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PREFACE TO THE THIRD EDITION.

IN this, the Third Edition of my little school-book, I have
somewhat altered the original plan of the work, and have
restricted its subject-matter to the general rudiments of
Physical Geography. The last three chapters of the earlier-
editions have been omitted ; while the Introduction and first
nine chapters of those editions, which trcat of the general
phenomena of Physical Geography, and are more elemen-
tary than the omitted chapters, have been amplified and
illustrated by several additional woodcuts, and, with a
tenth chapter on the general form of the land and the
geographical distribution of its plants and animals, written
for this edition, and the Glossary, form the present work.
All the woodcuts originally given have been redrawn and
engraved in the best style of Xylography. The views given
for the first time in this edition are those of the Baltoro
glacier, the Bore Ghit near Bombay, the Falls of the
Paikara river in the Nilgiris, a view of the Ganges in the

Him4laya, and one of the magnificent gorge at the junction
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of the Spiti and the Sutlej, the last three taken from photo-
graphs by Messrs. Shepherd and Bourne.

The cubject-matter of the last three chapters of the
Calentta editions, treating of the Thysical Structure and
Climate of India, will be treated at greater length in a
scparate work to be published hereafter.

H. I. B.

LLoNDON, 1874.



PREFATORY NOTE TO THIE FIRST
LEDITION.

T motive which has led to the preparation of this httle
work is expressed in the fellowing resolution of the Senior
Board of Examiners in Arts of the Caleutta University for
the year 1872 73 = “That in the opinion of this Meeting
s very desirable that clementary text-books, treating of
the Natural Sciences, be prepared specially for teaching
these subjects to Indian students. The text-books now
available, though excellent of thear kind, having Dheen pre-
pared for English boys. deal more especially with objects
familiar or common in Europe, and have but few references
to such as are interesting and familiar to the Indian Ieamer.
This want 1s more especially felt in teaching such subjects
as Zoology, Geology, and Physical Geography. . . . The
Meceting 1s of opinion that the extension of Physical Science
teaching in India would he greatly factlitated with [the aid

”»

of works specially adapted for local teaching].
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PHYSICAL GEOGRAPHY.

INTRODUCTION.

WHAT PHYSICAL GEOGRAPHY IS ABOUT, AND HOW TO
LEARN 1IT.

BEFORE we enter systematically on the study of Physical
Geography, let us try to gain a general idea of the kind of
knowledge to which this name is applied. To do so we
will take a scene that must be familiar to many of those
whom I address. After some rainy morning in July or
August, I will suppose you to take your stand on the bank
of the river that flows by your village, and, perhaps, in mere
listlessness, watch the turbid flood swirling past. The chur
opposite, which the river left dry when its waters fell at the
close of the last rainy season, and which till lately was
covered by a rich green crop of Indigo or bright yellow
mustard, is now more than half cut away and buried beneath
the waters ; and the steep bank which the stream has cut
along the part not yet submerged is rapidly giving way, and
masses, many times larger than the house you live in, from
time to time detach themselves, and falling, are swallowed
up by the deep muddy stream. Has it ever occurred to you
to ask yourself 72/y these things are as you see them? You
have probably witnessed the same kind of thing scores of
B.G. s B
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times, and you may perhaps think that there is nothing very
interesting in this swelling and shrinking of the river, in its
heaping up churs and again destroying them, in the waters
hurrying on always in one direction and never returning on
their course. You know that the same thing is repeated
year after year, and expect that if you live fifty years and
come back to the spot you now stand on, the scene before
you will be just the same as that which you gaze on to-day.
But now consider a little.  On thinking the matter over,
you may recall to mind, that the chur that is now so rapidly
disappearing before your eyes was not in exactly the same
place, nor was it so large as that which, in a certain sense,
1t replaced, and which you remember two years ago. More-
over, that the strcam, which, during the cold-weather
months, separated it from the bank you stand on, was,
during this last season, decper than that which flowed be-
tween them in the cold weather of the year before ; and if
you ask the old people of the village, they will, perhaps,
tell you that, thirty or forty years ago, the river itself was a
moderate-sized khall ; and that the old river channel, seven
or eight miles off, which is now little more than a string of
pools, was at that time a well-filled river, which could scarce
be crossed without a boat even in the dry weather. Such
things happen constantly in Bengal. DPerhaps this may
have aroused your curiosity, and you begin to enquire of
people who have come from other parts of the country,
whether they have known such changes elsewhere. Among
others, you question some one who for many years lived in
the Maimansing, Dacca or Bograh District, and you learn
from him that it is well known to the pcople of those
districts, that, about sixty or seventy years ago, the Brahma-
putra, which up to that time had flowed past Maimansing
and a long way to the east of Dacca and of the high
Middhaptr jungle to the north of it, changed its course, and
has ever since floewed to the west of the Mddhapir jungle,
and a long way west of Dacca, joining the Ganges at
Goalundo, where the railway now terminates. Some one
else—it may be from Rangptr—tells you that, at a some-
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what carlser date, the Tista, a large river from the Himdlaya,
which used to flow southwards into the Ganges at Jaffirganj,
in 1787 suddenly changed its course and opened out a new
channel to the eastward ; in which it has since flowed, join-
~ing the Brahmaputra above Divdnganj.

These are not mcre vague traditions; they are well
established historical events. Old maps exist, which were
drawn before these changes took place, and they show that
these rivers then flowed as I have told you. So you see
that the changes which you may have noticed yourself in
the stream at your feet, or which have been witnessed by
persons whom you see daily, are but small examples of
much greater permanent changes which a little enquiry will
enable you to lcarn about. But we have a great deal more
to learn from the river before you. You can see that the
water is very muddy ; before it is fit to drink, you must let
it stand for some time. Il a clean pot with this muddy
water, and let it stand undisturbed. In the course of a few
hours, you will find a layer of earthy matter at the bottom
of the pot, very much like the loam of the ficlds around,
but the water must stand for several days before it 1s quite
clear, and then you will find a thin layer of very fine mud
or clay that has settled down on the top of the coarser
sediment.! This it is, that was mixed with the water and
made it so thick and turbid ; and you can see that the water
of the whole river is just as muddy as that with which you
filled your pot. Your own experiment has shown you that
the water must stand quite still to become clear, and that
even then it takes a long time to do so. But the water of
the river 1s all in motion, and being unable to deposit its
mud, carries it down with it to the sea. What becomes of
it there we shall learn afterwards, but in the meantime it
may occur to you to ask where it all comes from, and what
must happen 1if the same thing gocs on year after year, as
you know it does. The first question is soon answered.

1 This is what is called an experiment, and what I suppose you to
have been watching is an obserzation. It 1s by these two methods that
all our knowledge of nature has been gained.

B 2
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Turn to the little streamlet or drain a few yards off, that is
still running rapidly, carrying away the rain water that has
fallen in the morning, and which is a great dcal dirtier than
that of the river. You know that when the rain fell, the
water was pure and clean, for perhaps yon may have had
your clothes wetted by it, but it only wetted, and did not
dirty them. Clearly then the mud and dirt with which the
water of that little drain is so highly charged has been
carried away from the land ; and the same thing is true of
the swollen river. All that great body of water was rain a
few hours, days, or wecks ago, and having fallen on the
ground, has gradually collected in little channels and drains
like that beside you; and as these joined togcther, they
formed at first small streams, then larger streams, and lastly
a river. All the mud and dirt that it contains has been
washed off the land, and is being carried down to the sea,
and there are no rivers running back from the sea to bring it
back to the land. Is the land then always being washed
away into the sea? Yes, at all times. Ivery river is doing its
work of destruction ; butit is not all destruction. You may
learn from the cultivators about you, that some neighbouring
jhil is being gradually filled up by the earth settling down
from the water that overflows into it from the river at each
flood ; and year by year, some little piece of it that was
formerly too deep under water to be cultivated, is reclaimed
and added to the rice lands around its margin. We shall
see presently that the whole of the broad rice-fields of lower
Bengal have been actually formed in this way. It is a very
slow process. It must have taken many thousands of years
for all Bengal to be formed by the mud settling from the
rivers ; but we shall find presently that the ground contains
the evidence of its own history, a history which we may
read by simply continuing to observe, and to reason on
what we observe, in the way that I have now shown you;
and thus we learn that all the great plains of Bengal must
at one time have been occupied by the sea, and that this
sea has been graduazlly filled up by the sand and mud
brought down by the rivers.
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We will now leave for a time this story of the making and
destruction of land by the river, and will turn our attention
to the water. What makes the river flow always one way,
and why is it so full at a particular season of the ycar, and
low at other times? We shall find the answers to these
questions not less intcresting than that which we have
already arrived at.  In the first place, a very little observa-
tion will show you that water will not run up-hill. 1If a
cultivator wants to water his crops from some neighbouring
pool or well, he must make a channel that is a little higher
at the end where the water is poured into it than where it
delivers it on his field ; and by mcans of a paicottah, or a
scoop, he must raise the water from the pool, and pour it
into the higher end of the channel.  The more his channel
slopes, the faster does the water run down it.  Now what 1s
true of his little water-channel is equally true of the river.
To your cye the surface of the river appears level, but that
is only bLecause it slopes so liitle, that your eye cannot dis-
tinguish the slope from the real level of a jhil.  If you go
down the Hooghly in a boat from Barhampiir, or Muirshida-
b4d, to Sagar Point, at every part of your journey the water-
surface will seem to be as level as that of the river before
you ; but we know from measurements very carefully made
by surveyors, that in this journey you have really gone down
a slope, such, that at the end of it, you would be about 6o
feet lower than when you started.  In like manner if you
were to start in a boat from Benares to travel to Dacca, the
water would seem to be quite level from first to last ; but
actual measurement shows that you would have descended
about 240 feet; and had you ended your journcy at
Monghyr, you would then have descended more than 100
feet without being in the least aware of it,

The river flows then always in the same direction because
it flows down a slope ; but the slope is so gentle that it is
necessary to use a very dclicate instrument termed a Zevel
in order to measure the fall. The force that makes the
water flow is the same that makes a stone fall back to
the ground when you throw it into the air, and is called
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gravitation. We shall have much to say of this force
presently.

If you have clearly understood what I have said so far,
your own reason will tell you that the water must be raised
by some means or other to the place where the river begins.
To explain how this is accomplished, we will have recourse
to another very simple experiment. Take a shallow dish
which must be such that water cannot soak into it.  Fill it
with water and let it stand in the open air, where it will not
be disturbed. If the weather is fine it will slowly disappear ;
and in the course of a day or two it will be all gone, and
the dish will be dry. It has all gone into the air; you can-
not see it because it has become a part of the air, and has
assumed the state which 1s termed zaporr.  ‘The air always
contains some of this vapour, which it gathers from the
surface of the sea, the rivers, and indeed wherever there is
water. Most of it comes from the sea, which is always
evaporating or giving off vapour under the heat of the sun ;
and this vapour 1s carried by the winds to places, a ]ong
way from where it was produced. Much of it is carried to
the land, and sometimes, as Detween June and September,
when the wind blows steadily and strongly from the sea, it
is carried far into the interior. But it does not always
remain vapour.  You may often observe, a few hours after
sunrise, when the sky has been quite clear from cloud during
the morning, that clouds with rounded tops and flat below
gradually make their appearance, not visibly coming from
anywhere, but forming high up in the ai.  Now these
clouds are the vapour of thc air again converted into water,
and although they sometimes disappear again by re-evapora-
ting as the day wears on, at other times they get
gradually thicker and darker, and at last send down a
shower of rain. It is then from the vapour which is carried
in the air that rain is formed, and we have already seen that
it is the rain water that collects to form rivers.

Let us now stop for a moment, and recapitulate what we
have learned. The sea furnishes vapour to the air, just as,
on a small scale, a dish of water will do if left standing.
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The vapouwr is carried away by the winds, which are air in
motion ; and being reconverted into water in very minute
drops, forms clouds : the clouds, when very thick, furnish
the rain, which is merely those very minute drops uniting
together to form larger drops : the rain runs off the land,
carrying with it particles of mud and sand, and then collects
in streams and rivers, which are turbid with the materials
brought into them by the drainage water. These flow down
the sloping surface of their beds into the sea, constantly
carrying thither portions of the solid land, which are never
brought back with the evaporated water. At the same time
when rivers overflow their banks, and fill jhils and places
where the water is still, some of this earth settles down and
forms new land; but, after all; this is very little in com-
parison with that which is carried away. The rest sinks
vradually to the bottom of the sea, and if there were no
new land formed, by some power which we have not yet
spoken of, in the course of time all the land would be
carried away; first the mountains and hills, which are
wasted more rapidly than the plains, and finally the plains
themselves. But there is such a power, as we shall find out
somewhat later on, though its action is not so readily to be
observed as the familiar changes produced by the rain and
the rivers ; and it will be better to defer its consideration
until we have made some further progress in our knowledge
of more famihar things.

You will now be prepared to give a partial answer to the
question, Why is the niver so full during a part of the year,
and so low at other times? You know that its fulness
depends on the quantity of rain that falls, and that rain falls
much more abundantly from June to September than during
the remainder of the year. But this answer only suggests
other questions. For we have to ask the very similar ques-
tion, why does the rain fall more abundantly at one season
than another? and if we further reply, because the wind
then blows from the sea, which furnishes abundance of
vapour, while during the dry cold weather it blows from the
land where there is very little water to furnish vapour, both
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of them facts that a little observation will show us to be
true, the change of the winds still remains for explanation.
This too may be explained as we shall see, but not in a few
words, nor without a great deal more observation than we
have yet given to what is going on around us.

Now observe what a number of interesting enquiries have
been suggested by a few observations thoughtfully made, on
things so familiar to you, that perhaps you have never yet
thought there 1s anything to be learned from them. They
have led us on to the strange and unexpected conclusion
that the very land on which we live is gradually wasting
away, and since there is so much land still left to live on,
it seems probable that there must be some means by which
new land is formed ; but what those means are we have not
yet learned. We have learned, too, that even the variable
winds show some regularity, since they blow from one quarter
during a part of the year, and from another quarter at another
scason, but we have yet to learn what is the cause of this
regular change ; and we have also to learn how clouds are
formed from invisible vapour.

But the most unportant lesson that you will have gained,
if you have, as I suppose, really seen and thought over what
I have described, and have not been idly contented with
reading what T have written, will be this : that the best of
all kinds of knowledge is to be gained, not from what is
written in books, but by watching what takes place around
you, by thinking over what you see, and whenever you can,
resorting to experiment, to decide something or other which
observation alone has not sufficed to explain. All the
knowledge we have of nature has been gained by these two
methods, observation and cxperiment; and the chief use of
books is to tell you of what you cannot see for yourself, but
which others have seen, and to show you how others have
thought and enquired about these things, so that you may
follow their example.

You will now have gained some idea of what is meant by
Physical Geography. It is the story of the changes that go
on, and are always going on around us in this world of ours.
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It teaches us, as far as such things can be explained, w/y
the world 1s as we see it. Not mdeed why 1t exssts, any
more than it teaches us why we oursclves exist.  Such ques-
tions cannot be answered by any science.  But it will teach
us that every change that we sce in progress goes on regu-
larly, however irregular it may seem at first sight, and that
everything 1s subject to change. Morcover that nothing
takes place without @ cause. When we have found out an
explanation, and found that it is always true, such as that
which we arrived at a short time ago, 7/., that rivers are fed
by rain, and always flow down a slope towards the sca, or
that land 1s wasting away and is somchow renewed, we call
it a natural law, and the object of Physical Geography is to
find out what arc the laws according to which changes tuke
place around us.



CHAPTER 1.

THE EARTH AS A PLANET.

Tuose of my readers who live in Mdldah, Pdrnia, or the
northern part of Bhdgalpdr, on looking to the north some
fine October morning, may have noticed along the Jorizon
(that is, where the land seems to end and the sky to begin)
a line of Dbright white mountain tops glistening in the morn-
ing sun. They are the snow-covered crests of the Himdlaya.
Viewed from so great a distance, it is hard to believe that
they are of the great height that we know them to be;
for the snow does not lie much below 10,000 fcet, or at a
height of nearly three miles above the level of the rice-ficlds
from which I suppose them to be seen. But a great part of
the lower slopes of the mountains are hidden by the secm-
ingly level plain on which the observer stands. This may
seem strange ; but it is only an example of a very familiar
kind of appcarance, from which we learn that the earth we
live upon is really not flat, but a globe or ball ; but which
is so large, that so much of it as we can see at any one time
seems to be flat. The surface of the sea, when calm, is
much smoother and apparently flatter than the ricefields of
Bengal ; and hcere it may be seen almost daily, that distant
objects, ships for instance, are partly hidden by its really
curved surface. When the man on the look-out, at the mast
head of a vessel, first descries a distant steamer, he probably
sees nothing but the smoke. Presently, as it draws nearer,
the tops of the masts seem to emerge fram the water on the
horizon. Then they rise higher and the funnel appears, and
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lastly the hull of the steamer comes into sight. It does not
matter from what direction the steamer comes,—north, south,
east, or west,—the several parts of the steamer come into

sight successively in the order I have mentioned ; the highest |

parts first, the lower last. Now if the earth were really flat,

this would not be the case. The steamer would at first i

seem a mere speck in the far distance, and as soon as its
parts could be made out distinctly, the hull would be seen .
as well as the masts and funnel. The annexed diagram will ,

help to make clear the above description of what is actually -

seen, and how from it we learn that the world is round.
o0 is the observer at the mast head, s the sea, Z the horizon
that bounds the visible part of the sea-surface, and s¢ the
distant steamer. I must however observe that, in compa-
rison with the curvature of the earth, the size of these
vessels is greatly exaggerated m the figure ; in reality, if only
the tops of the steamer’s masts were seen by the observer
at o, the two vessels must be many miles apart.

o h

Fic. 1.

The moon is a globe like the earth, but not so large.
With a telescope we can see that she has the appearance
of a ball. We are all familiar with the changes in her
appearance, which are called her phases; how from a narrow
crescent of light she grows to a semicircle and thence to a full
round. If we take a ball of white clay and hold it before a
single lamp, so that only one side is illuminated, then, look-
ing at it successively from every side, it will present a
series of appearances very like those of the moon. If we
could stand on the moon and look at the earth, our earth
would look very much like the moon as we see it (except
that it would appear much larger), and would go through
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a similar series of changes, because both the moon and
the carth are illuminated in the same way Dy the sun.
But sometimes when the moon is full, the earth passcs
between her and the sun, throwing a shadow on her illumi-
nated surface, just as a second ball will do if interposed
between the lamp and the white ball that it illuminates.
Now this shadow 1s always round, such a shadow as a ball
casts on a white wall; it 1s round, whichever face of the
carth is turned towards the moon, and since a ball is the
only form of body that a/zvays throws a round shadow and

. no other, this again assures us that the carth is a ball.

I might easily multiply proofs of the roundness of the

* earth were it necessary, but since one complete proof, such

« e s o

as the shape of its shadow, is really all that we need, per-
haps it will be more uscful if we now consider the matter
and see if there are no difficulties to he met.  One difficulty
will perhaps occur to some of my readers. If the earth be
a ball, it will be readily understood that thosc who live on
the top should remain standing, but it will be asked, ¢do
people live on the other side of it, and if so, why do they
not fall off?”  Now it is unquestionable that people @o live
on the other side of the earth, z/s., those who live in Peru
and Chili in South America, for when it is about midnizht
with us and everything 1s dark and quiet, it is a little after
nooncay with them, and the sun is shining brightly over
their heads.  When a telegraphic message is sent to America,
which, with a hittle preparation beforehand, may be done so
quickly that it reaches America almost at the same instant
of time that it leaves Calcutta; if it is sunset when the
signalling clerk in Calcutta is sending the message, it is
sunrise in America to the clerk there who is receiving it
Again, ships often sail right round the world, going always
to the east, and yet returning to the port from which they
set out. Yet those who live in America, and the sailors in
a ship sailing round the world, see the earth or water at
their feet, and the sky above them, just as we do, and they
stand as firmly ; and if one of them throws a ball into the
air, it fall back again to the ground just as it does here.
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This is perhaps, at first, not very easy to understand ; but
we may understand it, if we only think what we really judge
by, when we speak of throwing a ball #p and of its falling
down.  We really refer #p and down to the position of our
own bodies as we stand ; and we call the direction in which
our heads point, #pzwards, and that in which our feet point,
dotwnwards. And since Americans stand just as we do, that
which they call #p is almost ! identically the same direction
in space that we call doron.  Consequently when a ball is
thrown up into the air in Peru, it moves away from the earth,
in almost the same direction as another which is falling
towards the earth in Bengal. With a large ball before him
to represent the earth, such as a Aad7, or a common round
earthen pot with the neck knocked off and filled with clay,
rounded off at the top, if a terrestrial globe be not at hand,
to represent the earth, my readers may, with a little thought,
realize these facts to their mind. And when they have
clearly realized them, they will have gained an important
step in knowledge, #zz., that all we know about #prwards and
downwards is the direction judged of by our own position
in standing.

This much being clearly understood, we have yet to
explain why a ball always falls to the earth, and why we
stand firmly on it, when our heads point in one direction
and those of the Peruvians in a direction almost exactly
opposite. This 1s because the earth, or globe, on which we
live, attracts or draws everything towards it. And not only
does the earth do this, but everything that we can see and
handle, everything that has wese/t, does exactly the same.
‘The ball that falls to the earth attracts the earth towards it
in the same way that it itself is attracted by the earth, but
the strength of the pull exerted by each is in proportion to
its size and its intrinsic heaviness, since a ball of lead exer-
cises a stronger pull than a ball of cotton of the same size.
Now the earth is enormously large, the ball very small in-
deed ; and therefore to our senses, the ball seems to be the

1 T say almost, for the part of the earth directly opposite to Bengal,
and called its antipodes, is in the Pacific Ocean and not in America.
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only body pulled, and the only body that seems to move.
We stand firmly on the earth because it pulls us, and quite
unconsciously our bodies pull it ; and when we jump up we
exert ourselves against this mutual pull, which soon brings
us back to the surface. What we call the wezg/t of a body,
such as a log of wood, is really the pull of the earth and
the log towards each other, which pull we feel when we try
to raise it and find it to be heavy. This 1s felt everywhere
on the surface of the earth, and is very nearly the same (but
not exactly the same) on every part of it.! The power of
pulling, which is exerted by everything that has weight, is
called gravitation.

And it is not only things on, or near, the surface of the
earth that thus gravitate or are drawn towards i1t. Theanoon,
although at so great a distance that it looks like a moderate
sized ball, whereas it is in reality 2,153 miles across or 3¢
the size of our earth, is attracted by the earth, and attracts
it while it moves round it. Indced it is because it is pulled
towards the earth, that it remains always at nearly the same
distance, and does not fly away from 1t into distant space.
A simple experiment that everyone can try for himself will
help to make this clear. Take a stonc or a lump of clay,
tie it up in a piece of cloth, and fasten it to the end of a
string, two or three yards long: then, holding the other
end of the string, stand in a clear space and whirl the stone
rapidly round you, turning round yourself at the time. You
will then feel that the string is pulled by the moving stone,
and if it is thin and weak, 1t will break, and the stone will
fly off.  So the moon would fly off from the earth if it were
not pulled towards it. There is, it is true, no visible link
or bond between the two, like the string in our experiment,
but neither is there any visible connection between the
carth and a ball that is falling towards it, and yet evidently
they attract each other. In the same way, the sun, which
is much further off from us than the moon, and nearly one

1 In India it is a little less than in England, and in England less than
in Greenland ; while on the top of the Ilmmdlaya it is less than ou the
plains of Bengal.
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and a quarter million of times larger than the earth, attracts
both the earth and the moon ; and with such force, that
if they were not both in rapid motion round the sun, they
would fall into it and be first melted, and then in great
part turned into vapour by his heat, which far exceeds
that of the hottest fire we can make. And this leads us
to say something about the sun, that glorious luminary,
whose warmth and light are so grateful to all living things,
and without which indeed no living thing on the earth’s
surface could continue to live for the space of two days,
so needful are they to life itself.

Whag is the sun? A few years ago we should have been
unablé?)my this question nearly so well as we can
now. Its distance is so immense that if we could leave
the earth and travel towards it, at the rate of a railway train
at full speed, say thirty miles in an hour, it would take us
338 years to reach it; it is so large that if we were on its
surface and were to travel round it at the same rate of speed,
we should be more than nine years completing the journey ;
whercas, if we were to make a similar journey round our
earth, we should come back to our starting point in about
one month. And as to its heat, we all know that if we
make a good sized bonfire, and stand ten or twelve yards off]
we no longer feel the warmth given out by the flame ;
whereas, notwithstanding his enormous distance, the heat of
the sun is sometimes so powerful that we can hardly bear it.
By a method which was discovered only a few years ago,
the light of the sun has been made to reveal to us that that
luminary consists of materials for the most part like those
of our earth. Iron, for instance, is one of them, but it is
not solid nor even melted iron, at all events on the outside
of the sun, but is rather vapour, that is, it 1s in much the
same condition as the air we breathe, and it is kept in this
condition owing to the intensity of the heat. Besides iron,
there arc many other substances, some of them metals, and
ali like it in a state of vapour. There are hquid matters
beneath these, but we cannot tell very well what they are.
We have already seen in the introductory chapter, that the
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heat that reaches us from the sun, evaporates water from the
surface of the sea. We shall see afterwards that the winds
which bring us rain are set in motion entirely by the sun’s
heat. Plants will not grow unless they receive both heat
and light, and we ourselves should be able to do very little
without the light of the day, and we should soon perish of
coJd if deprived of the sun’s genial rays.

We must now turn our attention to one very important
variation in the effect of the sun upon our earth, z:z., the
alternation of day and night.

When we see the sun rise in the morning, and after
ascending till almost over our heads, descend and set in the
west, our first impression 1is that the sun really moves past
us, and that we ourselves are at rest. But we have learned
in our discussion of the shape of our earth to be cautious
in trusting to first impressions, and that to arrive at the
truth, we must test our first conclusions by further observa-
tion, and then compare together our several observations and
impressions, correcting one by the other. The present is a
case in which it becomes necessary to do so. The question
which we have here to ask ourselves is this :—can we our-
selves bc in motion without being sensible of it? and,
secondly, if this be so, and if we are moving past an object
really stationary, will the appearance be the same as if the
object were moving, and we ourselves at rest? A little ex-
perience will show that both these questions must be
answered in the affirmative. If a person ia boat at anchor
1 the middle of a very wide river sees another boat drifting
past him with the current, and if he does not actually know
from previous observation that his own boat is anchored, he
is unable to say whether his own or the other boat is in
motion. All he can be sure of is, that one is moving past
the other, but he cannot tell without looking at the rope
which he knows to be attached to the anchor, whether his
own boat is stationary and the other moving, or the former
moving and the latter stationary, or finally whether both are
not moving in opposite directions. So again, in a railway
station at which two trains are standing, the observer beinz
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in one ‘of them. If either train begins to move off
gently, it 1s impossible to tell by merely looking at the
passing carriages, whether they or the observer's own
carriage is moving ; until he either fcels the rattling motion
of the carriage, or looks at the station shed which he knows
to be at rest. But the earth does not shake or rattle in
moving, and the only mode of judging whether the sun or
the earth is the moving body is to look at the stars. And
they, too, will tell us nothing, unless we know or believe that
like the station shed of the railway they do not move.
What we then see is, that if it 1s the sun that moves, the
stars must move too, and at nearly the same rate, for all
seem to go round in the same way; and therefore we can
only conclude that either the earth is turning round from
west to cast, and presenting every side in succession to the
sun and to each particular star, or else that the earth is
stationary, and all the heavens moving round it from east to
west. So we have only arrived at this result: that we
require a great deal more observation to decide the question.
This astronomers have made for us with great care, and the
result is, that it i1s proved that the earth turns round like a
spinning top, and the sun, relatively fo us, is almost stationary.*
Every side of the earth is in turn presented to the sun and
is illuminated by it, producing day, while it is night on that
side which 1s turned away from the sun. The ball of white
clay that we used a short time ago to illustrate the appear-
ance of the moon may now be used to represent our earth.
Thrust a wire or thin stick through the middle of it, make
an ink mark on the ball a little above the middle to repre-
sent India, and then holding the stick a little inclined, turn

1 There is a little instrument called a Gyroscope, resembling a boy’s
top, by which it may be proved to the eye that the carth moves, and
not the sun or the stars. It is made to spin very rapidly on a kind of
moveable support, and it is a known property of this instrument that
the axis of the spinning top keeps pointing in the same direction, how-
ever the support may be moved. Now, if it be set spinning pointing to
a particular star, it will remain pointing to that star, although the star
may seem to have moved some distance across the sky. The star then
has not moved, but the earth has.

B. G. C
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it round slowly Dbefore the lamp. The marked spot will
be lighted up while it passes in front of the lamp, represent-
ing day, and will be in darkness, while passing on the
opposite side, representing night.

The earth revolves once in 24 hours, or in one day and
one night, around a line that passes through its centre.
This line is termed its exzs.  In the clay ball or in a model
globe, the axis is represented by the wire or stick thrust
through it, and the two points at which it protrudes from the
ball are called the podes.  DBut in our earth this axis is merely
an imaginary linc, the ends of which are called the earth’s
poles; in free space, the carth requires no support; for
there is nothing but gravitation, and the motion it already
has, to make it go one way rather than another; and
these, conjointly, make it travel round the sun, in much
the same way as the moon travels round the earth.

The earth travels round the sun once in a year, while
the moon travels round the carth once in a lunar month.
If either of them left a train of light behind it to show
where it had passed, and some one could sce this from
one of the stars, it would look like a ring; that of the
earth Dbeing very much larger than that of the moon.
The sun would be seen in the middle of the ring traced
by the earth, and the earth would be in the middle of
that traced by the moon. Moreover, the moon and its
ring would be seen to move round the sun together with
the earth, the moon being always at ncarly but not guite
the same distance from the earth, and the ecarth at nearly
but not quite the same distance from the sun. Other
balls like our earth, one of them thirtecn hundred times
larger, and having four moons, and another with a peculiar
ing round it, and accompanied by eight moons, would
be scen at different distances from the sun, all moving
round it in the same direction as the earth. As we see
them from the earth, these bodies look like stars, except
that they move among the real stars; but they are very
different from the stars and are called plarcss. The brightest
of them all can be secn at one time of ycar in the west for
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a short time after the sun has set, at another time of year
in the cast for a short time before the sun rises, and it is
therefore sometimes called the evening star, and at other
times the morning star.  Astronomers call this planet
Venus.

"The sun with the earth and other plancts and their moons.
and a vast number of smaller bodies of like character, all of
which circle round the same central body, is called the
solar system ; and if viewed, as I supposed just now, from
some star, the whole would be seen hurrying through space,
with the enormous speed of four miles in each second of
time, or more than three hundred thousand miles in a day.
But the real stars are so far off; that if we could watch this
motion for many years, the sun and its planets would seem
scarcely nearer to them than they are now.

My readers will now understand how small and in-
significant a body our earth really is, when we think of it in
comparison with the sun and the stars. The real stars are
all suns like our own, and some of them very much larger;
but at so great a distance, that they look only like Dright
points ; and indeed by far the greater part of them cannot
be seen at all without the help of a telescope.

Let us now sum up what we have learned. Our earth is
a globe or ball that turns round or revolves on its own axis
(which is only an imaginary line passing through its centre),
while it travels round the sun. It turns completely round
its axis once a day; and as it revolves, that half which is
turned towards the sun is lighted up by it, and has daylight,
while the side that is turned away from it is dark, and has
night. The carth also travels.round the sun once in a year,
and the moon travels round the earth in the same way opce
ina mOnth while she revolves ofi her g owg axis also_on
month. The same face of the moon is therefore always
presented to the earth, whereas all sides are successively
presented to the sun. That side of the moon which is
turned towards the sun is bright, and that which is away
from it is dark ; so that if people could live on the moon,
they would have day and night as we have, but their day

C 2
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would last nearly half a month, and their night another halt
month. There are other bodies called planets that travel
round the sun like our earth, and some of them have several
moons accompanying them. Were we writing about astro-
nomy, we should have a great deal to say about these planets,
but we must return to earth in the next chapter, and we
shall find that there is plenty to interest us on our own
earth, although it is so small in comparison with the sun
and the stars. Lastly we have learned that this system of
sun and planets is travelling rapidly through infinite space,
and that although at great distances from each other, they
are kept together by that mutual attraction, or pulling at
each other which is called gravitation, and which is the
same cause that keeps us standing on the earth, and
causes a Dball that has been thrown up into the air to
fall back to the ground.



CHAPTER 1L

THE ATMOSPHERE.

Our globe is completely surrounded by a covering of air,
which 1s called its atmosphere. That air is somet/iing, although
we cannot sce it, we must acknowledge, when we call to
mind that we feel its pressure with every puff of wind. And
when the wind is very violent, as in those great storms
that pass over Bengal sometimes at the change of the
monsoons, we see the effects of its power 1n uprooted trees,
wrecked Dboats, houses levelled and scattered, and some-
times, most terrible of all, in destructive floods of sea-water,
which the wind first piles up on the sea and then drives
forward over the land, destroying and submerging everything
in their path. Clearly then air is something, and at times
a very powerful something.

Although air 1s met with everywhere on the surface of
the earth, even on the tops of the highest mountains, we
have no reason to believe that it extends very far from the
earth ; or that, for example, it fills all the space between us
and the moon. Even on the lofty ridges of the Himdlaya,
the air is, so to speak, of thinner consistency than here on
the plains ; that is to say, every cubic foot of it contains a
less weight of air than down here in Bengal : and one reason
why it is so difficult to climb very high mountains, and that
no one has ever yet reached the top of the most lofty moun-
tains, 1s that the air there is so attenuated that people can-
not breathe welly and soon become exhausted.  We do not
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know exactly how high we should have to mount from the
earth, to be beyond the atmospnere altogether, but at a
height of 50 miles or about ten times as high as the highest
peak of the Himdlaya, there must be so little, that if it
were to blow with the speed of our'great storms, we should
not feel it. The atmosphere is, then, a very thin layer com-
pared with the size of the earth. If we suppose our carth
to be represented by a ball one foot across, two sheets of
ordinary country paper laid on the surface, one over the
other, would about represent the thickness of the atmo-
sphere.

