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PREFACE

IN this work the writer has attempted to supply a small
book on Geology which, while short and elementary
in treatment, is accurate and fairly up to date.
Further, it is well that sections and diagrams should be
supplemented by photographs of hand-specimens and
microscopic slides of rocks, and of the natural exposures
where rocks are to be seen in the field. The author has
kept both these aims in view while planning his work.

If he shall have succeeded in either aim the credit is due
to those friends who have most generously allowed him to
make use of their photographs and other illustrations, or
who have looked over his proof-sheets. If he has failed, the
blame must rest with him for not making better use of his
privileges.

Care has been taken to make the book suitable for school
work and for the examinations of the Oxford and Cambridge
Schools’ Examination Board. With this object in view
there have been placed at the end of the chapters all the
Questions set in the Science and Art Examination during
twenty years, and those of the Oxford and Cambridge
Board for ten years. The former are dated, except where a
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viii GEOLOGY FOR BEGINNERS

question has been divided for insertion in several chapters,
when its origin is indicated by the figure XII. ; the latterare
simply marked O and C.

A few experiments are suggested here and there, and it
would be well for the teacher to look a chapter ahead in
order to get the simple materials requisite for the per-
formance of them, or, in some cases, to start the experiment,
and so save the time of his class.

It will be found useful to refer frequently to the index, in
which, where necessary, the first entry gives the derivation,
definition, or illustration of the word.

The range of most of the genera figured is given under
the figures, unless the genus, or species if named, is con-
fined to the System under which it is mentioned.

Most of the line drawings have been left clear, so that
they can be coloured with crayons. This will make many
of them more useful, e.g. Figs. 109, 121, and 127.

Much use is made of microscopic slides, as there seems
to be no reason why young students should not learn to use
a simple microscope as well as a hammer and acid bottle,

Naturally in writing this book no other elementary work
of the class has been consulted, but no one who has ever
read the late Professor Green’s classic work on Physical
Geology can help being attracted by the lucidity of his style
and influenced by the charm of his methods. The writer
owes an especial debt for the advice and assistance given
him when acting as Professor Green’s deputy on two
occasions several years ago. The principal methods pur-
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sued in two or three of the earlier chapters, and the general
f)ractical aim of the book as a whole, are due directly to
Professor Green’s influence.

The writer wishes to express his thanks to Professor
Lapworth for looking over the proof of the chapters on
the Paleozoic Rocks, and to his old colleagues Mr. E. T.
Newton, Mr. H. B. Woodward, and Mr. Clement Reid for
revising the chapters on the Fossils, the Jurassic Rocks,
and the Tertiary Rocks respectively. He also desires to
thank Mr. G. W. Lamplugh for much friendly help, and
Mr. A. S. Reid and Mr. F. Raw for reading the proofs of
the whole work.

For several illustrations the writer is indebted to the
late Sir Archibald Geikie, who kindly gave permission for
the preparation of a few photographs from the admirable
collection of rock-specimens belonging to His Majesty’s
Geological Survey in the Museum of Practical Geology.
Fig. 102 is also borrowed, by permission, from Sir Archi-
bald Geikie’s Elementary Lessons in Physical Geography.

The writer has also had the good fortune to be allowed
to make use of a large number of the illustrations prepared
for Zittel's Grundzuge der Palwontologie, of which a transla-
tion has been published ; these are marked (Z.) Illustrations
from De la Beche's Geological Observer are marked (B.)

Lastly, but very far from least, the writer wishes to express
his heartiest thanks to a number of friends who have allowed
him to process those photographs to which their names are
appended. To the kindness of the following most of the
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illustrations of geological features and phenomena are due:
Mr. R. Welch, Mr. Godfrey Bingley, Mr. C. A. Defieux, Mr.
G. T. Atchison, Mr. A. S. Reid and Professor Waymouth
Reid, Mr. H. L. P. Lowe, Mr. W. Lamond Howie, Mr. A.
A. Armstrong, Mr. G. Hingley, Mr. R. M‘F. Mure, Mr. A.
E. Nichols, Mr. H. Preston, Mr. C. J. Watson, Mr. Griffith
J. Williams, Miss M. K. Andrews, and Mrs. J. J. Cole.
Fig. 206 is one of a set by Mr. Mure showing the fossil
forest at Partick.

