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PHYSICAL GEOGRAPHY.

CHAPTER L.

GENERAL OBSERVATIONS.

Puysicarn or natural geography might, if we regarded
merely the strict meaning of the words, be limited to sig-
nify no more than a description of the principal features
of the earth’s surface; but it is usual, in trealises upon
this branch of geography, to touch also upon the sub-
ject of climate and temperature,—to show how these,
together with other natural causes, affect we condition
of the human race—and fo advert, in a general manner,
to the animals and productions of the globe.

Geographical terms explained.

In looking over a map of the world, it is seen at once
that the surface consists of various spaces of land, sur-
rounded by an cxtensive field of water called the sea or
occan. Of these spaces of land, two are of vast extent,
and on this aceount are termed continents*, (derived
from a Latin word signifying, holding together or con-

* New Holland, by some geographers, is regarded as a third continent ; but
if we constder how much smaller it 18 than either of the two vast tracts above-
mentioned, it will appear correct rather to assign it (he first station among the
islands ot the globe. New Holland and the islands around it are, however,
not upworthy of being classed as the fifth grand division of the world  Bhg-
lish geographers bave named them Auséralia (that is, Southern lunds.)
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nexion). The larger of these continents includes the
three divisions of Europe, Asia, and Africa, and is dis-
tinguished by the title of the old continent, from its hav-
ing, till the discovery of America, by Columbus, in the
year 1492, been the only one with the existence of which
Europeans were acquainted. Tie other, which includes
North and South America, is named the new continent.
The smaller portions of land which are scattered over
the ocean are denominated islands. A great many island .
lying togcther are called an archipelago.

In many places the land and the ocean run one into
the other.  When the ocean penetrates into a continent
by a norrow passage, and then spreads again into a Jarge
expanse, this inland portion of the ocean is usually
‘termed a sea. 1f-the cxtent of such an inland sca be

less, or the passage by which it communicates with the
{ main ocean larger, it is called a gulf or bay. An inland
body of water not connected with the ocean or any of its
branchés, is called a lake. A narrow passage of water
leading from one sea to another is called a strait; a
narrow neck of land lying between two scas, and con-
necting two masses of land greater than itself, is called
an isthmus. When, on the other haud, a part of 4 con-
tinent runs out into the sea, and is joined to the main

- land by only a small portion of its circumference, it is
pamed a peninsula, (that is, an almost island). If the
projections of land reach but a little way into the sca,
they are called capes, headlands, or promontories.

General View of the Globe as consisting of Land and Sca.

There is, in fact, only one continuous Auid surround-
ing the land, all the gulfs and inland seas being
branches* of this uuniversal ocean; but for the sake of
convenience difterent parts of it have distinet names
given to them. The following table, exhibiting the prin-
cipal seas into which the ocean has been divided, will be
clearly understood upon veferring to the map of the
world on Mercator’s projection :—

* @ The Caspian Sea. as it is generally tenmed, forms no exceplion to thi-
remwark, because it 1 in tact only an unwense lake,
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[ 1. The Antarctic Ocean, which is comprised
within the Antaretic circle, that is, between the
parallel of 66° 32' of southern latitude and the
South Pole.

2 The Southern Qcean, the boundary of
which on one side is the Antarctic circle, on
the other a line drawn from Cape Horn to the
Cape of Good Hope, thence to Vau Diemen’s
Land, and again by the south of New Zealand
to Cape Horn. This line forms the southern
boundary of Nos. 3 and 4.

3. The Indiun Ocean, lying between Africa
on the west, and the peninsula of Malaya with
the islands of Snmatra, Java, &ec., and New
Holland, on the cast, and bounded by Persia,
and Hindustan on the north. The Red Sea,
or Arabian Gulf, the Persian Gulf, and the
Bay of Bengal are all parts of this oceun.

4. The Pucific Ocean, divided by tle equa-

tor into North and South, and inclosed between
America on the east, and New Holland, the
islands of Java and Sumatra, and the conti-
nent of Asia, on the west. On the north it
terminates at Behring’s strait. The seas of
Cliina, Japan, Okhotsk, &c. form parts of this
 ocean.
[ 1. The Atlantic Ocean, commencing in the
south from a line drawn from Cape Horn to
the Cape of Good Hope, and terminated on
the north by the Aretic circle. 1t is divided
into North and South by the equator, and its
branches are the Mediterranean, the North
Sca or German Ocean, the Baltic, Baffin's
Bay, Hudson's Bay, the Gult of Mcxico and
the Caribbean Sca.

2. The Arctic Ocean,surrounding the North
Pole, and bounded by the Arctic circle and
the northern siiores of the two continents.
The Wlite Sea, the sea of Kara, and the Gulf

Lof Obe are parts of it.
B2
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The Ocean is spread over nearly seven-tenths of the
globe; but it is remarkableshaw unequally the land and
water are distributed.  If we look at a map of the
world projected upon the horizon of London, in which
map, consequently, London forms the centre of the one
hemisphere and the antipodes* to London, the centre of
the other; the first bemisphere, it will be seen, contains
a very large proportion of the wholg of the land, while
the second, if we except New Tiollaud and the extremity
of South America, fromm the twenty-ninth degree of
south latitude, consists almost entirely of water. The
distribution of water and land is still very unequal, if
we compare only the northern and southern hemispheres,
that is, the two equal parts into which the globe is
divided by the equator. The following calculation will
plainly exhibit this fact:

Consideriug the whole space included in the northern part

of the torrid zone, us equal to 1, the proportion of land 1s... 0.297
On the same supposition, the proporiion of land in the

northern temperate zone is....eeviveueunens teeneanesse. 0.559
And in the northern icy zone......ceveeeeevenncsesans 0.400
In tho southern part of the torrid zonme, the portion of

land is..veiveciveinannnennnen Geeetensesarienrne ceees 0312
In the southern temperate Zone..cceeceassee ceacaeees. 0075
In the southern icy zone (supposed)........ teseeseres. DORB.

In other words, if the quantity of land in the northern hemisphere
be represented by 16, the quantity in ihe southern will be scarcely
equal to 5.

About the middle of the last century it was asserted
that a great continent must exist towards the south pole,
m order to counterbalance the mass of land in the north-
ern hemisphere; but by the voyages of Cook and others,
it has been proved thatthe high southern latitudes con-
tain only a few islands.—''he absence of a continent
near the south pole does not of itsell prove that there
is less land there than in the north, since it is possible
that the land in general may be only rather more de-
pressed in the south, the necessary result of whick would

® 4 small island lying to the sonth-east of New Zealand, and called Auti-
podes 1sland, 18 very neaily the anupodes o Louion.
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be, that the ocean wonld spread itself more extensively
over the surface of the earth in that quarter,

On the Figure, &c., of the Continents.

The general direction of the land in the two continents
is entirely different. In America, it is from pole to pole;
in the old world, it is from south-west to north-east, and,
if we keep Africa out of view, it is almost parallel to the
equator. The longest straight line that can be drawn on
the old continent commences on the western coast of
Africa, from about Cape Verd, and extends to Behring’s
strait in the north-east of Asia. 1t is about 11,000 miles
in length. A similar line, traced along the new conti-
nent, passes from the strait of Terra del Fuego, to the
northern shore of North America, and is nearly 9,000
miles long. In both continents the direction of the
large peninsulas is similar, almost all of them running
towards the south, This is the casc with South America,
California, Florida, Alaska, and Greenland in the New
World, and in the Old with Scandinavia, Spain, Italy,
Greece, Africa, Arabia, Hindustan, Malaya, Cambodia,
Corca, and Kamwtchatka. The only exceptions to this
remark, are the peninsula of Yucatan in Mexico. and
that of Jutland in the north-west of Europe. Both of
these are directed towards the north; but they consist
of plains and alluvial land, whereas the other peninsulas
are more or less of a mountainous character. There is a
further rescmblance between the two continents, from
cach beirg divided into two parts by an isthmus*; but
in the churacter of their outlmes they differ very wuch :
for while the coast of the Old World (independent of
Africa) is broken equally on all sides by gulfs, bays, and
inland scas, the New World has a series of openings on
its eastern shore ouly. Of its western side, the only
inlet of any magnitude is the gulf of California.

* The isthmus of Buez is composed of sand; that of Panama ar Darien
cotisists of stupendous rocks,
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Secrion 1.

MOUNTAINS.

Ir the earth were perfectly level there could be no rivers,
for water can flow only from a higher to a lower place;
and instead of that beautiful variety of hills and valleys,
verdant fields, forests, &c., which serve to display the
goodness and beneficence of the Deity, a dismal swamp
would cover the whole face of the earth, and render it at
best an habitation for aquatic animals only.

Mountains may be divided into two classes :—First,
those of which the chains are the most lofiy, rugged, and
extensive, such as the Andes, in America; the moun-
tains of Central Asia, the Alps, &c.; and secondly,
those of a less majestic nature, and which appear to
form branches of the first. Of this kind, are the Appe-
nines, which traverse the whole length of Italy, and the
Carpathian range which nearly surrounds Hungary.

ost mountains are connected together, and hence are
called chains, but some are completely insulated. Vol-
canos are generally of the latter kind.

Mountains are composed of various kinds of rocks and
earths, such as granite, gneiss, slate, basalt, porphyry,
limestone, &c.

The oldest are generally composed of granite, which
forms the bars on which the various strata or beds of
other earths and rocks repose.

In regard to their formation, mountains are distin-
guished into primitive and secondary formations. Tle
primitive are composed of the hardest rock, and occupy
the axisor central part of the mountain, while the various
coats of earth or rock which lay over the centre in dis-
tinct layers, like the coats of an onion, arc called second-
ary formations. Thus the highest points of the Alps
consist of granite. Chimborazo und Autisana .re
crowned with vast walls of porphyry.: -

Most of the mountains have one of their sides very
stcep; and the other of a gradual slope. T heir steepest
sides are generally those nearest to the sea, consequently
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their inclination is most gradual towards the interior of
the country in which they are situated.

The following is a list of some of the highest moun-
tains in the world.

EUROPE. .
eet
« (Mount Blauc, above the leval of the ses...... 15,668
& dMount Rustecgecerereersasaansnnoacsaasse 15527
< (Ortler Shetze in e Tyrol..ccvuuen... ceeee 15,430
a . (Perdu...... teesssgetcacsciasessncenancss 11,225
£ ¢ {Nothan...... cessseseretrencessssenscrasss 14447
G & (CRUYAD.everveeaaccnss srenvesasen sovensas 9,145
ASIA. 98077
Dbawalgiri ... tesessaseiosenne
Sowalnisrenn. 5 HmMALAYA 7T o
Mouna Roa. ....8anvwich Isanps........., 15,988
Ophie.......... SUMATRA .ccevcaasessecsess 13,840
AFRICA.
Geesh..... eee) setanacens 15,000
Anna Anna...}3 ABVSSINIA .. .. 13,000
Lomalmon,...) ........ ceeeanae . 11,200
AMBERICA,
Chamborazo .. ) eeereranccsscneranaseeases 21,425
Cayambe, .. ... Anpgs "ttctreereee eeens. 19,633
Avtesanu®. ... CONOE L.l cerres. 19,136
Cotopazi®.... ) .. .cvoeveeee.n s trieecan.. 18,857
Farm of Antisana, (inbabited)..... teeesaans 13,435

These mountains, although very considerable irregu-
laritics with regard to us, are nothing when compared
with the magmitude of the globe. Thus. if an inch were
divided into 111 parts, the elevation of Chimborazo, on
a globe of 18 inches in diameter, would be represented
by one of the 111 parts.

Men have not been uble to penetrate above a mile
below the surface of the earth; but it has heen found
that this crust is composed of beds of diffeicnt materials,
arranged according to certain laws ;—that these beds are
sometimes divided by immense fissures or rufts in a per-
pendicular, and sometimesin an inclined direction. Some
of thsse fissures or dykes are filled with stony sub-
stances; bat the most useful and interesting features in

Note.—Those marked ® are volcanos or burning mountuins,



¥ VOLCANOS.

the crust are the metallic veins, whence the various
inetals are extracted.

I'he tops of the mountains are covered with perpetual
suow, and when the summer heat dissolves a portion of
it, the dissolved snow flows down in rapid streams, swell-
ing the rivers, and producing violent currents.

Secrion II.
VOLCANOS.

The term Volcano (derived from Vulcanus, the name
which the Romaus gave to their imaginary (God of Fire),
is applied to those mountains which send forth from their
summits or sides, flame, smoke, ashes, and streams of
melted matter, called lava. Upon ascending to the top
of a mountain of this kind, there is found to be an
immense deep hollow, called the crater or cup. The
smaller volcanos are generaly the most terrific in their
effects.  Stromboli, in the Lipari islands, is almost
always burning. Vesuvius, in Naples, Lias more frequent
eruptions than Etna, While the immense summits of
the Andes and Cotopaxi have hardly one eruption in a
century. The volcanos of America, besides the common
lava and rocks, &c., cast out scorified clay, carbon, sul-
phur and water, accompanied in some instances by
fishes.

The eruption of Vesuvius in the year 79 overwhelmed
the two fumous cities of Herculaneum and Pompeii by a
showcr of stones, cinders, ashes, sand, &c., and totally
covered them many feet deep as the people were sitting
in the thcatre. The former of these cities was situated
about four miles from the crater, and the latter about six.

By the violence of this eruption, ashes were carried
over the Mediterranesn Sea into Africa, Egypt, and
Syria; and at Rome they darkened the air on a sudden
so as to Lide the face of the sun. But what is very
remarkable, these two citics, Herculaneum and Pompei),
aftet a period of nearly 1800 years, have been as ii v .:e
disinterred. The latter indeed has been 50 laid -+ us
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to discover almost the entirc city with its splendid build-
ings, streets, &c., eutire. Pompeii was buried by a
shower of ashies, pumice, and stoues, forming a bed of
variable depth, but seldom exceeding 12 or 14 feet.

The upper stories of the Lonscs, which appear to have
consisted chicfly of wood, were either burnt by the red
hot stones, ejected from Vesuvius, or broken down by the
weight of matter collected on their roofs and floors.
With this exception, we sce a flourishing city in the very
state in which it existed nearly eighteen ceuturies ago ;—
the buildings as they were originally designed, not altered
and patched to meet the exigencies of newer fashions ;
the paintings undimmed by the leaden touch of time;
household furniture left in the confusion of use ; articles
even of intrinsic valie, abandoned in the hurry of escape,
yet safc from the robber; and in sone instances, the
bones of the inhabitants, bearing sad testimony to the
suddenness and completeness of the calamity. which over-
whelmed them,

I is remarkable, that in the old continent, the principal
chains of mountains contain no valcanos, and that
islands and the extremities of peninsulas are alone the
seats of these convulsions ; whiHa in the New World the
immense range which runs along the shore of the Pacific
ocean possesses more voleanos than are to be met with
in the whole of the old continent and its adjacent islands.
Professor Jameson has given the following estimate of
the number of volcanos.

Continent of Europe......ccoveee.n.

Islands of d1tt0.es v inee,y oe [P .
Contient of ASiRueeesanie caveennns teecesnaesaans
Islands of ditto guenenvn.. teasatrosassiseassacees DB
Continent of AMOrICA. .. eveeersotacese seoiencnans 97
Islands of dittoseeeeisnannn. vsescscasesensnstnasas 19

None have becn found in the continent of Africa, but
most of its groups of islands are distinguished by them.

The principal volcanos are those of Erna in Sicily, and
Vesuvius, before noted.  Also from Terra del Fuego (tue
land of fire) to the peninsula of Alaska, a complete scries
of volcanos may be traced. There are many formidadle
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ones in Kamtchatka, the islands of Japan and Formosa,
St. Paul, Amsterdam, and Bourbon. Iceland has suffered
frequently from the terrific eruptious of its volcanos. In
some places, parts of the land which are covered by the
waters of the ocean are seats of volcanos; and it has
sometimes happened that new islands have been formed
during submarine eruptions. A recent instance of this
kind occurred in 1811, in the neighbourhood of St.
Michael, one of the Azores. This new island has since
disappeared.  Still more recently, about five years ago,
one suddenly rose in the Mediterranean, and still exists,
Some mountains bear marks of having been the outlets
of fires; aund on this account are called extinct volcanos.

Vast masses of earth sometimes sink down during
volcanic eruptions. The Pahandayary, situated towards
the western extiemity of Java, was formerly one of the
largest volcanic mountains of the island, but the ereatest
part of it was swallowed up in the earth, in the year
1772. 1t is asserted, that on the night of this event, an
uncommonly luminous cloud, was seen to envelop the
mountain. Alarmed by this appearance the inhabitants
on the declivities and about the foot of the mountains
took to flight, but before they could all save themselves
it began to give way, and the greatest part of it actually
Jell in and disappeared in the earth. A tremendous
noise and the discharge of showers of volcanic substances
accompanied tLis commotion. An extent of land fifteen
miles long, and six broad was thus swallowed up in the
bowels of the earth.

To acceunt for these phenomena Dr. Daubany, Pro-
fessor of Chemistry in the University of Oxford, has
lately brought forward a theory which is founded on
the metallic nature of the basis of the earth and alkalies,
and the avidity with which these combine with oxygen,
producing in that combination a high temperature, aud
strong inflammation. It is supposed, that if these mate-
rials exist in suflicient quantity in the interior of the
earth and a sufficient body of water be admitted to
them, judging from the violent ejfects on a small scale
whick we are able to produce by cxpcriments, a heat
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would be engendered quite adequate to occasion all that
takes place in volcanic ecruptions. Now under this
hypothesis it is requisite that water should have access
to the metallic basis, and it is a curicus fact that nearly
all active volcanic groups are within a short distance of
the sea; while even those in South America, which must
be excepted from this remark, are in a range of moyn-
tains approaching in parts close to the sea. A further
argument in favour of thc present view, is, that all the
products which Chemists know to be the result of the
admission of sea water to the metallic basis appear
under some form or other in every volcanic eruption.

Section III,

EARTHQUAKES.

Earthquakes are another great cause of the changes made
in the carth. Pliny the Historian has rccorded several
instauces which happened in his own time.

1. A city of whe Lacedemonians was destroyed by
an earthquake, and its ruins wholly buried by the moun-
tain Taygetus fallmg down upon them.

2. The greatest earthquake mentioned in history was
that which happened during the reign of Tiberius Cesar,
when twelve cities of Asia were laid level in one night,

3. In modern times the great earthquake of Lisbon
and that of Calubria appear to have been the most awful.

They appear to be brought about by tue same causes
as volcanic eruptions, but their action is much more
tremendous. They are frequently accompanied by loud
subterraneous noises and are sometimes so violent that
the ground heaves up, and undulates like an agitated
sea. They are felt almost at the same instant, over a
most astonishing extent, and yet do not last above one
or two minutes. In those parts which appear to be near
the centre of their action, the most calamitous effects
sometimes occur; whole cities are distroyed, and their
inhabitants buried beneath the ruins; the surface of the
earth undergoes violent changes; springs arc stopped
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and others gush out in new places; fissures are made in
the earth ; and enormous masses of rock and other mate-
rials sent down, or are detaclied from the mountain.
Sometimes the sea is violently agilated, rising on some
occasions twenty feet, and suddenly falling at other times ;
the sea recedes and leaves the vessels dry at a consider-
able distance from the Jand. As in volcanos so in
earthquakes, the worst are generally near the sea coast;
instance those of Lima, Lisbon, and Caraccas.

It is generally supposed that earthquakes are pro-
duced by the disengagement of clastic vapors, which,
endeavouring to escape from their confinement heave
up and agitate the crust of the earth.

Secrion 1V,

VALLEYS AND PLAINS.

Valleys are the spaces lying between opposite sides of
mountains or of hills, and their lowest part is commonly
the bed of some torrent or river which originates in the
higher grounds. Those between high mountains are
in general narrow and long, resembling large clefts or
fissures.

The narrow openings, which are the entrance to the
high valleys are called passes or defiles, and these are
often of the most gloomny and terrific aspect.

Plains are of two kinds. Those which are extensive
but very elevated, come under the denomination of table
land. There are several plains of this sort, but the most
remarkable are those among the Andes; the plains of
Quito are 12,000 feet above the level of the sea; also
those of Mexico and the immense plains in central Asia
to the N. and N. E. of Hindustan. The great Hima-
layan and Allacgn chains form the ramparts, as it were,
of this extensives and desolate table land, a large pro-

ortion of which is the desert of Gobi. The low plains,
rom thggnature of their soil seem formerly to have been
covered By the sea. The large plain, to the south of the
Baltic, §# one out of several instances of this character.



(13)

Secrion V.

ISLANDS,

Many islands, especially those in the South Sea, owe
their origin to the marine insects which produce the
coral. Some are raised by volcanic action. Some per-
haps are only the summits of exiensive submarine chains
of mountains. It has been supposed that, among others,
the West India Islands and the Archipelago between New
Holland and tl:e opposite coast of Asia, were rendered
insular by an incursion of the ocean having detached
them from the continents to which (if the supposition be
jusi), they formerly belonged.

Islands of volcanic formation are few, but those which
owe their origin to marine insects of the class of Zoo-
phytes, or plant animals, are innumerable. The following
1s an account of their formation, extracted from Captain
Basil Hall's Narrative of his Voyage to the Loo Choo
Islands.

“ The examination of a coral reef during the different
stages of ome tide, is particularly interesting. When
the tide has left it for some time, it becomes dry, and
appears to be a compact rock, e¢xceedingly hard and
rugged; but as the tide rises, and the waves begin to
wash over it, the coral worms protrude themselves from
holes which were before invisible. These animals are of
a great variety of shapes and sizes, and in such prodi-
gious numbers, that in a short time, the whole surface
of the rock appears to be alive and in motion. When
the coral is broken about high water mark, it is a solid,
hard stone; but if any part of it be detached at a spot
which the tide reaches every day, it is found to be ,‘ull
of worms of different lengths and ¢olours; some bein
as fine as a thread and several feet long, of a bright
yellow, and sometimes of a blue colour.

*“ The growth of coral appears to cease when the
worm is no longer exposed to the washing of the sea.
Thus a reef rises in the form of a cauliflower, till its to
has guined the level of the highest tides, alove which

c
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the worm has no power to advance, and the reef, of
course, no longer extends itself upwards.”