The reason why the lower layers of the atmosphere are
more dense than the upper layers, is that, in the first place,
ait has weght, and in the second place that it is very com-
pressxble by enclosmg a quantity of air in a vessel, from
which it cannot escape, but in which it can be squeezed or
compressed, it can be made to occupy a smaller and smaller
space by continually increasing the pressure upon it. The
means of making the cxperiments to prove these facts are
explained in books on physics: the facts so established are
all we need attend to at present. Bearing these two facts
in mind, it is easy to see why the lower layers of air are
more dense than those above them. The former are pressed
upon by all those above them, viz., a thickness of at least
40 miles ; but as we ascend we leave the more compressed,
and therefore heavier layers below us, so that at a height
of about 18,000 ft. that which still remains above us has
only about half the weight of the whole at the sea-level
The pressure at this height being therefore only half as
great, the air there is only half as much compressed ; in other
words, a cubic foot of air at 18,000 feet weighs only half as
much as a cubic foot of the layer on the surface of the
sea. The weight of the atmosphere, or, to speak more accu-
rately, its pressure, is measured by an instrument calied the
barometer.*

* For a short description of the barometer, see the Glossary. The

pressure of the atmosphere is not always due to its weight only. By
heating air, its pressurc will be increased, but not its wuuht.
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To umtlerstand what the air docs, we must first know
what it consists of. It is a mixture of gases, chiefly two,
which are called by chemists oxygen and zirogen. Neither
of them can be seen, because they have no colour ; nor have
they any smell or taste ; but as I have already mentioned,
we can feel them when they move in a wind, and by proper
means we can separate and weigh them. These two gases
are called permanent gases, because no one has ever been
able to convert them into a liquid like water, still less into
a solid like ice or stone. DBut besides these, air always con-
tains the vapour of water, that is to say, water in an invisible
gas-like condition ; but unlike oxygen and nitrogen in this—
that if cooled down sufficiently, it is reconverted into com-
mon liquid water. Water in this gaseous state is commonly
spoken of as water-vapour, or simply zaponr. In the intro-
duction we spoke of the cvaporation of water which takes
place when a dish of it is exposed to the air. A wet cloth,
for instance, if hung up in a wind, is soon dried ; because
the water that soaks it escapes from it in the form of
vapour ; and if the sun is shining upon it, or if it be hung
necar a fire, it dries all the faster, showing us that it is heat
or warmth that changes water into vapour, while another
experiment will show us that cold brings back the vapour to
the state of water, and sometimes even into the solid state
of snow or ice. Procure a large piece of ice; crush it, and
fill a brass or tin-pot with the fragments, nearly up to the
top, taking care that none of it rests on the edge. Dry the
outside thoroughly, and then let it stand for a short time in
a shady place. The vessel soon becomes cold, but for a
minute or less, according to the state of the air at the time,
it remains dry on the outside. After a time, however, the
polished surface will become dulled, and if you then draw
your finger over it you will find it to be wet. The water
has not come through the vessel as might be supposed at
first sight, but is water which existed as invisible vapour in
the air around, and which has been turned into water again
or condensed by the coldness of the vessel. If this experi-
ment be repeated, some salt having previously been mixed
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rapidly with the crushed ice, the vessel is made much colder
than before ; and the vapour of the air will be condensed
on the outside, not in minute liquid drops, but in fine white
solid filaments, which are almost exactly the same thing as
the snow that lies on the tops of the Himdlaya mountains,
and from which, as I dare say my readers know, they take
their name Himdlaya, “the abode of snow.”

We are now prepared to understand how fog, clouds,
girain, snow, and hail are formed, and in part, why we often
‘find the grass and leaves quite wet in the ecarly morning,
. though no rain has fallen during the night. In all these
*cases the vapour of the air has been condensed by cold.

A 753715 produced Dy the cooling of the air that rests
directly on the ground. In the cold weather it may often
be seen to form very soon after sunset.* 'The vapour in
the air begins to condense as it cools, and is converted into
water-drops so small that for a time they remain floating in
the air, and cannot be seen apart from each other. But if
a perfectly dry cloth be hung up in such a fog it will soon
become damp. A coud is much the same as a fog, but
formed high up in the air, and is very variable in shape,
since the substance of the cloud is continually changing.
When the sun shincs on one of those white isolated clouds,
rounded on the top and flat below, that are so common
about noonday in fine weather, the upper surface of the
cloud is evaporating under the sun’s rays, while more vapour
rising from the earth is condensed and added at the bottom ;
the cloud seems to be the same, because it remains in the
same place, but in reality the condensed vapour that com-
poses it is constantly changing. Now if a cloud of this
kind “grows very large and thick, and unites with other
clouds round about it and higher up in the atmosphere,
which of course can take place only by more vapour being
condensed from the alir, it forms at last a rain-cloud. The

* In villages and among houses, a great dcal of smoke is gencrally
mixed with the fog; but this is not the casc when it forms over an open
plain, such as the Calcutta mauddn, or over tanks, jhils, and marshy
Pplaces, far away from houses.
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very miffute water-drops that compose the cloud become
larger, then unite with one another, and finally fall to the
earth as rain-drops. It scems at first hard to believe that
all the water that falls in a heavy shower of rain should
have existed in the air, only a short time before, as in-
visible vapour, but there is no doubt that it is so. One
may learn much by watching the clouds for an hour or two
together, and noticing their changes of form and size ; just
before one of those thunderstorms so common in March
and April, which we call nort/-westers, new layers of cloud
may somectimes be seen to form so rapidly, as entirely to
obscure the sky overhead in the course of half an hour.
In February and March it sometimes happens that, together
with the rain, lumps of ice fall. Thesc are termed /ai/-
stones, not because they are reully stones, but simply be-
cause they are solid, and falling from a great height in the
air, they are, when large, as destructive to trees and crops
as if they were really stones. They are very large rain-
drops that come from some cloud high overhead, where
it is so cold that they are frozen into ice. Swow is also a
kind of frozen rain, but it is very light, and there is this
difference in its mode of formation, that it is changed at
once from invisible vapour into little frozen needles; just
as, in the experiment with the ice and salt described a short
time ago, the vapour condensed on the surface of a very
cold vessel becomes at once a white frozen layer of a snow-
like substance, without passing through the condition of
water. We never sce snow fall on the plains of India
(except very rarely in the northern part of the Punjib),
nor even on the hills south of the Himdlaya, because it is
never cold enough, but on the higher peaks of the Himd-
laya it falls abundantly, and this it is that makes them so
white. Snow is very light; as it falls it looks much like
flocks of cotton wool ; and where it falls there it remains,
until it melts or is drifted into heaps by the wind. In the
winter-time in Europe, it sometimes accumulates in this
manner till it forms a layer over the ground, several feet
thick, and in severe winters houscs are sometimes buried in
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the snow-drifts. On high mountains it collects in the same
way in hollows, forming beds many hundreds of feet thick ;
what becomes of it then we shall see later on, when we have
to speak of glaciers.*

There is one other form in which the vapour of the air
condenses, and which is familiar to us all. Often, after a
fine clear night in the cold weather, we find the grass and
trees quite wet, and large drops of water resting on the
leaves. This is called dezs, 1t is the vapour of the air
condensed on the cold surface of the leaves. A cloth left
out on the grass on such a night will become as wet as if
it had been dipped into water. When it is so cold that the
dew freezes as it forms, it is called /Zoar-frost.  This is often
seen in the Upper Provinces of India, on the Nilgiri hills,
and even no further off than Hdzdribdgh, after a very cold
clear night in December or January.

We sec then that fog, clouds, rain, hail, snow, dew, and
‘hoar-frost are all formed in the same way, viz., by the cool-

_ing of the air, which then gives out in a liquid "or solid
Jform a part of the vapour that it contains. The vapour
r comes originally from the surface of seas, rivers, tanks,
fand even the land if it is wet, and the chief cause of its
i evaporation is the heat of the sun. It is, then, to this
§ genial heat that we are indebted for those refreshing rains
that cool the air and enable our trees and food crops to
grow.

But this is only a part of the work done by the sun’s heat
in our atmosphere. It is the sun that sets the air in motion,
and causes those winds, by which vapour is carried from
the surface of the ocean and distributed over the fields and
forests in rain; by which therefore rivers are fed, and the
land made habitable and covered with verdure. To under-
stand how all this is brought about, we must go back to
certain simiple rudimentary facts which we may gather from
every-day experience. In order to learn how the air is
affected by heat, a good way is to watch what takes place

* Chapter VII,
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round about an ordinary fire. If we make a large fire of
twigs, dead leaves or straw in the open air, and if there he
no wind blowing at the time, the smoke goes straight up-
wards ; but if any burning lcaves or twigs happen to lic a
littlc on one side, the tlame and smoke from them are drawn
towaras the rest of the burning mass, showing that currents
of air are drawn 1in towards the fire at the bottom. This air
1s heated by the flame, and then rushes upwards, carrying
with it the smoke, bits of ash, and similar light bodies. Tt
rises for the same reason that a picce of bamboo, if thrown
into the water, at once rises to the surface.  Just as the
bamboo is lighter than the water, so the hotair is lighter than
the cold air around.  Cold smoke is not light and does not
rise, as may be seen any evening in the cold weather, when the
smoke that is produced Dy the fires of the village hangs low
down about the houses, and gradually settles to the ground.
Now if a fire be very large, such as may be seen when
a village is burning, a strong wind blows in from all sides
towards the flames ; and when a large forest is burning (as
sometimes occurs in the great forests of America), and in
the conflagrations of great cities, such as that of Londou in
1666, which buret for four days, or that of Chicago in the
United States a few years ago, the wind that is produced
around, blows with the force of a huricane, rushing in
towards the flames.

The heat of the sun produces effects similar to these.
It is true that it does not heat the air so intenscly as a great
conflagration will do, but the tracts that are aftected by it
are much more extensive, and the winds therefore, though
not so violent as around a burning city or forest, prevail
over very much larger spaces. But it may be asked, since
the sun is shining at the same time over half the earth,
how is it that one place is.so much hotter than another.
The reasons are chuﬂy twofold.  First_these.places- that
have the sun 1mmed1.1te1y overhead are. hotter..than those
where it does not rise so high ; just as, at the same place, it
is hotter at noon when the sun is hlghest than in the morn-
ing and evening when it is low. And, secondly, land 1s
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much more quickly heated than water, so that on the open
sea at midday and even on and near the sea-shore, it is
much cooler, in April and May, than in the interior of
Bengal; and it is hotter still in Central India and the
Punjdb, which are still further from the sea.

On the other hand, at night time, when the sun is below
the horizon, and both land and water, as well as the air
above them, are cooling down, giving out their heat to the
starry space, the land cools faster than the sea. And in
the same way, in the cold weather months, when the earth
parts with more heat than it receives from the sun, the land
becomes colder than the water ; and places far from the sea
—such as the Punjib and upper Asim—are cooler than
Bengal, which lies near the sea.

We are now prepared to understand why the intense heat

‘of April and May is followed by the strong steady wind

from the sca that brings the grateful rains of June and July.
Up to the setting in of the rains, India is very much hotter
than the great sca that lies to the southward. In Bengal
indeed we have winds from the south and south-east even
before the regular rains set in, and these bring us some
showers ; but when, in June and July, the heat of Central

: India, the North-West Provinces and the Punjdéb has
. become very great indeed, the whole body of the lower

part of the atmosphere from beyond the Equator moves

. northwards towards India, and brings all the vapour that has
" been evaporated by the heat of the sun from many thousand

square miles of ocean. This is our south-west monsoon.

Something yet remains to be explained. We have learned
why the winds bring us the vapour, that when condensed
produces our rains; but we have also learned that the air
must be cooled in order that this vapour may be condensed ;
and it is not clear how this is effected ; since we have seen
that it is the great Zeas of Indiathat produces the winds.
Can we have great /Jeat producing a wind, and at the same
ime this very wind cooled down so as to condense its vapour
in cloud and rain? How, it will be asked, can one explana-
tion be reconciled with the other?
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To answer this, we will revert to the familiar experience
afforded by our fire. When it is in full blaze, the smoke
(which we now know to be carried by the heated air) rises
in a rapid stream. But it does not rise very high ; perhaps
as high as the tops of the palm trees, and it then spreads
out and remains for a time suspended in mid air. It ceases
to rise because it has already lost a great deal of the heat
that caused it to ascend, and has become no lighter than the
air around it. So 1t is with every current of air that ascends,
whether it 1s set in motion by the heat of a fire or by that
of the sun. Some very important experiments made by
Mr. Joule have enabled us to ascertain exactly the amount
of cooling that air undergoces under these circumstances. Itis
such that if a quantity of air, as hot as it usually 1s at Calcutta
about nine in the morning in May, * were to rise from the
ground, it would be cooled to the temperature of ice by
ascending 9,100 fcet or to about 2,000 feet above Darjiling.
In ascending mountains, the higher we go the colder does
the air become ; but not so rapidly as a mass of air that is
in motron upwards. At Darjiling, for instance, the warmth
of the air (called its Zemperature) is about half-way between
that of the air on the plains, and that of melting ice ; and
we should have to ascend to more than twice the height of
Darjiling, before we should find the snow in the summer
time lying unmelted on the slopes of the mountains. It is
owing to the expansion that the air undergoes during-its
ascent, or rather to the resistance which it overcomes in thus
expanding, that it is cooled.

We have now found the explanation we sought. The
hlg,hly heated air over the plains of India ascends and cools
as it ascends.” Air highly charged with vapour is drawn Trom
the surfacé of the seas to the southward, and this, ascending
in its turn, is cooled and forms dense clouds and rain.
When it has risen to a great height and has got rid of most
of its vapour, it turns and flows back to the south, where
descending again to the sea-level, it tdkCS up more vapour
and then repcats the same circuit. H3, f‘r'l

* 83 degrees of Fahrenheit’s thermometer.
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On the other hand, in December and January, when the
sun is low and the surface of the land is colder than the
sea ; and when Australia and places south of the Equator
are most heated by the sun, the air flows from us towards
this heated region, in the lower atmosphere, and returns to us
as a wind in the upper atmosphere. The lower current is
our winter or north-east monsoon. Itis so called, because
at sea it really blows from the north-east, but in Bengal and
the North-West Provinces it comes chiefly from the north-
west or north. The upper return current, which may be
called the Anti-monsoon, isfelt on the Himdlaya,and descends
in the North-West Provinces and the Punjdb; and the
vapour it brings furnishes their winter rains, on which the
rabi crops depend.

In India, then, we have the wind blowing one way during
four or five months of the year and in the opposite direction
during another four or five months ; all such winds are called
monsoons. In the China Sea and Australia, as well as in one
or two other parts of the tropics, monsoons are felt much
like ours ; except that the directions are not the same,}since
they vary with the form of the land and the direction of the
coast-line, and they vary also accordingly as the land is
situated in the Northern or in the Southern Hemisphere.
The tropical sea, which furnighes the vapour to the summer
monsoon of India and China, lies to the south and south-
west, while it lies to the north and north-west of Australia.
While, therefore, our south-west monsoon is rainy and our
north-east monsoon is a dry wind, the north-west monsoon of
North-West Australia is wet and that from the South East is
dry.,

In the middle of the Atlantic and in the Pacific and
South Indian oceans, the wind blows the same way all the
year round, viz., towards the Equator from the tropics, and
these are called trade-winds.

To the north of the Equator the trade blows from the
north-east, and to the south of it from the south-east,
while between the two, and not vcery far from the Equator,
is a well-defined belt where the air is generally caim, and



L] ANSL-TRADES. CAUSE OF TIHE SEASONS. 3

which is therefore termed the e/t of calms, and in the Atlan-
tic Ocean, the do/drums. Over this belt, the air which pours
in from both sides, rises to the higher parts of the atmosphere,
and then flows away in two directions opposite to its former
course, viz, towards the north-east in the Northern and towards
the south-east in the Southern Hemisphere. These return
currents are called the Anti-trades. At the place of their
origin over the belt of calms they are at a great height,
higher than the tops of the loftiest mountains, but they
descend gradually to the carth, becoming more westerly
as they advance, until in Europe, Northern Asia, and
North America on the one hand, and over the Southern
Ocean on the other, they prevail as more or less westerly
winds. In the Northern Hemisphere, however, they
are very irregular, and alternate with winds from the east
and north-cast frequently and without much warning,
so that the expression ‘“as changeable as the wind” has
there become proverbial.  Nevertheless, this irregularity
is only apparent and not teal. There are in Europe, as in
India, two principal winds, one of which Dblows from
the cold northern countries towards the Equator (where
it is hottest) ; the other, the Anzi-trade, which begins near
the Equator and blows thence towards the north and
north-east. It is this last that brings Europe most of its
rain, just as our anti-monsoon brings winter rains to the
Punjdb.

(‘1 he regular change of the monsoons, and the alternation
of summer and winter, of wet and dry, or hot and cold
seasons, with which we are all familiar, depend on the
peculiar position of our earth relatively to the sun. They
depend on the direction of the earth’s axis, that imaginary
line around which the earth rotates, as I have already
explained in the previous chapter. In the month of June
the positions of the earth and sun are such as are shown in
Fig. 2, in the month of December as shown in Fig. 3. To
trace the consequences of these two conditions, let us
select two points on the earth, marked @ and 4 in the figures,
the one in the Northern, theother in the Southern hemisphere,
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and let us see how they will be affected respectively in June
and December by the sun’s heat and light. From what has
been said in the previous chapter, it will be easily seen that
the shaded half of the earth in both figures represents the
dark or night side and the unshaded half the light or day side.
As the earth revolves, the two selected points @ and 4 will be
carried round the axis in the direction shown by the dotted
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lines @ a* 54*. Nowin Fig. 2, representing the June position
of the earth, the greater part of aa* isin daylight and only
the shorter part in darkness. Tris shows why, in June,
a place in the position @ has a long day and a short night,
the difference being the greater the farther north the place
is situated. On the other hand 4 in the Southern Hemisphere
has a short day and a long night. The one is receiving the
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sun’s heat during considerably more than twelve hours, and is
cooling during considerably less ; the other is in the reverse
case. For this reason alone ¢ would be much warmer than
4,and would enjoy summer while 4 is in the depth of winter.
But this isnotall. On e the sun’s rays fall directly, or almost
so, at noonday, while on & they fall very obliquely, explaining
the familiar fact that in summer the sun is high up in the
heavens at noon, at Calcutta quite overhead, while in winter
it is comparatively low at the same time of day. That the
heat of the sun is the greater, the higher it is in the heavens,
is so familiar to us all that we might almost dispense with
further explanation. But the figure serves to explain this
fact also. The zone of the earth between @ and 7, in
Fig 2, is as broad as the zone between & and 7z in the
opposite hemisphere, but while the quantity of the sun’s
heat and light which falls on the former is all that which
passes betwcen the arrows marked » and s, the quantity
received by the latter is so much only as passes between
the arrows ¢ and #, which is less than one-fourth of the
former quantity. Hence the month of June brings summer
to @ and to all other places in the Northern Hemisphere,
while at ¢ and all places in the Southern Hemisphere this is
the season of mid-winter.

In Fig. 3, which exhibits the December position of the
earth, the conditions of @ and ¢ are reversed. @ has a short
day and a long night, and even at noon receives but little
heat comparatively, since the sun is low and its rays fall in a
very slanting direction ; while 4 enjoys long days and the
more direct rays of the sun. The former, together with all
other places in the Northern Hemisphere, has now mid-
winter, the latter together with the whole of the Southern
Hemisphere midsummer.

On the equator, which is the boundary line between the
two hemispheres, the figures show that the day and night
are exactly equal both in June and December, and the same
is there the case all through the year. On the other hand,
at the two poles, there is but one day and one night in the
year. The North Pole has daylight from the 2oth March

B.G. D
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to the 22nd September,* and night during the remaining six
months, while at the South Pole the case is exactly the
reverse. At both poles thercfore the summer is all day, the
winter all night.

On the 2zoth March the sun is rising on the North Pole
and setting on the South Pole, and on the 22nd September
it is sctting on the former and rising on the latter.  On these
days, on all other parts of the carth, the day and night are
equal, viz. twelve hours each.

Such then is the causc of the seasons, of the difference
in the relative length of the day and night at opposite
periods of the year, and also of the great differences of the
summer heat and winter cold, at places far from the
Equator. But while the former depend solely on the position
of a place on the earth, the latter, as we have seen, are
mwuch modified by other circumstances, such as the prevalence
of land or water and certain others of which more will be
sald in another part of this work.)

In this chapter we have learned that the atmosphere that
everywhere surrounds our earth is not much more than so
miles thick, and that its lower layers are more dense than
those above them, because those which are lowest arc pressed
upon by those above them. It consists chiefly of two
gases, which, when heated, expand and become lighter,
and when cooled contract and become heavier or denser,
but which always remain gaseous, and mixed in the same
proportions. It contains also water vapour, the quantity of
which is always varying. This is furnished chiefly by
evaporation from seas and oceans. When much cooled, it
condenses and forms clouds, rain, snow, and hail ; or when
condensed on the surface of grass, leaves and the like in the
night-time, dew and hoar-frost. Winds are produced by the

* By the terms day and night in this description I mean the intervals
between the rising and the setting of the sun, and vice versd. It is familiar
to us all that darkness does not at once set in when the sun sets, nor
does it last until the sun rises again. At the poles twilight begins
some days (periods of twenty-four hours each) before the sun 1ises, and
lasts for some days alter it has set.
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unequal’heating of the air by the sun. Heated airrises and
colder air flows i Delow to take its place, while that which
has ascended is cooled by its ascension, and so forms winds
in the upper atmosphere which blow in the opposite direction
to the former. At last it descends to earth, to take the
place of that which has been drawn towards the heated
region. In India the winds blow pretty steadily from the
south, south-west, or south-cast (according to the locality)
during a part of the year, and from the north-west, north
or north-east during another part of the year; and these
winds are called the monsoons. ‘The former, coming from
the ocean, bring us our rains. The latter, blowing from the
land towards the sca, have little vapour and bring fine clear
weather.  On the coast of China and that of North Australia
and Africa there are also monsoons, but their directions
differ somewhat from ours. On the two great oceans, the
Pacific and the Atlantic, as well as on the tropical part of
the South Indian Ocean, where the winds blow the same
way all the year through, they are called trade-winds ; and
in Europe where they are much less regular, this irregularity
is owing to there being two principal winds, one of which
is chiefly from north-east, the other from south-west, which
continually displace each other, instead of one being always
above and the other below, as is the case in the region of
the trade-winds.  All these movements and changes of the
atmosphere are due to the heat of the sun; to the facts
that land is both heated and cooled much more quickly than
water ; and that the heat i1s most intense where the sun
shines directly overhead, and when the days are longest.
The_alternation_of s;;mmexﬁnd winter, and. indeed o£ the
seasons generally, arises from the inclination of the earth’s
axis ; from which it follows that the Northern and Southern
Hcmlspheres alternately, enjoy a greater and less share of
the sun’s heat and light, as the earth revolves in its orbit
around the sun,



CHAPTER IIL

THE SEA.

I~ this chapter I shall have to describe things probably un-
familiar to most of my readers. But it would be impossible
for them to understand much of what I shall have to say
afterwards about the land, if they have not first gained some
acquaintance with the nature and movements of the ocean ;
and fortunately it requirgs no great exertion of the imagina-
tion, even for those who have never scen the sea, to conceive
a vast body of water, filling all the greater depressions of
the earth’s surface, and as may be seen on any map of the
world or a terrestrial globe, occupying very nearly three-
fourths of that surface.

It is only of late years that we have gained any accurate
knowledge of its depth, and even now there are immense
tracts, especially in the Pacific and Indian Oceans, of the
depth of which we know very little. But the third great
section, the Atlantic, or rather the northern part of it which
extends between Europe and North Africa on one side and
America on the other, has been much more closely examined;
and not only do we know pretty well how deep it is in dif-
ferent parts, but specimens of the bottom and of the sea
animals that live on it have been brought up from a depth
of nearly four thousand fathoms.! The bottom of the

* Depths of the sea are usually given in fathoms, each of which is
equal to two yards, or four 4az/s, or six feet. The naturalists on board
the Challenger have obtained a specimen of the sea-bottom and the
animals living on it from a depth of 3,875 fathoms, or nearly four and
a half miles.
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Atlanti® shows irregularities of the same kind as the land
surface of continents. It has submarine mountain ranges,
table-lands, and valleys. And this we might have expected,
for geology tells us that much of what i1s now covered by
the ocean, was at some former time dry land ; and on the
other hand, we know that in some of the loftiest mountains,
the Himdlaya for instance, the shells and other hard parts
of animals that once lived on the sea-bottom are embedded
in the solid rock of the mountain sides ; proving to us, that
although they are now high above the sea, they once formed
part of the bed of the ocean. The greatest depths of the
Atlantic are depressed below the sea-surface, to a depth
much greater than the height of the highest mountain masses
that now tower above it. One large part of it is rather
more than 5,000 fathoms, a- depth in which, if the three
loftiest peaks of the Himdlaya were buried, there would still
be from 150 to 3oo fathoms of water over their summits.
It is probable that in the Southern Ocean there are depths
excceding the above, but we cannot be sure of this without
further measurements. We do, however, know that the
average depth of the ocean much exceeds the average
height of the land. The Bay of Bengal is very deep m
some parts. On the Indian side the depth increases very
gradually, and the deepest part? lics about 5o miles east-
ward from the middle of the bay. It shelves down very
¢radually too from the coast of Bengal; except at one
place, about midway between the Hooghly and the Megna,
where there is a very deep and abrupt channel in the bed of
the sea called ““the Swatch ;” the depth of which is said
to exceed 2,000 fathoms, or more than two miles. This,
however, requires verification.

The water of the ocean, unlike that of most lakes and
rivers, is very salt ; so much so, that a great part of the salt
consumed ia Madras (and formerly in Bengal also,) is
obtained from it, by collecting the water in shallow reser-
voirs, and allowing 1t to evaporate. As only the water goes

' 1,755 fathoms was the greatest depth indicated by the dynamometer
in laying the telegraph cable between Penang and Madras.
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off as vapour, all the salt is left behind. The salt so
btained 1s however far from pure. It has a more bitter
taste than pure salt, owing to its impuritics, which consist
of salts of hime and magnesia, with other substances, for a
knowledge of which my readers must refer to books on
chemistry.

The saltness of the water is nearly the same in all parts
of the occan. In the neighbourhood of any coast where a
large river enters the sea, the admixture of fresh water
makes it somewhat less salt; and inland “seas, connccted
with the ocean, but almost entircly surrounded by land, are
either fresher or salter, according as the rivers that enter
them supply more fresh water than evaporates from their
surface or the reverse. Thus the Red Sea, into which no
niver flows, and from the surface of which great evaporation
is always going on, is salter than the ocean; while the
Baltic, which receives many of the large rivers of Northern
Europe, and which, being in a cool climate, gives off com-
paratively little evaporation, is always very much fresher.

If it be asked why the sea is salt, we can only reply that
ic has probably becen so from the time when it began to
exist as an ocean.  From time to time small tracts of it
jmay have been cut off from the main ocean in some dry
;region and so dried up, in which case the salt has been
éleft behind as a solid mass called rock-salt. Dut any loss
-of salt that it may suffer in this way is compengated by that
brought into it by rivers, all of which contain some traces
of salt ; and by that which the sca itsell washes out of the
land.

I have alrcady spoken of the lime in seca-water. There is
very Dttle, but there would be much more, were it not that
lime is continuully abstracted from the water by the animals
that live in it. Many of these form hard shells, which
consist chiefly of a compound of lime,* and this lime is

T In parts of Bengal the lime eaten with ran is gencrally made by
burning the large shells collected in the salt lakes of the Sundarbans.
In Madras large quantities of sea-shells are collected for the lime ured to
stucco the interiors of houses.
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taken from the water ; there are a kind of animals called
corals, the greater part of whose body consists of a hard
- skeleton of lime. They do not move about, but live, almost
i like plants, fixed in the same spot; and when they die,
i their skeletons remain, or being broken up by the waves
.and re-cemented, form masses of limestone which serve as
supports for othcrs to grow upon. In this way vast masses
i of stony substance accumulate, and new rocks and islands
- are formed. The Maldives and Laccadives to the south-
. west of India are entirely islands of this class.

In the ncighbourhood of the coast the colour of the sca-
water is gencrally green ; this is not the true colour of pure
sea-water, but is owing to the mud brought into it by rivers
and that washed from the coast. In mid-ocean, the colour
is a pure deep indigo blue, and the water so transparent, that
if a white plate be thrown into it, it can be seen after it has
sunk many fathoms below the surface. Certain inland seas,
so called because although they communicate with the
ocean they are in great part surrounded by land, have
waters of peculiar tints which are in general due to the pre-
sence of some foreign substance, such as mud or minute
floating plants. Thus the Red Sea has reccived its name
from the frequent appearance of areddish or rather brownish
scum in patches on the surface of the water; and the Yellow
Sea is so named from the quantity of yellowish mud poured
into it by the Hoang Ho, a large river in Northern China.
These, however, but slightly affect the general blue or
green colour of the water. »

The_surface of the sea is seldom quite smooth ; this is
the case only WheT THeTE Has Beei 16 Wimd th the neighbour-
hood for one or two days. Most frequently it is raised in
waves, which roll along in the direction of the wind, or are
simply propagated by the water from some distant place
where a strong wind is blowing. These latter are spoken
of agthe swe// of the sea; and the rolling of ships as they
sail over it, is to many persons, who are unused to it, pecu-
liarly unpleasmt, producing sickness. When these long
waves reach the shore, such a shore for instance as extends
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along the face of the Sundarbans or the coast of Orissa and
Madras, they become higher, and the crest, curling over,
breaks in a mass of foam, which makes it dangerous for
boats, except such as are built with planks scwn together,
like the Masulah boats of Madras. Such waves are termed
breakers, and in storms they have great destructive power,
and soon dash to pieces and break up any ill-fated ship that
may have been driven on the coast, and so become exposed
to their impact. On a coast such as that which extends
along the Indian side of the Bay, where the land is almost
everywhere low, the coast is not much destroyed by the
action of the waves ; but on rocky coasts, where the cdge ot

¥iG. 4 -~Sca cliff and beach.

the land is high above the sea-level, they pound and break
down the exposed face of the rocks and sweep away the
abraded material, leaving a cliff, such as is shown in the
above woodcut. -
(This woodcut represents a part of the chalk cliffs near
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Brighton, on the south coast of England, as they appeared
about forty years ago (in 1836). The great shaded mass in
the mid-distance and the smaller cliffs at its base have long
ago been swept away by the sea. The flatter strip of land
at the base of the cliffs on which the boat rests is termed the
beach, and consists chiefly of a mass of well-rounded flint
pébbles originally derived from the bands of flints in the
chalk. These being very hard, resist for a long time the
grinding action of the sea-waves; but at length they are
worn down to sand, which is swept further out and spread
abroad on the sea-bottom. !

The waves of the sea subserve one very important pur-
pose, viz. they facilitate the acration of the water ; that is,
they help the air becoming dissolved in the water ;  without
which fish and most other animals that live in water would
be unable to breathe.?

In the introductory chaptcr we learned that the greater
part of the mud that renders our rivers so turbid is carried
down into the sea with the water ; and I have now shown
that in addition to this, a great deal is carricd away from
All tlns sinks gmdually to the bottom but before it ﬁnally
settles, it is often carried many hundreds of miles by those
movements of the water of which we have yet to speak.
However, sooner or later, it settles down, and forms new
layers of mud and sand on the floor of the ocean. In deep
seas, these accumulations of necessity form very slowly ; but
they accrete more rapidly near the mouths of large rivers

nd certain coasts that are wasting rapidly. The dead
‘bodies of fishes and other marine animals, sinking to the
bottom, are sometimes buried in this mud and sand and
the hard parts, such as shells and bones, are thus frequently
preserved.  Ages afterwards, when, by some of those
changes that rocks are always undergoing, these layers of
mud and sand have become converted into stone, and being

¥ Most, but not a//. 'Whales, porpoises, seals, dugongs, and all such
animals as suckle their young, also turtles and sca-snakes, breathe air,
for which purpose they come occasionally to the surface.
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upheaved, once more form part of the dry land, such re-
mains, now termed fossi/s, are discovered by geologists,
who learn from them what kind of animals lived in the sea,
it may be thousands and hundreds of thousands of years
before.  Sometimes, but more rarely, the bodies of land
animals and the leaves and branches of plants are embedded
in the same way ; but these are more common in similar
accumulations that are formed in lakes or in the de/fas of
great rivers, such as that on which we live in Bengal. In
another chapter we shall see that by diligently collecting
and examining remains of this kind, we have learned that
the animals that live on the earth now are not like those
that used to live there in former times ; and that all of them
have changed, not once only, but many times in succession.

The sea is never at rest.  Not only is the surface stirred
by the wind, but the whole mass of the ocean is moved by
tidal and local currents. Tidal currents flow first one way
and then in the opposite direction, changing cach way twice in
about twenty-five hours, and producmg a rise and fall of the
water-level twice in the same period. The sccond, in most
parts of the ocean, run in the same direction with Dbut little
variation all the year through ; and the result is, that the
whole water of the ocean is constantly but slowly moving
from one part of the earth to another. The causes of these
movements may be understood with a little careful attention.

I have said that the tide rises and falls twice in about
twenty-five hours; those who live on the banks of the Hooghly
or the Megna, or any of the large rivers of the Stindarbans near
the sea, must be familiar with this as a fact of lifelong ex-
perience. This period of twenty-five hours, or more accu-
rately, twenty-four hours, fifty-four minutes, is exactly that
between the time that the moon is seen at the same place
in the sky on two successive days; a fact, which would at
once suggest that the moon is in some way connected with
the tides. Now if the reader bears in mind what we learned
a short time since, about grav1tat10n he will find little diffi-
culty in underbtandmg what this connection is. I must
only add one fact, which I have not mentioned before, in
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order to avoid complexity at ‘the outset. It is this; that
the farther any two bodies are from each other, the less is
the pull they excrcise on each other; in such measure,
that if the centre of the moon were twice as far off the
centre of the earth as it is, she would pull and be pulled
by the earth with only onc-fourth the actual force ; if at
three times the distance, with only one-ninth of that force;

if at four times the distance, with one-sixtcenth, and so on.™*

Now let us see what consequence follows from this, if we
suppose the earth to be a rigid ball ; that is, one, the shape
of which remains unaltered, however it may be pulled ;
while it is covered with water, which flows easily in any
direction. And for the sake of greater simplicity, we will
assume, first of all, that the carth is completely covered by

water, as represented in Fig. 1, Plate 1. When the moon .

is in the position represented in Fig. 2, the water on the
side a, nearcst to the moon, will be pulled more strongly
than the rigid earth ¢, because it is nearer; and will be
heaped up at @, being drawn away from all that part which

lies towards « and e Thus high water will be produced .

at @. In the same way, and for the same reason, the rigid

earth ¢ will be pulled away from the water at 4, and another
pile of water, producing another high tide at 4, will be the
consequence. At < and ¢ the water will be low, so that two

high tides and two low tides are produced at the same time.

Now as the earth revolves on its axis, which we may sup-
pose to be represented by a line at right angles to the
plane of the paper, passing through the centre of ¢, every
point on the earth will be successively in the positions
adbea; and if the moon remained in the same place at
M, every place on the carth would have high water twice and
low water twice in twenty-four hours ; that is to say, while
the earth completes one revolution. But in the meantime,
the moon has moved in her own orbit towards M/, so

¥ Common arithmetic shows that the denominators of these fractions
are the squares of the figures expressing the distance ; so that the law

of gavitation is expressed by saying, that the force is mverscly as the

square of the distance of the two bodies.
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that by the time that the place, starting originally from e, is
again opposite the moon and therefore has high water on
the second day, thc moon has reached the position M".
This whole journey is completed in 24 hours 54 minutes.. .

The rise and fall of the tide are not the same in amount
from day to day. Twice in every lunar month the tides rise
to their highest point at high water, and fall to their lowest
at low water : thesc are termed sprzng tides. These highest
and lowest tides occur at or a little after full and new moon.
The intervening tides, in which there is the Jeast difference
between high and low water, that is, when the rise and fall
are least, arc called ncap Zides. At Lalcutta at high spring
tides, the water rises and Talls about fifteen feet between high
and low water ; and at neap tides only about six feet. This
variation is owing to the fact that the sun produces tides as
well as the moon : but since the sun is greatly more distant,
the diameter of the carth is very small in comparison with
that distance, and the difference of the sun’s attraction on
opposite sides of the earth is less than in the case of the
moon, in spite of his vastly greater size. The sun’s tides
therefore are less than the lunar tides.