For kind help in suggestions and corrections towards
the preparation of the later Editions the author wishes to
thank Professors Boswell, Davies, and Fearnsides, Dr. C. A.
Matley, the late W. J. Harrison, G. W, Lamplugh, and
A. S. Reid, and numerous teachers, students, and reviewers.

A new chapter, XXIV., has been added in the sixth
edition. Although placed for convenience at the end of
the book it should be read after Chapter XVIL., as it gives
in outline the historical geology of Britain. It will be found
useful to recur to it after reading Chapter XXI., as it
provides a thread of connexion between the apparently
isolated facts in Chapters XVIII. to XXI., and gives the re-
lations between them and the growing geography of Britain,

The teacher should endeavour to get together a few
photographs illustrating geological phenomena.

W. W. WATTS.

SUTTON, SURREY,
January 1935.
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GEOLOGY FOR BEGINNERS

CHAPTER 1
INTRODUCTION

Definition.—The science of the earth is what is implied
by the term geology,! but no single science is comprehensive
enough to embrace the entire study of the earth. We can
only hope to deal with such parts of it as are accessible
to our observation, or to our study by reasoning. We may
define the eartZ’s crust as so much of the outer part of the
earth as we can see in quarries, cuttings, mines, or borings, or
reason about by means of conclusions drawn from our observa-
tions. Itis the business of geology to ascertain what this crust
is made of, and to employ the conclusions of chemists and
mineralogists as to its composition ; to observe the arrange-
ment of these constituents and their relation to one another;
then to go a step farther and endeavour to ascertain how each
part of 1t was made and how it came to be where it is. If
this can be done, a history of those parts of the earth can be
written, and it is with this past history we have to deal.
Geography tells us about the outlines and relief of the earth’s
surface at the present day; it is for geology to ascertain
whether these have always been the same or different in past
times, DBotany and zoology tell us about the plants and
animals now found on the earth; geology tells us whether
they have always existed, or whether the earth has ever sup-
ported kinds of animals and plants different from those now
living on it. Physics tells us about forces now at work on the
earth’s surface, of climates, tides, currents, and rivers ; geology

1 Greek ge=the earth, and Jogos=science.

E



2 INTRODUCTION CHAP,

tells whether there has been any change in these forces in the
past. Pursuing these studies we are brought into contact with
constituents of the earth’s crust which are of value in the arts
and industries, and it is our business to learn about them,
where they are found, and how they were formed, and if
possible to discover where similar things may be found
elsewhete.

Interpretation of Facts.—In some places we find old
sea-beaches many feet above, and beyond reach of the waves (see
Fig. 62), and sea-shells preserved in hard rock far inland ; the
sea must have been once at a higher or the land at a lower
level than now. Traces of old forests are sometimes found to
be submerged beneath the sea (see Fig. 63), and seams of
coal, in which the shapes of old trees may be found, have
been worked under the sea; forests once grew and were
buried up where the sea now is. Remains of fish which
once lived in great lakes may be found where there are now
hills and plains, indicating vast changes in geography. Lava.
poured out from volcanoes, is found in districts which are now
quiet and restful, where the memory of man cannot recall the
existence of volcanic mountains, still less their former activity.
Bones, teeth, and scales of curious reptiles, entirely unlike
anything known at the present day, may be found embedded
in other rocks (see Figs. 240, 241, 255); so the character of
the animal population must at some past time have been very
different from what it is at present.

Geology as History.—Thus geology bids fair to show us
that the earth has gone through vast changes in its geography,
its inhabitants, and its physical condition. We must try to
learn whether this has occurred in an orderly and regular
fashion, due to the unbroken sequence of cause and effect, like
the events of human history, or whether it has been tumultuous.
and chaotic, and catastrophic. We shall find that a tolerably
complete history of the changes of the earth and its inhabit-
ants from the most remote times is written in the rocks, and
this will reveal to us that the earth’s changes have been of
a most extraordinary but of a regular and orderly character.
And we shall find that its history is by no means ended yet,
but is being lived and written at the present day.

So it is essential to start with some knowledge of geography,
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and we must be prepared to learn some little chemistry, physics,
zoology, and botany, as we go along, because it is only by
knowing the present condition of the earth and the changes
which go on 1n it now, that we shall be able to interpret the
result of such conditions and changes in the past.