The other parts in succession reach the surface, and
there stop, forming, in time, a level field wi'h steep
sides all round. The reef, however, continually in-
creases, and being prevented from going higher, extends
itself hterally in all directious. But this growth being
as rapid at the upper edge as it is lower down, the
steepness of the face of the reef is still preserved.
These are the circumstances which render coral reefs
so dangerous in navigation ; for, in the first place, they
are seldom seen above the water; and in the next, their
sides are so steep, that a ship’s bows may strike against
the rock before any change of soundings has given
warning of the danger.

Captain Flinders, who in 1801, made a survey of the
coasts of New Holland, has made some observations upon
the formation of. coral islands, particularly of Half Way
Island on the north coast of that region, which show,
how, after being raised up, they gradually acquire a
soil and vegetation.

“ This little island, or rather the surrounding reef,
which for three or four miles long aftords shelter from the
south east winds, and being at a moderate day's run
from Murray’s Isles, it forms a convenient anchorage
for the night to a ship Fassing through Torres Strait—I
named it Half Way Island. It is scarcely more than
a mile in circamference, but appears to be increasing
both in elevation and extent. At no very distint period
of time it was one of those banks produced by the wash-
ing up of sand and broken coral, of which most reefs
afford instances, and those of Torres Strait a great many.
These banks are in different stages of progress; some
like this, are become islands, but not yet habitable.
Some are above high water mark, but destitute of
vegetétion; whilst others are overflowed with ecvery
returning tide.

“ 1t seems to me that when the animalcules which
form the corals at the bottom of the ocean cease to live,
thelr structures adhere to each other, by virtue either of
the glutinous remains within, or of some property in
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salt water ; and the interstices being gradually filled up
with sand and broken pieces of coral washed by the sea,
which also adhere, a mass of rock is at length formed.
Future races of these animalcules crect their habitations
upon the rising bank, and die in their turns to increase,
but principally to elevare this monument of their won-
derful labours. To be constantly covered with water
seems necessary to the existence of the animalcules, for
they do not work except in holes upon the reef, beyond
low water mark ; but the coral, sand, and other broken
remnants thrown up by the sea, adhere to the rock, and
form a solid mass with it as high as the common tides
reach. That elevation surpassed, the future remnants,
being rarely covered, lose their adhesive property; and
remaining in a loose state, form what is usually called
a key, upon thke top of the reef. The new bank is not
long in being visited by sea birds; salt plants take root
upon it, and a soil begins to be formed; a cocoanut, or
the drupe of a pandanus is thrown on shore; land birds
visit it, and deposit the seeds of shrubs and trees; every
high tide, and still more, every gale, adds something to
the bank till the form of an island is gradually assumed;
and last of all, comes man to take possession,”

CHAPTER 1L
OF THE WATER.

Sectiov L.
Of the Ocean - Its 8altness and Temperature ;— Tides and Currents.

That vast body of water which surrounds the conti-
nents, and is the common receptacle of their running
waters, is indispensably necessary to the support of ani-
mal and vegetable existence upon the earth. Its per-
petual agitations purify the air, and the vapours which the
atmosphere draws up from its surface being condensed
and dispersed through the upper regions, form clouds,
which are the sources of a constant supply of rain and
Theen8

LN
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moisture to the land. The ocean also, by the facilities
for communication which it offers, is the means of unit-
ing the most distant nations, which it enables them to
interchange with mutual advantage the productions of
their several climates.

The bottom of the sea appears to have similar ine-
qualities to the surface of the contincents; the depth of
the water is therefore, extremely various. There are
vast spaces where no bottom has been found, but this
of course, does not prove, that the sea is bottomless,
because the line is able to reach, but a comparatively
small depth. Lord Mulgrave, let down, in the Northern
Ocean, a very heavy sounding lead, and gave out with it
nearly 4,700 feet of rope without finding the bottom;
and Mr. Scoresby mentions having sounded in the
Greenland Sea as much as 7,200 feet. Such experi-
ments however, must be of very doubtful character;
it is well known how much more easily bodies may be
moved along in the water than in the atmosphere, and
consequently, any current would be sufficient to carry
the lead with it, and so draw the rope out of a perpen-
dicular direction. If we were to found our opinion upon
analogy, we might conclude that the greatest depth of
the ocean, is, at least, equal to the height of the lofiiest
mountains, that is, between 20,000 and 30,000 feet, ~

The level of the sea, if it were not for the action of
external disturbing causes, would be the same every
where at the same instant, owing to the equal pressure
exerted by the particles of a fluid upon each other in
every direction. The figure assumed by the ocean
would, therefore, exhibit the true surface of our planet,
that of an oblate spheroid. But it is evident that no
general level of this kind can ever exist, because the
tide at any given moment is at very different heights in
different parts of the ocean. The level is also continu-
ally being disturbed by the opcration of the wind in
particular regions. )

The waters of the Red Sea, on the east side of the
. Isthymus of Suez, were found by some French Engineers

Sy

to'be 32} feet higher than those of the Mediterranean



SALTNESS AND TEMPERATURE, 17

on the opposite side of the same Isthmus, in consequence
of the accumulation which arises from the water being
driven into these confined inlets by the general move-
ment of the sea from east to west. Of certain inland seas,
the level varies with the seasoms. The Baltic and the
Black Sea, which are in fact almost lakes, swell in
the spring, from the abundance of water brought down
to them at that period by the rivers. The general colour
of the sea is a deep bluish green whieh becomes clearer
towards the coasts. The Mediterranean, in its upper
part, is said to have at times a purple tint. In the Gulf
of Guinea, the sea is white; around the Maldive Islands,
it is black; in some places it .has been observed to be
red, and in others yellow. These appearances are pro-
bably occasioned by vastinumbers of minute marine -
insccts, by the nature of the soil, or by the infusion of
certain earthy substances! in the water. The yellow
shade, in the Yellow Sea, is said to be in consequence of
the shallowness of the water in that place.

The component parts of the occan in addition to pure
water are marine acid, sulphuric acid, or vitriol,;
fixed mineral alkali, magnesia, and sulphated lime. By’
boiling, or evaporation in the air, common salt is obtained.

Dr. Thomson states that the proportion of salt in
water, taken up by Lord Mulgrave, a tthe back of Yar-
mouth Lands, was 3.125 per ceut. of the weight of water?
The sea is generally less salt at the surface than towards
the bottom ; and also less towards the poles than at the
equator.

In consequence of the greater specific gravity of salt
water compared to fresh bodies, are much more buoyant
in the former than in the latter.

Distilled water, specific gravity iscese.vsuareees 1,000
Purest spring wateresee.ecoveseccsasssacssces 1,005
River water..... eecsecseasscnnceasracessessss 1,010
Sea Water.cicieimiesciiactacetieatoaacnes... 1,028

Springs of fresh water in some places rise up in the
midst of the sea; Humboldt mentions that in the Bay
of Xagua, on the southern coast of Cuba, springs of this

cs
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kind gush up with great force at the distance of two or
three miles fiom the laud.

Water being a bad conductor of heat, the temperature
of the sea changes much less suddenly than that of the
atmosphere, and is by no means subject to such ex-
tremes as the latter. It seldom exceeds 869 of Fahren-
heit’s thermometer. Within the tropic there is no sensi-
ble difference in north and in south latitudes; there is
very little even as far as the thirty-fifth and fortieth
degrees; but when we advance into high latitudes there
can be no doubt that the sea is colder in the southern
than in the northern bemisphere.  The sea extends from
five to eight degrees of latitude fartlicr from the South
than from the North Pole, owing, it is probable to the
ulmost entire absence of land near the Antarctic circle,

The freezing of sea waler is established both by observa-
tion and experiment ;* the product, however, is an imper-
fect sort of ice, easily distinguishable from the result of

~a regular crystallization ; it is “porous, incompact, and
;fimperfect]y diaphgnous. Saline ice may be formed by
ionly five degrees less of cold than what is necessary to
freeze fresh water. About the end of July, or the begin-
ning of August, a sheet of ice, perhaps an inch thick, is
formed in the space of a single night. The whale fishers
enumerate several varicties of the salt water ice. A very
wide expanse of it they call a field, and one of smaller
dimensions, a floe. When a field is disscvered by a sub-
aqueous or grown swell, it breaks into numerous pieces,
seldom exceeding forty or fifty yards in diameter, which
taken collectively are called a track.t

The mountains of hard and perfect ice, called Téebergs,
are the gradual production, perhaps, uf muany centuries.
Along the western coast of Greenland, prolonged into
Davis’s Strait, they form an immense rampart, which
presents to the mariner a sublime spectacle, resembling,
at a distance, whole groups of churches, castles, or fleets,
under full sail.

el wa: long disputed xmoug the leariied, whether waters of the oceatspete
pable of being ted. .
+ See Discovery and Adventure in Polar Seas and negious.—llalpcr‘!wn..
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While icebergs are thus the slow growth of ages, the
fields or shoals of saline ice are annually formed and
destroyed. It seldom fluats during more than part of
the year, unless surpriscd by the frost; when it is pre-
served till the following summer.

The thaw commonly lasts about three months; and
during that time the Leat of the solar rays, which though
oblique, vet cct with unceasing energy, whether applied
directly or through the intervention of the air or the
watcr, i8 sufficient for the dissolution of all the ice pro-
duced in the course of the autumn, winter and spring.
The ocean is now unbound, and its icy dome broken up
with tremendous rupture. The enormous fields of ice
thus set afloat, are, by the violence of winds and cur-
rents, again dissevered and dispersed. Sometimes im-
pelied in opposite directions they approach and strike
with a mutual sliock like the crush of worlds,—suilcient,
it opposed, to reduce to atoms, in a moment, the proud-
est monmments of human power.

There are three kinds of movements constantly going
on in the waters of the sca:—1. The agitations which
its surface undergoes by the action of winds.—2, Tides,
which are the result of the attraction exercised on the
water by the sun and moon.—3. Currents, which arise
from diffi rent causes, some of them existing within the
element itsclf

Ist. As the particles of a fluid press equally in every
direction, it follows that when a portion of the surface
of the water is displaced by a wind, the adjoining water
instuutly rushes in to restore the equilibriuin or balance
which Las been destroyed. | This accounts for the forma-
tion of waves. When a violent impulse has thus been
communicated, the waves continue in motion for some
hours after the gale has entirely subsided, on the same
principle as a pendulum continues to swing for some
time after it has been set in action. Yet the agitation
occasioned by winds extends comparatively but a
little way below the surface of the water. Divers say
that in the roughest weather, it is calm at the depth of
90 fect.
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The tides are produced by the attraction of the moon.
The cohesion-of fluids being much less than that of solid
bodies, they more easily yield to the power of gravity;
in consequence of whicz, the waters immediately below
the moon are drawn up in a protuberance, producing a
full tide, or what is commonly called kigh water, at the
spot where it happens. According to this theory, you
would imagine that we should have full tide only once
in twenty-four hours—that is, every time that we were
below the moon—while we find that we have two tides
in the course of twenty-four hours, and that it is high
water with us and with our antipodes at the same time.

This opposite tide is rather more difficult to explain
than that which is drawn up beneath the moon. In
order to render the question more simple, let us suppose
the earth to be every where covered by the ocean as in
Jig. 1. M. is the moon, ABCD the earth. Now the
waters on the surface of the earth A, being more strongly
attracted than in any other part, will be elevated, the
attraction of the moon at B and C being less; but still
it will be greater there than at D, which is the part most
distant from the moon. The body of the carth will
therefore be drawn away from the waters at D, leaving
a protuberance similar to that at A; so that the tide A
is produced by the water receding from the earth, and
the tide D by the earth receding from the water.
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The influence of the sun on the tides is less than that
of the moon; for observe, that ihc tides rise in conse-
quence of the moon attracting onc part of the waters
more forcibly than another part: it is this inequality of
attraction which produces full and ebb tides. Now the
distance of the sun is so great that the whole globe of
the earth is comparatively but as a point, and the differ-
ence of its attraction. for that part of the waters, most
under its influence, and that part least subject to it, is
but trifling ; no part of the waters will be much elevated
above, or much depressed below, their general surface,
by its action. The sun has, however, a considerable
effect on the tides, and increases or diminishes them as
it acts in conjunction with, or in opposition to, the moon.

The moon is a month in going round the earth; twice
during that time, therefore, at full and at change, she is
in the same direction as the.sun. Both then act in con-
junction on the earth, and produce very great tides,
called spring tides, as represented in fig. 20, at A and B;
but when the moon is at the intermediate parts of her
orbit, the sun, instead of affording agsistance, weakens
her power by acting in opposition to it; and smaller
tides are produced, called neap tides, as represented
in fig. 3.
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Fig. 3.

Since attraction is mutual between the moon and the
earth, we produce tides in the moon; and these are more
considerable in proportion as our planet is larger. Neither
the moon nor the earth in reality assume an oval form,
for the land which intersects the water destroys the regu-
larity of the effect. The orbit of the moon being nearly
parallel to that of the earth, she is never vertical but to
the inhabitants of the torrid zone: in that climate, there-
fore, the tides are greatest, and they diminish as you
recede from it and approach the poles; but in no part
of the globe is the moon immediately above the spot
where it is high tide. All matter, by its inertia, offers
some resistance to a change of state; the waters, there-
E,;do not readily yield to the attraction of the moon,

“the effect of her influence is not complete until some
fime after she has passed the meridian.

The earth revolves on its axis in about twenty-four
hours : if the moon were stationary, therefore, the same
part of our globe would, every twenty-four hours, return
beneath the moon; but as during our daily revolution
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the moon advauces in her orbit, the earth must make
more than a complete rotation in order to bring the
meridian opposite the moon : we are three quarters of an
hour in overtaking her. The tides, therefore, are re-
“tarded, for the same reason that the moon rises later,
by three quariers of an hour every day. Tiis, however,
is only the average amount of the retardation. The
time of the highest tide is modified by the sun’s attraction,
and is between those of the tides which would be pro-
duced by the separate action of the two luminaries.
The action of the sun, therefere, makes the interval

different in different days, but leaves the average amount
unaftected.

CURRENTS.

Currents and winds, especially the latter, have, according
to their direction, an influence either in quickening or
retarding the tide; indeed a powerful wind wiil some-
times keep a tide out of very nairow channels. On the
contrary, a strong wind coming from the same quarter
as the tide, will raise it several feet above its usual jevel,
The causes which render the movements ‘of the tide com-
plex and irregular, may thus be summed up under four
heads :—1st. The variations in the positions of the sun
.and moon, with respect to the equator and to each other.
2d. The obstacles presented by the land. 3d. By winds;
and 4th. By currents. The existence of these causes
renders it impossible to lay down any general rule for
calculating the level, either of high or of low water,
in diffcrent latitudes.

Currents in the ocean may be oecasioned in various
ways ; they may arise from external impulse, (a gale of
wind for instance); from a difference in-temperature or
saltness between two parts of the sea; from the periodi-
cal m: lting of the polar ice, or from the inequality of the
evaporation which the surfice of the earth undergoes in
different latitudes. These causes may produce either
constant or occasional currents, and according as they
act in concert or in opposition, will their effects be
various.
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The most remarkable currents are those which con-
tinually follow the same direction. There is one whaich
sets regularly from each of the poles towards the equa-
tor; and when we get within twenty-eight or thirty
degrees of the line on either side, a general movement
is observed in the ocean, in direction neaily from cast to
west. The existence of the two polar currents is proved
by the floating of masses of ice from the frigid into the
temperate regions. Thesc masses are at times, seen
as low as the forty-fifth, or even the fortieth degree of
latitude. Tt was the opposition of the polar current
which principally occasioned the failure of the attempt
made last year under Captain Parry to reach the north
pole; before they desisted from their efforts, the expe-
dition formed that as they advanced over the ice, they
were being drifted southward, at a rate faster than that
at which they were travelling northward. It is equally
certain that a tropical durrent exists, judging not only
from the direction of bodies floating on the water, but
also from the circumstance, that vessels, in erossing from
Europe to America, descend to the latitude of the Canary
islands, where they fall into a current and are carried
rapidly to the west. In going from America to Asia
across the Pacific, a similar effect is observed. It might
be supposed that this was one solely to the trade-winds
but sach is not the case, for it is quite possible to disting
guish their effect from that of the currents, since the
progress of thé vessel is quicker than it could be with
the aid of the wind, alone.

The origin of the polar current is no doubt in a great
measure to be referred to the centrifugal force which
is the refult of the earth’s rotation. It may be further
expliined, when we reflect that the water towards the
Eo es, both on aceount of its lower temperature and its

eing less attracted by the heavenly bodies is heavier
than the water in the tropical regions, and moreover, that
the heat of the torrid zone occasions a much more pow-
erful evaporation of the sea than is elsewhere experi-
enced; the consequence is, that the waters nearer the
poles will move towards the equator in order to restore
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the equilibrium which has in these several ways been
destroyed. The tropical current may also, though in
another manner, be explained as proceeding from the
earth’s rotation. The waters as they advance from the
polar seas pass from regions where rotatory motion of
the earth’s surface is very slight to those where it is
exceedingly rapid, they cannot immediately acquire the
rapd motion with which the solid parts of the earth
revolve in the tropical regions, and they are accordingly
left rather behin(}, that is, to the westward, (the earth
turning round from west to east.) The ocean conse-
quently appears to retract from the western, and advance
upon the eastern coasts of the continents, or in other
words, to have a general movement from the east to west,
and the effect is very much assisted by the constant
blowing of the trade-winds. ’

We will now explain the modifications or changes
which this grand movement in the ocean undergoes in
consequence of the obstacles presented by the land
to its free progress. When- it meets with shores or nar-
row straits to impede or turn aside its course, it forms a
strong and even dangerous current. The eastern coast
of America and the West India Islands constitute a sort
of dyke to the general westward motion of the Atlantic,
and it will be seen, il we refer to a map, that from Cape
St. Roche, which has about five degrees of south latitude,
the coast of South America stretches away in a con-
tinued line to the north west, as far as the isle of Trinidad,
Owing to this shape of the coasty the waters as far as
the tenth degree of south latitude, are, when they approach
Amcrica, carried away in a current to the north west,
This current afterwards enters the gulf of Mexico,
through the strait formed by the western end of Cuba,
and the opposite peninsula (from this part it is called
by navigat®s the Gulf of Stream) and follows the bend-
ings of the Mexican coast from Vera Cruz to the mouth
of Rio del Norte, and then to the mouths of the Missis-
sippi, and the shoals, west of the southern extremity of
Florida. It next takes a new direction to the north,
and rushes impetuously into the gulf of Florida. Mr.
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Humboldt observed in the month of May, 1804, in the
26th and 27th degrers of latitude, that its velocity was
eighty miles in twenty-four liours, although at the time
there was a violent wind aginst it. At the end of the
gulf of Florida (north latitude 28 degrees), it turns to
the north-east, at the rate some times of five miles an hoar.
It may always be distinguished by the high temperature
and the saltness of its waters, their indigo-blue colour,
and the quuntity cf’ sea weed floating on the suiface, and
also by the lieat of the surrounding atmnosphere. The
rapidity and temperature of the Gulf Stream diminish
towards the north, while at the same time its breadth
increases. Its furt'cr progress northward is at last
cLiecked by the southern extremity of the great bank of
Newfoundland, in the forty-second degrec of latitude,
where it turns suddenly to the east. It afterwards con-
tinues moving towards the cast and the east-south-cast,
as far as Azores islands, and thence it turus towards
the straits of Gibraltar, the isle of Madeira, and the
group of Canaries, till ou reacling the parrallel of Cape
Blanco, it completes the round by mixing with the grand
westerly currents of the tropics. Itis probabie, however,
that a branch still keeps on its course to the south and
south-east along the coast of Africa, for it is well known
that ships if they approach too near the shore are drawn
into the gulf of Guinea, and with dilliculty get out again.
We thus see that between the paralicls of eleven and
and forty-three degrees, the waters of the Atlantic are
carried-on in a continual whirlpool. Humboldt remnarks
that sunposing a particle of water to return to the same
place from which it departed, we can estimate from our
present knowledge of the swiftness of currents that this
circuit of three thousand eight Lundred leagues is not
terininated in less than two years and ten months, A
boat which may be supposed to rcceive no impulse from
the winds would require thirteen months from the Canary
Islands to reach the coast of Caraccas, ten months to
make the tour of the gulf of Mexico, and to reach Tor-
toise shoals, opposite the port oft he Havannah, while
forty or fifty days might be suflicient to carry it from

"dx >
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the straits of Florida to the bank of Newfoundland. It
would be difficult to fix the rapidity of the retrograde
current from this bank to the coast of Africa: estimating
the mean velocity of the waters as 7 or 8 miles, twenty-
four hours, we find ten or eleven months for this last
distance. It is a curious fact, that towards the close of
the 15th century, before Europeans were acquainted with
the existence of America, two bodies belonging to an
unknown race of men were cast by the Gulf Stream on
the coast of Azores, and picces of bamboo were brought
by the same current to the shore of the small island,
Port Santo; by these circumstances, Columbus is said
to have been strengthened in his conjectures with res-
pecet to the existerice of a western continent.

An arm of the Gulf Siream in the forty-fifth and fifty
degrees of latitude, runs to the north-cast towards the
coasts of Europe, and becomes very strong when the
wind has blown long from the west. The fruit of the
trees which belong to the American torrid zone is
deposited on the western coast of Ireland and Norway,
and on the shores of Hebrnides, are collected of several
plants, the growth of Jamaica, Cuba, and the neighbour-~
ing continent. The most striking circumstance perhaps
is, that of the wreck of an English vesscl, burnt near
Jamaica, having been found on the coest of Scotland.
There are various currents in the Pacific and Indian
oceans, the general westward motion of the former is
impeded by a numerous Archipelago, and hence it receives
‘different directions. A strong current sets to the west
through each of the two straits which respectively sepe-
rate New Holland from New Guinca, and from \;’aen
Dieman’s Land. It then gets diverted, and flows north-
ward along the co:st of Sumatra till it reaches the bot-
tom of the Bay of Bengal. The fullowing appears to be
the reason of its taking this course:—The general im-

etus of the Pacific towards the west being encountered

y New Holland, and the numerous East India isles, is

broken and dispersed, while the westerly motion of the

Indian Sea bas not in so early a stage acquired much

strength; the polar current from the south at the same
n3
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time presses upon the wide opening which the Indian
Sea presents to that quarter, and the waters on the east-
ern verge of that sea are therefore pushed into the Bay
of Bengal. In the neighbourhood of Ceylon and Mal-
dive islands, however, the tropical motion has become
powerful enough to resist the polar current. The wes-
terly current then re-commwences, but is again turned out
of its line and made to flow to the south-west by the
chain of islands and shallows which reaches from the
extremity of the Indian penivsula to Madagascar. After
passing Madagascar it dashes against Africa, and at the
termination of that continent, mingles with the general
motion of the waters.