Sprm tides are produced, when the sun and the moon
are ”Botﬁ on the same side of the eu.mh, that is at new
moon ; or_when they are on opposite sides, viz., at full
moon. When in either of TheEse postrtons;—the solar and
lanar tides coincide. Let us suppose, for instance, that in
Iig. 2 the sun is far away to the nght beyond M, then both
sun and moon produce high water at @ and 4, and the same
thing will result if the sun be opposite M, to the left of the
figure. But if, as in Fig. 3, the moon is at M and the sun
on the right of the figure, (or in the opposite direction, to
the left,) while the sun produces high water at @ and &
as before, the moon causes high water at & and e. The
tide that results is then only the dzfference of the solar and
lunar tides, instead of being their sum.

In this description I have supposed the earth to be
covered uniformly with water, for the sake of simplicity.
But we know that, in reality, the ocean is continuous all
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round the earth only to the south of the great Continents,
while three independent oceans extend into the northern
hemisphere. This very much complicates the phenomenon
of the tides, because one great tidal wave cannot travel
from one ocean to another round the earth: a kind of in-
dependent tide is produced in each of the great oceans, at
the same time that the tidal waves, that circulate round the
earth in the Southern Occan, are propagated up each of
the oceans in succession ; in much the same way, that the
waves produced by throwing a stone into still watcr are pro-
pagated in circles to a distance over the surface : and these
propagated waves, termed free waves, travel the faster the
deeper the occan is.  Bat notwithstanding all the irregulari-
ties that arise from the inequalities of the earth’s surface and
those of the ocean bed, with few exceptions, every place on
the shore of the ocean or on large rivers near the ocean has
two tides every day. In places around the Atlantic these
are ‘generally” €¢tial ; but in India, one is generally higher
than the other.

I have spoken above of the #dal waves. If a ring like the
unshaded part of Fig. 2, Plate I., which is much 111\(, an O,
being wider at the sides than at the top and bottom, be cut
out of some flexible substance (such as sheet India- rubber)
then cut across at & or ¢ and pulled out straight, it will have
the form of Fig. 4, which represents two waves, each of which,
in its original position on the earth, extends half round it.
This is really the character of the tides; and if, as we at
first supposed, each wave could travel freely round the earth,
there would be two and only two such waves in existence at
the same time. But since the tidal wave that is propagated
from the Southern Ocean northward is rctflrded by friction
on the sea bottom, before one has completed its journey
into the extreme northern bays of the ocean and into its
river estuaries, such as the Hooghly and Megna, a second,
third, or even a fourth may have started from its place of
origin in the South Sea. Each such wave becomes higher
and shorter as the sea becomes shallower ; and when, at
last, it reaches some very shallow estuary, such as those
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of the fwo rivers I have mentioned, the advancing wave
sometimes is so retarded and piled up as to form a visible
wave, as in Fig. 5. This is then termed a _dgre. In the
shallow parts of the Megna, boats are sometimes upset by
this bore, and by the rush of water that immediately
succeeds the sudden rise of the river’s level.

Since a large body of water must flow to a place to raise
the level from that of low to that of high water, and the
same quantity flow away from it to lower the level again to
that of low water, the tides keep the sea always in motion.
Indced the motion affects every part down to the bottom ;
and where the sea is shallow, the currents thus produced are
sometimes very rapid. Such a current is termed a race.
These tidal currents stir up and carry with them the fine
sediment of which 1 spoke in the earlier part of this
chapter ; and thus it is sometimes carried away and finally
settles in some deep part of the sea, far from the river that
originally brought it down. It is not improbable, though it
cannot be considered certain at present, that the great
channel-like depression in the bottom of the Bay of Bengal,
mentioned above * as “the Swatch,” is swept frec from sedi-
ment and kept open by the ebbh currents, that carry back to
the south the water that has been brought to the north of
the Bay during the flood tide.

Tidal currents are not the only currents by which the
oceanic waters are kept in motion. Whenever a wind blows
steadily for some days, the surface water is driven Dbefore
it. Now, in the neighbourhood of the equator, the trade
winds Dlow constantly in the same direction, and thus set
in motion a current, which, at first little more than a drift of
the surface water, becomes deeper as the action is continued,
and eventually is resolved into a steady westward motion of
the upper layer of the ocean water. Such is the case in
the equatorial part of the Atlantic Ocean; the waters of

which are thus impelled through the Caribean Sea into the -

Gulf of Florida. Here their westward motion is arrested ;
and after making the circuit of the Gulf, they issue between

* Page 37.

X
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the promontory of Florida and the island of Cuba, as a
deep steady current, flowing at the rate of four miles in an
hour, in a northerly direction, parallel with the coast of
the United States. This current is famous under the’name
of the Gulf Stream. .

On reaching Cape Hatteras it turns eastwards, spreading
out and coalescing with the north-casterly drift of the
surface water, generated by the south-west winds which pre-
vail in the North Atlantic. Thus, water which has acquired
a high temperature in the Caribean Sea and the Gulf of
Florida, is carried to the west coast of Europe, and by the
warmth which it communicates to the air above it, makes
the climate of the British Isles, France, Denmark and
Norway, warmer and more genial than that of other countries
under the same latitudes.

This circulation of the ocean waters is assisted by another
cause. Cold water is heavier than warm water, just as
cold air is heavier than warm air (see page 27). This
is rigorously true in the case of sea water (though not
always so in the case of fresh water). The salt water
of the polar regions, which is exceedingly cold, therefore
sinks ; while that which is somewhat warmer flows in from
the surface of the sea in lower latitudes, becomes cooled in
its turn, and sinks. The cold water which has sunk, on the
other hand, flows very slowly towards the equator, and
gradually acquiring warmth as it proceeds on its journey,
eventually rises to the surface, is heated more highly under
the torrid sun, and returns to Arctic and Antarctic regions
in the manner already described in the case of the North
Atlantic. There are similar currents in the other oceans,
but few are so well known as the Gulf Stream, and indeed
few are so important in their effects.

In the Bay of Bengal, the currents change with the
monsoons. During the south-west monsoon, and indeed as
long as south-west winds blow on the coast of India,
(which is during nearly eight months of the year,) a strong
current runs up the coast, from south to north; while
in the winter months, when the wind is trom north-east,
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the currénts run less strongly from north to south. These
currents have had an important influence on the shape of
the coast, as we shall see when we have to speak of that
subject. It is partly owing to them that the east coast
line of India is so straight as it is seen to be on the map,
and that, as a consequence, it is so devoid of good harbours
for ships. ‘

The sea is the Mme of myriads of animals; some of these,
like fishes, swim ﬂeely through it ; others, like crabs, prawns,
and the creatures that produce shells, (of which the common
little cowrie is’'probably familiar to all of my readers,) creep
over the bottom ; and others again, like corals, live firmly
fixed to the bottom, almost like trees and plants, but are
nevertheless true animals. These all breathe the air which
1s dissolved in water ; and the waves of the sea, caused by
the winds, are the agents by which the air becomes so
dissolved. There are also vast quantities of plants living
in the ocean; some growing on the bottom like land
plants, others floating freely in its waters. They differ,
however, from land plants in this particular, viz., that even
thosc which are attached to the bottom are only attached,

;pot: hourished as most land plants are in part, through
roots buried in the ground. They derive their nourishment
from the water which bathes their surface. They are very
varied in both colour and form, but on the whole brown is
their prevailing tint. In certain parts of the ocean, as for
instance ‘in the North Atlantic to the south of the Azores,
are vast permanent banks of a floating sea-weed termed the
Sargasso, inhabited by myriads of fishes and other small
amimals.  Such banks are found only in spaces of the ocean
not traversed by strong currents.

We have learned in this chapter that the sea is a vast
body of salt water, in some parts very deep, deeper than the
loftiest mountalns that tower above its surface, and con-
stautly kept in motion by the action of the tides, the winds,
and its own heating and cooling ; that the tides of the sea
are low waves of vast extent produced by the attraction of
the moon and the sun ; and at full moon and new moon, the

B.G. - T
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two sets of tidal waves coincide and produce the highest and
Towest tides, called spring tides’; while at the moon’s quar-
ters, when the high water of the lunar tides coincides with
the low water of the solar tides, and vz versa, the rise and
fall of the tide is least, producing neap tides. The rise and
fall is increased where the sea is shallow, and becomes
greatest in shallow bays and the mouths of large rivers;
sometimes becoming so piled up as to produce a bore. The
permancnt currents are due partly to the winds and partly to
the heating of the water in the tropics and its cooling in
the polar regions ; and these, by carrying heated water to-
wards polar regions on the one hand, and cold water towards
tropical regions on the other hand, exert an important in-
fluence on the climate of neighbouring regions.

We have learned further, that the sea is constantly
wearing away the edges of the land, and that the material
thus carried away is spread abroad on the sea bottom; while
almost the only addition it makes to the dry land is that of
certain small islands, formed by the coral animal and its
remains.

Lastly, that the ocean is no desert to life. It has aliving
world of its own, different indeed, but not less varied and
abundant than that which tenants the land. It is the home
of the whale, the bulkiest of living animals, whose structure
is as complex as that of the elephant or the camel; and on
the other hand, of myriads of minute creatures, whose very
existence is only to be detected by employing the most
powerful aids afforded by the optician’s art; while others
are so simple in structure that, though endowed with the
power of moving and of taking food, they appear to be
little mobile masses of jelly with no permanent distinction
of parts. The vegectable life of the ocean, again, though
equally abundant, is much less varied; and, with a few un-
important exceptions, its forms belong to that section of the
vegetable kingdom which ranks lowest in the scale, viz.
plants which produce no flowers. -

In the preceding chapter we learned that the surface of
the sea is always giving off vapour under the heat of the sun,
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which s carried away by the winds and eventually forms
clouds and rain ; that owing to the slowness with which the
sea water becomes heated and cooled, there is much less
difference in its warmth in the day and in the night, or in
summer and winter, than there is in the case of the land :
hence islands and places on the sea coast have a mild
climate, never so hot or so cold as places under the same
latitude in the interior of continents. Where warm currents
like the Gulf Stream of the North Atlantic prevail, bringing
warm water into a colder region, they help to make the
climate warmer and more genial, and it may be added that
cold currents flowing towards the equator on the other hand,
by cooling the air, make the climate more rigorous than it
would otherwise be. Such, for instance, is the case of
Labrador in North America.



CHAPTER 1V.
HOW ROCKS ARE FORMED.

Ir the reader has appreciated the spirit of the teaching of
the previous chapters; if he has clearly apprehended the
great fact that the atmosphere, rivers, and sea waves are all
slowly working a change on the outline and surface of the
land ; he will no longer look upon the existence of con-
tinents, islands, mountains, and plains, as dry ultimate facts,
respecting which, when he has learned their positions and
names, there is little more that it concerns him to know ; but
he will see that every single feature of the surface, cvery
river-channel, hill and plain, every detail of the form of a
coast line, must have a history of its own, stretching back, it
may be, into an unfathomable past ; and that each of these
is the result of a vast number of causes, many of which he
may see in operation around him. They are then no mere
poetic fancies, but simple scientific truths, that are embodied
in the words of Tennyson :—

¢“ There rolls the deep where grew the tree.
Oh Earth, what changes hast thou seen !
There, where the long street roars, hath been
The stillness of the central sea.

The hills are shadows, and they flow

From form to form, and nothing stands ;
They melt like mist, the solid lands

Like clouds they shape themselves and go.”

Bu our present business is not only with the broad fact
that these things are changing and have always been chang-
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ing ; we have to learn in what way and by what causes they
have become what they are ; and we shall find that, though
there is no written chronicle to appeal to, to tell us their
past history, still, by noticing their forms and structure, and
by examining the matcrials of which they are built up, very
much may be learned with almost the same degree of
certainty, as if we had witnessed the whole process from the
beginning.

Let us sce first of all of what materials the land is made ;
and let us start with the plains of Bengal. The surface soil
alone will not tell us much. 1t is generally a mixture of
fine sand and clay with decayed animal and vegetable
matter, termed Zoam, and as we learned in the Introduction,
it 1s very much like the s77f or fine sediment that settles from
muddy river water when it is allowed to stand till it becomes
clear.  But when a new tank is dug to a depth of 20 or 30
feet, the newly exposed earth slope will generally be found
to exhibit layers of different kinds of earth. It may be that
the first 6 or 8 fect from the surface, perhans more, is a layer
of loam like that seen at the surface ; then perhaps comes a
layer or bed of stiff clay ; next, it may be, a layer or bed of
sand ; and very often, at a depth of about 20 or 30 feet,
comes a thin Jayer of black-looking material, which, if it be
dried and then thrust into a fire, will be found to lose all its
hlackness, and in great part will be burnt away. Such a
layer is found alinost everywhere in and about Calcutta, and
in many parts of the 24- Pergunnahs and Jessore. It chleﬂy
consists of the decayed remains of plants, and is sometimes
spoken of as pcat. But very often in this dark layer or prat
bed (as it is termed by geologists) and below it, are found un-
mistakeable stumps of trees, with the roots attached, exactly
in the position in which they grew, but now buried perhaps
twenty or thirty feet below the surface ; at such a depth
indeed, that if all the layers above them could be removed
over the wholc surface of the country, the sea water would
come up and actually cover them. The annexed woodcut
represents the beds thus actually met with in excavating the
large tank near the Sealdah railway station in Calcutta : the
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tree stumps, which are there represented, were found on
examination to be those of Sw#ndrs trees, such as are abun-
dant at the present day in the forests of the Sindarbans.
The level at which these tree stumps occur has once been
the surface of the ground, and the earth now accumulated
above them has since been deposited by the river waters.
Occasionally the decayed shells of snail-like animals, such as
may now be found living in any tank or jhil, are met with in
the clay, and prove therefore that it has been deposited from

Surface.

Fine sand.

f'a:\ Loam.
Q
N
Blue clay.

Peat layer.

Sandy clay

Dlue clay.

15 feet.

Plack sand.

Fi6. 5.—Section of Ground exposed in a ‘Tank at Sealdah, Calcutta.

fresh water. Many years ago, a well was sunk in Fort
William at Calcutta to a depth of 481 feet; the whole dis-
tance through successive layers of sand and clay, peat and
pebbles. At a depth of 350 feet, part of the bony shell of a
mud tortoise, such as are abundant in the Ganges at the
present day, was met with, Further down again, at 380 feet,
was a layer of fresh-water shells, and then a bed of decayed
wood, showing that there was once a forest growing on
ground that is now 380 feet below the surface; but which
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must at that time have been the surface, and as high up as
the present surface of the Sundarbans. The old land sur-
face, then, must have sunk at least 370 feet since the time
when these trees grew ; and all the enormous mass of earth,
now covering them, must have becn since deposited from the
rivers. From observations like these, we learn that all
these broad plains of Bengal have been formed of the sand
and clay brought down by the waters of the rivers: and
such is the character of the great Gangetic plain of the
North-West Provinces, as well as the similar plain of Orissa,
that of the Goddvarf and other great rivers.

Let us now make an ideal journey to the Khdsi Iills in
Sylhet. Up to the foot of these hills, we find the plains are
very much like the rest of Bengal, except that the jhils are
larger and more numerous ; and if we make our journey in
the rains, we shall probably find the country flooded ; but
when, leaving the swampy plain, we begin to ascend from
Tharia Ghdt by the road to Chera Punji, we meet with hard
stone and rocks of several kinds not seen before. A little
way up the ascent the rock is like sand hardened into stone ;
and at one place, diligent search will enable us to discover
cmbedded in this stone (called sandstone) shells of several
kinds. They are not like those met with in the clay beds
around Calcutta, but rather like shells of animals that live
in the sca; not indeed identical with any that zo7 live in
the sea, but so much like them, that we can entertain no
doubt that we have before us the remains of marine animals.
Leaving this place and continuing our ascent, we traverse
a great mass of sandstone all formed in layers,” sometimes
horizontal, sometimes highly inclined ; and at the top, close
to Chera Punji, we see, on the left, a little hill containing a
bed of coal, and consisting chiefly of another kind of hard
rock which, when burnt, yields lime, and is therefore called
limestone.  ‘This limestone too contains shells, but they are
not like those found in the sandstone at the bottom of the
hill; nor, with a few exceptions, exactly like any now living.
Like the formcr, however, they resemble marine shells ; and

' Sce woodcut, Fig. 7, page 62,
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we infer therefore that they were formed by animals that at
one time lived in the sea. But if so, great changes must
have taken place since these creatures lived, for they are
now more than 4,000 feet above the sca. Thus, then, we
learn from the shells they contain, that the rocks forming
"some of our hills have been formed in the sea, in the man-
ner described in the last chapter ; and that the old sca
bottom, by some means or other, has been lifted up so as to
form a lofty chain of hills.

We have thus learned that all the rocky or earthy materials
forming the plains of Bengal and the part of the Khdsi Hills
that I have just described, have been deposited from water,
in some cases from fresh, in others from sea water, and that
they are all formed in layers termed dbeds or strata.  All such
rocks (for the term 7ock is applied by geologists indiscrimi-
nately to sand and sandstone, loam, clay and limestone, in
fact to all earthy or stony masses whether soft or hard,) are
termed s#ratified rocks ; and this bedded or stratified struc-
ture is an indication that such rocks have been formed in
water.  I‘rom the fact that they are formed of sediment, or
that which had scttled down from muddy water, they are
also called sedimentary rocks.

Next let us suppose we make a journey up to Rdniganj
to the north-west of Calcutta ; or, still better, to the Bardkar
station, some twenty miles further on. The surface here
is no longer flat as in Lower Bengal, but undulating ; and
every stream and river flows at the bottom of a depres-
sion, the surface sloping down gently towards it from some
distance on cither side. This surface is generally covered
with soil of a yellowish colour, unlike that of the rice
fields of Jessore and Dacca, and not so fertile.  But this
soil is of no great thickness; wherever an excavation Is
made to the depth of a few feet, and everywhere in the
banks of the smaller streams or ndlds, where their channels
are cut deeply into the ground, hatd rocks are exposed,
which we readily recognise as sandstones. In some places
also we meet with layers of clay, or hard clay breaking up
in thin slabs, termed s/Zales, and occasionally beds of coal.
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All these are stratified, like the rocks of the Khdsi Hills ;
and (with the exception of the coal, which is the remains of
an ancient forest,) have been formed in water. But if we
go a few miles to the north beyond the Adjai, or to the south
a little beyond the Ddmudd, or up the Great Trunk road
for three or four miles beyond the Bardkar river, we come
upon rocks of quite a different character. ‘These latter are
very hard and compact, frequently containing little shining
black or grey scales of a mineral called mza, and with no
distinct stratification.  This 15 a erystalline rock. It never
contains the remains of animals, whether of land or fresh
water ; and sometimes it looks as if parts of it had at one
time been actually liquid, or at all events soft, so that it has
been squeezed and contorted in a very irregular manner.
T'his rock 1s termed gencrally gnesss; and there is reason
to believe, that though at some former time it may have
been a stratified rock, it has since been heated and so acted
upon by heated water under great pressure, that all the
materials of which it consists have undergone a chemical
change, and have been rearranged.  Rocks like this are very
common in India. Fxcept the soil of the surface, no other
rock than varieties of gnciss is to be met with over the greater
part of Southern India, and the same 1s generally the case in
the western part of Orissa (in the Garhjdt states) and in
Chutia Ndgpuir and Hazdribagh. The greater part of the
Himdlaya is made up of rocks more or less similar, and so
1s all the northern part of the Gidro and Khdsi Hills. When-
ever a scries of stratified rocks can be followed down to
their lowest layer, asa rule the bottom layer is found to rest
on this gness. From the fact that gneiss has probably
at one time been stratified and subscequently greatly altered
or metamorphosed, a term which means much the same thing,
it is termed a metamorphic rock.

These two classes of rocks, the s# alified or scdimentary
and the mctamorphic, are by far the most common. But
ther€ Are €t two other classes, termed respectively woleanzc
and granitic rocks, which have orvrlnated in a different way.
In the Ri}lnahdl Hills the former of these occur, apparently



58 VOLCANIC ROCAS. [cira

in layers, interstratified with true sedimentary rocks, bu
their inner structure is not stratified. The stone of whici
they consist is generally hard and heavy ; and sometime:
contains rounded cavities which have been afterwards fillec
with minerals of a different kind. At some former time,
this rock issued in a liquid molten state from the interior of
the earth and flowed over the surface, or perhaps over the
bottom of some lake ; after which, being cooled by exposure
to the cold air or water, it became solid, and so formed a
layer as we now see it, on the top of which layers of sedi-
mentary rock were afterwards deposited in the way I have
already described. Sometimes rocks of the same kind are
met with in a different kind of arrangement. A very good
instance may be seen between the Ninia ndld and the
Assansol Dak Bungalow, about half-way between Rdniganj
and the Bardkar, on the Great Trunk road. At this place,
a line of rounded masses of very hard dark-coloured stone,
very different from the sandstones and other stratified rocks
of which I have spoken, may be traced across the country
for many miles, sometimes forming a rocky ridge above the
general surface, at other times ncarly covered Dy the soil
and only indicated by rounded blocks partly protruding
from it or quite loose and resting upon it. ‘This marks the
top (or outcrop as it is technically termed) of a dyke of
volcanic rock. If all the sandstones and coal beds that
lie on either side of it were cleared away, it would be seen
to stand out like a gigantic wall, and however deeply the
excavation might be carried, the bottom of it would never
be reached. 1In fact, it reaches far down into the depths of
the earth, where it is connected with some large deeply-
seated mass of volcanic rock ; and at some former time
it must have issued in a molten state, filling a gigantic
crack more than twenty miles long, and, where it crosses
the Great Trunk road, 120 feet across. Many other
similar dykes may be seen about Rdniganj, though not
so large as this, Wherever the sandstones and the coal
are in contact with these dykes, the former are seen to
be hardened and altered as if they had been baked ; as
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indeed they have been, by the intense heat of the dyke
when molten.

In Western India, rocks of this kind are met with, ex-
ceeding in extent and magnitude, as far as we know, any
similar mass eclsewhere in the world. All the country
between Ndgpur and Bombay is covered with enormous
shects of dark-coloured rock, which, at some former time,
have been poured out in a molten state over the country,
from volcanos that now no longer exist. The hills formed
by them have a very peculiar appearance, being frequently
flat on the top and with very steep sides. Sometimes the

Fi16. 6 - View of the Bore Ghat.

sides, when seen from a distance, appear to be broken by
terraces, looking like gigantic steps, as shown in the annexed
woodcut of the Bore Ghdt near Bombay. From this pecu-
liarity (which is owing to the manner in which this part
of the country has been formed, viz., by successive outpour-
ings of rock of unequal degrees of hardness, since worn
away unequally by the action of rain-water, the atmosphere
and rivers), such rocks are often termed Z77ap,* a name

* Trappa, Swed. ; Treppe, German, _.R_
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derived from the Swedish word signifying a stair, or step.
The term is a very useful one, and is applied to rocks of
the kind when they form dykes, as well as when they
present the step-like arrangement. Thus the dyke spoken
of above would be called a #rap-dyke.

There are other kinds of rocks having their origin in
volcanos, but as they are of less importance than these
trappean rocks, we may defer their description for the
present.

, The origin of granitic rocks is in so far similar to that
lof volcanic lOCkS, that, like these latter, they have been in
a liquid state in the interior of the earth ; and while in this
condition, they have been forced into other rocks (not them-
selves liquified, but perhaps only softened,) breaking into
them and through them, and afterwards becoming cooled
and solidified very gradually. But there is this important
distinction between them : while trappecan rocks are often
poured out over the surface, granitic rocks are never met
with in such a situation ; and there is reason to believe that
they have in all cases cooled down very slowly, while yet
deep in the interior of the earth. Long afterwards, they
have become exposed at the surface, when, by the action of
seas and rivers, together with those movements of the
earth’s crust which we have yet to speak of, either the
whole of the rocks originally covering them have been
worn away, or they have been thrust up in some great
mountain chain and exposed at its deep fissures. Hence it
results that they are very frequently met with in mountain
chains, such as the Himdlaya, gencrally breaking into rocks
of the mctamorphic class. In appearance, and in the mine-
rals that compose them, they much resemble these latter,
except that they rarely show any trace of that layerlike
arrangement of the minerals, termed foliation, that is very
common in gneiss. Sometimes, indeed, it is almost impos-
sible to tell one of these rocks from the other; for gneiss,
when very highly melamorphosed, hecomes to all intents.and
purposes a granite. But true_gneiss is.never intruded into
\other rocks, as are volcaniC rocks and granite, and this fact,
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and genc.rally the peculiarity of its mineral arrangement, are
characters by which the last may be distinguished.

All rocks then, with insignificant exceptions, belong to
one or other of these four classes,—s#ratificd or sedi-
mentary, metamorphic, (which are stratified rocks' “dltered
by Thicat and the action of heated water in the interior of
the earth,) zolcapic, and granitic rocks. All sedimentary
rocks have been formed on the bottoms of seas, lakes and
rivers, while those of the last two classes have proceeded
from great depths in the interior of the earth. We know a
great deal more about the way in which sedimentary rocks
are formed, and under what circumstances it results that,
sometimes clay, sometimes sand, and sometimes limestone
forms their material, than we do in the case of volcanic and
granitic rocks ; for we can, to some extent, watch what goes
on in seas and rivers, and even obtain specimens of the
bottoms ; but we cannot penetrate to those depths in the
interior of the carth at which rocks are melted and meta-
morphosed. DBut in some respects the former are the more
interesting to us, because we find buried in them, and still
recognisable, the remains of creatures that have lived in
past times, and thus we learn a great deal of the wondrous
changes that animals and plants have undergone, ages
before man existed.

Not only do we thus learn that the whole animal kingdom -
has continually been subject to changes as great as those
of the plains and seas that they tenanted, but we learn
also the order in which one kind of animal has succeeded
another in past time. It is not difficult to understand how
this can be discovered. The case of the limestone and
the sandstone of the Khdsi Hills, already described, will
afford us an excellent illustration of the method. The
annexed woodcut represents a geological section of the
Khisi Hills,—that is, what would be seen, if the hills at
Chera Punji were cut through from north to south so as to
expose the arrangement of the rocks that form them; 4
represents the position of the sandstone containing marine
shells, while @ represents the limestone. The sandstone
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here must clearly have been formed before the limestone,
because the latter rests on the former; and therefore the
creatures whose remains are found in the sandstone must
have lived long before those, the shells of which are
embedded in the limestonc. In the interval, a mass of
sand not less than 1,200 feet thick (since hardened into
stone) must have been deposited on the spot. How long
this would take to accumulate we cannot well tell, but it
must have been a very long time indeed ; for it had all to

Fic 7 —Geological Section of a part of the Khasi Hills.

be worn away from the land of that day by the action of
the seas and rivers, and this is far from being a rapid
process. Moreover, it would appear that, in the interval,
nearly the whole of the shelled animals and other creatures
inhabiting the sea had died out, and had been replaced by
others differing from them ; and this we have every reason to
believe is a process of cxtreme slowness. It is therefore
beyond doubt that a very long period, certainly many
thousands of years, elapsed, while these great beds of sand-
stone were being slowly piled up on the bottom of the sea.
By comparing together the animal remains, such as shells,
bones and the like, that are met with in sedimentary rocks
in different parts of the world, it is found that each kind
of animal has continued to exist for a certain time, in some
cases longer, in others shorter; and that when a kind has
once died out and become extinct, it does not reappear
at any later epoch. Consequently their remains, termed
Jossil remains or simply fossils, characterize definite periods
of the earth’s history ; and when a considerable number of
identical fossils are found associated together in sedimentary
rocks in two widely distant countries, they indicate that
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these rocks were formed about the same time ; at all events
within such a limited period that the animals, whose remains
are found in both, continued to live during the interval.
Such rocks are said to belong to the same formation. Thus
we have learned that the sandstones of the Khdsi Hills belong
to about the same period of the earth’s history as the chalk
which forms the hills and cliffs of the English counties Kent
and Sussex, and which is imported into India for writing
on the black boards of our schoolrooms and for many other
purposes. This formation is called the cretaceous formation,
from the Latin word signifying chalk. There are ‘other
deposits of the same age in Trichinopoly and South Arcot
in Southern India, and again at Bdgh, not far from Indore;
but these are sands, gravels, clays or limestone, in no case
chalk. The summits of certain of the mountains bordering
the Spiti valley in Tibet are also composed of a limestone
of the Cretaceous period ; and since this rock was formed on
the bottori"dT theé “séa, it is clear that these gigantic moun-
tains have been lifted up or upieaved since the Cretaceous
period. There are but very few creatures, still existing, of
those that lived in the cretaccous seas ; and these few are
such as live in very deep water.

In like manner, the limestone containing fossils at the
top of the Khdsi Hills, close to Chera Punji, is found to
be of about the same age as a portion of the Hdla range
in Sind ; as certain limestones that occur in the Pyrenees
and the Alps of Europe, and as the gravels, clays, &c.,
on which both London and Paris are built. The coal beds
lying to the west of the Bardkar are known to be of the
same age as those that occur in the Nerbudda valley, near
Chdnda in the Central Provinces, and in the Nizam’s
territory in Southern India; and lastly, the coal fields of
Bengal and the Central Provinces generally are about of
the same age as the coal of Newcastle in Australia, and
a formation which covers a large part of South Africa.
These are far more ancient than any of the formations
previously spoken of (probably of Permian age).

The mineral character of a formation, such as chalk,
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limestone or sandstone, does not then, taken by itself, mark
the age of the formation. A substance exactly like chalk
is now forming on the bottom of the Atlantic, as we know
from the specimens of the bottom that have been obtained
in deep-sea soundings ; and a sandbank of the present or any
past age may in process of time become a sandstone, under
the influence of pressure and those chemical changes that
are always in progress in the rocks. The geological age of
stratified rocks 1s ascertained in the first instance by the
order in which the layers rest on one another, those which
are below being necessarily older than those which rest on
them; and secondly by their fossils, which enable us to
identify rocks as being of the same age, or nearly so, when
they occur far apart, and perhaps neither resting on nor
covered by any other stratificd rocks.

By thus comparing the stratified rocks of different parts
of the world, geologists have distinguished a number of
great formations, and have dctermined the order in which
they have succeeded one another in time. These are given
in the following table, which begins with the most recent,
the others following in the order of increasing antiquity :—

Post Tertiary
Plciocene .
Miocene
Focene
Cretaceous
Jurassic or Oolitic
Triassic
Permian
Carboniferous
Devonian
Silurian
Cambrian
Laurentian

- T'ertiary or Cainozoic .
Neozoic

Forma-
tions.

\—\_~\‘,-—/

Sccondary or Mesozoic

"\ Palzozoic Formations.

Since no stratified rocks are ever formed on dry land, it
follows that any region that has been land during the whole
period of one of these formations can have no rocks of
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that age. " And since, as we have seen, every formation is
formed of materials derived from the destruction of those
which preceded it, and which have become land in the in-
terval, it also follows that formations which once existed in
certain regions have since been destroyed. Thus it happens
that in India, as in other parts of the world, many of these
formations are not now to be met with, and perhaps have
never existed there. India, south of the Ganges, is pecu-
larly deficient in this respect ; and the chief reason is, that
the greater part of this region has been chiefly in the con-
dition of dry land from very early times. England, on the
other hand, and a part of the Himdlaya and the Punjdb,
which have been occupied by the sea, in part at least,
through very long periods, consist of rocks which represent
the majority of the formations enumerated in the Table.

It is not in general so easy to ascertain the age of a vol-
canic or granitic rock as that of a sedimentary rock ; nor
can we very well learn when any particular rock was meta-
morphosed.  Still, in some cases, this may be discovered
with considerable precision.  Of the trap-dykes at Rdniganj
and Bardkar, we know at least that they are of later age
than the coal-bearing rocks that they have broken through,
but it is as yet doubtful to 74aet later period they belong.
The great trap-flows of Western India partly cover rocks of
Cretaceous age, and must therefore have been poured forth
after these were formed. Moreover, near Broach and
Surat, certain rocks rest upon them that are known by their
fossil remains to be of Eocene age, and these contain
broken fragments of the trap rocks: therefore the trap
rocks are older than these. In this case the age of the
trap rocks has been determined therefore with considerable
exactitude.

Summary—In this chapter I have described the prin- \/
cipal classes of rocks that constitute the superficial part of
the earth ; of the interior we know very little, and that little
will be more conveniently noticed later on. We have seen
that most of the rocks haye either been formed very slowly
by dep‘é’ﬁﬁon “at Tﬁ”"ﬁmtom of the "sed, ot in Takes and

"B.G. F
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river inundations; the materials being the mud, sand, &c,,

that are worn away from the surface of the land or that
they have becn softened or molten or otherwise rendered
liquid in the interior of the earth, and, when liquid, have
either been simply forced into other more solid rocks, or
poured out over the surface, (sometimes indeed over the sea-
bottom,) and have then gradually cooled and become solid.
According to their mode of origin, they may be spoken of
as agucous or water-formed rocks, or as zgncous rocks; by
which terms is meant that they have been brought into
their present condition by the agency of water and of heat
respectively. Rocks which have been originally formed by
water, but have been subsequently softened and altered by
heat, without being actually liquified, are termed mctamor-
phic.  The stratified and metamorphic rocks form by far the
greater part of the earth’s surface, and indicate that every
part of the earth has at some time or other been covered
by water. Strat/fied rocks are distinguished by their bed-
ded or stratified structure, rgneous rocks by their being in-
truded into other rocks, or, in the case of certain volcanic
rocks, poured out over the surface. They are also to be
recognised by their mineral structure ; but this is a matter
which can only be studied in the rocks themselves, mere
description Dbeing useless. For this reason, I have not at-
tempted to describe the different varicties of each class of
rocks, but have only referred to some of the commonest
stratified rocks, such as clay, sand, sandstone, limestone, &c.
Every opportunity should be taken by the student to obtain
specimens of thesc, if he cannot visit and examine them in
their native sites; but he must bear in mind that this, like
all other parts of (rcology, can be properly studied only in
the field.

In the sedimentary rocks are found the remains of
creatures and plants that have existed in past times; and
by studying their forms, and comparing them with ex1st1ng
animals and plants, a wonderful history has been opened
up to us. From them we have learned that man was not
always a denizen of the earth ; but is, on the contrary, only
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one of the most recent of its inhabitants; and while many
of our most familiar animals are little, if at all, more ancient
than he is, others have existed from very distant periods.
How or when the earth began # ée, geology can never
tell us; but we know that everything on its surface has
changed again and again. As one kind of creature has
died out, others have appeared and replaced it, and this
has gone on continuously and without a break, from the
very earliest times of which we know anything. In this
grand history, the notion of #Zme presents itself under a new
and unfamiliar aspect. Before the unmeasured past that
geology reveals, our well-known divisions of months, years,
and centurics sink into insignificance. We no longer speak
of the life of an individual, but of that of a species or kind
of animal; and an cpock, in geological language, means the
duration of a whole creation of living things. As in astro-
nomy, when we try to cxpress in numbers the distance of
the fixed stars, the figures are such as convey no distinct
meaning to our minds; so in geology, the vast periods that
have rolled away before man appeared, transcend all our
powers of concelving them.