The Earth Crust and Rocks.—The earth has a solid
rock framework beneath the soil, which is to be seen in rail-
way and road cuttings, in quarries and excavations of all sorts,
and in mines, wells, and borings. But in this way we cannot see
very deep down—at the most a little over a mile, and that only
in exceptional places. These rocks must be the present sub-
ject of our study, and for convenience we will abandon the
idea that rocks are necessarily hard and resisting ; we will call
all constituents of the earth’s crust, whether hard granite and
sandstone, or soft clay, or gravel, rock. Each of these rocks
will be found to be made up of individual substances which are
called minerals, and each mineral is a definite chemical com-
pound. A rock is therefore a complex thing, and may
contain many substances, but these are grouped together into
a comparatively small number of bodies called minerals.

Growth of Rocks.—On examining any of these rocks
we meet with characters which suggest that they have not
always been as we see them, but that they have been made
at some time or other, and so we reach the conclusion that the
earth’s crust itself has been built up bit by bit, and must have
a history of its own. Fossils, too, found in many rocks, are
so like animals and plants (see Figs. 207, 268) that we are
bound to believe they were once alive; if so, they must have
become embedded while the rocks were being made and
before they were hardened ; thus they indicate that the history
of the rocks will also reveal the history of the forms of plants
and animals found n them.

Observation at Depths.—But we can only deal directly
with the top of the crust. How is it possible to reach deep
down into it when mines only take us down a mile or so?
which is very little in an earth 8000 miles through. We
can reason sometimes from the surface rocks to what would
be found deep down, as the following example will show
(Fig. 1). A bed of coal is seen at the surface at 4, and a
precisely similar seam at 4. A shaft sunk down from ¢ also
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penetrates a similar bed of coal at & We are bound to con-
clude that it is the same seam as that met with at the surface
at @ and 4, as the shaft penetrated through a series of rocks
above the coal just like those met with at the surface at ¢ and
f» indeed some coal-seams have been actually worked out all
the way from & to . But if each of the beds of rock from ¢
to @, and from ¢ to 4, curves down into the earth’s crust, as
depicted by the dotted lines, it is only reasonable to suppose
that the rocks from @ to 4 will also curve under, as they are
found to come out from & to g, including the second seam of
coal go  Thus we may infer the character of the earth’s crust
to a great depth by supposing the rocks to be plates bent into
curves like those shown in Fig. 1; and that this is likely to
be the case is further supported by finding the seam g at 7, and

[ ,b L

F1G. 1.—To show how the composition of rocks at a considerable depth may be
ascertained from observations at the surface. a, 4, g, 4, 7, £, seams of coal

the seam & at £, with corresponding rocks between and above
them. So it might be worth while to continue the shaft ¢
downwards, in the hope of meeting the second seam g/ at /.
This has been put to the test again and again, and so often
with success, as to enable us to argue with tolerable cer-
tainty as to the nature of the earth’s crust at great depths.
This is not quite all, for it is equally logical to infer that the
rocks were once continuous from & to 4, and from ¢ to 7, and
thus we may restore the position of the rocks not only beneath
the ground but also above it, and prove that great quantities
of rock have been in some way destroyed or removed.

The Earth’s Interior,—As to the state of things below
this we can form some ideas. As we descend in mines we find
the rocks getting hotter, and on an average the temperature in-
creases one degree (Fahrenheit) for every 6o feet of descent. If
the temperature goes on increasing at the same rate, at 10,000
feet it would be high enough to boil water and, still deeper,
even to melt rocks, When springs come up from a great depth
they are found to be hot, and sometimes they issue as steam
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instead of water ; while from certain parts of the earth’s crust
melten lava and red-hot stones are thrown out by volcanoes.
So the interior of the earth is probably intensely hot.

Former Condition of the Earth.—This heat is gradually
making its way out of the earth and escaping. If it has been
escaping for a long time, the earth must once have been much
hotter; and in imagination we may go beyond the reach of
geological history so far as it has been at present read, back
to a time when our earth glowed as a molten mass like the
sun at the present day. If the earth has been gradually
cooling down in this fashion, we have a means of explaining
many of the remarkable phenomena we shall meet with in
the subsequent chapters.