A current afterwards sweeps from the Atlantic into
the Pacific ocean through the strait of Magellan. There
can be little doubt that this is a branch of the general
current from the south pole, though at the same time
it may be partly the result of the westerly movement of
the Atlantic, which being checked by the shores of Brazil,
flows to the south west, along the South American
coast.

There i3 a question connected with the currents of the
Arctic ocean which has engazed a good deal of atten-
tion and been considered difficult to explain: it is from
what quarters the timber can come, which is found float-
ing on the polar seas in such large quantities and so
much of which is thrown a-shore on the nortliern side
of Iceland. The few specimens seen of the growth of
Mexico and Brazil must have travelled to the north
by means of the Gulf Stream, of which we have spoken ;
the rest (principally pines and firs,) most likely come
from Siberia and North America, along the shores of
which it is drifted till it arrives at. the opening in the
Atlantic, in the midst of which Iceland is placed.

The existence of under currents, different from, and
even opposite in their direction, to those on the surfgce,
is by no means improbable in some cases, though it is a
matter not admitting of proof. It has been thought that
the Mediterranean which has a strong flow always setting
into jt through the strait of Gibraltar sends back a por-
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tion of its waters into the Atlantic by a concealed currerit.
Contrary currents passing along side-by-side are not
uncommon. In the Kattegat, a northern current flows
out of ti:e Baltic, along the coast of Sweden, while a
southern one enters the Baltic along the coast of Den-
mark. When two opposite currents of about equal force
meet one another, they sometimes, especially in narrow
channels turn upon a centre and assume a spiral form
giving rise to eddies or whirlpools. The most cclebrated
of these are, the Euripus, near the island of Eubcea, in
the Grecian Archipelago, Charybdis, in the strait between
lialy and Sicily, and the Maelstrom, off the coast of
Norway. The most violent of them when agitated by
tides or winds beceme very dangerous to navigation.

Secrrion IL

Of Lakes, Rivers, and Springs.

LAKES.
Collcctions of water, on all sides surrounded by land,
and having therefore no immediate connections with the
sea, are denominated lakes. We distinguish three kinds.
1st. Those which neither receive any running water,
nor have any efflux or discharge. Such are usually
small, and do not merit much attention. 2d. Those
which both receive running water and have an efflux.
These are either the product of a multiplicity of springs,
so small or so decpin the earth as to escape notice, or
are visibly cccasioned by the accumulation of waters
brought down by rivers into capacious valleys or basons.
Some of the latter are immensely large, and merit the
title of seas, as the lakes or sea of Canada, in North Ame-
rica. 3d. Those, which, though they receive rivers,
like the preceding class, yet have no perceptible efflux,
of wtich there are several examples in Asia, and parti-
cularly the Caspian Sea, as its magnitude warrants it to
be styled. These lakes are generally very extensive,
and so situated as to be much exposed to tbe;olar rays
D
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and the constant action of considerable winds, so favor-
able to evaporation, which, together with the nature of
the adjoining soil, permitting a large portion of water to
be imbibed, may readily account for their retaining the
same level and magnitude, notwithstanding the perpetaal
supply from rivers.

e temperature, depth, extent of water, &ec., of lakes,

are various, and necessarily connected with many local
circumstances.

RIVERS.

, The union of springs, rills, brooks, &c., having their chief

origin in the aqueous precipitations from the atmosphere,
"constitutes rivers, by which the overplus waters of the
land are finally restored to the great receptacle of the
ocean. Rivers usually arise in elevated countries, in the
descent from which, they acquire a velocity that is genc-
rally sufficient to carry them over any plains or through
any hollow places met with in their course. This velo-
city, however, is seldom retained towards the end, being
diminished by the continual friction of the waters on
their channels, and the variety of obstacles encountered.
But even when entirely spent, there may remain enough
of force in the perpendicular pressure of the water itself,
to effect the necessary evacuation, except in a few cases
where the waters are lost in the sand at the termination,
or dissipated in a vapour. The greatest velocity of a
river is usually observed about the middle of its depth
and breadth, and the least towards the bottom and
sides.

The course or run of rivers is of extremely variable
length, extending from a few to some thousand miles,
It is determined by several circumstaunces, as the dis-
tance of the source from the sca;—the natare and
arrangement of the country traversed,—the number and
magnitade of tributary streams,—the peculiarities of the
climmate, with respect to temperature and seasons, &e.

»,. The deds or channels of rivers are partly owing to
“these revolutions which have altered the face of the
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earth, and partly to the natural action of the rivers [
themselves. To the former cause, it seems reasonable”
to ascribe the remarkable examples of rocks and large
beds of compact strata penetrated by rivers, whose velu-
city and force are far from being considerable. The
latter operation may be expected to occur in a loose
and soft soil, which readily gives way to a gentle pres-
sure of long continnance. Great alterations are made
in the sides and bottoms of the beds; in course of time,
some parts being much depressed or worn down by the
force of the current; and others agam, are elevated, by
the gradual dcposition of mud and other product of the
soil, brought down from a distance. Hence it happens,
that the entire course of a river is sometimes changed,
and more especially towards its termination or mouth,
When rivers traverse rocky countries of a hilly nature,
and of various levels, they are observed to form leaps or
cataracts, which are a kind of violent transition from &
higher to a lower bed. In place of these are sometimes
found very narrow passes, where the water is so greatly
compressed as to have ucquired an immense increase of
velocity.

Ali rivers are subject to occasional swells or floods,
owing to the large addition of waters made by heavy
rains in the upper parts of their course. These a
sometimes periodic, and to a great extent, so as to over-
flow large tracts of country. This was long imagined to
be peculiar to the Nile, but many other large rivers,
particularly within or dependent on tropical countries,
cxhibit a similar plienomenon.

The mouths, or exits of rivers are various in appear-
ance. In some coses, the waters glide smoothly down
into the sea, mixing almost immediately with its waves;
In others, the forces of the rivers gnd its volume are sd
considerable, as to preserve a wel marked distinctiosf
between the two elements, at a great distance from th§

lace in which they meet. A third kind, again, form

rs of sand, of more or less extent, through which tbz
water seems to find a way of escape into the ocean,
While, in a fourth example, the marine tides, for a time,
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resist the passage of the river, occasioning a retarJation
and accumulation of waters which overtop its banks and
deluge the neighbouring country.

In comparing the sizc of different rivers and the mass
of water which they contain, it would be nccessary to
take into account the length of their course, their breadth
and depth, as well as tneir velocity ut various parts.
This is obviously a ditficulty, and it may be acded,
hitherto, an a'n.ost unattempted task. 1t is casy enough
on the whole, (o compare many of them together, in one
particular, that is, us their lungth, and breadih, and
depth, &c., scparately; but al these rquire to be com-
bined, in order to exhibit their relative maguitudes and
proportions. Major Rennell, in his Memoir of Hindus-
tan, has given a list of the relative lengths of rivers, the
Thames being reckoned as unity; but it does not ex-
actly correspond with the existing amount of informa-
tivn on the subject.

SPRINGS.

The origin of springs, from which rivers Lave their source,
is a problem that has long exercised and divided natu-
ralists. 1t seems improper to confine it to one cause,
however powerful, springs, differing so much in situation,
extent, and quality, as to require the operation of various
ageuts. Of these may be cnumerated the precipitation
of atmospherical, and the asceut of subterraneous va-}
pours, mfiltration of marine wat.r, and the liquefaction
of ice and snow. Springs are eitl.er perennial or tem-:
porary, intermitting or reciprocating Perennial springs*
are such as flow continnally, wnd with little or no change:,
of magnitude. These can Lardly depend altggether on }
so precarions a ~upply of rain water. Temporary springs -
flow only during ccrta’n seasons of the year, and in all/
probability, are the product of the source now mentioned.
Intermitting springs flow und stop alternately, 1 conse-
quence,.it is presumed, of their connection with the sea.
Reciprdcating springs How constantly, but in u variable
munper as to quantily, not well explained. Springs
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which have their waters combined with minreral sub-
stances, and are, from that circumstance, called mineral,
are very numerous, and of various kinds. Warm and
hot springs are also common, especially in volcanic
countries, where they are sometimes distinguished by
violent ebullitions. Iceland is noted for these curious
phenomena; its celebrated boiling fountain, the great
Guysee, frequently throws out its contents to the height
of more than a hundred feet, sometimes to twice that
elevation.

Section IIL
Of Clouds,—Vapors.— Fogs. — Mists.— Dew,— Hoar Frost.—Rain.—Snow.~Hail,

The clouds are considered the product of vapours exhaled
from the sea and land, and which have combined toge-
ther by some, hitherto, not perfectly ascertained laws.
They are rarely formed in the lower strata of the atmo-
sphere, the vapours from which they proceed, ascending
by their less specifie gravity to the hirher regions, where
the combination takes place. Clouds are not often sus-
pended more than a mile above the surface of the earth;
and consequentiy, a person at a great heicht, as on the
top of a lofty mountain, generally sees the clouds below
him. They are all more or less electrified, and those
which are most so, commonly descend to the lowest,
Hence, thunder-clouds, as they are called. appear at times
to tourh the earth with one of their edges or a tail, and
actually indeed, come so near as to permit a commu-
nication by means of vapour or rajn, when the ire im-
mediately takes place witn an electrical discharge. The
motious of the clouds are in general directed by the
wind, but in some cases depend altogether on their elec-
trical condition. Contrary currentd, in dillerent strata
of uir, often compel tie clouds to pass each other with-
out any combination or collision. Different degrees of
velocity in diifercnt strata, produce gorresponding effects
on the motion of the clouds. It sometimes happens, that
clouds actually meeting and touching each other, in
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lace of forming a large one, vanish entirely away, which
1s to be ascribed to the disci:arge of opposite electricities §
existing in them. The various figures of the clouds are
partly owing to their loose and casily mobile texture, andi
partly to their electricity. The formation of strange!
shapes, and the vamshing of small clouds on contact,,
are indications of thunder, in the proper or usual scasons
of its accarrence.  The colows of the clouds depend on*
their situation with respect to the sun, and their aptitude
to rcficet and refract his rays. Those of most frequent
appearance are brown, grey, red, yellow, and white, of all
shades, A green cloud is a highly beautiful, but very
rare occurrence. 'The blne colour of the sky is to be im-
puted to the vapours invisibly mixed with air, having the
property of reflecting the blue ray of light more copi-
ously than any other.

The vapouis arising from moist places, or the surface
of the ground after rain, &c., sometimes collect together
in the fower strata of air, and form fogs and mists which
partake of some of the properties and nature of clouds.
A particular kind of dry fog has been noticed 1o precede .
some eartquakes and volcanic eruptions.

The nature and constitution of dew are not yet tho-
roughly understood, but have of late years attracted
very minute inguiry.  Its origin may be traced, like that
of rain, to evaporation, but not exactly from the same
cause. In the case of dew, the heat which givesr ise to
the formation of vapour is derived from the earth, which,
being denser than the air, retains it long after the san
has set.

This, therefore, being communicated to the moisture
on the surface, oceasions an ascent of vapour either in a
visible or an invisible state. The vapour so raised at
Jast, meets with a colder medium, which conMenses and‘
combines it, and thus, by increasing its density, causes
its return to the ground. Dew, thercfore, may be said,
both to ascend and descend, which accounts for a num-
ber of curious circumstances observable of it. But the
op: ration of electricity is undoubtedly concerned in some
of the phenomena of dew, more especially its apparent
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reference for certain substances, and aversion to others,
%ews are oftén combined with various matters, which'
may be either salutary or injurious to animal and vege~
table life. When dew freezes from the coldness of the
atmosphere, or the disappearance of sensible heat, it
assumes the form and obtains the name of hoar-frost.

The precipitation of vapour in the form of drops con-
stitutes rain; its formation is to be reckoned among the
electricai phenomena, no known law of any of the other
agents being quite sufficient to explain it, The quan-
tity of rain that falls in different countiics is immensely
various, The mean annual quantity is greatest at the
equator, and decreascs towards the poles, and hence is
presumed to be influcnced by the heat of the climate.
But it is materially influenced also by many local cir-
cumstances. Thus a greater quantity is found near the
sca coasts than in inland countrics, and in the vicinity of
lofty mountains than in plains; again, those winds bring
nmiost rain which blow from large seas; and, on a small
scale at least, all other circunmstances being alike, a dif-
fer.nce of clevation above the ground, occasions a differ-
ence in the amount of rain, a larger quantity falling on
the lowest place, The quantity is greater in summer
than in winter, though there be fewer rainy days in the
former, which in this respect resembles the cquatorial
regions, where rain is the heaviest, but the least fre-
quent. The couuntries where thunder is hardly known,
little or no rain is observed, as in Egypt and the plains
of Peru. The mean annual quantity of rain of Great
Britain has been estin ated at 32} inches in depth, that
which falls on the whole globe has been reckoned at
34 inches, and amounts therefore to 91,751 cubic miles
of water; but this, immense as it seems, is judged to be
Jess than the average (uantity of water evaporated from
the earth, in the proportion of 41 to 44, and hence a
sufficient source may remain for the supply of the other
atmospheric motions, into which water, in its natural or
decomposed state, is known to enter Snow and hail
are modifications of rain, occasioned by the deposition
and transmission of vapour in different states of aggrega-
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tion, through zones or strata of the atmosphere at low
temperatures.

Several remarkable kinds of rain and snow which have
sometimes been observed, were formerly imagiued to be
preternatural, but appear to admit of explanation con-
sistently with known laws. It is enough merely to men-
tion rains of blood, of sulphur, of fire, red snow, &e.,
which, howevef, calculated to astonish and dismay the
vulgar, to whom every thing unusual is miraculous,

resent little difficulty in the way of philosophical
Investigation. In reality, occurrences of this Kkind,
which-seem the least susoeptible of exposition, are often
much more easily accounted for, than those ordinary
phenomena, which, from their being dailz presented to
us, are conceived to be perfectly well understood of all
the aqueous meteors, it is curious, but not ill-timed, to
observe, the utility is well ascertained, with the excep-
tion of bail, which, though capable of perl.aps more
mischief than any of them, has not yet been discovered
conducive to any one beneficial purpose..

Secrion 1V,

Of Thunder and Lightning.—Falling Stars.—Igms Fatous,—Awma Borealis
and Rainbow.
Of all the atmospherical phenomena there are none more
awfully sublime than those of thunder and lightning.
Respecting the nature and cause of these it would be
useless to cite the opinions of ancient philosophers, as all
our real knowledge on these subjects is derived from
modern discoveries, and particularly those in electricity,
Dr. Frauvklin ascertained the identity of lightning and elec-
tricity ; since then, the attention of philosophers has been
directed to the inquiries, how the electric fluid or energy
circulates from the earth 1o the air and back again to the
earth ; by what means it is raised into the atmosphere,
how i} bgcomes rcdundgnt, and how it is returned to the
earth dghin. Tne aquedus vapour, or steam of the atmos-
phere appears to be the vehicle. The dry and permanent
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elastic fluids have probab'y no more to do than as non-
conductors of electricity, to obstruct its passage through
the atmosphere, When water is evaporated it takes
along with it a greater quantity of electricity, as well as
heat, than it had before; that is, the capacity of vapour
for electricity is greater than that of water. This fact has
been observed by most of those who have of late years,
carefully attended to electrical phenomena. Of course,
when the steam is condenscd into water, there must be
a redundance of electricity as well as of heat; and if the
air be a non-conductor, (as it undoubtedly is, when dry),
the drops of water or the cloud formed, must be electrified
positively.  This is ascertained to be the fact. If, during
a thunder stoim, and on some few other occasions, the
atmosphere exhibits signs of negalive electricity, it can
scarcely be doubted that this is occasioned by the action
of some superior. cloud, which being positively electrified,
makes the otlicr, or the circumambient air negative by
induction, agreeably to the well-known law of electricity.
The reason why the atmosphere cannot be negalive?’y
clectrified is, that in the drdinary course of nature, no
evaporation of water, insulated by the atmosphere, can ever
take pluce; the evaporation being always originally from
the earth’s surface.

Conformably to these observations then, we may lay it
down as an established maxim, that the electricity of
every cloud at its formation, is positive. It will remain
then to be explained how the phenomena of thunder and
lightning are to be accounted for on this position. One
most obvious question occurs of the electricity of one
cloud to find it expedient to force its way to the earth by a
violent discharge; why is it not universally the case, and
why are not thunder and lightning as frequent as clouds
and rain? :

Before this question can be satisfactorily answered, we
must make ourselves acquainted with the circamstances
that usuaily accompany thunder and lightning. It will
be generally allowed that the frequency of thunder and
lightning, in this part of the world at least, (England), is
in proportion to the quantity of aqueous vapour in the
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atmosphere, or, which nearly amounts to the same thing,
to the temperature of the air. The following extract
from Dalton’s Meteorology, being the result of five year's
cbservations, well support this assertion,

Jan. Feb. Mar. April May June

Mean temperature each month.... 37° 39° 39° 45° 51° 56°
Number of days when thunder was

heard....ccoecicvacrsceccsese 1 0 0 8 7 5

Jaly Aug. Sept. Oct Nov. Dec.
57° 58e 53° 45° 41° 35°
12 7 7 2 1] 1

In fact, thunder is very rare in winter, perhaps never
known in frost, more frequent in spring and autumn;
but, it is in the months of May, June, July, August, and
September, which are the warmest months in the year,
that we usually expect, and have to record thunder-
storms of any comsequence or duration. It is further
remarkable that when thunder is observed in winter, it
is always during a low barometer, and an unusually warm
vapoury state in the atmosphcre, 'Whenever vapour is
precipitated from the atmosphere by the causes we have
mentioned, the quantity will be greater in proportion, as
the absolute quantity of aqueous vapour in the atmosphere
is greater. This arises from the increase of vapour being
in a geometrical progression to that of temperature in
arithmetical progression. Rain, with the dew point at
" 60° will be twice as heavy, all other circumstances the
same, as rain with the dew point at 40°; because there
is twice as much steam in the air in the former case.
It has already been observed, that the clouds are higher
or more elevated above the surface of the earth in sum-
mer than in winter. From combining these observations,
we may, perhaps, obtain a satisfactory reason for thun-
der not accompanying every clond and shower of rain.
In winter the clouds arc low, less dense, and conse-
quenly less electric, than in summer; their electricity
silently and slowly steals away to the earth’s surface.
In summer, the intensity of the electricity is double, in
consequence of its quantity being as the vapour con-
densed, and it is more removed from the earth or insu-
lated by its superior altitude; hence its energy may be
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so farincreased as to overcome the resistance of the air.
Thus, if an imperfectly rounded ball of metal be pre-
sented at a proper distance from the conductor of an
electrical machine, it will slowly and silently draw off
the electricity ; but if the iutensity of the electricity be
increased sufficiently, nearly the whole will come away
in an instant in the shape of a dense spark, with a snap-
ping noise.

Thunder-storms generally happen when there is little
or no wind; and their first appearance is marked by one
dense cloud, or more, increasing very fast in size, and
rising into the higher regions of the air; the lower sur-
face black, and nearly level, but the upper finely arched,
and well defined. Many of these clouds seem frequently
Eiled one upon another, all arched in the same manner;

ut they keep continually uniting, swelling and extend-
ing their arches.

At the time of the rising of this cloud, the atmosphere
is generally full of a great number of separate clouds,
motionless, and of odd and whimsical shapes. All these,
upon the appearance of the thunder cloud, begin to move
towards it, and become more uniform in their shapes as
they approach ; till, coming very near the thunder cloud,
they mutual? stretch towards one another, immediately
coalesee, and together make one wuniform mass. But
sometimed the thunder cloud will swell, and increase
very fast, without the conjunction of these adventitious
clouds, the vapours of the atmosphere forming themselves
into clouds whenever it passes. Some of the adventitious
clouds appear like white fringes at the skirts of the thun-
der cloud, but these are continually growing darker and
darker, as they approach or unite with it

When the thunder cloud is grown to a great size, its
lower surface is often ragged, particular parts being
detached towards the earth, but still- connected with the
rest, Sometimes the lower surface swells into various
large protuberances, bending uniformly towards the
earth. When the’eye is under the thunder cloud, after
it is grown larger, and well formed, it is seen to sink
lower and to darken prodigiously; at the some time,

E3
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that a number of adventitious clouds (the origin of which
can never be perceived), are seen in rapid motion, driving
about in every direction under it. While these cluuds
are agitated with the most rapid motions, the rain gene-
rally falls in the greatest plenty; and if the agitation is
exceedingly great, it commonly hails.

While the thunder cloud is swelling, and extending
its branches over a large tract of country, the lightning
is seen to dart f-om one part of it to 2nother, and often
to illuminate its whole mass. When the cloud has ac-
quired a sufficient extent, the lightning strikes between
the cloud and the earth, in two opposite places, the path
of the lightning lying through the whole body of the
cloud and its branches.

The electrical explosion generally takes place in the
air, and at a cousiderable height; but in many instances
it happens betweens the clouds and the earth. TIn most
instances, the lightning descends from the clouds to the
earth, and the explosion is then called the descending
stroke; but in some cases, it is known to pass from the
earth to the clouds, and is then termed, the ascending
stroke: of the latter kind, appears to have been the
explosion which took place on the Malvern Hills, in the
summer of 1826, and which was attended with such
melancholy consequences. A very curious instance of
the ascending stroke is related by G. F. Richter, in his
work on thunder. He informs us, that in the cellar
belonging to the Benedictine Monks of Fontigno, while
the servants were employed in pouring into a cask some
wine which had been just boiled, a fine light flame ap-
peared round the funnel, and they had scarcely finished
their operation when a noise like thunder was heard ;
the cellar was instantly filled with fire; the cask was
bu:st open although hooped with iron ; the staves were
thrown with prodigious violence against the wall; and
on examination, a hole of three inches in diameter was
found in the bottom of the cask.