The feeling of the learner as he gazes for the first time
on some old Silurian crag, and tries to realize the story
told in its contorted strata and rugged surface, abraded by
the breakers, and then half buried beneath the gravels of
an only less ancient Devonian sea, is such as Playfair has
recorded, when, standing on a rocky headland of the Ber-
wick coast, Hutton traced out the meaning of the stony
chronicle before them. “The mind,” he says, “seemed to
grow giddy by looking so far into the abyss of time; and
while we listened with earnestness and admiration to the
philosopher, who was now unfolding to us the order and
scries of these wonderful events, we became sensible how
much further reason may sometimes go than imagination
can venture to follow.”



CHAPTER V.
THE INTERNAL HEAT OF THE EARTH AND ITS EFFECTS.

THE facts recounted in the last chapter respecting igneous
rocks have prepared us in some measure to understand
how new land may be formed. While the action of water
in the shape of rain, ice, rivers, and sea-waves is to wear
away the surface of the land, and to carry down its waste
and spread it abroad at the bottom of the ocean, we have
learned that, deep in the interior of the earth, there is an
antagonistic force at work, viz., heat, which softens and
even renders liquid great masses of stony matter, and then
forces them into and through the solid rocks above them;
sometimes in such volume that they are poured forth in
thick sheets over the surface. But if this were the only
way in which new land is formed, it is clear that, with the
exception of the alluvial plains of rivers, such as that on
which we live in Bengal, and the low coral islets, the only
visible rocks would be those of igneous origin, such as
cover the greater part of the Bombay Presidency ; and we
should nowhere find sandstones, limestones, and the like,
full of the remains of marine animals, such as enter into
the structure of the Khdsi Hills, the elevated land of
Western Bengal, certain parts of Central India, and even
the lofty peaks and mountain ranges of Tibet. The ques-
tion therefore still remains to be answered,—how are. old
sea-bottoms lifted up, so as to become part of the hgih-
Iinds and mountains of existing continents?
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To answer this we must begin by endeavouring to ascer-
tain if there are any cases on record, in which land is
known to have been raised bodily out of the sea: and we
may at the same time conveniently extend our enquiry, and
collect evidence on all changes of the land’s level, includ-
ing thercfore those cases in which land has been bodily
depressed : for if great movements of this kind take place
at all, it may be expected that they will not always be in
the same direction, but that they will be sometimes upwards
and sometimes downwards.

There is at least one case on record in India, in which a
large tract of ground has been depressed within the present
century. On the 16th June in the year 1819, a very severe
earthquake or shaking of the ground was felt over the
greater part of India. The vibration was felt at places as
far apart as Khatmandd in Nepdl, Calcutta and Pondicherry,
but it was of greatest violence in the Province of Kachh in
Western India. The village and fort of Sindri on the
eastern arm of the Indus were submerged; and a portion
of the tract known as the Run was depressed, so that the
sea entered an old channel of the Indus, and for some years
formed a salt-water lagoon or lake, where the ground had
previously been under cultivation. The depression has
since been in a great measure filled up by the sediment de-
posited from the Indus, so that the Run is now covered
with water during only a part of the year. At the same
time, another tract in the neighbourhood of the Run was
elevated into a long low mound, which received the name
of the “Allah Band.” Changes of this kind have been
known to accompany earthquakes not infrequently, and
sometimes they are more extensive and more striking than
the above. The southern part of South America has been
affected in this way several times within the last century.
Mr. Darwin tells us that, in the Chonos Archipelago, the
island of Lemus was suddenly elevated eight feet, during
an earthquake in 1839 ; that in 1835 a rocky flat off the
island of Santa Maria was, at one blow, upheaved above
high-water mark, a height of more than eight feet, and
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was left covered with gaping and putrifying mussel-shells
still attached to the bed on which they lived; also that,
in 1822, the city of Valparaiso was suddenly lifted three
feet.

But the depressions and elevations which take place
during earthquakes, although more striking on’account of
the suddenness of the change, are really less important
than those movements which progress so slowly that they
are insensible to the inhabitants of the district affected ;
and are known only by reference to rocks and similar
landmarks, which in the course of many years are found
to have sunk, or to have risen above the position which
they formerly occupied ; or by beds of recent shells, the
wrecks of ships, &c., being found at considerable heights
above the sea. Evidence of this kind may be met with
around the coasts of India. On the southern bank of the
Chilka Lake in Orissa, a bed of mud containing shells of
the same kind that now live in the outlet of the lake, (where
it communicates with the sea,) occurs at a height of twenty
or thirty feet above the highest level of the water. This
mud-bed was at one time the bottom of the lake, and must
have been elevated thirty or forty feet to its present posi-
tion, since the animals lived, the shells of which it contuins.
At many places along the Madras coast, similar beds of
shells occur a few feet below the soil, sometimes scveral
miles inland, and at levels of ten or twenty feet above the
sea. In the excavation of the coast canals that run to
Madras from the Pulicat Lake, and thence to Sadras, Leds
of this kind are exposed ; and in the districts of South
Arcot and Tanjore are many similar examples. The
northern extremity of Ceylon around Jaffna, with a part of
the opposite coast of Travancore, consists entirely of coral
rock, containing numerous embedded shells, all of the same
kinds as are now living in the sea around the coast : and in
Katiwdr, beds of similar shells were met with by Mr.
Theobald, many feet above the sea. In all these cases, an
elevation of the coast has taken place, producing more or
less new land ; and although the people preserve no tradi-
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tions of the event, it is clear that it has taken place since
the sea was tenanted by the same kinds of animals that
now live in it.

But it is in South America that evidence is most abun-
dant of a great elevation of the land in quite recent times.
I have already mentioned the small upheavals that have
occurred during earthquakes in the present century. But
these are only minor episodes in a movement that has
raised the whole of Patagonia, Chile, and La Plata to
heights varying up to 1,300 feet. At Valparaiso, for instance,
shells once living on the sea bottom, are found undecayed
on the surface of the ground at this height; and at Lima,
the remains of pieces of woven rushes, decayed cotton
string, and heads of Indian corn have becen found em-
bedded with sea-shells at a height of eighty-two feet,
showing that an elevation, to that extent at least, has
taken place since the country has been inhabited. Mr.
Darwin’s observations show, that the whole of the southern
part of the South American continent has thus been
equably upraised in times geologically recent. In South
America, he remarks, ‘“everything has taken place on a
grand scale, and all geological phenomena are still in active
operation.”

On a smaller scale, Europe furnishes examples of a
similar kind. The northern part of Scandinavia has long
been subject to a slow and imperceptible elevation. Near
Uddevalle, shells adhering to the rock, as they once lived,
were found by Sir Charles Lyell 100 feet above the sea : and
marks cut in the rocks in 1820, at certain places north of
Stockholm, were found to be four or five inches higher above
the sea level, when re-examined fourteen years afterwards.
From all the evidence that has been collected, Sir Charles
Lyell concludes that, proceeding from the North Cape
southwards, to Stockholm, the rate of elevation diminishes
from several feet to a few inches in a century.

All these observations relate to places on or near coast
. lines, but it is only in such situations that, as a rule, proofs
jof elevation or depression are easily obtained. The reason
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is, that all heights are measured from the level of the sea,
and there are few countries where the heights of the interior
have Dbeen known long enough and accurately enough, to
enable us to say whether they have undergone any change.
Only in such cases as that of Patagonia and that of
Northern Scandinavia, where both coasts can be shown to
have undergone the same kind of movement on a great
scale, can we safely infer that the whole mass of the land
has participated in the movement.

Hitherto I have spoken chiefly of movements of eleva-
tion. But downward movements sometimes occur. They
are not in general quite so easy to trace, because when land
has once been covered by the sea, it is not open to examina-
tion. On the south coast of England and the opposite
coast of France, there arc many places, however, in which
the submerged remains of former forests are exposed when
the water falls very low at spring tides ; and nearer home, 1
have already noticed the occurrence of stems of Sundri
trees, exposed in digging tanks to depths below the low
water level of the sea; and in the case of the boring at
Fort William, at 380 fcet beneath the surface. The southern
part of Sweden is known to be gradually sinking, while the
northern part is, as we have seen, rising ; and from evidence
drawn from the habits of the coral animal and the shape
and character of coral islands such as the Maldives and the
Laccadives, it is inferred, that all those parts of the ocean
in which these and similar islands occur, have been very
slowly subsiding, probably with intervals of rest, for many
thousands of years.

What is the cause of these great movements, that slowly,
in the course of ages, work such great changes in the form
and elevation of the land? Of this we know very little ;
little more indeed than that they are in some way connected
with the condition of the interior of the earth; and are
probably due to the shrinking of the earth, in consequence
of a gradual loss of heat. It is now time that we should
turn our attention to this subject.

The warmth or femperature of the ground surface is
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almost e.ntirely dependent on the heat of the sun, and is
therefore always greater in the day time than at night. It
varies as the temperature of the air varies, but to a greater
degree ; for when the sun has been shining upon it for some
hours it becomes hotter than the air a foot or two above it,
while on a clear night it becomes colder than the air. But
this is true only of the swzface. A few inches below, the
difference of the day and night temperatures is very much
less ; and in the temperate zone, at a depth of from three
to five feet, disappears ; so that at this depth, the tempera-
ture is the same, day and night, at the same time of year.
The difference of the summer and winter temperatures
affects the ground to a much greater depth, but at eighty or
ninety feet in the temperate zone this also disappears. At
Paris, a very delicate thermometer* in the cellars of the
Observatory, ninety and a-half feet below the surface, has
marked the same temperature for fifty years. In Calcutta
this point of constant temperature is probably much nearer
the surface, but no observations have yet been made in
India to determine at what depth it lies. Below the level
at which the heat of the ground is no longer affected by the
difference between summer and winter, the warmth increases
the deeper we descend into the earth. The increase is
much greater in some places than others; but on an
average 1t is such, that it is calculated, that everywhere at
a depth between 10,000 feet and 20,000 feet, the tem-
perature is that at which water boils, or would boil if at
the surface.

That the temperature of the interior of the earth is high
is further proved by hot springs.

In the Karakpir hills near Monghyr there are several
springs of hot water, gushing out of the earth or from
cavities in the rocks. One of these, close to Monghyr, is

1 A thermometer is an instrument for measuring temperature, It
consists of a glass bulb filled with mercury, having a very fine tube
attached, which is also partly filled with the tluid metal. With increase
of temperature the mercury expands and fills more of the tube, and
contracts as the temperature falls.
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well known as the Sita-Khind. Another well-known spring
of hot water is one that gushes out at Gangitri at the source
of the Ganges, and many others are known in different parts
of India. All these springs come from a great depth, and
their heat is derived from rocks deep in the earth, through
which the water has passed before coming to the surface.
In volcanic countries, hot springs are very common ; and
they occur also among hills and mountains, where the rocks
have been much disturbed at some former period ; as is the
case both in the Karakpdr hills and the Himdlaya. They
are never met with in the middle of great river plains,
where the deposits formed by the river are of considerable
thickness. It would be in vain therefore to search for such
springs in the rice fields of Lower Bengal.

But the most striking proof of the high temperature of
the earth’s interior is afforded by volcanos. A volcano is
the orifice or opening of a vent or channel, which com-
municates with the interior of the earth; and through
which heated water and steam, various gases, and stony
imatters frequently liquefied by heat, are ejected, in some
cases continually, In other cases at intervals of many years ;
while the intervening periods are periods of rest during
which the orifice is completely or partly closed.

In India there is at the present day no active volcano.
The nearest is that of Barren Island, an isolated volcano
forming a small island in the Bay of Bengal, not far from
the Andaman Islands. The accompanying figure is a re-
presentation of this island, reduced from one given in the
IVth Volume of the “ Asiatic Researches.” It consists of a
conical hill, surrounded by a ring-shaped mountain, once
continuous, but now broken down on one side, as shown in
the figure ; and at the summit of the former is an orifice,
through which sulphurous gases are emitted, and which is
termed the ¢rater. Both the conical and ring-shaped hills
are formed of stony matter which has been ejected from
the crater during former periods of activity ; for there has
been no eruption of this particular volcano for the last
seventy years, In 1795, Captain Blair describes the smaller
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central cone, as throwing out showers of red-hot stones of
several tons weight, and enormous volumes of smoke ; and
Horsburg states that, in 1803, the volcano was observed to
explode every ten minutes, projecting each time a column
of black smoke perpendicularly to a considerable height;
and in the night a fire of considerable size continued to
burn on the east side of the mountain.

Fic. 8.—Barren Island in the Bay of Bengal.

The whole island is formed of the materials thus ejected,
including melted rock, termed /Zava, which has poured out
from the lower part of the mountain, and is now solidified
as a hard, black, cindery-looking mass. The whole of the
cavity within the ring-shaped mountain is an old crater;
and the cone within, which is nearly 1,000 feet high, has
been formed by the matters ejected when the activity of
the volcano had much declined. Were it again to become
as active as it once was, the first act of the eruption would
probably be to destroy the greater part of this cone, and it
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might be, even a part of the outer ring, a new crater being
perhaps formed in a different spot. Such has been the
history of the well-known volcano of Vesuvius near Naples;
which, up to the year 79 of the Christian era, was thought
to be extinct, and was covered with cultivation, large towns
being built around its foot. In that year it broke out again
in a very violent eruption : a great part of the old ring was
destroyed, a new cone and crater formed, and the cities
Herculaneum and Pompeii were completely buried beneath
the ashes ejected from the mountain. For more than 1,500
years, their existence remained a mere historical tradition,
but they have now been excavated, and not only have the
public buildings, the theatres, baths, dwelling-houses, and
shops of the ancient Roman inhabitants of Pompeii been
laid open to us, with their wall paintings and sculpture as
fresh as they were 1,800 years ago, but all the details of
their domestic appliances are brought to light; and by
pouring plaster of Paris into the cavities left by the bodies
of the buried inhabitants, casts have been taken, which
reproduce the external forms of persons who perished in a
catastrophe 1,800 years ago. That this city has been so
completely preserved, is owing to its having been buried
beneath the light volcanic ash or dust which forms a large
part of the ejected matter of volcanic eruptions. Cases
are on record, in which this has been poured forth in such
vast quantities as completely to obscure the sky. Such was
the case in the great eruption of Tumboro, a volcano in
the island of Sumbawa, in 1815. It is stated that “the
darkness occasioned in the daytime, by the ashes of this
eruption, in Java, (more than two hundred miles to the
westward,) was so profound, that nothing equal to it was
ever witnessed in the darkest night;” and some of the finest
particles were transported to the islands of Amboyna and
Banda; which last is 8oo miles east from the site of
the volcano. The cinders floating on the sea to the west
of Sumatra ‘“formed a mass two feet thick, and several
miles in extent, through which ships with difficulty forced
their way.”
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Volcanos rarely occur isolated. Most frequently they
are arranged in a linear series, and some of these lines of
volcanos are many thousand miles in length. Thus, Barren
Island is now the northernmost of a line of volcanos which
extends through the whole length of Sumatra, Java, and the
smaller islands Sumbawa, Timor, &c., up to New Guinea.
Another line runs through Japan and the Philippine Islands
to the same point; and a third extends to the eastward,
through the Solomon Islands to the New Hebrides. In
the Andes of Scuth America, which contain some of the
loftiest volcanos of the world, the arrangement is of the
same character, and so also in Mexico.

Another very general character is, that most of them
occur either on islands or at no great distance from the
sea; and it has been thought that the percolation of
water to the heated interior of the earth is one of the
causes which determine eruptions. Vast quantities of
steam and heated water are among the substances poured
forth on such occasions, and the expansive power of highly
heated steam is such as certainly might exert the enormous
explosive force manifested in volcanic eruptions.

Closely connected with volcanos are those disturbances
of the ground, which I have already spoken of as cart/-
quakes.  Volcanic districts are especially liable to them,
and great eruptions are generally preceded by earthquakes ;
as if those explosive forces which produce the eruption
were struggling to find an outlet. But they are not re-
stricted to the neighbourhood of active volcanos. Some
of the most violent, indeed, have occurred in places where
there is now no active volcane, and there are few countries
in which slight shocks are not occasionally felt. There is
no active volcano for instance in the neighbourhood of
Kachh; and in Bengal we sometimes have slight earth-
quake shocks, although, as I have already stated, there is
no volcano nearer to us than Barren Island. Most of those
that we feel in Bengal proceed from the eastward; from
the Irawadi valley and the country adjacent. One which
was felt in August, 1858, was most severe in Ava, and
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another on the roth January, 1869, was extremely severe
in Kachar and the hills to the northward. But below Ava
there is a large extinct volcano called Puppa Doung; and
another, Hawshuenshan, also extinct, exists in the immediate
neighbourhood of Momien. These prove that, at no distant
date, (in a geological sense,) the line of volcanos, which
now terminates in Barren Island, has extended far up the
line of the Irawadi valley and the country adjacent to it;
and the earthquakes, which proceed from this region, may
be regarded as due to the -same causes which were once
powerful enough to produce large volcanos in the same
tract.

An earthquake is a trembling of the ground, a kind of

: molecular wave or vibration, propagated through the solid

carth ; in the same way that if a long massive bar of iron
be struck at one end with a heavy hammer, the vibration
is propagated through the bar to the further end. The
original cause is, very likely, that which Mr. Mallet has
suggested, viz., a sudden crushing of the rocks, deep down
in the earth, just beneath thé place wherethe earthquake
is most violent. The changes that prccede and cause
this crushing will be explained in the next chapter.
Great earthquakes are very destructive, especially to build-
ings; which, in slight cases, are cracked and thrown out
of the perpendicular, and in severe cases, thrown down in
ruins.

One of the most destructive earthquakes of modern times
was that which occurred at Lisbon on the 1st November,
1755. A sound like that of thunder was heard under-
ground, and immediately afterwards a violent shock threw
down the greater part of the city. In the course of six
minutes, sixty thousand persons perished. The destruction
was much increased by a gigantic wave, (the effect of the
earthquake,) which rolled in from the sea ; the water at
first retired and laid the bar of the river dry; it then rolled
in, rising fifty feet or more above its ordinary level. = This
earthquake was felt over an extent of the earth’s surface,
which Humboldt computes to be four times greater than
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the area of Europe, but nowhere with such violence as at
Lisbon.

Summary.—The phenomena, of which an account has
been given in this chapter, have their origin in the interior
of the earth; and the agent is heat. This heat is un-
doubtedly so great, that were it not for the enormous pres-
sure of the solid rocks that form the surface (together with
that of the great mass of the sea,) everything would be in
a molten state; but, on the other hand, the pressure is so
enormous, that were it not for the great heat, everything would
be crushed into a solid, denser and heavier than copper or
lead. What is the actual condition of the earth’s interior,
we do not well know ; but it is the opinion of some of our
best physicists, that as a whole, the earth is a very rigid
mass ; for it is computed, that were it not so, tides would
be produced in the solid earth like those of the sea, and
observation shows that there are no such tides.

That the earth’s interior is at a very high temperature is
proved to us by the existence of volcanos and hot-springs,
and more especially by the fact that wherever a deep mine
or well is sunk, the heat of the ground is found to increase
steadily, the deeper the excavation is carried.

How the interior of the earth has acquired this high
temperature, is a question which we cannot well answer
from actual experience. It has been shown by Fourier,
(a very eminent French mathematician, who lived at the
beginning of the present century,) that the earth cannot
have received this internal heat from the sun, for then it
would be hottest at the surface ; whereas we have seen that
it becomes hotter as we descend towards the interior. ‘The
only probable explanation that we can give is, that this heat
is_primeval, and has existed in it. ever since The earth
acquired its present form. It is considered probable, that
at some immeasurably distant period, long before it was
tenanted by living creatures, our globe was an. exceedingly
hot liquid, or even gaseous mass, something like.the.sun.on
a small scale, and that through countless.ages it.has-cooled .
slowly to its present stafe,..It is cooling even now; for
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more heat goes away from the surface into space than is
absorbed by it from the sun ; but this loss of heat is very
slow ; and many hundreds of thousands of years may yet
elapse before any considerable effects of the cooling be-
come perceptible to its inhabitants. In the next chapter
we shall see how this cooling has resulted in the production
of mountain chains and some of these volcanic phenomena,
the elevation and sinking of the land, &c., that have been
described in this chapter.



CHAPTER VL
MOUNTAIN CHAINS.

IN the last chapter I have spoken of only one class of
mountains, viz., those formed of volcanic rocks. We have
seen that volcanoq are mounds of stony materials, accumu-
lated round an orifice communicating with the earth’s in-
terior, from which they have been ejected ; and hence they
have generally a conical form. Sometimes they occur in
clusters like the mountains of Iceland, the Azores, and
Canary Islands; but more frequently in long chains, like
those of Java and the Andes; and in this Jatter case they
are frequently associated with a more or less continuous
mountain range. Although mountain ranges are frequently
destitute of active volcanos, (for there is no volcano in any
of the ranges that traverse India, nor is there any in the
Alps or Pyrenees of Europe,) there is at other times an
evident association of the kind. Even mountains which,
like the Him4laya, contain no volcanic cone, most frequently
exhibit here and there masses of volcanic rock ; which prove
that, at some past period, they have been the seat of volcanic
activity: and the existence of hot springs and the occasional
occurrence of earthquakes in this mountain range, testify
that the power formérly so active, though subdued, is not
yet departed or extinct.

Those who have seen the Himdlaya, or the Western
Ghits, the Gdro, Khidsi, and Jaintia Hills of Eastern Bengal,
or the ridges of the Arakan Yoma, which run between the
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STRUCTURE OF A MOUNTAIN RANGE. [cuar.

Fi1G. 9.—Geological Segtion of a portion of the Simla Ridge.

Irawadi and the Bay of Bengal, will under-
stand what is meant by a mountain chain ;
and, on a smaller scale, the Rdjmah4l hills,
or those of Karakpir which terminate at
Monghyr, will equally serve as examples.
A mountain range or chain is a tract of ele-
vated'and broken ground, ‘generally much
“longer than it is broad, and consisting of
one or more ridges parallel to each other
and to the longer axis ; from which other
ridges branch off more or less at right
angles. Between each pair of ridges lies
a valley with its stream or river, which
carrics off the drainage of the ridge on
either side, and is continually deepening
the valley in which it runs. It carries
away the waste of the mountain slopes, in
the form of sand and mud, to spread them
abroad over the low plains beyond the
mountains, or to deposit them in the depths
of some distant ocean.

To understand how a mountain range
is formed, let us examine the structure of
a part of the ridge on which Simla is
built ; which will serve as a fair example
of mountain structure in general. Sup-
posing a section to be made through the
mountains, from the outer slope of the
Sivaliks to the hill of Bdj above Sub4thu,
(like some gigantic railway cutting), the
appearance presented would be much like
that shown in the accompanying figure.*
The rocks would be at once recognized
as those of the sedimentary class, whose

* Taken from Mr. H. B. Medlicott’s Report, in
Vol. IIL of the * Memoirs of the Geological Sur-
vey of India.” I have taken the liberty of com-
pleting the details down to the level of the sea.
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mode Of formation has been described in the fourth chapter.
But how changed in appearance from the level layers which
they once were, when spread abroad on the bottom of the
sea. At @, where the section passes through the Sivalik hills,
they are only lifted up and slightly inclined ; but beyond, to
the right, as we advance from the Din into the mountains,
they become turned up and contorted ; as if, instead of
being hard massive rock, they were so many layers of
cloth, or other soft, flexible substance. At & the once
horizontal layers are vertical ; at # and ¢ the whole mass
has been broken across and dislocated ; the rocks on one
side of the fracture having been lifted up many thousands
of feet; and at f they are crushed and crumpled together,
as the leaves of a book might be, if placed edgewise
between the boards of a powerful press. Were all these
beds of sandstone and clay (now hardened into dense
rock,) spread out again, as they once were, in level layers,
they would occupy probably twice the space that now
intervenes between the Din and the Béj (above Subdthu) :
and if we were to continue the section through the whole
chain of the Him4laya for some 100 miles, and still further,
across Tibet to the plains of the Gobi Desert, we should
still find the same evidence of crushing and contortion.
Here then is the work of a power, compared to which,
the greatest earthquakes on record sink into insignificance.
Since man began to record his experience of natural catas-
trophes, no one has ever witnessed such gigantic movements
of the solid crust of the earth as here stand in evidence.
Yet, in a geological sense, they are not ancient; or rather
they are very recent. In these very rocks, are found the
bones of elephants and other animals, all indeed extinct,
but still such as we know to have lived only in the latest
ages of our earth: it may be that even men have witnessed
them; but if so they lived long anterior to the dawn of
existing tradition.

If then we desire to ascertain how these changes came
about, we must have recourse to some sources of informa-
tion other than of history. We must endeavour to find

G 2
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out what power there is in nature competent to produce
them ; and having found such a power, we must examine
whether the effects to be accounted for are such as might
be expected from what we know of its action.

There is such a power in the gravitation of the earth :
that is to say, in the force which draws every part of the
earth towards its own centre; if we suppose that, by any
means, the interior of the earth has contracted, and so
ceased to afford a complete support to the solid layer that
forms the external shell. To render this idea clear, let us
suppose that the accompanying figure represents a section of

FiG. 10.

the earth, cut in half, and exposing a a, the external shell, and
b6 all that lies within it. Next, let us suppose that, from
some cause, which has yet to be assigned, the interior
portion & & shrinks so as only to occupy the shaded space,
while the shell is affected by no such shrinking, or is, at all
events, less shrunken. The shell will then be left without
support ; and, under the influence of gravitation,,it must
somehow adapt itself to the diminished size of the core.
It can do so only by acquiring a diminished surface, which
will be effected somewhat in the manner represented in
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Figs. 11 and 12, which represent a small portion of the
shell and nucleus, the dotted lines @ @ showing the original,
and the solid lines ¢’ @’ the final position of the former.
It is evident from the figures, that the portion of the
shell @ @ must somehow squeeze itself into the narrower space
at @’ @', and to do so, either it must undergo fracture, and
some portion of the fractured mass must protrude beyond
the rest, as shown in Fig. 11 ; or else, if flexible, it may be
crumpled up as represented in Fig. 12.  Most probably the

Fi1G. 110 FiG. 12.

adaptation will be effected partly by fracture and dislocation,
and partly by contortion. Now let us turn back to Fig. o.
Here we have fractures and dislocations of the same kind
as in Fig. 11—and in the intervals, the bedded rocks are
contorted just as we should expect, from their having to
adapt themselves to a diminished space. Such is the
general character of mountain ranges; and we must,
therefore, regard them as portions of the earth’s surface,
which have been broken and crumpled up, in a manner

such as would follow from the shrinking or contraction of

the interior. Thus we may have a portion of the surface,
that has for ages been level, thrown up into a series of
ridges, producing ranges of mountains as lofty as the
Him4laya and the Andes. Another effect of this contor-
tion and squeezing is a great change in the character of the
rocks, viz., that which was described in the fourth chapter
as metamorphism. ‘The rocks have been so heated by the
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pressure that they have become softened and partially
fused ; and when cooled again, very hard, compact, and
crystalline. In the Himdlaya it is only on the flanks of
the chain, viz., in the neighbourhood of the Gangetic plains
on the south, and in the valleys of the Spiti and the Sutlej
on the north, that the rocks retain much of their original
characters distinctly as water-formed deposits. All the great
intervening mass, including the loftiest snow-covered peaks,
consists of metamorphosed crystalline rocks, and such is
also the case in the Alps, the Andes, and other great
mountain chains. Here and there, masses of granite and
other rocks of the same class, breaking through the fractured
and contorted gneiss, show that, in some cases, the heat
aided by water has been sufficient to liquify the rock ; and
elsewhere, intruded rocks of the volcanic class bear witness
to a similar action.

Paradoxical as it may secm, the structure of mountains
shows us then, that they have been produced by crushing ;
by the necessity that some portion of the earth’s surface
shall accommodate itself within narrower limits; in con-
sequence of which, that which is in excess, is squeezed
up above the general level. This may form one or many
parallel ridges, according to the magnitude of the crushing
and to the extent of the country affected. In the case of
the Himdlaya there are many parallel ridges; and the
whole of them regarded as formirg only the southern
border of a much more extensive elevation, the table-land
of Tibet. It must not be supposed that the great move-
ments, by which such mountain masses are produced, take
place all at once. In the case of the Himdlaya, for in-
stance, it can be proved that the same kind of movement
has been repeated again and again, at long intervals ;
that sedimentary formations which were formed of the
waste of the primitive ranges, have Deen themselves lifted
up and contorted during later movements. The same is
tme of the Alps, and probably of all the greater mountain
ranges. In the next and following chapters, we shall have
more to say about the wearing down to which they are and
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have be®n subjected; and in consequence of which, they
and all existing mountains present an appearance very
different from that of the broken masses, which would result
immediately from such a process as I have described.

We must now turn our attention to the cause of the
earth’s shrinking, which I have hitherto only asswmed as
the ulterior cause of the formation of mountains; and we
must bear in mind, that it is not the mecre fact of the
shrinking that we have to account for; but that, to
produce the effects described, this must take place un-
equally, and the interior must contract more than the
surface. In the description, and Figs. 10, 11 and 12, on
a previous page, I have supposed, for the sake of clearness,
that the external shell is quite distinct from the inner mass,
and that the latter contracts as a whole, so as to separate
itself from the shell, which remains uncontracted ; lastly,
that the breaking up and falling in of the shell takes place
subsequently as a distinct and independent movement.
This of course is really not the case. The shell could
not remain for an instant unsupported as it is represented
in the figure, and must accommodate itself to the con-
tracted nucleus, as fast as the latter contracts. But the
final result will be the same.

The only cause we know of, competent to produce such
an unequal shrinking, is that mentioned at the end of the
last chapter, viz,, the unequal loss of heat. A very familiar
illustration of the shrinking of @ ¢ooling body may be seen
in any blacksmith’s shop. When a blacksmith makes an
iron tire for the wheel of a bullock cart, he makes it a
little smaller than the wooden wheel to which it is to be
fitted. He then covers it with burning cow-dung, and
when thoroughly hot, puts it on the wheel. The heat
expands it, and it now fits easily. Finally he cools it by
throwing cold water upon it, causing it at the same time
to contract to its former size; and, in so doing, it closes
tightly on the circumference of the wheel and squeezes all
its parts firmly together. With very few exceptions, all
substances expand in like manner when they are heated,
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and contract when cooled. If, therefore, it can be shown
that the interior of the earth is cooling, while the surface
remains always of the same temperature, or nearly so, we
shall have just the state of things required to produce those
disturbances of the surface, that have been described in
this and the previous chapters.

Now we know from experience, that whenever two parts
of one and the same body are unequally hot, heat travels
from the hotter to the colder part. In the casc of metals
(especially silver and copper) and some other substances,
this flow of heat is rapid; in that of other substances, on
the other hand, it proceeds very slowly. If we take a bar
of iron, or still better, one of copper, and put one end in
the fire, before very long the heat will have travelled along
the bar, so that the end furthest from the fire will have become
too hot to hold. If however a number of bricks be built
up with mortar or clay in a furnace wall and a fire be made
inside, it must burn a long time and very ficrcely before the
bricks become too hot on the outside to be touched; and
this will be due to two causes: one is that heat travels
through a brick much less quickly than through a metat;
and the other, that the outside being exposed to the air, the
heat is thrown off from it almost as fast as it reaches it
so that the outside remains but little warmer than the air.

But if one of the bricks be removed from the outside of
such a wall, the interior will be found quite hot ; showing
that the heat has penetrated it. Now, for the furnace and
its wall, let us substitute the highly-heated interior and cool
shell of our earth. The heat of the former mus# travel to-
wards the surface, and on reaching it »us¢ be thrown off into
free space. The surface always remains therefore at much
the same temperature. All the heat that it receives from
below is at once lost; and were it not for that of the sun
which it receives during the day time, it would be so intensely
cold that no living thing could exist upon it. But it is
maintained at a moderate degree of warmth by the sun, and
as this varies but little from year to year, or, as far as we
know, from century to century, it undergoes but little change
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on the whole, while the interior of the earth is always losing
heat, or coolmg

The train of observation and reasoning which we have
followed in this discussion of the causes that produce
mountains, is a good example of that followed generally in
explalnmg the phenomena of nature. Let us briefly sum
up its leading points. First of all, we learn by examining
the structure of mountain chains, that they are composed
of rocks, a great part of which have at one time formed
level layers at the bottom of some ocean; that in mountains
these are contorted and broken in a manner that proves them
to have been squeezed into a space less than that which they
must once have occupied. And reason tells us that, as the
surface of a small ball is less than that of a large ball, such
an effect would follow, if the outer layer of a larger ball were
forced down upon the surface of one which is smaller. In
the case of our earth, if the interior were to shrink, while the
outer shell were not so affected, gravitation would constantly
force it to adapt itself to the diminished size of the former.
And finally, our knowledge of the manner in which heat is
prepagated from the heated end of a bar to the cool end, and
therefore from the heated interior to the cool surface of our
earth, whence it is radiated away into space—combined with
the further fact, that, with rare exceptions, all cooling bodies
shrink as they cool,—assures us that the interior of the
earth must be contracting, and that the outermost part of
the shell does not so contract, except under the influence
of gravity.

From all this it follows that our earth must once have been
larger than it now is, and that it will some day be smaller.
Undoubtedly it is so : but the change is a very slow one.
TWI@%_%%S on_its surface are the cracks and
ridges that have been produced bﬁ, 1ts contractign; an ‘Since
There are Otler causesat work which“we have yet to study
more in detail, which are always wearing down all irregu-
larities, we might conclude that the most ancient mountains
must long ago have been worn down to low hills, and that
the loftiest mountains are some of the most recent. Geology
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assures us that this is so ; as will be described more at length
in Chapter X.

The causes that we have found to explain the formation
of mountains will also explain those gradual upheavals and
depressions of the surface described in the last chapter. Let
the dotted lines @ ¢ in Fig. 13 represent a portion of the
surface evenly covered with water ; and, in consequence of
the contraction of the earth’s interior, let it be forced to
accommodate itself within the smaller space 4 4. Since all
rocks are more or less flexible, if the difference be not very
great, this portion of the superficial crust, instead of being

Fic. 13.

contorted or broken up, may be simply bent into the
double curve represented in the figure. Dry land, a portion
of a new continent for example, will emerge at 4; and at ¢
a deeper depression will be formed, in which all the water
will accumulate. Now it ha_rsw »l‘ggg»p"gcg _th,g;_\ggdx_mg;_m,
any great tract of Jadd 1s being upraised, there is, as a rule,
at hi6 great distance, another tract undergoing depression.
While the north of Scandinavia is rising, the south is being
depressed ; and Mr. Darwin has shown reasons for inferring
that, in the Pacific Ocean, the line of volcanic islands men-
tioned in the last chapter (and consisting of New Britain,
the Solomon Islands, and the New Hebrides,) are undergoing
occasional slow elevation ; while, on either side, the existence
of coral islands of the kind termed afo/s and Zarrier reefs
gives evidence that gradual depression is in progress. On
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the north are the Caroline Islands, the Marshall Islands, &c.,
and on the south the Louisiade, New Caledonia, and the
great barrier reef off the north-east coast of Australia. Still
nearer home, we have another example. The east coast of
Arabia has been raised above the sea, ata period, geologically
speaking, recent ; while the existence of the Laccadives and
Maldives and other groups of coral islands to the south of
these, show that the North Indian Ocean has become of
greater depth than formerly.

