually becoming rarer or
more attenuated as we ascend to its extreme upper limit. Through
it the heat and light of the sun are equally diffused and modified ;
and it is also the great recipient and diffuser of all watery vapours
arising from the earth. Local alterations in its density or expan-
sibility cansed by heat and the like, produce aérial currents—-some
of them regular and steady, like the trade-winds— others violent
and fitful, as whirlwinds and hurricanes. The atmosphere, in
fine, is the great laboratory in which all meteorological and elec-
trical phenomena are elaborated; hence all the varied aspects
and results of winds, clouds, rains, snow, hail, and thunderstorms.
These and kindred phenomena, as will afterwards be seen, are
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continually operating on the earth’s surface—mechanically as
raings and winds; chemically as carbonic acid; electrically as
thunderstorms ; and vitally as in the support of plants and
animals,

[““It has hitherto been considered,” says Sir J. Ross, in his Antaretic
Voyages, ‘‘ that the mean pressure of the atmosphere at the level of the sea
was nearly the same in-all parts of the world, as no material difference
occurs between the equator and the highest northern latitudes—the mean
being about 29°.85. In the southern hemisphere, however, our barometrical
experiments appear to prove that the atmospherie pressure is considerably
less at the equator than near the tropics; and to the south of the tropic
of Capricorn, where it is greatest, a gradual diminution oceurs as the lati-
tude is increased—the mean at the equator being 29°.974, at the tropics
30°.085, and at lat. 74° 8. only 28°.928.”]

Figure of the Earth.

22. The earth, as revolving in space and surrounded by its
atmospheric envelope, is of a globular or spherical form. The
limits of this form have been defined by astronomers with ad-
mirable precision ; but it is enough for our present purpose to
state the result in approximate numbers. Measured from north
to south—that is, from pole to pole—the diameter of the earth is
7899.170 miles ; while measured from east to west, through the
equator, the diameter is 7925.648 miles. The equatorial diameter
thus exceeds the polar by somewhat less than 264 miles, thereby
producing a deviation from the true globular form ; in other words,
the earth is an oblate ellipsoid of revolution, flattened at either
pole, and bulging out at the equator to the extent above men-
tioned. Such a figure arises from the rapid rotation of a globular
mass of yielding material on its own axis, and is due to what is
termed “ centrifugal force ;” and such is presumed to be the cause
of the earth’s spheroidal form.

23. We have no certain evidence, geologically speaking, of the
earth ever having been in a molten or semi-fluid condition ; but
it is important as bearing on geological speculations to know that
its figure is such as would arise from the rotation of a soft or
yielding mass round its own axis. The earth’s mass, as is well
known, is kept together by the force of gravitation ; and had it
remained at rest, its form would have been perfectly spherical ;
but the moment it began to turn on its own axis, the particles of
its mass began to obey another law, viz. that of centrifugal force,
which exerts itself at right angles to the axis of rotation, and in
proportion to the distance from that axis. Hence the greater
bulging out of the earth’s mass at the equator, where the distance
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from the axis is greatest ; and hence also the gradual declension
of centrifugal force as we proceed towards the poles, Gravita-
tion and centrifugal force are thus opposable or counteracting
powers ; and any variation in the earth’s size through expansion
by heat or contraction by cooling, any variation in density or in
velocity of rotation, would be attended by a proportional devia-
tion from the true form of a sphere. Geology, in attempting to
account for axes of elevation and depression, for lines of fracture
and other kindred phenomena in the earth’s crust, may guess at
conditions of original igneous fluidity or aqueous plasticity in the
mass, and may hint at some great law of secular contraction ;
but it must be confessed that on these and similar points science
is yet unable to offer anything like the certainty of demonstra-
tion.

Density of the Globe.

24. The density of the globe, as compared with the materials
known in and upon its crust, has been ascertained with consider-
able precision. The average or mean density of the most preva-
lent rocky substances is about 2} times that of water ; the density
of the whole globe, as ascertained by astronomical experiments,
is about 5} times that of water—that is, distilled water, at the
temperature of 60° Fahrenheit. Mr F. Baily, from his experi-
ments with the torsion rod, gives it as 5.6747 ; and the Ordnance
surveyors, ynder Col. James, make it 5.316, as obtained from the
attraction of Arthur’s Seat, near Edinburgh. As a whole, there-
fore, the globe is of greater density than the rock-materials which
compose its crust, and consequently cannot be composed through-
out of these materials. Besides, were it composed of such mate-
rials, and the law of gravitation acting uniformly towards the
centre, a depth would soon be arrived at where the density of
ordinary rocks would become so great, as to give a mean density
to the earth greater than that which its astronomical relations
will allow. It has been calculated, for instance, that air, at the
depth of 84 miles from the surface, would become as heavy as
water ; that water, at the depth of 362 miles, would be as dense
as quicksilver ; and that the density of marble, at the centre of
the earth, would be 119 greater than what it is at the surface.
All this leads to the supposition that the earth, in its interior
parts, is composed of substances differing in constitution from
those that compose its erust ; hence, to reconcile its mean density
(6% times that of water) with the forces of attraction and gravita-

\
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tion, it has been suggested that the central portions may consist
of matter as attenuated as the lightest known gases, or even as
subtle as light itself. Such conjectures, however, are beyond the
pale of geological deduction, which limits itself to the accessible
crust—to that which can be seen, handled, and examined.

25. Our knowledge of the earth as a solid mass, in as far as it
bears on geological speculations, may be briefly stated :—1st, The
density of the crust is about 2} times that of water ; 2d, The
mean density of the whole mass is 5} times that of water ; 3d,
The central parts cannot consist of such substances as are found
in the crust, otherwise their compression towards the centre
would produce a much greater mean density than five times that
of water ; 4th, The condensation of the central mass must be
counteracted by some expansive influence, such as heat, or its
nature must -be altogether different from any substance with
which we are acquainted ; and, 5th, The ponderable crust, calcu-
lating from the astronomical phenomena of procession and nuta-
tion, cannot be less than a fourth or fifth of the earth’s radius—
that is, cannot be much less than 800 miles,

Temperature of the Earth.

26. Closely connected with the density of the globe is its tem-
perature, or the amount of heat that pervades it. As one of the
orbs of the solar system, the earth has a variable and irregular
surface temperature ; it has also a temperature peculiar to the
rocky crust; and, judging from volcanic action, there is also
a higher and more remarkable interior or central temperature.
Respecting the surface temperature, it may be stated, that it is
influenced from day to day, and from season to season, by the
heat of the sun; that it varies according to the latitude, being
greatest at the equator, and gradually decreasing towards the
poles ; that it is greatly modified by the extent and distribution
of sea and land —the sea and sea-coasts being more equable than
inland continents, which experience extremes of heat in summer,
and extremes of cold during winter ; that it is also modified by
the absorbent or radiating nature of the soil, according as this is
dark or light coloured, dry or moist, porous or compact; and,
lastly, that it is notably affected by elevation above the mean
level of the sea—the higher being the colder regions. The sur-
face temperature of the globe, that is, the laying down of lines of
equal heat (isothermal, isocheimal, and other lines), belongs more
especially to physical geography ; still, so much relating to the
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distribution of plants and animals—the waste of continents and
transport of rock-materials—depends on a knowledge of its lead-
ing facts, that the geological student cannot be too early reminded
of its connections and importance.

27. The temperature of the accessible crust is affected either by
the direct heat of the sun, by heat radiated from the moon, by
heat generated chemically among its own materials, or by heat
derived by conduction from the interior. During summer, for
instance, the earth is warmed to a certain depth by the heat of
the sun ; during winter, the heat is again given off to the sur-
rounding atmosphere ; and though thé heat of one summer and
the cold of one winter may differ from the heat and cold of others,
still, on an average of seasons, the results are pretty equable. It
may, therefore, be laid down as an axiom, that in summer the
crust of the earth at small depthsis colder than at the surface ;
and that, during winter, the crust at these depths is warmer than
at the surface, which is more immediately exposed to the passing
cold. As to the heat generated within the crust by chemical
action we have no accurate knowledge, though it appears certain
that magnetic and electric currents, as well as the molecular
changes incessantly taking place within rock-masses, could not
possibly occur without the evolution and dispersion of heat.

[Professor Piazzi Smith’s astronomical stations on Teneriffs, in 1856,
were at the altitudes 8,840 ft. and 10,700 ft. respectively ; and even at the
lowest station the heat radiated from the moon was distinetly perceptible.
How much greater this heat may have been during the earlier ages of our
lunar satellite, and how much the climate of the earth may have been
affected thereby, are questions now fairly opened to those who delight to
indulge in geological speculation. ]

28. Respecting the heat of the interior, we see it abundantly
manifested in hot springs, volcanoes, and the like ; and have, by
direct experiment, been enabled to arrive at some important facts
relative to its descending rate of increase. Thus, it has been
ascertained that, at a certain depth in the crust of the earth, the
temperature remains stationary, and uninfluenced by summer’s
heat or winter’s cold ; and this depth may be reckoned at from
60 to 90 feet, according as the material passed through is solid
rock, clay, sand, or water. Below this depth, which has been
called “the stratum of invariable temperature,” it has been found,
by experiments in coal-pits, in artesian wells, and in metallifer-
ous mines, that a rise of one degree of Fahrenheit’s thermometer
takes place for every 50 or 55 feet of descent; and calculating
at this rate of increase, a temperature (2400° Fahr.) would be
reached at a depth of 25 miles or thereby, sufficient to keep in

B
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fusion such rocks as basalt, greenstone, and porphyry. At the
same rate of increase, or even admitting, as some contend, that
the thermometer only rises one degree for every 60 feet, we would,
at the depth of 150 miles or thereby, arrive at such a temperature
(100° Wedgewood’s pyrometer) that the most refractory rock-
substances would be dispersed before it like vapour. We know
little, however, of the deportment of heat under such a pressure
as must exist at these depths, and can only indicate the line of
reasoning which leads to the general geological belief that the
solid or rocky crust forms but a comparatively thin film or rind,
and that the great interior mass exists in a state of high incan-
descence or molten fluidity.
29. In a previous paragraph it was seen that astronomical
swsewmmenns  CalCulation set down the appreciable or ponder-
? able crust at a thickness of 800 miles ; the pro-
¢ bability has also been shown, that not more than

150 miles of the exterior of this can be in the con-

dition of molten rock-matter ; while at a depth

of 25 miles or thereby there exists a temperature
o sufficient to keep in fusion a large proportion of
the rocks with which we are acquainted at the
surface. Throwing these results into the form
of an approximate diagram, we shall have the
dotted line @ indicating the stratum of invari-
able temperature ; b the limit of the solid rock-
crust ; ¢ that of the molten zone ; and d that of
the appreciable or ponderable portion which
envelopes the unknown interjor. Looking at
the comparative thinness of ' the solid crust,
one can readily conceive how much it must
be affected by any commotion in the interior
zones, or by any contraction or expansion of
the entire mass. Hence the tremors, the un-
dulations, the upheavals and subsidences occa-
sioned by earthquake and volcanic convulsions ;
and hence also the fissures and fractures which
everywhere traverse the rocky crust, whetherthey
may have arisen from the efforts of local forces,
or from the operations of some unknown but
general law of secular contraction.

30. Whatever be the exact proportions and
conditions of the crust and interior of the
earth, we know enough of its temperature to warrant the fol-
lowing general conclusions :—1. That the surface temperature

7926.618 miles.

Equatorial Radios
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is mainly derived from the sun, and that though variable and
irregular during any one season, it is, on an average of many
seasons, capable of being laid down with considerable certainty ;
2. That the temperature of the crust, as depending on external
heat, is also variable to the depth of from 60 to 90 feet, but
that at this limit it remains stationary; 3. That downwards
from this invariable stratum the temperature increases at the
ratio of one degree for every 50 or 55 feet, and that at this rate
a temperature would soon be reached sufficient to keep in fusion
the most refractory rock-substances; 4. That this high inter-
nal temperature is apparently the cause of hot springs, vol-
canoes, earthquakes, and other igneous phenomena, which make
themselves known at the surface ; and lastly, That intense as the
interior heat may be, the surface of the globe is scarcely, if at all,
affected by it (according to Fourier, only {;th of a degree), owing
to the weak conducting properties of the rocky crust.

Surface Configuration.

31. Although it is properly the province of geography to de-
seribe the surface aspects of the globe, these aspects are produced
by the operations of geological agents, and again re-act in pro-
ducing new geological phenomena. On the whole, the surface-
configuration of the globe is extremely irregular—here spreading
out in vast plains and plateaux, there rising up in abrupt moun-
tain-chains ; here undulating in gentle hills and valleys, there
sinking in deep ravines or shooting up in craggy precipices ; here
stretching out in fertile alluvial fields, and there in expanses of
barren desert sand. Still, though presenting all this irregularity,
it is possible, by tracing the direction of mountain-chains and
valleys, to establish certain systems or plans of arrangement ;
and by such arrangements to arrive at important conclusions
respecting temperature, fall of rain, drainage, distribution and
growth of plants and animals—in fine, at conelusions intimately
connected with the causes now productive of geological change on
the face of the globe. Thus, without a knowledge of the surface
configuration of a country, the altitude and steepness of its hills,
the breadth or abruptness of its valleys, and so forth, it would
be impossible to arrive at any conclusion respecting the waste
caused by streams and rivers, the effects of frosts, snows, and
glaciers, the phenomena of periodic rains and inundations, the
limits and exuberance of vegetable growth, and the distribution
and dispersion of animals. :
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32. Elevation above the level of the sea is, perhaps, one of the
most striking and appreciable of superficial phenomena. As we
ascend above the sea-level, the temperature sinks at the rate of
one degree Fahrenheit for every 350 feet of elevation ; and as
the sea-level temperature varies according as the latitude is
tropical, temperate, or arctic, so we attain the height at which
snow perpetually lies much sooner in temperate than in tropical
regions. Thus in Iceland, and at the North Cape (lat. 71°10%),
the snow-level is about 2000 feet above the sea; in Norway it
ranges from 4000 to 6000 feet ; on the Alps and Pyrenees from
8000 to 9000 ; while under the tropics the same altitudes are
clothed with the verdure of luxurious forests—the snow-line
not being reached till we attain the height of 16,000 and 18,000
feet in the Peruvian Andes and Southern Himalayas. Tt is for
this reason that, in ascending a mountain from the sea-level to
the limit of perpetual snow, “ we pass,” says Herschel, ¢ through
the same series of climates, so far as temperature is concerned,
which we should do by travelling from the same station to the
polar regions of the globe ; and in a country where very great
differences of level exist, we find every variety of climate ar-
ranged in zones according to the altitude, and characterised by
the vegetable productions appropriated to their habitual tem-
peratures.” And so it happens, that under the tropics an
elevation of a few thousand feet produces a climate and vege-
tation akin to that of temperate latitudes; while at the base
of these heights the valley may be teeming with the rankest
growth of a tropical flora. A snow-clad mountain-range crossing
a continent forms a more impassable barrier to the migration of
plants and animals than even the ocean itself ; while its crags
and ravines, under the influence-of frost and snow, avalanches
and glaciers, exhibit an amount of geological waste, and give
birth to a series of rivers of a totally different character from
those which characterise lower and flatter regions under the
same parallels of latitude. Nor is it alone the temperature
that decreases with altitude, there is also greater drymess (in
virtue of the general law of atmospheric rarity) in its higher
strata ; and thus we have moisture, amount of cloud, force and
direction of winds, all less or more altered from their normal
condition at the sea-level in the same latitudes. A country, also,
whose valleys discharge themselves at right angles to the coast-
line, and are thus exposed to the influence of the sea-breeze,
exhibits phenomena of climate and vegetation very different
from those exhibited in a country whose main valleys run
parallel to the coast-line, and are consequently shut out from



DISTRIBUTION OF LAND AND WATER., 31

the ocean. These, and other conditions which must at once
suggest themselves to the reflecting student, are so numerous
and varied, that we can thus only indicate their nature, and the
results to which they give origin. 3

[Several of the effects of extreme altitude have been well illustrated by
Professor Piazzi Smith during his recent sojourn on the heights of Tene-
riffe. Thus, on the peak (12,205 feet), the summer wind is habitually S. W.,
and the sky almost always cloudless, while at the foot of the mountain the
N.E. trade prevails, and a dense stratum of cloud covers the surrounding
ocean. Not only the amount but the quality of solar radiation is effected,
and by the greater absorption of the actinic rays, the colouring of the flowers
is more brilliant in the higher than in the lower regions. Again, owing to
the dessication of the higher a&rial strata, nothing save lickens were found
from the peak downwards to 10,000 feet ; from 9800 feet to 5700 feet the
Cytisus nubigensis formed an exclusive zone of vegetation ; next the Hrica
arboracea prevailed from 5700 to 3000 feet ; and from 3000 feet downwards
there occurred a mixed zone, in which ferns gave place to the laurel, the
laurel to the vine, and so on to the sea-level—3000 feet being the lower
level of the perennial mountain-cloud which separates the upper from the
lower wind-currents.—It has often been surmised, and even asserted, by
some of our highest authorities, that the diminished atmespheric pressure
which takes place at great elevations may have some direct effect in pro-
ducing an alpine character on the vegetation. On this subject Dr Hooker,
in his Himalayan Journals, very decidedly remarks: ‘I know of no founda-
tion for this hypothesis ; many plants, natives of the level of the sea in other
parts of the world, and some even of the hot plains of Bengal, ascend to
12,000 and even 15,000 feet in the Himalayas, unaffected by the diminished
pressure. It is the same with the lower animals ; innumerable instances
may with ease be adduced of pressure alone inducing no appreciable change,
whilst there is absence of proof to the contrary, The phenomena that
accompany diminished pressure are the real causes of change and specific
peculiarity—of which cold and the excessive climate are perhaps the most
formidable.”] '

Distribution of Land and Water.

33. Intimately connected with the surface-configuration of the
globe—forming, indeed, one of its prominent superficial aspects—
is the distribution of land and water. At present about three-
fourths of the earth’s superficies is covered by water ; that is, if
we assign 51 millions of square miles to the land, there will re-
main about 146 millions for the extent of surface covered by
the ocean—this ocean surrounding or insinuating itself into the
recesses of the land in a very irregular manner, The dry land
appears in the form of continents and islands ; the water spreads
out into oceans, seas, bays, and gulfs. The land rises variously
and irregularly above the level of the water, generally at some
considerable altitude, occasionally, as in the Andes and Hima-
layan ranges, to 27,000 and 28,000 feet. The depth of the sea
also varies from low shallow shores and shoals only a few
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fathoms under water, to depths beyond the reach of the sound-
ing-line, which has been sunk to full 27,000 feet in the South
Atlantic. This relative depth of sea and altitude of land forms
an important cosmical consideration, as on it depend many of the
conditions that regulate the kind and distribution of vegetable
and animal life. Thus, as the waters only occupy those portions
of the earth’s surface depressed below a certain level, it is evident
that the wider these areas of depression the shallower the seas,
and the greater their proportion to the dry land. A wider area
of sea and a less elevated surface of continent and islands would
materially modify the temperature of the globe—would give rise
to a milder and more equable climate, and to a more general diffu-
sion of the same aspects of vegetable and animal existence. On
the other hand, more elevated continents, and deeper and more
contracted seas, would be attended with a diminution of general
temperature, and a breaking up of vegetable and animal forms
into numerous local and limited aspects. At present the greater
proportion of dry land exists in the northern hemisphere ; and
were this land elevated a few thousand feet, a great portion of it
would then be reduced to boreal conditions, while much of it
would be placed altogether beyond the limits of organic en-
durance. The student will thus perceive how important the
results depending on the relative height of land and depth of
ocean ; and will be prepared to admit how greatly the former
conditions of the globe may have been influenced by this single
relation.

34. Nor does the relative configuration of sea and land exert
a less general or important influence. At present a certain mean
annual temperature is found to prevail over certain latitudes, and
this temperature or climate we know depends in a great measure
upon the configuration of the existing continents. Had these
continents, therefore, been less broken up by seas, had they lain
in solid masses, or had they lain in an east and west direction, in-
stead of stretching southward in long spur-like projections, there
cannot be a doubt that their climates would have been much
more rigorous and severe. On the other hand, had they been
more broken up by inland seas, their mean temperature would
have been increased ; and with this exalted temperature and a
greater area of shallow sea exposed to evaporation, there would
have been more genial climates, greater atmospheric moisture,
and a more luxuriant growth of sub-tropical vegetation. Nor is
it alone on the vital conditions of the globe that this configura-
tion exerts its influence ; it also exercises direct and important
geological influences of a more mechanical nature, by determin-
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ing the direction of tidal and oceanic eurrents, and by modifying
the height and force of waves. As will afterwards be seen (CHAF.
I11), tides and waves are most important agents of geolo-
gical change—here wasting and degrading, there transporting
and piling up the waste material, and in these ceaseless opera-
tions retarded or augmented by the configuration of the coast-
line—its headlands, promontories, and bays. The tide, that
travels at the rate of six or eight miles an hour in the German
Ocean, and rises from 12 to 20 feet, creeps almost imperceptibly
along the shores of the land-locked Baltic, where its rise is
scarcely as many inches. The tidal phenomena of the Bay of
Biscay, or the Bristol Channel, with a rise of from 30 to 40
feet, must be altogether different from those of the Mediter-
ranean, where the pulsation is scarcely felt ; and the geological
results arising from the ordinary tide which flows along the
open coast of North 'America, can scarcely be compared with
those depending on the gigantic surge that rushes to the height
of 60 or 70 feet into the cul de sac of the Bay of Fundy. All
these, and similar differences connected with tidal action, are thus
directly attributable to the relative configuration of sea and land.
So in like manner with the height and force of the waves ; and so
also with oceanic currents like the ¢ Gulf Stream,” which are not
only the transporters of products from one region to another, but
the equalisers of temperature and warmth among the waters of
the ocean, and the modifiers of the distribution of marine life, as
well as of the life of the sea-boards against which the flow of their
waters impinges.

Constitution of the Ocean.

35. Respecting the constitution of the ocean—that is, the com-
position of its water, its temperature, pressure, and so forth,
observation and analysis supply the geologist with many im-
portant facts. Unless along coasts subject to abrasion by waves
and tides, at the mouths of rivers, and in the course of great sea-
currents, there is very little matter mechanically suspended in
the waters of the ocean. After storms and land-floods the sea
in some regions is turbid for many leagues off shore; but when
the storm and floods have subsided, the water soon regains its
transparency, except in such areas as the Yellow Sea, the Bay of
Bengal, the estuary of the Amazon, &c., where the river-borne
debris renders it always less or more muddy and discoloured. The
substances held in chemical solution are chloride of sodium (com-



34 GENERAL RELATIONS OF THE GLOBE.

mon salt), chlorides and sulphates of magnesia and lime, together
with minor and varying proportions of salts of potash and ammo-
nia, iodides and bromides of sodium, carbonate of lime, silica,
&ec., amounting in all from 3} to 4} grains in the hundred of
water ; or giving sea-water, as compared with absolutely pure
water at 62° Fahr., a mean specific gravity of 1.0275. These in-
gredients vary in different seas, but only to the extent of a frac-
tional per-centage. Thus it is said that the waters of the South-
ern Ocean are salter than those of the Northern ; that the greatest
saltness takes place between 22° north and 17° south of the
equator ; that inland seas, like the Baltic and Mediterranean,
though communicating with the ocean, are less salt than the
ocean ; and though the saltness of the sea be pretty uniform at
great depths, still at the surface, owing to the admixture of rain,
river-water, iceberg-water, &c., it is not quite so salt. These and
similar facts serve to explain certain phenomena connected with
oceanic life, as it is from these saline ingredients that shell-fish,
corals, zoophytes, and sea-plants derive the solid matter of their
structures, and as it is also owing to this composition of the ocean
that marine plants and animals assume different aspects from
those of the land and fresh waters.

36. Respecting the temperature of the ocean, though as yet
few observations have been made, we know that it is more equable
than that of the land ; that at the depth of 60 fathoms or so it
is pretty constant ; that it is colder jn summer than the surround-
ing atmosphere of any contiguous district, while in winter it is
always several degrees higher—thus exereising the function of a
great storehouse of heat for modifying and equalising the climates
of the adjacent lands. Its mean temperature, from such experi-
ments as have been made, is estimated at 391°, or 73° above the
freezing-point of pure water, and as nearly as possible at the
point of its mean density. Salt water is also less sensitive, if we
may so speak, to cold than fresh water—the latter freezing, as is
well known, at 32° while sea water is not converted into ice till
the thermometer sinks to 28}° Fahrenheit. It is also less vapor-
isable than fresh water—that is, a given extent of salt-water sur-
face gives off less vapour during the same time and under the
same conditions than an equal extent of fresh-water surface.

[According to the experiments of Sir John Ross (Voyage to the Southern
Seas, vol. ii. p. 877), the circle of mean temperature of the ocean in the
southern hemisphere lies between the 56th and the 57th parallels of latitude
—along which belt the uniform tem:; eratura of 39% has been found to prevail
at all depths, from the surface ownwards o the south of this line,
owing to the absence of solar heat, the surface-depths are colder, and the
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mean of 393° is not reached in the 70th parallel till we descend to the depth
of 750 fathoms, beneath which, to the greatest depths, the temperature is
uniformly at 893°, while the surface temperatureis only 30°. To the north of
the line of mean temperature, in consequence of the absorption of the sun’s
heat, the surface-depths are warmer ; and in the 45th parallel the mean
temperature of 393° is not reached till we descend to 600 fathoms ; while
at the equator we ilave to descend 1200 fathoms before the same mean is
obtained, and then at all depths below this it maintains the unvarying mean
temperature of 393°, though the surface is at 78°! *‘These observations
force upon us,” continues Sir John, ‘“the conclusion that the internal heat
of the earth exercises no influence upon the temperature of the ocean, or
we should not find any part in which it was equable from the surface to the
great depths we have reached—a new and important fact in the physics of
our globe.”]

37. Again, water being slightly compressible, it follows that at
great depths in the ocean the water will be denser than at the
surface, and consequently what takes' place near the shores will
be impossible at extreme depths. According to experiment,
water at the depth of 1000 feet is compressed ;isth of its own
bulk, and under this rate of compression we know that at great
depths animal and vegetable life as known to us cannot possibly
exist—the extreme depressions of seas being thus, like the extreme
elevations of the land, barren and lifeless solitudes. Further, at
great depths, sand, mud, and all loose debris, will be compressed
and consolidated ; and, according to the experiments of Sir James
Hall, even limestone could be fused without the loss of its car-
bonic acid under pressure of a column of water 1708 feet in
height. The effect of depth in regulating the distribution of
species is one of the prettiest problems in zoology, every zone
from the shore seawards being characterised by different specific
forms ; and, as will hereafter be seen (par. 68), the comparative
depths of seas of deposit may be ascertained with considerable
certainty by a study of the fossils found in such deposits.

[Since the experiments of Sir J. Hall, it has been discovered that pressure
has less to do with the retention of carbonic acid gas than the nature of the
circumjacent atmosphere; hence, as is stated to be the case by Prof.
Faraday, masses of limestone are sometimes fused and crystallised even in
common lime-kilns. Carbonate of lime can be heated to almost any
degree, according to Faraday, in an atmosphere of carbonic acid gas with-
out being decomposed ; and Gay Lussac found that fragments of limestone,
placed in a tube and heated to a degree not sufficient by itself to cause
their decomposition, yet immediately evolved their carbonic acid, when a
stream of common air or steam was passed over them. Gay Lussac
attributes this to the mechanical displacement of the nascent carbonic acid
gas. Referring to these facts, Mr Darwin remarks that he has seen lime-
stone crystallised by the heat of superincumbent lava, where the flow must
have taken place in comparatively shallow water, and where the retention
of the carbonic acid gas could only be accounted for on the principles dis-
covered by Faraday and Lussac.]
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NOTE, RECAPITULATORY AND EXPLANATORY.