The following precautionary hinta may be offered, as
they comprise tlie best modes of ensuring safety during
atfunder-storm.
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Shelter should not be taken under trees or hedges, for,
should they be struck, such situations are particularly
dangerous ; at the time a person is much safer at about
thirty or forty feet from such objects than at a greater
distance, as they are likely to operate as conductors.
Large portions of water also ought to be carefully avoided,
and even smaller streams that may have resulted from
recent rain, as these are good conductors, and the height
of a human beiug connected with them, may sometimes
determine the course of the lightning. In a house, the
safest situation is considered to be the middle of the
room; and this situation may be rendered still more
secure by standing on a glass-legged stool ; but as such
an article is not in the possession of many people, a hair
mattress, or a thick woollen hearth rug makes a very
good substitute, It is very injudicious to take refuge as
some persons do, in the cellar or place below the surface
of the earth, during a thunder-storm, since the discharge
is often found to be from the earth to the clouds, and
many instances are recorded of buildings that were struck
having sustained the greatest injury about the basement
story. But whatever situation is chosen, the greatest
care should be taken to avoid any approach to tall
trees or buildings or metallic rods since tiey are power-
ful conductors.

The distance of the thunder-cloud may readily be
determined, as the interval between the Hash and the
commencement of the report furnishes the data nccessa
for the calenlation. According to Flamstead, soun
travels at the rate of 1142 feet in a second ; consequently
by a watch which points the seconds, the distance of the
cloud is easily ascertaned, for the flash and the sound
are nearly contemporaneous; and the former requires
hardly any perceptible lapse of time to travel through
any ordinary distance. Thus, for example, suppose the
flash to occur five seconds before the sound is heard,
then 1142 5=5710=1 mile 430 feet, the distance of
the explosion from the place of the observer. So far this
calculation is very gratifying, but it is no criterion of
safety, for it only indicates the distance of a discharge

)
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that has taken place ; the next may render the observer
incapable of observation.

Shooting or falling stars, as they are called, are caused
by streams of the electric fluid passing rapidly through
the higher regions of the air; and these phenomena of
which we are now speaking, are, in all probability,
portions of the same matter passing through regions of
the high air which are compuratively at small altitudes.

These meteors vary considerably in size and colour,
.and also in the rapidity of their motion ; they move in
various directions, but chiefly incline towards the earth.
They occur in different states of the atmosphere, but pre-
vail most in clear frosty nights, and at other times, when
the winds are easterly, and the sky clear ; in the intervals
also of showery weather they are frequent, and on
summer evenings, when well defined clouds are seen
floating in a clear atmosphere.

The ignis fatuus, or, will with the wisp, that appears
so often in boggy, marshy, and damp situations, decoying
the unwary traveller, and terrifying the superstitious
traveller, seems to be rather of a phosphoric than an
electric nature, similar to the light which is emitted by
stale fish or fire flies. Sir Isaac Newlon defined it to be
a vapour shining without heat.

A remarkable ignis fatuus was observed by Mr.
Derham in some boggy ground, between two rocky hills,
He was so fortunate as to be able to approach it within
two or three yards. It moved witha brisk and desultory
motion about a dead thistle, till a slight agitation of the
air, occasioned, as he supposed, by his near approach to
it, occasioned it to jump to another place; and as he
approached it, it kept flying beiore him. He was near
enough to satisfy himself that it could not be the shining
of glow-werms or other insects—it was one uniform
body of light.

All thg-luminous appearances are probably owing to
the extHcation of hydrogen gas, so sligltly impregnated
with ‘phosphorus as to continue emitting a faint light,



THE AURORA BOREALIS. 43

without producing that brilliant flash which follows the
sudden extrication into the air of the common phospho-
rated hydrogen gas, obtained in the usual chemical experi-
ment of thiowing phosphuret of lime into water.

The aurora borealis, or northern lichts, are generally
considered toarise from the passage of electricity through
highly rarified air, and the mode of producing these
different luminous streams has already been adverted to.

Mr. Dalton gives the following account of this splendid
phenomenon. ¢ Attention was first excited by aremark-
ably red appearance of the clouds to the south, which
afforded sufficient light to read by, at eight o’clock in the
evening, tlough there was no moon, nor light in the
north. Some remarkable appearance being expected, a
theodolite was placed to observe its altitude, bearing,
&c. * From half past nine to ten o’clock p. m., there
wus a large, luminous, horizontal arch to the southward,
almost exactly like those which we see in the north; and
there were some faint concentric arches northward. It
was particularly noticed that all the arches seemed
exactly bisected by the plane of the magnetic meridian,
At half past ten o'clock, streamers appeared very low
in the south east ; theyincreased in number and began to
approach the zenith apparently with an accelerated velo-
city; when all on a sudden, the whole hemisphere was
covered with them, and exhibited such an appearance as
surpasses all description. The intensity of the lizht, the

rodigious number and volatility of the beams, the grand
intermixture of all the frismatic colours in their utmost
splendour, variegating the glowing canopy with the most
luxuriant and enchanting scenery, afforded an awful, but
at the same time, a most pleasing and sublime spectacle.
Every one vazed with astonishment; but the uncommon
grandeur of tue scene only lasted about one minute ; the
variety of colours disappeared, and the beams lost their
lateral motion, and even converted into the usual flashing
radiations ; but even then, it surpassed all other appear-
ances of the aurora, in that the whole hemisphere was
covered with it. .
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The aurora borealis, or, as the same appearance is
commonly termed streamers, and in the Shetland Isles,
the merry duncers, can seld=:n be seen in the southern
parts of the kingdom; and, even when seen there, the
appearance is far less brilliant than in northern latitudes,
where this wonderful phenomenon is the constant
attendant of clear evenings, aflording a great relief to the
inhabitants, amid the gloom that wou!d otherwise attend
their dreary wintry nights.

Now, between these appearances and those of electricity,
under certain circumstances, there are several points of
close resemblance. Forit is found by a simple experi-
ment that when the electric fluid is made to pass through
rarefied air, it exbibits a diffused luminous stream which
bas all the characteristic appearauces of the northern
lights. Thereare to be seen the same varieties of colour
and intensity, the same undulating motion and occasional
corruscations; the stream exhibits the same diversity
of character. At one moment minutely divided into
ramifications, and at another, beaming forth in one body
of light, or passing in well defined flashes; and, when
the rarefaction is high, various parts of the stream assume
that peculiar glowing colour which occasionally appears,
and which, on the wlole, leaves but little room to doubt
that the phenomenon is produced by the passage of
electricity through the upper regions of the atmosphere.

Of all the natural plienomeua, the rainbow is one of
the most beautiful. This mcteor, which in poetical lan-
guage is calied the iris, never makes its appearance,
except when the spectator is situated between the-sya.
and a shower of rain; and that this conclusion is just,
any one may satisfy himself by the following experiment : —
fill a hollow glass globe with water, and suspend it in.
the sun, in such a maoner that it may be raised or
lowered at pleasure; at a certain height above the eye of
the spectator, who looks at it with his back to the sun,
the globe will appear to be red: let it then be slowly
lowered; and it will appear to be orange, an afterwards
in succession, as it descends, it will appear yellow, green,
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blue, indigo and violet. Hence, the same drop of rain
which must be considered as a little globe, supplies all
the seven colours to the eye. Tuere are semetimes two
rainbows seen at the same time, one within the other,
and what may seem remarkable, the order of the colours
of the exterior bow is the reverse of that of the interior
one. When two bows are seen, the exterior one is
comparatively faint, and, it is therefore sometimes called
the false or secon-tary bow; while the greater distinct-
ness of the inter or one has obtained for it the appella-
tion of the primary bow. To trace the progress of a ray
of light through a drop of rain in each of these bows,
will explain the cause of their differing in brightness.
In the true or primary bow, the rays of light arrive at
the sgectator’s eye after two refractions und one reflec-
tion.

Thus, let A, in the above diagram, be a drop of rain,
and 8, a ray from the sun falling on. the upper part of
the drop. It will suffer a refraction, and instead of going

® The rainbow was ome of thnse phenomena which astonished and per-
plexed the ancients ; and afier many ahsurd and unsudcessful conjectures, their
best philosophieis, Plinv and Plutarch, relinquisbed the inquiry, as one, which
was ahove the reach of human investization.  In the year 1611, Autonlo de Do-
minio made a considerable advance, however, towards the Lheory of the rain-
bow, by anapending a giass globe in the sun’s light, when he found that. while
R'lcpod with hia back to the sun, the colours of the 1ainhow were reflected to
eye in aicceosion by the glabe, as it was moved higher or lower. He was,
however, unable 10 account for the prodaction of the different colours, as the
experiments with tbe piism bad uot yet been made, and it was seserved for
Newtoa 1o perfect that discovery,



46 THE RAINBOW.

forward in a right line it will be bent to »; at =, part of
it will emerge, but the remainder will be reflected to g¢;
at-g, it will be again refracted on passing into the air
towards the eye at %; being thus twice refracted and
once reflected, the ray is separated into its primitive
colours; the red part, which i1s least known out of its
course, makes an angle, at its emergence, with the inci-
dent solar ray of forty degrees two minutes, as s, f, £&;
and the violet, being the most easily thrown out of its
course, makes with the solar light un angle of forty
degrees, seventeen minutes. The different colours, there-
fore, at the distance of the spectator, are considerably
separated, and affect the eye in succession with the seven
colours ; but the succession is so quick, and so many
drops fall through the same circuit in the same time,
that the mind loses the idea of succession, and the point
seems permanent as long as the shower continues in a
proper direction for the eye.

he cxterior or secondary bow is formed by two reflec-
tions and two refractions.  Let B represent one of the
drops of rain forming this bow; aray, T, from the sun,
falling upon it at r, is refracted, and falls npon the back
of the drop at s; from the transparency of the drop a
portion of 1t gasses through towards w, but the remain-
der of it is reflected towards #; here again, for the same
reason as before, part of it emerges from the drop, in
the direction z, but the portion still left is reflected to «,
where it is refracted towards the spectator with the red
Tays uppermost.

The great quantity of light lost at each reflection is
the cause of the indistinctness of the bow, and therefore
we cannot be surprised that we rarely, if ever, see bows
formed by a still greater number of reflections within the
drops; for though they may exist, they are too faint to
be secn. The secondary bow cannot be seen when the
elevation of the sun is ubout fifty-four degrees seven
minutes, #ng it is broader than the interior bow, because
the rays ag¥ more dispersed before they reach the eye.
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Secrion V.

From the changes that take place on the Earth’s Surface.—Action of Running
Waters.—Bieaking down of Coasts. — Encroachment of 8ands.
From the quiet and regular succession of natural events
to which we are accustomed, and the repugnance which
we feel to the idea that it is possible fur the course of
nature to suffer intertuption, we might without due
investigation almost persnade ourselves that the physi-
cal features and conditions of the globe passes an
unchangeable character. So fur, however, is this from
being the case, that there is no country wherein traces
are nqt discoverable of the great changes and violent
revolutions of which the earth has formerly been the
theatre. The confusion often exhibited in the position
of the different strata or layers of which the crust of the
earth is composed, the fraquent discovery of the remains
of*animals, vegetables, deeply buried in the soil, and many
other appearances, testify that the surface of the globe
has undergone convulsions, to the production of which
none of the natural agents with which we are acquainted
can be regarded as adequate; unless they once acted in
a method, and with an extent of violence of which it is
impossible for us, by reference to what now exists, to
form a conception; the lowest and most level parts of
the earth exhibit nothing, even when penetrated to a
very great depth, but horizontal strata, composed of
substances more or less varied, and containing almost
all of them innmmerable marine productions.  Similar
strata, with the same kind of produgtions, composed the
Jesser hills to a considerable height. Sometimes the
shells are so numerous as to constitute of themselves the
entire mass of the rock; they rise to elevations superior
to the level of every part of the ocean, and as found in
places where no sea could have carried them at the pre-
sent day, under any circumstances, they are not only
enveloped in loose sand, but are often enclosed in the
hardest rocks. Every part of the carth, every continent,
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every island, of any extent exhibits the same pheno-
menon.”—(Cuvier's i‘,ssay on the Theory of the Earth.)
The perfect state in which these shells are generally
found, and the regularity, thickness and extent of the
beds that contain them, prove that they could not have
been deposited in their places by any temporary invasion
of the sea, but that the water must have remained there
long enough in a state of tranquility, to have allowed
them gradually to deposit themselves. Some of the
strata of marine formation are much more recent than
others; while in the midst, even the oldest strata of
this kind, other strata appear full of animal or vegetable
remains of land or fresh water productions. On these
accounts, it would seem as if the land, now inhabited by
man, had experienced various successive eruptions and
retreats of the sea. There are also appearances which
lead to the conclusion, that the catastrophes which have
occasioned these changes have been sudden and violent.
To numberless living beings, they were the messengers
of deswruction; and of many, the very races have been
utterly exunguished. Cuvier, the celebrated French
geologist and naturcl historian, from an observation of
the fossil bones of more than one hundred and fifty
quadrupeds, has determined that upwards of ninety of
these animals were of kinds unknown to naturalists.
There can be no doubt, that the revolutions in which
these animals were destroyed, occasioned great changes
in the climate in many parts of the earth, and that in
some instances, at any rate, the change took place very
rapidly. Fossil plants, and animals of similar kinds
which still exist,in warm regions, have been found in
countries where the cold is very much beyond what such
kinds are capable of sustaining; and in the arctic zone,
the carcases of large quadrupeds -have been discovered
enveloped in the ice with their skin, hair and flesh, still
remaining so, that the alteration in the climate must
have oceurred with such suddenness as to prevent their

ies. from "being decomposed by putrefaction. Such

fgme of the traces that bear witness to the revolu-
fms" which the surface of the globe has undergone.
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These wonderful and destructive events, of the immediate
causes of which notliing can be declared with certainty,
must have long ceased; but the earth has since experi-
enced, and is still experiencing, changes of a very per-
ceptible kind which we shall now proceed to notice.

Of the several agents which contribute to these
changes, water has the widest sphere of activity. In all
abrupt and precipitous mountains, fragments of earth
and rock are continnally falling down from the higher
parts, owing 1o the slow, but effectual action of rains,
storms, &c., and these become rounded by rolling upon
each other. These fragments collect upon the sides and
at the foot of the mountains, and, on some occasions,
when undermined by rivulets, have been known to slip
down in immense masses, and by stopping up the course
of rivers, create great devastation. But, without any
such extraordinary occurrences as these, the streams
that descend along the flanks of elevated grounds carry
along with them some portion of the materials of their
respective slopes, especially when swelled into violence
by .rains or the melting of snows; and such as come
from mountains sweep down with them even “ome of the
fragments of rocks that have been collected in the high
valleys. In proportion, however, as these streams reach
the inore level country and their channels become more
expanded, they deposit the fragments and stones, till at
last their waters convey along only particles of mud of
the minutest kind. If, therefore, these waters do not
run too rapidly into the sea, or the particles in question,
do not previously settle in some lakd through which the
rivers pass, the mud is deposited at’ the, sides of their
mouths forming low grounds, by which the sources are
prolonged and encroach upon the s¢a; and which the
waves by casting up sand upon them, assist in their
increase, whole provinces are created,.capable from their
soil, of yielding, in the highest degree, to the support
of man, and of being made the seats’'of wealth and civi-
lization. It has been concluded with reason, that the
greater part of lower Egypt owes its formation to the
alluvial matter brought down by the Nile, aided by the
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sand cast up by the sea. M. Dolomieu has endeavoured
to show that the tongue of land on which Alexandria was
built, (three hundred and thirty-one years before Christ,)
did not exist in the days of Homer ; (about 900 . c.,)
and that the lake Mareotis was at the latter period, a
large gulf of the sea in the time of Strabo, the geogra-
pher, who lived about the commencement of the Chris-
tian era, this gulf had been enclosed by land, and is
described as a lake of six leagues in length. More cer-
tainty exists as to the changes that have occurred since
that period. The sand thrown up by the sea, and wind
has formed, near the site of the ancient town, a narrow
tongue, on which the modern Alexandria stands. It has
blocked up the nearest mouth of the Nile, und reduced
the lake Mariotis almost to' nothing; while the rest of
the shore has been very much extended by the continual
deposition of alluvial matter. In the time of the ancients,
the Canopian and Pelusian were the principal mouths
of the Nile. and the coast ran in a straight line from the
one to the other. The water now passes out chicfly
through the Bolbitian and Phatnitic mouths; and round
them the greatest depositions have taken place, to which
the coast is indebte& for its swelling outline. The cities
of Rosetta and Damietta which were built upon these
mouths, close to the sea, lcss than a thousand years
back, are now six miles distant from it, At the same
time that the sediments of the Nile occasions an exten-
sion of the land, both the bed of the river and the coun-
try which is periodically covered by the overflow of the
waters, are from the same cause gradually being raised
to a greater elevation. As a proof of this elevation of
the soil, it is stated that at Cairo, before the rise of the
river is deemed sufficient for the purpose.of irrigation,
its height must exceed 3} feet, that which was requisite
ten centuries ago. According to this statement, the

round must have been raised at the rate of nearly 4}
inches in a century. The ancient monuments of the
Jand all have their bases more or less, covered by the
“mud which has been, for ages, accumulating around them.
r;; e delta of the Rhone undergoes a similar augment-
o,
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ation, and it would appear, that the arms of that river
have, in the course of 1800 years, become louger by
three leagues; and that many places which were once
situated on the brinks of the sea, or of large pools, are
now several miles distant from the water. In Holland
and Italy, the Rhine and the Po, since they have been
banked up by dikes, raise their beds and push forwards
their mouths into the sea with great rapidity. Many
cities which, at periods within the range of history, even
flourishing sea ports, have, by the encroachments on
the water, been deprived of their importance. It is with
extreme difficulty that the Venetians are able to preserve
the lagunes, (extensive sheets of water, but so shallow
that they, in no part, exceed six or seven feet in depth
by which their city is separated from the main land) and in
all probability Venice is destined to experience the fate
of Ravenna, which, according to Strabo, stood among
lagunes in the time of the Roman Emperor Augustus,
but is now a league from the shore.

The river Poin Italy has the level of its bottom so much
raised that the suiface of its waters is now higher than the
roofs of the houses in Ferrara; and the Adige and the Po
are higher than the whole tract of country lying between
them. The high level above the surrounding plain, at-
tained by the Rhine and the Meuse in Holland, since
they have been bauked up; the additions of land that
have been made along the shores of the North sea, in
Holstein, Friesland, Groningen &c.; and the diminution
of the Sea of Azov, by the entrance of alluvial matter from
the Don, are further instances of the changes which
nature is able to produce by the most simple means.

There are several instances in moyntainous and marshy
countries of small lakes having been-dried up from differ-
ent causes—such as the crystallizqtion, or deposit of
substances which the waters had previously held in solu-
tion; the gradual union of floating islands, and the
collection of matter arising from the lake being the seat
of animal and vegetable hife; but it is evident, from their
very slow progress, that the effects produced in these
ways cannot be upon a very large scale. 3

¥
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We must now mention some changes of a destructive
nature. There are the breuking down of steep coasts by
the waves, and tLe tirowing nup of sandhills, which the
winds afterwards assist in pushing forward and dispersing
over the adjacent land. The first is a very cominon
occurrence; the sea detaches fragments from the foot of
the clifis, or else wastes it away, and then the upper parts,
derrived of support, fall down. The broken parts that
callect at the base in consequence of these falling
downs, serve, more or less, and for a longer or shorter
period, according to their position and hardness of
material, to protect the cliff from further ravages. The
circumstances also which cause the slipping down or
breaking away of masses of rock and earth, among
mountains, operate in a similar manner where there are
shores of a steep character. Springs filter through and
displace the soft strata, and thus the more solid formations
are left without support; the consequence is, that at
times, large spaces of land slide or fall down from above;
it is by such means as these that the ‘land slips,” on the
southern shore of the Isle of Wight have been produced.
The same thing happens, but on a grander scale, upon
the coast of the Crimer ; wlole tracts are there carried
down, sometimes bearing vpon them the houses of the
natives, which have, notwithstanding been known to
escape withcut injury.

The actiou of the sea, whea the coast is low, and the
bottom sandy, leads to very different results. The waves
then push the sand forward upon the shore, where, at
every ebb of the tide, it becoues partially dried; and the
wind, frequently blowing from the sea, drifts it upon the
beach. By little and little, hillocks or downs of sand are
ereated, the higher parts of which are continually carried
inland ; so that unless the inhabitants of the country
succeed in fixing them by causing suitable plants to take
root in their soil, they move slowly on and overwhelm
fields and dwellings with inevitable ruin. Perhaps the
most re ble instance of the mischief occasioned by
the moyj owns is to be found om the French Coast
of the Bay of Biscay, south of the river Gironde, where
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they have already overwhelmed a great number of villages
mentioned in the records of the middle age, and not long
ago, inthe single departient of the Landes were threatening
ten with unavoidable destruction. One of these villages,
named Mimisan, had been stiuggling against them for
twenty yedrs, with the prospect of a sand-hill of more
than sixty feet in height, visibly approaching it.

The river Adour is now turned to the distance of more
than 2,000 yards out of its former course. The progress
of these downs has been estimated at 60 feet yearly, and
in some places at 72 feet; at this rate, it is calculated that
it will require 2,000 years to enable them to reach
Bourdeaux.

CHAPTER IIL
OF THE AIR OR ATMOSPHERE.

Scerion I,

On Currents n the Atmosphere.
It docs not belong to our present subject to investigate
the properties and compou it parts of the atmosphere,
but it will be proper o aotice the ag.rations or move-
ments which are cong®autly taking plice in thut fluid.
A change in the temperatue of a portion of air; an
increase or a livunutmn of the quanuty of water which
it holds in a state of vapour; in short, any circum-
stance which causes it either to contract or to expand,
destroys the equilibrium sulsistiag among the difierent
parts of the atmospliere, and occasions a rush of air, that
is, a wind, towards tnc spot where the balunce has been
destroyed.

Every one knows that the velocity and force of winds
are exceedinglv various; accordingly, several methods
have been suggested, and instruments invented, in order
to determine their amount with some degree of exact-
ness. In the fifty-first volume of the ¢ Philosophical
Transactions,” there is a table of the different velocities
and forces of winds, drawn up from a considegable num-

¥
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ber of facts and experiments ; the following particulars
are extracted from it :—

Perpendicular force, on Common Appellations
Velocity of the Wind. one squme foot, in of the foices of such

Avolidupuis pounds. Winds.
Miles in an hour. dec. parts.
L .005 ....ee Hardly perceptible.
079

:z"'i :1” tsesee Gentle, pleasaut wind.

sseser s

10 ceeeeennn. -492

15 wvvevennns 1.1078 tveeec Drisk gale,

30 severenen.  4.429 .
85 it 6.0278 Tt High wind.
50 ciieveeens 12.300 ,...... A storm.