Before we quit the subjects treated of in the last two
chapters, it remains to show how the contraction of the earth
and the consequent distortion of its crust may give rise to
volcanic eruptions, and produce that metamorphism of the
central parts of great mountain chains which we have seen
to be their general characteristic.

It has long been known to physicists, that if any sub-
stance be placed under great pressure, it becomes heated.
Dr. Tyndall showed some years ago that ice, for instance,
can be melted by squeezing it under a powerful press ; and
the fact that pieces of metal are heated under the like
circumstances 1s well known to all persons who have to deal
with powerful machinery. The crushing force by which
mountain masses have been elevated, must therefore have
produced heat proportional to the intensity of the pressure
and the space through which the rocks have been com-
pressed; and Mr. Mallet has shown, by experiments on
different kinds of stoncs, that this has been sufficient to
metamorphose the rocks, (already perhaps at a high tem-
perature owing to their depth below the surface,) and
even to melt them in those central parts of the chain,
where, as a rule, the lowest rocks have been thrust up to
the surface. In this way, probably, may be explained the
fact noticed above, that the central parts of great moun-
tain chains are generally formed of metamorphic rocks.

1 cannot better sum up the teachings, and point the
moral of these two chapters, than in the words of Sir John
Herschel.  “The land,” he says, “ is maintained in its
elevated position by internal force, locally exerted, and
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varying its locality from age to age, . . . . Whatever be
the nature and ultimate origin of that force, 1t 1s manifested
to us from time to time in the volcano and the earth-
quake, which thus we learn to regard as very far from
purely destructive arrangements in the great scheme of
nature ; since without the agency of which they are part
and parcel, there would by this time have been no dry land
whatever. The fact that all our present continents consist
of beds or strata, which have resulted from the destruction
of former ones, and the distribution of thelr materials at
the bottom of the sea, and of granitic masses, forcibly
thrust up through those strata, disturbing and dislocating
them, leads direct to the conclusion that, had the primeval
world been constructed as 1t now exists, time enough has
elapsed and force enough, directed to that end, [has] been in
activity, to have long ago destroyed every vestige of land,
but for the reproductive efficiency of those internal forces,
bringing up continually new lands to replace the old.”



CHAPTER VIL
ICE AND SNOW.

No single mountain range now presents to our eyes the aspect
it must have had when newly upheaved, a contorted and
fractured mass, under the enormous pressure of the con-
tracting crust of the earth. Lofty as are still the snow-capped
peaks—Mount Everest, Kanchinjinga, and Doulagiri—they
have all been wasted under the eroding tooth of frost, and
began to contribute their quota to the soil of the Bengal
plains and the sediment of the ocean from the very first
moment of their upheaval. Destruction and renovation
are the law of the insentient rocks, not less than of our
own bodies and other living things. Ihave briefly sketched
out the latter ; let us now turn our attention to the former
process. -

The agents by which mountains and continents are planed
down and destroyed are water and a gas; water in its
several forms of ice or frost, springs, rivers, and the ocean ;
and a gas which exists in the atmosphere and is called in
chemical language Carbon dioxide, and when dissolved in
water Carbonic acid. Of these, water is by far the most
important and the most varied in its action, and it is onlyin
the presence of water, and when dissolved in it as carbonic
acid, that the latter takes part in the work of destruction.
The vehicle of both is the atmosphere.

We have seen in the second chapter how water vapour is
taken up by the winds from the surface of seas, lakes, and



94 GLACIERS. [cHAP.

rivers, and from every humid surface on the land; and is
then precipitated, by cooling, in the several forms of cloud,
snow, rain, hail, dew, and hoar frost. We have seen, too,
that much of this precipitated water is gradually collected
in rivers and so brought back to the sea. We have now to
follow it through its various transformations and channels
in the interval ; noticing the work it does by the way, in
modelling the surface, in nourishing the verdure that clothes
it, and in rendering it habitable and lovely.

On the higher mountain summits, where the temperature
of the air is always at or below the freezing point, all the
vapour that is condensed from the atmosphere falls in the
form of snow. Since this is a solid, it cannot flow off like
rain ; it lies where it falls or is drifted by the wind, and
accumulates in vast masses in the hollows of the mountain
flanks, forming what is termed by Swiss mountaineers, the
névé.  Under the rays of the sun, the surface is sometimes
melted in the day time ; and sinking into the mass beneath,
is again frozen ; so that, in the course of time, the lower
parts, pressed upon by the superincumbent weight of the
later snow-falls, and cemented by the freezing water, become
compacted into ice. Iying, as it does, on the steep slopes
of the mountains, the néré gravitates gradually downwards,
and, collecting in the loftier parts of the valleys, eventually
forms a river of solid ice, termed a glacier. All the higher
valleys of the Himdlaya and the Alps are occupied by such
glaciers, many hundreds of feet in thickness, and sometimes
many miles in length. One that descends from the Kdra-
kordm range, separating Tibet from the plains of Y4rkand,
is not less than thirty-six miles long, and is the longest
known glacier in the world. A portion of this gigantic ice
river, the glacier of Biltoro, is represented in Fig. 14.* The
lofty snow-covered peak to the left (only partly repre-
sented in the figure) is that of Kdrakordm, designated as

! For this beautiful illustration of a great Himélayan glacier, I am
indebted to the kindness of Major H. H. Godwin Austen. The wood-
cut is copied from a drawing by Mr. R. P. Noble, after Major Godwin
Austen’s original sketch.
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Kz by the officers of the Great Trigonometrical Survey,
and is the second highest mountain in the world yet measured
(28,278 feet). The conical peak to the right, equally snow
clad, is Gusherbrim (the gold-like peak), and rises to 26,378
feet. It may be seen in the drawing how the great trunk
glacier is formed by the junction of numerous smaller
glaciers, every great mass of zévé sending down a separate
tributary, just as a great river is formed by the union of
innumerable smaller streams. But on a glacier, the several
tributaries are for a long time distinguished by lines of

F1G. 14.—View of the great Baltoro Glacier.

stones and great blocks of rock, termed medial moraines,
cach of which tails off from the rocky ridge that divides two
tributaries. A very excellent illustration of this may be
observed in the tributaries on the left that descend from
the slopes of Kz. Of the origin and destination of this
moraine I shall speak presently.

The rate at which a glacier moves varies with the slope ;
being most rapid when the slope is steepest, and slower on
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a gentle incline. The central parts of the mass move more
rapidly than the sides and bottom, which are retarded by
friction against the rocks. In all these respects it moves
exactly like a river, adapting itself to the windings and
irregularities of its valley, by constant fracturing and
refreezing. But the motion is necessarily slow; so slow
indeed, that it is only to be detected by observing from
time to time the position of objects, such as staves fixed in
the ice, or the large masses of rock which are frequently
carried down resting on the surface. In this way it has
been found by the accurate measurements of Dr. Tyndall,
that the rate of glacier motion varies from five to thirty-six
inches in a day on the Mer de Glace, one of the largest
glaciers of Switzerland.

Though the summits of those lofty mountains which give
birth to glaciers are in great part covered with 7é&é, they are
not quite concealed. Here and there a mass of splintered
rock raises itself bare of the white coverlet, and the greater
part of the snow that from time to time falls upon it is soon
melted beneath the rays of the sun. Some of the water
so formed penetrates the warmed rock; and in the night
time or in the winter, when the sun’s heat is less powerful,
it freezes in the minute crevices which have allowed it
entrance. Now ice occupies more space than the water
which it yields when melted; and in freezing, water expands
with enormous force. In some experiments made by Major
Williams in Canada, bomb-shells filled with water and then
tightly plugged and exposed to an atmosphere much colder
than that at which water freezes, either had the plug blown
out to a great distance or were rent in pieces by the expan-
sive force of the freezing water. In like manner, the rocks
exposed at great altitudes become cracked and splintered
by the frost, giving rise to the sharp needle-like ridges and
peaks, so characteristic of the action of frost, and ad-
mirably illustrated in Major Godwin Austen’s drawing (Fig.
14); and from time to time, masses, varying in size from a
mere flake up to boulders many times larger than a house,
are detached, and fall on the surface of the moving glacier.
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Thus ice-borne, they are carried down to lower levels; and
eventually, are either lodged on some projecting crag by
the way, or deposited on the mound of loose rocks that is
always formed at the extremity and sides of the melting
glacier; such mounds are termed Zerminal and lateral
moraines.  They are met with in the Alps and the
Himdlaya at levels far below those to which glaciers now
extend ; and, in conjunction with other indications of
glacier work, prove that, in former times, the glaciers in
both these mountain ranges far exceeded the dimensions of
those that still exist. In Sikkim, such accumulations of ice-
borne blocks are found at about 6,000 feet above the sea;
in the Kangra valley, in the North-Western Himdlaya, down
to 2,000 feet; and, as I am informed by Major Godwin
Austen, in the Naga Hills, where no glaciers now exist,
down to a level of 4,000 feet above the sea-level. The
glaciers of the Himdlaya do not now reach much below
11,000 feet.

Glacicrs exert a great cutting power. The exposed rocks
over which they have passed (however hard,) are found to
have been ground down to a polished and flattened surface,
frequently scored and grooved by the friction of still harder
pebbles, which, firmly frozen in the ice, have been forced
onwards with the moving mass. Such polished surfaces are
termed zockes _moutonpées,. Many of the Himdlayan and
Alpine valléys have thus been excavated, in a great measure
by the friction of ancient glaciers : the waste of the rocks,
in the form of fine sand and mud, is carried away by the
stream to which every glacier gives birth, issuing from a
cavern in the ice at the lower end of the glacier. The great
rivers of the Him4laya, and all their affluents that originate
in the snowy range, take their rise from glaciers ; the Ganges
for instance in that of Gangutri, the Jamna in that of Jam-
notri, and the Tista and its tributaries in the numerous
glaciers that seam the flanks of Kanchinjinga, Chomiomo
and Donkia.

It is evident that glaciers can be formed only in those
regions, where more snow falls than the summer sun is able

B.G. H
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to melt ; so that much of that which falls during one winter
season lasts, till added to and.covered up by that of the
succeeding winter. On the southern slopes of the Himd-
laya, this is the case only at elevations above 16,000 feet.
At lower elevations, all that falls is melted during the summer
" time, if not before, and goes to swell the rivers which drain
the lower valleys. The line, above which snow lies through-
out the year, is called the M/er On the "horthern
slopes of ‘The Himlaya it 1s at @ greater height than on the
south, wiz., about zo,000 fect. This is bccause, although
colder than the latter, 'the northern slopes and the mountains
north of the great snowy range receive much less snow.
All the vapour that yields it is brought by southerly winds
from the DBay of Bengal, and (in the North-Western
Himdlaya) from the Arabian Sca ; and Dy far the greater
part of this vapour is condensed as rain or snow on the
southern slopes of the mountains, especially the towering
peaks of the great range. On reaching Tibet, the winds
therefore arc Lompamtlve]y dry ; and their dxymss Icreases
the further they penetrate towards Central Asia. Thus
is explamed the- extreme aridity of Tibet and Chinese
Tartary.

In other countries, the snow line descends the lower, the
higher the latitude, or the greater the distance from the
tropics. In the Alps it is found at 8,500 feet ; in the Altai
of Central Asia at 7,000 feet ; In the mountains of Norway
(the Dovre Fjeld) at g,000 feet; and further north it
descends to 2,800 feet on the western face of Scandinavia,
which is exposed to the moist winds from the Atlantic.
Nearly 4,000 square miles of the mountain area of this
country are above the limits of perpetual snow. Lastly,
Spitzbergen; within the Arctic circle, is covered with
perpetual snow and ice down to the sea level.

In this last-named region, the excess of the accumulated
snow is carried off by glaciers just as in the Himdlaya, but
they form no terminal moraines. In this cold climate, the
glaciers flow down to the sea; and are pushed out into a
depth of water, such, that the whole mass eventually breaks
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up and floats away. Ice is lighter than water, and when
floating in salt water, about one-ninth projects above its
surface. The gigantic masses which detach themselves from
these Arctic glaciers are thus carried away by the sea currents
which bring the cold water of the polar regions towards the
tropical zone ; on the coasts of Newfoundland, the current
that issucs from Baffin’s Bay is frequently laden with such
floating islands of ice, gradually melting in the warmer air
as they procced on their slow journey, and hence assuming
the most fantastic forms. They are termed igebergs. Splinters
and blocks of rock, which, in common with the glaciers of
warmer latitudes, these Arctic ice-streams carry down, and
the mud and sand which, by friction, they have abraded
from their rocky beds, are borne away on the floating iceberg,
and as the ice gradually melts, are deposited at the bottom
of the sea.

The midland counties of England, the eastern part of
Ireland, and the plains of Northern Germany and Russia,
are in many parts covercd by a considerable thickness of
clay, containing large blocks of stone termed éboulders, and
hence termed the Bowlder Clay. The origin of this clay
was at one time a great puzzle to geologists ; the more so,
that it was observed that the contained boulders are unlike
any rock that occurs in the ncighbourhood ; and appear
to have .come from mountains many miles distant. In
England they seem to have been derived from the moun-
tains of Cumberland and the Highlands ; in Germany and
Russia from the more distant mountains of Scandinavia ; yet
they are of such size, that it is manifest no ordinary power
could have transported them. At length it was observed
that all these mountains, down to very low levels, bore in-
dications of former glacier action; the moraines, rockes
moutonnées and grooved surfaces, exactly like those so
generally observed on the Alps. Here then was the solution
of the difficulty. The boulder clay is distinctly a marine
formation ; for in some places, though rarely, it contains
marine shells. When it was being forined, all the lowlands
of Northern Europe (and we may add Northern Asia also)

H2
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were covercd by the sea; and icebergs, drifting from the
mountains which still remained above water, carried down
rocky masses and mud, like the modern icebergs of Baffin’s
Bay ; strewing them, as they melted, over the sea bottom.
The period during which this took place is termed the
Glacial period, and immediately preceded the existing
state of things.

Strange as it must seem, and indeed inexplicable with our
present knowledge, it would appear at least probable that,
at a very distant period of the carth’s history, something of
the same kind has taken place in tropical India. At the very
bottom of that great scries of sedimentary rocks, which con-
tains the coal-beds of Rdniganj, Chutia Ndgpir and Central
India, there is a bed of rock boulders embedded in fine
mud, strangely resembling the boulder clay of the British
Isles. This resemblance was noticed by Mr. W. T. Blanford
as long ago as 1850, and he ventured then to speculate on
the possibility of the deposit having been formed by the
agency of ice. Two years ago (1872) some boulders were
exhumed from this bed by Dr. T. Oldham, polished and
marked with grooves and scratches exactly like those brought
down by modern glaciers.  One of these remarkable blocks
1s now 1n the Government Geological Muscum of Calcutta,
and s certainly not the lcast iInteresting object in that
magnificent collection.

1 have hitherto spoken only of those perennial accumula-
tions of ice and snow, that are to be met with on lofty
mountains and on the land of the Polar Regions. But in
all countries where the winter temperature remains for many
days or wecks Dbelow the freezing point, snow and ice
accumulate ; and sometimes large rivers and lakes are frozen
over to such a thickness, that they may be traversed by men
and vehicles as if they were dry land. The pure transparent
ice, many shiploads of which are brought annually to India,
is collected from the surface of the American lakes, which
are frozen to the depth of several feet every winter. .

In Canada, Northern Eurppe, and Northern Asia, the
landscape, for many weeks and even months of the winter
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scason, presents the aspect of a vast expanse of snow: the
trees, bare of foliage, with the exception of the dark pine
forests, are laden on every branch and twig with a snowy
burden ; and the pines, whose needle-like leaves hold it in
larger masses, bend beneath the weight of their pure white
canopy. The trecless steppes of Asiatic Russia become a
howling wilderness of snow, and when storms arise, travellers
are sometimes overwhelmed and buried in the drifts.  Butin
fine weather, even when thus covered, they are easily tra-
verscd. The snow, when Dbeaten hard and frozen, offers a
smooth surface ; over which vehicles, called sleighs, running
(not on whecls, but) on wooden bars shod with iron, are
propelled with a speed and ease unattainable on the best
metalled road.  The rivers, bound fast with a covering of ice,
beneath which a dark silent stream carries down the yet un-
frozen waters, offer a natural roadway ; and wrapped in furs
to protect him against the bitter cold, the traveller speeds
on from stage to stage; where double windows and the
never-extinguished stove keep up a pleasing warmth, and en-
sure a genial resting-place in the heart of the wintry waste.

In the spring, with a rising temperature, the snows melt ;
the rivers, frecd from their icy bonds, become gorged and
swollen with the accumulated drainage, thus suddenly set
free ; and overtopping the banks of their summer channels,
inundate the surrounding flats. In the sub-arctic and the
colder parts of the temperate zone, the spring is therefore
the scason of floods ; and in some degree, such is the case
with all rivers and streams that are fed by winter snows.
The Indus, which derives its waters almost exclusively from
the mountains, and chicfly from their melting snows, is an
Indian example of such a river.”

In the Arctic Regions, not only is the land covered with
ice and snow, but the sea itself 1s sometimes frozen. Salt
water, however, requires greater cold than fresh water to
freeze it ; and when it freezes, the ice that is formed is free
from salt ; the salt being, so to speak, squeczed out in the
act of freezing,

* See Chapter I1X.
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In all cases in which the sea or decp lakes and rivers are
frozen, the ice is formed only on the surface ; and with the
exception of icebergs, which are of foreign origin, it is
rarely very many feet in thickness. In the casc of fresh-
water lakes, this is owing to a peculiar property of water.
Pure water, on the point of freezing, is lighter than that
which is a little higher in temperature ; and when thercfore it
has cooled down to this latter degree, the very cold water
floats : and since heat passes through water very slowly, that
which is below cools no further until the upperlayer is frozen.
As a consequence, the greater part of the water below the
ice sheet that forms on the surface of a lake remains some-
what warmer than the rest, and the ice sheet first formed
thickens but slowly. In rivers this is not the case. The
water being in motion has almost the same temperature as
the ice formed from it. Moreover, ice-cold water in freezing
has to part with a large amount of heat, in the mere act of
freezing ; and this can only escape upwauh through the ice
already formed. Sea water, again, behaves in a different
manner.  As already mentioned it requircs a greater degree
of cold to freeze it at all than fresh water, and the ice formed
by it is relatively much lighter. It floats therefore, and as
in the case of rivers and lakes, by the opposition that it
offers to the passage of heat, it checks further freezing.
Moreover, in all these cascs, snow falling on the surface of
ice lies unmelted, and offers even greater resistance to the
passage of heat than the ice itsclf. In the same way, the
snow that falls on a land surface, covered with vegetation,
protects “the plants from the intense cold of the air, while a
certain amount of heat reaches them through the solid earth
from Delow. Thus plants which would be killed by frost,
may be protected and prescrved through a severe winter, by
a thick covering of snow ; and when it melts under the rays
of the spring sun, they are ready to put forth their young
leaves and to open out with renewed verdure.

From what has been stated above, my readers will under-
stand that, however little we experience their effects in
India, ice and snow play a very important part in the
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economy of the world. On high mountains, even in the
tropics, and on the low hills of the Polar Regions, ice and
frost help in the work of wearing away the rocks: and in
the form of glaciers and icebergs, they carry down to Jower
levels, and even to the sca bottom, the waste of the land-
surface.  Snow becomes destructive only when it becomes
compacted into ice; or when, accumulating in vast drifts, it
buries men and animals, who may be overtaken by the
wintry storm in some unprotected waste. At other times,
and more frequently, it subserves a useful and bencficial
purpose, in covering and protecting vegetation from destruc-
tion by cold ; and in affording a smooth surface, over which
men and vehicles can travel almost with more facility than
on an ordinary road.



CHAPTER VIIL
THE HISTORY OF A RIVER.

In the Introductory Chapter we lcarned, from a simple
observation, that rivers derive their supply of water from the
rain which falls on the surface of the land ; and from the
descriptive survey of the phenomena of snow and glaciers
in the foregoing chapter, we have further learned, that an
additional source of supply is the snow which falls on the
summits of high mountains and on the plains of cold
countrics ; and whith, after remaining for a longer or shorter
time in the solid form, is melted under the rays of the sun,
or by the warm winds that set in with the returning spring.
We must now enter somewhat more into the details of this
subject, noticing the different modes, direct and indirect, by
which the waters thus provided are gradually collected in
the channels which carry them to the sea; and also the
work performed by rivers in excavating these channels, and
in wearing down and shaping the general surface of the
land.

For our first example, we will take the case of the river
Mah4nadi, (any other large river of the peninsula would do
as well,) a river, no feeder of which comes from a cold
and snowy region, and which is, therefore, supplied solely
by rain and the waters which issue from the earth in the
form of springs. Take any good map of the country,
(of preference, one of those skeleton maps issued by the
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Surveydr-General’s Office in Calcutta, on which, being
unencumbered by the names of places, the course of the
rivers can be the more clearly seen), and observe the rami-
fications of this river and its tributarics. The general
arrangement, as laid down in the map, reminds us some-
what of a tree or shrub stripped of its leaves, and with the
roots partly drawn out of the ground. Only at one part ot
its course, and that for a short distance, are all its waters
contained in a single channel, which we may take to
represent the trunk of our ideal tree. This is above the
town of Cuttack, where the river issues from the hill
country. Above this, the main stream may be traced far
up into the country, but becoming less and less the further
we follow it inland. On Dboth sidcs, it rcceives numerous
tributaries from the country around; and if any one of
these, the Til, for instance, be followed up in like manner,
we sec that, like the main stream, it is continually receiving
minor subsidiary branches ; the whole being not unlike the
twigs and smaller branches on the Dbough of a tree.
Observe, too, that when once they have united to form one
stream or river, they do not again scparate ; but continue
as a single stream, until the contents of the whole are
collected in the main river, some distance above the point
at which we commenced our survey. Now let us trace it
downwards. At the point where Cuttack is built, it divides
into two main branches, and each of these in its turn gives
off others ; the main channels becoming smaller and smaller
as they approach the sea. It is something like a reversal of
the former picture.  Somcthing, but not guite : for the subor-
dinate channels into which the main strcam branches out
do not in all cases preserve an independent course. Many
of them after a time reunite, so that the whole system may
be compared rather to the meshes of a net than the ramifiv?
cations of a tree ; and the channels that finally reach the sea,
though numerous, are not so numerous as they are a little
way inland. We thus recognize a marked distinction
between the upper and lower portions of the river. In the
one, all the streams converge or run together; and the
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waters from all parts of the country are collected step by
step and united in one main channel. In the other, the
.channels diverge or rather reticulate, the waters being
distributed between them : and when the river is unusually
full, part of the water may even leave these channels and
spread far and wide over the country. These two tracts are
therefore distinguished as the collecting ground or calchment
basin and the alluvial tract or dclta of the rlver The first
15 almost always tinich {he Targer.

These differences of the river’s character depend on, and
at the same time affect, the form of the land surface. Above
Cuttack the country is cither very hilly, or where, as in
Chhatisgarh, hills arc absent, gently undulating,—never ab-
solutely flat ; and every river flows at the bottom of a long
depression termed its valley. Among hills, this valley is
generally very narrow, and bounded by steep, sometimes
rocky sides.  Such is the case for instance at Neuraj, a few
miles above Cuttack. At other places, the hills recede on
cither side, and the land surface slopes gently down to the
river channel ; but excepting perhaps a narrow strip of flat
meadow land, along one or both banks, which may be
covered by the river in high floods, the whole surface is
permanently above the flood level. All the rain that falls on
the country, in excess of that which is absorbed by the
ground, or evaporated by the winds, runs down into the
nearcst streamlet, and contributes its quota to the volume
of the river.

‘The river isits own cngineer. The channelled depression,
in which ¢ach §tréam flows, 1s the work of its own waters ;
and the engineer who cuts his canal with gently sloping
banks in the soft soil of alluvial land, and with steep walls
through a hard rocky barrier, does but imitate unconsciously
the example set before him by nature.  But while the former
works with foresight and intelligence, selecting that course
which appears to him on the whole the easiest, and to require
the least expenditure of labour ; sometimes cutting througha
hard stubborn barrier in his path, with a view to shorten the
distance, and to attain some advantage on the further side ;
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the river, acting under the influence of gravity alone,” can
only take that course which is for the moment the easiest,—
that by which it immediately reaches a lower level; and
sometimes it makes a long circuit around some small obstacle,
a hillock or low ridge for instance, which it cannot surmount,
because.an outlet exists at a distance at somc lower level,
through which the waters must cscape. Hence it follows
that rivers always follow a more or less circuitous course.
Of this, the Bardk river in Kachdr offers a striking example
on a small scale, and on a larger scale the Indus and
Bréhmapttra. The drainage basin of every river is bounded
by a line termed the watershed, or water-parting, which sepa-
rates it from the adjoining river basins. ‘This is frequently
the highest line of u range of hills or mountains ; but not
always. Somctimes it is merely the most elevated part of
a great plain, such as that which separates the drainage of
the Jumna from that of the Sutlej to the west of Delhi ; but
this 1s the exception rather than the rule. As an example,
we will trace out the watershed of the Mahdnadi. Starting
from a point on its north bank opposite the town of Cuttack,
the line dividing the drainage of our river from that of the
Brdhmani runs in a westerly direction, through the hilly
Mahdls of Atgarh, Ongol and Radakol. Hence it strikes '
northwards through a country of much the same character,
till it reaches the high platcau of Chutia Ndgptr ; separating
the Ib, a large tributary of the Mah4nadi, from the Brdhmani.
Both these streams take their rise in this plateau. From
this point, we follow it to the west, along the crest or highest
continuous line of the plateau, to the north of which the
drainage runs into the Sén river. After descending to a
lower level, at the termination of this plateau in Sirgija,
the watershed makes a considerable détour to the north
around the sources of the Hasto, in the plain of South
Riwa ; and then, returning to the south, it ascends the great
hill mass of Amarkantak, where three great river basins meet.
These are the basins of the Sén flowing into the Ganges,
the Nerbudda (Narmada) into the Gulf of Cambay, and

* See Introduction,
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the Mahdnadi. Hence the watershed strikes southwards '
along the Mandla hills, the western slopes of which drain
either into the Nerbudda, or the Wainganga, a feeder of the
Goddvari ; then, crossing the plain to the south-east, which
lies between Ndgpur and Chhatisgarh, it enters the wild rugged
hill country on the borders of Bastdr, in which the main
stream of the Mahdnadi takes its rise : and finally, running
to south-east through the hills drained by the Til river, the
largest tributary of the Mahdnadi, it turns to north-east
through the hills that separate the drainage of the Til from
that of the smaller streams of the east coast ; and then again
to east, following a line parallel to the main river, back
to our starting-point at Cuttack.

The country comprised in this long circuit is 45,000 square
miles in extent. At least three-fourths of this is covered with
rugged hills, for the most part rocky or clothed with forest;
and the only cultivated tract of large extent is the fertile
plain of Chbatisgarh. These characters of the basin, to-
gether with its form, which is round and compact with a
narrow neck, determine certain peculiarities in the river,
especially its liability to become flooded; but before noticing
these, we must say something of the rainfall by which it is fed.

Most of the rain that falls on the Mahdnadi basin, is
brought by westerly winds from the Arabian Sea: and these
winds prevail from June to September. In the hot weather
months, a few showers come from the Bay of Bengal; and
in October, at the close of the south-west monsoon, rain
from the same quarter sometimes extends far up into the
country. But the heaviest rain is that which falls during the
south-west monsoon ; brought, as I have said, by westerly
winds. If all the rain that falls during a year over the whole
basin could be collected, without loss of any, on a perfectly
level surface 45,000 square miles in extent, it would cover it
with a sheet of water about four feet, or perhaps fifty inches
deep. This fact is usually expressed by saying, that the aver-
age annual rainfall of this river basin is fifty inches. All this
water, however, is not carried away by the river, A part of
it, we scarcely know how much, is re-evaporated, and passes
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back into the air. Another part, after soaking into the
ground, is absorbed by the roots of trees and the smaller
vegetation which covers the surface ; and much of this also,
evaporating from the surface of the leaves and herbage, passes
back into the air : the remainder is converted into wood and
leaves. Perhaps about half of the whole rainfall is disposed .
of by evaporation and in contributing to the growth of the
vegetation. The residue reaclics the river m two ways.
When the rain is heavy and the ground has already been
soaked by previous rain, the larger part runs at once into
the nearest streamlet, carrying with it carth and sand, dead
leaves and other light bodies lying on the ground. This it
1s that produces fres/iets and floods, filling the channels, and,
when the rain is very heavy and extensive, even causing the
streams to overflow their banks; in which case the latter
are cut away, and whole trees and sometimes houses and
living animals® are swept away by the swollen waters. The
Mahdnadi is notorious for the magnitude and destructive
character of its floods, and this is due to the generally hilly
and rocky character of the country drained by it : in conse-
quence of which, when heavy rain falls over a large part of
the basin, the water rapidly runs off the steep hill slopes, and
is carried into the main channel. In a great flood which
occurred in July 18552 and lasted for seven days, the quantity
of water discharged by the river was, in round numbers,
761,770 millions of cubic feet, or rather more than five cubic
miles. If this quantity of water were distributed equally
over the 45,000 square miles of the basin, it would cover it
to a depth of 6 inches. But the actual rainfall must have
been greater than this.  Captain Harris estimates that a great
rain storm in which g inches of rain should fall (in addition
apparently to the ordinary rainfall of the season) would
suftice to produce this flood, but it seems probable that a
smaller quantity would be ample.

* In a great flood in July 1872, large numbers of cattle, human
bodies, and even elephants, were carried down past Cuttack.

2 These data, together with the area of the basin above given, are

taken from a paper by Captain IHarris in Vol. XXX. of the Asxanc
Society’s Journal. -
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Great floods, such as this, occur only once in three or four
years : but all through the usual rainy season, a very large
body of water flows down the Mahdnadi and all rivers
similarly situated. During the dry months of the year, es-
pecially from Iebruary to May, the river is low ; but cven
then, more than five hundred millions of cubic feet of water
on an average pass down every day. Whence comes this
great volume of water? ‘There is but little rain, even in
the hills, in these months; an occasional thunderstorm is
the only contribution ; and at Sambhalptir, the quantity thus
received does not amount, on an average, to one inch of rain
in a month ; which, falling on dry ground, must be in great
part absorbed. It is in this absorption of rainwater by the
ground that we have the explanation of this constant supply.
However dry the surface of the ground may be, there is
always water at a certain depth ; a depth which depends on
the frequency of rain.  ven hard rock, when freshly quagried,.”*
contains some water ; and any excavation, such as a mine or
awell, carried to the depth of thirty or forty feet, in a country
such as that drained by the Mahdnadi, will be partly filled
with water at all times of the year. When absorbed by the
surface soil, the rainwater gradually penetrates deeper through
the crevices, which exist in all rocks; through the mass of
the rock itself, if it be porous and permeable to water ; and
at a depth which varies with the season and the dryness of
the country, a level is rcached, below which the rocks and
all their cavities and crevices are fully charged with water.
So long as this level is higher than the bottoms of the lowest
valleys, the water will gradually trickle out of the rock at
some lower level, where it can find an outlet ; in some places,
where the outlet and supply are large, as a permancnt spring ;
at other places merely oozing through the soil. The ac-
companying diagram will help to elucidate this description.

The figure rcpresents an ideal section of the ground,
across a little valley, drained by the stream at 5. On the
one side @, the hill is formed of some hard rock, not itself
permeable to water, but much cracked and broken, so that
water can find its way from the surface through the crevices.

~
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The water thus absorbed will slowly, and in the course of
time, trickle out at the hillside at o, about at the level of the
stream ; but this will go on very slowly ; and, except perhaps
after a quite unusual drought, there will always be a supply .
of water in the rock above this level. After heavy rain, we
may suppose the dotted line » will indicate the level below
which the rock is saturated with water ; while, after a
moderately long drought, the level of saturation will have
fallen to &.  On the other side of the valley the rocks are
different. A Dbed of gravel forms the upper part of the
hill; and below this is a bed of clay, which water cannot
penetrate. In this case, the porous bed of gravel will hold
a large quantity of absorbed rainwater; which, being stopped

O}

¥iG. 1s.

4 ot
by the clay bed at ¢, will gugh out at sp, forming a pergnnial
spring if the bed of gravel be extensive, or a temporary
spring, yielding only after a fall of rain, if it be small, so
that the supply is soon exhausted.

This supply from subsoll water is extremely important in
a climate like that of the greater part of India, where the
rainfall is very heavy during certain months of the year, and
very scanty, or altogether wanting at other seasons; and
it becomes a question of national importance to prevent
its diminution or loss. Unhappily, the destruction of the
forests, which has been going oun rapidly in many parts of
India for many years past, has this effect. Trees shade the
ground and shield it from the scorching rays of the sun. At
the same time the soil is held together by their roots and
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those of the smaller vegetation that springs up in a forest ;
and the soil, thus held and shecltered, serves to absorb rain
and transmit it to the rocks below. The effect of clearing
the forest is, then, to expose the soil to the baking heat of
the sun, and to be washed away Dy heavy rains. On steep
rocky ground, where the soil is scanty, this is soon effected ;
[ and the spontaneous re-establishment of the forest is rendered
impossible ; while, the absorbent covering of the rocks having
been destroyed, every shower of rain rushes at once off the
hard surface, flooding the rivers for the time, and leaving no
provision for that subsoil drainage, which, amid forest-clad
hills, furnishes a constant supply to the rivers throughout the
rainless season. In parts of France, more especially that
known as the Céte d’Or, large tracts of country have been
rendered sterile and uninhabitable, in consequence of the
ignorant destruction of the forests ; and there are few parts
of India that have not suffcred more or less already, from
the same cause. The preservation of forests from general
destruction is then a matter of national importance. Once
cleared, it is the work of many generations to restore them.
We must now turn our attention to the lower part of the
river, the @delfa™ and its channels. The character of this part
of the river, and of the country through which it runs, is
(very different from that hitherto described.  No sooner does
the river enter the plain, than its current is retarded ; thes
slope, down which it runs, being so small as to be imper-
ceptible to the eye.? Consequently, it is no longer able to
carry with it all the sand and other sediment that it has
washed away from the hill slopes in the upper part of its
course, and it begins to deposit the excess on the bed of its
own channel. Morcover, the country around being on
nearly the same level, it is no longer restricted to one

* The term delfa was originally given to the lower part ot the Nile,
which, below Cairo, divides into two principal branches, now known
respectively as the Damietta and Rosetta branches. The triangular
tract of flat land, between them and the Mediterranean Sea, resembles
in form the Greek letter A de/fa.  Hence the name,

* ©-e Introduction, p. §.
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channel] but divides up into several, branching out over the
plain. Even these cannot contain all the water when the
river is flooded ; and then they overflow their banks and
spread their waters abroad over the low lands around. And
now follows a noteworthy result. As soon as the waters
have left the river, their motion decreases. More sand and
silt is deposited ; and it is deposited most abundantly close
to the margins of the channel, raising the banks higher than
the general level of the plain. A section across a river in
its delta is, therefore, such as is represented in the accom-

F1G. 16.—Section of a Deltaic river.

panying Fig. 16; which contrasts strongly with that of the
stream with its valley represented in Fig. r5. In Cuttack,
the banks of each stream are further artificially raised, to
preserve the country from flooding. But even where this has
not been done, the banks of the rivers in a delta are higher
than the land round about. In Calcutta, for instance, the
drainage of the town is carried not into, but away from, the
Hooghly, down the natural slope of the ground to the Salt
JLake; and in the eastern districts of Bengal, where the
rivers are not restricted by artificial embankments, when the
whole intervening country is flooded in the rains, the banks
of the river channels generally remain more or less above
water.