38. In the preceding chapter we have endeavoured to present
an outline of those general conditions and relations which belong
to the earth as a planet, and which lie at the bottom of all the
physical changes its surface has undergone. The minuter details
of these relations belong to Astronomy and Physical Geography ;
but enough, we presume, has been stated to convince the geologi-
cal student of the importance of such considerations, and to put
him on the way of working out for himself the higher problems
they involve. So long as the Earth is subject to the laws of the
planetary system of which it forms a part, so long will the gene-
ral conditions concomitant with these laws continue to impart a
steadiness and uniformity to the geological operations that take
place on its surface. No doubt, the forces of gravitation and
heat cannot be exerted without producing motion, and motion
implies change of place or change of condition ; but such changes
may either constitute a limited and recurring succession, or form
part of an unlimited progression, of which we see only a passing
portion, and from that portion can infer something of what has
gone before, and something of what is yet to follow. It is on
a belief in this steadiness and uniformity in the operations of
nature that we build all our knowledge ; and, so far as science can
discern, nothing has occurred during the few thousand years of
man’s experience to invalidate the conviction. Whether, there-
fore, the changes our earth has undergone be part of a recurring
succession of such modifications, or belong to a vast cosmical pro-
gression, we are bound alike by science and reason to account for
them on the principle of natural law, and to reject every sugges-
tion, however ingenious, which ignores this foundation. When
such hypotheses, then, as nebular condensation, original igneous
fluidity, change of axis of rotation, secular contraction of the
earth’s mass, highly carbonated atmosphere, the passage of the
solar system through colder and warmer regions of space, and
the like, are advanced to account for geological phenomena, the
student must receive them merely as Aypotheses, not as the “#rue
and sufficient causes” of inductive philosophy. The legitimate
progress of human science lies over a pathway of observation, fact,
and deduction, and is little aided by conjecture, however plausible
and possible. If, in any instance, we cannot account for geologi-
cal phenomena by the existing conditions of our planet, and the
complex operations to which their mutual relations may give
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rise, let us rather rest contented with a simple deseription of
appearances, than appeal to canses the existence of which science
is not yet prepared to substantiate. ILet us strive first to exhaust
the range of normal causation in existing nature, and even then let
us continue to work and watch, rather than fall back on the idle
and unphilosophical resort of abnormal conditions in primeval
nature.

39. Inspeaking of the General Relations and Conditions of the
Globe—its motions, figure, density, atmosphere, temperature,
surface-configuration, and so forth—our object was to indicate
their bearings on geological problems, not to enter upon a full
statement of facts and numerical details. The student who feels
inclined to go more fully into such particulars, and to know some-
thing of the processes by which philosophers have arrived at the
facts to which we have alluded, will find ample information in
Herschel's Elements of Astronomy as to the planetary relations
of the earth ; in the article “Physical Geography,” by the same
author, in the Encyclopeedia Britannica, as well as in the latest
edition of Mrs Somerville's Phkysical Geography, all that apper-
tains to the distribution of land and water, surface-configuration,
and external temperature ; in A. K. Johnston's Physical Atlas
he will find these peculiarities depicted in a manner still more
accessible and comprehensive ; in Bischof’s Physical Researches
and Buff’s Physics of the Earth he will obtain much valuable
information relative to internal temperature ; in Maury’s Physical
Geography of the Sea he will find all that is yet known with
certainty respecting the constitution of the ocean; while in
Guyot’s Harth and Man he will meet with an eloquent general-
isation of the physical conditions as they bear on the higher pro-
blems of vital economy.



III.

GEOLOGICAL AGENCIES RESULTING FROM THE GENERAL RELA-
TIONS OF THE EARTH ; OR THOSE CHIEFLY CONCERNED IN
THE MODIFICATION OF ITS ROCKY CRUST.

40. THE aim of geology being to furnish a history of the struc-
ture and past conditions of the globe, it is evident there can be
no accurate conception of this structure without a knowledge of
the causes which have chiefly operated in its production. Before
we can decipher, for instance, the geological structure of any
locality on which we may be situated—that is, before we can tell
whether its rocks are the growth of some peaty morass or the
silt of some fresh-water lake—the sandy accumulations of some
ancient sea-shore or the delta of an estuary—the heterogeneous
deposit of a former sea-bottom or the cooled and consolidated
products of volcanic eruption, we must in some measure make
ourselves acquainted with the mode of vegetable growth and
decay, the operations of wind and water, the action of tides and
waves and currents, the difference between fresh and salt water
accumulations, the modes of aqueous deposition and of igneous
fusion, and generally with the principal agents productive of
geological change. - In fact, we must learn to reason from the
known to the unknown ; and from the obscurer appearances in
the rocky crust, appeal to the phenomena that are now taking
place beneath and around us—ever bearing in mind the differences
that would arise from any modification of the great cosmical rela-
tions adverted to in the preceding chapter.,

41. Had the exterior crust been subject to no modifying causes,
the world would have presented the same appearance now as at
the time of its creation. The distribution of sea and land would
have remained the same ; there would have been the same surface-
arrangement of hill and valley and plain ; and the same unvary-
ing aspects of vegetable and animal existence, Under such cir-
cumstances, geology, instead of striving to present a consecutive
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‘history of change and progress, would have been limited to a mere
description of permanently enduring appearances. The case,
however, is widely different ; from the moment the earth began
to revolve round the sun, there has been one continuous series of
change and progression. - Alternations of heat and cold ; winds,
frosts, and rains ; springs, streams, and rivers ; tides, waves, and
currents ; the shivering of the earthquake, and the upheaving of
the volcano ; the alternate growth and decay of plants and ani-
mals ; and the universal operations of chemical and electrical
agency, are all continually tending to separate, to combine, and
re-arrange the materials composing the crust of the earth, There
may be periods of comparative rest and quiescence, but none of
stagnation or stability. The operations of nature are incessant ;
and their results constitute one great chain of sequence, from the
dawn of creation up to the present hour, which is in like manner
pressing on into the hours and years that are to follow.

42. In a comparatively fixed and stable region like our own,
one is apt to underrate these results and the causes that produce
them. We see from our infaney the same hills and valleys, the
same fields, and woods, and streams, and are apt to infer that
little or no change is going forward. As we note more attentively,
however, we begin to perceive that changes have taken place—
are yearly, daily, and hourly taking place around us. We see the
river deepening its channel, the tides and waves wearing away
the sea-cliffs, the frosts and rains crumbling down the rocky sur-
face, the estuary filling up with sandbanks, and the lake in which
we laved our young limbs becoming shallower, and a large portion
of it transformed into a marsh, luxuriant with reeds and rushes.
If all this has taken place during some twenty or thirty years,
what, we naturally ask, may have taken place during centuries ?
—and what the amount of change, when centuries have been
multiplied by centuries? Nay, more, if a few years can work
such changes in a district of comparative rest and stability, what
are we to expect over the whole surface of the globe, and especially
in regions whose lakes are like our seas, and compared with whose
rivers our streams are tiny threads of water—regions of extremes,
where rains fall in torrents—where inundations deface, earth-
quakes submerge, and voleanoes elevate and give birth to new
mountains ? Extending his views in this manner, the attentive
observer soon discovers that the crust of the earth, instead of
being a thing of permanence and stability, is subject to incessant
change ; and as he carries his thoughts over the lapse of centuries,
he can readily perceive how sea and land may have frequently
changed places—how old mountain-ranges may have sunk, and
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new ones been elevated—the beds of lakes become alluvial tracts
(ad, to, and luo, I wash—formed by the operations of water), and
the sands and muds of formershores been converted into solid strata.,

43. The causes which produce these changes, being dependent
on the original constitution of our planet, are of course every-
where present and in ceaseless operation—acting silently and
imperceptibly in one region, and violently and on a gigantic scale
in another ; scarcely appreciable-in their results at one period,
and producing at another the most extensive alterations on the
surface-configuration of the earth. It is indispensable, then, that
the student should have a thorough comprehension of their
nature and mode of operation, and for this purpose they may be
conveniently described under the following arrangement:—1.
Atmospheric, or those operating through the medium of the at-
mosphere ; 2. Aqueous, or those arising from the operations of
water ; 3. Organic, or those depending on vegetable and animal
growth ; 4. Chemical, or those resulting from the chemical action
of substances on each other ; and 5. Jgneous, or such as manifest
themselves in connection with some deep-seated source of heat in
the interior of the globe.

Atmospheric Agencies.

44, Of the agents operating on the crust of the globe, and
tending to modify its structure and conditions, those connected
with the atmosphere, though not the most powerful, are by far
the most general in their diffusion. The atmosphere, as we have
seen, envelops the earth on every side ; acts mechanically by its
currents of wind, chemically by the gases of which it is composed,
and vitally in its being indispensable to vegetable and animal life.
Thus, winds blow and drift about all loose material, carrying
them away from one spot and piling them up in another Such
accumulations are termed sub-aérial, and by some Zolian (from
FEolus, the god of wind), in contradistinction to those formed
under water, and which are consequently regarded as aqueous and
sub-aqueous. The sandy tracts so frequent along our own shores,
as well as along the shores of almost every country, and known
as sand-drift and sand-dunes (dune being the Saxon word for a
mound or hillock), are the results of wind-drift—the wind carry-
ing the dry sand left by the tides forward and landward beyond
the reach of the waters. .All expanses of shifting sand, whether
maritime, or inlamd like the deserts of Africa and Asia, are yearly
modified by the same agency ; and where the agrial current blows
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steadily for some time in one direction, as the trade-winds and
monsoons of the tropies, it will carry forward the drifting
material in that direction. Hence the gradual entombment of
fields, forests, and villages that lie in the course of such progres-
sive sand-waves, as on the Biscay sea-board of France, and on the
western verge of Egypt. Results like these arise from the ordin-
ary operations of wind ; its extraordinary operations are mani-
fested in the hurricane, whirlwind, and tornado. In the preceding
instances winds may be regarded as derectly productive of geolo-
gical change; while in the raising of waves and breakers they
act indirectly in modifying the crust of the earth.

45. Frost, which may be regarded as another mechanical phase
of atmospheric agency, is also, under certain latitudes, an import-
ant modifying cause. The rain and moisture that enter the
fissures of cliffs, and between the particles of all rocky matter,
are often frozen during winter, and in this state of ice expand
and force apart these rocks and particles, “When thaw comes,
the particles, having lost their cohesion, fall asunder ; and thus,
under all latitudes, and at all latitudes where frost occurs, vast
waste is every winter effected. The student may note the effects
of frost on every ploughed field, and on every cliff and railway-
cutting around him ; how it breaks up and pulverises the soil,
eats away the cliff, and leaves every winter at its base a sloping
mass—in geological language, a talus—of crumbling debris.

[““The influenco of the cold” (says Von Wrangell, speaking of the De-
cember temperature of Siberia, which was 58° below freezing) ¢ extends even
to inanimate nature. The thickest trunks of trees are rent asunder with
a loud sound, which in those deserts fell on the ear like a signal-shot at
sea ; large masses of rock are torn from their ancient sites; the ground
in the tundras (mossy or boggy flats) and in the rocky valleys, cracks, and
forms wide yawning fissures, from which the waters which were beneath
the surface rise, giving off a cloud of vapour, and become immediately
changed into ice.” Again, *‘In the middle of winter the water sometimes
suddenly disappears from the numerous shallow lakes of Northern Siberia,
and this without any side-channels being visible. In such cases a loud
noise is heard at the time the water disappears, and when the bottom of
the lake is laid bare, large clefts are visible, occasioned by the severity of
the frost.” Similar phenomena are noticed by Sir J. Ross in his Antarctic
Voyages ; and Dr Hooker in his Himalayan Journals, while at an elevation
of 16,000 feet, says—*‘The descent was to a broad open valley, into which
the flank of Nango dipped in tremendous precipices, which reared their
heads in splintered snowy peaks. At their bases were shoots of debris fully
700 feet high, sloping at a steepangle. Enormous masses of rock, detached
by the action of the frost and ice from the crags, were scattered over the
bottom of the valley; they had been precipitated from above, and gaining
impetus in their descent, had been hurled to almost inconceivable distances
from the parent cliff.” "Again, ‘I descended obliquely (from the Donkiah
Pass) down a very steep slope of 35° over upwards of 1000 feet of debris,
the blocks of which were so loosely piled on one another, that it was
necessary to proceed with the greatest circumspection, for I was aloue,
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and a false step would almost certainly have been followed by breaking a
leg. The alternate freezing and thawing of rain amongst these masses,
must produce a constant downward motion in the whole pile of debris
(which was upwards of 2000 feet high), and may account for the otherwise
unexplained phenomena of continuous shoots of angular rocks reposing on
very gentle slopes in other places.”]

46. It is also by the action of frost that avalanches, glaciers,
and icebergs are formed on mountains above the snow-line and in
arctic regions : the avalanche of snow and ice, which, losing its
coherence, is launched from the mountain-side, carrying masses
of rock and soil and trees before it—the glacier, or ice-lake, that
gathers in the mountain-glen above, and slowly grinds its way to
the valley below, smoothing the rocks in its passage, and leaving
as it melts away its lateral and terminal ridges of gravel and
debris, technically termed “moraines ”—and the tceberg detached
by fracture from the projecting glacier of some arctic shore, that
floats its burden of rock and gravel to warmer latitudes, there
to drop them as it melts away on the bottom of the ocean. In
the study of frost-operations, whether among the cliffs and gorges
of Alpine mountains or along the shores of the Arctic Ocean, the
observer discovers at once an important cause of present change,
and a key to the solution of some of the most interesting of geo-
logical problems.

[Many of the bergs which drift out to sea having been the extremities of
glaciers, while in attachment to the coast, are loaded with huge angular
fragments of rock and other debris ; and many of the floes, having been
ground or shore ice, lift with them immense masses of water-worn shingle
and gravel. Thus, as both melt away, the bottom of the ocean must be
strewed with very heterogeneous and curiously assorted material. Nay,
icebergs have been encountered in the North Sea covered or interstratified
with ancient soil, among which were the bones of mammoths and other
extinet animals, still further confusing the nature of their deposits by
mingling the remains of an existing fauna (rein-deer, musk-ox, Arctic bear,
&c.) with one of a much higher antiquity.] {

47. The chemical action of the atmosphere (composed of oxy-
gen, nitrogen, and carbonic acid) is observable less or more on all
exposed surfaces. TIts gases, partly by their own nature, and
partly by the moisture diffused through them, exert a wasting or
weathering influence on all rocks — softening, loosening, and
crumbling them down, to be more readily borne away by currents
of wind and water. Carbonic acid acts specially on all rocks
containing lime; oxygen rusts or oxidises those impregnated
with iron ; moisture insinuates itself everywhere ; and thus in a
few years the hardest rock exhibits a weathered or wasted sur-
face. Particle after particle is loosened ; film after film falls
away ; a new surface is exposed to new waste ; and in course of
ages the boldest mountain-mass yields to this silent and almost
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imperceptible agency. In such instances as the above, the at-
mosphere acts directly as a chemical agent; where it impreg-
nates rain and other water with its gases, and these operate
within the crust as springs, it acts ndirectly, though not less
efficiently.

48. As the diffuser of light, heat, and moisture—and these
could not be diffused around our globe without the intervention
of an aérial medium—the atmosphere exercises important in-
fluences on vegetables and animals, making the surface teem with
life in one region, and rendering it a barren waste in another.
In this function it acts ¢ndirectly as a geological agent, the
accumulations of vegetable and animal exuvise (exuvie, the cast-
off products or remains) being the results which modify or appear
in the composition of the rocky crust. Those products vary, of
course, both in kind and exuberance, according to the amount of
light, heat, and moisture received at any portion of the earth’s
surface, and these again are regulated by the conditions of the
atmosphere, A dense moist atmosphere conducts and diffuses
heat more perfectly than a dry and highly-rarified one; an in-
crease of temperature is accompanied by a more rapid evapora-
tion, and a consequent increase in the diffusion of moisture ; and
these are the conditions most favourable—other things being
equal—to the exuberance of vegetable and animal life. Again,
such an increase of heat and moisture would be followed by
heavier rain-falls, these by more frequent and larger rivers ; and
thus, geological results of a purely mechanical kind would be
greatly augmented. In fact, the reception of light and heat from
the sun, their diffusion through the atmosphere, their action on
the waters of the globe, and the combined influence of the whole
on vegetable and animal existence, forms one of the great primary
departments of natural science, and the student cannot too soon
familiarise himself with reasonings on their mutual bearings and
results.

Aqueous Agencies.

49. The modifying causes arising from the operations of water
are, like those connected with the atmosphere, universal and un-
ceasing. This aqueous agency manifests itself most prominently
in the mechanical effects of rains, springs, streams, rivers, waves,
tides, and oceanic currents. Every shower that falls exerts a
degrading or wasting influence on rocks, soils, and all exposed
surfaces. By entering the pores of rocks and soils, rain softens
and loosens their cohesion, and thus renders them more easily

C
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acted on by currents of wind and water, Land-floods or freshets
also arise from rains, the melting of snow, and from hail-storms ;
and the periodical rains of the tropies produee inundations and
similar phenomena. The fall of rain varies in different countries,
and, of course, will be attended with proportional results. In the
British Islands it ranges from 24 to 60 inches, or has an average
of about 36 inches ; while in tropical countries the mean annual
fall is upwards of 200 inches—229 inches having been noted in
Dutch Guiana, 276 in Brazil, 302 at an elevation of 4200 feet in
the Western Ghauts, south of Bombay, and in the Khasia moun-
tains, at the head of the river-flats or Jheels of Bengal, upwards of
600 inches, or 50 feet, have been registered by various observers.
At the same place, Dr Hooker has recorded 30 inches in twenty-
four hours ; 21 inches have been noted at Cayenne during the
same period ; and 23 inches are not uncommon near Port Jack-
son in New South Wales. Accustomed to the gentle rains of our
own island, we can scarcely form an estimate of the changes pro-
duced by such sudden and enormous falls on the surface-soil and
river-courses of tropical countries.

50. Streams and rivers—in fact, all water-currents—act chiefly
in a mechanical way, and their influence depends partly on the
nature of the rocks over which they run, the rapidity of their
flow, and the size or volume of water. If the rocks over which
they pass be of a soft or friable nature, they soon cut out channels,
and transport the eroded material in a state of mud, sand, and
gravel to the lower level of some lake, to their estuaties, or to the
bed of the ocean. Their cutting as well as transporting power
is greatly aided by the rapidity of their currents; hence the power
of mountain torrents compared with the quiet and sluggish flow
of the lowland river. It has been calculated, for example, that a
velocity of 3 inches persecond will tear up fine clay, that 6 inches
will lift fine sand, 8 inches sand as coarse as linseed, and 12 inches
fine gravel ; while it requires a velocity of 24 inches per second
to roll along rounded pebbles an inch in diameter, and 36 inches
per second to sweep angular stones of the size of a hen’s egg.
During periodical rains and land-floods the currents of rivers
often greatly exceed this velocity ; hence the tearing up of old
deposits of gravel, the sweeping away of bridges, and the trans-
port of blocks many tons in weight—an operation greatly facili-
tated by the fact that stones of ordinary specific gravity (from 2.5
to 2.8) lose more than a third of their weight by being immersed
in water. Nor is it the mere velocity of rivers which produces
their eroding or cutting power, but the amount and nature of the
debris carried down by their torrents—every pebble and block of
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shingle rubbing and striking and grinding still deeper and deeper
the channels down which they are borne, The geological effects
of rivers on the crust is thus of a twofold nature—viz., to waste
and wear down the higher lands, and then to bear along the waste
material and deposit it in valleys, in lakes, or in the ocean, in
the state of mud, clay, sand,or gravel. By such deposits lakes
are silted or filled up, and become alluvial valleys ; estuaries con-
verted into level plains; and even large tracts reclaimed from
the sea.

51. Springs, which are discharges of water from the earth, act
both mechanically and chemically on the crust, internally as well
as externally. Hot or thermal springs, and those whose waters
are impregnated with carbonic acid, for example, act chemically
and internally by dissolving the rocks through which they perco-
late in the crust of the earth; and when they reach the surface,
they act externally by depositing the matter which their waters
held in solution. Such springs are common all over the globe,
are known as mineral springs, and generally indicate the kind of
rock or mineral through which they have percolated. Thus some
are saline, or contain salt; some chalybeate, or contain iron
(chalybs, iron) ; some siliceous, or contain flint (silex) ; some cal-
careous, or contain lime (calr) ; while others give off sulphurous
vapours, or are impregnated with various mineral admixtures.
Such springs act chemically in dissolving and re-depositing
mineral matter ; and they act mechanically in wearing and trans-
porting like all running water. 'We know little of the chemical
changes taking place among the rocks of the earth’s crust ; but
estimating from the frequency of mineral springs and their cease-
less action, the results cannot be inconsiderable. Internally,
most of the subterranean caverns and chasms in limestone dis-
tricts are caused by this chemical action of spring water ; and
externally such formations as the travertine limestone of Italy,
and the siliceous sinter of the Iceland geysers, are produced by
the same agency. Even vapour of a high temperature is capable
of dissolving silica ; and Mr Darwin alludes to an instance in
Terceira (one of the Azores), where steam, issuing from fissures
in the trachytic rock, gradually softens and decomposes the crys-
talline mass till the whole is reduced to a white chalky clay, with
which the inhabitants whitewash their houses,

52. As with springs and rivers, so with waves, tides, and ocean-
currents : they all waste and wear away the sea-cliffs in exposed
districts, and deposit the degraded material in the state of mud,
sand, gravel, and shingle in some sheltered locality. Waves,
which are the immediate offspring of the winds, are produced
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more or less on all expanses of water—their dimensions varying
with the depth and extent of water, and with the force of the
wind which sets them in motion. The degrading power which
they exert on any particular coast, varies, of course, with their
own magnitude as well as with the nature and position of the
rocks exposed to their action. A coast line, consisting of soft
clays and marls, will suffer more waste than one composed of
sandstones and shales, and these again will yield more readily
than cliffs of basalt and granite. Further, strata that dip seaward,
and present, breakwater-like, their natural slopes to the action of
the waves, will suffer less than those whose outcropping edges are
presented to the storm ; and those traversed by rents and fissures
will fall away mass by mass as they are undermined, while those
not so traversed will long resist in solid continuity. Whatever
the modifying circumstances, or whatever the rate of waste, we
see enough of wave-action along our own coasts to convince us of
the geological importance of this set of agencies, operating as they
incessantly do along the entire shore-line of the all-encircling
ocean, Tidal and other oceanic currents, though not so universal
in their operations as waves, are also important geological agents.
Sweeping with greater or less velocity along exposed shores and
over shallow shoals, they exert, like all other currents, a wasting
influence ; but it is chiefly in their powers of transport that they
manifest their action—all the debris borne into the ocean by
rivers, produced by the erosion of waves, showered upon it by
voleanoes, or arising within it from the growth and decay of plants
and animals being carried hither and thither, and assorted by
their ebb and flow.

53. By the operations of water, as described in the preceding
paragraphs, vast changes have been effected, and are still in
process of being effected, on the surface of the globe. 'There is
scarcely a country in the world which does not present numerous
glens and ravines and river-channels, all cut through the solid
strata by the action of water ; hence known as valleys of erosion
(erosus, gnawed or wasted away). The rocky matter thus ground
and worn away is borne down by every flood, in the state of mud,
sand, gravel, and shingle ; and when the water comes to rest,
these fall to the bottom as sediment (sedere, to settle or sink
down). Every person must have observed the rivers in his own
district, how they become muddy and turbid during floods of
rain, and how their swollen currents eat away the banks, deepen
the channels, and sweep away the sand and gravel down to some
lower level. And if, during this turbid state, he will have the
curiosity to lift a gallon of the water, and allow it to settle, he
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will be astonished at the amount of sediment or solid matter that
falls to the bottom. Now, let him multiply this gallon by the
number of gallons daily carried down by the river, and this day
by years and centuries, and he will arrive at some faint idea of the
quantity of matter worn from the land by rivers, and deposited
by them in the ocean. In the same way as one river grinds and
cuts for itself a channel, so does every stream and rill and current
of water. The rain as its falls washes away what the winds and
frosts have loosened ; the rill takes it up, and, mingling it with
its own burden, gives it to the stream ; the stream takes it up
and carries it to the river; and the river bears it to the ocean.
Thus the whole surface of the globe is worn and grooved and
channeled— the higher places being continually worn down, and
the wasted material carried to a lower level. As on land, so
along the sea-margin there is a perpetual conflict, as it were,
between the powers of waste and accumulation—the opposing
cliffs being gradually worn down, and the resulting debris strewn
along the shore or sea-bottom at a lower level.

54. By processes such as these, lakes ave silted up and become
marshes or plains, and estuaries and shallow seas are converted
into tracts of alluvial land. The delta of the Nile (so called from
the A, or delta-like shape of the space enclosed by the two main
mouths of that river), the sunderbunds or river-islands of the
Ganges, the swamps of the Mississippi and Amazon, are examples
of such deposits on a large scale ; but every stream and current
of water, however insignificant, is less or more performing a
similar operation. Such deposits, when examined, are found to
consist of layers of mud, vegetable drift, clay, sand, and gravel,
containing, in greater or less abundance, the remains of plants
and animals peculiar to the country through which the trans-
porting rivers flowed, and always in a notable degree the exuvie
of the corals, shells, crustacea, fishes, and other creatures, which
inhabited the sea of deposit. In this manner layers or strata of
sedimentary matter are forming at the present day, and in like
manner must they have been formed during all past ages of the
world. The present, thus, explains to us the past ; a knowledge
of the past and present enables us to foretell, in some measure, the
conditions of the future.

55. On the whole, then, it may be set down as a geological
axiom, that the tendency of all aqueous agency, whether operat-
ing as springs and rivers, or as tides, waves, and ocean-currents,
is to wear down the higher portions of the earth’s crust, and
transport the material as sediment to some lower level. This
sedimentary matter being merely floated in the current (or
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mechanically suspended, as it is termed, in contradistinction
to a ckemical solution) the moment the water assumes a state of
quiescence it begins to fall to the bottom. The heavier bodies,
as shingle and gravel, fall first, next the finer particles of sand,
and ultimately the light flocculent mud or clay. In this way we
can account for the gravelly beach of one district, the sandy shore
of another, and the muddy bottom of a third. The clayey mud of
the great Chinese rivers (borne down, it has been estimated, at the
rate of 2,000,000 cubic feet every hour) is carried far out into the
Yellow Sea, thereby giving it a name, and rapidly converting it
into a shallow basin ; the turbid waters of the Ganges, carrying
down, it is said, 700,000 cubic feet per hour, discolour for many
leagues the Bay of Bengal ; and the mud of the Amazon is ob-
servable many hundred miles out in the Atlantic. Thus, year
after year a portion of the Himalayan Mountains is deposited in
the Bay of Bengal, and the waste of the Andes strewed along the
bottom of the Atlantic, there to be re-formed into new strata, and
constitute, it may be, the material of future continents.

Organic Agencies.

56. The organic causes tending to modify the crust of the globe
are those depending on animal and vegetable growth. The term
organic (from the Greek organon, a member or instrument) is
applied to plants and animals, as being supplied with certain
organs or members for the purposes of nutrition and growth.
Their structure is said to be organic, and they are termed organ-
ised bodies in contradistinction to minerals which are inorganic,
and whose increase takes place by external additions, and not
through the instrumentality of any peculiar organs. As geo-
logical agents, vegetables and animals act either directly or in-
directly—directly in the formation of new matter, as peat-moss
and coral-reefs, and indirectly in protecting the surface from
atmospheric or aqueous waste, as in the herbage that covers
the soil. The operations of organic agency are ceaseless, and all
but universal—there being no spot on the earth’s surface, except,
perhaps, the snow-clad mountain-peak and the ice-bound islands
of the polar regions, entirely devoid of life; and even there
peculiar forms seem to manifest a periodical development. The
temperate and tropical zones, however, are the great theatres of
life— generic as well as numerical variety resulting from favour-
able conditions of light, heat, and moisture.

57. The growth and decay of vegetables are yearly adding to
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the soil, at the same time that they protect the surface from the
wasting action of rain, frost, and the like. One of the great aids
to rapid disintegration in arctic countries and in high mountain
districts is the absence of a superficial covering of vegetation—a
covering which, on the other hand, protects the tropical soil from
the wasting effects of the heavy rains which periodically fall in
these latitudes. Accumulations of plant growth form peat-
mosses, jungle-thickets, cypress-swamps, and the like; and the
spoils of forests and the vegetable drift of rivers form raft-like
masses, all of which are yearly adding to the solid matter of
the globe. Coal, as will afterwards be seen, is but a mass of
mineralised vegetation ; and, under favourable conditions, sub-
merged peat-mosses, forests, and vegetable drift, would consti-
tute similarly mineralised deposits. As familiar instances of
vegetable agency we may point to the peculiar plants (the sea-
reed, lyme-grass, sea-pine, &c.) that spring up on the newly-
formed sand-dunes by the sea-shore, and protect the surface
from being blown and scattered about by the winds; to the
peat-bogs of Ireland, Scotland, Holland, and other countries,
formed by the growth of reeds, rushes, equisetums, carex, sphag-
num, and the like ; to the pine-rafts yearly floated down by the
Mississippi ; to the cypress-swamps of North America ; to the
jungle-growth of tropical India ; and to the mangrove thickets
that bind and conserve the mud islands of the Ganges and Niger.
As vegetable growth is specially influenced by heat, light, mois-
ture, and conditions of climate, so in certain regions will its geo-
logical influence be more felt than in others. Every region,
however, has its own peculiar flora ; and such peculiarities must
have characterised less or more the vegetation of all former
epochs, according as the plants flourished under the tropics or in
the temperate zone, in the marshy swamp or on the arid plain,
under the open air on land, or under the waters at varying depths
along the shores of primeval oceans.