80 .......... 31.490

100 .oee.ioens  49.200§ 0000
Winds may be divided into three classes—those which
flow constantly in the same direction—those which are
periodical, and those which are variable. It must be
observed thet the terms which express the direction of
winds are employed in 2 sense quite contrary to that in
which thicy are used when we speak of the direction of
currents in the ocean , a westerly current, for example,
signifies a current flowing fowards *he west, but a westerly

wind signifies a wind coming from that quarter.
The permanent winds are thosz which blow uowstantlg

A hurricane,

between, and a few degrecs beyona the tropics, and are
called trade-winds, On the noith of the equator, thei

direction is from the north-east (varying at times a point
or two of the compass each way); on the south of the
equator, they proceed fiom the south-east The origin
of them is this :—the powerful heat of the torrid zoune
rarefies or makes lighter the air of that region; the air,
+in consequence of this rarefaction, rises, and to supply
its place a colder atmosphere from each of the temperate
zones moves towards the equator. But (as in the case of
the polar currents in the ocean), these north and south
winds pass from regions, where the rotatory motion of
the earth’s surface is less, to those where it is greater.
Unable at once to acquire this new velocity, they are left
behind, and instead of being unorth and south winds, as
+they would if the earth’s surface did not turn round, they
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become north-east and south-east winds. The space
included between the second and fifth degtees of north
latitude, is the internal boundary of the two winds; and
this space experiences calms, frequently interrupted, how-
ever, by violent storms. The reason why it is situated
to the north of, instead of exactly at, the equator, secms
to be that the northern hemisphere is warmer than the
southern ; for since the trade-winds are the result of the
continual ascent of heated air in the equatorial parts, their
internal boundary will be where the principal ascent is
going on,—that is, where the annual temperature is the
highest; which, on account of the above-mentioned
inequality of temperature in the two hemispheres, will not
be at the cqutor, but somewhat to the vo:th of it. The
external limits of the trade-winds are at a medium in
about the 30th degrees of north and south latitude, res-
pectively; but each limit, as ihe <un approaches the
ncighbouring tropic, declines further from :he equator,
The position of the sun Las an influence aiso on their
strength and direction ; for when that luminary is near
the tropic of Caucer. the south-east wind becomes gra-
dually more southerly, ond stronger, and the north-east
weuker, and move ea.terly ; the eflect is reversed when
he ot Wwwards the tropic f Capricorn,

The tradc-winds weuld blow regularly round the whole
globe within the distance of about 30 or 40 degrees
{rom the equatcr eacl way, if the space within those
Liinits were all covered with water ; but the uneven sur-
face and unequal temperature of the land divert and
derange them : it is on this account that the trade-winds
are constantly experienced only over the open ocean,
The larger the expanse of ocean over which they range,
the wore steadily they blow: thus i the Pacific they are
commonly more steady than in the Atlantic ocean, and
in the south than in the north Atlahtic. 1n sailing frem
the Canaries to Cumana, on the morth coast of South
Amcrica, it is hardly ever requisite to touch the sails of
the vessel. The voyage across the Pacific, from Aca-
lco on the west coast of Mexico, to the Philiypine
Islands, is performed with equal facility; and if there
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were a channel through the isthmus of Panama, a west-
ward passage from Europe to China wonld be_more
speedy and safe than the usual navigation thither round
the Cape of Good Hope; the only interruption to the
evenness of this voyage would be in the Caribbean Sea
snd the Gulf of Mexico, where the trade-wind blows
impeluously, and is sometimes interrupted by westerly
winds. It would not be possible, h.wever, to return by
the same route, because in sailing, east way must be made
to the northward, in order to get beyond the region of
the trade into that of the variable winds. Both in the
Atlantic and in the Pacific Ocean, the current of the
trade-winds becomes broader and more directly east in
its course, as it advances from one side to the other of
those extensive basins. On the west coast of Africa,
owing to the rarefaction which the air undergoes over
that continent, the wind is mostly turned towards the
shore; from Cape Bojador to Cape Verd it is generally
north-west, and theuce to the island of St. Thomas, un-
der the equator, it bends graduully first to the west and
then to the south-west. Alorig the coasts of Chili and
Peru a south wind prevails. These are two instances of
the interruptiou which the trade winds experience in the
neighbourhood of Jarge masses of land.

In the Indian Ocean the south-east trade-wind prevails
between 289 and 100 of south latitude, from within a few
degrees of the east side of Madagascar, nearly to the
coast of New Holland; but from the 10th degree of
south latitude to the northern shores of that ocean, the
uniformity of the tropical movements of the atmospherc
is destroyed by the monsoons®, which belong to the
class of perivdical winds. These blow half the year from
one quarter, and the other half from the opposite direction :
when they shift, variable winds and violent storms pre-
vail for a time, which render it dangerous to put to sea.
They of course suffer partial changes in particular places,
owing to the form and position of the lands, and to other
circumstapces, but it will be sufficient to give their gene-

. "# $rom the Malay word mossin, which siguifies @ season.
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ral limits and directions. Northward from the third

degree of south latitude, a south-west wind blows from '
April to October—from October to April a north-east ;

these monsoons extend over the China sca, but here they

incliné more to the direction of north and south. Between

the 3d and 10th degrees of south latitude, a north-west

wind blows from October to April, and a soutk-east during

the other six months of the year: the former is seldom

steady in th¥open sea, but in December and January it

sometimes extends northwards a degree o: two beyond

the equator. These two monsoons have the greatest

strength and regularity in the Java Sea, and thence east-

ward towards New Guinea. The facts above exhibited

may be thus summed up :—fiom April to October a soutk.
west wind_prevails north of the equator, southward of this

a south-west wind —from October to April, a north-ecast

wind north of the equator, and a north-west between the

equator and 10° of south latitude; south of this the

usual trade wind, which is in motiou through the whole

year. . .

In attempting to account for these movements of the

atmosphere over the Indian Ocean, the first thing which’
strikes us is, that the north-east and south-east monsoons

which are found the one on the north and the other on the

south side of the equator, are mothing more than the

trade-winds blowing for six months, and then succeeded

for the remainder of the year by winds directly opposite.

It is also to be noticed that the south-west monsoon

in the northern, and the north-west monsoon in the

southern hemisphere, each prevails while the sun is

perpendicular to their respective regions : they are, there-

fore, connected with the immediale presence of that

luminary, If the Indian Ocean werd not bounded as it is

by land on the north, the trade-winds would: blow over it

(at least in the central parts) as ther do in the Atlantic

and Pacific Oteans. But it is well known that water,

owing to its transparency, is very little warmed bi the
sun’s rays, whereas the land is powerfully heated by them ;
consequently, when the sun is between the equator ‘and
the tropic of cancer, India, Siam, and the adjacent
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countries, become much hotter than the ocean; the
air over them gets rarefied and ascends; colder air
then rushes in from the Indian Ocean, and a south-west
wind is produced. When the sun, however, has crossed
to the south of the equator, these countries become
gradually cool, and the north-east trade-wind resumes
its course. At the same time the north-west monsoon
commences in the southern hemisphere, in consequence of
the air over New Holland being rarefied by the presence
of the sun,

The monsoons in the Red Sea blow in the direction of
the shores; and a similar effect is “observed in the
Mozambique channel, between Africa and Madagascar,
where these winds follow the line of the channel. On
the coast of Bruzil, between Cape St. Augustine and the
island of St. Catharine, and in the bay of Panama, on the
west of the isthmus of that name, periodical wiuds occur
somewhat similar to the monsoons of Asia.

The land and sea-breezes, which are common on coasts
and islands situated between, the tropics, are another kind
of periodical winds. During the day, the air, over the
land, is strongly heated by the sum, and a cool breeze
sets in from the sea; but in the night the atmnosphere
over the land gets cooled, while the sea, and consequentlr
the air over it, retains a temperature nearly even at all
times ; accordingly, after suu-set, a land-breeze blows
offthe shore. The sea-breeze generally sets in about ten
in the forenoon, and lasts till six in the evening ; at seven
the land-breeze begins, and continues till eight in the
morning, when it dies away. These alternate breezes
are, perbaps, felt more powerfully on the coast of Malabar
than anywhere—their effect there extends to a distance
of twenty leagues from the land. During summer, the
sea-breeze is very preceptible on the coasts of the Medi-
terranean, and sometimes even as far north as Norway.

We thus perceive that within the limits of from 28 to
30 degrecs on eacli*bide of the equator, the mevements
of the atmosphere are carried on with great regu'arity ;
but beyond:these limits, the winds are extremely variable
aud uucertsin, and the observations made have not yet
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led to any satisfactory theory by which to explain them,
It appears, however, tiiat beyond the region of the trade-
w.nds, the most frequent movements of the atmosphere
are from the south-west, in the north temperate zpne,
and from the north-west, in the south temperate zone,
This remark must be limited to winds blowing over the
ocean and in maritime countries; because those in the
interior of continents are influenced by a variety of cir-
cumstances, among which, the height and position of
chains of mountains are nat the least important. These
south-west and north-west winds of the temperate zones
are most likely occasioned in the following manner:—
In the torrid zone there is a continual ascent of air,
which, after rising, must spread itself to the north and.
south in an opposite direction to the trade-winds below :
these upper currents, becoming cooled above, at last
descend and mix themselves with the lower air; part of
them may perhaps fall again into the trade-winds, and
the remainder, pursuing its course towards the poles,
occasion the north-west and south-west winds of which
we have been speaking. It has also been conjectured
that these winds may frequently be caused by a decom-
position of the atmosphere towards the poles, from part
of the air being at times converted into water. )

Hurricanes bave been supposed to be of electric origio,.
A large vacuum is suddenly created in the atmosphereg:-
into which vacuum the surrounding ajr rushes with ings .
mense rapidity, sometimes from oppesite points of the .
compass, spreading the most frightful devastation along
its tract, rooting up trees, and levellibg houses with the
ground. They are seldom experienced beyond the tro-
pics, or nearer the equator than the 8th or 10th parallels
of latitude; and they rage with the greatest fury, near
the tropies, in the vicinity of land ar islands, while far
out in the open ocean they rarely ocoér. They are most
common among the West India islands, near the east
coast of Madagascar, the islands of Mauritius and Bour-
bon, in the Bay of Bengal at the changing of the mon-
soons, and on the coasts of China. .

Wharlwinds sometimes arise from winds blowing among
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loity and precipitous mountains, the form of which influ-
ences their direction, and occasions gusts to descend
with a spiral or whirling motion. 'They are frequently,
however, caused by two winds meeting each other at an
angle, and then turning upon a centre. When two winds
- thus emcounter one another, any cloud which happens
1o be between them is of course- condensed and turned
rapidly round; and all substances sufficiently light are
carried uq‘ into the air by the whirling motion which
ensues. The action of a whirlwind at sea occasions the
curious phenomeunon called a water-spout, which is thus
described by those who have witnessed it. From a dense
cloud a cone descends in the form of a trumpet with the
small end downwards ; at the same time, the surface of
the sea under it is agitated and whirled round, the waters
are separated into vapour, and ascend with a spiral me-
tion till they unite with the cone proceeding from the
cloud; frequently, however, they disperse before the
junction is effected. Both columns diminish towards
their point of contact, where they are not above three
or four feet in diameter. In the middle of the cone
forming the water-spout, there is a white transparent
tube, which becomes less distinct on approaching it. and
it is then discovered to be a vacant space in which none
of the small particles of water ascend ; and in this, as
well as around the outer edges of the water-spout, large
drops of rain precipitate themselves. In calm weather,
water-spouts generally preserve the perpendicular in
their motion; but when acted on by winds they move on
obliquely—sometimes they disperse suddenly, at athers
they pass rapidly along the surface of the sea, and con-
tinue a quarteyr of an hour or more before they disappear.
A notion has been entertained that they are very danger-
ous to shipping, owing to the descent, at the instant of
their breaking, of a large body of water sufficient to sink
a ship; but this does not appear to be the case, for the
water descends only in the form of heavy rain. It is
true, that small vessels incur a risk of being overset if
they carry much sail; because sudden gusts of wind,
from all peints of the compass, are very common in the
vicinity of water-spouts.
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Secrion 1L
ON PHYSICAL CLIMATE.

Circnmstances which determine its character—Mean annual Temperatare—
Extremes of Heat and Cold—Isothermal Lines —Temperatures of the South.
ern and Noithein H ph paled—Q y of Evaporation and of

Rawn in various Latitudes—Character of the Beascus in the different Zonees.

The term climate is applied to the state of the air, in
order to express that particular combination df tempera-;
ture and moisture which exists in the atmosphere of anyj
greater or less extent of country. The climates of differ-*
ent regions of the globe, and the causes which occasion
their great diversity, are interesting matters of inquiry.
If an uniform climate had been communicated to the
whole globe, we should not have seen such wonderful
variety among the animal and vegetable tribes; and
many things that now raise the delight, or administer to
the necessities of the human race, would lave been
entirely unknown. It might at first be imagined that the
ciimate of any particular place depended solely upon the
action of the sun; bat, upon further consideration, we
shall find that there are other circumstances to be taken
into account: were it not'so, any two places having the
same latitude, and consequently receiving the sun's rays
at the same angle, would enjoy simi%r climates, “which
is by no means the case. Itis a wise érdination of Provi-
dence that the sun’s action is modifiell in ‘such various
ways, as to produce a more equal distriBution of heat over
the surface of the globe than would othefwise have existed ;
by means of which, large regions gre #apted to the resi-
dence and support of man, that would ¥lse, from extreme
heat or cold, have been quite uninhabigable. -

There are eight circumstances whictidetermine physical
climate :—1. The power of the sun’simmediate’ action,
which increases in proportion as we approach the equator ;
2. elevation of the ground above the level of the ocean ; z
3. position with respect to the great seas; 4. quarter;
towards which the surface of the country slopes;
5. position and direction of chains of mountains; *

¢ .

!
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6. nature of the soil ; 7. degree of cultivation and improve-
ment to which the country bas arrived; 8. prevalent
winds.

1. The amount of the immediate solar heat depends
upon the position of the sun in the ecliptic, because to
all places (Whatever their distance from the equator) this
position determines tl.e length of the day, and the diree-
tion in which the sun’s rays strike the earth. When the
sun remains a long time above tke horizon, his continued
action causes a powerful accumulaticn of heat; the
nights also being shoit, but little of this heat escapes
during his absence. On tlis account it is, that even
within the arctic circle the summer temperature is some-
times quite oppressive*. The direction in wlich the rays
fall upon the garth is another important consideration ;
their greatest force being experienced when they are per-
pendicular to the surface. On the contrary, when the
sun is near the horizon, his rays merely glance along the

.ground, and many of them, before they reach it, are
absorbed and dispersed, owing to the density of the low:st
stratum of the atmosphere along which they have to puss.
Bouguer calculated that, out of 10,000 rays falling upon
the earth’s atmosphere, 8123 arrive at a given point if
they come perpendicularly; 7024, if the angle of direc-
tion is 50 degrees; 2831, if it is 7 degrees, and only 5, if
the direction is horizontal. .

2. It is well known how the temiperature of a place is
influenced by the elevation of the land. In proceeding
from the equator towards either of the poles, without
altering our height above the level of the sea, we must
travel a great distance before we find the mean annual
temperature reduced even a few degrees; but, by in-
creusing our elevation, a rapid change of temperature
will be experienced, till we arrive at the point where
constant fiobt prevails. The extreme cold which exists
in the upper region of the atmosphere seecms to be
owing to the expansion of the air (see chap. vii. of the

¢ la N , a9 high ae latitude 10 degrees, the thermometer Las been seen
to rise #bove B0 degrees.
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Treatise on Heat); partly, also, to the circumstance of
that region being beyond the reach of the heat reflected
from the surfuce of the earth. Tue decreases of heat, at
equal ascents, are not aliogether uniform, as they take
place more rapidly in the higher parts of the atmosphere,
The annexed table, abridged from one drawn up by Pro-
fessor Leslie, shows that even under the equator, where
the sun’s direct influence is most powerful, an ascent of
rather more than 15,500 feet (about 2F miles) above the
level of the sea, will bring us within the region of perpe-
tual frost. This provision of nature of course increases
considerably the number of habitable countries within the
torrid zoue, '

Latitude Mean Temperature at Helght of Curve and
. the level of the sea. Congelation,

] 84.2 Falr, 15,207 feet.
10 82.6 14,764
20 78.1 13,478
30 71.1 © 11,484
40 62.6 9,001
50 53.6 6,334
60 45 3,818
70 38.1 1,778
80 33.6 457
90 32 [\]

3. The effect of the sea is to equalize temperature, so
that a maritime country is not liable to such extremes,
either of heat or cold,as an inland one. The sea itself
being of a very equable temperature, the winds which
pass over an extent of it partake somewhat of the same
character. When a cold wind .passes over sea it receives
part of the warmth of the water, the upper particles of
which being thus rendered cooler, and consequently
heavier than those below, descend and are succeeded by
warmer particles ; so that there is ajcontinual tendency
in the sea .to temper a cold wind passing over its surface.
A cold wind, blowing overland, i at first rendered
warmer by the earth’s surface; but this surface quickly
becoming cooled, ceases to have any effect upon the wind,
which, therefore, “travels on with undiminished rigour.
Aguin, a warm wind, in passing over sea, is cooled by the
agitation which it produces, bringing up cooler ;vater from

. G
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below, as well as by the constant evaporation which it
occasions ; the surface of the water also cannot, as that
of land, be powerfully heated by the sun’s rays, because
it affords them a free passage, and therefore it cannot
communicate heat to the atmosphere in the degree which
the land does. From these circumstances it results, that,
though a place situated inland, and another upon a coast,
may have the same mean annual temperature, the range
of the thermometer at each will be very ditferent, the
summers of the latter will be cooler, and the winters
milder than those of the former. It is from this cause
that islands are so much more temperate than continents.
1t follows, too, that countries in our hemisphere will be
rendered warmer by having large tracts of land to the
south, and sea to the north, and cooler when the relative
position of these two is reversed. This fact is exempli-
tied by a comparison of the climate of India with that of
Africa, north of the equator, the heats of the former coun-
try being much more supportable than those of the latter.
Not only the temperature of a wind, but also its degree
of moisture, depends upon thie nature of the surface over
which it passes. A wind coming up from the ocean is
loaded with vapours, but one sweeping over an extent of
Jand is rendered dry and parching. This explains to us
why, in our own island, a south-west and an easterly
wind are so opposite in character.

4. The aspect of a country has an influence upon its
climate, for this reason, that the angle at which the sun’s
rays strike the giound, and conscquently the power of
those rays in heating it, varies with the exposure of the
soil relatively to that luminary. When the sun is ele-
vated on the meridian 45 degrecs above the horizon, his
rays fall perpendicularly on the side of a hill facing the
south at an equal angle, while the plam below receives
them at an angle of 45 degrees, Supposing the north
side of the hill to have a similar slope, the rays would
run parallel to its surface; and their effect be very
trifling, but if the declivity were still greater, the whole
surface would be in the shade, This, though an extreme
case, serves .to show why temperature varies with the
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inclination of the earth’s surface. Since the warmest
part of the day is not when the sun is on the meridian,
but, owing to the accumulation of the heat, two or three
hours afterwards, it follows that, in our hemisphere, a
sonth-south-west or south-western aspect is the warmest,
and a north-north-east, or north-eastern, the coldest, if
no local circumstances exist to make it otherwise. The
eflect of aspect is, of course, most strikingly scen in
recions covered with high mountains. In the Wallais in
Switzerland, the Alps are on one side eovered with ice,
while vineyards and orchards flourish on the other.

5. Mountains affect a climate in more ways than one.
They attract the vapours in the atmosphere, and causing
them to condense, give rise to thosc violent rains which
are often experienced ir the neighbourhood of lofty
ranges. They also afford shelter from winds. In nar-
row valleys, the sides of which in summer strongly
reflect the sun’s rays, this shelter sometimes renders the
lieat very injurious. One reason why the central and
southern parts of European Russia are exposed to greater
cold than their latitude and inclination southward would
lead us to expect, is the absence of any chain of moun-
tains to protect them from the full influence of the winds
blowing from the White Sea and the Ural Mountains.
The inhospitable climate of Siberia arises from its descent
towards the north exposing it to the winds of the Frozen
Ocean, while at the same time the vast mountainous
chains that cross central Asia, intercept the southern
winds whose access would tend to mitigate the rigour of
the atmospbhere. '

6. It is evident that the nature of the soil must very
matcrially operate upon climate. One soil acquires heat,
keeps its acquired heat much longer, or reflects it more
readily, than another. One, whichg from its porous
character allows the rain descending upon it to pass
freely iuto the earth, will emit much fewer exhalations
than one which retains the waters® near the surface.
Thus clayey or marshy grounds lower the temperature,
and especialy in hot and bumid climates, affect the atmos-
phere in a manner peinicious to health; on rthe other

¢
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band, those which are light, stony, or calcareous, tend to
make the atmosphere sulubrious. The great cold, and
the unwholesome air that prevail in the Russian govern-
ments of Astracan and Orenburg, lying to the north of
the Caspian Sea, are attributed paruv to the saline
nature of the soil; and it is well known that the arid
tracts of sand in Africa and Arabia, conduce not a little
to the access of heat under which those countries labour.

7. Without cultivation, few climates would be healthy
or agreeable. 1In countries to which the labours of civi-
lized nan have never been extended, the rivers, spread-
ing themselves over the low grounds, form pestilential
marshes ; and forests, thickets, and wecds are so nume-
rous and impenetrable, as to prevent the earth from
receiving the beneficial influence of the sun’s rays. The
air, from these causes, is constantly filled with noxious
exhalations. But the eflorts of the human race, conducted
with skill and perseverance, produce a surprising
change: marshes are drained; rivers embanked; the
soil broken up by the plough is exposed to the sun and
wind, and the clearing away of the forests raises the
temperature, and allows a freer circulation to the atmo-
sphere. 'There is little doubt that many parts of Europe
enjoy a milder climate now than they did in the time of
the Romans, or even at periods much more recent.
Several districts in North America have experienced, as
the country has become more widely settled, a similar
improvement of climate. The destruction of forests may,
liowever, be carried to a pernicions extent, cither by
depriving a country of shelter from particular winds,
or (especially in hot climates) by lessening too much the
quantity of moisture; it being well known that there is
a great evaporation from the leaves of vegetables. The
sultry atmosphere and dreadful droughts of the Cape de
Verde islands are owing to the destruction of the forests ;
and Greece, Italy, and other countries are said to have
been deteriorated in chimate from the same cause. It is
attributed to tuis aleo that the southern part of Ilceland
is more accessible than formerly to the cold which pro-
ceeds from the Arctic Ocean.
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8. The combined intluence of the several causes of
physical climate which we have been considering will be
variously modified by the prevalent winds of a country.
This is obvious enough, because we know that the cha-
racter of a wind depends upon the quarter whence it
comes, and the surface over which it passes, Great
Britain, for example, would in a great measure lose its
insular climate, if its prevailing winds came across the
continent, instead of from the Atlantic Ocean.