In the delta of the Mahdnadi, as in that of the Ganges,
and indeed all large rivers, the ordinary level of the water in
the channels is not very much lower than that of the land
around. When the rivers are flooded, it is frequently much
higher ; and I have already observed that, on such occasions,
the waters spread over the intervening low lands, and
gradually raise them, by depositing theirsilt. But in thickly-
inhabited countries, such as Orissa and the Midnapore
districts, where the land is under cultivation, it is frequently
sought to confine the rivers to their channels by dykes or

B.G. I
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artificial embankments, termed also dunds. These suffice to
restrain the waters in ordinary seasons, but their effect is
not wholly advantageous. The level of the water in the
channel is artificially raised, since none can escape ; after a
time, the bed of the channel also becomes raised by the
deposited silt; and in order that the embankments may
continue to afford protection, they must be raised in their
turn. In the course of many years, a river may thus be
raised till it ordinarily flows much above the level of its
delta, and even of the houses of the villages around. Such
is the case with the river Po in Italy. Should such a river
breach its embankments in an extraordinary flood, it can
easily be imagined that the destruction caused by it far
exceeds that produced by a similar flood in an unembanked
river.

The Mah4nadi is unenviably notorious for its floods. I
have already pointed out how the form and character of its
drainage basin favour the rapid discharge of the rainfall ;
and I have now to point out why it happens that, on such
occasions, the rice lands of Cuttack and Puri are almost
inevitably flooded. Some years since a very careful measure-
ment of all the channels of this delta was made by Captain
Harris ; and the result showed that, taken altogether. they
were capable of carrying away only about half the water
that comes down in one of the great floods. The excess
must therefore spread over the country around, despite the
embankments of the channels.

In the delta of the Ganges and Brdhmapiitra, the land,
for many miles inland from the sea, is a marsh washed by
sea water at every spring tide, and covered with the vegeta-
tion peculiar to such regions; in which mangroves, the
Sundri, the Nipa-palm, &c., are predominant; and beyond
the margin of the land, the sea itself, for some miles out, is
filled with shoals and sand-banks, partly uncovered at low
water ; which are in fact a submarine extension of the delta.
At some future time, if not submerged deeply by a general
sinking of the delta, such as was noticed in Chapter IV. (p.
55), these will be converted into marshy islands ; while the
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present Stindarbans will be gradually raised till they become
habitable. Such has been the history of all Lower Bengal.
There was a time when the sites occupied by Calcutta,
Dacca, Jessore, &c., were covered by the sea; and the
:shoals, first formed off the mouths of the rivers then existing,
have gradually been raised by the continuous deposit of
river-silt, in the manncr described in the preceding pages.
The deltas of the Mahdnadi and other rivers of the east
coast of the Peninsula are not extending outwards like that
of the Brdhmapitra. The Mahdnadi delta is indeed as yet
not quite completed, for not only is its surface still being
raised, but it is gradually filling the Chilka Iake, which is a
piece of the sea that has been cut off from it and inclosed
by a spit of sand. But off the mouth of the Mahdnadi
there are no great sand shoals, the foundations of future
islands, like those that fringe the Sundarbans. The K4veri
delta in Trichinopoly and Tanjore represents the final con-
dition, to which that of the Mahdnadi is approaching.
Very little of this is ever even flooded by the river. It is
now so high that it is permanently above the water level,
and artificial irrigation is necessary, to enable the land to be
cultivated. Not a particle of new land is forming in the sea
opposite. In fact it is a finished delta. All the silt, now
brought down by the river, is carried away by the sea cur-
rents that sweep up or down the coast ; and instead of adding
to the delta, it is spread abroad over the floor of the Bay.
The formation of a river delta may be regarded as a
struggle between the land and sea. In a quiet land-
locked bay a delta forms rapidly; stretching out its branching
channels, indicated by their emerging banks, like the roots.
of a growing tree. A chart of the Mississippi delta in the
Gulf of Florida well illustrates this, and to some extent the
same character is traceable in that of the Kistna and
God4varf in the angle of the Indian coast. Even those of
the Kdveri and the Mahdnadi project slightly beyond the
general line of the coast. The river, in each case, con-
tinually brings down sediment, some of which is deposited

wherever the flow of its waters is checked or diminished :
T »
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and the chief check takes place where it enters the sea.
Here therefore a deposit is formed ; and it depends on the
character of the sea, whether this is distributed over a large
area, forming shoals separated by shallow channels; or in a
single shoal, termed a dar, across the mouth of the river.
The former is the case of the Gangetic delta, the latter that
of the Mahdnadi and all the rivers of the east coast. Itis
the existence of such bars that renders it impossible for sea-
going vessels to enter most of these rivers. A delta ceases
to extend outwards, when the permanent currents of the sea
are powerful enough to carry away all the sediment that the
river brings down.

Tidal currents,” on the other hand, have the effect of
keeping open the entrance of river estuaries; and their
power is increased if the sea is shallow opposite the river
mouth. In passing over this shallow, the tidal wave becomes
piled up, as was explained in Chapter III.; and as this wave
1§ propagated into the estuary, a large body of water is
thrown into the river twice every day, which passes out again
at each ebb tide, together with the water the river has brought
down in the meantime. A swift current flows therefore in
opposite directions twice every day, sweeping away the
sediment and keeping the channels open. It is for this
reason that the Hooghly remains navigable to the present
day. Estuaries such as the Mutlah, which, though at some
former time the outlet of some one of the delta rivers, now
receives little water from the interior, and therefore little
sediment, may be kept open for an indefinite period by the
scaur of the tidal currents.

We have now traced out the history of our river, and
incidentally we have compared and contrasted it, in certain
of its characteristics, with portions of some other large rivers.
But the subject of rivers and their action is too large and
too important to be fully discussed in a single chapter, and
there are other bodies of fresh and also salt water connected
with rivers, which remain to be noticed. These we shall
deal with in another chapter. ’

See p. 47.



CHAPTER IX.

RIVERS AND LAKES.
. * A

IN the last chapter we studied the case of a riverin a
tropical climate, ted exclusively by the periodical rainfall and-
those surface springs that are the outflow of the absorbed
rain. We saw that, as a consequence of these conditions
and of the rocky and hilly character of its drainage basin,
the Mahdnadi 1s very full during the three or four rainy
months of the year, and is then sometimes subject to very
destructive floods, produced by extraordinary falls of rain;
while, during the remainder of the year, it contains so little
water, that it can be navigated only by boats of the smallest
size. Very different is the case of the Indus; a river, the
main stream of which derives its chief supply from the
melting of the winter snows on the Tibetan Himdlaya ; while
its larger tributaries bring down the summer rainfall of the
outer Himdlaya, in addition to the above. After leaving
the mountains, it traverses nearly 700 miles of arid plain,
in no part of which does the rainfall exceed twenty inches in
the year ; while by far the greater portion is absolute desert.
The Indus, like the Mahédnadi, is subject to a regular
periodical rise and fall, and occasionally to extraordinary
floods ; but the causes being different in the two cases, the

periods of their occurrence are different also.
In Chapter IL* it was explained how, during the winter
season, the cold air over the plains (and, I may add, the

* Page 30,
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mountain slopes) of Upper India, flows away to the south,
forming the wind known as the north-east or winter mon-
soon ; and how it is replaced by a damp wind, which blows
from the south in the higher part of the atmosphere, and
descends on the Panjib and the upper part of the North-
West Provinces, bringing the winter rains. Over the Himd-
laya, where the temperature is below the freezing point, the
vapour of this wind is condensed as snow, and this accu-
mulates on the mountain summits and in the higher valleys
during the winter season. With the increasing warmth in
spring, it begins to melt ; and the rivers, which in these lofty
regions have been silent and frost-bound by the intense
cold, are once more set free, carrying down gigantic blocks
of ice and rock, with large quantities of mud, in an impetuous
and ever increasing torrent. Collecting gradually in the
larger tributaries, and then in the main stream, by the month
of February the swelling waters reach the plains of the
Panjib ; and the stream, which has been shrinking since
the previous July, and during the winter months has been
represented by a number of shallow, scarcely navigable
channels, meandering through the vast bed of the river,
begins to swell and sweep away the ckars, now covered with
grass and bulrushes, which accumulated at the close of the
previous season. During the succeeding months, the volume
of the river increases, as the snows are more copiously.
melted ; and when, in July, the heat of the Panjdb and the
mountain cradle of the river has reached its highest point,
and when the summer rains are falling heavily in the K4ngra
and Hazdra Hills, the Indus and its great tributaries are in
full flood. After this, the waters decline, and reach their
lowest level by October.

The_extraordinary floods, to which the Indus is subject,
appear to be due, not to exce$sivé rain ‘or any unusually
rapid THeMfg of the snows, but to some one or other of its
larger tributaries being temporarily blocked up, either by the
advance of glacier or the fall of a portion of a mountain ;
_so that a barrier is thrown across the valley, and the river
-waters dammed up behind it. Under such circumstances,
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a lake is formed behind the barrier ; and continues to swell,
until the water succeeds either in over-topping it, or in silently
undermining it, when it at length bursts, and the pentup
torrent, suddenly set free, rushes downwards once more with
overwhelming impetuosity and power. geat fotre

The following graphic account of a great flood of this.
kind, which occurred in the beginning of June 1841, artd was
witnessed by Asharaf Dhdn of Torbela, is given by Major
Abbott in the words of the narrator: ‘At about 2 P.M. a
murmuring sound was heard from the north-east among the
mountains, which increased until it attracted universal at-
tention, and we began to exclaim ¢What is this murmur?
Is it the sound of cannon in the distance? Is Gandgarh:
bellowing ? Is it thunder?’ Suddenly some one cried out
¢The river is come !’ and on looking 1 perceived that all the
dry channels were already filled, and that the river was racing
down furiously in an absolute wall of mud, for it had not
at all the colour or appearance of water. They who saw it
in time easily escaped ; they who did not, were inevitably
lost. It was a horrible mass of foul water, carcases of
soldiers, peasants, war-steeds, camels, tepts, mules, asses, and
bousehold furniture—in short,every item of existence jumbled
together in one flood of ruin; for Raja Golab Singh’s army
was encamped in the bed of the Indus at Kulai, three 4os
above Torbela, in pursuit of Paindu Khan. Part of the
force was at that moment in hot pursuit, or the ruin would
have been wider. The rest ran : some to large trees, which
were all soon uprooted and borne away ; others to rocks,
which were speedily buried heneath the waters. Only they
escaped who took at once to the mountain-side. About five
hundred of these troops were at once swept to destruction.
The mischief was immense : hundreds of acres of arable land
were licked up and carried away by the waters. The whole
of the Sist-trees which adorned the river's banks, the famous
'Bargah-tree of many stems, time out of mind the chosen
bivouac of travellers, were all lost in an instant.”

* Sospeltin the original. Query, Gandaka, Sans., one of the names
of the rhinoceros.
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On this occasion, according to Major Montgomerie, the
cause of the flood was a landslip in the Gilghit valley. The
valley was blocked up by an enormous mass of earth and
rock that had slipped down from the side of a mountain ; and
a lake was formed behind it, which is believed to have been
800 or goo feet or more deep. At last the barrier gave way,
and the whole mass of pent-up water was suddenly discharged:
down the valley.

Another great flood, arising apparently from a similar
cause, occurred in August 1858.

In describing the Mahdnadi in the previous chapter, I
abserved that the valley in which each stream flows is the
work of its own waters. It is in the Himdlaya that we have
the grandest examples of this kind of river action ; and this
will be the most convenient place to describe it somewhat
more in detail. In the loftier valleys, in the neighbourhood
of the permanent snows, glaciers are powerful agents in
erqding and excavating the rocks over which they pass. The
masses of rock which are carried down by the ice stream,
firmly frozen in the ice, are dragged over the bare rocks of
the sides and bed of the glacier, grooving them and grinding
them down with perfectly resistless force. The sand and
mud so produced are carried away by the stream which issues
from the end of the glacier, gushing out {from an ice cavern
at its foot, turbid with glacier-mud. In former times the
Himé4layan glaciers extended far below their present limits,
and they have performed no unimportant part in scooping
out the great river valleys. In the Tista valley in Sikkim,
glaciers do not now extend below 14,000 feet, but traces
of their former work are still visible down to 6,000 feet above
the sea-level ; while in the K4ngra valley in the North-West
Himdlaya, similar indications are met with as low as 3,000
feet above the sea.

But the river itself is also a powerful excavator. Rushing
‘down steep slopes with a high velocity, it has power to roll
afong pehbles and even large masses of rock, grinding them
against each other and over its rocky bed, and insensibly
wearing down the latter, however hard may be the rock that



1x.] FORMS OF VALLEYS. 121

forms it. In a hard rock the river excavates a gorge, with
precipitous sides, very narrow, but sometimes of great depth.
Such is the remarkable gorge at the junction of the Sutlej
and Spiti rivers (Fig. 17).* Where the rocks are less hard
and stubbom, the sides of the valley become more sloping
under the action of frost and the atmosphere. The surface
of the rock is splintered and falls, and the fallen mass is
gradually ground up and borne away by the torrent.

Al 7
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F1G. 17.—Gorge at the jungtion of the Sutlej and Spiti rivers.

Rocks differ extremely in their power of resisting decom-
position. In certain cases it would seem that, after exposure
for centuries to the action of rain and frost, they present
the same unyielding surface, unchanged in form and texture.
In other cases frost and rainwater, aided by those chemical

* From a photograph by Messrs. Bourne and Shepherd.
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constituents of the atmosphere called carbonic acid gas and
oxygen, not only disintegrate the whole superficial mass of
the rock, reducing the hard stone to the state of clay and
gravel, but carry this action far into the heart of the
mountain. Where this has taken place, the excavation of the
valley goes on rapidly. From time to time, especially after
heavy rainfall, enormous masses of earth and rocks, becoming
saturated with water, slide down the mountain side, carryirg
everything before them; and after Dblocking the valley
for a time, are carried away by the ceaseless action of the
stream. In this way, as was pointed out above, are caused
some of those sudden floods of which two extraordinary
~examples were quoted.

In a country such _as British Sikkim, where the rainfall is
i great, the rocks easily decomposed; and the forest growth
iexceedingly luxuriant, the form of the mountain slopes is
talmost entirely due to landslips. In the neighbourhood of
Darjiling, after each heavy fall of rain, the hill-roads are
generally interrupted in many places by little falls of this
kind ; and sometimes the mountain-side, to a height of
3,000 or 4,000 feet, is seen freshly exposed, the whole of
the surface with the forest that covered it having been
precipitated into the valley below. (The accompanying
view of the Ganges at Derali,* will serve to give the reader
who has never visited the mountains, some idea of an
ordinary river valley in the Him4laya. :

By these various agents, frost, rain, carbonic acid, and
finally gravitation, the original hollows and inequalities of
the newly-raised mountain mass have been connected, and
further carved and excavated, so as to form a complete
system of valleys, separated by mountain ridges. The
materials carried away in the process have been partly
deposited in the original hollows, as great gravel deposits,
such as are seen everywhere in the valleys of Laddkh, and
that through which the Sutlej has excavated its valley in the
Tibetan province of Guge; but the greater part, when
ground down so fine that they could be carried out into the

%1 From a photograph by Messrs. Bourne and Shepherd.
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plains, have been spread abroad by the rivers, forming the
arable lands of the Gangetic plains. These plains then are
formed of the waste of the mountains, and though they
themselves have also been wasted, and are still being worn
down and their materials borne away and deposited in the
ocean, they receive on the whole more than they lose, and
the greater part of this is derived from the Himdlaya. But
all the hill tracts of India are subject to the same process
of degradation, and so in various degrees are all mountains
whatever.

FiG. 18.—The Ganges at Deral

Amid the endless variety of feature presented by rivers,
in their course through hilly countries, none is more
striking and impressive than their fe/s. A fall occurs
whenever, owing to some peculiarity in the geological
structure of the country, there is a sudden precipitous
descent of the chuannel, over which the whole body of
water is precipitated to a lower level. Among the best
known and largest waterfalls in the Peninsula of India are
the falls of the Saravati river in Kanara, those of the Yenna, |
in the Mahdbleshwar hills, those of the Kdveri in Maisur,
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and that of the Paikdra river over the edge of the Nilgiri hills,
the upper part of which is shown in the accompanying
figure. In the first of these, near the town of Gairsapa,
the river is precipitated over the edge of the Western Ghits
to a depth of 888 feet in a single fall. Captain Newbold,
who has given a graphic description of the appearance of
these magnificent falls, when somewhat swollen by the rains,
estimates the quantity of water then discharged over them

Fiu. 19.—~Falls of the Paikara.

at 46,000 cubic feet in each second. He says, “the falls
of Gairsapa may be justly ranked among the most magni-
ficent cataracts of the globe. While excelled in height by
the Cerasoli* and Evanson cascades in the Alps and the
falls of the Arve in Savoy, the Gairsapa cataract surpasses
them in the volume of water precipitated ; and while much
inferior to Niagara in volume, it far excels those celebrated
falls of the New World in height.”

The falls of the Yenna in the Mahdbleshwar hills. are

* “The height of the Cerasoli cascade is 2,400 feet ; that of Evanson
1,200 feet ; and the falls of the Arve 1,100 feet.”
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stated Dy Captain Newbold to be 600 feet in height.
Those of the Gokdk in the South Mahratta country are 178
feet high (on the same authority); the river which, a little
above the fall, measures about 250 yards across, contracts
to 8o yards on the brink of the chasm, and discharges in
the rainy season a volume of water estimated at 16,000
cubic feet per second.

The falls of the Kdveri are of less height than the
Gairsapa falls, not exceeding 3oo feet; but the volume of
water discharged is much greater. In Bandelkand are
several well-known falls, the largest being that of the Tonse
river (200 feet in height) near Chachai. That of Bilohi
about twelve miles west from the Katra pass is 398 feet high,
and that of Bouti ten miles further west is 400 feet in height.
At Chera Punji in the Khdsi Hills, the falls of Mawsmai
exceed any of the above, having (according to Dr. Oldham)
a sheer fall of 1,800 feet and a broken fall of 1,000 feet
more ; but except after heavy rain their volume is insigni-
ficant.

Lakes are natural depressions in the surface of a country,
in which "the drainage water accumulates; ecither until,
having filled the depression up to the lowest part of the
encircling ridge, it reaches a channel by which the excess
can flow away; or else, until it exposes so large a surface,
that the natural evaporation from that surface is equal to
the total quantity of water flowing into the lake in the
same time. The latter case can occur only in a dry country,
where the rainfall is small and the evaporation rapid in
consequence of the dryness of the atmosphere. The result
is, that the water of such a lake is salt; for since all the
drainage water that reaches the lake carries some small
quantity of salt dissolved in it, and the water eventually
evaporates, leaving behind all non-volatile substances, the
salt must accumulate in the lake. There are many such
lakes in the great region in Central Asia to the north of
the Himdlaya, and even in the Tibetan Himdlaya itself ; as,
for example, the Pangong Lake in Laddkh, near the Upper
Indus valley. It appears from Major Godwin Austen’s
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account, that this lake was formerly one of fresh water, from
which a stream flowed into the Shayok, a tributary of the
Indus. Owing, however, to the increasing dryness of the
country, (of which there is abundant evidence, though the
cause is as yet unexplained,’) it is now isolated and much
shrunken in size, and at the lower end is quite saline. The
Caspian Sea and Sea of Aral are instances of salt lakes,
being quite isolated from the ocean, and of such size as
fairly to deserve the name of inland seas. Another and
smaller example is afforded by the Dead Sea in Palestine,
which occupies the bottom of a remarkable depression;
such that the surface of the lake is 1,312 feet lower than
that of ocean. It appears probable that at one time the
valley of the Jordan, (which river flows into the Dead Sea,)
was in communication with the Gulf of Akabah and the
Red Sea ; and that it has been isolated by the elevation of
the desert of Petrea, and subsequently dried up. The
waters of the Dead Sea are safurated with salt : that is, the
water is incapable of holding more salt than is actually
dissolved in it, except at the end where the Jordan enters it ;
no fish or other animal can live in its waters, and it is hence
emphatically called the ““Dead Sea.”

In Rdjpitdna, on the borders of the Bikanir desert, are
some small salt lakes, the largest of which is the Sdmbar
Lake. This is a shallow depression, filled by the annual
monsoon rainfall, (which here does not exceed twenty inches,)
and then drying up. The salt obtained from it is an
important article of commerce in Réjpitdna. Another salt
lake, yielding a salt of a different character, is that of Lundr
in Berir. It forms a deep craterlike depression, and is
thought to be of volcanic origin.

Lakes which have an outlet invariably contain fresh water;
unless, like the Chilka Lake and other similar lagoons along
the coast, they communicate directly with the sea, so that
sea-water can enter them. There are but few instances of

t Possibly the drying up of the ancient lakes or inland seas, which, as
Mr. W, T. Blanford has lately shown, once occupied Seistan and a
large part of Persia. :
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natural lakes of fresh water in India; almost the only
examples are certain little mountain lakes, such as that at
Naina T4l and those below the Yakld and Chold Passes
in Sikkim, lately discovered and described by Mr. W. T.
Blanford. Beyond the snowy range, the Manasarovar and
Rakhas T4l Lakes are larger instances of the kind. Itis
improbable that any of these are original rock basins ; that
is to say, hollows left in the disturbed rocks at the time
when the mountain mass was upheaved. In some cases
they appear to lie in hollows, worn by the friction of former
glaciers in their rocky beds, and filled with water after the
retreat or disappearance of the glacier. In other cases they
are portions of old glacier valleys across which an old
moraine forms a natural embankment or dxnd, and in others
again, such as the Tso Moriri and the Pangong Lake in
Rakshu and Laddkh, they appear to occupy portions of a
valley, the drainage of which has been arrested by a mound
of alluvial deposit, brought down by a mountain torrent
from thef lageral mountain ridge. ; ~ ¢ '/3“5.'

These remarks apply only to the lakes of the Himdlaya
and similar mountains elsewhere. Such great lakes as those
of Canada, and those in East Africa on the Upper Nile, the
Tanganyika, &c., may possibly be original rock basins,
formed during upheaval : and those that cover Finland and
North-Western Russia may be depressions in the old sea-
bottom left as such when the country was elevated above the

sea. It is, however, the opinion of Professor Ramsay, and

some other eminent geologists, that the lakes of Finland
and those of Canada, as well as the great lakes of the Alps,
the lochs of Scotland and Ireland, and the beautiful
mountain lakes of Cumberland, are all the work of ice
during the Glacial period, the hollow basin now filled by
water having been ground out of the solid rock, by the
friction of enormous glaciers which once filled them, or
rather by the stones, sand, &c., frozen hard in the bottom of
the glacier, and dragged along with it over the surface.

The shallow swampy lakes that occur in certain river
deltas, such as the sgﬁmo the east of Calcutta, are more
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properly termed Zagoons; and the same term is applied to
those sheets of érackisk or saltish water that occur on certain
parts of the coast; of which the Chilka Lake in Orissa and
the Pulicat Lake to the north of Madras are good examples.
The former of these are portions of the delta lying between
the river channels; and which the sediment deposited in
them, year by year, has not yet sufficed to fill up to the
.ordinary dry weather water-level. In some cases, such as
“that of the examples cited, they are more or less salt, because
they communicate by certain channels with the sea, so that
salt water passes into them at every tide. The Chilka and
Pilicat Lakes have been formed in a different way. They
are separated from the sea by a ridge of sea sand, termed a
sand-spit, and formed of sand drifted up the coast by the
current noticed at page 48. To take the case of the Chilka :
the sand accumulating along the shore of Ganjam and other
more southerly parts of the coast, is gradually drifted north-
wards by this current, being added to by the sediment of
every river that discharges itself into the Bay. At some
former time, the sea must have washed the base of the hills
that lie to the west of the Chilka ; but this sea having become
shallow by the sediment poured into it by the Mahdnadi and
the smaller streams from the interior, a sand-bank was formed
by the coast current, tailing off from the southern extremity
of the lake, until the lagoon behind it was almost completely
enclosed. The sea alone could not raise this higher than
the sand could be washed by the breakers ; but as a part of
it would be laid bare and dried by the sun at every ebb tide,
the dry sand would be caught by the winds blowing from the
sea, and raised in long mounds or sand-4i/ls, rising twenty or
thirty feet above the highest wash of the waves. In the course
of time, various creeping plants which flourish on sand have
taken root on the surface thus raised; the seeds being
carried by the wind. These have fixed the sand, and by
their decay have formed vegetable mould, fit for the nutri-
ment of other plants, such as grass, the screw-pine, and the
dwarf date-palm ; and finally, as the spit has increased in
width by further accretions on the seaward face, the older
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surface has been brought under the plough, and has become
arable land.

A channel however remains, through which the tidal
waters pass and repass to the lake; and through which
also the flood waters of the latter escape, when the surface
of the lagoon has been raised by the rivers and streams
that discharge into it during the rainy season. At such
times its waters are almost or quite fresh ; but during the
greater part of the year, more or less sea water is inter-
mingled, especially in the neighbourhood of the outlet
channel, rendering them saline or brackish. Year by year,
these lagoons become shallower, since most of the sediment
brought in by the streams from the land is deposited on the
bottom of the lake ; and in the course of time, they will be
filled up and will be converted into dry grassy plains.
Some miles to the north of Pondicherry, near the village
of Mercdnum, there is such a lagoon, now nearly filled, and
a great part of the low plain that extends at intervals along
the Madras coast has been formed in this way and after-
wards elevated.

In the last three chapters, we have reviewed briefly the
work done on the surface of the earth by the waters con-
densed from the vapour of the atmosphere. Glaciers and
rivers wear down the mountains, and plough out those
valleys through which the waters find their way downwards
to the sea ; frost splinters and cracks the rocks; and rain
water, dissolving the carbonic acid of the atmosphere,
penetrates them, and works Chemical changes in their mass,
by which they are decomposed; some part of their con-
stituents being dissolved by the absorbed water, while the
residue, having lost its rigidity and hardness, yiglds easily -
to gravitation and the friction of running water. The
materials, derived from the waste of the mountains, are
spread abroad over the low plains at their foot, or carried
further out to form river deltas, or finally to settle down
on the sea bottom.

In most countries then, in @/ where the atmosphere is
moist and the precipitation as rain or snow is abundant,

B.G.
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the form of the surface is largely modified by these agents.

And even in those arid regions where no rain falls, the
deserts of Central Asia, the Sahdra and the coast of the
Red Sea, the deeply-scored sides of the mountains and
, tortyous wddis bear testimony to their former activity.

These countries were not always so arid and rainless as
they are now. In times geologically recent, both the

Sahdra and a great part of Central Asia were occupied by
the sea; the remnants of which, (in the latter case,) we
have in the existing great salt lakes the Caspian and the
Sea of Aral. When these seas existed, their evaporation
furnished rain and snow, which falling on the slopes of the
Atlas, the Altai and the Thian Shan, shaped and fashioned g
their peaks and ridges, much as the Himdlaya is now being
shaped and fashioned by the watcrs condensed {rom the

evaporation of existing Indian seas.

Carrying our thoughts onwards from these agents to the
causes which produce them and give them power, we find
that the ulterior agents, whose work is thus unceasingly to
wear down the land surface to one uniform level, are no
other than those whose work they thus destroy. Heat and
gravitation break up the earth’s surface, causing continents
to protrude from the ocean, and thrusting up broken and
contorted layers of rock to form their mountain skeletons ;
and heat raises the ocean waters as vapour, which, con-
densed on the cold mountain sides, gravitate again to the
sea, and wear away the surface in their passage. But the
heat that upheaves mountains is the primeval heat of the
earth ; that which planes them down is the heat emitted by
the sun,



CHAPTER X.
THE LAND AND ITS TENANTS.

IN the preceding pages we have traversed, rapidly indeed,
but it isto be hoped not inattentively nor unprofitably, some
few galleries of the great workshop of nature. By the light
of the facts furnished Dby the physical sciences, I have
sketched out and briefly explained some of the more impor-
tant processes by which the fair surface of our earth is
incessantly wrought and fashioned. We have learned that
not only things that live and die, but every part of our world
1s in a state of perpetual change, so that to-morrow’s sun
will rise on an earth changed in some of its aspects from
that on which he sets to-day. Some of these indeed are so
fleeting, like that of the bright meteor flashing across the
midnight sky, that we must keep a watchful eye to seize
them as they pass. Others, again, change so slowly, that in
the brief span of a human life they seem absolutely fixed
and stable ; but could we, like the fabled Tithonus of old,
live on through centuries, with senses and mind unimpaired,
we should have to acknowledge that all, without exception,
are but passing phases in the ever-changing appearance of
our earth ; that even the “everlasting hills” are falsely so
called, and, by slow degrees, bow their lofty heads to the
universal law of destruction.

The varied forms of the outline and surface of the land,
as it now exists and as laid down on maps and charts,
the variations of its climate, its fertility or barrenness, its

K 2
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populous or desert character, are then matters that we might
completely explain, could we know the whole history of the
changes that it has undergone from the earliest times ; could
we construct, for instance, maps of the world as it existed
at successive and not too distant intervals of the geological
past ; and could we know for each of these epochs what
climates prevailed, how the ocean currents then ran, how
vapour-bearing winds then blew, in what measure snow and
rain were then wasting the several parfs of its surface, how
the internal heat then manifested its changes in volcanic
eruptions or in the slow uprising or depression of certain
regions ; and, far more completely than we now know them,
the strange forms of trees and plants that clothed its surface,
and of the animals that basked in their shade, or sped
through the ocean waters of the younger world.

It need hardly be said that we are very far indeed from
possessing this knowledge. The most ambitious attempts
of geologists, in this direction, have as yet arrived at little
more than to sketch out roughly some small parts of our
continents, as they existed in the latest geological times :
and, even in these times and places, the strange succession
of almost tropical heat and arctic cold, to which the rocks
and their fossils bear witness, where temperate climates now
prevail, offer problems which science has not yet succeeded
in explaining in a satisfactory manner.

Still, we may profitably take stock both of our knowledge
and our ignorance in these matters ; and while we note some
of the more striking features of the distribution of land and
water on the surface of our earth as we now see it, we may
ask ourselves how much of these we can explain by the help
of such facts as are recorded in the foregoing chapters,
and how much still remains for future investigation and
discovery.

First we must observe that by far the greater part of the
land of our globe.is situated in the northern hemisphere.
In the southern hemisphere, besides the so-called antarctic
continent, a mass of land around the south pole which is
all but concealed beneath a perpetual sheet of ice, the
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only great tracts of land are portions of Africa and South
America, and the insular mass of Australia, which may
fairly claim to rank as a continent. Of this peculiar distri-
bution of the land, science has as yet been unable to offer
any explanation. ‘That the earth beneath the ocean bottom
in the southern hemisphere must be somewhat more dense
than that forming the northern hemisphere, in order to com-
pensate for its smaller volume, may be safely concluded from
elementary mechanical considerations ; but /y this is so, or
rather, how it has become so, we cannot say. Mr. Dana,
following Scrope, Herschel, and Babbage, (albeit by a some-
what different road of deductive argument,) concludes that
the general position of the great continental masses of land
was determined at a very early period of the earth’s history ;
so that, whatever changes of form the land has since
undergone, two principal masses of land, corresponding
to the old and new continents (so-called) have always been
characteristic features of our globe. And Professor Ramsay,
in a lecture before the Royal Institution, has lately pointed
out that some of the ancient formations of Western Europe—
the old red sandstone for instance, and the Triassic marls,
which abound in salt—are the deposits of ancient lakes, and
indicate that in these remote times there must have been
an extensive tract of land surrounding the areas they
occupy.

But on the other hand, it is certain that the greater
part of the present land, at one time or another, has been
covered by the sea, and for such long periods that deposits
many thousands of feet in thickness have had time to accu-
mulate ; so that, even if we admit the justice of Professor
Dana’s conclusions, it is clear that very great changes have
taken placein the forms of the continents, while it is equally
certain that considerable areas of the present oceans have
at various times been occupied by tracts of land. The
great plains of Northern Asia and Europe have been up-
raised from the sea in very recent geological times; at a
somewhat earlier but still comparatively recent period, (the
Miocene,) a sea occupied the central part of Europe and
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washed the northern bases of the Alps; then a much lower
and narrower chain than it now is. The site of the present
Himdlaya was long occupied by the ocean, up to early
Tertiary (Eocene) times. The Caspian and the Sea of
Aral in Asia are the last remnants of a sea which once oc-
cupied a considerable part of Central Asia, and connected
these seas with the Black Sea; and the great desert of
Sahdra in North Africa appears to be the bed of a sea now
dried up. Quite recently Mr. W. T. Blanford has shown
that the Persian deserts have had a similar history. On the
other hand, there are good grounds for Dbelieving that the
islands dotted so abundantly over the Central Pacific Ocean,
and now known as Polynesia, represent the last remnants
of a great tract of land, probably a continent, that once
occupied that part of the globe and is now submerged ;
and the same may be affirmed of a part of the Indian Ocean,
viz. that which is occupied by the groups of coral islands
referred to in Chapter VI.

The greater part of the land of the globe is distributed
in five great continental masses, viz., Europe-Asia, regarded
as it really is, as a single continent; Africa, North and
South America, and Australia. The forms of all are mainly
determined by the direction and position of their mountain
ranges, which form, so to speak, their skeletons, the plains
and table-lands around and between them being regarded as
appendages to the mountains. The direction and relative
position of the principal mountain ranges of Europe-Asia
on the one hand, and of the Americas on the other, are
strikingly contrasted. In the former continent, the great
mountain system and the table-lands that it includes run
almost east and west, and occupy the southern part of the
continent ; while, to the north, extends a great plain, but little
elevated above the sea, and indeed in part lying at a lower
level. In America, on the other hand, the principal moun-
tain system, that of the Rocky Mountains and the Andes,
runs north and south along the western margin of the
continents ; and from its foot, great plains extend to” the
eastward, abutting against lower chains near the east coasts
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of the broader parts of the continents. In both cases the
mountains are the older land, and the plains are sea bottoms
which, in part, have been elevated in more recent geolo-
gical times. Some additions to these plains have been
subsequently made Dy rivers, but these are comparatively
unimportant,

The structure of Africa is less well known, though much
has been added to our knowledge in late years, more
especially by Dr. Livingstone, whose death while persever-
ingly exploring the still unknown regions of the interior,
civilizing the people, and endeavouring to redeem them
from the shameful traffic in slaves, has added one more illus-
trious name to the long list of martyrsin the cause of science
and philanthropy. On its northern margin the form of
Africa is determined by the Atlas range, which runs parallel
to the great mountain system of Europe; but on the east
coast it is bounded by a chain of mountains and table-lands
running north and south, and on the west coast are lesser
systems having a similar direction ; an elevated but generally
plain country lying between.

Australia is too little known to allow of any general
description. The chief mountain range borders the east
coast ; but this is far inferior in height to the great mountains
of the larger continents, and includes but one peak, Mount
Kosciusko, that ranges above the snow line. On the north
and west coasts are hills of inferior elevation, while a great
plain extends along the greater part of the south coast.