58. The mode in which animals tend to affect the crust of the
earth is chiefly by adding their waste secretions or coverings. It
is true that the bones and other remains of the larger animals
are often buried in the mud of lakes and estuaries—there in time
to form solid petrifactions, and to leave records of the past life of
the globe ; but such results are lithologically trifling compared
with shell-beds, infusorial accumulations, and coral-reefs. Thus
gregarious molluscs—as oysters, cockles, and mussels—live in beds
of considerable thickness, and, if entombed amid the silt of estu-
aries, will in time constitute beds of shelly limestone, like those
oceurring among the older strata, For miles along certain coasts
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we meet with thick accumulations of drifted shells : such accumu-
lations we find in all raised beaches and marine silt ; and many
of the so-called shell-marls of our ancient lakes are almost wholly
composed of the shells of lymne, paludina, planorbis, and other
fresh-water genera. The recent discoveries of the microscope
have shown that many accumulations of whitish mud in lakes
and estuaries, as well as certain deposits in bogs and valleys, now
silted up, are almost wholly composed of the siliceous and cal-
careous coverings of infusorial organisms (so called from being
abundantly found in putrid vegetable infusions). We say infu-
sorial organisms, for it is still matter of dispute among micro-
scopists how many of these minute forms of existence should
be classed with the vegetable, and how many with the animal
kingdom. Whatever their real nature, they are produced with
extreme rapidity ; and their flinty and limy cases (many thousands
of which are contained in a cubic inch), being aggregated in
countless myriads, constitute thick layers, as in the estuary of
the Elbe, in the plains of the Amazon, and in many of our own
bogs ; just as the mountain-meal (berg-mahl) of the Swedes, the
edible clay of the American Indians, and the polishing slate of
Tripoli and Bohemia, are analogous deposits of earlier dates. Be-
sides these infusorial organisms the calcareous shells of micro-
scopic foraminiferc are also adding largely to the solid or rocky
matter of the globe. In all deep-sea soundings, whether in the
Indian, Atlantic, or Pacific Ocean, the lead invariably brings up
thousands of these minute shells, and over extensive areas the
muddy deposit seems to be entirely composed of such remains.
In the North Atlantic, for example, the United States ship
“Dolphin” made many soundings, varying from 1000 to 2000
fathoms, and according to Professor Bailey, the matter brought
up by the lead “did not contain a particle of gravel, sand, or
other recognisable unorganised mineral matter, but was almost
entirely made up of the calcareous shells of minute foraminiferze.
Combining these results with others obtained from soundings in
the western portion of the Atlantic, Mr Bailey arrives at the
still broader conclusion, “that the bottom of the North Atlantic,
as far as examined from the depth of about 60 fathoms to that
of more than two miles (2000 fathoms), is literally nothing but a
mass of microscopic shells.” In treating of the older rock-forma-
tions we shall afterwards see what an important part these
minute creatures (infusorize and foraminiferse) have played in
adding to the solid matter of the globe ; and were the accumula-
tions now taking place in our seas and lakes and rivers investi-
gated with proper care, we should in all likelihood discover them
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still playing as important a part in the formation of solid rock-
matter.

59. By far the most notable, as it is undoubtedly the most
wonderful, exhibition of animal agency—or rather of animal-
chemical agency—is that of the coral zoophyte. Endowed with
the power of secreting lime from the waters of the ocean, the
coral animalcule rears its polypidom, or rocky structure ( polypus,
and domus, a house), in the warmer latitudes of every sea—and
there constructs reefs and barriers round every island and shore,
where conditions of depth and current are favourable to its de-
velopment. Many of these reefs extend for hundreds of leagues,
and are of vast thickness, reminding one of the strata of lime-
stone belonging to the older formations. The true reef-building
zoophyte is apparently limited in its range of depth, operating
only where perpetually covered by the tide, and downwards to
eighteen or twenty fathoms. Within this range it is ceaselessly
active,—elaborating lime from the ocean, and converting it into
a home for itself and its myriad progeny. Let any one examine
a branch of common ‘madrepore coral, count the number of cells
or pores in it, remember that each pore is the abode of an inde-
pendent but united being, and then reflect on the thousands of
miles of coral reef now in process of formation, and he will be
lost in wonder at the numerical exuberance of animal life. The
reef-building corals (for there are corals which live separately or
in limited groups and at vast but variable depths) are of various
families and genera—the more abundant, according to Darwin,
being the Madrepores, Astraeas, Porites, Meandrince, and Nulli-
pores at moderate depths, and the Millepores, Seriatopores, and
other delicate forms, at depths from 15 to 20 fathoms. The reef-
mass formed by their aggregate labours occurs also in all stages of
development, from the living and growing branch, to a compact
and solid aggregation of limestone, scarcely to be distinguished
from some of the softer marbles. Partaking of the elevation or
depression of the sea-bottom, and being subject to the influence
of the waves and breakers, a coral-reef is not a mere narrow
ledge composed of various beautifully-formed corals, but a barrier
of limestone more or less compact, mingled with sand, shells,
sponges, and other marine exuvie, and often presenting a surface
above the waves weathered and converted into soil capable of
sustaining a scanty vegetation.

[It is customary to speak of coral-reefs as rising from unfathomable
depths, and forming, as it were, independent islands in the expanse of
ocean. It is true that detached corals and coral-drift have been brought
up by the sounding-lead in almost every sea, and often at vast depths (Sir
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J. Ross dredged living coral up 270 fathoms in 78° S, latitude) ; but the reef-
building species seem to operate only within the limits above indicated.
Should the bottom to which they are attached partake of a gradual eleva-
tion, they build outward and seaward to deeper water; and should it be
undergoing depression, they build upward and upward without interrup-
tion, and thus present in course of ages a reef of vast extent and thickness.
On the point of depth, Mr Darwin, who has made the formation of coral-
reefs a subject of special observation and study, speaks decidedly as follows :
—¢¢ Although the limit of depth, at which each particular kind of coral
ceases to exist, is far from being accurately known, yet when we bear in
mind the manner in which the clumps of coral gradually become unfrequent
at about the same depth, and wholly disappear at a greater depth than
twenty fathoms, on the slope round Keeling Atoll, on the leeward side of
the Mauritius, and at rather less depth, both without and within the atolls
of the Maldiva and Chagos Archipelagoes; and when we know that
the reefs round these islands do not differ from other coral formations in
their form and structure, we may, I think, conclude that in ordinary cases,
'reqf—buﬂding polypifers do not flourish at greater depths than between 20 and
30 fathoms. ’——ﬁespecting the rapidity of the growth of coral we have
no very definite information. According to earlier authorities, the
growth of a coral-reef is exceedingly slow, and some observations in the Red
Sea and elsewhere would seem to favour this conclusion; but Mr Darwin,
who cites instances of a ship’s bottom being covered to the thickness of
2 feet, in twenty months—of loose masses becoming firmly cemented by new
growth in six months—and of a channel in Keeling Reef, through which
a schooner was floated, being choked up in ten years, has arrived at the
following conclusions :—*“ Ferst, that considerable thicknesses of rock have
certainly been formed within the present geological era by the growth of
coral and the accumulation of its detritus; and secondly, that the increase
of individual corals and of reefs, both outwards or horizontally, and upwards
or vertically, under the peculiar conditions favourable to such increase, is
not slow, when referred either to the standard of the average oscillations of
level in the earth’s crust, or to the more precise but less important one of
acycle of years.”]

Chemical Agency.

60. The modifying causes resulting from chemical action are
numerous and complicated. Thus, the accumulation of the coral-
reef is partly a chemical process; the operations of all mineral
springs are more or less chemical ; and many of the phenomena
connected with volcanoes and earthquakes may arise from a
similar source. The results of electric and magnetic forces,
whether operating in the atmosphere, as in thunderstorms and
the like, or silently among the solid substances of the crust, may
be regarded as coming under this head ; so that chemical agency,
though one of the least perceptible, may in reality be one of the
most general of modifying causes, Laying aside, in the mean
time,‘the changes taking place in the interior of the rocky crust
by which some strata are consolidated and hardened, others soft-
ened and dissolved away, metallic veins formed, and new com-
pounds elaborated by the union of different substances, we shall
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confine our remarks to those chemical results which chiefly appear
on the surface.

[The student should early accustom himself to look beyond the mere
accumulating effect of chemical action, and endeavour to become acquainted
with the manner in which the constituent matters of rock-substances act
and re-act upon each other. Thus, the alkalis and alkaline carbonates
attack many rocks with great facility, removing first a portion of their
silica, then a portion of their alumina, and subsequently also water, soda,
potash, lime, and magnesia. From the researches of M. Delesse, it has
been found that the action of the alkalis is greater—the larger the amount
of silica a rock contains, the less crystalline their structure, and the
less glassy quartz appears in their composition. Hence many volcanic
and trappean rocks, as trachyte, obsidian, pearlstone, &c., are rapidly
acted on, and fully 40 per cent of their mass removed by the action of
alkaline salts ; and as the waters of infiltration always contain less or more
of these salts, and as the amount increases with the depth at which the
waters percolate, and the effect is increased by increase of temperature and
pressure (as is seen in many mineral waters, geysers, &c.), there can be no
doubt that the action of the alkalis or alkaline salts plays an important
part in the chemical re-actions which take place in the interior of our
planet. Again, according to Bischoff, alkaline and earthy sulphates are
reduced by carbonaceous substances in the wet way into sulphurets. For
example, the so-called ¢ fetid gypsum” is a sulphate of lime which has
been partially converted into sulphuret of calcium by contact with organic
matter in water. If a mineral water contains sulphates, proto-carbonate
of iron, and organic matter, the conditions for the formation of sulphuret of
iron are complete, and sulphuret of iron is actually formed in this way.
As with these, so with many other instances that might (if space permitted)
be readily adduced.]

61. The formation of coral-reefs, we have said, is partly a vital
and partly a chemical process. The living matter is no doubt
secreted by the polype, but its consequent consolidation into a
compact rocky mass is the result of chemical action (through the
percolation and transfusion of carbonated waters) among the par-
ticles of lime, of which the coral is almost wholly composed. The
same sort of cohesion takes place among shell-beds and calcareous
sands, often rendering them as hard and compact as ordinary
building-stone. Deposits of limestone from what are termed cal-
careous or petrifying springs, are strictly of chemical origin, as
are also the stalactites arising from the dropping of calcareous
water from the roofs of caverns, and the stalagmites which incrust
their floors. In this way are formed porous calcareous tufa or
cale-tuff, compact calc-sinter (sintern, to drop), the travertin of
Italy, and other calcareous aggregations. As with lime, so in
like manner with flint or silex—many hot springs like those of
Iceland and the Azores depositing siliceous incrustations (silice-
ous-sinter) of considerable thickness, or permeating loose material,
and binding them together with a hard flinty cement. Clay or
alumina, sulphur, and other mineral matters, are also deposited
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largely from springs, or arise as sublimations from fissures con-
nected with volcanic action. Sulphurous mud-springs, indeed,
are quite common in volcanic districts, and are incessantly dis-
charging their contents in ravines and river-courses, or forming
wide barren tracts of hardened mud and sulphur.

62. Deposits of salt, natron, and the like, are also of chemical
origin ; and these are to be found less or more in all tropical
regions, and in many volcanic districts, Deposits of common
salt (chloride of sodium) along the flat muddy shores of India, in
the bottom of salt-lakes and the like, are familiar phenomena, and
where continued year after year must in time acquire considerable
thickness. Nitrate of soda and nitrate of potash are deposited
in like manner in the shallow lakes of Africa and Asia, and in
the deserted river-courses of South America ; while most of the
borax of commerce is derived from the lakes of Central Asia or
the lagoons of Northern Italy. Under this head also may be
classed all bituminous exudations and deposits, as petroleum and
asphalt, which either impregnate the soil and gravel throungh
which they percolate, or form independent deposits, as the pitch
lakes of Trinidad and Texas,

Igneous or Volcanic Agency.

63. The last and most important of the modifying causes to be
noticed, are those depending on igneous or voleanic agency (ignis,
fire). The operation of water, whether in the form of rain, rivers,
or waves, is to wear down the higher portions of the earth’s crust,
and transport the matter to lower localities—thus tending to
reduce all to one smooth and uniform level. This equalising
tendency of water is mainly counteracted by the operations of
fire—the earthquake and volcano breaking up, elevating, and
producing that diversity of surface so indispensable to variety in
vegetable and animal life. These two forces—the aqueous and
igneous—may be considered as antagonistic to each other, and to
them may be ascribed the principal modifications that have taken,
or are still taking place, in the crust of the globe. As the one
tends to degrade and wear down, so the other tends to elevate
and reconstruct ; and though the force exerted by either may
vary at different epochs, still the general result is the maintenance
of a habitable terraqueous surface. Igneous agency, as depend-
ing on some deep-seated source of heat with which we are but
little acquainted, manifests itself in three grand ways—viz., in
Volcanoes, in Earthquakes, and as a Gradually Elevating Force.
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In these exhibitions, igneous agency acts ckemically in the fusion
and production of new rock compounds, and mechanically in
fracturing, depressing, and elevating,

64. The effect of voleanoes is to elevate either by simple ex-
pansion and upheaval of the crust, or by the repeated accumula-
tions of matter ejected from their interior. Both of thesé modes
are abundantly evident in nature ; and one can scarcely credit the
amount of argument that has been expended to prove that vol-
canoes were either all “craters of elevation” or all “craters of
eruption,” as if the two modes were not ever coincident and con-
comitant phenomena. We can readily conceive of large areas of
the earth’s crust being fractured and borne up by volcanic force
from beneath, and in this way many of our mountain-chains and
hill-ranges have at first been formed. At certain places openings
or craters occur (so called from their cup-like form, krater a cup
or bowl), and from these are ejected at intervals molten lava,
fragments of rock, ashes, dust, hot mud, and various gaseous ex-
halations, Flowing from the crater over the surrounding country,
the lava, after cooling, frequently forms thick layers of rocky
matter, varying in compactness from hard basalt to open and
porous pumice-stone. Ashes, dust, and mud accumulate in a
similar manner, eruption after eruption adding to the height of
the mountain, and ultimately giving to it a conical form. Inthis
way have the cones of Etna, Vesuvius, and Hecla been formed ;
and in this way have these eruptions modified the surrounding
country, filling up valleys, creating crags and cliffs, enveloping
fields, and burying cities, as in the case of Pompeii and Hercula-
neum. Aswith these within the historic period, so with upwards
of two hundred others in various parts of the globe ; and looking
at many of our older hills and mountain-ranges, we discover
abundant proofs of a similar origin and mode of formation. As
yet we have spoken of volcanoes as taking place only on land ;
but we have also evidence of their occurrence in the ocean, creat-
ing shoals and islands like many of those in the Pacific. In the
one case, voleanoes are termed sub-aérial, in the other sub-agqueous.
‘When taking place under water, the volcanic discharges of lava
and ashes will be interstratified and mingled with the sedimen-
tary matter of the ocean—an occurrence we shall afterwards find
very common among the older rock-formations ; and still more
complex phenomena will be presented when the eruptions occur
among snows, and glaciers, and icebergs, as do those of Mount
Erebus in the Antarctic Ocean. On the whole, as there is no modi-
fying cause so sublime in its operations as volcanic agency, so
likewise there is none more complicated or puzzling in its results.
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Now we have outbursts of molten lava, here cooling rapidly into
a vitreous-looking mass (obsidian), there cooling slowly, and form-
ing granular and crystalline rocks, like basalt and greenstone
(trachyte) ; at another period discharging light cellular slag-stone
(pumice) ; at a third showering abroad clouds of dust and ashes
over the land and adjoining seas ; again casting forth huge rock-
masses and fragments (volcanic bombs) ; and anon giving rise to
hot springs, mud springs, exhalations of sulphur, steam, and other
gaseous products.

65. Earthquakes, which are intimately associated with vol-
canoes, produce modifications of the earth’s crust chiefly by frac-
ture, subsidence, and elevation. During their convulsions the
level plain may be thrown into abrupt heights, rent with chasms
and ravines, or even be submerged benecath the ocean. Their
general tendency is, therefore, like that of volcanoes, to diversify
the surface of the globe, and to render irregular what aqueous
agency is perpetually striving to render smooth and uniform.
During violent convulsions, extensive alterations are sometimes
produced on the face of a country ; and of such changes in South-
ern Italy, Iceland, India, the West Indies, Mexico, and other
volcanic regions, we have frequent and abundant record within
the historical era. Even within the present century, we know
that a large tract at the mouth of the Indus was submerged, while
a new district was raised from beneath the ocean ; that the coast
of Chili for many leagues was permanently elevated from six to
ten feet ; and that in the West India Islands, harbours have been
sunk, towns destroyed, and rivers changed from their former
courses. The operations of earthquakes must have been similar
in all time past, and to them must be ascribed many of the frac-
tures, dislocations, and contortions, so prevalent among the earlier
rock-formations of the globe.

66. The gradually-elevating forces connected with igneous
agency are less obvious than the volcano and earthquake, but
not on that account the less important or general. At present
it is known, from repeated observation, that the shores of the
Baltic are gradually rising above the waters, at the rate, it is
estimated, of four feet in a century ; the shores of Siberia, as well
as of all the islands within the Arctic Circle, are fringed with
numerous recent terraces; and large tracts along the eastern
and south-western coasts of South America exhibit similar up-
rises. Such uprises, not being very perceptible, are apt to be
under-estimated, or even disregarded ; but when we cast our eye
along the shores of our own island, and discover various ancient
beaches or shore-lines stretching along above the present sea-
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level, at elevations varying from ten, twenty, forty, and sixty, to
one hundred feet and upwards, we are then prepared to admit
how extensively the appearance and conditions of the globe must
be modified in course of ages by these slowly-gradual but gigantic
manifestations. |

[““At Lima,” says Mr Darwin in his Geological Observations in South
America, “ the elevation has been at least 85 feet within the Indio-human
period ; though since the arrival of the Spaniards in 1580, there has appa-
rently been a slight sinking of the surface. At Valparaiso, in the course of
220 years, the rise must have been less than 19 feet ; but it has been as
much as from 10 to 11 feet in the 17 years subsequently to 1817, and of
this rise only a part can be attributed to the earthquake of 1822, the re-
mainder having been insensible, and apparently still (1834) in progress.
At Chiloe the elevation has been gradual, and about 4 feet in four years.
At Coquimbo, also, it has been gradual, and in the course of 150 years has
amounted to several feet. The sudden small upheavals, accompanied by
earthquakes, as in 1822 at Valparaiso, in 1835 at Concepcion, and in 1837
in the Chenos Archipelago, are familiar to most geologists, but the gradual
rise of the coast of Chiloe has been hardly noticed ; it is, however, very
important as connecting together those two orders of events—viz., the
gradual and sudden.”]

67. Nor is it alone the configuration and extent of the terres-
trial surface that are affected by this process; we know that
the generic distribution of plants and animals is governed, in a
great measure, by altitude above the sea; and one can readily
perceive how such gradual uprises of the land must be gradually
changing the character and distribution of the life upon its sur-
face. Nor is it terrestrial existence alone that is influenced by
such upheavals : the sea-bottom is partaking of the same uprise,
and marine life is even more sensitive than terrestrial to changes
of depth and sea-bottom. Every zone, from the shore daily
covered by the tides to the greatest vital depths, is characterised
by its own peculiar sea-weeds and shell-fish, and these must
necessarily be influenced, in their kind and distribution, by every
elevation and submergence of the sea-bottom they inhabit. Thus,
in the British seas, naturalists point out four great zones of life—
the Littoral, the Laminarian, the Coralline, and Coral. The
Littoral lies between high and low water mark (varying in extent
according to the rise and fall of the tide and the shallowness of
the shore), and is characterised, as the bottom may be rocky,
sandy, or muddy, by such mollusca as the periwinkle, limpet,
mussel, cockle, razorshell, &e., and by such plants as the bladder-
wrack, dulse, and carigeen. The Laminarian commences at low-
water mark, and extends to a depth of from 40 to 90 feet, and is
characterised, as its name implies, by the broad waving sea-tangle
and larger algae, by star-fishes, the common echinus, by tubularia,
modiola, and pullastra. The Coralline extends from 90 to about
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300 feet in depth, and is, in our latitudes, the great theatre of
marine life; the common sea-weeds cease, and corallines luxuriate ;
the ordinary shore shells disappear ; and buccinum, fusus, trochus,
venus, pecten, and the like, abound. The Coral zone, as its name
implies, is the region of the calcareous and stronger corals, and
extends from 300 to 600 feet—a depth rarely found in true British
seas—but where found characterised by forms of star-fish, cidaris,
and brachiopod mollusca, which cannot exist in shallower waters.
Any derangement, therefore, of these zones caused by volcanic
or earthquake disturbance—whether sudden or gradual—would
necessarily be followed by a change in their fauna and flora,
perhaps by a total extinction of many genera and species from
these waters, As along our own shores, so all over the globe—
the laws of organic development and distribution vary with ex-
ternal physical conditions ; and with the numerous causes which
may alter and modify these conditions, the student of geology
cannot too soon render himself familiar, 3

NOTE, RECAPITULATORY AND EXPLANATORY.

68. In the preceding chapter we have given a general outline
of the causes now tending to modify the crust of the earth ; that
i, of the principal agencies concerned in the production of all
geological change. These, we have said, are the Atmospheric,
the Aqueous, the Organic, the Chemical, and the Igneous or
Volcanic. By one or other of these agencies, or by a combina-
tion of them, are all the changes now taking place on the
globe effected ; and as we are warranted in concluding that
these agents have similarly operated through all previous time,
80 to them must be ascribed the formation and structure of
the solid crust. Rains, winds, and frosts must have always
weathered and worn down ; springs, streams, and rivers must
have always cut for themselves channels, and transported the
eroded material to lakes and seas, there to be spread out in
layers or strata ; and in these accumulations must the remains
of plants and animals have been entombed, some swept from the
land, and others buried as they lived in the waters. In this way,
and by calling in the aid of chemical and organic agency to ex-
plain the occurrence of certain mineral deposits and accumula-
tions of vegetable and animal growth, we can account for the
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formation of all rocks which occur in layers or strata. On the
other hand, as volcanic agency now breaks up the crust of the
earth, elevating some portions and submerging others, and anon
casting forth, from rents and craters, masses of molten matter,
and showers of dust and ashes, so in former times must the same
agency have fractured and contorted the solid strata, and cast
forth molten matter, which, when cooled down, would form rock-
masses, in which no layers or lines of deposit could appear. Be-
sides modifying the earth’s crust by upheaval and disruption,
volcanic agency also produces a peculiar class of rocks; and
these are found abundantly in all regions, from the recent lavas
of Etna and Vesuvius, to the basalts, greenstones, and granites of
our own hills,

69. We have thus, on and within the globe, a variety of agents
ceaselessly active, and ceaselessly productive of change. The re-
sult of their operations is, and has ever been, the production of
new rocks and new. rock-arrangements ; and the more we know
of the operations, the better will we be able to appreciate their
results. In the words of Sir Henry De La Beche : “ As geolo-
gical knowledge advances, the more evident does it become that
we should first ascertain the various modifications and changes
which now take place on the surface of the earth, carefully con-
sidering their causes, and then proceed to employ this knowledge,
g0 far as it can be made applicable, in explanation of the facts seen
in connection with the geological accumulations of prior date. This
done, we should proceed to view those not thus explained, with
reference to the conditions and arrangements of matter which the
form of our planet, the known distribution of its heat, the tem-
perature of the surrounding space, and other obvious circum-
stances, may lead us to infer would be probable during the lapse
of geological time.” Than this there is no other key to the inter-
pretation of the terrestrial record ; and to ascribe what we caunot
thus explain to “ catastrophes,” “ cataclysms,” and “revolutions
of the globe,” is but to confess our inability to comprehend the
phenomena in question. Law is operating everywhere, and where
we fail in tracing its connection, it is better to rest satisfied with
a faithful description of facts, than do violence to nature by ap-
peals to the reign of disorder and confusion. The student cannot,
therefore, pay too much attention to this department of his science ;
and luckily for his progress it is treated in admirable detail by Sir
Charles Lyell in his Principles of Geology, and by Sir Henry De
La Beche in his Geological Observer —works devoted exclusively
to a consideration of the operations and changes now taking place
on the crust of our planet.

D



IV.

GENERAL ARRANGEMENT AND RELATIONS OF THE MATERIALS
COMPOSING THE EARTH'S CRUST.

_ 70. TuE terrestrial crust accessible to human research is com-
posed of solid substances, all known to the geologist by the name
of rocks—these rocks the products of the operations described in
the preceding chapter. No matter whether in the state of soft
‘and yielding clay, of incoherent sand and gravel, of dull earthy
chalk or sparkling crystalline marble, of friable sandstone or of
the hardest granite—all are spoken of as “rocks” and “ rock-for-
mations.” In this sense the term rock is purely technical, and
differs from the ordinary application of the word, which refers
more particularly to hard and indurated masses. The crust of
the earth, then, from the superficial soil to the limit of the
greatest accessible depth, consists of rocks; and to ascertain
how these are arranged, of what they are composed, and what
their general distinguishing features, is the object of the pre-
sent chapter. It must be obvious that without such know-
ledge it would be impossible to make any systematic classifi-
cation of these materials, so as to arrive at definite notions
respecting the causes and conditions that prevailed on the crust
of the globe at the time of their formation.

Stratified or Sedimentary Rocks.

71. Judging from the operations of the modifying causes ex-
plained in the preceding chapter, one would naturally infer that
all matter deposited as sediment from water will be arranged
in layers along the bottom. Fine mud and clay readily arrange
themselves in this manner, and sand and gravel are also spread
out in layers or beds more or less regular. In course of time a
series of beds will thus be formed, lying one above another in
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somewhat parallel order, thicker, it may be, at one place than
another, but still preserving a marked horizontality, and showing
distinctly their lines of separation or deposit. Thus the miscel-
laneous debris (a convenient French term for all waste or worn
material, wreck or rubbish) borne down by a river will arrange
itself in such layers along the bottom of a lake—the shingle and
gravel falling first to the bottom, next the finer sand, and, lastly,
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the impalpable mud or clay, as represented in the preceding dia-
gram. As in lakes, so also in estuaries and seas ; and as by the
agency of rivers, so in like manner by the action of waves, tides,
and ocean currents, which are ceaselessly abrading the sea-coast
in one district, and transporting the debris to another, where it
is spread out in layers, all less or more horizontal. In process of
time, according to the matter of which they are composed, the
degree of pressure to which they are subjected, and the amount
of chemical change their particles may undergo, these layers be-
come hard and stony-—sand being consolidated into sandstone,
gravel into conglomerate, mud into shale, and so on of other
ingredients. As at present so in all time past, similar deposits
in water must have taken place ; and one cannot examine the
face of a quarry, a sea-cliff, or railway-cutting, without observing
how very generally the rocks are arranged into beds and layers.
These layers are technically known as strata (plural of stratum,
strewn or spread out); hence all rocks arranged in layers—that
is, arising from deposition or sediments in water—are termed
aqueous, sedimentary, or stratified. Here, then, we have one
great division of the rock-materials composing the crust; namely,
those arranged in strata, and hence presumed to have derived that
arrangement from the ordinary sedimentary operations of water.

Unstratified or Igneous Rocks.

72. On the other hand, when we examine the rocky matter
ejected from voleanoes, we observe no such lines of deposit, and
no such horizontality of arrangement. In general, they burst
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through the stratified rocks, or spread over them in mountain
masses of no determinate form—here appearing as walls, filling
up rents and chasms—there rising up in huge conical hills—and
in another region flowing irregularly over the surface in streams
of lava, which, when cooled, form a rock less or more compact,
and not unfrequently of erystallised texture. When such rocks
are quarried or cut through, they do not present a succession of
layers or strata, but appear in amorphous masses ; that is, masses
of no regular or determinate form (e, without, and morphe, form
or shape). Thus, in connection with the stratified rocks, they
present something like the aunexed appearance,—A A A being
stratified or sedimentary rocks lying bed above bed ; BB being the
igneous, rising up through them in massive and irregular forms.
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Stratified and Unstratified Rocks.

Referring to their origin, they are spoken of as igneous or vol-
canic ; and in contradistinction to the aqueous rocks, they are
termed the unstratified. We have thus, in the crust of the globe,
two great divisions of rocks,'the STRATIFIED and UNSTRATIFIED—
the one depending on the operations of water, the other resulting
from the operations of fire ; and, as we shall afterwards see, to
one or other of these divisions do all rock-formations belong, how-
ever much broken up, displaced, and contorted, or how great so-
ever the changes that have subsequently taken place in their
mineral composition.

[In the earlier geological works.the student will find the terms stratified,
sedimentary, aqueous, and Neptunian (Neptune, god of the ocean), indis-
criminately applied to such rocks as evidently owe their origin to the
operations of water; and, on the other hand, unstratified, erupteve, igneous
or pyrogenous, and Plutonic (Pluto, god.of the lower regions), applied to

those that have resulted from the operations of fire, or are the products of
igneous fusion.]

Relations of Stratified and Unstratified Rocks.