Notwithstanding the several circumstances which we
have thus pointed out as influencing climate, and which
occasion pumerous local irregularities, the temperature,
with these exceptions, becomes gradually lower as we
pass from the equator towards either of the poles. By
this 1s not to be understood the temperature of any par-
ticular day, or even season, but the mean annual tempe-
rature, which is obtained by adding together the tempe-
ratures of all the months*, and dividing the sum by the
number of months in the year; so that the mean annual
temperature expresses thut height at which the thermo-
meter would stand at any ‘place, if we could suppose it

* The temperature of each month is the average of all the dallv temperatures
in the month, and the daly temperature is the average of several obseirvalhions
made at s1aied periods, every hour or half hour, for lustance, each day (21
bours) It is evident that such frequent obseivations would he very trouble-
smpe and shoiter methods of discovering the wtnean annual temperature of a
place have theretore been sought after. Rules have been Iaid down for calcu-
Yuting what 1his 18 unider different paialiels of lautade, and the results no doubt
approach very neay to the nub; bhut it won'd olnlonsly be incoriect to apply
thege 1ulen to any j arlicnlar place, hecunse we should be uncertain how the
chmite of that place wa~ affected by local circuinstances. The best method |s
to asecedtain at what peiind 1o each duy (tuking one day with another) the thei-
maoweter stands at s meun beight tor the day ; ayd when this hus been nscer-
tained, one observation each day, ai that peind, will be safficient, In this
coontry 1t would appemi that the thine at which the thermometer shows the
mean beut tor the day, 18 about & guaster ;v balf past eight 1 the moruing,
Another metnod of discovering the mean annoal tempeiature at any place, is (o
obseive the helght of the thetmameter n cavitles at soue depth below the
earth’s sustuce, 1t heing fonnd that 1his height nearly corresponds with the mean
annual hoight in the air above., M. Lacroix, lu<his work on Physical Gee-
graphy, siatrs that in the caves helow the Ohservatory ut Paris, (at, 49-) ahont
85 feet below the surface, Fahrenheit 8 thermometer constantly stands beiween
829 and 51°, scaicely ever varying two degrees, while above, the diflerence of
temperatuie hetween summer and winler sommetilues exceeds 9v°, In the salt
mines at Wielickza, iu Poland (lai. 30v), trom the depth of 320 to that of 733
feet, the thermometer stands at about 50v, At Cafro. in Bgypt, (lal. 30°), at the
hottom of Joseph’s well (210 feet deep), It stauds at 70¢; 1u the minea of
Mexico (lat. 20°), 1650 feet helow the suiMace, it stands at 748°. i these berglns
we discern how Lhe temperature ucicases ob appivaching the vquator,
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perfectly stationary throughout the whole year. It is
not sufficient, however, to take one year only, but a
series of at least ten or fifteen years, fror the mean result
of which series a conclusion nearly accurate may be
drawn. Though the temperature of a place is continu-
ally varying, and though the changes occur frequently in
the most sudden manner, it never differs more than a
certain numiber of degrees either way from its mean state;
and when it has reacired either extremne, a rcaction may
shortly be expected. In the torrid zone any excessive
accumulation of heat is prevented by the constant blow-
ing of the trade-winds from cooler regions; and in the
frigid zones the tendency to great exiremes which arises
from the continued presence of the suu v summer, and
his long absence in winter, is counteracted by the cir-
culation of the atmosphere, and by the circumstance that
the fields of ice, in mclting, absorb larre uantities of
heat, while on the other hand warmth is given out when
the surface of the ocean is being frozen over.—(Sece
chap. ix. of the Treatise on Heat.)

The extremes of temperature which have been wit-
nessed in diflerent parts of the globe are, nevertheless,
very considerable. In New South Wales, Fahrenheit's
thermometer sometimes rises to 100 degrees and up-
wards; at Pekin, in China, it Bas been seen at 1109,
dnd at different places in India at 1109, ard even 115,
Major Denham, in his late travels in Africa, observed it
more than once at 113°; and at Belbers, in Egypt, it is
said to have risen, under the influence of the & wind
from the desert, to 125%* Thesc heights are intended
to express the degree of heat in the shade. The accu-
racy of the obscrvations depends upon the circumstances
under which they were made, since it is requisite that the
thermometer should be in a situation freely exposed to
the outer air, and also where there are no surfaces imme-

* When the thermometer is raised to such an extraordinmy height as this, it
is probably the effect producett by very hne purticles of sand which are cariied
along by the Himosphere. [Jumbolat. 1 the atid plxing of South Amesica, has,
during a windpf-sand, seen 1t at 114} degreen neatly 3 while in Fezzan, in the

“Noith of Afifeld, 4t has usen, doubtleas from the cause just noticed, to 125.6
degrees. .
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diately near to reflect the sun’s rays. The most extreme
cold experienced is the northern paits of Asia and Ame-
rica. In Siberia, as far south as the 58th degree of
latitude, M. Pallas observed the freezing of mercury®.
The same phenomenon is by no means unusual at Que-
bec. At Hudson's Bay the spirit thermometer has sunk
to — 500, and at Melville island, (N. Jat. 74J0.) where
Captain Parry wintered 1 his first north-western expedi-
tion, it fe'l, on the 15th February, 1820, to 55 degrees
below zero.

A treadsc upon zsothermalt luwes, published some
years ago by M. Humboldt, gives several curious resulte
drawn from various obscrvations upuon temperawne made
by himself and others. A few of these it will be proper
to notice here, because they illustrate, in « -triking man-
ner, the fau. upon which we have already remarked, that
the climates of places d. not depend solely upon the
direct actior of the sun. If it were so, all places having
the same latitude would experience the same mean an-
nual temperature. It had long been known that this
was not the case, especially on comparing Europe with
America; but M. Humboldt’s statements will enable us
to form som~ ideca of the amount of the difference.
Accordirg to that philogopher, the isothermal line which
indicates the temperature of 32 degrees (the freezing
point of watur) passes between Ulea, in Lapland (lat.
66°) and Table Bay, on the coast of Luabrador, in North
Amcrica, lat. 549 The isothermal -line of 41 degrees

asses near Stockholm, lat. 5930, and St. George’s Bay,
ewfoundland, lat. 480, The line of 50 degrees runs
through the Netherlands, lat. 519, and near Boston, in
the United States, lat. 423°; that of £9 between Rome
and Florence, lat. 439, and ncar Raleigh, in North Caro-
lina, lat. 360. Taking similar latitbdes, the following
are the differences of temperature between the west of
Europe and the east of North America :—

* This takes place when the mercury has sunk to 39 or 40 degrees below

sero.

4 This s deiived from two Greek words, and signifies equal heat or
temperature. An isolheimal hine, therefore, is a line diawn oy e places which
have the sume temperature (annual, unless otheiwise expicssed.)
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- Menn temperature Mean temperature
Latitude. in the West of in the East of Difference,
kurope. Awerica.

° o °
v 80 seeeee 701 LlL..... 668 .i.i.ee

60 ...... 40

From the annexed table, there appears to be nearly as,

much difference between the mean temperatures of the

eastern and western parts of the old continent as between
those of the opposite shores of Europe and America :—

Mean
Places. Latitude, Longitude. m:u-eu-
nre.
St. Malo#s se0o.. 48° 39/ N. 1° 57" w. 54.5°
Amsterdam...... 52 22 4 40 g, 53.4
Copenbagen..... 55 41 12 30 45.7
Upsula,.,eeeeo.e 59 51 17 48 41.9
Naples.......... 40 50 14 10 63.5
Vienna......... 48 11 16 22 50.5
Warsaw ........ 52 14 21 10 48.6
Moscow......... 55 45 37 3t 40 1
8t. Petersburgh.. 59 56 30 25 38.8
Pekin (Chins) .. 39 54 116 28 54.9

M. Humboldt, after tracing the isothermal lines across
Anmerica, concludes that, in California and thence north-
ward along the western sidegof that continent, the
temperature is mearly the same as in similar latitudes on
the western side of Europe. ¢ Europe,” he then ob-
serves, * may be considered altogether as the western
part of a great continent, and, therefore, as being subject
to all the influence which causes the western sies of all
continents to be warmer than the eastern. The same
difference which has been observed between the two
shores of the Atlantic, exists between the two opposite
coasts of the Pacific. In the north of China, the ex-
tremes of the seasons are much more felt than in the same
latitudes in New California, and at the mouth of the
Columba. On the eastern side of North America, the
same extremes occur as in China. New York has the
summer of Rome and the winter of Copenhagen. Quebec

has thejggemmer of Paris and the winter of Petersburgh.
In ime manner, at Pekin, which bhs the mean tem-
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- perature of Britain, the heat of summer is greater than
at Cairo, and the cold of winter as severe as at Upsal.
This analogy between the eastern coasts of Asia and
America sufficiently proves that the inequalty of the
seasons depends upon the prolongation and enlargement
of the continents towards the pole, and upon the fre-
quency of the north-west winds, and not upon the
{)roximity of any elevated tracts of country.” The fol-
owing table illustrates the preceding remarks:—
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The fact that places which have the same annual
temperature experience very different seases, is clearly
exhibited in this comparison. From Humboldt’s in-
quiries, it appears that the lines which mark the winter
temperature deviate much more from he parallels of
latitude than those which express the mcan annual
temperature. In Furope the latitudes of two places
which have the same annual beat, never ditfer more than
80 or 9°: but the difference of latitude in those having the
same wintr temiperature is sometimes no less than 180
or 19°, The winter of Scotland is as mild as that of
Milan. With respeet to summer, the same heat takes
place at Moscow and at the mouth of the lLoire, though
the former is nearly 9 degrees north of the latter. lreland
is remarkable for wmnild winters and cold summers; the
mean temperature in Hungary for the month of August
is 710.6, while in Dublin it is no more than 60v.8.

It is generally believed that, beyond a certain distance
from the equator, the temperature of the sout" rn is
lower than that of the northern hemisphere.  In speaking
of the temperature of the ocean, we have alrcady ob-
served that ice is fallen in with much sooncr in sailing
towards the south, than it is in approaching the north
pole. Humboldt says, that near the equator, and indeed
through the whole of the torrid zone, the tempcrature of
the two hemispheres appears to be the same; but that the
difference begins to be felt in the Atlantic about 22¢ of
latitude; the mean temperatyres of- Rio Janeiro and
Havannah, places at about an equal distante from the
equator (23 degrees) being in the latter instance 760.4,
and in the former only 749.5.—The southern climates
generally differ from the northern with respect to the
distribution of temf)erature through the different parts
of th€ year. In the southern hemisphere, under the
isothermal lines of 45° and 500, there are summers which,
in our hemisphere, belong to the lines 35}° and 41°.
There is no accurate information as to the mean tem-
perature of any place beyond 50° of south latitude; but
there is every reason to suppose thdét it differs con-
ﬁre:})ly from that of places in the saifié degree of north
Jigitude.

I
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The same writer, in the second volume of his Personal
Narrative, presents the following comparison of the
temperature of the air in both bemispheres. The ob-
servations employed in drawing it up were all made
at sea, except those from which the mean temperature
for S. lat. 349 was deduced, which were made at the
Cape of Good Hope.

Mean temperature
of the wmonths.

Somtbern North
Latitude.  Corresponding Months, Hemis. -

pere. €'t do,

O et} summer %24
18  October 79.7

2 — 26 JA :';Tury :’u:t:n ?l 5 66.74
” ;:[l){embor A ?’ '? 68.9

March stumi 69 44

34 })::::mber Winter 36,54 59.72

v Ry iy 5,

@ ..;:ll!{ury Summer 6936 o476

@ Jl;:::mbor Summer a“ & 63.86

% ..]':lzury Summer 43 iG %3

The coldness ofthe southern hemisphere 'has frequently
been attributed to a circumstance quite inadequate to
explain it, namely, that of the sun being a shorter time
(by 7% days), on the south, than on the north side of the
equator. A much greater influence than we can assign
to this cause, must be ascribed to the very large pro-

rtion which the ocean bears to the land of the southern

emisphere, in consequence of which, its climate differs
from that of the northern, in the same way as an insular
climate differs from a continental one.., But even this is
not altogether a sufficient explanation, and there still
remains a circumstance that deserves attention. The
absence from the south polar regions of any great extent
of land, and the manner in which the South American

n
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continent terminates, permit the grand current of the
antarctic ocean to flow freely all round that part of the
globe, towards the equator. This current, being un-
checked till it is lost in the westerly movement of the
ocean, carries along with it the circumpolar ice into very
low latitudes; and the continual absorption of heat by
the melting of the ice, as it gradually advances into
warmer parts, keeps the air at a lower temperature than
in the northern hemisphere, where circumstances are not
favourable to the passage of the polar ice out of the
regions in which it is formed. Beyond the limit, however,
at which the ice disappears, but little effect will be pro-
duced on the temperature by its melting, and we ac-
cordingly find that within the torrid zone, the warmth of
one hemisphere is the same as that of the other, and that
as far as the 35th, or even 40th degress of latitude, there
is no important difference.

The question has sometimes been agitated, whether
the general temperature of the globe suffers any cnange,
Some have gone so far as to imagine tbat it gradaally
diminishes, others have been of opinion that it receives
an augmentation. Neither of these theories has very solid
foundation ; it is scarcely more than a century since the
thermometer was rendered a correct measure of heat,
and the number of observations made with it in different
parts of the world is by no means sufficient to form a
basis for such sweeping conclusions. If we possessed a
regular series of observations taken in various couutries,
and extending through three or four centurics, we should
most likely be enabled to discover a mean state both of
temperature and moisture to which the atmosphere con-
tinually returns; and there is no doubt that jf- we could
obtain a clear insight into the complex.macHinery wlich
regulates the seasons, we should behold the same beau-
tiful harmouy, and the same system of compensation for
temporary and apparent irregularities, which we are able
to discern in the movements of the heavenly bodies.
Independent, however, of any question as to the general
temperature of the globe, a notion has been entertaiped
that throughout Europe, a more mild; and genial climate
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formerly prevailed: but such historical evidence as can
be collected tends to prove exactly the reverse; and that
the climate, as might be supposed, has, generally speak-
ing, improved with the advance of cultivation. A dis-
cussion of this subject will be found in the first article
of the Edinburgh Review, No. LIX., published in June,
1818. That article contains a list of the remarkable
seasons which lLave taken place in Europe for several
centuries past, and from the view there given we may
venture to couclude, that severe cold is of much rarer
occurrence than it was in former ages.

Having thus noticed the subject of temperature, it
will be proper to advert to the amount of moisture which
the atmosphere contains in different parts of the globe.
In the course of this inquiry we shall not make use of
the results given by the hygrometer*, because that
instrument is neither so well known, nor brought to such
a correct standard as the thermometer, but merely give
the quantity of evaporation, and the depth of rain that
has been observed to fall at several places upon the
earth’s surface. * '

Other things being equal, evaporation is the more
abundant, the greater the warmth of the air above that
of the evaporating body, and least of all when their
temperature is the same, Neither does much take place
whenever the atmosphere is more than fifteen degrees
colder than the surface upon which it acts. Winds
powerfully promote evaporation, be¢ause they bring the
air into continual, as well as into closer and more violent
contact with the surface acted upon, aud also, in the
case of liquids, increase, by the agitation which they
occasion, the number of points of contact between the
atmosphere and the liquid. It must be familiar to every

erson that the same quantity of  water spread over a
arger space, is dried up in a less period.

In ‘the temperate zome, with a mean temperature of
52} degrees, the annual evaporation has been found to be
between 36 and 37 inches. At Cumana, on the coast of

.Derived (roukithe Greek, and siguities measure of -wiéun.
H



76 PHYSICAL CLIMATE.

South America (N. lat. 10}), with a meun temperature of
81.86 degrees, it was ascertained to be more than 100
inches in the course of the year; at Guadaloupe, in the
‘West Indies, it has been observed to amount to 97 inches.
The degree of evaporation very much depends upon the
difference (greater or less) between the quantity of vapour
which the surrounding air is able to contain when
saturated, and the quantity which it actually contains.
M. Humboldt, from observations made in the passage
across the Atlantic, found that in the torrid zome the
quantity of vapour contained in the air, is much
nearer to the point of saturation than in the temperate
zone. The evaporation within the tropics is, on this
account, less then might have been supposed from the in-
crease of the temperature. -

The quantity of rain falling upon the earth at any
place is determined by observing the height of the water
collected in a pluviometer or rain-gauge. When an
inch is said to have fallen, it implies that the rain which
has descended on any given surface would have acquired
that depth, supposing none of it to have been absorbed
:z the ground, and that it received no addition by means

water flowing from the parts adjacent to that surface.
The average yearly quantity of rain is greatest within
the tropics; and it seems, in general, to diminish, the far.
ther we recede from the equator. In the torrid zone it
amounts, at a medium, to 100 or 110 inches, while in the
north temperate zone it cannot be stated at more than
30 or 35 inches. These quantities are very differently
distributed throughout the year in the two zones: the
number of rainy days towards the equator is, in the
majority of places, less than in the higher latitudes, and
the rain consequently descends there in the most violent
torrents at Bombay, 16 inches have been collected in a
gauge in the space of twenty-four hours. In general,
much more rain falls in mountainous countries than in
plaing, and in countries covered with extensive forests
than in those where wood is less abundant. Annexed
is a table of the annual quantities which have been ob-
served at sgygral places. #
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Mean annusl
Places. Latitude, quantity ef
am,
lsland of St. Domingo... 19° w. 120 in,
Ditto Grenada..,...c..es 12 112
Caleuttae..eevneceneee 22f 70 to 75
Rome..ccveevieecacsnes 42 36
Paris.c.cens ceerecnes 49 21
London. .. cceeeeinnanes 51 23 or 24
Liverpoo) ccieivaeeninas 34
Kendal, Wesimoreland,, 54 60
St, Petersburgh........ 60 16
Upsaleveceeciscononniess 60 16

The average annual fall of rain at Bombay in the ten
years 1817 to 1826, was 78.1 inches; of those years the
most rainy was in 1822, in the course of which nearly 113
inches fell: whereas in 1824, a season of extreme drought
and famine, the supply did not much exceed 3¢ inches.
At Arracan, in 1825, nearly 60 inches wére registered in
the month of July, and above 43 in August; from which
we may conclude, that the whole quantity within the year
was at least 150 inches. It would seem, however, that
at some places within the tropics the fall is much more
copious even than this, Humboldt, on the authority of
others, mentions two instances of such excessive rain as
almost to induce a suspicion of the correctness of the
observations. He informs us thata M. Pereira Lago, by
means of a pluviometer, found the quantity of rain, in the
year 1821, at San Luis do Maranhao, in Brazil (S. lat. 24),to
be 2804 inches ; and also, that (‘aptain Roussin relates
the fact of more than 160 inches having fallen at Cayenne
in the single month of February.—(See vol vi.of the Trans-
lation of Humboldt's Personal Narrative, Note to p. 276.)
—At the same time, these accounts appear less surprising
when we reflect, that over some of the immense forests
of Gnyana there is wet weather almost the whole year,
and that incessant rains of four or five months are no
uncommon occurrence.

It must not, however, be imagined that the climate of
all hot countries is characterised by such abundant ramns;
for there are many which, from one year to another, are
either almost or entirely destitute of rain. 'I;his is the

¥ H
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case along an extent of several hundred miles of the
coast of Peru, in Egypt and many other parts of Africa,
and also in the desert tracts of Arabia. At Cumana, on
the North coast of South America, the annual quantity
of rain is scarcely 8 inches; and there are other places
on the shores of that continent where none falls for seve-
ral years, but where, nevertheless, vegetation is exceced-
ingly strong, owing to the humidity of the atmosphere.

It is well known that the air becomes drier and less
loaded with vapours, the highcr we ascend. On looking
from the top of the Andes towards the Pacific Ocean, a
haziness is often seen, spread uniformly over the surface
of the waters to the height of 9,500 or 11,500 feet;
and this, too, in a seasons when the atmosphere, beheld
from the coast and at sea, appears quite pure and trans-
parent. This decrease of vapour in the upper regions of
the atmosphere, combined with the rarefaction of the air,
is the cause of the beautiful deep tint which the sky
assumes when viewed from the summits of lofty moun-
tains. Small white flcecy clouds are sometimes, how-
ever, seen floating above the Andes at the height of
25,000 feet; from which we may judge, that even on
the tops of that range the colour of the sky is not so
pure as it would appear, if it were possible for an ob-
server to attain a further clevation. In passing also from
the temperate to the torrid zone, the azare hue of the
gky is found to augment progressively: the transpa-
rency of climate which is so much admired in Italy and
Greece is far surpassed by that which invests the plains
of Quito and Peru, or the fertile islands of the Pacific
Ocean. .