The great mountain system of the Europo-Asiatic conti-
nent, having then an east and west direction, it is to be
observed that the continent itself extends farthest in that
direction. As far as this great system has yet been examined,
(the Alps and Pyrenees in Europe and the Himdlaya in
Asia), it appears to date from the carly part of the Tertiary
epoch, and at several subsequent periods it has undergone
repeated disturbance, up to late Tertiary times. The low
northern plain is of later date, while those inferior chains
that lie to the north of the main system, and are distinct
from it, the Scandinavian and British mountains, the Thurin-
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gian hills, Erz-gebirge and Riesen-gebirge of Germany and
the Ural of Russia, are all of earlier origin, in some cases
very ancient. To the south of the great mountain axis, a
number of peninsulas run out, viz. Spain, Italy and Greece
in Europe, and Arabia, India and the Malay peninsula in
Asia. Each of these has its mountain ranges; and while
certain of them, for instance those of Italy and the Grecian
peninsulas, are no older—in part, perhaps, more recent—
than the Alpine and Himdlayan chains, others, such as
India, are of very high antiquity. The present pemmnsula
of India indeed has probably been in the condition of land,
or chiefly so, from a very early period, and has doubtless
formed part of a continental mass of land, stretching to
the south-west and connecting it with Madagascar and
Tropical Africa, during ages in which the site of the present
Himdlaya was covered by the sea. During the earlier part
of this period it was also connected with Australia.

The great mountain system of Asia, like that of America,
consists of several chains, for the most part parallel to each
other or nearly so, enclosing extensive tracts of mountainous
land and elevated plains; which, being at a great height above
the sea, are termed table-lands. ‘The loftiest of these is
Tibet, bounded by the Himdlaya on the south, and by a
little-known chain, termed on Chinese maps the Kuen Lun,
on the north. From ‘the foot of this last, the great sandy
desert of Gobi or Shamo, the western and more fertile
extremity of which forms the now independent kingdom of
Yérkand, extends to the Thian Shan range, and averages
2,000 oOr 3,000 feet above the sea level. Further to the west,
the great low plain of Northern Asia stretches farther south ;
being separated from Ydrkand by the Pamir range or Bdm-
i-dunya, which runs north and south, connecting the western
extremity of the Thian Shan with the Himdlaya and the
Hindu Kho. The plain terminates at the foot of the latter
range on the east, and at that of the Elbrouz on the west, in
the neighbourhood of the Caspian Sea. To the south of
these ranges lies another series of table-lands and elevated
plains, viz. the table-land of Afghdnistdn, with the lower
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Seistan f)lain on the east, and the arid desert plains of
Iran or Persia on the west. Proceeding farther in this
latter direction, we next come to the' lofty plateau of
Armenia, 7,000 feet above the sea, extending from the
valley of the Kara, at the foot of the Caucasian chain, to
the mountains of Kurdistdn, which overlook the upper
waters of the l'igris and the low alluvial plain of Meso-
potamia. This plain, as Mr. Loftus has shown, was once
an extension of the Persian Gulf, and has been formed by
the alluvial deposits brought down through many centuries
by the above-named river and the Euphrates. ILastly, the
peninsula of Asia Minor is formed by the elevated and
mountainous plateau of Anatolia, lying between the Taurus
on the south along the coast of the Mediterranean, and the
Anti-Taurus range on the north, along the margin of the
Black Sea.

The upraising of these great plains and plateaux has
evidently taken place at the same time as that of the
mountain ranges that bound them. The Gobi desert and
the plains of Persia and Seistan were for a long period
occupied by great lakes or inland seas, like the Caspian and
Sea of Aral at the present day. Indeed these two seas, as
I have already mentioned, are but the remnants of a far
more extensive sea which once occupied the steppes of
Southern Russia; but unlike the plains of Persia and
Gobi, they lie in a degpression of the continent, the surface
of the Caspian being eighty-two feet below the level of the
ocean.

We have learned in Chapters VIII. and IX. that the
courses and the character of rivers are determined Dby the
form of the surface and the climate, chiefly the rainfall, of
the countries that they drain. Let us now observe how
these facts apply to the case of Asia. And here it is first
to be noticed, that while winds from the west, the prevailing
direction in Northern Asia,* have to traverse Europe, before
reaching it, they can bring but little vapour, except when
they blow from the Mediterranean or the Black Sea, or

* See Chapter IL, p. 31.
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unless in their course they pass over the Caspian; and in
the two former cases, they must cross the mountains of
Asia Minor and the Caucasus, which drain them of much
of their vapour. Winds from the south-east, that is to say,
from the seas of China and those still farther south, are
certainly warm and moist, and as a consequence, the plains
and hills of China, over which they blow, are well watered
and fertile.  Still more is this the case with the greater part
of India and the Malay peninsula, which are cxposed to
the wind blowing from tropical seas, and during the south-
west monsoon reccive an abundant rainfall.  But in Arabia,
where the prevalent winds appear to be from west or east,
these have to traverse either the desert country of the Lower
Nile, or the almost equally arid plains and the mountains of
Persia and Bdldchistdn. The Red Sea and the Persian Gulf
are too narrow to furnish much vapour, and this little
condenses as rain on the mountains of Arabia, so that no
drop ever falls on the burning sca of loose sand, the Dahna,
which covers the greater part of its surface. Now the
southerly winds from Indian scas, and the south-easterly
winds from the China seas, must traverse the great moun-
tain system of the Himdlaya and Tibet, or the lower but
still lofty mountains of China, before they can reach Central
Asia; and, as we have seen in previous chapters, whatever
vapour they carry is deposited as snow on the cold lofty
slopes of these great chains. Consequently Central Asia is
exceedingly dry, and in great part absolutely rainless, like
Arabia. The winds, which, in the spring months more
especially, blow thence towards Europe, are consequently dry
winds and very cold ; for the winter cold of Central Asia
and Eastern Siberia is more intense than that of any part
of the world under the same latitudes. The reason of this
cold has been already explained in former chapters.*

Since, then, the rainfall is very heavy on the south-east
of the continent, and very small or altogether wanting in
the interior, we should expect to find the largest rivers in
the former region; not necessarily the longest, for their

i See pp. 28 and 5I.

4
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length depends on the form of the land, but the most copious.
Such is in fact the case. The Amoor, the Yang-tse-Kiang,
and the Hoang-Ho in China, the Mekong in Cochin-China,
the Irawadi in Burmah, and the Ganges and Brédhmapiitra
in India and Assam, are the most important rivers that carry
off the drainage of the monsoon rainfall and the melted
snows of the southern and eastern mountains. In Northern
Asia, the Obi with its tributaries, the Irtish, the Yenisei, and
some smaller but still important streams, drain the northern
slopes of the Altai, the Yablonoi and other chains, and
carry off the winter snows of the great Siberian plains ; and
in the Western Central region, the Syr Daria, the Ami and
the Oxus drain in like. manner the snowy peaks of the
Thian Shan, the Pamir, and the Hindu Kho, discharging
their waters into the Sea of Aral and the Caspian. These
last derive all, or nearly all their waters from the mountains,
and like the Indus, described in Chapter IX., traverse, in
their lower course, wide-spreading rainless plains which
would be deserts but for their fertilising waters.

Between the head-waters of these several rivers, or rather
the mountain ranges that give them birth, and in the very
heart of the continent, lie the great desert of Gobi and the
lofty table-land of Central and Western Tibet. These two
are rainless, and the Tarim, which receives the rivers of
Ydrkand, Kashgar and Khotan, and the smaller streams
fed by the glaciers of the mountains around, never reach the
sea, but are either absorbed and swallowed up by the sands
of the plain, or terminate in lakes with no outlet, and there-
fore salt. The largest of these lakes are Lake Lop in the
Gobi desert, and the Tengri Lake in Tibet.

The aspects of the several divisions of Asia with respect
to the presence orabsence of verdure are not less diversified
than their elevation and climate ; for not only the quantity
of the plants, but also the kinds that will grow in any region,
depend on the warmth of the climate, on the humidity of
the air, and on the quantity of rain that falls, as well as on
the variations of these at different seasons of the year, and
also on the elevation above the sea and the exposure of
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mountain slopes, even more than on the nature of the soil.
Many tracts of plain which are now desert, only require the
fertilising presence of water, to support vigorous crops and
trees; as those of my readers who live in the Punjdb and the
drier parts of Western India must be well aware. The
richest and most luxuriant and varied vegetation is to be
found where the rainfall is abundant and frequent at most
seasons of the year, the air always moist, the temperature
warm and equable, varying little between day and night, or
between summer and winter. Such is especially the con-
dition of islands in tropical seas, the Malay peninsula, the
western and southern parts of Ceylon, and the Malabar
coast of India. Here 1s especially the home of the palms,
the plantains, bamboos, orchids, cycads, the screw-pines,* and
trees producing large and brilliant flowers. Among culti-
vated plants, the more delicate spices, nutmegs, cloves,
allspice and cinnamon, are restricted to these regions. So
also is the bread-fruit tree (closely allied to the Jack-fruit) ;2
and the useful cocoa-nut palm flourishes only within a
short distance of a tropical sea. The low damp valleys of
the eastern Himdlaya, Assam, and Cachar are almost
equally rich, enjoying a humid climate and a copious rain-
fall well distributed through the year; while neither the sum-
mer heat nor the winter cold are ever excessive. Some of the
more delicate tropical plants indeed do not grow here. But
no onc who has ever roamed through the dense forests of
these regions can have failed to be struck with the riotous
wealth of their vegetation. Here the gigantic boles of tall
umbrageous trees, Terminalias,3 Bauhinias,* with their pecu-
liar bilobed leaves, Bombax5 (tree-cotton), and numerous
Leguminos@ (pod-bearing trees), and the intricate tortuous

* Example : Keori, Beng. ; 7haley, Tam.

2 Aantal, Beng.; Pila, Tam,

3 The tree which bears the common country almond, the *desii
baddm,” (Nattoo vadnmcottay, Tam.,) is a familiar example of this
family.

4 Examples: Ban-rdj, Beng. ; Chorannt Mandari, Mal.; Triviat
putram, Tam.

5 Rakta shimil, Beng.; Elévum, Tam.; Pir, Tel.
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root-stems of the figs,* are almost concealed by a rich clothing
of orchids, ferns, mosses, the smooth drooping leaves of the
Pothos, and the closely embracing stems of gigantic creepers,
that, high above the spectator’s head, throw their twining
branches from bough to bough and from tree to tree, binding
them together with great rope-like festoons. And the ground
is rendered impassable by the long thorny stems and feathery
leaves of the rattan palm, by screw-pines, and dense growths
of bamboo, intermingled with plants of the Ginger and Tur-
meric order, orchids, ferns, grasses, and the gaudy-flowered
Bignonias and Acanthaceous creepers.?

On the drier plains of the interior of India, a totally
different and less rich vegetation is met with. Forests are
rare except in the neighbourhood of hills, and for the most
part a low bushy scrub of jujube,? (a vegetable luxury of the
bears,) dwarf thorny acacias and the stemless date-palm,+
prevails ; and among trees the useful babil, the mahowa,
tamarind, and sdl, are conspicuous. Oleanders,s with sweet
scented flowers, grow on the margins of streams ; and in dry
places, the white-flowered mad4r,S and the succulent prickly
pear and (generally) leafless euphorbias,” are common. In
Upper India, the tamarisk ® abounds, and forms dwarf forests
yielding abundant fire-wood. The date-palm9 and the tl
are the only palms that flourish in these dry regions, and
these are cultivated abundantly for the sake of their rapidly
fermenting juice.

* Examples: the Banyan ; Bar, Bat, Beng.; Ala-maram, Tam.; and
I};ipal, Ardsam-maram, Tam.; also, the India-rubber tree, Aasnir,

eng.

? Many plants of these families are common in gardens as well as in
the jungles. For a description of them the reader may refer to Oliver’s
““First Book of Indian Botany.”

3 A%il, Beng. ; Elendie, Tam.

4 Phenix acaulis. Chiriita ita, Tam.

5 Kaner, Hind.; Lal Khdrabt, Beng.; Arali, Tam.

6 Akand, Beng.; Yercam, Tam.

7 Examples : NMarasiy, Hind.; Narshij, Beng.; Shadrai Kalli, Tam.;
also Ptun, Hind.; Skij, Beng.; Elakalli, Tam.

8 Fahai, Beng.

9 Khajir, Beng.; Jchampdnnai, Tam,
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Among cultivated plants the varieties of Sorghum
known in Southern India as C/olum and Cumboo,in Northern
India as Bajra and Jowari, and Millet (Rdgz), are important
food grains. Rice is cultivated, not only on the swamps of
the great river plains, and on flat terraces artificially irrigated
from tanks, but sometimes as a dry crop on the lower moun-
tain slopes. These and various pulses, Indian corn, in the
hills, and in Northern India and a part of the Central
Provinces, wheat and barley, are the staple food of the people.
The sugar-cane, tobacco, the areca nut* and betel pepper ;2
oil-seeds such as mustard, rape, sesamum (til or gingeley),
the ground-nut3 and the Palma Christi (castor-oil bean) ;4
fibrous plants, such as jute, flax,5 hemp,® and cotton ; dye-
plants such as safflower,” arnatto,® indigo, and Indian
madder ;9 and spices and condiments such as cardamoms,*©
chilies,”* ginger,” and turmeric,™3 are also among the more
important articles of field and garden produce in India. On
the hills of Southern India and Ceylon coffee is largely
cultivated, but does not grow on the plains ; and on the
lower slopes of the Himdlaya and the eastern hills of
Bengal the tea-plant has now become an important and
increasing article of produce. Its cultivation is, however,
limited by the condition, that it requires more or less rain
during the greater part of the year; and it will not thrive
therefore on the hills of the interior of the peninsula,
where it is exposed for some months to a dry, hot atmo-
sphere and a burning unclouded sun.

* Giia, Beng.; Pdk maram, Tam,

2 Pin, Beng.; Vettdli, Tam.

3 /lr/un«*/ﬁ/lu//z, Hind.; Nelai cadalai, Tam,

4 Arend, Hind.; b/urzm/n, Beng. ; Stttamanok, Tam.
5 Alsi, Hind.; "l{umm Beng.; Alliveraz, Tam,

6 (szjar, Beng. ; G/mja, Tam.

7 Aujira, Beng.; Arsam, Hind.; Sendirkam, Tam.
8 Gaopargr, Hmd Aummmanb/a/ Tam.

9 Saya or Embiird cheddi, Tam.

1 Elachi, Beng.; Aild-cheddi, Tam.

1 14l Marckh, Hind.; Mollaghai, Tam.

2 Adrack, Beng.; Ingi, Tam.

3 Haldi, Hind.; jl?afy'el, Tam,
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Ascending the Himdlaya, we gradually leave the tropical
vegetation of the lower slopes, and, in Sikkim and Bhotan,
at a height of 4,000 or 5,000 feet, we find ourselves in forests,
the prevailing character of which resembles that of the
forests of Southern Europe. Oaks, walnuts, chestnuts, and
magnolias, with the useful toon, are among the commoner
trees ; and beneath them flourishes a bushy undergrowth, in
which may be distinguished the wild raspberry and the
Dapline, the bark of which furnishes the maternal for the
tough paper largely manufactured in Nepdl. Ferns are still
abundant ; the tree trunks are often clothed with thick tufts
of white hair-like mosses ; and beautifully tinted club mosses
cover the exposed rock surfaces. Higher up, from 8,000 or
10,000 feet, this forest is replaced by rhododendrons ; and in
the interior of the hills, above the latter elevation, by pines,
the most characteristic and conspicuous of Alpine trees.
In the N.W. Himdlaya, where the climate is drier than in
Sikkim, the lower forests are less luxuriant and varied, and
trees of the Pine family, including the beautiful and valuable
Deodar, are more characteristic at lower levels. Wheat and
barley are cultivated in the valleys up to a height of 15,000
feet, and most of the European fruits, apricots, apples, pears,
peaches, grapes, cherries and walnuts, &c., flourish far better
than in Sikkim, where the climate is too moist and the sky
too cloudy to allow them to ripen. Above 15,000 feet
vegetation of any kind is very scanty, although, as stated by
Drs. Hooker and Thomson, plants may be gathered up to
19,000 feet, on the margins of rills formed by melting snow.
These are small plants, chiefly annuals; all tree vegetation
ceases at 12,000 feet, up to which certain fruit-trees are
cultivated in the valleys, and a species of pine, which
ranges from Sikkim to Kashmir, covers the mountains with
sombre forests.*

* Much of this description is quoted from Hooker and Thomson’s
Introductory Essay to the ¢ Flora Indica,” to which work, as well as to
the delightful ‘° Himalayan Journals” of the former author, and the
¢“Travels in Western Tibet” of the latter, the reader is referred for
more ample information on the vegetation of the Himdlaya.
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Having once passed the crest of the snowy range, the
traveller enters on the arid region of Tibet, where vegeta-
tion of every kind is extremely scanty, except in the deep
valleys of the Yaru (or Upper Brdhmapiitra) and the Indus.
On the southern margin of the great tzble-land north of
Sikkim, Dr. Hooker collected only about fifteen or twenty
kinds of plants intwo days’ journey, and similar accounts are
given by travellers in Western Tibet. The country, as far as
we know anything of it, is stony or sandy, with occasional salt
swamps ; and except to the east, where the mountains send
down great spurs towards the plains of China, and where
Huc and Gabet found them covered with forests, and in
some low valleys where fruit-trees and poplars are cultivated,
trees are not to be met with. The elevated plain of Gobi,
as far as is known, is an absolute desert, except along the
foot of the ranges that bound it; and such is also the case
with the Persian plains, the great salt desert between Irdk
and Khorassdn, and the sandy desert of Kirman. Turkestan
too is a sandy desert, except along the banks of the Oxus
and the Jaxartes; but the steppes of the Kirghiz to the
north are covered with verdure, receiving rainfall from the
evaporation of the Caspian.

The most fertile portions of Persia are the mountain
slopes bordering the Persian Gulf, and Mazanderan, on the
southern shore of the Caspian, with the table-land of
Azerbijan. Mr. W. T. Blanford says that from the accounts
given by ancient writers, it appears highly probable that
2,000 years ago the population of Persia was much greater
and the cultivation more extensive than at the present day,
and that this may have been due to the country being more
fertile in consequence of the greater rainfall. “ Some altera-
tion,” he says, ‘““may have been due to the extirpation of
trees and bushes, the consequent destruction of the soil,
and increased evaporation,” (a sequence of cause and effect
which has already been explained in Chapter VIIL.,) “but
this alone will scarcely account for the change which has
taken place;” and he thinks it probable that a gradual
change in the climate of Central Asia generally has pro-
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gressed from the time when the great plain north of Persia
was under water, when the Black, Caspian, and Aral Seas
were united, and when, as Loftus has shown, the plains of
Mesopotamia were a part of the Persian Gulf: this gradual
drying up of the country being connected with the elevation
of the steppe region of Central Asia and of the southern
coasts of Persia.

The vegetation of Persia, Syria, and Asia Minor is very
different from that of the Indian peninsula, and more
resembles that of Southern Europe ; and, in the drier parts,
that of Africa. It is in these countries that some of the
most delicious fruits of Europe, the peach and almond
(originally the same fruit), the cherry, walnut, melon, the
olive, mulberry, vine and apricot, have their natural home.
Forests of oaks cover the mountains of Laristan, but on
the drier borders of the deserts, acacias, and mimosa
(including the babuil), asclepiads (of which the common
Maddr is a familiar example), tamarisks and euphorbias are
among the more characteristic plants.

These examples will serve to illustrate how the plants of
different countries vary in general character. If several
countries connected together have the same kind of climate,
the vegetation is either more or less similar throughout, or
only varied according to the nature of the soil and exposure ;
mountain slope, meadow, swamp and sandy plain each bear-
ing its characteristic plants; or there is a graduated passage
from one extremity to the other ; but any great difference of
climate is accompanied by a corresponding change in the
character and abundance of the plants. Countries, on the
other hand, which are disconnected, and have been so for
long geological periods, thougl they may closely resemble
each other in pomt of climate, have very different kinds
of vegetation. There is little in common between Africa
and Australia, though some African plants range as far as
India, and the climates of some portions of these con-
tinents are very similar. In such cases when the plants of
the one country are carried to the other, and artificially
introduced, they frequently thrive as well as those native

B.G. L
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to the country of their adoption. The common prickly
pear (Cactus), which may be met with everywhere on dry
waste ground, and the little spiny-leaved poppy (Argemone
Mexicana), which is equally common in India, were originally
American plants.

Similar remarks apply to animals. Many of the larger
animals of India, such as the elephant, the rhinoceros, the
lion, leopard, antelope, gazelle and crocodile, are closely
related to African forms, though, except in the case of the
lion and leopard, not identical with them. Others again,
such as the common black bear, are peculiar to India and
are not found elsewhere; while the tiger ranges throughout
India and the whole of Southern Asia (excepting Arabia), as
far north as the Caucasus on the west, and the Amoor in
EKastern Asia. The Gibbons, or long-armed tailless apes of
Eastern Bengal, are not to be met with anywhere to the
westward, but are numerous throughout the Malay pcnin-
sula, Sumatra, and Java. The Lungoors or Hiniman mon-
keys, of which there are several kinds, range throughout
India and Ceylon, the Indo-Chinese region, and the Malay
peninsula, but do not occur beyond the Himdlaya, nor in
countries to the west. The loris of Ceylon, the so-called
flying lemur of the Malay peninsula, and the slow-paced
lemur (Sharmindi b:lli) of Bengal, are representatives of a
family of monkey-like animals which occur most abundantly
in Madagascar, and are not to be met with in other parts of
the Asiatic continent. On the whole, the fauna (or whole
animal world) of India is a mixture of forms; some related
to those of Western Asia and Africa, others to those of
Eastern or South-eastern Asia, and a few peculiar to the
country or with their nearest relations in the islands of the
South Indian Ocean and South Africa.

It remains to add a few words respecting Islands; and
here we must distinguish between those lying close to con-
tinents, with which, at some former time, they have generally
been connected, and those which occur isolated, far out in
the ocean. Of the first class, called Continental Islands,
we have an excellent example in Ceylon, which was origin-
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ally a part of India, and is now separated from it only by
a shallow channel. On the other side of the bay, the
Andaman and Nicobar Islands, with the Cocos Islands be-
tween the former and Cape Negrais, are evidently the
summits of the submerged portion of a chain of moun-
tains which runs down Arakan to Cape Negrais and there
plunges beneath the sea, rising again in Sumatra, and form-
ing the back-bone, so to speak, of that island. On the
other hand, such islands as St. Helcna and Ascension in the
South Atlantic, the Mauritius and Seychelles in the South
Indian Ocean, and the islands of Polynesia in the Pacific,
Lave cither never been connected with any continental land,
or ar¢ the last remnants of a once extensive land-region
now all but completely submerged. Coral islands are also
of this latter class. All such are distinguished as Oceanic
Islands.

Now in respect of vegetation and their native animal in-
habitants, (under which term we include not only quadrupeds,
but birds, reptiles, insects, snails, and all other members of
the animal kingdom,) these two classes of islands exhibit a
striking diversity. The animals and plants of continental
islands are either of the same kinds as those of the neigh-
bouring portion of the continent, or are closely related to
them. But generally the kinds are less numerous. Ceylon,
for instance, is in this way nearly related to the southern
extremity of India. But neither the tiger, the hyena, nor
the cheetah occur in the island. On the other hand, as is
frequently the case in such islands, it possesses some forms.
both of animals and plants, which are restricted to it, and
are not to be met with on the neighbouring peninsula.
Such are two forms of Huniman monkey, and certain
kinds of snails. In like manner the flora and fauna of the
Andaman and Nicobar Islands are nearly rclated to those
of the Malay peninsula, but they possess some forms not
occurring on the latter, while a much larger number common
on the mainland are not to be found on the islands.

With oceanic islands the case is different. The whole
number of forms on such islands is in general small, but

L 2
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these are as a rule peculiar, and frequently very unlike
those occurring anywhere else.  Thus, until visited and
colonized by Europeans, New Zealand possessed no species
of mammal (or animal that suckles its young), except one
kind of rat, but it possessed a peculiar group of wingless
birds, some of gigantic size, nothing like which is known to
occur elsewhere. Again the Galapagos islands are the only
place in the world in which marine reptiles now live; and out
of twenty-six kinds of birds which these islands possess, at
least twenty-one are peculiar to them. A gigantic kind of
tortoise (miscalled Zestudo lndica, or the tortoise of India)
and a large palm-tree, the seed of which resembles two
cocoa-nuts united, are found only on the Seychelles; and
a very peculiar kind of gigantic ground-pigeon, the Dodo,
formerly lived on the Mauritius; but being incapable of
flight, and therefore easily caught and killed, it has long
since become extinct.

Man, the highest member of the animal kingdom, with
some of the higher forms of which he has perhaps more in
common than most persons who are not naturalists are
disposed to allow, is found to obey laws of distribution
similar to theirs ; but owing to his vastly greater power of
moving from place to place, and of adapting himself to
varying circumstances, his distribution 1s world-wide. Ob-
stacles, such as mountain chains and oceans, insuperable to
them, are overcome by him under the promptings of his
superior intelligence. The discovery of fire, and of tbe
means of providing artificially the clothing with which he is
not endowed by nature, together with his power of assimi-
lating food of many and varied kinds, enable him to live and
reproduce his kind under extreme conditions of climate that
would be fatal to creatures less gifted than he. So long as
even savage man has to contend only with those obstacles
to his dispersion which are opposed by the natural barriers
of land and water, by the necessities of food and raiment,
and the enmity of wild animals, his invasion of the unoccu-
pied land of the globe may indeed be retarded but is not
stayed. The sterile burning sands of Arabia, the inhospit-
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able ice-bound shores of the Arctic Sea, and the isolated
islands of New Zealand and the Pacific. were occupied by
man long before the dawn of history, or the date when
the very existence of these lands was first known to the
races of Europe: and those parts of Europe itself which
were in the condition of arctic Greenland, at an epoch
long anterior to tradition, were no sooner denuded of their
ice-sheet by the return of a milder climate, than they were
occupied by a rude race of men, ignorant of iron, and at
times probably resorting to the habits of cannibals to sup-
port a precarious existence.

It is only when man comes to contend for his existence
with creatures of his own kind, that the struggle becomes
fierce and critical.  An invading race must be either very
decidedly superior in physical power and energy to that
which it invades, or at least physically equal and far more
advanced in intelligence and civilization, to make rapid
progress in dispossessing the latter. It is only within the
last four centuries, and more especially the last century, that
as in America, the West Indies, Australia and New Zealand,
the highly advanced races of Europc have begun to take
possession of ground in distant parts of the world, already
occupied by races in a low stage of development, the latter
disappearing before them. Until the means of locomotion
were developed by modern invention and enterprise, one
race might press upon another in its neighbourhood, over-
come it, and occupy its territory ; but the disparity of the
contending races was less, and the progress of the conqueror
was slower and sooner checked. Hence it arose that, until
modern times, the world was partitioned out between a few
well-marked varieties of mankind, each having pretty
definite and circumscribed limits, which changed but slowly.

Nearly the whole of Europe, with a part of Western and
Southern Asia, was occupied, as it still is, by different
nations of the Aryan race. With a trivial exception, the
remainder of the Kuropo-Asiatic continent was divided
between the Semitic race in the south-west corner of Asia,
Arabia and Syria (which also extended to Northern Africa),



150 RACES OF MAN. [cHAP. x.

and the Turanians, which include all the people of Northern,
Central, and Eastern Asia, Lapland, Finland, and Hungary,
and the conquerors of Turkey. But in Turkey, as in India,
the blood of the Aryan and Turanian races has been
largely intermingled ; in the former by intermarriage with
women from the neighbouring Caucasian tribes; in the latter
Dby the intermingling of the conquering and conquered races,
so that only in North-Western India is the Aryan stock to
be found in comparative purity. The exception noticed
above is that of the Malay race, which occupies the ex-
tremity of the peninsula of that name, and extends thence
through the Eastern Archipelago, and over a great part of
Polynesia, reaching as far as New Zealand. The greater
part of Africa was occupied by the Ethiopian race, charac-
terized by a dark skin and woolly hair, and but little
advanced in civilization, as indeed is its condition in its
native home, up to the present day. One tribe, that of the
Bosjesmans, must rank among the lowest of mankind, unless
indeed the Australians, whose affinities are scarcely yet
known, take a lower place. America, up to its discovery by
Columbus, was occupied by a distinct race, including savages
of the rudest type, and nations such as the Mexicans and
Peruvians, who had advanced to a high degree of civiliza-
tion, and had developed many curious and luxurious arts.
How and when these several races originated, we do not
know. Despite the difference of race characters, and that
developed by varying degrees of civilization, climate and
the like, they have so much in common, that it cannot be
doubted that they sprang originally from a common stock,
far back perhaps in Tertiary times. The skulls and bones
of the ancient inhabitants of Europe exhumed from river
gravels and burial-places of post-glacial date, are as distinctly
human as those of any existing race, and they throw but
little light on the question of man’s origin and diversity.
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WE have now completed our survey of those simple and
more striking phenomena which we had in view at the
outset. It has not been my object, nor would it have been
possible, in a little elementary treatise such as the present,
to do more than glance at the several objects of interest
that have successively presented themselves to our notice, and
to give a brief commentary on their nature and relative
importance in the economy of the world : but enough has,
I think, been said, to give my readers some idea of the rich-
ness of the field we have traversed ; not to speak of those
that lie beyond, and over the borders of which we have not
ventured. Physical Geography is not an independent science,
but draws its materials from many distinct sources. From
Chemistry it borrows the knowledge of the simple forms
of matter, the chemical elements, of which every material
object is made up, and of the laws according to which
these combine together and separate ; and from Minera-
logy it derives the knowledge of the appearance and
nature of the natural compounds that form stones and
rocks, and the conditions under which they are met with in
nature. From Physics it learns how matter is affected
by heat, light, and electricity ; from Mechanics, the
laws of motion and rest; and from Astronomy, how our
earth, in obedience to those laws, is affected by the other
orbs of space. From Geology it takes the ascertained
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facts of the past history of the earth, furnishing in return
the key by which it reads that history in the stony masses
now exposed on its surface. From Zoology, Botany and
Paleontology, the description, structure and habits of the
animals and plants that now live, or that have lived in
distant ages and have long since passed away ; and finally,
Ethnology furnishes that knowledge of the various races
of men and their mutual relationship, as indicated by
their physical peculiarities, their habits, superstitions and
languages, that enables the Physical Geographer to study
man in his relation to other animals, and the manner in
which he influences, and is influenced by, the geographical
circumstances of his position. While the cultivators of these
special branches of science concern themselves with some one
selected class of objects, or of effects, it is the business of the
Physical Geographer to regard nature as a whole ; to take,
as the objects of his study, the earth and its inhabitants
in all the varied and complex phases that present them-
selves to his observation, and to seek their explanation in
the facts furnished to him from the storehouses of the
special sciences.  But this he cannot do, unless he has
himself gained a considerable acquaintance with the matter
and methods of those sciences, or at least with such of them
as have an important bearing on that part of Physical Geo-
graphy to which his attention is given. For the Ziorough
comprehension of the subjects discussed in the foregoing
pages, some knowledge of Chemistry, Mechanics and
Physics is indispensable ; and to these subjects, before all
others, the student’s attention should be turned.

On the other hand, Physical Geography itself furnishes
the key to which the Geologist, the Naturalist, and the
Historian must have recourse, for the explanation of much
that concerns the objects of #ezr special study. The first
interprets the relics of the past, by observing the changes
that are now in progress around him, and noting their
permanent effects. The second has recourse to the facts
furnished by Physical Geography, to explain the distribution
of animals and plants, and to determine what circumstances
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are favourable and what are adverse to their extension ; and
the Historian discovers, in the fertile arable plains of great
rivers, the conditions essential to the development of early
civilizations, and at a later time the lure that has attracted
the inroads of poor and hardy races, when ease and plenty
have enfeebled the earlier settlers and rendered them an
easy prey. In fact, many of the more important facts of
the history of nations, most of the more salient peculiarities
of national character, are traccable, in a large measure, either
directly or indirectly, to the physical circumstances of their
position.

And the science has a present and future, not less than a
retrospective interest. In all conditions of life we seek to
turn to our convenience and advantage the spontaneous
gifts and conditions of nature ; and our power to do this, to
utilize her resources, to abstain from wasting them, and to
fortifly ourselves against those adverse occurrences that we
cannot prevent or control, will be in exact proportion to our
knowledge of natural laws. The History of Engineering
abounds in instances of the successful controlling of powerful
natural agents, to accomplish important ends.  In Tuscany,
the deadly marshes of the Maremme and the Val de Chiana
have been converted into salubrious and fertile plains, by
turning on them and confining the silt-laden waters of local
streams, in such manner that the surface has been continu-
ously raised by their sediment. The Mahdnadi river, which,
for some years prior to 1857, was gradually deserting that
branch which flows north of Cuttack, and by unduly filling
the southern channel, threatened the safety of the town, was
forced back into the former, by a small spur of stones and
tree trunks so laid as to determine the formation of a sand
bank by the river itself, which maintained the current in the
required direction. Any enginecr of experience would be
able to cite numcrous similar examples.

On the other hand, the disastrous consequences of igr.c-
rance have already been illustrated in the case of reckless
forest clearings, by which, in some cases, large tracts have
been rendered uninhabitable, and many a useful perennial



154 - CONCLUSION.

stream has been brought into the alternating conditions of a
dried-up channel and a devastating torrent.

And lastly, when control is impossible, a knowledge of
nature will frequently enable us to avoid impending misfor-
tune ; of this an excellent illustration is furnished by the
discovery of the Cyclonic motion of the winds in great
hurricanes, by Reid and Redfield, together with that know-
ledge of their prevailing tracks which was afterwards
extended to Eastern Seas by the labours of Piddington,
Thom, and latterly Meldrum. Furnished with this know-
ledge, and warned by his barometer, the seaman may
frequently escape the threatening gale, and even take
advantage of the strong winds that blow in the wake of the
Cyclone, to help him forward on his course.



GLOSSARY
OF TECHNICAL TERMS USED IN THIS WORK.

AnprevIATIONS :—Gr. Greek ; Fr. French ; [tal. Italian ; Swed. Swedish ; Lat. Latin ;
Ar. Arabic; Germ. German ; Sans. Sanscrit ; Hind. Hind1; Span. Spanish.
L]

AERIAL—[Gr. a7, air.] Relating to the air.

AERONAUT—[Gr. aér, air; nautes, a sailor.] One who travels through
the air, as in a balloon.

AFFLUENT—[Lat. ad, to; fluo, 1T flow.] A stream or river which
unites with another, (the latter being regarded as the principal
stream,) is termed its affluent or tributary.

AvvuviuM—[Lat. a/luvins, added by the wash of water.] A term
applied to land formed by rivers during the overflow of their banks.
See page 106.

AMPHIBIAN—[Gr. amphi, both ; bios, life.] Living both on land and
in water. The Zoological name of a large class of animals, of
which the common frog and toad are familiar examples. In the
earlicr period of their life they live in the water, and have breathing
organs like those of fishes, but at a later period they acquire lungs
and breathe air.

ANTARCTIC—[Gr. antf, opposite to ; arktos, the bear, 7.e. the northern
constellation so called.] The designation of the earth’s southern
pole, and the region around it.