73. Having been spread or strewn over the bottom of seas and
lakes in the state of sediment, the original position of the stratitied
rocks must have necessarily been less or more horizontal. A bed
of mud, for example, may be thicker in one part than in another,
or it may thin out and altogether disappear, its place being taken
by a deposit of sand or gravel ; but still its general deposition is
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flat or horizontal. The stratified rocks, when broken up by earth-
quakes and voleanoes, will lose this horizontality, and be thrown:
into positions more or less inclined and irregular. Nay, by the
violent and repeated operation of volcanic forces, they may be
thrown on edge, may subside in basin-shaped troughs and hol-
lows, or be bent and contorted in the most strange and fantastic
manner. Such appearances are frequent in sea-cliffs, in the sides
of ravines, in railway-cuttings, and in quarries; and geologists
speak of 'such faces or exhibitions of strata as sections—that is,
cuttings through, exhibiting the order of relation among the
several strata. The following section, for instance, exhibits
strata at A in a horizontal position ; at B in an <nclined posi-

Horizontal and Inclined Stratification.

tion ; at C in a highly inclined position, or on edge ; and at D,
thrown or tilted up. The angle or slope at which a stratum
inclines to the horizon is called its dip ; and strata are accord-
ingly said to dip at an angle of ten, twenty, or thirty degrees, as
the case may be. When an inclined stratum comes to the sur-
face, as at E, its edge is called the outcrop, and the line of outerop
is termed its strike. Thus we speak of the strike of a stratum
being from east to west, and its dip to the north or south ; in
other words, the dip and strike are always at right angles to
each other ; hence the one being known, we can readily deter-
mine the course of the other. In the preceding illustration, the
strata, though dipping at various angles, are all plane or straight;
that is, the disturbing forces have merely broken up their original
horizontality without producing any bendings, flexures, or con-
tortions.

74. When strata dip in opposite directions from a ridge or line
of elevation, like the roof of a house, as at F, the axis is said to
be anticlinal (anti, opposite, and clino, I bend), and the strata are
spoken of as forming an anticline or saddleback. Oun the other
hand, when they dip towards a common line of depression, as at
G, the axis is termed synclinal (syn, together), and the depression
so formed is described as a trough or basin. When strata are
bent and curved, as at H, they are termed contorted ; and fre-
quent bendings are spoken of as flexures. Strata lying upon each
other in parallel order are said to be conformable ; but when one
set overlies another set, and at a different angle, as at K, they are
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termed wunconformable. In the accompanying diagram, for ex-
ample, the horizontal series K are unconformable to, or rest un-

Unconformable, Bent, and Contorted Strata.

conformably on, the highly inclined series beneath them. When
the same set of strata are bent into numerous troughs and ridges,
or undulations, they are said (not very correctly) to roll ; and
when one portion of the same series is thrust or earried forward
over another portion, it produces what is termed an overlap. In
some instances an overlap is apt to be mistaken for unconforma-
bility, though the two are very different phenomena—the one
being an overlie of a portion of the same beds produced by
fracture and disturbance, the other an overlie produced by the
deposition of a newer set of strata over the outcrops of an up-
turned one of earlier date.

75. When strata terminate abruptly in a bold bluff edge, they
are said to form an escarpment (Fr. escarpé, steep), as at L ; and
guch escarpments may either be the sides of hills, sea or river
¢liffs, or precipitous heights now far removed from the influence
of water. Patches or masses of strata detached from the main
body of the formation to which they belong are termed outliers,
as at M M ; and such outliers are often widely separated from

Escarpment—Qutlers,

their original connection. In all cases of this kind, whether the
outliers be an island detached from the parent continent, or an
isolated mound in a valley, its connection is traced and confirmed
either by the mineral similarity and succession of its strata, or
by the identity of its fossils with those contained in the main
formation.

76. Rocks of igneous origin present themselves in the crust of
the earth, either as desrupting, interstratified, or overlying masses.
Thus, when igneous matter forces its way through the stratified
rocks, and fills up the rents and fissures, it is termed disrupting,
as at A ; when, having passed through the strata, it spreads over
their surface in sheet-like masses, at at B, B, it is then said to be
overlying ; and when these discharges have taken place at the
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bottom of the sea, and have been in turn covered over by new
deposits of sediment, they then appear as interstratified with the
true sedimentary rocks, as at C,C. Occasionally the interstratified
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Overlying, Interstratified, aad Disrupting Masses.

matter appears to have been ejected in the state of dust and ashes,
and to have subsided as sediment in the ocean, there to be covered
up by true aqueous debris ; but in such cases an examination of
the particles of the rock will generally determine its igneous origin.
In true aqueous rocks the component particles are all more or
less water-worn and rounded ; in these igneous precipitates, the
particles are sharp and angular, and in many instances their
erystallographic forms are abundantly apparent. Further, true
aqueous clays and muds are all less or more plastic ; whereas
volcanic ash and dust feel harsh to the finger, and have lost their
plasticity, or property of being worked into a tenacious paste. On
the other hand, where volcanic dust and mud have mingled them-
selves with the sedimentary matter of the ocean, and been subse-
quently consolidated into strata, it is often impossible to dis-
tinguish between such compounds and rocks of true aqueous
origin ; and for all practical purposes they may be regarded as
ordinary sedimentary rocks,

77. The fissures and fractures produced in the rocky crust by
volcanic agency are known by such terms as faults, slips, hitches,
&e. ; and when filled up by injections or infiltrations of mineral
matter, they are spoken of as dykes, lodes, veins, &. In the
annexed diagram, A. represents a simple slip or hitch where one
portion of the strata appears to have slipped down, while another

8lip, Fault, Dyke, and Veins.

portion has been hitched up; B represents a fault, where the
strata are not only displaced, but thrown up at different angles ;
C a dyke, where the fissure has been filled with igneous matter,
in the form of a dyke or wall ; and D a suite of lodes or veins
passing partly through unstratified and partly through stratified
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rocks. All such displacements or disturbances by which the
strata are fractured or thrown out of their original position
are known by the general term dislocations ; and there is
scarcely a square mile of the solid crust which does not bear
abundant evidence of the application of disturbing forces. In-
deed, it is impossible that upheavals or submergences of any
portion of the earth’s crust can take place without causing
fractures and dislocations ; and just in the manner and direc-
tion in which the volcanic force exerts itself, so will these dis-
locations be few or numerous, simple or complicated. As we
shall have occasion to advert to the special aspects of these pheno-
mena when we treat of the Practical Applications of the science,
the student at this stage need only remember that the tendency
of every earthquake and voleano is to rend and shiver the solid
strata ; that where the shock is unaccompanied by discharges of
igneous matter, the fissures will simply be slips and faults ; that
where it is accompanied by igneous discharges, the molten matter
will force its way through, and fill up the fissures, producing
dykes ; and that where the rents are subsequently filled up by
infiltrations of mineral and metallic matter, the result will be
lodes and veins.

78. To ascertain the dip and strike of strata, the lines of faults
and dislocations, the direction of veins, and the like, the observer
must carry along with him a pocket-compass and clinometer. In
fact, without these simple instruments he cannot unravel the
arrangement and relations of the strata in any district of coun-
try, however limited ; and no satisfactory knowledge of super-
position can be arrived at without correct and absolute sections.
Thus the compass will readily indicate the bearings of faults and
dislocations, the strike of strata, the direction of the dip, and
other similar relations ; and by ascertaining these facts at
several points in any district, the relations of the intermediate
portions which may be obscured by superficial coverings, can be
pretty accurately determined. Again, by the clinometer (clino,
I slope, and metron, a measure)}—which may form the frame-
work of the compass, and may consist of a square and plummet,
or of a spirit-level and movable arm with a graduated radius—
he can ascertain the angle of dip at any one point, and so deter-
mine the various upthrows and downthrows, the depressions,
elevations, and convolutions to which the district under sur-
vey has been subjected. (See Cmap. XX.) If, for example, in
travelling across a country, he finds the rocks at a certain point,
A, dipping to the south, and after proceeding a few hundred yards
he finds them at B dipping to the north, he may safely conclude
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that the space between forms a trough or basin, Again, if
travelling southwards in the same direction he finds the strata

e

at C now dipping to the south, he may be certain that the space
between B and C is occupied by an anticlinal axis or saddleback.
Still, going southwards, if he finds in some quarry, as at D, the
strata continuing their southward dip, but at an angle of 60°
instead of 20° as at C, then he may be pretty sure dislocation
has taken place, and would be justified in indicating the same on
his map or section. Such a line of examination forms what is
called a line of section; and a vertical section of the strata passed
over might be represented as follows :—

(S

Tt is by such processes (explained at length in another section)
that the geological survey of a district is executed ; the various
formations being indicated by different colours; the strike of
strata indicated by dark lines ; the dip by arrows ; and the in-
ternal arrangement and superposition by sections taken along
such lines as the surveyor thinks best calculated to illustrate the
peculiar structure of the country.

NOTE, RECAPITULATORY AND EXPLANATORY.

79. The object of the foregoing chapter has been to point out
the arrangement and relations of the materials constituting the
crust of the globe. The general tendency of aqueous action,
wherever it manifests itself, is to wear down the rocks of exposed
localities, and to transport the debris or waste material to the
lower level of lakes, estuaries, and seas—there to be spread out,
with greater or less regularity, in layers or strata. The tendency
of igneous action, on the other hand, is to counteract this degrad-
ing effect—to throw up masses of new rock-matter, to elevate the
land, and to produce new irregularities of surface by fracture and
dislocation of the crust. Ascribing similar results to similar
causes, and reasoning from the recent to the more remote, we
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find the same sort of arrangement and relations subsisting among-
the older and deeper-seated rocks of the globe. Wherever a sec-
tion of the crust has been exposed, whether in natural cliffs and
ravines, or in artificial quarries and mines, the rocks are found
to be arranged either in layers or in indeterminate masses.
Those arranged in layers have been evidently formed by the
agency of water—those in shapeless masses by the agency of fire.’
Referring to their origin, the one set are termed the stratified,
aqueous, or sedimentary—the other the unstratified, igneous, or
volcanic. As a natural consequence of their formation, the
igneous rocks break through, displace, and derange the original
horizontal strata, which now appear inclined at various angles,
fractured and contorted. The positions of the stratified rocks
are indicated by such terms as plane, inclined, on edge, anti-
clinal, synclinal, bent, and contorted. Their dip or inclination is
measured in reference to the horizon ; their strike or line of out-
crop is traced along the surface. The positions of the igneous
rocks in reference to the stratified are spoken of as disrupting,
overlying, and interstratified ; and the fractures or rents caused
by voleanic convulsion, as fissures, faults, dykes, and veins.

80. It is necessary to have a thorough comprehension of these
terms, and the phenomena to which they are applied, before the
student can hope to unravel the problems of geology. They occur
in every description he will read ; and he cannot make his own
observations intelligible to others unless through the medium of
the language peculiar to his science. As will hereafter be seen
(Crar. XX.), when treating of practical surveys, the ascertaining
of the correct dip and strike of strata, and the direction of faults,
dykes, and veins, is a matter of prime importance ; and the student
should, therefore, early accustom himself to the use of the com-
pass and clinometer — entering into his note-book sections and
sketch-maps of every locality he examines. In using the compass,
he should be careful, in every instance, to make allowance for the
variation of the needle—laying down his bearings by the true
meridian rather than by the magnetic, which cannot be so readily
compared and harmonised with the results of common observa-
tion. As to the clinometer, he should aim chiefly at taking the
general dip of the strata in question, and endeavour always to
obtain as long a surface as possible whereon to apply the edge of
his instrument. For this purpose his cane or hammer-shaft laid
along the slope of a stratum will afford a more accurate line of
dip than can be obtained by the short edge of the clinometer on
any two or three inches of the stratum itself.
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81. In noting the purely physical arrangement of the materials
composing the rocky crust—that is, the relative positions of the
stratified and unstratified masses—the student cannot avail him-
self of more accessible book-guides than the Geological Observer
of De La Beche, and the prettily illustrated Physical Geology of
Mr Beete Jukes. The latter work, illustrated by the pencil of
M. Du Noyer, exhibits very faithfully the more important aspects
of the various rock-relations, and will serve as a model to the
young geologist, who should early accustom himself to the use of
his pencil and sketch-book.



V.

COMPOSITION AND CHARACTERISTICS OF THE PRINCIPAL ROCKS
AND ROCK-MASSES.

82. Ix the preceding chapter it has been stated that the crust
of the earth is composed of stratified and unstratified rocks—the
former the results of sediment in water, the latter the products
of igneous fusion. It was also shown how the stratified rocks
were broken up, displaced, and thrown out of their original hori-
zontality by volcanic action ; and how the igneous rocks were con-
sequently intermingled with them in the form of disrupting, inter-
stratified, and overlying masses. The relations of these two great
classes of rocks to one another, and the technicalities employed to
describe these relations, having been mastered by the student, he
has next to acquaint himself with the structure, external charac-
teristics, and composition of the principal rock-masses, that he
may be enabled to comprehend their origin and mode of forma-
tion. The terms employed to describe these characteristics may
be regarded as the language of his science—a language somewhat
peculiar, but by no means difficult of attainment.

Structure and Texture of Rocks.

83. The structure of a rock refers to the manner in which it is
piled up or aggregated in the mass; its fexture, on the other
hand, refers to the manner in which its individual particles are
internally arranged. The former relates more especially to exter-
nal aspects ; the latter to internal constitution. On examining
the face of a granite quarry, for instance, we find the rock arranged
in large tabular or square-like masses—this is its structure; on
breaking one of these blocks we find it hard, close-grained, and
crystalline—this is its texture. The termsemployed to designate
the external structure are not very numerous, and their meaning
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is familiar and obvious. Thus, speaking of stratified rocks,
geologists employ the terms stratum and bed when the deposit is
of considerable thickness ; layer or pand when it is thin and
holds a subordinate place among the other beds ; and seam when
a rock of a peculiar character occurs at intervals among a series
of strata. The miner, for example, speaks of a seam of coal occur-
ring among strata of clay and sandstone, and of a band of iron-
stone occurring in a bed of shale. Though the terms bed and
seam are thus loosely used by many geologists as synonymous
with layer and stratum, bed ought to be applied only to the sur-
face junction of two different strata, and seam to the line of
separation between them. Thus, the upper surface of a stratum
may be smooth, or it may be rough and irregular, and the under
surface of the stratum laid above it must partake of this smooth-
ness or this irregularity : this is bedding ; the line that marks
this separation between two strata is the seam. The term post
is frequently applied to express a thick, uniform-grained stratum
of sandstone ; and faukes, a thin-bedded shaly sandstone of irregu-
lar composition ; but the use of all local designations should be
scrupulously avoided as long as we have general and well-under-
stood terms capable of expressing the same thing.

84. When certain kinds of strata are capable of being split up
into thin plates or leaves, they are said to be laminated, flaggy,
Jfissile, and shaly. For instance, many sandstones and limestones
show distinctly the layers of successive deposit, often as many as
twenty of these laminse in a single inch of thickness, and such
are said to be laminated ; others again, as the sandstones used in
paving, are termed flags and flagstones, as splitting up in thicker
layers ; while any rock capable of being split up, whether in the
line of bedding or otherwise, is said to be fisstle. Clays and clayey
beds, in their ordinary state, are soft and plastic ; when consoli-
dated, and having a tendency to split in the direction of their
bedding, they are said to be shales or shaly. The terms schist
and schistose (from the Greek schisma, a splitting or division) are
properly applied to fissile rocks of erystalline texture, like gneiss
and mica-schist, which have an irregularly laminated texture ;
while slate and slaty should be restricted to rocks, which, like
roofing-slate, split up regularly, and this in lines generally trans-
verse to those of stratification. The terms foliation and foliated
(often used when treating of schists and slates) refer to that
internal leaf-like texture ( foliwm, a leaf) which has often an ex-
tremely flexured aspect, as if the individual laminz of the rock
had been bent and folded over each other.

85. The structure that prevails among igneous rocks is less
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varied and more definite than that of the sedimentary, and
appears in many instances to be the result of cooling, or crystal-
lisation on a great scale. 'When they appear in columns, like the
basalts of Staffa and the Giant’s Causeway, they are said to be
columnar ; and when the columns are irregular, and not very
distinct, they are termed sub-columnar. Certain greenstones and
granites break up in large square-like blocks—a structure which
is styled tabular or cuboidal ; other rocks of the same classes
break up in masses of no regular shape, and are consequently
termed massive or amorphous. Many greenstones present a
spherical or globular structure, the weathered cliffs of such a rock
appearing like a huge accumulation of bombs and balls varying
from a few inches to several feet in diameter. Such a structure,
from its apparent aggregation round a common centre, is also
termed concretionary, and generally exfoliates, on exposure to the
weather, film after film, like the coats of an onion.

86. The internal texture of rocks is designated in like manner
by terms expressive of the appearance they present when broken
by the hammer. Thus, a rock is said to be granular when made
up of distinet grains or particles, like granite ; saccharoid (like
loaf-sugar) when the grains have a uniform crystalline aspect, as
in many statuary marbles ; porous when full of pores or of open
texture, like pumice ; vesicular or cellular when full of little
cavities, like certain kinds of lava ; fibrous when composed of
fibres or filaments, like asbestos ; and acicular (acus, a needle) or
needle-shaped when the fibres are distinct and of moderate length,
as in actynolite slate. Conglomerates are rocks composed of
water-worn pebbles—in other words, consolidated gravel ; and
breccias, or rocks of breccialed texture, are those in which the
fragments are sharp and angular, from the Italian word breccia,
a crumb or fragment. When a rock can be easily broken or
crumbled down, it is said to be friable ; compact when of close
and firm texture ; earthy when the texture issoft and dull ; crys-
tallised when made up of distinctly-formed crystals ; crystalline
when sparkling and shining, but not composed of distinet crys-
tals ; and sub-crystalline when the lustre is dull and somewhat
less apparent.  HHard and soft are employed in geology as in
everyday language, with this distinction, that a rock may be hard
and yet easily broken (brittle) ; soft, and yet not yield readily to
the hammer. To express this quality, the term fough is generally
employed ; but these and other minute distinctions belong rather
to mineralogy than to geology. Generally speaking, the harder
rocks give a sharp, ringing sound under the hammer, while the
softer give a dull and heavy one ; hence the expressive pif, paf,
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pouf of the Caen quarrymen—pif signifying hard, paf softer, and
pouf the softest of all.

Mineral and Chemical Composition of Rocks.

87. The composition of the rocks constituting the crust of the
globe may be viewed in two ways—either chemically or mineral-
ogically. To the chemist, every substance in nature appears as
composed of certain primary elements; and of such elements
about sixty have been discovered—some gaseous, some liquid,
some solid, some metallic, and others non-metallic. In examin-
ing a piece of marble, for example, the chemist resolves it into
carbonicacid and lime ; or, more minutely,into oxygen, carbon, and
a metallic element called calcium. It is enough for the mineral-
ogist, on the other hand, to know that it is a limestone, and to
describe it as pure or impure, as soft or compact, as earthy or
crystalline. The geologist, again, regards more especially its posi-
tion and mode of occurrence, with what rocks it is associated,
what fossils are imbedded in it ; and from these and other data
endeavours to arrive at the conditions under which it was formed,
and the aspect of the world at the time of its formation. In draw-
ing such conclusions, he is greatly aided by the deductions of che-
‘mistry and mineralogy ; hence the importance of these sciences
to the practical geologist.

88. Although the minuter distinctions of minerals, and the
crystals of which they are composed, belong more especially to
the’ sub-science, Mineralogy, still, as the descriptions of geology
become intelligible only in proportion to the precision of the
language employed, the student should render himself familiar,
by an examination of actual specimens, with the leading facts
relating to the cleavage, fracture, hardness, lustre, colour, and
other sensible properties of the most abundant simple minerals.
This forms, as it were, his first step in mineralogy : the discrimi-
nation of the minerals themselves, and the compound rocks they
produce, constitutes another and more difficult stage of his pro-
gress. When we strike a crystal of calcareous spar, for instance,
we find it has a tendency to split in a certain fixed direction—this
is its cleavage ; and every mineral has a plane in which it splits
more readily than in any other direction. When a rock or mineral
is broken by the hammer, the surface of the fracture assumes a
certain appearance, and such appearances are distinguished by
the terms conchoidal or shell-like, even, uneven, smooth, splintery,
hackly, &c.; these constitute. the form of its fracture. ~The
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hardness or tenacity of a mineral is estimated by a conventional
scale of ten degrees, assuming tale to be the lowest in the scale,
and diamond the highest. Thus—

Tale, 4 5 3 1 Adularia felspar, g 6
Rock-salt, . o 5 2 Rock-crystal, . : 7
Calc-spar, . % 3 Topaz, . 8 . 8
TFluor-spar, . . o 4 Corundum, o . 9
Apatite, or phosphate of lime, &5 Diamond, . d 3 ()

If, for example, a mineral can be scratched by rock-crystal, but
can in turn scrateh felspar, it is evident its hardness lies between
6 and 7 of the scale, and may be represented by 6.3 or 6.8, just as
it seems to approach felspar on the one side, or rock-crystal on
the other. As to tenacity, it is closely allied to hardness, and is
usually distinguished by such terms as tough, sectile or easily
cut by the knife, britile, flexible, and so forth. The property of
lustre is likewise distinguished by the ordinary English terms,
dull, glimmering, glistening, splendent or shining, metallic, vitre-
ous or glassy, resinous, pearly, and the like—all very obvious in
their meaning and application. Minerals, and the rocks which
they compose, exhibit every shade of colour, and this property,
though distinguished by the usual terms, black, red, green, grey,
yellow, &e.—with the innumerable shades between—is often an im-
portant one in mineral discrimination. Their optical properties,
or power of transmitting and reflecting light, are also valuable
characteristics, some being transparent, some simply translucent,
and others opaque. As with these, so with other properties con-
nected with refraction, polarisation of light, with electricity and
with their specific gravities, which are all useful distinguish-
ing tests and characteristics to the geologist, as well as to the
mineralogist.

89. In treating the simple minerals of which the great rock-
masses are composed, the pure mineralogist has to consider many
minute distinctions which have often no immediate bearing on
the problems of geology. He has to attend, for instance, to mi-~
nute differences in chemical composition, to modifications of crys-
tallographic form, and generally to all the properties and charac-
teristics described in the preceding paragraph. In doing so, he
has to establish, provisionally it may be, many hundreds of genera
and species ; hence to a certain extent the complexity and im-
perfections of his nomenclature and classification. Of these mine-
rals, however, not more than thirty or forty enter largely into the
composition of the most prevalent rock-masses; and for all the
ordinary purposes of geology, and especially for the requirements
of the beginner, a knowledge of these will be amply sufficient. A
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descriptive list is given at the close of this chapter, and he who
can readily discriminate the rocks and minerals to which it refers,
has already acquired no mean amount of mineralogical informa-
tion, Half a century ago, Geology was little more than an ela-
borate and extended description of rocks and rock-relations, the
successive aspects of World-History as unfolded by the remains
of plants and animals in the different formations being almost
unknown, and the higher problems of Life and its creational
progress subordinated to ingenious but futile attempts to arrive
at a “Theory of the Earth” from a consideration of its mere
mineral constituents. Notwithstanding this grand mistake, the
student must on no account learn to underrate the value of
Mineralogy as a branch of geology. The more extensive his
acquaintance with mineral species, the more accurate will be
his geological deductions ; and the presence or absence of certain
mineral forms will often throw light on his investigations, when
fossil and mechanical aids have failed to inform him.

90. Respecting the chemical composition of rocks, little need
be said in an elementary treatise. As with the mineralogical, so
with the chemical aspects of geology: although the chemist re-
solves all known substances into some sixty-three elements or
primary ingredients, yet of these comparatively few enter largely
into the composition of the crust. To be acquainted with these
principal ingredients, their nature and properties, and the ex-
ternal character of their compounds, is nearly all the geologist
requires. To him, a limestone is a product of fresh water or of
marine origin, according to the nature of its fossils ; to the mine-
ralogist it is a carbonate of lime, earthy, compact, or crystalline,
as the case may be ; and to the chemist it is a compound of calcium,
carbon,and oxygen. Again, to the geologist, granite is an igneous
rock, eruptive or disruptive, associated with rocks of every for-
mation, or passing in veins through strata of different epochs.
The mineralogist regards it as a compound of three simple mine-
rals, quartz, felspar, and mica, in certain forms and modes of
aggregation. The chemist now takes up these simple minerals
and resolves the quartz into silica, the felspar into silica, alumina,
and potash, and the mica into silica, magnesia, potash, lime, and
peroxide of iron ; or, carrying out an ultimate analysis, he con-
verts the silica into silicon and oxygen, the alumina into alumi-
nium and oxygen, the potash into potassium and oxygen, the
magnesia into magnesium and oxygen, the lime into calcium
and oxygen, and the peroxide of iron into iron and oxygen. Re-
presented in a tabular form, these geological, mineralogical,

E
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and chemical aspects of granite appear as under :— -

Quartz, Silica, { %’;‘;;2,3
( Silica, {%l)lllycggu
Felspar, Alumina, { ég;xz;ﬁmm.
Potash, { E‘;t;‘;:;“m
ye S l
Granite, Silica, { 01 xlycg;n
i Magnesium.
Magnostn, { Oxygen.
Mica, Potash, { git;;:;xm
Li Calcium,
me, g
Peroxide of Iron, {gg}gen

Geological, mineralogical, and chemical considerations are thus
inseparably interwoven ; and hence the value of chemical know-
ledge in enabling the student to arrive at correct conclusions
respecting the origin of many rocks and the subsequent changes
they have undergone. For this purpose he does not require to
spend years in the laboratory ; it is enough if he can appreciate
the conclusions of the chemist and know how to apply them.

91. Chemistry, we have stated, has already resolved all objects
in nature—whether mineral, vegetable, or animal ; solid, liquid,
or aériform—into sixty-three elementary or ultimate substances,
Of these only a few enter largely into the composition of the
earth’s crust; and of the others many are extremely rare, or
only evolved from their natural unions by chemical analysis. In
the following list the most important (geologically speaking) are
printed in capitals, their characters being given as under the
ordinary pressure and temperature of the atmosphere :—

G'ases—HYDROGEN, OXYGEN, nitrogen, CHLORINE, and FLUORINE,

Non-Metallic Liquids and Solids—Bromine, iodine, SULPHUR, PHOS-
PHORTUS, selenium, CARBON, boron, SILICON,

Metals being the bases of the Earths and Alkalies—POTASSIUM, SODIGM,
lithium ; barium, strontlum, CALCIUM ; MAGNESIUM, ALUMINIUM,
thonum glucxmum, zirconium, yttrmm

The .Metals—MANGANESE, ZINC, IRON TIN, cadmium, COBALT, NICKEL ;
ARSENIC, CHROMIUM, vanadium, molybdenum tungsten, co]umbmm,
ANTIMONY, uranium, cerium, BISMUTH, titanium, tellurium, COPPER,
LEAD ; MERCURY, SILVER, GOLD, PLATINUM, palladium, rhodlum,
osmmm, iridium, ruthemum (and the following, of which littls is

yet determined), erbium, terblum, didymium, lanthanium, niobium,
norium, ilmenium, pelopium,

Such are the “elements” or “simple substances” of the chemist ;
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and though this is not the place to enter into details, we cannot
leave the subject without advising the student to render himself
practically familiar with the nature and properties of the more
abundant elements. A few simple tests, such as are indicated in
any manual of chemistry, are not of difficult application ; and
after a little practice of this kind the eye learns to detect at first
sight the presence of most of the elements in their ordinary com-
binations. %

Most abundant Rocks and Minerals.

92, Having now learned something of the structure and tex-
ture of rocks, and of their mineral and chemical composition, it
is necessary to be able to distinguish one from another, and to
describe it by the name by which it is usually known. For this
purpose there is nothing better than frequent examination of
specimens correctly labelled and arranged in a cabinet or museum.
One day well spent in this manner is worth a month’s reading of
written descriptions ; although such lists as the following are not
without their uses in assisting the beginner to draw distinetions,
and fix on his memory the meaning of the nomenclature adopted.
The arrangement is neither strictly mineral nor chemical, but is
founded on such obvious distinctions as must meet the eye of the
most casual observer. Thus, in every region we find a great pro-
portion of the rock-substances composed of sand or of fragments
more or less approaching the state of sand (arenaceous) ; another
notable proportion are clayey or argillaceous ; a third limy or
calcareous ; a fourth more or less coaly (carbonaceous); a fifth
always composed of mineral crystals less or more distinet (crys-
talline) ; a considerable class are saline or salt-like ; and others,
again, are decidedly mefallic in their aspect, as the ores of the
metals. Distinctions such as these are natural and obvious ; and
any classification founded upon them will be easily mastered by
the student at this stage of his progress :—

(Arenaceous and Fragmentary Compounds.)