Plan of Work.—We will go to work in the following way.
First, taking the more common rocks, we will pull them to
pieces, and learn all we can about them, so as to know what
to look for when we try to find out the method by which they
may have been formed. We will next go to places where
changes are taking place on the earth at the present day,
where rivers are carving out their valleys, or the sea tearing
its cliffs to pieces, and depositing the relics on the sea-
bed; we will compare these deposits with our rocks, and
find out the points of agreement or difference, and then we
will see how the differences can be accounted for.

Again, we can study the matter poured out from active
volcanoes in order to see if there are any similar substances to
be found on the earth’s crust. And we will see what some of
the chief animals and plants now living are like, and then
collect fossils from the rocks and compare them with those
which live now, and make out their points of resemblance and
difference.

If we get satisfactory comparisons in these ways we will go
farther and arrange our facts in order; find out how the rocks
succeed one another; and what points in the history of life or
geography each one yields. In doing this we shall realise that
the present surface of the earth, its landscape and scenery, has
also a history of its own ; and we shall see how mountains,
valleys, lakes, and other features have been formed, and how
they have acquired their present shape and character. Thus
the history will be one of geography, of landscape, and of
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life ; and we shall find that the earth has passed through the
most wonderful chapters of life and growth and change before
reaching its present stage.

RECAPITULATION

In this chapter we have learnt that Geology is the science which
deals with the earth’s crust ; its composition, the arrangement of its
constituent rocks, the fossz/ contents of the rocks, the order in which
they are arranged, and, finally, the %isf/ory which the 1ecords contained
in the rocks may be made to yield if only we can learn the language in
which it is written.

We very soon get evidence that the rocks have come into existence
by the operation of such natural causes as we can study at work on
the earth at the present day. Thus the earth’s crust has been built up
bit by bit, and each bit is the direct outcome of the geographical
conditions which prevailed there at a certain period of the earth’s
history.

Geology teaches us about these ancient phases of geography ; what
the earth and its surface were like at particular periods of its history ;
how these geographical phases succeeded one another; and with
what kind of a population of ammals or plants each phase was
associated.

By a simple process of reasoning we are often able to ascertain the
structure of the crust at very considerable depths, and so to reach
conclusions of great scientific and economical value with regard to the
deeper parts of the earth’s crust.

QUESTIONS ON CHAPTER I

1. What is understood in geology by the term rock? (1879.)

2. Define the * Crust of the Earth.” Mention the chief substances
of which it 1s composed. (1880.)

3. Prove that the geography of the earth has not always been as it
is at present.

4. What is the meaning and derivation of the word geology?

5. How can the composition of the earth’s crust deep down be
often determined ?

6. What is the nature of the earth’s interior ?

7. What was probably the former condition of the earth?



CHAPTER 1II
STUDY OF A PIECE OF STONE AT HOME

CGranite and Conglomerate.—Obtain a piece of granitel
and a piece of conglomerate and examine them carefully. The
conglomerate is the casier to understand, so we will begin
with that. It should be first broken across so as to get a
clean fracture, but the best of the weathered surfaces should
be preserved, as it often shows
features which- can hardly be
seen on a fresh fracture.
Pebbles. — It will be at
once secn that the rock consists
of a number of bits of other
rocks, often of several sorts,
differing from one another in
colour, hardness, and shape.
It looks like a plum-pudding
with stones stuck in it for
plums, and indeed it is often @... ¢ TTLUNZIVIICIALE HIAUE UL UIdCK
spoken of as pudding-stone (Fig. ﬂim-.pebbles. From a sp.ccimen be-
longing to H.M. Geological Survey
2). In many conglomerates o o) size).
these pieces of stone can be got
out with a hammer, or by scraping away the stuff between
them. If this is done, it will be seen that they are rounded,
and of a roughly oval shape. Indeed they are quite like the
pebbles which may be picked up in a brook or on the sea-
shore, and it is because the rock consists of a collection of
different bits of rocks gathered together into one place that it
is called a conglomerate (Lat. con, together; glomerare, to

! Latin granum=a grain.
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gather into heaps). Strike one with a hammer and it will
break up like a bit of stone, or like a beach pebble. .