ANTIPODES—[Gr. anti, opposite to; podes, the feet.] That part of
the earth’s opposite surface which would be intersected by a line
drawn from a given place through the earth’s centre and prolonged
to the further side, is called the antipodes of that place.

ANTI-TRADE—See TRADE WINDS,

AQuEoUs—[Lat. agua, water.] A term applied by Geologists to all
rocks that have been formed in water. See page 66.

ARABLE LaND—{Lat. aro, I plough ; whence arabi/is, that which may
be ploughed.] Land fitted for ploughing, Z.c. for field cultivation.

ARCTIC—{Gr. arktos, a bear.] A term applied to the earth’s north
pole and the region around it. The pole-star, towards which the
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north pole of the earth’s axis points, is in the constellation called
the ‘“Little Bear;” and the ‘“Great Bear” is one of the most
conspicuous constellations in the neighbourhood of the pole-star.

ATMOSPHERE—[Gr. atmos, vapour ; sphaira, a sphere or ball.] That
mixture of gases and vapours which surrounds the earth, as well as
many other bodies of the solar system, the stars, &c.  See page 21.

ArToL— [Malay. afel.] A name given by their inhabitants to certain
low ring-shaped islands enclosing a lagoon, and formed entirely of
the remains of the coral animal. The Maldives and Laccadives
consist exclusively of azols.

Axis—{Lat. axis, an axle.] In Geography, that line through the
centre of the earth, passing from the north to the south pole,
around which the earth revolves.

BAR of a river ; the shoal which runs across certain rivers where they
enter the sea, obstructing their entrance. See page 116.

BAROMETER—[Gr. baros, weight ; metron, measure.] An instrument
for measuring the pressure of the atmosphere. It consists of a glass
tube, somewhat more than 30 inches long, and closed at one end.
Having been filled with pure mercury in such a manner as to expel
all the air, the tube is inverted, and its openend immersed in a
small vessel termed the cistern, containing the same metal.  When
the tube is vertical, the height of the column of mercury which
remains supported in it, measured from the surfacé of that in the
cistern, has the same wecight as that of a vertical column of air of
the same diameter, reaching to the limits of the atmosphere. At
the surface of the sea the height of the barometric column varies
between 28 and 31 inches in temperate regions. At Caleutta the
variation is smaller, and the average height of the mercurial column
at the temperature of melting ice, and 18 feet above the sea, is
29°793 inches, equal to a pressure of 14745 pounds avoirdupois on
each square mch of surface. This, then, is the average pressure of
the atmosphere at Calcutta. At Darjiling, 6,972 feet above the
sea, the average height of the column at the same temperature is
only 23361 inches. The difference of these (29°793—23 301=)
6°432 inches is the height of a column of mercury whose weight
is equal to that of a vertical column of the atmosphere of the
same diameter between 18 feet and 6,912 fect above sea-level. A
simple calculation will show that this is equal to 3183 pounds on
each square inch of surface. .

BARRIER-RERF—A reef (sce REEF), formed by the growth of coral,
which partly or completely encircles certain islands, from which
however the reef is separated by a navigable channel, sometimes
many miles broad.

BASIN of ariver. See DRAINAGE BASIN. ]

Bay-—A portion of the sea that occupies a recess or retreating curve
of a coast line between Lwo capes or headlands,  Iix.: The Bay of
Bengal.
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Bracu—The layer of rounded water-worn pebbles, which, on certain
rocky coasts, accumulates along the sea-shore.  See page 41.

Bep—In Geology, the term applied to a single definite layer of a
sedimentary rock. It may vary in thickness from a few inches to
a hundred feet or more. A Aedded rock is one which consists of
definite layers or beds.

BED of a river—The hottom of the river channel.

'™ Bork—In Physical Geography, a term applied to the high wave formed
by the advancing flood tide in certain estuaries, where the tidal
wave is retarded by the shallowness of the channel, and raised by
the convergence of the shores. See page 47.

BoraNy—][Gr. botane, grass.] The name of that branch of science
which treats of the structure, habits, and classification of plants,

Bournrr—In Geology, an isolated block of hard rock, which either
rests on the surface or is embedded in clay, gravel, &c., and has
been transported from a distance to its actual position, generally
by the agency of ice.

BRACKISH—A term applied to water, distinctly salt to the taste, but

, less so than sea-water.

ya 1 / BREAKER—Sea waves, which being impeded by the shallowness of the
) water, or arrested by an opposing reef or rock, break up in masses
of foam.

CarBoN—[La¥. carbo, charcoal.] The name of one of the chemical
elements or simple substances. The diamond is one form of
carbon, plumbago or blacklead another, and pure charcoal a third,
since these substances are chemically the same.

CARBONIC ACID—The name commonly given to a kind of gas which
may be prepared by burning charcoal in air. It is also given out
from the lungs in breathing, and always exists in the air in the
proportion of about four parts in ten thousand of air. In recent
chemical works the name Carbon Dioxide is generally given to this
gas, the term Carbonic Acid being reserved for a solution of it in
water.  Air that contains a large quantity of the gas is poisonous
if breathed.

Cascabi—| Il cascare, 1o fall.] A synonym for a waterfall.

CATARACT—[Gr. Aatarraktes, a waterfall.]  Usually applied to water-
falls of large volume.

CATCIIMENT BASIN.  See DRAINAGE BASIN ; also page 106.

CHEMISTRY—][deriv. uncertain, probably Gr. CAymos, juice.] A branch
of modern science which treats of the ultimate composition of
matter. and the laws according to which simple substances combine
to form definite compounds and the reverse. At the present time
63 substances are known, which cannot be resolved into anything
simpler, and are therefore called c/ements.  Forty-five of these are
metals, and the remainder, including such bodies as sulphur, carbon,
oxygen and nitrogen, are non-metals or metaloids.

CHAR—Pronounced and improperly written ckur. [Hind. ckar,
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shoal or sand-bank in a river.] The term commonly applied in
India to the banks of sand and silt, left dry on the subsidence
of rivers after the flood season, and frequently Dbrought under
cultivation during the dry weather.

CLIMATE—[Gr. AZima, the inclination of the carth’s surface to the
sun.] The condition of a country in respect of its temperature,
the moisture or dryness of the air, its rainfall, direction and force
of the winds, the frequency and violence of storms and the like.

CoNDENSATION—[Lat. condenso, 1 make dense.] In Physics, the con-
version of a vapour or gas into a fluid or solid, effected by cold or
pressure, or both together.

CoNTINENT—[Lat. continens, holding together.] The principal masses
of land on the earth’s surface.

CONTORTION—{L.at. ccutortio, an intertwining.] In Geology a term
uscd in describing bedded rocks which have been bent up in folds
as represented in Figs. 9 and 12, pages 82 and 8s.

CorAL-——The stony skeletons of a class of animals termed Zoop/iytes.
Zoophytes live in the sca attached to rocks, and in many cases
grow by a process of budding and fisswe, whereby a branching
organism is produced. In tropical scas, numcrous islands and
reefs arc formed exclusively of the stony didris of the coral.  See
ATOL and BARRIER-REELF,

CrAaTER—[Lat. ¢razer, a bowl] The funnel-shaped cavity at the
summit of a volcanic cone, from the bottom of which a pipe-like
orifice communicates with the interior of the earth, and is the chan-
nel through which gases, ash and other steny matter are ejected.

CrusT oF TE EArTH—The external shddl of the earth, which is
certainly solid, whatever may be the condition of the interior. At
present the use of the term does not necessarily imply the fluidity
of the interior, although such was the original assumption.

CrYSTALS— [Gr. A7ystallos, ice.] These definite geometric forms,
which the majority of the clements and definite chemical com-
pounds assume or tend to assume, when they pass fiom the fluild
to the solid statc; and by which each clen:ent or compound is
characterized. Thus, common calt znd many of the metals assume
under such circumstances the form cither of the cube or the octo-
hedron.  Rock arystal always occurs in the fuim of a hexagonal
prism, &c. A confused mass of crystals, none of which have had
room to develope into regular forms, is said to be CRYSTALLINE,
Such is frequently the case with the mincrals forming the crystal-
line rocks.  The classification, geometric prepertics, structure, and
physical peculiarities of crystals constitute a distinct branch of
Natural History, termed Crystallography.

CYCLONE—([Gr. Kyhlns, a circle.] Violent storms, in which the winds
blow in a spiral direction, around a central calm region. ‘In the
China Seas, where they are very prevalent in the months of August
and September more especially, they are called Zjplcons.



GLOSSARY. 159

L d

Di.BRIS—[Fr. dfris, remains, ruins.] This is scarcely a technical term.
The fragments separated Ly frost and the action of the atmosphere
from a parent rock are conveniently spoken of as its débris. When
such fragments accumulate, forming a pile at the foot of a hill or
escarpment, they form a TALUs.

DEGREE—In Geometry, the circumference of the circle is divided into
360 parts, each of which is termed an.arc of one degree. The
term degree expresses the measurement of the angle included by
the two radii that subtend one of these parts. In Geography, the
latitude of a place is the angle included by two lines drawn from
the earth’s centre, one of which intersects the place, and the other
the point of the equator ncarest to it.  The longitude is the angle
included by two lines drawn from the nearest point of the earth’s
axis, one of which intersects the place, the other the point of the
earth’s surface in the same latitude, on a meridian [see MERIDIAN]
passing through some standard observatory. In English maps,
longitude is counted [rom the meridian of the observatory of
Greenwich ;) in I'rench maps from that of Paris; in German maps
frequently from Ferro. Latitude and longitude, being both the
measurement of an angle, are expressed in degrees.

DELTA—See page 112.

DeNsITY—[Lat. densus close, crowded.] In Physics, the density of a
body is measured by the weight of a standard unit volume, e.g. a
cubic inch, or a cubic centimeter of the substance; and is expressed
by comparing this weight with that of an equal volume of some
standard substance ; which, for solids and fluids, is usually pure
water, taken at the standard temperature of 4° on the Centigrade
thermometer. ‘The number that expresses this relation when the
substance has the temperature of melting ice is called the specific
density or specific gravity of the body. ‘Thus a cubic inch of lead,
at the freezing point, weighs 11°3 times as much as a cubic inch of
pure water at the temperature of 4° of the Centigrade thermometer.
This number therefore cxpresses the specific gravity of the metal.
The density of gases is compared in like manner with that either of
hydrogen or air at the freczing point, and under a standard pressure,
generally that of a column of mercury, also at the freezing point, and
29'921 inches high. Most bodies expand when heated, and occupy
more space, while their weight remains unaltered. Their density
therefore decreases as their temperature rises. But water below
the temperature of 4° Centigrade is an exception to the rule. It is
most dense at this temperature.  Hence this has been taken as the
standard of comparison. )

DENuDATION—[Lat. denudo, 1 lay bare.] In Geology, a term
applied to the process of removal of the superficial parts of the
land, by the agency of the atmosphere and water. For a descrip-
tion of these processes, see page 40 and Chapters V1I., VIIL. and
IX. -
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DESERT —[Lat. desertus, past participle of desero, T abandon.] A tract
of country uninhabitable by man ; generally owing to the absence
of water.

DrrrITUS—[Lat. deritus, past participle of detero, I wear away.] In
Geology, the material worn away from the surface of the land by
rivers, &c.

Dew—The water that condenscs from the atmosphere on a surface
colder than the air. Sec page 26.

DISINTEGRATION—[ Dis, prefix implying separation, and infegrate from
Lat. 7ntegro, I make whole.] In Geology, the process by.which
solid rocks become decomposed into clay, sand, &c. [see page 121]
or are broken up, as by frost [sce page 96].

DRAINAGE BASIN, orR DRAINAGE AREA—The whole of the land
surface which is drained by one river and its tributarices is called its
drainage basin.

DUNES—[Fr. dune, a down.] Tn English Geography, applied to those
tracts of bare sand, blown up by the wind mnto ridges or sand-hills,
which form on certain sea coasts and on the margin of rivers with
broad sandy beds.

DyrE—An artificial embankment for the purpose of restraining a body
of water.

EARTHQUAKE—A shaking or vibration of the earth, produced by an
explosion or disturbance of that character, deep below the surface.
From the [proper] use of the term waze in describing this motion,
it is frequently inferred, that in an earthquake, a visible wave rolls
along the surface of the earth. This is not the case. The earth-
quake wave is of the same kind as that which conveys sound
through the air, and consists of an increase and decrcase of density
rapidly alternating in parallel sections of the rocks. This neces-
sarily produces a swaying, oscillating movement in houscs, trees,
and other objects on the surface.

EvrecTrICITY—[Gr. clectron, amber.] The name of a form of cnergy
[see that word] manifested when dry glass, sulphur, and resinous
substances, especially amber, are rubbed ; in consequence of which
they acquire the power of attracting light bodies, and afterwards
repelling them. Lightning is a familiar electric phenomenon.
Electricity can be communicated through metallic wires, properly
protected, with extreme rapidity to distant places; [in Professor
Wheatstone’s experiments 288,000 miles in a second of time ;] and
this property is utilized in the electric telegraph. The laws and
phenomena of electrical action constitute an important section of
PHysics.

ENERGY—[Gr. cnergeia, efficacy.] A term used in modern Physics
to express the capacity for doing work against resistance. Heavy
bodies in motion ; or at rest, ina position such that they can be
set in motion without expending work upon them ; heat, light,
electricity, &c., are all forms of energy ; and one can be converted
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into the other; in which case a constant definitc quantity of one
is obtained by the expenditure of a given fixed quantity of the
other. Thusa weight of one pound falling through 772 feet, when
the motion is arrested, will generate the heat required to warm the
same weight of water one degree of Fahrenheit’s thermometer ; and
1 1b. of pure charccal, completely burned in air, generates heat
enough to warm 14,544 Ibs. of water one degree. Conversely, the
former quantity of heat, expended by a perfect steam-engine, would
raise 772 Ibs. one foot high ; and to separate the pound of charcoal
again from the gas which it produces in burning, would require
the consumption of 14,544 times that amount of heat or its equiva-
lent in electric or some other form of Energy. The total
quantity of kKnergy in the universe is therefore constant, while
its forms are cver varying.

EqQuaTor, or EQuiNocrial LINE—[Lat. w@ywxafor, that which divides
equally] A circle drawn round the carth, midway between the
two poles, and dividing the surfuce into two equal hemispheres, the
northern and the southern. At places on the equator, the days
and nights are of exactly the same length (12 hours each) all the
year round. llence the equator is also termed the equinoctial
[from Lat. sox, noctis, night] line.

LErurrion—[Lat. eruptio, an outbreak.] In Physical Geography
the active condition of a volcano. See page 74.

EscarPMENT—[Fr. escarpe, steep.] The precipitous or steeply-in-
clined face of a cliff, or the abrupt slope surrounding a tableland.

Estuary—{Lat. w@stus, the tides.] An arm of the sea, or the lower
part of a river communicating with the sea, up which the tidal
waves pass.

ETHNOLOGY—[Gr. ethnzos, a nation or tribe ; Jogos, a discourse ] That
branch of science that deals with the races of man, their physical
and mental characteristics, their variations of bodily structure,
habits, beliefs, languages, and mutual 1e1at10nshlp and descent.

I:,VAPORATIOV——[Lat. evaporo, 1 disperse in vapour.] The process by
which a fluid is converted into a vapour, as water into steam. In
Physics the term is somectimes restricted to that quiet passage of
water or other fluid into vapour, which takes place at temperatures
below that at which the fluid boils.

Exoric—[Gr. exdtikos, foreign.] A term applied to the natural produc-
tions of a foreign land. Especially applied to plants and animals
that have been introduced from foreign countries.

FATHOM —A measure of six English feet, or two yards, used in measur-
ing depths of water.

Fauna—The whole group of the animals native to a country, or that
lived at a particular geological epoch in a given country.

Frora—[Lat. fles, a flower.] The whole group of the plants native to
a country, or found fossil in a particular geological formation.

FruviaTiLE—[Lat. fwviatilis, perlaining to rivers.] In Geology,

B.G. M
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applied to a deposit formed by a river, such as the delta. In
Zoology and Botany, to animals and plants that live in rivers.

FovriarioN—[Lat. jolium, a leaf.] In Geology, applied to that
arrangement of the minerals in thin parallel layers, which charac-
terizes Gneiss and other metamorphosed rocks. Sometimes this
arrangement coincides with the original stratification of the rock ;
in other cases foliation is set up in a different set of planes
that have been developed by pressure, during metamorphism.

ForMATION—In Geology ‘‘any assemblage of rocks which have some
character in common, whether of origin, age or composition.”
[Lyell’'s Elements]. With respect to age, the order of the great
formations, ecach of which is distinguishable from that which pre-
cedes and follows it, by certain marked peculiarities of the fossil
fauna, has becn given at page 64. As the Geology of the less
familiar and accessible parts of the world becomes better known,
formations are discovered which tend to link together these several
formations in a continuous scries : but, nevertheless, it is probable,
that these familiar divisions will be retained as convenient standards
of reference, perhaps with interpolations.

‘ossiL— [Lat. fossus, past participle of fodio, T dig.] A term formerly
applied to all mineral products and curiosities. In modern science
the term is restricted to any animal or vegetable body, or the traces
of the existence of any such body, which have becn buried in the
earth by natural causes. Thus shells, bones, or even mere impres-
sions, such as footprints, that are met with cmbedded in the rocks,
are properly termed ¢ fossils.’

FreEsnET—The sudden rise of a small stream or river, produced by
a heavy fall of rain, or the rapid melting of snow.

Gas—Any substance which, at ordinary temperatures, is in an aéri-
form or air-like condition. All the known gases, except six, have
been condensed [see CONDENSATION] by great cold and pressure,
acting alone or together.

GENUs—[Lat. genus, a race or stock.] In Zoology the term applied
to a collection of species, [see that term,] which resemble each
other in a large number of important points ; the second degree in
the classification of kinds. Thus the horse, the domestic ass, the
hemionus, zebra, and quagga, all being horse-like animals, belong
to the same genus. So also the dog, jackal, fox, and wolf are
species of the genus canis, or dog. The limits of a genus are to
some extent a matter of opinion and convenience ; some naturalists
making these groups more comprehensive than others.

GEOLOGY—[Gr. ge, the earth; logos, a discourse.] That branch ot
science which treats of the past history of the earth, the evidence
afforded by the position, contents, and structure of the rocks, being
interpreted by the changes observed in existing nature.

GHAT—{Hind. g#4/, a landing-place, ford or pass.] Originally apphed
by Indian Geographers, to the passes in the mountain ranges that
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run parallel with the two coasts of the peninsula, and which have
to be traversed in order to reach the interior from the coast, the
term has been transferred to the ranges themselves.

GLACIER—(FT. glace, ice, whence glacier, a river of ice.] See page 94.

GNEIss—[Germ. gneiss.] A term originally used by German miners,
and adopted by Werner, as the Geological name of a kind of
foliated [see FOLIATION] metamorphic rock, which, in its charac-
teristic form, consists essentially of three minerals, quartz, felspar
and mica.

GORGE—A narrow pass or river channel with precipitous rocky walls.

GRANITE—[Lat. Granum, a grain.] A rock, the most characteristic
variety of which consists of the same three minerals as Gneiss :
but varying much in composition. For further details, see page 60.

GRAVEL—A mixture of sand and small pebbles in a loose incoherent
condition.

GRAVITATION OR GRAVITY—[Lat. gravis, heavy.] The pulling force
which every particle of matter, whether solid, liquid or gaseous,
exerts on every other particle, at all distances. See page 14.

HarL—Fragments of ice, formed in the clouds, and falling like rain.
These fragments, termed /azl-stones, are sometimes as large as a
pigeon’s egg, and are very destrnctive to trees, crops, &c. Very
much larger masses have been known to fall in hail-storms ; but in
such cases they consist of a number of hail-stones frozen together.

HoaRrRFROsT—Dew which is deposited in a frozen state.

HoRr120N—[Gr. Aorizo, I limit.] See pages 10 and 11.

HURRICANE—[Span. /uracan, from an American-Indian word pro-
bably in imitation of the rushing of the wind.] A storm of ex-
treme violence. Cyclones are frequently spoken of as hurricanes.

ICEBERG— [Germ. éerg, a rock.] See page 99.

IeNEOUS—[Lat. 7gnis, fire.] In Geology, applied to rocks solidified
from a fluid condition, into which they have been brought by the
agency of the internal heat of the earth.

INTERTROPICAL—The region north and south of the equator, bounded
by the tropics of Capricorn and Cancer.—See TROPIC.

JuiL—{[Hind. 74/, a shallow lake or morass.]

KHALL—[Hind. 44/, a creek.]

LAGOON—A shallow lake, generally brackish or saline. See page 128.

LANDsSLIP—A portion of a hill-side or cliff, that, being loosened by rain
or springs, is detached and slides down. .

LaTiTubE—[Lat. Jatus, broad ; latitudo, breadth.] In Geography, the
angular distance of a place to north or south of the equator. See
DEGREE.

Lava—([Ital. /aza.] The molten rock that flows from a Volcano in
eruption. See page 75.

LiME—The white substance used in the preparation of mortar, cement,
&c., and ealen with pan. It is a compound of a metal called

calcium with oxygen.
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LiMESTONE—A kind of rock consisting essentially of the metal calcium
combined with oxygen and carbor. When burnt, it yields lime.

TLoaMm—-Earth consisting of a mixture of clay, sand, and decayed vege-
table matter.

MAGNESIA—A white powder consisting of a compound of the metal
magnesium with oxygen. Tt is one of the constituents of Epsom
salts, and also of the salts dissolved in sea-water.

MAGNETISM—The property, possessed by a kind of mineral called the
lodestone, of attracting iron. The same property may be imparted
to steel bars, and temporarily to softiron. A steel bar thus treated
is said to be magnetized, and if suspended in a horizontal position
by a thread, so that it is free to place itself in any direction, it
comes to rest pointing north and south, or nearly so.

MARINE—]| Lat. marinus, from mare, the sea.] Pertaining to the sea.

MERIDIAN— | Lat. meridics, noon.] In Astronomy, an imaginary plane
passing through a given place and coincident with the earth’s axis.
At noon the sun is on the meridian.

METAMORPHISM-—[Gr. meta, prefix implying change ; morphe, form.]
In Geology, the changes which sedimentary rocks undergo, under
the influence of pressure, heat, and heated water, whereby they
are altered in appearance and structure, frequently becoming
crystalline.  The term ‘metamorphic rocks’ is restricted to those
which have undergone this extreme degree of alteration.

Mica—{Lat. mico, 1 gliter.] The name of a kind of mineral, which
splits readily into thin transparent sheets, which, when of sufficient
size, are frequently used as a substitute for glass ; also in the state
of power, as a decorative material, to produce a sparkling effect,
whence the name.

MINERALOGY—The branch of Natural History that deals with the
composition, physical characters, and classification of definite kinds
of stones, and of all natural compounds formed by chemical action
without the agency of life.

MIRAGE—[Fr. mzirage, looming.] A kind of ocular deception. The
appearance of sheets of water on dry heated plains, due to the
total reflection of light from the surface of a heated stratum of
air.

Movrvrusca—[Lat. molluscus, a soft nut with a thin shell.] The Zoolo-
gical name of a class of the Animal Kingdom comprising snails,
slugs, oysters, cuttle-fishes, &c., all of which have soft bodies partly
enclosed in a membrane termed the mantle, which in many cases
secretes a stony or horny shell.

MONSOON—[Ar. mausim, a season.] Winds which blow alternately in
oppositc directions, at opposite seasons of the year. Scc page 30.

MORAINE—[Fr. moraine.] "The pile of rock blocks carried down by
a glacier and deposited at its lower end. Those at the sidés are
termed lateral moraines ; that at the end, the terminal moraine,
See page 97. -
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NALA—[Hind. nala, a rivulet or brook.] Frequently written nulak.

NEAP-TIDES—See page 45.

NEVE—[Fr. néé] The beds of snow in which glaciers originate.
See page 94.

N1TROGEN—[Gr. nifron, nitre, saltpetre ; gen, root of gennao, 1 gene-
rate.] The name of a gas; a chemical element which constitutes
four-fifths of the atmosphere, and in composition with other ele-
ments forms nitric acid, nitre, &c.

ORBIT- fLat. ordita, a wheel track.] In Astronomy, the path described
by a planet around the sun, or by the moons around their respective
planets.

Ovurcror—In Geology, that part of a bed of rock, a mineral vein or
other formation, that appears at the surface of the ground.

OXYGEN—[Gr. oxys, sharp, acid ; and gen, the root of gennao, I gene-
rate.] ‘The name of a gas discovered by Priestley. One of the
cheniical elements, which constitutes one-fifth of the atmosphere,
and enters into the composition of most acids. Hence the name
given to it by Lavoisier,

PALAONTOLOGY—|Gr. palaios, ancient; on, existence; Jogos, dis-
coursc.] A branch of Natural Science that treats of animals and
plants, whose remains are preserved as fossils. [See that term.]

Pass—A gap or dip in a mountain ridge or range, by which travellers
can pass at the Jowest level from one side to the other.

PEAT —Decayed vegetable matter, which accumulates in certain
swampy places, sometimes to a thickness of many feet. It is
chiefly formed by a species of moss. The same term is given to
beds of dccayed vegetable matter met with in recent formations,
as mentioned at page §3.

PENINSULA—[Lat. pene, almost; imsula, an island.] The term is
applied to any tract of land surrounded on three sides or more by
water, but connected with a continent or other large land area.

PerRMEABLE—[Lat. permeo, 1 pass through.] A term applied by Geo-
logists to all rocks through which water can pass.

PHASE—[Gr. phasis, something seen.] In Astronomy, applied to the
appearances successively presented by the moon, during a lunation.

PHENOMENON, plural PHENOMENA—[Gr. phainomai, 1 appear.] In
Science, any natural appearance. Anything presented to the
scnses by observation or experiment. Thus the rising and setting
of the sun are phenomena. The bedded structure of sedimentary
rocks is a phenomenon, &c.

Prysics-—[Gr. physis, nature.] The name of a branch of Science
which treats of those properties and affections of bodies which do
not depend on life.  Chemical properties and phenomena are
also now generally excluded from the domain of Physics in its
restricted sense. The properties of matter, such as weight, density,
hardness, elasticity, &c., and the laws of heat, light, sound, elec-
tricity, &c., are comprehended under the general term Physics.
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“PLANET—[Gr. planetes, wandering.] The earth and other celestial
bodies, exclusive of the satellites and comets, that circulate round
the sun.

PLATEAU—[Fr. platean, a tray, platform, table-land.] The flat or
undulating surface of a tract of country, elevated a considerable
height above the sea. Ex.: Malwa, Maisug, Tibet, the Khasi

Hills.
PoLE—In Geography, the two extremities of t® eartR’s axis, [See
that word.

RAcCE—Tide-race. See page 47.

RAD1ATION—[Lat. 7adio, 1 shine or emit beams.] In Physics, the
form in which heat and light are emitted from a hot or luminous
body to other bodies at a distance ; in which, for example, the
sun’s heat and light pass through the interplanetary space, with a
velocity of 186,000 miles in each second of time.

RaPID—The swift current of a stream or river where it flows down a
steep slope.

RAVINE—A narrow valley or channel cut by a stream with steep, but
not absolutely precipitous sides.

REEF—A rocky surface, but little submerged beneath the sea, so that
the water above it is too shallow to be navigable.

RoCHE MoOUTONNEE—[Fr.] A term applied to rocky surfaces that
have been rounded off and polished by the passage of a glacier.

Rock —In Geology, applied to any kind of formation, whether hard
and coherent or otherwise. Granite, sandstone, gravel, sand, and
clay are equally classed as rocks.

SANDSTONE—A coherent rock, formed of grains of sand cemented
together by some chemical deposit, usually silica or a compound
of lime and carbonic acid.

SATURATION—[Lat. saturatio, a filling, satisfying.] In Chemistry,
applied to that condition of a solution of some soluble substance,
in which the maximum quantity is dissolved that the liquid is cap-
able of holding permanently at its actual temperature. The same
term was originally applied to the intermixture of water vapour
with air by Leroi, on the erroneous view that the vapour is held by
the air in solution ; in this application, the atmosphere is said to
be saturated when it contains as much vapour as can exist in it at
its actual temperature. The two cases are now known to depend
on totally different conditions, but the term’saturation is still in use
to express the above fact, notwithstanding the acknowledged error
of the theoretical views that suggested its use.

SEDIMENT—[Lat. sedeo, I settle.] Any solid matter that settles down
from a fluid. Hence

SEDIMENTARY RoCKs—are those formed of clay, mud, sand, &c., that
has settled down from water as explained in Chapter 1V.

SER1ES—In Geology, a succession of stratified deposits formed without
interruption ; or, in certain cases, with interruptions of minor
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importance to those which mark the beginning and end of the
series.

SHALE—Stratified deposits, originally of clay or fine sand, hardened
and compacted by pressure, and readily splitting up along the
planes of deposition. T

SHOAL—A shallow place in the ggapr in any large body of water.

S1LT—-The very fine sediment, slowly deposited from most river waters
when still and undisturbed.

S1MOOM—I[Ar. Samiin.] A name given to an intensely heated, stormy
wind, that blows occasionally mn the Arabian deserts. Itis also
sometimes felt in Sind.

SNOW-LINE—See page 98.

SoLAR SysTEM—The sun, together with all the planets, comets, and
other bodies that circulate around it, as the central body of the
system.

SpeciEs—There are few terms used in science the meaning of which
is less easy to define rigorously, or when defined to adhere to in
practice, than that of this term. The definition of a species
generally given, is that it includes all animals related to each other
by common descent ; or (since this can rarely be ascertained in
fact) all those that resemble each other as closely as those known
to have a common descent. Thus all the tigers of Asia are re-
garded as one species, but the tiger and the leopard are different
species. The horse and the domestic ass are different species, but
all existing horses are of the same species. But there are great
difficulties, practically, in fixing the limits of a species ; and many
naturalists at the present day are of opinion, that animals of very
different species, perhaps all animals whatever, have a common
descent. On this view a species consists of those individual animals
or plants which resemble each other so closely that it is convenient
to call them by the same name ; and this is the practical meaning
of the term, whatever hypothesis may be held regarding the origin
of species.

SPIT—A narrow strip ot land running out into the sea, generally
parallel with the coast line. See page 128.

SPRING TIDES. See page 45.

STerPES—The great plains of Southern Russia ; uncultivated wastes,
destitute of forest.

STRATUM, plural STRATA—[Lat. strafum, something spread out.] In
Geology, the individual layers constituting sedimentary formations;
whence these are also called stratified rocks. But the term may
be applied to any mass of matter, regarded as consisting of hori-
zontal layers. Thus we speak of the lower and upper strata of
the atmosphere.

SuB-MARINE—([Lat. sub, under; mare, the sea.] Applied to any
thing that is formed or exists beneath the sea.

SusB-solL—That which lies beneath the superficial layer of the soil.
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SurF—The foam of breaking waves.

» SWELL—Long rolling undulations of the sea surface, being waves pro-

: pagated from some distant locality where a strong wind is blowing.

TABLE-LAND—A synonym for a plateau. [See that term.]

TaLus—See DEBRIS.

TEMPERATURE—Lat. Zemperatura, from tempero, 1 divide, duly or
proportionally.] Applied exclusively to express degrees of heat or
cold, as measured by the thermometer or some similar instrument.
The energy of the heat given out by a body.

THERMOMETER—[Gr. therme, heat; metron, a measure.] An instru-
ment used for measuring temperature. [Sce page 73.] In the
thermometer commonly in use in this country, known as Fahren-
heit’s thermometer, the temperature at which ice melts is called 32
degrees, and that at which water boils at the level of the sea, 212
degrees. The zero from which these degrees are counted, and the
magnitude of the degrees themselves, have been arbitrarily assumed.
The zero is, in fact, obtained by immersing the instrument in melt-
ing ice, then in the stcam from boiling water, and marking on its
stem the height indicated in each case ; the interval, as measured
on the instrument, is divided into 180 parts, and finally 32 of these
parts are set off below the freczing point. The zero does not
therefore express absolute cold or the entire absence of heat—a
state of things never yet attained ; but which would be attained at
about 460 degrees below this zero.

TIDE—See page 43, seg.

TORNADO—[Span. #rnar, to turn,] A name for a whirlwind; a
small but violent storm in which the wind blows spirally around a
central calm.

TRADE-WINDs—See page 30. Winds which, in the Atlantic and
Pacific Oceans, blow on both sides of the equator, and in the
Indian Ocean on the south of it, with but little change of direc-
tion or place throughout the year. Their direction south of the
equator is from south-east ; north of the equator from north-east ;
and where these two winds meet on, or near the equator, the air is
calm, and heavy showers are very prevalent. The air brought by
the Trade-winds, ascends to a great height over this belt of calms,
and then flows away to north-east and south-east in two upper
currents termed the Anfi-trades. The Zrade winds are so called
because they hold a certain #7ade or course, and not, as might be
inferred, because they facilitate commerce.

TrAP—[Swed. trappa, a step.] See page 59.

TRIBUTARY—S5ee AFFLUENT.

TroP1C—{Gr. #70pe, turning, from #r¢po, I turn.] The tropics are two
circles drawn round the earth parallel to the equator at a distance
of nearly 234° on each side of it. At all places situatéd on the
northern tropic, called the tropic of Cancer, the sun is vertical at
noon on the 21st June. At all places on the southern tropic, or
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tropic of Capricorn, on the 21st December. At all places between
the tropics, or in the tropical zone, the sun is vertical on two
days in cach year. But at places beyond the tropics it is never
vertical.

UPrHEAVAL—A qeologlcal term for the process by which certain tracts
of the earth’s surface arc raised to higher levels, relatively to those
around them ; by which, for instance, a sea- -bottom becomes dry
land, or part of a plain is lifted up to form a mountain chain.

Urranns—High plains, or the gentler slopes of a hilly country.

Varour—The gaseous or air-like form of substances which, at mdmary
temperatures, are fluid or solid.

VEGETABLE MouLD—Earth containing a considerable proportion of
decayed vegetable matter, such as is found in forests, swamps, &ec.

VorcaNo—{Ital. wolcano, from Lat. Vulcanus, the god of fire.] Sce
pages 74, seg.

Wani—[Ar. wid/, a valley or low ground.] The ravines and valleys
of Arabia, most of which are destltute of water.

WATERSHED—[ FWaler, and Anglo-Saxon sceadan, to part or divide. |
See page 107.

WaAvE—This term is applied to any oscillating (backward and forward
or up and down) motion, propagated through a mass of any sub-
stance, whether solid, liquid, or gascous. In a water wave, such as
may be produced by throwing a stone into water, the motion of any
particle of water to a certain limited depth is both up and down, and
at the same time backwards and forwards ; but the water is not
carried forward with the wave, which is simply the motion trans-
mitted from one particle of water to another. In an earthquake,
and in that motion of the air which causes sound, each particle of
rock or air vibrates very rapidly backwards and forwards, each
transmitting its motion to the next, and (if there be but a single
wave) then coming to rest.

WEATHERING—A geological term expressing the chemical action of
the atmosphere, or more especially of the carbonic acid, oxygen
and water vapour, on the rocks of the surface, causing them ta
decompose.

WiINDWARD—The direction from which the wind blows ; also applied
to that face of a hill or mountain on which the wind blows.

Z001L.0GY—[Gr. zoon, an animal ; Jogos, a discourse.] The branch of
Natural Iistory which treats of animals, more especially their
classification, habits, and distribution.
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