Sand is an aggregation of water-worn particles, derived from pre-existing
rocks and other mineral substances. It is generally composed of quartz
grains (quartz being one of the hardest of simple minerals, and longest
resisting the processes of attrition ; but it may also consist of the particles
of shells, corals, &ec. ; hence such terms as shell-sand, coral-sand, and the

e.

Gravel is the term applied to the water-worn fragments of rocks when
the particles or pebbles vary from the size of a pea to that of a hen’s egg.
1t is generally composed of the fragments of the harder and more siliceous
rocks, .
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Shingle is the geological term for water-worn rock-fragments larger and
less rounded than those of gravel. Shingle-beaches are common on the
more exposed portions of our sea-coasts.

Rubble is a convenient and expressive term, applicable to accumulations
of angular rock-fragments indiscriminately thrown together, and such as
usually arise from river-freshets or ice-drift, or are piled at the bases of
wasting cliffs and precipices.

Boulder is the term employed to denote larger water-worn blocks of stone
found on the soil or amid the surface material. They are often detached
and of great size, weighing many tons in weight.

Sandstone is simply consolidated sand, the particles having been com-
pacted by pressure, or being held together by lime, clay, oxide of iron, or
some other cementing material.

G'rit is the term applied to a rock when the particles are hard and angu-
lar, that is, ““sharper” than in ordinary sandstones; hence their value as
millstone-grits, grindstone-grits, &c.

Conglomerates are aggregations of gravel and pebbles of all sizes—in other
words, consolidated gravel. They are sometimes known as puddingstones,
fl‘O(lir(li _the fanciful resemblance of their pebbles to the fruit in a plum-

udding.
¥ Breccias (from an Italian word signifying a crumb or fragment) are rocks
composed of an agglutination of angular fragments. A breccia, or brecciated
rock, differs from a conglomerate in having its component fragments angu-
lar and irregular, whereas the pebbles of the latter are all rounded and
water-worn.

(Argillacecus Compounds.)

Mud is the familiar as well as technical term applied to the fine impal-
pable matter worn and borne down by water, and deposited at the bottoms
of seas, lakes, and pools. It is thus composed of the finely comminuted
debris of mineral, vegetable, and animal matter.

Clay is also a fine impalpable sediment from water, but consists wholly,
or almost so, of aluminous and siliceous particles. It is usually tough and
plastie, and differs from mud in this respect as well as in the absence of
vegetable and animal matter.

Silt is a geological term- for the miscellaneous matter deposited in lakes,
estuaries, bays, and other still waters. Silt may thus consist of inter-
mingled mud, clay, and sand, or of distinct layers of these.

Shale is merely consolidated mud assuming a structure less or more
laminated. This laminated or shaly structure distinguishes it from beds of
clay and marl.

Mudstone is a convenient term recently introduced te designate an earthy,
clayey rock, void of shaly lamination ; evidently consolidated mud.

Slate is often applied indiscriminately to all hard laminated argillaceous
rocks that can be readily split up. The term, however, should be restricted
to those in which the clayey particles predominate, and the consolidation
is so perfect that the mass assumes a semi-crystalline aspect like ordinary
roofing-slate.

Claystone is the term usually applied, but not very happily, to an in-
durated massive argillaceous rock of igneous origin. Rocks containing a
notable proportion of clay emit, when breathed on, a peculiar and distine-
tive odour (argillaceous odour), which is easily recognised.

(Caleareous Compounds.)

Limestone is the general term for all rocks, the basis of which is carbon-
ate of lime; that is, lime in chemical union with carbonic acid. As lime-
stone is dissolved with violent effervescence by sulphuric and muriatic acids,
its presence may be easily detected by a drop of these liquids.
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Marble is an architectural rather than a geological term, and is applied
to the compact crystalline and mottled varieties of limestone used for
statuary and ornamental purposes. Limestone, on the other hand, is the
ordinary term for the duller and less compact kinds used for mortar and in
agriculture.

Chalk is a familiar as well as technical term for the softer and earthier-
looking varieties of limestone.

Marl is a loose appellation for all friable compounds of lime and clay ;
called ¢ clay-marls” or ‘‘ marl-clays,” as the one or other ingredient pre-
dominates. ‘“Shell-marl” is the term applied to such varieties as contain
abundant remains of fresh-water shells.

Gypsum is a sulphate of lime, which, when calcined, forms the well-
known plaster-of-Paris. It occurs either massive, granular, or fibrous;
when crystallised it is kuown by the name of selenste. .

Magnesian Limestone—Many limestones contain a small per-centage of
magnesia, but those only are entitled to the term which contain from
twenty per cent and upwards.

Dolomite (after the geologist Dolomieu)is a granular or crystalline variety
of magnesian limestone.

(Carbonaceous and Bituminous.)

Coal is a well-known mineral, and may be briefly described as mineralised
vegetable matter, containing less or more of earthy impurities. In burning,
the organic or vegetable matter is consumed, and the earthy or inorganic
matter is left behind as ashes. Coal occurs in many varieties as anthracite,
which is non-bituminous and burns without smoke or flame, caking coal,
splint coal, cannel coal, &c., which, on the other hand, are all less or more
bituminous.

Jet is a compact variety of coal susceptible of a high polish, and on that
account usually worked into personal ornaments.

Lignite (lignum, wood), also known as “brown coal,” is a variety of
recent formation, in which the woody structure is distinctly apparent.

Graphite or Plumbago (the substance of which writing-pencils are made)
is almost pure carbon. Though familiarly called ‘ black lead,” it contains
no lead whatever, butis simply carbon with a slight trace of iron and earthy
impurities. The name graphite (graplko, I write) refers to its use; plum-
bago (plumbum, lead) refers to its appearance.

Bitumen is an inflammable mineral substance found either in a free or in
acombined state. As free bitumen it occurs limpid as naphtha, liquid as
petroleum or rock-oil, slaggy as mineral pitch, and solid as asphalt. It canbe
discharged from coals, coaly shales, and other substances, by the applica-
tion of heat ; hence these minerals are said to be ‘‘ bituminous,” or more
properly ‘¢ bituminiferous.* :

”

(Semple Minerals and their Rock-Compounds.)

Quartz, properly speaking, is pure silica ; rock-crystal is the name given
to pure transparent varieties ; and coloured varieties are known as amethyst,
topaz, &e. 'The crystal form of quartz is a six-sided prism terminatiug in a
six-sided pyramid.

Quartz-rock is massive quartz of various colours, and occurs in veins or
stratiform masses. .

Quarizite is the term applied to the granular varieties, and to sandstones
apparently reconverted by intense heat into quartz.

Jasper, Hornstone, Lydian stone, &c., are compact siliceous rocks of
various colours, exhibiting smooth, glassy fractures. ¢

Flint is impure nodules of silex, abundantly found in chalk strata, and
apparently aggregated from silica in solution.
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Chert is the name given to an admixture of flint and limestone, and occurs
in concretions, nodules, and rock-masses.

Felspar, as chiefly composed of silica, alumina, and potash or soda, is a
softer mineral than quartz. The softer erystals occurring in granite are of
felspar ; they can be scratched by the knife, when quartz resists it ; and
can also be known by the straight, glassy aspect of their cleavage.

Compact Felspar and Felstone are amorphous rocks of felspar, forming
dykes and mountain masses.

Mica and Mica-schist.—The glistening and scaly crystals in granite are
mica, 8o called from the Latin word meco, I glisten. Mica is a soft, sectile
mineral, is readily split into thin transparent plates, and is mainly com-
posed of silica, potash, and magnesia. It forms the principal ingredient in
a set of slaty rocks called mica-schists; and it occurs in minute scales in
many sandstones, giving to them a silvery appearance.

Hornblende, so named from its horny, glistening fracture (blenden, to
dazzle), is a dark-green or black mineral found in granites and greenstones.
It also occurs massive as kornblende-rock ; or slaty as hornblende-schist.

Awugite— Hypersthene. — These are blackish-green, greenish-black, or
greenish-grey minerals nearly allied to hornblende. They cecur largely in
all igneous rocks, and will best be distinguished by examination of actual
specimens. They differ slightly in mineral composition and in form ; hence
regarded as distinct minerals.

Actynolite (actin, a thorn), another mineral very closely allied to horn-
blende, and deriving its name from the thorn-like shape of its crystals. It
occurs massive as actynolite-rock, and thickly dispersed in some slates—
actynolite-slate.

A sbestos or Amianthus, so well known from its fibrous texture, may be
regarded asa variety of actynolite. It occurs in various modes of aggrega-
tion, and thence known as ‘‘ mountain-wood,” ¢‘ mountain-cork,” ‘“ moun-
tain-leather,” &ec.

Chlorite—Chlorite-schist.—Chlorite (from the Greek word ckloros, greenish-
yellow) is a mineral of a greenish hue, and generally of a foliated texture,
in which condition it forms the principal ingredient in the greenish rock
called chlorite-slate or chlorite-schist. Chlorite, in chemical composition, is
closely allied to mica. p

Tale—Talc-schist.—A whitish-green magnesian mineral, closely allied to
and resembling mica. It is transparent in thin plates, but is generally
massive, sectile, soft, and non-elastic. It enters largely into many of the
earlier schists, known as tale-schists and talcose slates.

Steatite—Soapstone— Pot-stone.—All rocks containing steatite, which may
be regarded as a variety of talc, have a greasy or soapy feel ; hence the
name from stear, fat or grease. On this account some varieties have been
termed soap-stonres ; and others, from their sectility and power of resisting
heat, are known as pot-stones.

Serpentine, so called from its varying green, blackish-green, and purplish
colours (like the back of a serpent), is one of the magnesian rocks occurring
largely in many primitive districts.

v

(Igneous Crystalline Rocks.)

Granite—Syenite.—Ordinary granite is a granular compound of quartz,
felspar, and mica, varying in colour according to the presence of iron, &e.
in one or other of the component minerals., When mica is wanting, and its
place is supplied by hornblende, the rock is called syenite, from Syene in
Upper Egypt, where it was early quarried. There are several varieties
of granite arising from such interchanges of minerals, but these will be
noticed when we come to treat of the granites as a geological group.
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Basalt—G'reenstone—Clinkstone.—These are rocks of igneous origin, and
are chiefly distinguished by their hardness, compactness, and colour.
Basalt is a close-grained, dark-coloured rock, often occurring in columns
more or less regular ; greenstone is not so close in the grain, is lighter in
colour, and occurs either in tabular or amorphous masses ; and clinkstone
(so called from the metallic ringing-sound it emits when struck by the
hammer) is only a compact, fine-grained, greyish variety of basalt. Augite,
hornblende, and felspar, are the chief ingredients in basalts and green-
stones.

Trap-rock (from the Swedish trappa, a stair, and so called from the step-
like aspect it gives to the hills composed of it) is a name which includes a
great variety of igneous rocks, the general characters of which are easily
recognised in the field. Basalt and greenstone may be included under the
term trap ; but the word is more frequently applied to the looser and less
crystallised masses known as trap-tuff, wacke, amygdaloid, &c.

Trachyte—Trachytic Greenstone.—Trachyte is a granular voleanic rock of
a greyish colour, and so called from jts harsh feel (trachys, rough); and
trachytic greenstone is a rough, grained, felspathic variety resembling
greenstone.

Lava— Pumice—Scorie.—Lava is the name for all molten discharges
from recent volcanoes ; pumice is the light cellular froth or scum of such
discharges ; and scorie comprehends all the loose cindery or slaggy mat-

er.

Porphyry—Porphyritic.—The term porphyry (Greek porphyra, purple)
was originally app,])ie%. to a reddish rock foundyin Upperp Egygt, and ul:;ed
by the ancients in ornamental architecture. The word is now employed
in a technical sense to denote all rocks (whatever their colour) that contain
imbedded crystals distinct from their main mass. We have thus felspar-
porphyry, porphyritic granite, and porphyritic greenstone.

(Saline, d&c.)

Common salt (chloride of sodium) is too well known to require descrip-
tion. It is found in thick incrustations on many sea-coasts, and in the
sites of dried-up lakes. It occursabundantly in the solid crust as rock-salt ;
and is held in solution by all sea-water and brine-springs.

Nitrates of soda and potash occur as incrustations and efflorescences in
many plains, marshes, and lakes in hot countries. These salts are known
as natron, trona, &c.

Aluwm (sulphate of alumina and potash), though chiefly extracted from cer-
tain shales and schists, is also found in nature in the saline or crystallised
state.

Boraz (soda and boracie acid) is another saline product abundantly dis-
charged by the thermal springs of some volcanic districts.

Sulphur is found massive and in crystals in almost all volcanic distriets.
It is also found largely in chemical combination with many of the earths
and metals.

5 (Metallic.)

The metals are either found native—that is, in a pure state—or combined
with mineral matter in the state of ores. Gold and silver are often found
native in pellets, nuggets, and thread-like branches ; the other metals are
chiefly found as ores. Lead, for instance, is found in sparry veins as a
sulphuret (galena), carbonate, phosphate, &c. ; copper, zinc, tin, and man-
ganese, are found generally in ‘a similar way ; iron is found either in veins
and magses as a peroxide, &c., or in strata as a carbonate, like the clay-
ironstones and black-bands of our coal-fields.
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NOTE, RECAPITULATORY AND EXPLANATORY.

93. In the preceding chapter we have endeavoured to explain
the composition and characteristics of the principal rock-masses ;
that is, the modes in which they are piled up or aggregated, and
the mineral elements which enter into their constitution. A
knowledge of such characteristies is indispensable to the compre-
hension of their origin and formation ; and the terms employed
to express these characteristics must be mastered before we can
hope to understand, or make ourselves understood by, our fellow-
geologists. The structure and texture of rocks, whether of aqueous
or of igneous origin, are distinguished by a variety of terms ex-
pressive of their appearance as they occur in the crust, or when
broken up by the hammer. Thus, the layers of the stratified
rocks are spoken of as strata, beds, seams, bands, flags, slates, and
schists, according to their thickness ; while the unstratified occur
as columnar, subcolumnar, tabular, massive, and amorphous. As
to the texture or internal structure of rocks, it is extremely varied,
and is defined by such obvious terms as hard, compact, crystalline,
saccharoid, granular, porous, vesicular, and the like. The composi-
tion of rocks, we have seen, may be viewed either in a chemical
or mineralogical light ; but, in whatever light they are viewed,
it is enough for the beginner in geology to be able to distinguish,
at sight, such ordinary rocks as sandstone, conglomerate, shale,
clay-slate, limestone, chalk, gypsum, rock-salt, coal, quartz, mica,
felspar, granite, gneiss, greenstone, basalt, trap-tuff, lava, and a
few of the ores of the more abundant metals,

94. To be able to distinguish the ordinary rocks which occur
in our own ecliffs and quarries is enough, we have said, for the
purposes of the beginner ; but he who has made some progress in
the science will at once see the importance of more minute mineral
and chemical distinctions, The presence of some peculiar mineral,
for instance, may often help us to identify strata very widely
separated, or to trace some ice-drifted boulder to its parent cliff
when no other aid is available. The prevalence of some peculiar
pebble in a conglomerate—and this peculiarity depending, it may
be, on the presence of some accidental mineral—may lead us to
infer with certainty whether such conglomerate was derived from
the waste of rocks existing in the region where it occurs, or had
been borne from remote and unknown continents. And as it
happens that all the erystalline rocks derive their names and dis-
tinctions from their mineral composition, it must be evident that



RECAPITULATION. 83

the geological attainments of him who knows little of mineralogy
will be limited and uncertain compared with those of the practised
mineralogist.

95. Again, since every mineral has its own chemical composi-
tion, and the combinations and decompositions of chemical ele-
ments are governed by fixed and known laws, he who bas a
knowledge of these laws will be better able to account for pheno-
mena, and to say what is possible or impossible, than he who has
no such knowledge to guide him. To take a few obvious exam-
ples : crystals of gypsum (selenite) occur abundantly in certain
tertiary clays, and are forming, it may be, at the present moment.
How is this? These clays, it is found on examination, contain
carbonate of lime, and sulphuret of iron round some organic
nucleus ; and through the percolation of carbonated waters a
decomposition of these ingredients takes place, sulphuric acid is
generated, and uniting with the lime, forms a new compound,
gypsum or sulphate of lime. Again, we know that silica is held
in solution by many thermal waters, like the geysers of Iceland ;
and, knowing this fact, we can account for the presence of flints
in chalk, of quartz-veins in many rocks, and of other similar
phenomena, without having recourse to any impossible theory of
animal or igneous agency. Quartz or silex by itself is a most
intractable and refractory substance ; while, in combination with
a little potash or soda, it is readily fused, and, on cooling, forms a
glass, slag, or granular rock, according to the rapidity or slowness
with which it is cooled. Knowing the greater affinity that cer-
tain substances have for others, their degree of fusibility, their
power of retaining and parting with heat, their mutual decom-
positions and reunions—in fact, knowing more or less their whole
chemical relations, and the influence of physical conditions, such
as pressure, &c., on these relations—we enter upon the investiga-
tion of geological problems with an unerring light for our guid-
ance—a light without which many of these investigations would
be impossible, and much of geology little better than ingenious
guess-work.

96. In following out his researches on the mineral and chemical
constitution of rocks—and, above all, learning to diseriminate by
external aspect—the student, as already hinted, cannot do better
than examine with the eye and eye-glass the specimens in some
well-arranged and properly labelled collection. There is always
some external characteristic of fracture, cleavage, lustre, colour,
hardness, and so forth, sufficiently persistent to guide the observer;
and it is astonishing how readily and accurately an attentive eye
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learns to appreciate such distinctions, Where book assistance is
wanted, M‘Culloch’s Geological Classification of Rocks,—a work
of some date, but of great practical value; Professor James Nicol’s
Manual of Mineralogy, which brings up to a recent date the
synonyms and analyses of European mineralogists ; and Professor
Dana’s System of Mineralogy, either in the abridged or extended
form, will supply the inquiring student with all (and unfor-
tunately with a great deal more than all) he is ever likely to
require. Where the chemical actions and re-actions, that take
place among rock-masses, are more immediately concerned, the
Chemical, Physical, and Geological Researches of Professor Bisch-
off, will be found to render at once the most ample and avail-
able assistance.



VI

. CLASSIFICATION OF THE MATERIALS COMPOSING THE EARTH’S
CRUST INTO SYSTEMS, GROUPS, AND SERIES.

97. To arrive at a knowledge of the past aspects and condi-
tions of the globe, it is necessary to do something more than
examine the mere mineral constituents of its masses. These of
themselves tell little unless studied in connection with their fos-
sils, their order of superposition, and other stratigraphical rela-
tions. It is by such an investigation that we are enabled to
determine the relative ages of strata, to judge whether they were
deposited in lakes, in estuaries, or in seas, and to say what kind
of plants and animals flourished at the time of their formation.
At the present day, the layers of mud, clay, sand, and gravel
depositing in tropical estuaries and seas, will contain less or more
the remains of plants and animals peculiar to the tropics; the
deposits forming in temperate regions will contain, in like man-
ner, the remains of plants and animals belonging to temperate
climates ; and should a time arrive when these layers are con-
verted into solid strata, the fossilised plants and animals will be-
come a certain index to the conditions of the region at the time
of their entombment., As with deposits now in progress, so with
the strata constituting the solid crust : the lowest must have been
formed first ; the series beneath must be older than that above
it ; strata abounding in shells, corals, and other marine remains,
must have been deposited in the sea, while those containing fresh-
water plants and animals give evidence of a lacustrine or estuary
origin ; igneous rocks, which displace and break through any set
of strata, must be more recent than these strata ; and if another
set of strata overlie these igneous rocks, then must they have
been deposited in water at a period subsequent to the igneous
eruptions, These and similar propositions are so apparent, that
the student can have little difficulty in comprehending the prin-
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ciples upon which geologists have proceeded in classifying the
rock-formations of the globe.

98. The principal guides to geological classification are, there-
fore, order of superposition among the strata, their mineral com-
position, and the nature of their imbedded fossils. The most
superficial observer must have noticed the different aspects of the
rocks in different districts, and a little closer inspection will enable
him to detect that one set lies always beneath another set, and
that while certain shells and corals are found in the lower series,
the upper series may contain only the remains of terrestrial vege-
tation. In other words, he will find sandstones, conglomerates,
shales, and limestones, each pointing to different agencies and
conditions of formation. He will find certain limestones or sand-
stones always maintaining a fixed position in relation to the other
strata ; and he will, in all probability, discover that while the
limestones are studded with shells and fragments of corals, the
shales and sandstones contain only the impressions of leaves,
branches, and trunks of trees. It is by this kind of testimony—
viz., superposition, mineral character, and fossil contents—that
the geologist is enabled to decipher the history of the earth’s
crust ; and, as the student will afterwards find, every peculiarity
of texture and structure, every lamina of stratum, every ripple-
mark and impression on its surface, tells some important tale of
the past; while a solitary tooth, the fragment of a bone, a micro-
scopic shell, or the drifted frond of a fern—ay, even the minutest
spines and punctures on these—will enable him to decide with
certainty as to conditions of sea and land, estuary or ocean-bed, a
cold boreal climate, or one of tropical temperature.

99. Thus, in sinking a shaft in the neighbourhood of London,
we would pass through thick beds of soft plastic clay, layers of
sand, and strata of water-worn flint gravel ; at Cambridge we
would pass through strata of chalk ; in the east of Yorkshire,
through strata of fine-grained sandstones, and soft yellowish
limestones called oolite ; at Newcastle, through strata of shale,
coal, and coarse-grained sandstones ; in Forfarshire, through
strata of red and greyish sandstones and conglomerates ; while
on the flanks of the Grampians, we would pass through beds
of roofing-slate and hard crystalline schists. On a minuter in-
spection of these strata, we would find that one series lay beneath,
or was older than another series ; that the chalk, for example, lay
beneath the clays of London ; that the yellow limestones of York
lay beneath the chalk ; that the coals of Newcastle were deeper
seated than the oolites of York ; and the red sandstones of For-
far still deeper than the coal-bearing strata. Further, when we
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began to examine the fossil contents of these different strata, we
should find each set characterised by peculiar plants and animals
—some containing marine shells and corals, some the remains of
large reptiles and fishes, and others replete with the debris of
terrestrial vegetation. By these methods we would soon be
enabled to identify the chalk strata of Cambridge with those
of Kent, the oolites of York with those of Bath, the coal-mea-
sures of Newcastle with those near Glasgow, and the slates of
the Scottish Highlands with those of Cumberland and Wales.
As with the rocks of Britain, so with those of every country in-
vestigated by geologists ; and thus they have been enabled to
arrive at a pretty accurate classification of the stratified rocks,
both in point of time and mineral character.

Progress of Geological Classification.

100. Without entering minutely into the history or progressive
steps of this classification, it is necessary to draw attention to
several of its features as these are still retained in geological
nomenclature, and more or less influence our ideas of succession
and arrangement. The earlier history of geology is more curious
than instructive, for it was long before correct mnotions were
arrived at, either of the vast antiquity of our earth, of the
numerous phases its superficial crust had assumed, or of the
successive races of plants and animals that had peopled its land
and waters. The first permanent division of rock-masses was
that made by Leibnitz in 1680, when he divided them into strati-
fied and unstratificd—the former the products of deposition in
water, the latter the results of igneous fusion. A little before his
time (1669) Steno had introduced the terms primary and secondary
—the former embracing all rocks void of fossil remains, and con-
temporaneous with the creation of the earth itself; the latter,
those that were fossiliferous and formed since that period. This
idea was taken up by Lister, Hooke, Fuschel, and others, and
various subdivisions proposed—partly from the composition of
the secondary rocks themselves, and partly from the different
fossils they contained. Little or nothing of these subdivisions
are now retained ; and perhaps the most definite was that of
Lehmann (1756), who added a third grand division to those pro-
posed by Steno, thus—

LocAL—Partial and local in different regions.

SECONDARY—General, and containing fossils different from plants and

animals now existing.

PriMary—Universal, and devoid of fossils.
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The next important advance was that made by Werner, who,
finding in many of the so-called primitive rocks distinet evi-
dences of a stratified or mechanical origin, as well as traces of
fossils, proposed to subdivide them into prémary and transition.
This arrangement, as well as the more exact ideas he attached to
the terms secondary and local, were at once adopted by his con-
temporaries, and continue to influence, more or less, our schemes
of classification up to the present day. HlS scheme, bneﬂy v1ewed
may be tabulated as follows :—

Arruviai—Local and superficial accumulations of sand, clay, gravel,
peat-moss, and the like.

FrLoETZ (flat- lymg)—Secondam{ or fossiliferous strata of sandstone, lime-
stone, gypsum, chalk, coal

TRANSITION—Transition limestone, greywacké, flinty slate, &c., partially
fossiliferous.

PriMaRY—Of crystalline origin and devoid of organic remains.

Such was geological classification till about the beginning of
the present century: nor were these views of arrangement
arrived at without a great deal of controversy and opposition.
It was then that the battles of opinion were fought between
Cosmogonasts, Diluvialists, and Fossilists—the first building up
crude theories of the universe on a slender basis of facts ; the
second ascribing every phenomenon in the earth’s crust to the
operation of the Noachian deluge ; while the last contended, on
fossil evidence, for the long continuance of the agencies now pro-
ductive of change on the face of the globe. During this time,
also, the Wernerians or Neptunists contended strenuously for
the aqueous origin of all the old rock-formations; while the
Huttonians or Vulcanists, in opposition, advocated an igneous
and eruptive origin for the traps, basalts, greenstones, and
granites. These schools and controversies have long since
passed away ; and though it is sometimes said that every word
on geology, previous to the present century, might be obliterated
without causing much inconvenience to its present cultivators,
still the language of the science is so impregnated with techni-
calities, as well as in some measure with modes of thought de-
rived from these early schools, that there can be no intelligent
progress without some acquaintance with their history.

101. About the beginning of the present century William
Smith, “the father of English geology,” some of the founders of
the London Geological Society (1809), Saussure, Cuvier, and
others, began to proceed upon more philosophical methods.
Group after group of strata was examined, sectionised, and
mapped, not according to mineral composition alone, but ac-



LIFE SYSTEMS OF MODERN GEOLOGISTS. 89

cording to order of superposition, and, above all, according to
their distinctive fossil contents. The motto and maxim was
then to examine and compare, collect and describe facts, and
to accept all hypotheses and generalisations as mere provisional
aids and expedients. Proceeding upon this method, new sub-
divisions and arrangements were proposed by several investi-
gators ; but few met with acceptance, and the following modifi-
cation of Werner’s scheme continued for many years to give
direction and consistency to the researches of modern geology :—

( RECENT.-—All superficial accumulations, as sand, gravel, silt, marl,
peat-moss, coral-reefs, &e. Contain the remains of existing plants
and animals only partially fossilised. 3

TERTIARY.—Local and limited deposits of regular strata occurring
above the chalk, Conrtain the remains of plants and animals not
differing widely in character from those now existing.

SECONDARY.—Embracing all the strata known as chalk, oolite, lias,
coal-measures, mountain limestone, and old red sandstone. Con-
tain fossil plants and awimals of species.totally different from
those now existing.

TRANSITION.—Strata of slaty and siliceous sandstones, known as
“ greywacke,” calcareous shales, and limestones. Contain few
or no fossil plants, and the remains of no higher animals than
crustacea, shell-fish, and zoophytes.

PRrRIMARY.—AIl slaty and erystalline strata—as roofing-slate, mica-
schist, and gneiss, very hard and compact, and totally destitute
of organic remains.

FORMATIONS.

Life Systems of Modern Geologists.

102. By a more extensive examination of the strata in different
countries, and especially by a more minute investigation of their
fossil contents, these formations of the earlier geologists have
since been subdivided into systems, groups, and series. This new
arrangement has been founded either on mineral or on fossil dis-
tinctions—such differences being sufficient to warrant the conclu-
sion that each set of strata was formed during successive epochs,
under different distributions of sea and land, and consequently
under different conditions of climate and other modifying in-,
fluences. The terms formation, system, group, &c., are somewhat
loosely employed by geologists ; but in the succeeding chapters
we shall use the term system to signify any great assemblage of
strata that have a number of mineral and fossil characters in
common ; the term group, to denote any portion of a system
marked by a closer resemblance of mineral and fossil character ;
the term series, to designate any portion of a group which has
some very marked character, either mineral or fossil ; and so on
with other subdivisions of the stratified formations, A system
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may thus comprehend several groups, a group several series, and
a series may have several distinct stages or horizons at which
some peculiar forms of life appeared in greatest abundance. Pro-
ceeding upon this principle, the stratified rocks may be subdivided
into the following systems and groups : —

I. PosT-TERTIARY SYSTEM, comprising all alluvial deposits, peat-mosses,
coral-reefs, raised beaches, and other recent accumulations. Remains
of plants and animals belonging to species now existing, or but recently,
and, for the most part, only locally extinct.