In the torrid zone, the temperature ranges within
comparatively small limits; and the various phenomena
of the atmosphere occur, from one year to another, with
a regular an«Y uniform succession unknown in this part
of the world. Two seasons, the dry and the rawy,
divide the year. Tke latter depends upon the presence
of the sun; couuntries north ofP the line have their wet
seuson when that luminary is the northern half of the
ecliptic, that. is, from April to October; while with
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southern countries it is exactly the reverse. We cannot
fail to be struck with this admirable arrangement for
affording shelter from the perpendicular rays of the sun,
the unrestrained influence of which would he quite
insupportable, Humboldt has given us an account of
the atmospheric appearances which succeed each other
in that part of South America lying between 4° and
10° of north latitude, and to the east of that branch of
the Andes which terminates on the Atlantic side of the
lake of Maracaybo. Nothing can surpass the clearness
of the atmospherc from the month of December to that
of January. The sky is then constantly without clouds;
and if one should appear, it is sufficient to excite the
whole attention of the inhabitants. The brecze from
the east and east-north-east blows with violence. The
immense plains (called Llanos), which in the rainy sea-
son display a beautiful verdure, gradually assume the
aspect of a desert; the grass is reduced to powder, the
earth cracks; and the alligator and the large serpents
remain buried in the dried mud till the first showers of
the year awaken them from their lethargy. About the
end of February, and the beginning of March, the blue
of the sky becomes less intense, the hygrometer indicates
greater humidity, and the stars, veiled at times by a
slight vapour, lose the steady and planetary light which
before distinguished them. The breeze at this period
becomes less strong and regular, and is often interrupted
by dead calms. The clouds accumulate toward the
soath-sonth-east, appearing like distant mountains, with
strongly-marked outlines; and from time to time they
detach themselves from the horizen, and traverse the
vault of the sky with a rapidity that little corresponds
with the feebleness of the wind below. At the end of
March, the southern region of the atmosphere is illumi-
nated by gleams of lightning; and the breeze then
passes frequently, and for several bours together, to the
west and south-west. This is a certain sign of the ap-
proach of the rainy season, which begins at the Oroonoko
about the end of April. The sky becomes obscured, the
azure disappears, and a grey tint is spread uniformly
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over it;—at the same time the heat progressively ina
creases; and soon, dense vapours cover the keavens from
one end to the other. The plaintive cry of the howling
monkies begins to be heard before the rising of the sun.
The atmosphere is at length convulsed by frequent
thunder-storms, the rains descend in torrents, and the
rivers, nsing rapidly above their banks, overspread the
plains with extensive inundations.

The occurence of these periodical rains is capable of
being explained in a very simple manner. We have
remarked that they always take place in that balf of the
torrid zone to which the sun is vertical at the time; and
taat in the northern half they are preceded by the gradual
subsidence of the mnorth-easterly breezes, which are
followed by calins, interrupted frequently by stormy
winds fiom the south-east and south-west. While the
north-east breeze blows with all its strength, it prevents
the atmosphere over the equinoctial lands and seas north
of the equator from being saturated with moisture. The
hot and moist air rises above, and the north-east current
continually supplies its place with colder and drier strata.
In tuis way, the humidity of the northern torrid zone,
instead of being accumulated and forming condensed
vapours, ascends, and flows towards the temperate re-
gions; and, accordingly, while the north-east breeze
retains its force, which is when the sun is present in
the southern signs, the sky is constantly serene. In
proporticn, however, us the sun passes over the equator
towards the tropic of Cancer, the north-east breeze
softens, and by degrees entirely ceases, because the
difference in temperature between the northern tempe-
rate and the torrid zone is then at its least. The breeze
having ceased, the humid air is no longer replaced by
drier air from the north ; and, under the powerful action
of a vertical sun, the vapours rapidly accumulate, till
they at len:th descend in violent rains. This state of
things continues till the sun re-enters the southern signs;
then is the comm~ncement of cold in the temperate zone,
and the current from the north sets in again,—because
the diflerence between the warmth of the equinoctial
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and that of the temperate regions daily increases. By
this current the air of the northern torrid zone is renewed;
the ruins cease, the vapours disappear, and the sky re-
sumes its clearness and serenity of aspect.

These remarks are principally intended to refer to the
seasons in the northern part of South America; but,
with certain exceptions, they may very nearly be ap-

lied to those of the whole torrid zone—of course bear-
ing in mind that, south of the equator, the rainy season
is from October to April, and that the soutk-east corres-
ponds .to the north-east breeze of northern countries.
The period of commencement of the rains is not exactly
the same everywhere ; and there are places where great
anomalies are occasioned by the existence of chains of
mountains which attract the vapours and alter the diree-
tion of the winds. In the West Indies, and also on
some parts of the American continent, #wo wet seasons
are distinguished; one of these, however, is of much
shorter duration, and has wuch lighter rains than the
other. In India, the rains are brought on by the south-
west monsoon.

The four seasons which we distinguish in this country
are known only in the temperate zones. Their succes-
sion is the most regular and perceptible from the 40th
to the 60th degree of latitude; but in this we speak of
Europe only, for both in America and Asia a much shorter
interval separates the heat of summer from the cold of
winter. That part of the northern temperate zone, which
lies between the tropic of Cancer, and latitude 35°, has,
in many places, a climate resembling that of regions
within the tropics. In Europe; even as high as the 40th
degree, the frost in the plains is neither intense nor
long-continued ; the trees are not stripped of their foli-
age above two months in tue year, und although snow
sometimes falls at the level of the sea, even in the 37th
degree (at Malaga, for example), it is an occurrence very
unusual, .

From the 60th degree of latitude to the pole, only
two seasons take place. A severe and protracted winter
is succeeded immediately by the warmth of summer
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The rays of the sun, notwithstanding the obliquity of
their direction, produce powerful effects, because the
great length of the rays Is favourable to the accumula-
tion of heat. Even in very high latitudes, the tar on
thes ship’s sides is sometimes melted and made to run
down by the sun’s action. In the north of Europe the
snow is generally dissolved in three or four days, and
the flowers almost immediately begin to blow. The
breaking up of the thick field of ice which is annually
spread over the surface of the arctic ocean, commences
in the mpnth,ef June, and at this season dense fous are
very copiom#owing to the surfave of the water being
coider than the air lying over it. These at length dis-
ﬁgre, and a short interval of fine wenther ensues; but,
] e the close of August, the approaches of winter are
perceived ;_snow falls; and, as the temperature of the
atmosphere declines more rapidly than that of the sea,
fogs, called the frost-smoke, again arise, which disappear
only when the ice has begun to extend itself over the
clear ?ces of the ocean. It is worthy of remark that,
even i# the circumpolar regions, the west of Europe still
ég@ns its superiority of temperature over the east of
America; for the sea off North Cape in Norway,
giagh in the 72d degree of latitude, is always open,
Whegims several degrees further south, off the shores of
;i dea, it is annually frozen over.

CHAPTER 1V,

— -
mE DISTRIBUTION OF VEGETABLES
AND ANIMALS. .

Section L.
Vegetation of the dlﬂ‘ere;t Zones—Primitive centres of Vegetation.

The subject of physical climate is in itself highly inter-
westing; but it becomes st re so when we extend
our view, and consider its effects upon the numercus
auimg} and vegetable tribes which are dispersed over the

»
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earth, This dispersion has not been the result of a
blind and unmeaning chance ; the same wisdom which
called them into such beautiful and various existence,
has fixed laws for their distribution over the surface of
the globe. To these laws (without entering into details
which belong to botany and zoology) we shall now
direct our attention.

The wide extension of vegetable life furnishes one of
the most striking examples of the productive power of
nature. Every climate, as we pass from the equator to
the pole, or from the plains just raised above the level
of the ocean to the summits which are covered with
eternal snow, has its peculiar vegetation. Countries,
the most inhospitable and locked up in frost nearly all
the year, arc not entirely destitute of it. On Melville
Island (N. lat. 759), where the duration of winter is nine
or ten months, and the mean annual temperature only
two degrees above zero, there are piuces which produce,
in abuundance, moss, lichen, grass, saxifrage, poppy, the
dwarf willow, and the sorrel which is so valuable for its
antiscorbutic qualities: the expedition under Captain
Parry observed, in a sheltered spot of this island, a
ranunculus in full flower in the second week of June,
It is thought that even perpetual snow may be the abode
of a species of vegetation; for Suussure discovered in it
a reddish dust, and a red colouring matter has frequently
becn observed in snow by navigators in the arctic
regions”.

* captain Parry, in his Narrative of th- attempt wade in the year 1827 to
reach the North Pole, mentions some striking examples of this appesrance,~
“ u the conrse of this day’s Jominey, we wet with a quanuty of snow, unged,
to the depth of severn) inches, with some red golomiing matter. 1his vir-
cumstance tecalled to our iecoltection our having frequently before, in the
course of this Journey, temached that the loaded Mledges, in passing over hard
snow, left upon it a light rose colomed tint, which, at the tune, we mtribuied
1o the coloumring matter heing presved out ot the buch of which they were fuade.
To-day, bowever, we ohserved thut the tunners of the bonts, and even sur own
fovtsteps, exhibited the same appearauce ; and on watching it more nairowly
afternards, we found the smme e@ect to be produced, i a greater o less degiee,
by heavy pressuie, on alinost all the 1ce over which we pussed, though a ‘mag-
nifylug glass conld detect no'hing to give i1 1his tinge. The colour of the red
suow, which oceatred only in two or three spots, Appeared somewhat differeng
fram Vbls, being tatiter of & salnen than a rose colour, but hoth were so strik.

ing 88 to he the sahject of constant remark " This colowivg substance has
generally beeu thoughbt to belung to the oider A/ge.
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The absence of light does not altogether prevent
vegetable existence; caverns and mines produce certain
lants, principally those of the cryptogamous class.
n the cave of Caripe, situated to the south-east of
Cumana in South America, the seeds, which are carried
in by the nocturnal birds called Guacharoes, spring u
at the distance of several hundred yards from the mout
of the grotto, wherever they can find mould to fix in.
Blanched stalks, with some half-formed leuves, rise to
the height of more than two feet; but M. Humboldt,
who observed gvem; could not ascertuin the species of
these plants, their form and colour being so much
changed by the absence of light. Vast fields of marine
plants spring from the depths of the ocean, especially
towards and within the tropics; the vine-leaved fucus
vegetates at the depth of 200 feet, and, notwithstanding,
has leaves as green as those of grass. In the Atlantic,
between the 23d and the 35th degrees of latitude, and
in the 20th and 30th of longitude, the fuci float on the
surface in such numbers as to give the appearance of an
-~immense inundated meadow. It is supposed, by many
botanists, that they grow at the bottom of the sea, and
float ‘only in their ripened state, when torn off by the
motion of the waves or otherwise. .
‘Extreme heat is not destructive of vegetation, pro-
vided that it be accompanied by humidity. Plants
grow, not only on the borders of hot springs, but even
in the midst of waters which we should have supposed
to be quite unsuited to their existence. Examples of
this sort occur in Ireland and many other countries.
Even sulphureous exhalations are not fatal to vegetation :
it is reported that the interior of the crater of Vesuvius,
after a long period of repose, was in 1611 covered with
shrubs, The greatest obstacle to it is the absence of
moisture; those sandy tracts where rain seldom or never
falls, and where the soil is constantly being shifted by
the winds, exhibit a hopeless sterility. The verdure of
the oases,,.or islands of vegetation, scattered over some:
parts -gf the African desert, is maintained l'bly1 springs
whicli'rise up to the surface of the ground. The chemi-
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cal nature of the soil influences the size and vigour of
plants rather than sets limits to their cultivation. Com-
mon salt, however, dissolved, and scattered over the
earth in large quantities, almost entirely prevents their
growth. The fusion which lava undergoes is probably
the reason why the progress of vegetation om its surface
is 80 long retarded; whereas, from the ashes thrown out
by volcanos, the most abundant crops are raised.

The scale of atmospherical heat is that which ordinarily
determines the claracter and progress of vegetation,
Hence, under the fierce climate of the torrid zone, we
need only ascend lofty mountains, to a certain height, in
order to behold the trees, fruits, und flowers of the
temperate zone; while still higher are found those of the
frigid zone. The low vallies of the Andes, towards the
equator, are adorned with bananas and palm-trees, while
the elevated parts of the chain produce oaks, firs, and
several other tribes common to the north of Europe,
Near the equator, the oak grows at an elevation of 9200
feet above the sca, and never descends lower than one
of 5500 feet; but, in the ldtitude of Mexico, it is seen
as low as 2600 fret. Yrom the height of about 15,000
feet, to the boundary of perpetual congelation, lichens
are the only plants visible. ~ Similar gradations, on a
sinaller scale, are observed among the Alps; on ascending
which, chesnuts, beeches, oaks, and pines occur ia suc-
cession, the last gradually becoming stunted till they dis-
appear not far from the border of perpetual snow. The
vegetation which covers the sides of mountains may be
divided into distinct zoues or bands, each zone containing
its peculiar tribes. On the volcano f Teneriffe, one of
the Canary Islands (N. lat. 284°), as muny as five of these
zones are distinguished* :—(1) the figion of vines; (2)
of laurels; (3) of pines; (4) of the;retama (an alpine
broom); and (5) the region of grasses; These zones are
arranged in stages,one above another,pnd occupy, on the
declivity of the Peak, a perpendicularheight of 11,200 feet,

In the equinoctial region where, in respect of warmth,

-
* Humboldt’s Personal Narrative, vol, 1,
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the seasons differ little from each other, the geographical
distribution of plants is regulated almost entirely by the
mean temperature of the whole year; but in the tem-
perate zone this distribution depends not so much upon
the mean temperature of the year as upon that of the
summer season. In Lapland, there are fine forests on
the continent at Enontekies, where the mean annual
temperature is only 27 degrees, while on the island of
Mageroe, where it is more than 32 degrees, only a few
scanty shrubs are to be seen. The more vigorous vege-
tation of Enoutekies is the effect of a warmer summer;
the mean temperature of July being there 593°;
whereas, at the isle of Mageroe, it is only 463°. Some
plants in summer require a certain degree of warmth
only for a short period; for others, a more moderate
warmth is sufficient, if it be of longer duration. The
birch and the pine afford an example of this difference.
The former tree does not put forth its leaves till the
temperature has risen to about 53 or 54 degrees; and
in all places where the mean summer heat falls short of
this, the birch cannot flourish, however great may be the
mildness of the winters. Such is the case on the island
just mentioned, and in other parts of Lapland. The
pine, on the contrary, requires a long rather than warm
summer. In the interior of Lapland, where the summer,
though short, is warm, the birch rises much nearer the
line of perpetual ‘congelation than the pine: but in the
Alps and other high chains in lower latitudes, where the
summer is of longer continuance but colder, the pine is
seen sfter the birch has entirely disappeared.

The frigid zone contains but few species of plants, yet
of these the vegetation in summer is extremely rapid.
The verdure of those countries, which lie within the

* polar circle, is confined chiefly to the hills having a
southern aspect, and the trees are of very diminutive

wth., Besides mosses and lichens, there exist ferns,
creeping plants, and some shrubs yielding berries of an
agreeable flavour. The arctic regions of Europe are
peculiarly favoured; for, in certain parts of Lapland,
there au;ﬁne forests, 4nd even rye and leguminous
plants arg produced.
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In the high latitudes of the northern temperate zone
are the pine and the fir, which show their adaptation to'a
cold climate by retaining their verdure in the midst of
the rigours of winter. To these, on advancing south-
ward, succeed the oak, the elm, the beech, the lime, and
other forest trees. Several fruit trees, among which are
the apple, the pear, the cherry, and the plum, grow bet-
ter in the northern half of this zone; while to its mosg
southern part especially belong the more delicate fruits,
such as the olive, the lemon, the orange, and the fig;
and, amongst trees, the cedar, the cypress, and the cork.

The space, comprised between the 30th and the 50th
parallels of latitude, may be considered as the country
of the vine and the mulberry. Wheat extends as far
north as the 60th degree; oats and barley a few degrees
further. In the southern part of this zone, maize and
rice are more commonly cultivated. .

The vegetation of the torrid zone is characterised by
a wealth, a variety, and a magnificence, which are
nowhere to be found in the other regions of the globe.
Under the beams of a tropical sun, the most juiey fruits
and the most powerful aromatics arrive at perfection;
and innumerable productions supply the wants and ad-
minister to the luxuries of man. There the grounds
yield the sugar-caue, the coffee-tree, the palm, the
bread-tree, the pisang, the immense baobab, the date,
the cocoa, the vanilla, the cinnamop, the nutmeg, the
pepper, the camphor tree, &c. &c. In South America,
is the remarkable tree called the cgw-tree, which, when
incisions ure made in its trank, ﬁﬂrabupdanéeqf 8
glutinous and nourishing milk®.” There arc also various

L]

of this tree. ‘Ihe fecandity of nature In the torfid zone suiikingly appemp,
when we ider the ¢y s under whiclthia vegetahte mik s pro-
duced, ** On the barien flank of a rock grows a tiee with cosrcous and dry
Jeaves. Its Jarge woody 10uis cun scarcely pegirate into tle stonr, For
pevernl months of the year, not a sinule chowst Uwistebs his folinge, Its
branches appear dead sud diied; but when the ®unk is pierced, there lows
from it @ sweet and nomishing wilk, v §s a1 the 1iging of the sun that shis

" le f is mort abund The Rlacke and nutives mie then seen
bastening from all quaiters, (urvished with large bowls 1o tecelve th unlk,
which grows ye low, aud thickgns at lis surfuce,” ~Personal Narrative, vol.
iv. pp. 216 uud 217.

* Homboldt, in the 41b vol. of his Personal Nl?tlvg. has given an account

13
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sorts of dyewood, and several species of corn peculiar to
hot climates; while this zone is not destitute (in its
elevated tracts) of every kind which grows in the plains
of temperate countries.

Under the equator, the climate best suited for the
culture of all kinds of European grain lies between the
altitudes of 6,000 and 9,000 feet above the level of the
ocean. Wheat will seldom form an ear below the eleva-
tion of 4,500 feet, or ripen above that of 10,800. With
respect, however, to the lowest height at which corn can
be raised between the tropics, there are great irregu-
larities, which tend to prove that the wugmentation of
heat is not prejudicial to its cultivation, unless attended
with an excess either of drought or of moisture. In the
environs of La Victoria, a town of Venezula (lat. 10}° N.),
fields of corn are seen mingled with plantations of
sugar-canes, coffee, and plaintains, at the height of not
more than {from 1,700 to 1,900 feet above the sea. The
district of Quatro Villas, in the interior of the island of
Cuba, furnishes a still more remarkable example ; there,
fine harvests are raised almost at the Jevel of the ocean.
In nearly the same latitudes, on the other side of the
Mexican Gulf, the fine flelds of wheat are generally
between 3,800 and 7,700 feet of elevation; while on the
slope of the mountains of Mexico and Xalapa, vegetation,
even at the heiglit of 4,320 feet, is so luxuriant that wheat
does not form ears. It is erroneous to suppose that
grain degenerates in advancing towaris the equator, or
that the harvests are more abundant iv northein cli-
mates. On the cortrary, it has been found that nowhere
to the north of the 45th parallel of latitu le is'the pro-
duce of wheat so considerable, as it 15 on t:e northern
coasts of Africa, and in America, on tie table-lands of
New Grenada, Peru, and Mexico*. Near the town of
La Victoria above-mentioned, the average produce is
three or four times as great as that of northern countries.

® The ,inean (emperature for three months of summer {s. in the north of
Burope isom 39° to 66°; 1n Barbaiy und m Egypt, lom 804° to 849; aud
within tropics, al between 8059 and 3640 fect of belght, fiom §7° to 789
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It is equally large at Buenos Ayres in the 35th degree
of south latitude.

The vegetable forms near the equator are in general
more majestic and imposing, and the varnish of the leaves
is wore brilliant. The largest trees are adorned with
flowers larger, more beautiful, and more odoriferous than
those of herbaceous plants in our zone. It is scarcely
poussible for an inhabitant of temperate regions to pioture
to himself the beauty and the grandeur of the vast forests
of equinoctial America. Trees which attain a stupendous
beight and size are covered with profusion of climbing
piants, and the same lianas as creep on the surface of
the earth reach the tops of the trees, and pass from one
to another at the height of more than a hundred feet.
By this -continual interlacing of parasite plants, the
botanist is often led to confound the flowers, the fruits,
and Jeaves which belong to different species. M.
Humboldt gives the following striking description of the
woos on the bank of the Cassiquiare, on approaching the
point where that river branches off from the Oroonoko.
“ Tle luxuriousness of the vegetation increases in a
manner of which it is difficult, even for those who are
accustomed to the aspect of the forests between the
tropics, to form an idea. There is no longer a beach:
a palisade of tufted trees forms the bank of the river.
You see a canal 200 toises (426 yards) broad, bordered
by two enormous walls, clothed with lianas and foliage.
We often tried to land, but without being able to ste
out of the boat. Toward sunset we sailed along the ban
for an hour, 1o discover, not an apening (since none
exists), but a spot less wooded, where our Indians, by
meaus of the hatchet and manual labeur, could gain space
enough for a resting place for 12 or 13 persons.”

A Targe proportion of the trees of these majestic
forests are more than 100 feet in height; while some,
especially of the palms, have an elevation of 150 to 200
feet*. Various instances are recorded of the enormous

® Such s the force of vegelation exhibited by American plants in every
one, that in the latitade of 87° N., on the same jsothermal hne with st
eteisburgh sud the Orkoey Telunds, the Canadian Plue (Pians (anadénsis)
display tiuuks ubove 130 feet high, and more than six feet In diameter,
I
[
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growth of trees in tropical climates. Humboldt measured
on the banks of the Atabapo, 2 bumbax ceiba more than
120 feet high, and 15 feet in diameter. Near the village
of Turmero, which lies to the south-west of the city of
Caraccas, is the famous Zamang del Guayre, a species
of mimosa, known throughout the province for the great
extent of its branches, which form a hemispherical liead
‘more than 600 feet in circumference.  The height of its
trunk is about 63 fiet, and its thickness between nine and
ten. The branches extend like an immense umbrella,
-and bend towards the ground, from which tl.ey remain at
an uniform distance of 12 or15 feet. 'The circumference
of this head is so regular, that M. Humboldt traced
different diameters, and found them 204 and 198 feet in
length, The dragon-tree (dracana) at Oratava, in the
island of Teueriffe, is avother specimen of enormous
growth, Its trunk is nbout 50 or 60 feet high, and its
girth near the roots almost 48 fect. Its average girth is
stated by M. de Borda to be 35 feet, 9 or 10 mnches.
The baobabs are of still greater dimensions than the
above. At Sencgal, and in the islands of Cape Verd,
some were remarked which had a circumfercuce of from
56 to 60 feet, and in anotl:er part of Africa vne was sec¢n
whose diameter was 34 feet (more than 100 in cir-
cumference.)