Matrix.—Now look at the stuff which binds the pebbles
together, using a lens for the purpose if you cannot see it well
without. It will be seen to be a miniature conglomerate, made
also of rounded bits of rock, just like the large pebbles in
shape and appearance, but of smaller size. If you have chosen
a bit of soft conglomerate you can break up this ma#7ix in your
fingers, or with gentle blows of a hammer on a stcel plate,
using no more force than is just necessary to separate grain
from grain.

Pour water over the powder in a cup, wash it round and
round, and then pour off the muddy water. Wash again and
again in this way until the water runs off clear, to get rid of
mud and fine sand, and then examine the residue with a
microscope. If the matrix does not powder up satisfactorily
in this way, put it into some dilute hydrochloric acid and
warm it slightly. It will prob-
ably fall to pieces and can then
be washed with water and treated
as before. If this method fails,
you had better try another speci-
men of conglomerate.

Sand-grains. —A little of
the washed residue should now
be taken, spread while wet on
a glass slide, and examined with
the microscope, using a low
power (1 inch or 3 inch, pre-
F1G. 3.—Grains of wave-wornsand (). ferably the latter).  The tiny

pebbles shown in Fig. 3, which
will now be seen, are clearly miniature copies of the large
ones. They are usually well rounded, but most of them are
clear and colourless like bits of glass. In addition, other
kinds of grains will probably be present, some clear and
transparent but of various colours, brown, green, or yellow,
others turbid and cloudy. The chief difference between these
grains and larger pebbles is that each consists of a single,
simple substance, whereas the larger pebbles are bits of rock,
and thus are generally composite and made of several sub-
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stances united together. It is likely that smaller and smaller
grdins will be present, these being rougher in outline and less
rounded than the larger ones.

Origin of Conglomerate.—Thus we learn that a con-
glomerate is a collection of pebbles packed together in stuff)
conveniently called the matrix,
which holds them together, and
is itself a collection of minute
pebbles.  Searching about for
anything which is at all like a
conglomerate in appearance, we
may come across some workmen
making concrete. They take
pebbles and sand from a river
bed, a sea-beach, or a gravel
pit, mix them up with slaked
lime or cement, and water, and then leave the mass to set.
The lime and sand set into a solid mass, very like the matrix
of the conglomerate, and bind the pebbles together into an
artificial conglomerate (Fig. 4). We might therefore be in-
clined to guess that a conglomerate has been made by nature
in a similar way ; by taking pebbles and sand from a sea-shore,
mixing them together,
and then binding them
fast by something
which acts like the
lime in the concrete.

Granite. — Now
take a picce of granite
like that shown in
Fig. 5. Its composi-
tion is not quite so
obvious at first sight,
16, 5.—A slab of Dartmoor grarite. P=porphyritic and it is a good thing

crystals of felspar; F=smaller crystals of felspar; to have a piece with

M =hexagonal crystals of mica; Q=crystalline .
quartz (§ natural size). one polished face,and

the rest cleanly frac-
tured. In most granites will be seen large pieces of white or
pink stuff (P); these you may at first be tempted to call
pebbles.  On looking more closely these are seen to be of

F1G. 4.—A piece of concrete, §.
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an oblong shape, not rounded, and their sides are parallel.
If their ends are carefully examined one, or sometimes both,
will be seen to end in a sort of roof. They are, therefore,
not pebbles, but they have a definite shape of their own (see
Fig. 6). Now strike one of them gently
b ; with a hammer, or, better still, examine it
carefully with a lens where it has been
broken in fracturing the rock. It has not
broken irregularly as glass would, but it
P 3 shows lttle glittering parallel faces, each
one of which is quite flat. That is to say,
there is a kind of grain running through it,
and it breaks more easily along these faces
than elsewhere, just as wood splits best
Fi1G. 6.—Crystal of or- along the grain.
thoclase felspar, a= Crystals.—We can, however, compare
pinacoid face: = this stuff better with something else than
}’ar;m faces; 4=basal \ith wood. Take a bit of sugar-candy and
look at it carefully. You will see that it too
is made up of bits which have flat sides and ends. The
different bits are somewhat like one another in shape. Where
it is broken you will see many little glittering faces on looking
at it with a lens, Now, sugar-candy is simply pure sugar in
what is called the crystallised form. Each shape that you see
is a crystal,! and each crystal has a way of breaking which is
like that of the other sugar crystals.