II. TRRTIARY SYSTEM, embracing the ¢ Drift,” and all the regularly
stratified clays, marls, limestones, and lignites, above the Chalk ;
arranged into pleistocene, pliocene, miocene, and eocene groups.
Remawns of plants and animals for the most part extinct, but not
differing widely from the species now existing in the same geographical
regions, save in the kuger and perhaps more varied phases of mam-
malian life. |

III. CHALK or CRETACEOUS SYSTEM, embracing the chalk and greensand
groups. Remains of plants and animals chiefly marine, and belong-
ing to species now extinct.

IV. OoLITIC SYSTEM, comprising the wealden strata, the upper and
lower oolite, and the lias. Remains of plants and animals, be-
longing to genera now extinct, the more remarkable being huge reptilia,
aquatre and terrestrial, and an exuberant exhibition of cephalopods
on molluscan life.

V. Trrassic SYSTEM, embracing the upper portion—saliferous marls,
muschelkalk, and variegated sandstones—of what was formerly
termed the ‘“new red sandstone.” Remains of plants and animals
more closely allied to those of the oolite system above, than to those of the
carboniferous.

VI. PERMIAN SYSTEM, embracing the lower portion—magnesian lime-
stones and red sandstones—of what was formerly termed the ‘“new
red sandstone.” Remains of plants and animals very closely allied,
and often tdentical with those oflt;he carboniferous strata. At this stage
we have, as yet, the first indications of bird and mammalian life.

VII. CARBONIFEROUS SYSTEM, embracing the coal-measures, the moun-
tain limestone, and the carboniferous slates. Remains of plants and
animals abundant—the distinguishing features being an exuberant
endogenous vegetation in the coal-measures, and marine shells and
z00phyles <n the mountain limestone. As yet we have few insects,
very few reptiles, and no indication of birds or of mammals.

VIII. DEVONIAN SYSTEM or OLD RED SANDSTONE, embracing the yellow
sandstone, red conglomerate, and grey flagstone groups. Remains
of fishes and crustacea abundant, of other animals tare, and of planits
very few and imperfect. In the upper strata we have as yet the earliest
undoubted remains of reptilian Ujfe.

IX. SILURIAN SYSTEM, embracing the upper and lower silurian groups,
or the Ludlow, Wenlock, and Llandeilo series. Remains of peculiar
crustaceans, mollusca, radiata, and zoophytes. Few fishes have yet
been discovered, and, these chiefly in the upper strata as developed near
Ludlow in Englond.

X. METAMORPHIC or NON-FOSSILIFEROUS SYSTEM, embracing the clay-
slate, mica-schist, and gneiss groups. AU kard and crystalline rocks
devoid of fossils.
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103. Such are the stratified rocks when arranged in systems
and groups ; and, so far as geologists have been enabled to dis-
cover, there is no deviation from this order of succession. It
must not be supposed, however, that all these groups are found
at any part of the crust, lying one above another like the coats
of an onion ; on the contrary, only one or two of the groups may
be developed, and these very scantily, and not in immediate suc-
cession. All that is meant by order of succession among the
stratified rocks is, that wherever two or more systems come
together, they are never found out of place ; that is, the chalk is
never found beneath the oolite, oolite beneath the coal, or coal
beneath the old red sandstone. In Fifeshire, for example, the
carboniferous system immediately overlies the old red sandstone ;
in Durham, the new red sandstone overlies the coal ; in York-
shire, the oolite overlies the new red sandstone, and the chalk
the oolite ; in Kent, the tertiary strata overlie the chalk ; and
thus, though we do not find every series at one and the same
place, we always find them occurring in the order above de-
scribed. The old red sandstone and silurian, for instance, might
be absent, and the coal in thig case might rest on the clay-slate ;
or the new red sandstone and oolite might be absent, and chalk
might rest on the coal ; or even all of these might be wanting,
and chalk immediately overlie the clay-slate. Still, there would
be no reversal—a higher system would be overlying a lower ; and
the inference to be deduced would simply be, that the region in
which any set of rocks was wanting, had been dry land during the
deposition of these strata. This order of succession, or superposi-
tion, as it has been termed, is the great key to the solution of all
geological problems ; and so soon as an observer has fixed one
point in the series, he knows infallibly his position in the history
of the crust, no matter in what region he may be placed, or what
the distance from the scene of his former observations. In deter-
mining his position, mineral characteristics may sometimes fail
him, and a sandstone of the oolite may scarcely be distinguishable
from a sandstone of the coal-measures ; but paleontological cha-
racteristics are so constant, that the moment he discovers a few
fossil organisms, he is at once enabled to pronounce whether he
is on an oolitic or on a carboniferous district.

104. The constancy of fossil characteristics has suggested the
classification of the sedimentary rocks into certain great divisions,
according to the types of living beings that predominated during
the successive stages of deposition ; and as geological investiga-
tion advances it is more than probable that we must abandon our
rock groups and systems, and adhere to great life periods as the

F
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true exponents of the world’s progress and history. To our con-
ceptions, vitality is a higher effort of creative energy than mere
inorganic matter. It is a more sensitive instrument, as it were ;
hence its value as an index to geological change, and geological
duration. As yet these life periods are not very clearly deter-
mined, and as we will have occasion to advert to them again and
again, it may be enough for the student, at this stage, merely to
tabulate their order in connection with the rock-systems already
alluded to :—

CAINOZOIO PERIOD { Post-tertiary or present epoch.
(Recent Life), Tertiary epoch.
Cretaceous epoch.
M(E Jsﬁ zd%li le:fIgoD Oolitic epoch.
d Triassic epoch.
Permian epoch.
Pavrzozoic PERIOD Carbomferous epoch,
(Ancient Life), Devonian epoch.
Silurian epoch.
Azoic PERIOD Non-fossiliferous epoch, or
(Void of Life), Metamorphic system.

Instead of this arrangement it has been proposed by some to
substitute the following as sufficiently distinctive and more
philosophical :—

Post-tertiary or present epoch.

Tertiary epoch.
NE&ZrO;C 15 :}E-RIOD Cretaceous epoch.
o %), Oolitic epoch.

Triassic epoch.
;Permjan epoch.
PALxozo1o PERIOD ) Carboniferous epoch.
(Ancient Lafe), 1Devonian epoch.
Silurian epoch.
Hyprozo1c PERIOD § Metamorphic rocks in which fossils
(Beneath Life), have not yet been detected.

In either case, all that is meant by the arrangement in the mean
time is, that during certain epochs there was a certain typical
resemblance among the beings then peopling the globe ; that
down to the chalk, fossil species closely resemble those now exist-
ing (cainos, recent, and zo¢, life) ; from the chalk to the Permian
the departure from recent types was greater (mesos, middle) ;
and that from the Permian downwards the species were alto-
gether distinet from the recent, and different in a majority of
instances from those of the middle period (palaios, ancient).
The term Neozoic (neos, new) merely expresses the distinction
in broader terms; while Hypozoic (Aypo, under) implies only
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the subjacent position of the metamorphic rocks—leaving it to
future research to determine whether they are absolutely void
of fossils or not. Whatever view may be adopted, the student
should remember—and he cannot be too early cautioned ever to
bear in mind—that throughout the whole of creation there is only
ONE SYSTEM, aud thatin time past, as in time present, every aspect
of nature gives evidence of only oNE all-pervading, all-directing
Mind. The matter of the universe may undergo change of place, '
appearance, and arrangement ; still it is the same matter, subject
to the same laws that have operated through all time. The plants
and animals on this globe may assume different specific aspects at
different epochs and under different conditions ; still they are
constructed on the same plan and-principle, and the laws which
influence their being now, are identical with those that have
governed vitality since the dawn of creation. Without this uni-
formity of law, the study of nature would be impossible. There
is only ONE GREAT SYSTEM in creation, and the periods and sys-
tems of the geologist must be regarded as mere provisional ex-
pedients towards the interpretation of the continuous evolution
of that creative system.

Igneous or Unstratified Groups.

105. Besides these classifications of the stratified rocks accord-
ing to their mineral characters, their fossil contents, and their
order of superposition, there has also been-attempted an arrange-
ment of the unstratified or igneous masses, These, we have
already seen, appear among the sedimentary strata without order
or arrangement—heaving them out of their original horizontal
positions, breaking through them in mountain masses, or over-
spreading them after the manner of liquid lava. Owing to this
irregularity of origin, they are often better known by their
mineral composition than by their order of occurrence. Still
it is customary to speak of them as GraniTic, TRAPPEAN, and
Vowrcanic ; meaning, by the term Granitic, the igneous rocks
which, like granite, are usually found associated with the older
strata ; by the term Trappean, the igneous rocks most frequently
associated with the secondary and tertiary strata; and by the
term Volcanie, those that have made their appearance during
the present epoch. It is true that it is often next to impossible
to distinguish certain volcanic rocks from the more ancient
traps ; and it is also well known that granitic effusions occur
among secondary strata. Still, taking the three classes on the
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large scale, and looking at the stratified systems with which they
are usually associated, it will be found of essential service to re-
tain the subjoined classification :—

Lava, trachyte, scorie, &c., associated with recent
accumulations.

Trap-tuff, amygdaloid, greenstone, basalt, &c.,

TRAPPEAN, assoeiated for the most part with tertiary and
secondary strata.

VOLCANIC, {

( Granite, syenite, porphyry, &ec., associated in
GRANITIC, .greatest force with transition and primary
strata.

With these distinctions, we close, in the mean time, our remarks
on the divisions of the stratified and unstratified rocks— deferring
minuter details till we come to discuss the respective systems.
All that is necessary for the student at this stage is to remember
the broader lines of distinction ; to recollect that the preceding
classification refers more especially to the strata of the British
Islands ; and to hold it in some measure provisional till geolo-
gists have been enabled to examine and co-ordinate more closely
the rock-systems of other regions.

NOTE, RECAPITULATORY AND EXPLANATORY.

106. The purpose of the preceding chapter has been to exhibit
the classification adopted by geologists in describing the various
rock-formations which constitute the erust of the globe, and more
especially as developed in the British Islandsand the continent of
Europe. The basis upon which such a classification is founded is
either mineral composition, fossil contents, or order of superposi-
tion. By these aids the order of sequence among the stratified
rocks has been pretty accurately ascertained ; hence the sub-
division of formations into systems, groups, and series, In
making such an arrangement, it is not affirmed that any portion
of the crust exhibits these systems one above another like the
coats of an onion, but simply that one series always succeeds
another in determinate order, and that though several series may
be -wanting in certain districts, such series as are present are
never found out of their order of succession. Beginning at the
surface, we have, in descending order—
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. Post-tertiary or recent accumulations.

. Tertiary strata.

Cretaceous or chalk system.

. Oolitic system.

Triassic or upper new red sandstone.

. Permian or lower new red sandstone.

. Carboniferous system.

. Old red sandstone, or Devonian system.
. Silurian system.

10. Metamorphic system.

The first nine of these systems are spoken of as the Fossiliferous
IRocks, because they contain, less or more, the remains of plants
and animals ; the rocks of the last, which contain no traces of
vegetable or animal life, are termed the Von-fossiliferous. Refer-
ring to the fossil contents of the different strata, the term Neozoic
(new life) is applied to the recent, tertiary, and upper secondary
epochs ; the term Paleozoic (ancient life) to the lower secondary
and transition epochs ; Azoic (or destitute of life) to the primary
or non-fossiliferous epoch ; or, avoiding all opinion as to,the
absence of fossils from these rocks, the term Hypozoic (beneath
life) simply points out their position as lying under those systems
which are decidedly fossiliferous. As with the stratified, so with
the unstratified rocks : some acknowledged plan of classification
is necessary, and that which arranges them into Volcanic, Trap-
pean, and Granitic, is perhaps the most intelligible, as well as
the most generally adopted. By employing the classification
above indicated, every geologist, in treating of the rocks of a dis-
trict, speaks a language intelligible to other geologists, and all the
more intelligible that it is a classification founded on facts in
nature, and not on mere arbitrary or technical distinctions.

107. The steps by which the preceding arrangements have been
arrived at have been adverted to in the context, that the student
may comprehend more fully the application of many of the terms
employed. Knowing the progress of his science, he will be at no
loss to comprehend the import of such phraseology as “rocks of
the transition period,” “aspects of primary districts,” “fossils of
the younger secondaries,” “ fauna of the tertiary epoch,” and many
others that are in daily use among working geologists. The
whole scheme of arrangement is one embodying ideas of progress
and gradation ; hence we speak of “lower and upper paleozoics ;”
“older and younger secondaries;” forms that die out at the
“close ” of one epoch or appear at the “dawn” of another ; and
of species that are characteristic of some definite “stage” or “ hori-
zon” in some particular system. To impart a thorough concep-
tion of the plan of classification and of the spirit that pervades it,
has been the main object of the foregoing chapter ; and the student
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who has mastered this may be contented to leave the names of
minuter subdivisions to a future stage of his progress. For the
sake of easy reference, however, and in some measure to serve as
an index to the descriptions of the several systems, we subjoin a
tabular outline of the arrangement of British rocks as at present
accepted by our leading geologists—referring the student for some
curious historical details to the opening chapters of Sir Charles
Lyell’s Principles of Geology, and for minuter subdivisions to
the Manual of the same author, as well as that of Professor
Phillips, published in connection with the Zncyclopedia Metro-
politana :—

Systems. Groups. LPeriods.

In progress.

PosT-TERTIARY, Recent,

Pleistocene.
Pliocene.
Miocene.
Eocene.

CAINOZOIC.
TERTIARY,

| OF VyoLCANIC

CRETACEOTUS, e ey

Wealden
LITIC.

Oorrrio T MEsozoic.

Saliferous marls.
Muschelkalk.
Upper new red sandstone.

Magnesian limestone.
Lower new red sandstone.

{
{
{
{
{
{ Coal-measures,
E
{
{

TRIASSIC,
PERMIAN,

Millstone grit.
Mountain limestone.
Lower coal-measures.

Yellow sandstenes,

Fossiliferous limestones and | PALZOZOIC.
schists,

Red conglomerates, sand-
stones, and cornstones.

Grey fissile sandstones,

CARBONIFEROUS.

DEVONIAN,

RANGE OF TRAPPEAN ROCKS

RANGE OF GRANITIC ROCKS

Upper silurian.
Lower silurian.
Cambrian (?) J

Clay-slate. }

SILURIAN,

Azoic, or

Mica-schist.
Hyrozoic.

Gneiss and granitoid schists.

METAMORPHIC,

!
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THE IGNEOUS ROCKS AND THEIR RELATIONS TO THE
STRATIFIED OR SEDIMENTARY FORMATIONS.

108. Asrepeatedly stated in the preceding chapters, the igneous
rocks have no determinate position in the crust of the earth ;
hence their minor value as exponents of geological conditions.
Unlike the stratified rocks, they have no order of superposition ;
and, unless in some rare and accidental instances, they contain no
organic remains, On the other hand they derange, break through,
and flow over the stratified formations — and this, apparently,
at no regular intervals of time, or in no determinate manner.
Though thus throwing no light on the vegetable and animal
phases of the globe, nor supplying any idea of successional order
in point of time, they are still of importance in demonstrating
the urnity of geological agency ; and their relative positions as
well as structure and composition often enable us to explain
phenomena which would otherwise remain unsolved. The study
of the stratified formations and their imbedded fossils is no doubt
the most expressive as it is the most attractive department of the
science ; but he who neglects the igneous rocks and their con-
comitant appearances, must ever remain ignorant of many of the
higher deductions of geology.

109. Respecting the origin of the igneous, or pyrogenous rocks
ag they are frequently termed (literally, *fire-formed,” from the
Greek pyr, fire, and ginomat, I am formed), geologists have yet
no satisfactory theory to offer—one class ascribing all igneous
phenomena to some great central source of heat within the globe,
and.another attempting to account for their production by chemi-
cal unions among the primary constituents of the rocky crust.
The former contend that the occurrence of volcanoes, earthquakes,
escapes of heated vapours, and thermal springs, are by far too
numerous and general to be accounted for on any principle of
chemical union with which we are acquainted ; and the latter,



98 THE IGNEOUS ROCKS.

pointing to the violent evolutions of heat that accompany the
decomposition of such bases as potassium, sodium, and calcium,
argue for this view as more philosophical and more in accordance
with natural law. The one theory is known as the mechanical,
the other as the chemical, and each has had its own able and
earnest supporters; but we shall defer further notice of their
arguments till the student is presumed to be acquainted with the
nature of the rocks to which their reasonings refer. Meanwhile,
admitting the igneous origin of the rocks and their violent dis-
charge from deep-seated sources, we shall proceed to describe their
characters and relations as classified under the heads GraxrrIC,
TrAPPEAN, and VoLcaNic.

I.—GRANITIC ROCKS.

110. G'ranite (granum, a grain) is so named from its granular
composition and aspect. The typical granite is a compound of
quartz, felspar, and mica, arranged in distinet grains or crystals ;
and all rocks partaking of the character and appearance of granite
are termed granitic. The epithets granitoid and granitiform,

Granitic Veins (v v) traversing Gueits at Cape Wrath—MacCulloch

also in use by geologists, are applied to rocks having some re-
semblance to granite, though not decidedly of gramitic nature,
nor even, it may be, of true igneous origin. The granitic rocks,
properly so called, are all highly erystalline ; none of their erys-
tals are rounded or water-worn ; they present no traces of depo-
sition or stratification; they occur in the crust as mountain
masses and veins, bursting through and displacing the sedimen-
tary rocks ; and they indurate and otherwise alter (as all heated
masses do) the strata with which they come in contact. From
these circumstances they are held to be of igneous origin ; and,
as far as geologists have been able to discover, they are the most
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deeply-seated of all rocks—forming, as it were, the floor or foun-
dation for all the superincumbent formations. As the earliest of
igneous rocks, they are generally found associated with primary
and transition strata, tilting them up on their edges, bursting
through them in dykes and veins, and variously altering their
positions and mineral character. Though occurring most abun-
dantly among primitive strata, granitic outbursts may be found
among rocks of all ages, but certainly not as a marked and general
feature of the period. In the island of Arran, for example, gran-
itic dykes are found traversing rocks of the carboniferous, if not
of the new red sandstone period, and in the Alps granitic out-
bursts and upheavals are associated with strata of cretaceous age ;
but these are exceptions, and not the rule—the great epoch of
graniticintensity being that which terminated with the deposition
of the silurian strata.

111. Whether occurring in veins or mountain-masses, the
structure of granite is irregular and amorphous. In its texture
it varies from a close-grained compact rock to a coarse and loose
aggregation of primary crystals. In the composition of granitic
rocks there is also considerable variety, and the student will best
learn to discriminate the different species by the examination of
actual specimens. Ordinary granite is composed of crystals of
felspar, quartz, and mica,—is of a greyish colour when the crystals
of felspar are dusky-white, and reddish when they are coloured
by the presence of iron. When the dark glassy mineral called
hornblende takes the place of the mica, the rock is known by the
name of syenite (from Syene in Upper Egypt) ; and when both
mica and hornblende are present, the compound is known as a
syenitic granite. Occasionally tale supplants the mica, and then
the admixture of felspar, quartz, and talc is known by the name
of protogine (literally, first-formed)—a term by no means happily
chosen, as many of these talcose granites (like those of the Alps)
occur in connection with rocks of secondary formation. The
term hypersthenic granite is applied to an admixture of quartz
and hypersthene, with scattered flakes of mica ; and graphic
granite is a binary compound of felspar and quartz—the quartz
being disposed through the felspar matrix like the lines of Arabic
writing—hence the name. Another fine-grained compound of
felspar and quartz, with minute scales of mica, is known by the
name of pegmatite (pegma, compacted) ; and porphyritic granite
is the term employed when, in addition to the crystals composing
the general mass of the rock, there are indiscriminately mingled
through it larger and independent crystals of felspar, as in the
Dartmoor granites of Devonshire,
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112. Besides the preceding there are other granitic compounds,
in all of which felspar, quartz, mica, hornblende, and hypersthene
are the principal ingredients, and tale, steatite, chlorite, schorl,
and actynolite the accidental or modifying minerals, It is enough,
however, for ordinary purposes to be able to discriminate those
already mentioned ; and to remember that granites are often
spoken of as binary, ternary, and quaternary, according to the
number of simple minerals which enter into their composition.
Thus, graphic granite as composed of felspar and quartz is a
binary ; ordinary granite of felspar, quartz, and mica is a ter-
nary ; and syenitic granite of felspar, quartz, hornblende, and
mica is a quaternary compound. There are, however, many
blendings of these, one into the other ; and in the same hill, or
even in the same quarry, we may find some half-dozen varieties
of granite, if distinetions are to be founded upon the greater or
less abundance of any one constituent mineral.

113. As an igneous rock, granite occurs either in eruptive
mountain-masses, in dykes, or in veins. In general, granitic
dykes present a very different aspect from the granite they tra-
verse—hence we may have a small-grained compact rock travers-
ing one of large granular texture ; or one in which several acci-
dental minerals are developed that do not occur in the main mass,
Thus, we have dykes and veins of glassy quartz, with a few scales
of mica ; of hornblende with a little quartz (hornblende rock) ; of
hypersthene with a little felspar (hypersthene rock); of glassy
felspar with a little quartz ; or of felspar with large macles of
mica. It is from these veins that we derive the “ crystallised
granites” of the mineralogist, the felspar of commerce, the schorl,
tourmaline, rock-crystal, garnet, and other gems prized by the
lapidary and jeweller. Another of the eruptive rocks of the
granitic and metamorphic periods is that known by the name of
serpentine—an intimate admixture of various magnesio-siliceous
ingredients, which produce a speckled or mottled appearance,
resembling a serpent’s skin ; hence the name. Steatite, chlorite,
diallage, angite, crystalline limestone, &c., are common ingredients
in many serpentines ; hence the variety of aspects they assume,
and hence also the doubt that is sometimes started as to their
igneous or metamorphic origin. .

114. However complicated the mineral admixtures of granitic
rocks, and however varied their aspects, there are several features
which they preserve in common, and which serve to distinguish
them from the later igneous rocks. For instance, they are more
crystalline, or rather granular-crystalline, than any other variety
of igneous rock ; they are never vesicular, cellular, or porous like
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traps and volcanic lavas ; they exhibit less structure than trap-
pean rocks, being generally massive or cuboidal, and void of that
columnar structure so common in basalts and greenstones ; they
are never amygdaloidal like traps, conglomerated or brecciated
like trap-tuffs, or scoriaceous like volcanic tufa. They seem to
have been formed at greater depths or under greater pressure
than either traps or lavas ; hence they are spoken of as plutonic
in contradistinction to wolcanic, which may be originated under
the open air. For similar reasons they are classed by some
American geologists as pyro-crystalline in contradistinction to
the traps and lavas which are regarded as pyro-plastic—a distinc-
tion which the student will find, as he advances, to be more appa-
rent than real,

Physical Aspects,

115. Granitic rocks are widely distributed, and form the prin-
cipal mass of the most extensive mountain-ranges in the world.
The Grampians in Scotland, the mountains of Cumberland, Devon,
and Cornwall in England, the Wicklow mountains in Ireland,
the Dofrafelds in Scandinavia, the Alps in Switzerland, the
Pyrenees in Spain, the Oural and Himalayan ranges in Asia, the
Abyssinian and other chains in Northern Africa, the hills of
Damara and Namqua Land in Southern Africa, the central range
of the Island of Madagascar, and the Andes in South America,
are all less or more composed of granitic rocks, or of primary
strata thrown up and altered in mineral character by these
granitic intrusions. They form, as it were, the skeleton of our
chief mountain-chains and table-lands ; and while in many in-
stances they have been the immediate instruments of elevation, in
others they were undoubtedly the islands and continents whose
waste went to constitute the strata that now envelop their bases.

116. The physical aspect of purely granitic tracts is, on the
whole, dreary and monotonous. Huge rounded hills with little
irregularity of outline, flat or slightly undulating moorland ex-
panses, and bald woodless crags, are the common features of the
districts where granite alone prevails. Partly from the barren
nature of their scanty soil (decomposed quartz and felspar), and
partly from their high and elevated condition as mountain-chains
and table-lands, these granitic areas are generally bleak and in-
hospitable, presenting few facilities for agricultural improvement
or amenity. Draining and shelter have done much to reclaim ;
but the granitic moorland seems almost beyond the power of
human labour and ingenuity.
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Industrial Produects.

117. The industrial purposes to which granitic rocks are applied
are alike numerous and important. As a durable building-stone
for heavy structures, like docks, bridges, lighthouses, and fort-
resses, the harder varieties of granite are invaluable; and for
these, as well as for street purposes, large quantities are yearly
quarried in Aberdeenshire, Argyll, Wicklow, and other districts.
In some towns, as Aberdeen, granite forms the ordinary building-
stone ; and those who have witnessed the public structures of
that city will see how well it is fitted for the highest requirements
of architecture. As an ornamental stone for monuments, halls,
chimney-slabs, pillars, pedestals, and the like, some varieties of
granite are rapidly coming into use—the beauty and sparkle of
their variegated texture, and the perfection to which they can be
cut and polished, rendering their adoption peculiarly desirable.
As yet Aberdeen is the headquarters of this species of manufac-
ture—the whitish-grey of Rubislaw, the bluish-grey of Cairngall,
and the reddish flesh-eoloured of Peterhead, being the most
esteemed sorts; but some of the porphyritic and marble-like
varieties of Argyllshire and the Western Islands seem also to be
coming into demand. Some felspathic granites, like those of
Cornwall and Devon, are easily decomposed when exposed to the
weather, and in this state produce a fine impalpable clay (silicate
of alumina—silica 60, alumina 40), known as Kaolin, or China
clay, and largely employed in the manufacture of the finest pot-
tery and porcelain, statuettes, buttons, and the like. About
10,000 tons of the finest, and nearly 30,000 of the commoner
kinds, are said to be annually collected and prepared for this
purpose in the counties of Devon and Cornwall. Felspar, as a
vein-stone, is likewise worked for pottery purposes, some varieties
producing the finest and most durable enamels ; and hence also
its application in the manufacture of artificial teeth, and similar
compounds. A patite, or crystallised phosphate of lime, is another
mineral product found in veins traversing the earlier igneous
rocks (largely, as in Norway and Spain), and promises shortly to
be of vast value in the preparation of artificial manures, Among
the minor products of granitic rocks and veins may be enumerated
mica (when in large plates, as a substitute for glass; hence the
term “Muscovy glass,” from its being used in Russia); talc;
meerschaum (a carbonate of magnesia), used in the manufacture
of porcelain and for tobacco-pipes ; asbestos and potstone, to be
afterwards noticed ; rock-crystal, the amber-coloured varieties of
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which are known as “ cairngorms” (from the mountain of that
name in Aberdeenshire); tourmaline,; beryl ; garnet, and other
precious minerals.

II.—TRAPPEAN ROCKS, -

118. The term ¢rap (from the Swedish trappa, a stair) was
originally applied to those igneous rocks which give to many hills
of the secondary period a terraced or step-like appearance. Most
of these rocks seem to have been formed under water, here spread
out as voleanic dust and ashes, there as flows of lava, and anon
interstratified with true sedimentary matter. It is to these suc-
cessional flows of igneous matter, and the subsequent unequal
degradation of the interstratified aqueous rocks, that the trap-
hills owe their stair-like appearance. As the granite rocks were
generally associated with the older strata, so the trappean rocks
are usually connected with the secondary—throwing them up on
the sides of hills, breaking through them in dykes and veins, and
spreading over them in sheet-like masses. The student, how-
ever, is again reminded that this distinction is merely provisional,
and for the sake of more easy comprehension. Granitic outbursts
appear in connection with oolitic and cretaceous strata ; and it is
often impossible to distinguish between the traps of ancient and
the trachytes of more modern volcanoes. Still, as a whole—and
herein lies the value of our classification—the granites are more
ancient than the traps, and the traps than the voleanic trachytes
and lavas, ¢

119. In their structure and composition, the trap-rocks are ex-
tremely varied—some being compact and erystalline, like basalt
and greenstone ; others soft and earthy, like certain trap-tuffs
and claystone-porphyries. Indeed, there is no class of rocks more
puzzling either to the mineralogist or to the geologist, their varieties
being so numerous, and their relations to the strata being often
so intricate and deceptive. The more crystalline varieties are
known as basalts, greenstones, clinkstones, compact felspar, and
felspar-porphyries ; the earthier varieties, as claystones, claystone-
porphyries, amygdaloids, trap-tuffs, and wackes, Mineralogically
speaking, they are chiefly composed of felspar, hornblende, and
augite, with admixtures of hypersthene, olivine, green-earth,
quartz, clay, and iron. In their structure and texture they give
greater evidence of their pyrogenous origin—being frequently
cellular or vesicular like lava, scoriaceous like volcanic ashes
and brecciated like the tufaceous accumulations round the craters
of modern volcanoes. In their columnar and spheroidal arrange-
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ment they exhibit more structure than the granites, and point
distinctly to their origin as the stony products of cooling and
consolidation from igneous fusion. Their action upon the strati-
fied rocks is also more decided and perceptible : here we see them
bursting through and producing faults and fissures ; there tilting
up the strata at acute angles, or bending and flexuring them in a

Basaltic Clinkstone of Edinburgh “ Castle Rock ” breaking tbrough, contorting, and other-
wise altering the stratified Shales and Sandstones of the Lower Coal-Measures,

variety of ways ; and generally at the points of contact indurating
with greater or less intensity, so as to convert sandstones into
quartzites, limestones into erystalline marbles, coal into anthracite,
and clays and shales into chert and porcelain-jaspers. Indeed, in
their entire relations they are so exactly analogous to modern vol-
canic rocks, that geologists feel no hesitation in ascribing to them a
similar pyrogenous origin.

120. The trappean rocks being thus of decidedly igneous origin,
many of them must have been ejected after the manner of molten
lava; some scattered abroad as showers of volcanic dust and
ashes ; while others are as evidently the broken and half-fused
fragments of the associated strata. Heterogeneous in their origin
as modern voleanic products, they are rendered more varied by
the circumstance of some having been formed at great depths,
some under the pressure of water, and others having been re-fused
and re-ejected during subsequent eruptions. Much of their per-
plexing variety of texture seems also to have arisen from the
slowness or rapidity with which they have been cooled ; and we
know from actual experiment that the same mass which will be-
come a glassy obsidian when suddenly cooled, will pass into a

N
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stony basalt under a slower process, and into a soft earthy tufa
if the cooling be prolonged through a still more gradual series of
stages. Thus, running by imperceptible degrees into each other,
it is often impossible to assign to some of the trap-rocks an exact
specific place, and the geologist must content himself by taking as
his guide the most obvious distinction that presents itself. For
ordinary purposes the trap-rocks may be conveniently arranged
under the augitic, or those in which the mineral augite predo-
minates ; the felspathic where felspar is the chief ingredient;
porphyries where various minerals intermingle ; amygdaloids
where the cellular cavities of the mass have been filled by infiltra-
tions of other mineral matter; and fufas where the texture is soft,
porous, or earthy. Adopting this view, we have the following
enumeration, which is sufficiently comprehensive for the ordinary
purposes of geology :—

121. The basalts are the most compact, hardest, and heaviest
of the trap-rocks; they are of a dark colour, close-grained tex-
ture, and often appear in arrangements more or less columnar,
like that of the Giant’s Causeway, Fingal’s Cave in Staffa, and
Sampson’s Ribs near Edinburgh. They are essentially augitic,
usually enclose small spherical crystals of olivine (so called from
its olive-green colour), and are more or less impregnated with
iron. The greenstones (whinstones of Scotland) are less compact,
more granular, exhibit distinctly their component erystals of
hornblende, augite, hypersthene, &c., often contain sulphuret of
iron, and are usually massive or tabular in their structure. It
is customary to speak of them as hypersthenic greenstones, augitic
greenstones, &e., according to the predominating mineral; and
many of them are porphyritic in their texture, hence we have
greenstone porphyries or porphyritic greenstones. Trap compounds,
or greenstones essentially composed of augite and felspar, are
sometimes (adopting Continental nomenclature) designated doler-
ites ; while those chiefly composed of hornblende and felspar are
termed diorites. The clinkstones or phonolites (phonos sound,
and lithos stone), differ little from the basalts in composition,
but are less compact, and break up into slaty-like fragments,
and emit a ringing metallic sound when struck by the ham-
mer,— hence their name. These three species of trap often gradu-
ate so imperceptibly one into the other, that geologists are
under the necessity of adopting compound terms like basaltic-
clinkstone, for example, to designate such a rock as that on which
the castle of Edinburgh is founded. The felspathic division of
the trap-rocks also presents many varieties, and contains most
of the porphyries properly so called. Thus, compact felspar, or



106 THE IGNEOUS ROCKS.

felstone, is a compact paste or basis of felspar, with occasional
disseminated crystals; and felspar porphyry has also a basis of
compact or crystalline felspar, with large independent erystals dis-
seminated through it. Closely allied to the felspars are the horn-
stones and pitchstones—hornstone and kornstone porphyry being
compact flinty compounds, hence known as petro-silex or rock-
flint ; and pitchstone and pitchstone porphyry being siliceo-alumin-
ous compounds having a compact texture and pitchy vitreous
lustre. Neither the hornstones nor pitchstones occur in massive
abundance, being generally found in traversing dykes and veins,
like those of Arran and Ayrshire. The porphyry of the mineralo-
gist consists of a reddish felspar basis with disseminated crystals
sometimes of the same hue, and at others of a whitish or flesh-
colour ; but its variations are so numerous, that it is better to
consider the term “porphyritic” as characteristic of a peculiar
composition in many rocks, than a rock per se. Claystone isa cal-
cined-looking rock, composed essentially of earthy felspar ; and it
becomes claystone-porphyry when crystals of glassy felspar are im-
bedded in its mass. The amygdaloids are rather earthy in texture,
have been originally vesicular, and are so named from the almond-
shaped concretions (amygdalon, an almond) of calc-spar, agate,
chalcedony, jasper, &c., which now fill the vesicular cavities ; and
the trap tuffs and wackeés occur in every gradation of texture, from
soft seoriaceous masses to compact aggregations of rocky fragments
cemented together by igneous matter. The trachytes or greystones,
as they are sometimes termed, are greenish-grey varieties, indis-
tinetly crystalline or earthy, and so named from the rough, harsh
feel (trachys, rough) they have nnder the finger ; but they belong
to the voleanic rather than to the trappean group, and mark, as it
were, the transition from the one epoch to the other. Indeed, as
will be afterwards seen when we come to discuss the stratified
systems and their associated igneous rocks, there appears to be
something like a chronological development among the species of
trap-rocks—a subject which will require long years of patient
research before it can be invested with any degree of certainty or
generalisation.

Physical Aspects.

122. The geographical area occupied by the trap-rocks is very
extensive, there being few secondary districts in which they do
not rise up, either in undulating conical heights, orin terrace-like
hill-ranges. Indeed, all the older secondary regions—that is, those
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occupied by the old red sandstone and carboniferous systems—
owe their surface configuration chiefly to manifestations of trap.
Mouch of this trap is of contemporaneous origin with the sedimen-
tary rocks among which it occurs, and is of course interstratified
with these deposits ; but a great portion also is of posterior date,
and in this case occurs as disrupting and overlying masses. To
enumerate the districts in which trappean compounds occur,
would be to map out the countries occupied by the whole
transition, secondary, and tertiary systems. In our own country,
the Sidlaw, Ochil, Pentland, and Lammermuir ranges in Scot-
land ; the Cheviot, Cumberland, Welsh, and Derbyshire hills in
England ; and most of the hills in Ireland, are of true trappean
composition ; that is, of variable masses of one or other of the
species enumerated in the preceding paragraph.

123. The scenery produced by assemblages of trap hills is often
extremely picturesque and beautiful—their undulating outlines,
step-like ascents, abrupt crags and cliffs, and detached conical
eminences, presenting a much greater variety of scenic aspect than
is produced by those either of granitic or of voleanic origin. They
are “hills” rather than mountain-ranges, and consequently pro-
duce, within narrower limits, all that diversity of surface which
is ever so pleasing to the human eye, while their moderate height
prevents that cold sterility which renders the heights of primitive
mountains often so dreary and monotonous. In addition to this,
the soil produced by the decomposition of many traps is so genial
and productive, and is so well drained by their natural joints
and fissures, that the term “trap-district ” is usually regarded as
synonymous with amenity and fertility.

Industrial Products.

124. The industrial purposes to which trap-rocks are applied
are numerous enough, but not of prime importance. Some basalts
and greenstones make very durable building materials, but the
difficulty of dressing them into proper shape, combined with their
dingy and unattractive colours, prevents their extensive use. The
same may be said of the felspar-porphyries, clinkstones, and
amygdaloids, which are rarely employed where sandstones or
limestones can be obtained. Their hardness, however, renders
them peculiarly fitted for road and street material ; hence their
extensive use in causewaying and macadamising—several of the
greenstones successfully competing with the granites in this
respect. DBefore the improved manufacture of fire-bricks some

G
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open-textured varieties were largely used for the linings and soles
of ovens ; and some of the closer-grained greenstones and basalts
have been employed by the Hindoos, Persians, and Egyptians for
sculptural purposes. From the geodes (that is, sparry cavities) ot
the amygdaloids and trap-tuffs are obtained most of the agates,
jaspers, chalcedonies, and carnelians, made use of by the lapidary
and jeweller. Indeed, the so-called “ Scotch pebbles” are mainly
derived from the amygdaloids of the Kilpatrick, Sidlaw, Ochil, and
Crieff hills—being sometimes quarried from the rock, but generally
found among the weathered debris, or from the gravel of the
adjacent rivers and sea-shores. Few metalliferous veins are found
traversing rocks of trappean origin, though they are evidently
connected as a producing cause with many of the ore-veins of the
mountain and magnesian limestones. Perhaps the most notable
metallic product occurring in trap-rocks is the native copper of
Canada and North America, which occurs in plates and strings
and blocks often of large dimensions. A similar native copper, in
irregular plates and strings, occursin the traps of Dumbartonshire ;
but it is too sparingly disseminated ta be mined with profit.

IIL,—VOLCANIC ROCKS.

125. All the igneous rocks already described are, in one sense,
volcanic—that is, have been produced by the agency of heat in a
manner analogous to that of existing volcanoes. For the sake of
classification, however, it is better to limit the term to such rocks
as are now in process of formation, or have been formed since the
close of the tertiary epoch. It may be difficult, in some instances,
to distinguish a mass of trachytic lava from one of trachytic trap-
tuff ; but when the mass is viewed in connection with its associ-
ated rocks, its origin becomes readily apparent, and there is gene-
rally as little difficulty in distinguishing between recent volcanic
products and trappean compounds, as there is in distinguishing
between trap and granite. Voleanic rocks are, therefore, essen-
tially products of the modern period, and are found, like the older
iguneous rocks, either elevating, bursting through, or overlying the
stratified formations.

126. A volcano (Vulcanus, the god of fire) has been described as
“a more or less perfectly conical hill or mountain, formed by the
successive accumulations of ejected matter in a state of incan-
descence or high heat, and having one or more channels of com-
munication with the interior of the earth, by which the ejections
are effected.” This definition is a somewhat restricted one ; for,
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geologically speaking, all matters discharged from the crust of the
earth by the action of heat are regarded as volcanic or of volcanic

View of Mount Etna—Conical Aspect of Volcanoes.

origin, These substances make their appearance either as solid
matter, as mud, water, vapour, or as gases ; and, when cooled down
and consolidated, produce a variety of rock-products, which we shall
now describe :— Lava is the name commonly given to all melted
rock-matter ejected from active craters, and which, when cooled
down, forms varieties of tufa, trachyte, trachytic greenstone and
basalt, according to the varying proportions of felspar, hornblende,
augite, and according to the slowness or rapidity with which the
mass is cooled. The more rapid the process of cooling, the more
compact the rock ; and thus we have among Volcanic products,
just as among Trappean, every variety of texture, from that of a
glassy basalt toa granular trachyte or greystone, and from that to a
soft earthy tufa. Obsidian, or volcanic glass, is a vitreous lava of
various shades of colour, and in many instances is scarcely dis-
tinguishable from the product of the glass-furnace. Indeed, so
thoroughly glassy is its nature, that its name is said to be derived
from the Greek word opsianos, in allusion to its use among the
ancients as a material for mirrors, Pumice (spuma, froth or
scum) is a light porous rock, evidently produced by the disen-.
gagement of gases in the mass while in a state of fusion ; in other
words, the solidified froth or scum of molten rock-matter. It is
often so light as to float on water, is of various shades—the finer
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varieties having a pearly or silky lustre, and fibrous texture. The
pumices are closely allied to the obsidians in composition, and
appear to be the same substance rendered porous and fibrous by
the éxtrication of steam and gases, To the same group also
belong the pearistones, so called from their pearly lustre, and
which hold an intermediate place between the pumices and
obsidians—being more compact than the former and less vitre-
ous than the latter. Several pearlstones are almost undistin-
guishable from the pitchstones of the trap group; but it is
better to limit the terms as we have indicated—retaining the
one for the modern, and the other for the more ancient com-
pounds. Scorie, cinders, ashes, and the like, are of the same
mineral composition as the solidified lava, and seem to be pro-
duced by the explosive force of steamn or other gases. These
scoriaceous compounds are sometimes light and cindery, like
those found floating on the surface of lava streams; at other
times they are heavy and vitreous, being ejected in a stony state ;
and when the fragments are of some size, are known as volcanic
bombs., 'What is termed wvolcanic sand appears to be finely com-
minuted scoriz, and is found in scattered accumulations in almost
all volcanic districts. Volcanic dust, ejected from active craters,
and often carried to great distances by wind, is a compound of
argillaceous, calcareous, magnesian, and siliceous earths, usually
tinged with iron, and capable of forming a pasty mass with water.
It is this pasty matrix that binds together scoriee, sand, lapilli
(small stones), and the like, constituting what are then known as
volcanic tufas, breccias, puozzolanas (from Puozzoli, near Naples),
and the farras or trass of Rhenish Germany. Folcanic mud,
which bubbles out from many fissures and openings (known as
mud-voleanoes), is a product of considerable magnitude in some
regions ; has a feetid sulphurous odour; and in cooling and
solidifying is often found to contain crystals of sulphur and
gypsum. Jets of hot-water (like the geysers of Iceland), and
those of steam (like the suffiont of Ttaly), are important voleanic
demonstrations, and usually contain in their waters solutions of
rock-substances, as silica, lime, borax, &e. ; while the gaseous dis-
charges (moffeti) are usually carbonic acid gas, sulphuretted hydro-
gen, and sulphurous acid. Most of the sulphur of commerce is
derived from voleanic districts ; and the solfataras, or sulphurous-
vapour-springs, are amongst the most peculiar and persistent of
their phenomena. One of the most curious and abundant of rock-
products in some volcanic regions is that known by the name of
palagonite or palagonite-tuff—the variety from Iceland being
described as a compound of silica, alumina, sesqui-oxide of iron,
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lime, magnesia, potassa, soda, and water, and so soluble that it
cannot resist the action of the weakest acids, and is even partially
dissolved by water,

127. All the products deseribed in the preceding paragraph are
found less or more in every volecanic region ; and the mode in
which they are discharged, their varying admixtures, and the
different appearances they assume, according to the rapidity or
slowness with which they are cooled, afford highly instructive
lessons to the geologist., Here the explosive force of highly-
heated vapours and molten matter breaks through and deranges
the strata of the crust; there lava penetrates every fissure, or,
issuing from some vent, flows down the mountain-side, filling up
valleys, damming up river channels, and spreading over fertile
plains : here scoriee and ashes are showered forth, borne abroad
by winds, and scattered over land and sea ; there heated vapours
are perpetually exhaling from rents and fissures, and incrusting
their sides with mineral and metallic compounds, Discharge
after discharge from volcanic vents gives rise in time to moun-
tains ; or, if spread along the bottom of the sea, is in turn over-
laid by true sediment, and thus produces alternations of aqueous
and igneous rocks. The molten matter also cools unequally—
here forming a porous pumice, there a rough open tufa; here
a granular trachyte, and there a compact mass, scarcely distin-
guishable from basalt or greenstone. And just as igneous forces
are acting at the present day under the eye of the observer in the
production of volcanic rocks, so must they have acted in former
ages in the production of trappean and granitic compounds ; with
this difference, that many of the latter have been formed at great
depths and under great pressure, and have subsequently under-
gone internal changes to which voleanic or sub-aérial igneous
rocks have not been subjected.

[The mode and results of voleanic action are very instructively described
by the Rev. T. Coan in his account of an eruption from Mauna Loa, one of
the active cones of the Sandwich Islands. The eruption took place during
October 1856, and the following extracts from his letters cannot fail to
impress on the mind of the student the magnitude as well as the variety
of the rocky compounds that may arise from a single lengthened eruption :
—*“ A fracture, or fractures, occurred near the summit of the mountain,
which extended in an irregular line from the terminal point, say five miles
down the north-east slope of the mountain. From this serrated and yawn-
ing fissure, from two to thirty yards wide, the molten flood rushed out and
spread laterally for four or five miles, filling the ravines, flowing over the
plains, and covering all those high regions from 10 to 100 or 200 feet deep.
Along this extended fissure, elongated cones were formed at the points of
greatest activity, These cones appear as if split through their larger
diameter, the inner sides being perpendicular or overhanging, jagged,
and hung with stalactites, draped with filamentous vitrifications, and in-



P2 THE IGNEOUS ROCKS.

crusted with sulphur, sulphate of lime, and other salts. The outsides of
these cones are inclined planes, on an angle from 40° to 60°, and composed
of pumice, cinder, volcanic sand, tufa, &c. You will not, however, under-
stand that these semi-cones were once entire, and that they have been rent.
They are simply masses or ridges of cinder and dross deposited on each
side of the fractures where the action is greatest, and where the greatest
amount of fusion has been ejected. These ridges or scorified heaps and
their substrata, together with the immense fields of refrigerated and un-
even lavas for miles around, were all produced by ejections or overflowings
from the fissures mentioned. [t is all @ new deposit.

While these immense floodings were going on laterally around the vol-
canic vents, incandescent streams were, of course, winding their way down
the side of the mountain. These fiery streams, when united, formed a river
some three miles wide on the side of the mountain, and in the plains at the
base of the mountain it spread into a lake or sea from five to eight miles
broad. Again, it narrowed to two or three miles, and went into the woods,
winding its way through the thicket, contracting and expanding, and eating
the jungle till it came within five miles of Hilo—making in all a lava_cur-
rent (including windings) nearly seventy miles long ! Now, after you leave
the region of open fissures, near the summit of the mountain, all below
appears to be a flow on the surface. 'We can see no chasms or fractures ex-
cept those always found in the surface-flows. There is no visible evidence
that the old substrata had been fractured, except on the higher regions of
the mountain. The whole is a mere surface-flow, the fused lava finding its
way under cover down the mountain-side, and without showing itself at a
single point save at the forward margin. The process is thus :—Lavas
flowing on the surface and exposed to the atmosphere, unless moving with
great velocity, as down steep hills, soon refrigerate on the surface, as water
freezes first on the top. This hardened surface thickens, until it extends
downwards 1, 10, 50, 100, or 200 feet, as the case may be. Under this
superstratum the lava remains liquid, the hardened cover protecting the
fused stratum from the refrigerating influence of the atmosphere, and thus
facilitating its longitudinal or lateral progress. Consequently, at the
termini, and sometimes along the margin of the hardened stream, you see
the fusion gushing out in red lines and points, and in irregular masses;
and where the ground is not steep, pushing sluggishly on, like the creep-
ing of a slug, or by paroxysmal throes. When lavas refrigerate through
the whole stratum, and thus rest upon an ancient or previous formation,
they form dams or obstructions which divert the stream of lava from above,
unless this obstruction is lifted, broken up, tilted, or overflowed by fresh
supplies of lava. Down the steep sides of the mountain such obstructions
occur more rarely ; consequently, after a few days of wide-spreading over
these high regions, and when the superficial hardening process is completed,
the lava ceases to reach the surface, either at the fountain or down the
sides of the mounntain, but is confined to channels, mostly covered with
fresh solidified lavas, where it finds a free and rapid passage to the plains
below. Here the movement is slow, the obstructions more numerous, and
the force to overcome them less potent. This accounts for the spreading
laterally, the upliftings, the tiltings, the vertical gushings, the submergings,
the fractures, pits, dams, ridges, little cones, and the ten thousand irregu-
larities which diversify the ever-changing surface of lava-streams, while the
fusion is struggling to work its passage, or to keep open its ever-choking
channels below, <.e. between its own crust and the former surface of the
earth., I have seen a dome, some 300 feet in diameter at its base, raised
100 feet high, and split from the summit in numerous radii, through which
the red and viscid fusion was seen ; and I have mounted to the top of such
a dome, in this state, thrust my pole into the liquid fire, and measured the
thickness of its shell, which was from two to five feet. Now this dome,
which may be represented by an egg standing on its larger end, was full of
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liquid lava, visible and tangible, through the cracked shell of which you
could thrust a pole to great depth into the fusion. This dome, with thou-
sands of similar ones of various sizes, was formed simply by hydrostatic
pressure. This force, and that of vapours formed by the combustion of
vast quantities of trees and other vegetable matter submerged by the
mineral river, produce the marvellous and mighty effects seen on the
surface of the lava-streams.”

Again, the quieter, but not less important, effects of mud-volcanoes and
solfataras are well described in the following extract from Sir George
Mackenzie's Travels in Iceland :—¢¢ At the foot of the Sulphur Mountain,
about three miles from Krisuvik, was a small bank, composed chiefly of
white clay and some sulphur, from all parts of which steam issued. As-
cending it, we got upon a ridge immediately above a deep hollow, from
which a profusion of vapour arose, and heard a confused noise of boiling
and splashing, joined to the roaring of steam escaping from narrow crevices
in the rock. This hollow, together with the whole side of the mountain
opposite as far as we could see, was covered with sulphur and clay, chiefly
of a white or yellowish colour, and forming a crust from a quarter of an
inch to several inches in thickness. Walking over this soft and steaming
surface we found to be very hazardous. The chance of the crust of sulphur
breaking or the clay sinking with us was great, and we were several times
in danger of being much scalded. From whatever spot the sulphur is re-
moved steam instantly escapes ; and in many places the sulphur was so hot
that we could scarcely handle it. From the smell, I perceived that the
steam was mixed with a small quantity of sulphuretted hydrogen gas.
When the thermometer was sunk a few inches into the clay, it rose gene-
rally to within a few degrees of the boiling point. At the bottom of this
hollow we found a cauldron of boiling mud, about 15 feet in diameter,
similar to that on the top of the mountain, which we had seen the evening
before ; but this boiled with much more vehemence. We went within a
few yards of it, the wind happening to be remarkably favourable for view-
ing every part of this singular scene. The mud was in constant agitation,
and often thrown up to the height of six or eight feet. Near this spot was
an irregular space filled with water boiling briskly ; and at the foot of the
hill steam rushed with great force from among the loose fragments of
rocks.”]

Physical Aspects.

128. Although voleanic rocks are unknown in the British
Islands, they occur extensively in many regions of the globe ;
geographers enumerating between 200 and 300 active or partially-
active craters of eruption. In Europe there are three well-known
centres of igneous action—viz., that of Italy, to which Etna and
Vesuvius belong; that of Iceland or Hecla; and that of the
Azores. In Asia there are ample evidences of igneous activity
along the borders of the Levant, the Caspian, and the Red
Sea ; in the Indian Ocean ; throughout the whole of the Indian
Archipelago ; and northward through the Philippine, Japan, and
Aleutian islands, In the Antarctic Ocean several cones of active
eruption were discovered by our voyagers in 1841 ; and in the
Pacific, the islands of New Zealand, the Sandwich, and other
groups, are for the most part the results of voleanic action. In
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the Atlantic, the Canaries, Cape de Verd, Ascension, and other
islands skirting the western coast of Africa, are well-known seats
of igneous action ; while in the West Indies, and along the entire
continent of America, from the islands of Terra del Fuego (Land
of Fire), northward through the Andes and Rocky Mountains, are
numerous volcanic vents in a state of greater or less activity. In
these centres of igneous action many of the volcanoes seem to be
extinct ; some are merely smouldering or dormant ; while others
are incessantly active, either ejecting rocky matter from their
craters, or rending the surrounding country by earthquake con-
vulsions. On the geographical features of existing volcanoes,
however, we need not here enter, as these will receive more de-
tailed description when we come to treat of the Post-tertiary or
Recent Accumulations.

Industrial Products.

129. In an industrial point of view, volcanic products are of
considerable importance. As already mentioned, all, or nearly
all, the sulphur of commerce is derived from voleanic districts—
Sicily alone yielding upwards of 80,000 tons a-year. Several of
the lavas make a light and durable building-stone ; and others
are cut and polished for ornamental purposes like marble. Pumice
has been long used as a polishing or rubbing stone, and for that
purpose many hundreds of tons are annually collected at a rate
varying from £6 to £10 a ton according to quality. Obsidian was
used by the ancients for looking-glasses ; and the natives of various
regions have used it, as our forefathers used flints, for knives,
arrow-heads, hatchets, and other cutting instruments. Puozzo-
lana (which by some is regarded as an altered felspathic tufa) has
been long employed in the manufacture of Roman or hydraulic
cement, a use to which the analogous ¢rass of the Rhine has also
been applied. Besides sulphur, sal-ammoniac and borax may
be regarded as volcanic products—the former being found in most
igneous districts, and the latter being produced by hot springs,
like the Lagoons of Tuscany, which yield more than 1000 tons
annually of crystallised boracic acid. Like the trap-rocks, many
of the older lavas yield agates, chalcedony, leucite, spinelle, olivine,
and other precious minerals ; while some of them are metalliferous,
and contain, though seldom in available quantities, iron, titanjum,
manganese, copper, mercury, and gold.
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NOTE, RECAPITULATORY AND EXPLANATORY.

130. The products described in the preceding chapter constitute
one of the great divisions into which the rock-masses of the globe
have been arranged. Though containing no fossil record (except
in a few rare instances to be afterwards noticed) of the kind of
plants and animals which have successively peopled the earth—
and in this respect of less value in enabling us to decipher its
history—they are still important monuments of past change ;
monuments in which we can trace the features of the world’s
former surface—its alternations of hill and valley, of sea and
land, and of many of those external conditions which give char-
acter and colouring to organic life. In this respect they are of
prime importance ; and it is only by studying their relations to,
and the manner in which they have affected the stratified rocks,
that we can ever hope to solve many of the most intricate pro-
blems in geology. Their arrangement into GraNITIC, TRAPPEAN,
and Vorcaxic, though partaking more of a mineralogical than of
a geological distinction, is not without its value, so long as the
student remembers that granite, though the deepest-seated igne-
ous rock, may also be associated with strata of all ages, and that
trap-rock, though most abundantly developed during the secondary
period, may also be found in connection with strata of the earliest
epochs. Bearing in mind these facts, and remembering also how
similar many of these rocks are in mineral composition, and that
they all occur in connection with the stratified formations—as
disrupting, overlying, or tnterstralificd masses—the student will
readily perceive that it is chiefly in their mineral and mechanical
bearings that he has to deal with them. Thus, the granitic masses
are never scoriaceous and cellular like recent volcanic rocks, nor
are they ever earthy and amygdaloidal, like many of the trappean
compounds, The trap-rocks, as a whole, are less felspathic than
the granites and porphyries, and exhibit a greater tendency to
structural arrangement than either granitic or voleanic produets ;
while the voleanic are decidedly more cellular, slag-like, and vitre-
ous, than either the granites or traps.

131. Touching the structural development of the trap-rocks
(the spherical, columnar, tabular, and other arrangements), it may
be here briefly remarked that they all seem to be the results of
one process—namely, that of cooling or crystallisation on the
large scale. The sphere or radiated globule appears to be the
primary form, and we can demonstrate by experiment that such
incipient globules will arrange themselves in columns more or
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less distinet, in tabular masses, or in distinet spherical concretions,
according to the pressure and mode of cooling to which the molten
mass has been subjected. Take, for example, a mass of putty pel-
lets, and subject them to varying degrees of lateral and vertical
pressure, and it will be found on removing the pressure that they
have arranged themselves in columnar and jointed order, pre-
cisely similar to the five and six sided basaltic columns of the
Giant’s Causeway. It matters not whether the interfering force
be pressure from without, unequal contraction of the mass, or
expansion from within, the result will be the same ; and just in
proportion as these have been applied, so will there arise columns,
tabular masses, or spherical concretions, It is a common error
to suppose that the columnar structure should be always perpen-
dicular or nearly, so; the fact being, that basaltic columns are
found lying in every direction—vertical, inclined, and horizontal,
The general arrangement of the columns is at right angles to the
cooling surface ; hence the horizontal columns of basaltic dykes—
these ranging at right angles to the cooling walls of the strata
through which the molten mass has been ejected.

132, Arranging the igneous or pyrogenous rocks under the great
divisions of Granitic, Trappean, and Voleanic, we have under each
the following varieties, with which the geological student should
early endeavour to make himself familiar :—

GRANITIC.—Granite proper, graphic granite ; porphyritic granite, syenite,
syenitic granite, hypersthenic granite; protogine; pegmatite, hornblende
rock, hypersthene rock ; primitive or syenitic greenstone ; serpentine; and
the various felspathic compounds known as granitic porphyries. The acci-
dental minerals or crystals occurring most abundantly in granitic rocks are
—glassy felspar, rock-crystal, schorl, tourmaline, beryl, garnet, apatite,
chlorite, steatite, and asbestos.

TRAPPEAN.—Basalt, clinkstone, basaltic-clinkstone (diorite), greenstone
(dolerite), greenstone-porphyry ; compact felspar or felstone, felspar por-
phyry ; hornstone, pitchstone, pitchstone porphyry; claystone, claystone
porphyry ; amygdaloid, trap-tuff, wacke, and trap-breccia. The accidental
and imbedded minerals are hornblende, augite, olivine, agate, chalcedony,
jasper, and a numerous class having a fibrous-radiated aspect known as
zeolites, mesotypes, prehnites, &c.