Felspar.—The pink bodies in the granite are also crystals,
because they have a definite shape of their own, and also a
peculiar kind of grain inside them which is manifested when
you try to break them. But there is one great difference
between the pink or white crystals in granite and those of
sugar. The latter dissolve in the mouth or when placed in a
vessel of water, the former never do so. This property is
called solubility, and we can tell that the sugar is still present
in the water by its sweet taste. In order to have a convenient
name to use we will call the pink, oblong, shining-faced
crystals in the granite, crystals of felspar.2

Mica.—Next look at the mafrix in which the big crystals
are embedded. First you will probably notice white or pink

1 Gr. krystallos=ice. 2 German feldspat=rock-spar.
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felspar crystals, in character like the big ones, but smaller in
size (Fig. 5, F). Neglect these for awhile. Then on holding
the bit of granite up to the light you will see very bright
shining surfaces (Fig. 5, M). These are either silvery white
in colour or else black, with perhaps a
slightly bronzy look. Look at a number
of these, one after another, and you are
pretty sure at last to find one which
is six-sided in shape like Fig. 7. Hav- -
ing found one you will probably see Fic. 7.—A crystal of mica.
others, and will realise that there is a ‘:.’=p"sm face; s=basal
. ace.
general tendency for this substance to
take this shape. Apply the point of a knife very carefully
below one of them, and you will be able to split off a little
six-sided plate, and will then see another shining beneath it.
This again may be split off, and so on, so far as it is
practicable. This substance is evidently a little six-sided
column built of plates, one above another, like that shown
in Fig. 7. It too is clearly a crystal, but it has a different
shape from the felspar ; it also splits up more readily, and in a
different direction. If you could get it out of the granite
whole it would look like Fig. 7, a squat hexagonal column, with
the “grain” parallel to its base, so that it splits up in that
direction. Here we have a second crystal, with a shape and
structure of its own; something again quite different in every
way from the rounded rock pebbles in the conglomerate.
These crystals, whether black or white, may be called m:ca.l
Quartz.—To find out what acts as matrix to the crystals
of felspar and mica and binds them together, we need rather
closer examination still, and if possible on a polished surface
of granite. Study with the lens will show you that there is a
substance looking like glass which fills up all the interstices,
as if the crystals had been placed in molten glass which
had afterwards solidified around and among them (Fig. 5, Q).
This is not easy to make out in powdered granite, though it
can always be seen with a strong lens on a fractured or
polished surface of it. It is better, however, to have a thin,
transparent slide cut so that you can study it with a microscope
(1 inch or 2 inch power) (Fig. 8). You will then be able to
1 Lat, mico=1 glisten.
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see the slightly turbid felspar with its crystalline outlines,
the brown mica, the water-like third substance (Q), quartz,
filling the spaces between, as shown in Fig. 8. For the
time being we may call this
third substance gwarfz, and we
shall learn something more about
it later on.

Contrasts. — Now contrast
what you know about granite
with what you know about con-
glomerate. In conglomerate you
have bits of broken rock rounded
into pebbles. The pebbles may
be bits of granite or any other
rock, and they must have been
FiG. 8.—Microscopic section of gran- broken off other blocks of rock

ite. Q=quartz; felspar is cloudy, and then rounded into pebbles.

:’::es';'_lm dark (magnified about 6 (), (e other hand, in granite you

have two kinds of crystals with
their edges sharp and unharmed. They can never have been
broken or damaged before being embedded in their matrix.
The pebbles of a conglomerate, like those of a sea-beach, may
have been broken from cliffs and pounded up by the waves
till they were rounded. The crystals in the granite are more
likely to have grown where they are found, in the same kind
of way as crystals can be artificially formed. Crystals of
sugar-candy are made by dissolving sugar in water and
letting the water slowly evaporate or disappear as vapour or
steam, when the sugar is left behind in crystals. This sug-
gests to us that the crystals in granite may have formed from
some kind of solution like this. Whether that is the case or
not, the presence of crystals not damaged or broken indicates
that they have grown as crystals at the spot where they are
found, while the pebbles of the conglomerate show unmistak-
ably that some other rock must have existed first, and that
it was broken fto bifts and made into pebbles which were
afterwards fastened together.