VorcaNic.—Lava, basaltic lava, trachyte or greystone ; obsidian, pumice,
pearlstone ; tufa; scoriz, ashes, volcanic sand, dust; puozzolana, trass;
palagonite and siliceous sinter from hot springs; sulphur, boracie acid, car-
bonic acid, and sulphuretted hydrogen.

Theories of Voleanic Action.

133. Respecting the origin of the pyrogenous rocks, or rather
the cause of igneous action with all its attendant phenomena of
voleanoes, earthquakes, and other subterranean movements, geo-
logists are by no means agreed, The two most prevalent hypo-
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theses are what have been termed the chemical and mechanical—
the former endeavouring to account for the phenomena on chemi-
cal principles, the latter ascribing them to some great source of
heat within the interior of our planet. By the latter hypothesis
it is assumed, chiefly on the ground of increasing temperature as
we descend into the erust, that the interior of the globe is in a state
of high incandescence or molten fluidity ; that the cooled or rocky
exterior is of inconsiderable and varying thickness; and that
this crust is extensively cavernous, rent and fissured—primarily
by unequal contraction from cooling, and subsequently by subter-
ranean agitations. As this cooling process must be still going on,
however slowly, the least contraction of the erust—even to the
fraction of an inch—would be sufficient to squirt out molten rock-
matter from a hundred pores or craters. Water also finds its way
through the fissures of the crust, and, coming in contact with the
heated mass within, generates steam and other gases, and these
exploding and struggling to expand, produce earthquakes and
agitations, which are rendered more perceptible by the cavernous
and fissured condition of the crust, and the yielding material upon
which it rests—the thin rocky film, undulating and rending like
a sheet of ice on the surface of agitated water. Occasionally the
heated vapours make their way through fissures and other openings,
as gaseous exhalations, or as hot springsand jets of steam and water,
carrying with them various sublimations and solutions of the rocks
through which they pass. On the other hand, when the expansive
forces within become so powerful as to break through the earth’s
crust, discharges of melted rock-matter (lava), red-hot stones, ashes,
dust, steam, and other vapours follow ; and repetitions of such
discharges at longer or shorter intervals gradually form volcanic
cones ; and lines and centres of such activity produce, in course of
ages, mountain groups and ranges. It does not follow, however,
that voleanic discharges must always take place at the point where
the greatest external contraction or internal pressure is exerted ;
on the contrary, the molten mass will obey the law of hydrostatic
pressure, and be propelled to whatever craters or fissures may
already exist. This so-called “ mechanical” theory of central heat
is further supported by the occurrence of igneous phenomena in
every region of the globe, and by the fact that most voleanic
centres are in intimate connection with each other—a commotion
in one district being usually accompanied by similar disturbances
in another. It is sometimes objected to this hypothesis, that if all
the igneous rocks proceed from a common source, there ought to
be a greater uniformity among them in composition and aspect ;
but, on the whole, there is really a great similarity in composition,
and thereis nothing in their differences that may not be accounted
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for by pressure, rapidity or slowness of cooling, fusion and re-fusion,
and comminglement with the melted matter of the stratified rocks
through which the eruptions take place.

134. Turning now to the chemical hypothesis, we find that while
it offers no opinion as to the original igneous condition of the
globe, it endeavours to account for volcanic phenomena by ap-
peals to chemical actions and re-actions now taking place among
the materials composing the rocky crust. The metallic basis of
the alkalies and earth, as potassium, sodium, calcium, &e., the
moment they come in contact with water, are decomposed with
an evolution of intense heat; and this heat, it is contended, is
sufficient to fuse rocks, convert water into steam, and give rise, by
mutual decompositions, to escapes of carbonic acid, sulphuretted
hydrogen, and other gases, This hypothesis proceeds, of course,
upon the supposition that such metallic bases exist within the
globe, where water, finding its way to them through chinks and
fissures, unites and causes the phenomena in question ; and it also
presumes their universality and abundance to account for the
prevalence of igneous action in all time, past as well as present.
This theory offers no opinion as to the gradual cooling of the globe
from a state of fusion, but strives to elicit the continuous opera-
tion of natural laws, rather than appeal to original conditions of
which we know so little by direct induction. Of the two hypo-
theses it is certainly the more philosophical, as admitting in
nature a perpetual power of renewal of the same phenomena from
her own inherent materials, instead of appealing to an exhaustible
source, such as an original igneous state of the globe necessarily
implies ; but as yet our knowledge of the earth’s crust at great
depths is too limited ; we know too little of the chemical and
magnetic operations which may be going forward among its rocks ;
and we are too slenderly acquainted with the transpositions which
may take place among its metals and minerals, to accept the
chemical theory as adequate to account for the magnitude of the
phenomena in question. It is true there occurs nothing among
the products of volcanoes at variance with its assumptions ; but
the magnitude, the universality, and the apparent greater extent
of igneous action in earlier geological times, would seem to point
to a more stable and uniform source—that source, according to the
general geological belief, being the original interior molten mass
of the globe, around which time and external conditions have
gathered a cooled and solid crust of heterogeneous rock-material.

135. Another point connected with the history of volcanoes—
and one which has recently given rise to much discussion—is that
which involves the so-called theories of “ craters-of-elevation” and
“ craters-of-eruption.” Till of late years volcanic cones and craters,



TIIEORIES OF VOLCANIC ACTION. 119

whether large or small, were generally regarded as the results of
eruptions from within—the ejected matters gradually accumulat-
ing in form more or less conical round the crater or outlet of
eruption. This view has been opposed chiefly by Humboldt,
Von Buch, Eli¢ de Beaumont, and Dufrénoy, who deny that vol-
canic mountains have been formed by the accumulation of erupted
matters, and attribute them solely to a sudden “bubble-shaped
expansion or swelling-up” of the earth’s crust—the bubble some-
times bursting at top, and then bearing its broken sides tilted up
around a hollow (elevation crater). On the other hand, Lyell,
Prevost, Scrope, and many others, contend for the “eruptive-
crater” theory, and maintain that the characters of all volcanic
mountains and rocks are simply and naturally to be accounted for
by their eruptive origin—the lavas and fragmentary matters ac-
cumulating round the vent in forms determined in a great degree
by the more or less imperfect fluidity of the former, the less fluid
(trachytic lava) cooling in domes and ledges right over and around
the crater, the more fluid (basaltic lava) passing down moderate
declivities, and spreading to great distances. Like most other
disputed points in Geology, there is much of both theories that
must be accepted to account fully and fairly not only for isolated
cones (which are in the main composed of erupted matters), but
also for mountain-chains whose chief features and lines of direc-
tion are evidently produced by upheaval and other internal move-
ments of the earth’s solid crust. In fact, upheaval and eruption
are ever concomitant causes, or rather they are varied expressions
of the same force, and to attempt to dissociate them because one
cone is chiefly composed of “erupted” matter, and another of
“upheaved ” strata, is certainly not the most approved mode of
arriving at the “true canses” of geological phenomena.

136. The limited extent of an elementary work prevents further
discussion of these interesting topics ; but the student may rest
assured that there are few departments more worthy of his atten-
tion, and none at present less pursued than the study of the
igneous rocks, and the causes which have led to their production.
Should he be inclined to follow the subject more in detail, he can-
not avail himself of higher help than the Physical, Chemical, and
Geological Researches of Professor Bischof of Bonn, the Z'reatise
on Volcanoes by Dr Daubeny of Oxford, Mr Poullet Serope’s
Geology and Extinct Volcanoes of Central France, and Mr Dar-
win's Geological Observations on Volcante Ielands. For a deserip-
tion of the mere rock-products, M‘Culloch’s Classification of
Rocks, and any modern treatise on mineralogy, may be consulted
with advantage,
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METAMORPHIC OR HYPOZOIC SYSTEM, EMBRACING THE GNEISS,
QUARTZ-ROCK, MICA-SCHIST, AND CLAY-SLATE GROUPS.

137. WitHouT adhering to the common belief that granite
forms the floor or basis on which all the stratified systems repose,
it may at least be confidently asserted that granitic compounds
upheave and break through the lowest known strata, and in this
sense are certainly under-formed or deeper-seated than any other
rocks with which we are yet acquainted. Whether this arises
from an original igneous condition which has imparted to these
rocks a uniformity of character, or whether it be that all deep-
seated rocks, by heat and pressure, have been made to assume a
similarity of aspect, geology is yet unable to determine, and must
rest satisfied in the mean time with a simple statement of the
facts. It is on this ground that Sir Charles Lyell has proposed
the term Zypogene, or under-formed (hypo, under, and ginomai,
I am formed), to embrace all the lower crystalline rocks ; but as
granite, in its eruptive character, is altogether a different rock
from gneiss, mica-schist, or erystalline limestone, which are never
eruptive, the term appears inapplicable, and if to be used at all,
must be restricted to granitic compounds, whether eruptive or of
doubtful origin. It may be quite true that gneiss and mica-schist, if
subjected to heat and pressure, would, in process of time, become
undistinguishable from some varieties of granite ; and that sand-
stones and shales, if subjected to the same agencies, would assume
acrystalline aspect. This, however, is merely saying that mechani-
cally-sedimentary rocks have been converted by Aeat into erys-
talline compounds ; and that crystalline compounds have been
changed by the same process into pyrogenous masses, We must
draw a line of distinction somewhere—and whether granite may
have once been crystalline schists or crystalline schists sedimen-
tary strata, we have now the facts presented to our observation,
that eruptive granitic rocks are clearly separable as a group from



METAMORPHIC ROCKS. 121

the crystalline schists that repose upon them, in stratiform
arrangements less or more perceptible. Assuming, then, that
the granitic rocks already described constitute the true Aypogene
group, that they immediately underlie, and are intimately asso-
ciated with the lowest stratified schists, we obtain a starting-point
in the crust from which to commence an intelligible description
of the systems that follow.

138. The crystalline schists—gneiss, mica-schist, &c.—are fre-
quently grouped as the Non-fossiliferous system, from their con-
taining no remains of plants or animals, so far as the geologists
have been enabled to discover. For the same reason they have
been termed Azotc, or destitute of life (@ without, and zoé life),
in contradistinction to the upper systems, which are all less or
more fossiliferous. As this distinetion, however, is founded solely
on negative evidence, and as fossils may yet be discovered in some
portion of these rocks, which in many tracts are evidently meta-
morphosed silurian and cambrian strata, it is thought better to
employ the term Hypozoic (hypo under, and zo¢ life), which merely
indicates that the system lies under all those that are known to
be unmistakably fossiliferous. The name Metamorphic refers, on
the other hand, to its mineral characteristics, and implies that
the original structure and texture of its rocks have undergone
some internal change or metamorphosis. At present these rocks
are all less or more crystalline ; their lines of stratification are
often obliterated, or but faintly perceptible, and their whole
aspect is very different from what is usually ascribed to rocks
originally deposited in water. This change may have been
brought about (as will be seen in the recapitulation) by the
application of external heat and pressure, or it may be the result
of some peculiar chemical action among the particles of which the
rocks are composed. In whatever way the metamorphosis has
been effected, we see clearly that a change has taken place in the
original sedimentary character of the strata, and that matter
which at first consisted of water-worn debris—as silt, clay, and
sand—has now been converted into hard, shining, and crystal-
line rocks. It must be remembered, however, that though
mineral metamorphism is peculiarly the characteristic of this
set of strata, it is by no means confined to gneiss and mica-schist ;
for, as we shall afterwards see, many sandstones of the later
systems have been converted into quartzite or quartz-rock, many
shales into jaspery-hornstones, and earthy limestones and soft
chalk into sparkling saccharoid marbles. Wherever heat, pres-
sure, and chemical agency are present in any notable degree,
there will mineral metamorphism manifest itself—consolidating,
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compacting, and altering the molecular arrangement of all sedi-
mentary strata, and that in proportion to the intensity of the
agencies at work, and the length of time these agencies have been
in operation.

139. The question naturally arises, if gneiss and mica-schist be
indeed metamorphosed aqueous strata, may they not have been
originally fossiliferous—the fossils being now obliterated by the
crystalline metamorphosis ?  All that can be said in reply, in the
present state of our knowledge, is simply that no decided organie
remains have yet been detected in these schists; and, judging
from the obscure traces of fossilsin altered secondary rocks, there
is little hope of ever obtaining evidence of organic life in the
more ancient and highly crystalline strata. The effect of such a
discovery would, no doubt, greatly modify our views of Life and
development, by carrying us immeasurably farther into the past,
but this would be all ; it would overturn no truth already estab-
lished, nor interfere with our schemes of classification so long as
we regard the rocks of which we are now treating simply as
“metamorphic,” throwing aside all other views which imply
either the probable presence or absolute absence of organic re-
mains. It is in this provisional view that we shall now treat
them, frankly admitting that geology is not yet in a position to
speak dogmatically on the subject.

L-—GNEISS, QUARTZ-ROCK, AND MICA-SCHIST.

140. We arrange these groups under one head, for this reason,
that though there is often a sufficient mineral distinction between
them, when viewed on a large scale, there is, after all, very little
difference in their geological character and history. In whatever
state of aggregation the particles of G'neiss may have been when
originally deposited, we now know that it is a hard, tough, crys-
talline rock, exhibiting curved and flexured lines of stratification,
and composed in the main of quartz, felspar, mica, and hornblende.
Mineralogically speaking, it differs from the granitic rocks with
which it is associated chiefly in this, that while the crystals of
quartz, felspar, &ec. are distinct and entire in granite, in gneiss
they are broken, indistinet, and confusedly aggregated. There is
also this essential distinction, even where the mineral aspects of
the two rocks are most alike, that the gneiss never sends out
dykes and veins, like the granite, into contiguous strata ; nor
does it ever assume the tabular or sub-columnar structure so fre-
quent in granite—a structure peculiar to rocks which are the
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products of cooling and consolidation from a state of igneous
fusion. In the most granitoid masses of gneiss, the stratified
disposition is never wholly obliterated ; hence their fissility in
one direction as compared with the indeterminate and hackly
JSracture of the true igneous granites. Quartz-rock, which consists
of finely-granular quartz, with occasionally conglomerate-looking
bands, and beds intermingled with flakes of mica, scarcely holds
a determinate place among the primary strata ; though in the
Scottish Highlands its greatest development is clearly interme-
diate between the gneiss and mica-schist. It isin general less
flexured and foliated than the gneiss, hence its stratification is
more apparent ; and hence also its value to the geologist in
enabling him to determine lines of strike and dip in contorted
primary regions. What has been affirmed of.the sedimentary
origin of gneiss is much more apparent in Mica-schist, which is
often finely laminated and distinct in its lines of stratification.
This distinction arises from the greater attrition the particles
have undergone, and from the greater proportion of mica enter-
ing into its composition in the form of fragmented flakes or scales.
There is, however, a great similarity between the three sets of
rocks—beds and bands of gneiss interlacing and alternating with
beds of quartz-rock, bands of quartzitic rock occurring indiscrimi-
nately among gneiss and mica-schists, and gneissose rocks fre-
quently becoming so micaceous in their composition as to be
undistinguishable from true micacite. On the whole, the three
groups may be said to be composed essentially of felspar, quartz,
mica, tale, hornblende, and chlorite—these ingredients having
been deposited in beds and layers of silt, clay, sand, and the like,
but afterwards consolidated and altered in their internal struc-
ture so as to have become highly crystalline, and very similar in
their general aspect to the granites from which, by the processes
of waste and disintegration, they were originally derived.

141. Though it is often difficult to draw lines of distinction
between these groups, and to say where the one ends or the other
begins, it may be received as a general truth that gneiss, or rocks
of a gneissic character, occupy the lowest position in the metamor-
phic system ; that these are succeeded by a zone of quartzitic com-
pounds ; and these again by mica-schists, which graduate imper-
ceptibly into the chloritic and argillaceous slates that cap the
series, thus :—

CraY-sLATE—chloritic and argillaceous slates,
MicA-8CHIST—micaceous, talcose, and chloritic schists.
QUARTZ-ROCK—quartzitic compounds, generally thick-bedded.
GNEISS —gneiss-rock and granitoid schists.

H
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Such is the order of succession we would indicate, and so it occurs
on the great scale in the most typical of all metamorphic regions,
the Highlands of Scotland. There is this misconception, however,
to be guarded against, namely, that the terms gneiss, quartz-rock,
and mica-schist, being used to designate not only stratified groups,
but also certain peculiar rocks, the student is apt to imagine that
the system is composed solely of these rock-compounds. Nothing
could be more erroneous, inasmuch as both gneiss and mica-
schist occur interstratified with quartz-rock, crystalline limestone,
serpentinous bands, tale-schist, chloritic-schist, and other so-called
primary strata. We use the terms “Gneiss” and “ Mica-schist”
just as we speak of the Old-red-sandstone and Coal-measures—
taking the most distinctive rock as a name for the series, without
intending in the least to convey the impression that either sand-
stones or coals are the only rocks in their respective formations,
In the metamorphic system more than in any other is it difficult to
ascertain any definite order of succession among the strata—the
whole being so contorted and broken up by granitic intrusions,
and having undergone such a change in mineral character, that one
rock frequently passes by insensible gradations into another
within the space of a few hundred feet. Under these circum-
stances it is perhaps better simply to enumerate the more preva-
lent rocks in the system—premising that while the great group-
ing may remain as already indicated, the individual strata often
alternate and capriciously intermingle with each other : —
Gnei;s—an aggregate of quartz, felspar, and mica, occasionally garneti-
erous.
Porphyritic Gneiss—the same as above, with large irregular macles of
felspar or quartz.
Syenitic Greiss—of quartz, felspar, and hornblende.
ornblende schist—a, slaty rock, chiefly of hornblende, with felspar or

quartz.

Quartz-rock and Quartzite—granular aggregates of quartz with oceasional
flakes of mica~the quartzites being indurated quartzose rocks of
a more arenaceous aspect than quartz-rock proper.

Mica-schist—a fissile or laminated aggregate of mica and quartz, with
occasional crystals of hornblende and garnet.

Talc-schist—of tale and quartz, and differs only in this respect from
mica-schist.

Chlorite-schist—a greenish slaty rock of chlorite and quartz; often pass-
ing into mica-schist and clay-slate.

Actynolite-schist—a slaty foliated rock, chiefly of actynolite, with some
admixture of felspar, quartz, or mica.

Primary limestone—highly crystalline marbles, often containing veins
and flakes of serpentine, chlorite, steatite, and the like, with occa-
sional crystals of sahlite, and other accidental minerals.

‘When the above are massive and compact, they are spoken of
as rocks ; when laminated and fissile, they are termed schists, and
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by this name it were advisable to designate all the truly primary
metamorphic strata, with the exception of clay-slate, which, as
will be seen, often owes its fissility to another cause than bedding
or deposition. The term foliation (foliwm a leaf) is employed to
express that irregular leafy-like crumpling which occurs so pre-
valently among these schists—a structure for which, as well as for
slaty-cleavage, numerous hypotheses have been advanced; but
which, as the student will shortly find, remains in a great measure
an unsolved problem.

142. It has been stated that the strata of the metamorphic
system often capriciously alternate and intermingle ; and one
cannot pass over a section of any extent, such as is presented in
the glens or along the coasts of the Scottish Highlands, without
perceiving the truth of this remark. We may pass, for instance,
for many hundred yards along rocks of a mixed gneissic charac-
ter ; then meet with several bands of grey crystalline limestone ;
find these succeeded by more fissile gneiss, with bold independent
bands of quartz-rock ; meet again with beds of gneiss which pass
imperceptibly into mica-schists ; next discover beds of erystal-
line fissile limestone, succeeded by chloritic schists ; and ultimately
find that these chloritic bands graduate by degrees into the true
fissile clay-slates that close the system. If the district be very
much contorted and broken up by igneous eruptions, then we may
have dykes and veins of granite, with the gneiss in contact ren-
dered porphyritic and hornblendic ; or may have dykes of horn-
blende-rock, greenstone, and porphyry, causing irregular contor-
tions and foliations among the gneiss and mica-schists, in which
case we shall find veins of serpentine and glassy quartz, numerous
garnetiferous bands, the limestones rendered chloritie, micaceous,
and serpentinous, together with superinduced actynolites, talec-
schists, veins of asbestos, and not unfrequently exhibitions of
metallic ores.

Physical Aspects.

143, The gneiss and mica-schist groups are widely distributed,
being found flanking less or more all the principal mountain-
chains in the world. They occur in the Highlands and Islands of
Scotland, in the north and south of Ireland, in Brittany, in the
Bohemian and Saxon ridges, along the flanks of the Pyrenees and
Alps, in the Scandinavian, Carpathian, and Oural chains, largely
in the Caucasian, Altai, and Himalayan ranges of Asia, in the
Andes and Brazilian sierras of South America, and in the Cordil-
leras of Mexico, the Rocky Mountains, and along the entire



126 METAMORPHIC SYSTEM.

length of the Alleghanies in North America. Though thus flank-
ing and forming portions of most of the older mountain-chains, the
primary strata do not occupy wide areas, but are tilted up at
high angles, and compressed into a comparatively narrow space,
producing rugged and abrupt scenery, less bald and bleak than
granite, but wilder and more irregular than that of later forma-
tions. On the whole, the physical aspects of primary districts
may be deseribed as rugged, irregular, and barren. Thrown into
lofty mountains by the granite, and often into abrupt and vertical
positions, it is chiefly among gneiss and mica-schists that those
deep glens and abrupt precipices occur which give to Highland
scenery its well-known wild and picturesque effect. Inlower and
sheltered situations some of the softer mica-schists decompose into
a not unfertile soil, and some of the finest timber in the world is
grown on rocks of that formation.

144. As already mentioned, the igneous rocks associated with
the gneiss and mica-schists are chiefly granitic—these upheaving,
breaking through, indurating, and contorting them in a very
complicated manner. Later igneous rocks-— as hornblende,
hypersthene, porphyry, syenitic-greenstone, and serpentine—are
also found traversing those groups in the form of dykes and pro-
truding masses, and occasionally still more recent effusions of trap
are found passing through, not only the gneiss and mica-schists,
but their associated dykes and veins of granite and porphyry.
On the whole, granite, syenite, porphyry, and serpentine are the
great contemporaneous igneous products, and are so peculiar in
their crystalline aggregations, that there is in general little diffi-
culty in distinguishing them from the igneous rocks of later epochs.

Industrial Products.

145. The industrial or economic products derived from the
gneiss and mica-schists are, lithologically speaking, by no means
numerous. The limestones, from their highly saccharoid texture,
and mottled and veined appearances, yield valuable marbles ; and
are also quarried for mortar and farming purposes. The ser-
pentines, when found in solid masses, like those of Portsoy, Lizard
Point, and Connemara, produce a very elegant material for inter-
nal decoration, or for minor ornaments, as vases, jars, pedestals,
paper-weights, &c. Neither gneiss, mica-schist, nor talc-schist
yield a very elegant building-stone, yet in several districts in the
north of Scotland they are so employed, while the harder kinds
of gneiss have been successfully raised in huge blocks for pier and
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break-water purposes. Quartz-rock, where sufficiently pure, as in
Banfishire, Sutherlandshire, &c., is extensively quarried for the
potteries, the large blocks being used for grinding the caleined
flints, without deteriorating the purity of the frit. Potstone, or
the lapis ollaris of the ancients, is a eommon product of the sys-
tem, and in some countries, as the north of Italy, is still manufac-
tured into pots and vases. Amianthus or flexible asbestos, found
in veins traversing metamorphic strata, is still occasionally used in
the manufacture of fire-proof cloth, for lamp-wicks, and also for
gas-grates, the fibres remaining red-hot without being destroyed.
It has also been tried in the fabrication of fire-proof paper, but
not, so far as we have heard, with anything like important suc-
cess. One of the most valuable substances derived from the sys-
tem is grapkite or plumbago (96 of carbon and 4 of iron), so largely
employed for writing-pencils, for polishing, for crucibles, and
similar uses ; and which is evidently a metamorphosed anthracite,
in all likelihood of vegetable origin, though a purely chemical
elaboration has been ingeniously suggested for the occurrence of
carbons and hydro-carbons in these primitive formations. Among
the minor products may be mentioned steatite or soapstone, whet-
slate, umber, and plastic carbonate of magnesia, or meerschaum.
The diamond, beryl, rock-crystal, garnet, zircon, and other pre-
cious stones, are found in the system, either imbedded in the
strata themselves, or in the veins that traverse them. These
veins are also the repositories of many of the most important
metallic ores, as those of tin, copper, zine, cobalt, iron, molybde-
num, and less abundantly native silver and gold.

II.—CLAY-SLATE GROUP.

146. Whatever obscurity may attach to the sedimentary origin
of gneiss and mica-schist, there can be no doubt as to the true
aqueous character of the clay-slates and their associated strata.
The clay-slate group, so familiarly known by the bluish, greenish,
and purplish roofing-slates of our towns, presentsa vast thickness
of fine-grained, fissile, argillaceous rock, of considerable hardness,
and if not of a crystalline, at least of a glistening aspect. It
seems to have been originally deposited as a fine clay or silt, and
then to have undergone metamorphism in a less degree than the
underlying mica-schists and gneiss rocks. The prevalent colours
of slate are black, green, bluish, purplish, and mottled. Some
varieties are hard and splintery, others soft and perishable. The
texture, though generally close and fine-grained, isnot unfrequently
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gritty and arenaceous, and passes into a sort of flaggy sandstone.
The imbedded minerals are few ; these being chiefly cubic iron-
pyrites, chert or siliceous concretions, erystals of hornblende, augite,
and chiastolite, a mineral occurring in long slender prisms, which
cross and lie over each other in the mass of slate like the Greek
letter x (chiastos, crossed or marked with the letter y, and lithos
a stone). Such are the lithological characters of the clay-slate
proper ; but it must be noted that chlorite slate, cherty grits,
crystalline limestones, and not unfrequently bands of quartz-rock
and magnetite (magnetic iron-ore), are associated with the group,
making in some eruptive regions a very complex suite of strata.
147, If the gneiss and mica-schist were derived from the disin-
tegration of the granitic rocks, clay-slate seems to have been derived
from the same source, and also from the further and finer disin-
tegration of the gneiss and mica-schists. In the clay-slates the
quartz and mica of the original rocks appear in minute grains and
flakes, and the clay of the felspar appears as impalpable sediment,
destitute of the potash and soda which entered into its erystallised
condition in granite. All this bespeaks the long-continued action of
atmosphere and water—atmosphere and water to waste and wear
down, and rivers to transport the material to some tranquil sea
of deposit. In course of time the soft sediment becomes consoli-
dated ; heat or chemical agency subsequently changes its texture,
and renders it hard and crystalline ; and a still further alteration
produces that peculiar structure in many clay-slates known by the
name of cleavage. What renders slate so peculiarly valuable, is
its quality of being cleft or split into thin plates or layers; and

Slaty Clea.vage—a Transverse; b Coincident.

this splitting takes place, not always parallel to the lines of strati-
fication as in the flagstones used for pavement, but in a direction
right through the beds, and often almost at right angles to them,
as indicated by the arrows ¢ and b in the preceding diagram,
This cleavage-structure is occasionally observed in other rocks of
an argillaceous or clayey nature, but more especially in clay-slate ;
and its origin is still a matter of doubt among geologists. “ Per-
vading high temperature,” says Professor Phillips, “is generally
admitted as the efficient cause of the metamorphism of gneiss and
mica-schist ; but clay-slate is thought by many modern writers
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to have acquired its lamination mainly through pressure” On
the other hand, its extreme regularity and resemblance to gertain
kinds of crystallisation, have suggested the hypothesis that it may
have arisen from chemical or magnetic forces acting upon the
clayey mass while in process of solidification—a supposition greatly
strengthened by the'fact that a similar structure has been pro-
duced in masses of clay by the artificial application of these forces.
Of this, however, as well as of the analogous phenomenon of
Joliation, when we come to treat of the theories of metamorphism
in the note recapitulatory to the present chapter.

Physical Aspects.

148. Being intimately associated with the gneiss and mica-
schist groups, the clay-slate partakes of many of the upheavals
and disruptions which have affected these strata. Though less
crystalline in its texture, and not so much broken up by igneous
intrusions, its beds are in many instances curiously bent and
contorted, and generally rest at high angles on the flanks of our
oldest mountain-chains. They are found along with mica-schist
and gneiss in almost all the regions already enumerated, and form
valuable deposits in' the Highlands of Scotland, in Cumberland,
and in Wales. Thescenery of clay-slate districts is often wild and
picturesque, its beds of unequal hardness presenting a peculiarly
peaked and splintery outline ; but their high elevation and cold
clayey soils render them sterile and unproductive.

Industrial Products.

149, The industrial applications of clay-slate are numerous and
well known. The hard fissile varieties have long yielded a most
valuable roofing-material ; the finer sorts are used for writing-
slates and slate-pencils ; and the t