Granite seems to have been formed by one single process—
crystallisation; conglomerate by a twofold process—rocks
must first have been jformed, and, secondly, éroken to pieces
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and their fragments fastened together. For this reason it will
be well to call granite a crystalline rock, and conglomerate a
Jragmental or clasticl or derivative rock, because it is made
of fragments broken and derived from other rocks.
Dolerite.—This distinction between the two rocks is a
very important one, and many other rocks belonging to each
of the two divisions can be found.
Take a bit of dolerite? for example
(Fig. 9). It is finer-grained than
granite, so that it is not easy to
make out its crystals, but in a
microscopic slide of it you will
see (1) irregular, dark-bordered,
cracked, and pointed crystals of
olivine (O); (2) long, lath-like
crystals of felspar, which are
quite clear and transparent ; (3)
opaque, squarish, or diamond-
shaped pieces, or crystals, of a

F1G. 9.—Microscopic section of ophitic
black substance known as mzag-  dolerite. O=olivine ; felspar, light

netite; and (4) another kind of  needles; augite, half-tone; mag-

netite, black (magnified about 6

crystal, called axgite, which is ;7% ° o

clear and transparent, and acts
as a matrix to bind the others together. It is at first difficult
to distinguish between the felspar and the augite, so that micro-
scopes for studying rocks are adapted with an instrument called
a polariscope. The effect of the use of this instrument is, in
a thin slide, to bring out the augite in brilliant colours while
the felspar appears in drab and grey tints. The felspar crystals
will now be seen embedded in augite as shown in Fig. 9.
Crystalline Substances.—In dealing with most of these
crystals we have recognised that they have a definite shape
of their own, and when that shape is present we can easily
determine that a substance is a crystal. But if the crystal is
broken, or for any other reason not perfect in shape, we can
still find out by proper means that it is a part of a crystal.
To do this most conveniently we must use a polariscope.
The two parts of the polariscope are crossed in such a way
that no light comes through the microscope ; in other words,

1 Gr. clasis=Dbreaking. 2 Gr. doleros =deceptive.
B
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the field of it is dark. If a broken bit of a crystal is now
placed on the stage and rotated it will be found that it appears
light in certain positions and dark in others. This property
belongs exclusively to bits of crystals and not to other things.
It is true that certain crystals lack the power to do this, but
such crystals need not trouble us at present. It is owing to
the fact that the minute particles of which a crystal consists
are arranged or built together according to a definite plan
that they acquire this peculiarity, and the outside shape of the
crystal is merely a result of this definite building plan ; just as
the shape and style of a house is the consequence of the plan
adopted in putting the bricks or stones together in its different
parts. And from the inspection of the ruins of a fallen building
it is often possible to gain a very clear idea what the style and
character of the building originally were ; to say what was the
class of the masonry, the thickness of the walls, and the style
of its architecture. So the polariscope not only enables us to
recognise a fragment as part of a crystal, but
also to say what kind of a crystal the original
was and what shape it had.

Now, going back to our study of granite,
we shall find that its matrix, which we have
called quartz, is crystalline in s¢7ucture! though
not in shape. It has endeavoured to build
itself into crystals, but has not succeeded in
acquiring its crystalline shape. Elsewhere we
can find this substance in the form of crystals,
and when we do so their shape is that given
in Fig. 10, six-sided columns like the mica,
but roofed over with a six-sided pyramid at
Fig. to—Crystal of one or both ends. It does not possess the

?:::: ‘: :‘;;::‘ property of cleavage, which causes the mica
mid faces. to split so easily, and felspar much less easily,
into thin plates. It has not succeeded in at-

taining its proper shape in granite, because the mica and
felspar had crystallised first, and the quartz coming last could
only squeeze into the irregular spaces between the other
crystals. The same is the case with the augite of the dolerite.

Sandstone.—Sandstone furnishes us with a second example

1 Lat. struo=1 build.
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of a fragmental rock. A soft sandstone can be broken up like
conglomerate, but it contains no big pebbles. It is rather like
the matrix of the conglomerate. It should be gently powdered
and washed with water in the same way ; if deeply coloured it
must be warmed in dilute hydrochloric acid. The grains
obtained will be found to be rounded, glassy, and clear. A
microscopic slide of sandstone
(Fig. 11) shows these grains
embedded in a still finer-grained
matrix. Looking at the grains
with a microscope it will be
seen that they are in character
very like the quartz matrix of
granite.  Further, the polari-
scope shows that they are czys-
talline in structure. They are,
in fact, bits of broken quartz
crystal, and if we could break . :
up quartz crystals and give the Fic. n.——Microsco.pxc seclufn of sar?d-
frasments a round shape we stone frorp Spilsby, Lincolnshire

A A (about 6 diameters, §).
could imitate a sandstone in the
same way as concrete imitates conglomerate. We need not,
however, break up actual crystals of quartz; the irregular
grains of quartz in granite would do just as well, because
they are crystalline in structure ; and if we could destroy the
felspar and mica in that rock and then pound up and round
the quartz we should have what we require. Something of
this sort is done in nature, for along the sea-shore we find
abundance of sand which, when washed, if necessary with
acid, and examined under the microscope, is quite undis-
tinguishable from that in sandstone. In both sandstone
and sea-sand we frequently see sparkling spangles of mica
which, like the quartz, may have been derived from the
smashing up of granite.

Crystalline and Fragmental Rocks.—Dolerite then
is a crystalline rock like granite, made of crystals and crystal-
line substances which have formed on the spot. Sandstone
is a clastic rock like conglomerate but on a smaller scale. It
too might have been made of fragments broken from other
rocks. There is, however. this difference, that conglomerate
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is made of fragments of »ock, pebbles which are recognisable
as bits of granite, slate, limestone, sandstone, or other rocks,
while sandstone is made of bits broken out from the crystals or
crystalline particles, which are found to make up the bulk of
other rocks. Whena piece of granite isbroken into large frag-
ments each one will be composite, a bit of granite. But if
one fragment be broken finer and finer it will at last part into
its separate ingredients, quartz, felspar, and mica. Thus the
grains in sandstone may represent the breaking up of pebbles
into their ultimate particles.

The perfect or imperfect crystals found in nature, like
quartz, felspar, mica, and augite are called mznerals, and each
kind has a definite composition of its own as well as a definite
external shape and internal structure. Each mineral is a
definite chemical compound, containing usually two or more of
the seventy or so simple substances or elements which the
chemist tells us the whole earth is made of. Quartz consists
of two elements, silicon and oxygen, united into a chemical
compound known as silica ; calcite, which occurs in limestone,
of three elements, calcium, carbon, and oxygen, united to form
a compound known as carbonate of lime; mica of four ele-
ments, silicon and oxygen, com-
bined with the metals aluminium
and potassium ; and felspar also
of at least four, silicon and oxy-
gen, combined with aluminium
and either potassium, sodium, or
calcium,

Clay and Shale.l—There
are two more kinds of fragmental
rock which must have a little
attention—clays and limestones.
Clays are soft, dull-looking rocks
which can generally be washed
Fic. xz.—MicroscoPic section ofsh:x.le, into particles by water. A

Skye (about 12 diameters, }?). The . .

elongated particles of mica, etc., POWder 1S genera“y left’ which

are arranged anyhow. in some cases can be moulded

like pottery clay. The powder

should be warmed in dilute hydrochloric acid and washed

again in water (it will take some time to settle), and a pure
1 Ger. schalen=to peel off,
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white clay like that fine sort used for china-making will be left
behind. A microscopic slide shows that the clay contains
extremely fine particles of quartz embedded in a semi-opaque,
granular substance, like that which forms the matrix of many
sandstones (Fig. 12); this is what washes away from the sand-
stone when it is pounded and washed in water. Clay and
shale are finer-grained fragmental rocks, made of very fine
quartz grit with muddy matter or impure china-clay. The
better and finer the clay the less the amount of grit in it. In
nature we find similar clay on the sea-bed or at the mouths of

FIG. 13.—A piece of weathered crinoidal lime.  F1G. 14.— Microscopic section of

stone, Flintshire, from the collection of limestone cor}taining . foramini-
H.M. Geological Survey (about } natural fera; from India (inagnified about
size). ).

rivers, and it is being deposited from water just as pebbles and
sand are.

Limestone.—Limestone is usually a harder rock, and some
kinds seem to be crystalline like granite. A weathered example
generally shows bits of shells or sea-lilies, or other thiqgs not
unlike those 