The distribution of plants cannot be explained solely
by the influence of climate or by th.e distribution of tem-
perature; for it frequently bappens that similar climates
are found in different parts of the globe without identity
of productions. The climate of the high mountains of
the torrid zone is analogous to that of our temperate
zone; yet Humboldt did not discover one indigenous
rose-tree in all South America, and it also appears that
this shrub is entirely wanting in the southern hemisphere.
The gcous erica (heath is quite peculiar to the Old
World ; of the 137 species known, not one is to be met
with in the new continent. They seem to be very rare
even in Asia.  Ou the other hand, the cactus (Indian
fig) is confined to the New World. ‘It is true that a
similarity exists in respect to their vegetativn between

A
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very distant countries, where the physical circumstances
are alike; but in some instances it is only a general
resemblance of the vegetable forms. In many cases the
same genera recur; but there are comparatively few
examples in which identical species have been recognized
in countries far remote from each other”. Species of
pine, beech, elm, &c., are found in America, differing,
however, from the Asiatic and European species. ¢ The
lofty mountains of equinoctial America (says M. Hum-
boldt) have certainly plaintains, valerians, arenarias,
rununculusus, redlars, oaks. and pines, which from their
physiognomy we might confound with those of Europe;
but they are all specifically different.” The Antarctic
birch (betule Antaretica) of Tierra del Fucgo corresponds
to, but does not exactly resemble the dwart bircu (betula
nana), of Northein Europe.

According to Humboldt, the species of plants at pre-
sent known amount to 44,000. Of these, 6,000 are
cryptogamoust. The remaining 38,000 phanerogamoust
plants are thus distributed :—

In Europe............'......... ....... eee 7,000
Temperate regions of Asin,..eeeoee ... 1,500
Asia, within the tropics and islands.......... 4,500
In Alrica. . vovevanonecnnsn sesrssienscass 3,000
Both the temperate regions of America,..... 4,000
In Ametlcs, between the tropics.......... 13,000
New [ollaud, and the islands of the Pacific.. 5,000

He also states the proportions of plants which grow
in latitudes 09, 459, and 689, to be as the numbers 12, 4,
and 1. The mean annual temperatures in these latitudes
are respectively 8130, 5549, and 3249, and the mean sum-
mer temperatures 8249, 709, and 53}°. Within the tro-
pics, the monocotyledonous§ plauty are to the dicotyle-
donousil, as 1 to 6; between the latitudes 36° and 529,
as 1°to 4; and at the polar circle as 1 to 2, The an-
nual monocotyledonous and dicotyledonous plants in
the temperate zone amount to ome-sixth of thc whole

® For un explanation of (he teims genushnd species, see page —,
4+ Having ner her blossoms nar visibie fructitigation,
taving visible organs of fiucuncation.
3 Having ouly one cotcledon o1 secd lobe.
il Having wwo seed lobes,
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hanerogamous class; in the torrid zone they scarcely
orm one-twentirth, and in Lapland one-thirtieth part.
A circumstance worthy of remark is the extreme rarity
of the social plants between the tropics, that is, of those
plants which, like the heath of Europe, live together and
‘cover large tracts of land*. Iu the torrid zone, they are
found only on the sca shore and upon elevated plains.

Among the vegetable forms there are some which
become more common from tie equator towards the
polcs, as the ferns, the heaths, and the rhododendrons;
others, on the contrary, increase from the poles to the
equator, among these are the rubiaceat, the euphorbie,
und the leguminous plants; whiie others, such as the
cruciferef, tl.e umbellifera§, &c. attain their maxi-
mum in the temperate zone, and diminish towards the
equator and the poles. The vegetable forins present
(under the same isvthermal lines) such constant relations,
that when upon any point of the globe we know the
number of species belonging to one of the greay families,
both the whole number of phanerogamous plants, and
the number of species composing the other vegetable
families, may be estimated with considerable accuracy.

It has been a question discussed among philosophers,
in what way the various vegetable tribes were oiiginally
diffused over the surface of the earth. Three different
hypotheses have been maintained upon this subject

e first supposes that there was only one primitive
centre of vegetation; all species of plant8 having had
their existence originally confined to one tract of the
earth, whence they were gradually dispersed over all

untries.

This hypothesis was adopted by the celebrated Lin-

* Throogh Jutlaud, Holsteln, Hanaver, Wesiphalla, and Holland, a long
ehain of hills muv be tiaced, irely covered with couvron heuth, and the
erice tetraliz. Very little success has anvended the ffoits made by the
farimers to oppose the inroads of these plants.

+ One of Jussien’s natural o1ders of plams, so named from rubia (madder.)

1 An order of plants, so vamed from then perals, four in pumber, being
disposed in form of a eross.

¢ Having an umbeléa ov umbel. This term is used to designate n particnlar
mode of Buwesing, shich cousists of severst fluwer stalks, ur 1ays, nearly
equal in tength, lmwg from a coantaon puitt or cemire, The fowers of
the hewloch and pais! re wmbellate. .
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neeus. He imagined the habitable world to have been
at the commencement limited to one spot, in which were
collected the originals of all the species of plants, toge-
ther with the first parents of all animals and of the human
race. As such various natures would require a diversity
of climates for their support, he supposed this traet to
have been situated in a warm region, and to have con-
tained a lofty mountain range, between the base and the
summit of which were to be found all temperatures and
climates, from the temperature and climate of the torrid
to those of the frigid zone. Linneus endeavoured to
support this hypothesis by 1eferring to the means which
are provided for the multiplication and dispeision of
plants. ‘Winds, rivers, and marine currents, are all, more
or less, instrumental in the conveyance of seeds from one
country to another. The former carry the Lehter kinds
of seeds to immense distances, and ti-e two latter some=
times transport others from the most remote puts. The
paturalist just mentioned- remarks that t'.e Frigeron
Canadense was first introduced into tie gard v« n-ar
Paris from Canada; the seeds being scattered by tle
wind, this plant was, in the course of u century, spread
over all France, Italy, Siciiy, Belgium, and Germany,
The migration of plants by means cof currents is also
well ascertained, and many instances of it are record -d.
On the shores of the Hebrides are collected at times the
seeds of the mimosa scandens, dolichos urens, and several
other plants of Jamaica, the isie of Cuba, and the neigh-
bouring cont:nent. These are not the only methods in
which the dispersion of species is effected: it is also
known that some seeds (as the misseltoe and juniper)
are capable of preserving their vitality in the stomachs
of birds, und are thus propagated. Lastly, man has
introduced various plants mto countties where they pre-
viously had no existence. .

The second hysothesis is, that each species of plants
originated in and was diffused from a single primitive
centre; but that there were several of these centres
situated in different parts of the globe, each centre the
seat of a particular number of species. 'The third and
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last hypothesis is, that wherever a suitable soil and
climate existed, there the vegetable tribes s‘Prang' up; and
that plants of the same species were, from the first,
spread over different regions.

We proceed to relate some facts which have been
observed, and which will enable us to form some opinion
as to which of the three precedini hypotheses has the
best foundation. The greater number of these facts are
taken from the opening part of Dr. James Prichard’s
work, entitled ¢ Researches into the Physical History of
Mankind,” where they are brought forward in a similar
discussion to the present.

Those plants whose structure is the most simple are
found to be very generally diffused. Among the crypto-

amous tribes, (such as mosses, lichens, &c.,) which
orm the lowest order of the vegetable creation, the same
species are often met with in the most distant regions*.

wo-thirds of the lichens observed in Australia, are also
patives of Europe; and of the ferns of New Holland,
which constitute rather more than 100 species, twenty-
eight have been discovered in other countries. Many of
the monocotyledonous tribes are also widely spread.
Several grasses are common to Europe and Australia,
In South America too, not only the mosses, but likewise
several grasses, are the same as European species. It is
not so, however, when we view the distribution of the
more perfect, or of the dicotyledonous plants, there being
a very small number of such, which are common to
countries distant from each other. With respect to the
dicotyledonous tribes, Humboldt has maintained that al}
the indigenous kinds in those parts of America visited by
him are peculiar to that contincut, and that the only
exceptions to this rule are plants of the sea-coasts, the
migration of which is easily to be explained. The ob-

ot L a

¢ To explain the extensive diffusion of these sp PP
that therr seeds, being mvigihle particies, might be curiied to incatculable dis-
tances by the winds. It may, bowever, be rémmrked. that in the less perfect
tiibes of plants, the specific distincibons, not being so strongly maiked as in
the wmore cowplex forius, may escape detection ; and thus two planty found in
distant piaces may be set down ae of the smne species, when tuere is 1cally
some winuie dilfzicnce betwpen them,
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servations of Mr. Brown on the botany of Terra Ans-
tralis (Southern Land) tend nearly to the same point,
Of the plants already known in that country, 400 species
are cryptogamous, 860 monocotyledonous, and 2,900
dicotyledonous, Of the 400 cryptogamous, more than
120, that is nearly one-third part, are also indigenous in
Europe. Of the 860 monocotyledonous, only 30, or
about one twenty-ninth part, have been found in Europe,
and more than half of these are grasses and cyperouwds.
But of the 2,900 dicotyledonous species, only 15 or
about the one hundred aud ninety-third part, are the
same in Australia as in Furope. Results no less strik-
ing have been obtained on comparing the vegetation of
other southern countries with that of Europe and the
northern regions. Though the proportion of European
plants in Australia is so small, it appears to be greater
than that which is observed in the south of Africa. The
Eroportion of European species in South America is pro-
ably still less than it is in Southern Africa.

From the preceding remarks, it is to be gathered,
that the most simply organized tribes of plants are very
widely dispersed; that plants of the more perfect or
more complex forms are, on the contrary, limited to
particular countries; and that the monocotyledonous,
which may be considered as tribes of an intermediate
class, are neither so extensively spread as the forwer,
nor confined within such narrow limits as the latter.

Some exceptions to this general rule have lately been
brought to light by the botanical diseoveries made dur-
ing the expedition to the river Zaire on the west coast of
Africa (about 6°-8. lat.) From Mr. Browm’s observa-
tions upon upwards of 600 plants collected in the neigh-
bourhood of that river, it appears thdt about one-twelfth
of the eollection consists of species, Which are also met
with either in India, or on the opposité shores of Guyana
and Brazil ; and it is a curious fact, that in this number
the more perfect plants are in the greatest proportion.,
This apparent anomaly is probably to be explained hy
the transportation of seeds from one shore to another by
means of curténts in the inter-tropicul seas. Mr. Brown
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remarked that most of those plants in the African col-
lection which are also narives of other countries, were seen
only on the lower parts of the river Zaire, where they bear
but a small proportion to the whole vegetation; and
that most of the dicotyledonous species are such as pro-
duce seeds capable of retaining the germ of life during
a long immersion in the waters of the ocean.

It will be proper in this place to mention the pheno-
menn belonging to the vegetation of islands. Iu small
islands the most remote from continents the species of
plants are very few, und sometimes quite peeuliar.  Thus
in Kerguelen’s lund, or the island of Desolation, when
visited by Captain Cook, the whole flora was found to
contain only 16 or 18 plants. all of which were con-
sidered to be peculiar to the island. Not a shrub was
seen in tl.e whole country, The flora of islands, as far
as it is not peculiar to them, generally consists of the
same species which grow on the ncarest main lands.
The difterent groups seated in the great Southern Ocean
which lies between Amcrica and Eastern Asia scrve as
an example; the easternmost islands coutain more plants
of American families or species, and the western, of
those tribes peculiar to India. Islands placed in the
neighbourhood of two continents comprise the veuetation
of both. Malta and Sicily have plants which belong to
Europe, and others of an African stock. The vegetation
of the Cape de Verd islands is intermediate between the
flora of the Canary isles and that of the African coast.

The facts which have been introduced in the course of
this inquiry forbid us to adopt the hypothesis of Linnzus,
which considers all plants to have originated from one
common centre.  The propagation of the several tribes
of plants has certainly taken place from a mumber of
different points; since, of various parts-of the, world,
separated by vast distances, each possesses a vegetable
kingdom in a great measure peculiar to itself. The
third hypothesis to which we allude is equally untena-
“ble; since it is seen that plants are confined to particu-
lar tracts, till their seeds are conveyed elsewhere. Nu-
merous instances have occurred in which plants by trans-
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portation have acquired a new country, and there become
abundant ; a striking example of this kind is the disper-
sion of the Erigeron Canadense over Europe, which we
have already related. This shows that in the first instance,
plents of the same species were not produced in all re-
gions possessing a soil and climate suitable for their
growth, We have also seen that, when the same spe-
cies are observed to exist in countries widely separated,
the circumstances generally are such as authorize us to
infer that they were dispersed from one poiut. The only
hypothesis which remains, and which is reconcileable
with all the phenomen# observed, is, that the vegetable
creation was originally divided into different provinces,
and that each country (Probably each principal range of
mountains) had its peculiar tribes which, at I?rst, existed
nowhere else. This conclusion is strengthened by the
circumstance of particular plants having n entirely local
and insulated existence, growing naturally on some par-
ticular mountain, and nowhere else. The cedar of
Lebanon is one among several examples of plants of
this description. Such instances alone might be deemed
conclusive in favour of the hypothesis for which we bave
been arguing.

Section II
On the distribation of Animals— thelr original dispersion from distinct centres.

In the ascent from the vegetable to the animal world,
and from one rank of animal existence to another, the
most admirable order is manifest. We are not surprised
by sudden steps or encountered by violent contrasts;
an evident connection pervades the whole; and though
there i8 a vast diversity when we cogpare the meanest
specimen of arganic life with its most perfect and majes-
tic forms, yet between the two an harmonious chain may
be traced, and we pass from one extreme to the other by
a regular and scarcely perceptible gradation.

The lowest class is that of the zoophytes (plant
animals), which raise up the coral islands spoken of'in a

K
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former part of this book. They may be regarded as
confused masses of beings, none of them endued with a
separate life. Nevertheless, there is rcason to believe,
from the observations of MM. Péron and Lesueur, that
each description of zoophyte has its place of residence
determined by the temperature requisite for its support.
The mollusce, whether naked or covered with shells
(testaceous)*, possess each an individual existence, and of
these it is unquestionable that different species belong
to different countries. The pearl oyster arrives at
perfection only in the equatorial seas.

Insects are the uext in the scale of animal existence.
In the midst of the exuberant vegetation of the torrid
zone, the largest and the most splendid of these tribes
are to be seen; the butterflies of Africa, of the East
Indies, and of America, are ardorned with the most
brilliant colours; and in the tropical forests, especially
those of South America, millions of shining flies present at,
night almost the appearance of an extensive conflagration:
Tn these countries some races of insects exist i such
multitudes, and are armed with such destructive or
venomous qualities, as to enable them to lay waste the
fruits of the earth through large tracts of country, or to
become a source of the most serious personal annoyance
and disconfort to man. The white ants (termites) -raise
lofty hillocks ; and where they much abound, have been
known to excavate the soil to such a degree, as to
endanger the safety of houses which happen to stand
above the seat of their operations. They devour paper
and parchment so rapidly, that whole provinces of Spanish
Auwerica (Humboldt informs us) do not aftord one written
document that dates a hundred years back. The mos-
quitoes and other species of the family of tipule ure ulso
formidable enemies to the human race in these climates.
Amidst the forests of South America, especially along
the t;ailki, ‘of particular rivers, there are large tracts

“t’l’h term testaceous is in strictness applied only to such fish as havea

M thick, and entire shell ; thoge which have shells, soft, thin, and con-

H. ‘g of several picces joiued together, as the lobster, &c,, belug called
aceous.
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which are almost uninhabitable, owing to the thick
swarms of these insects and the unceasing torment
which they occasion. The lower strata of air to the
height of nearly 20 feet from the ground are sometimes
so filled with them as to give the appearance of a con-
densed vapour. During the day, the atmosphere teems
with the mosquitoes, which are small venomons flies ;
these are succeeded, at night, by a species of gnats called
zancudoes. The distribution of these insects is very re-
markable, and frequently depends on local circumstances
which cannot be explained. 'They are, in the general,
found to shun those rivers which have what the Spaniards
call black waters (aguas negras), and also dry and un-
wopded spots, Tley swarm most upon the banks of
rivers, and they nearly disappear wkere the elevation of
‘the ground exceeds two or three thousand feet above the
sea*, The annoyance occasioned by insects of this
description is not confined to the torrid zone; for even in
the Arctic regions of Greenland and Lapland, the short
heats of summer give birth to swarms of gnats of another
species.

With respect to fishes, it is probable that every basin of
the ocean has its particular tribes: while, indeed the re-
gions which some inhabit are well known. Thus the cod,
which are distributed over all the nothern seas between
Europe and America, congregate chiefly upon the great
sand-banks to the south-east of Newfoundland. The
most remarkable species of fish are met with in the
torrid zone and its vicinity. The flying fish hardl
extends to any part of the ocean so high as the 40t
parallel; but in the voyage to America, hundreds of
them are seen by navigators after passing the tropic of
Canger. The largest and most powerful of those fish
which possess electrical properties, ;also live within the
torrid zone. The Mediterranean contains four species of
electrical torpedoes; but the shocks which they com-
municate cannot be compared in violence to those of
the gymnoti (electric eels), which inhabit several of the

* Humboldi’s Personal Narrative, vols v:, Ps u—n;.
K
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rivers, and also the stagnant pools, in the llanos of
South America. All the inhabitants of the waters dread
the society of these animals. It is related that, some
years ago, it became necessary to change the direction of
a road near Uritucu, in consequence of the number of
mules of burden annually lost in fording a river in which
ecls were very numerous. The temperature of the
waters in which the gymnoti habitually live, is from 78
to 80 degrees: their electric force is said to diminish in
colder waters.

The seas of the warm regions contain the shark, which
is noted for its extreme ferocity; but the most erormous
in size are the whale tribes, which belong more par-
ticularly to the high latitude.

The migration of fishes seems to be occasioned by
their seeking for shallow water, in order to deposit their
spawn. The lLerrings, which are supposed to come from
the bottom of the Arctic Ocean, proceed every year to
the coasts of the british islands, Norway, Sweden, Den-
mark, Holland, and the United States ; and also to those
of Kamtchatka and the neighbouring islands. The opi-
niop is, that their innumerable shoals follow the direction
of the ~hains of snb-marine banks and rocks which they
meet with in their progress. ‘Tunmics ulso mig:ate regu-
larly every year from the Atlantic Ocean to the Medi-
terranean.

The hot regions of the globe, and those of America in
particular, contain the largest and the most venomous of
the order of r-ptiles, including the rattle-snake, and seve-
ral other kinds arined with deadly poisons; and the boa
constrictor, which destroys cven the great quadrupeds
by the force with whicn it coils round their bodies.

ere, too, the lizard tribe, under the various ‘'names of
crocodiles, gavials, aligators, and caymans, attaifil to an
immense growth. The largest is the crocodile of the
river Nile, which measures, when full grown, even thirty
feetin length. Tt is worthy of remark, that the dry season
near the equator has the same effect upon several of the
reptile race as the cold of northern countries: in South
Angerica, when the swelling of the rivers subsides, and
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the surface of the llanos becomes parched by the beat,
boas and crocodiles bury themselves beneath the mud,
and await, in a state of lethargy, the periodical rains.
As we proceed into the higher latitudes, reptiles diminish
both in number and magnitude, and are, even the worst
of them, comparatively harmless.

With respect to hirds, we might at first be inclined to
infer from the powers of Jocomotion with which they are
gifted, that the existence of cach specics is not limited to
a certain region; and it is true that some of them, includ-
ing several of the vulture tribe, spread themselves almost
over the whole world. But it appears to be generally
the case, that particular kinds are confined to a very
small range, cspecially such as have heavy bodies and
weak powers of Right  Even the condor, which frequently
soars at an elevation of four miles, never forsckes the
chain of the Cordilleras of Peru and Mexico; and the
great cagle does not quit the ridges )f the Alps. The
torrid zone possesses a variety of the most beautiful
birds, including thie humming-bird of America, the cocka-
toos, the bird of Paradise,” the Jories, and several o.hers
of the parrot genus. The bird of Paradise is never met
with beyond New Guinea and the neighbourirg 1slands,
Parrots, in the New World, are scen as higl north as the
35th degrec; but on the old contincut, they do not
appear to reach fart ier than the 28th parallel.  Of the
birds whivh cannov \ly, each equatorial region insulated
by the occan has its particular kinds, The ostrich of
Africa and Arubia, the cassowary of Java and of New
Holland, aund the Braziliau ostrich, are <listuwnct species,
possessing a general similarity of organization.

The fiozen sone has its own kinds ol birds, among
which are the stréiz Laponicus (Lapland owl), and the
anas amollissima (cider duck), which frequents the shores
of the Arctic seas, and from whosd nests the eider-down
1s obtained. The scveral species of sea-birds do not
wander beyond certain limits assigned to cach. The
albatross is scen flitting along the surface of the waves,
as we approach the 40th parallel of latitude. The sea-
swallows and the tropical birds keep within :he torrid

K 5
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zone. The penguin of the Northern differs from the
manchot of the South Seas.

The migration of birds from one country to another,
in consequence of the changes of the seasons, is a re-
markable phenomenon. The direction and extent of
these migrations are still, in most cases, but imperfectly
known. On the approach of winter, swallows, storks,
and cranes abandon the northern countries of Europe
for the warmer climates of the south. In the equinoc-
tial zone, which is nearly of the same warmth during the
whole year, the variations of drought and humidity ap-
pear to influence the habits of animals in the same man-
ner as the great changes of temperature in our climates,
In South America, when the Oroonoko begins to swell
with the rains, and innumerable quantity of ducks remove
from eight and three degrees of north, to one and four
degrees of south latitude, towards the south-south-east.
These birds quit the valley of the Oroonoko at this
period, doubtless because the increasing depih of the
waters and the inundations of the shores prevent them
from catching fish and insects. In the month of Sep-
tember, when the Oroonoko decreases and retreats
within its bed, they return from the Amazon and the
Rio Branco towards the north. The southern coasts of
the West India islands also receive every year, at the
season of the inundations of the great rivers of terra
firma (the continent,) numerous flights of the fishing
birds of the Oroonoko, and of its tributary streams. It
is in obedience to a similar instinct, that, during the
heats of summer, the humming-birds advance in pursuit
of insects into the northern parts of the United States,
and even into Canada.

Quadrupeds are an order of animals more perfectly
m;iganised than any of those which have been under con~
sideration; while, as they are in many instances
immediately connected with man, and altogether come
more under his observance, their distribution presents
a more ample subject for investigation. The hot regions
towards the equator furnish this order in the utmost
number and variety; and many of its tribes are there
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distinguished for their size, their amazing strength, or
the ferocity of their dispositions. The lion, the tiger,
the elephant, the rhinoceros, the hippopotamus, the
panther, the leopard, the hymna, and the camelopard,
are all inhabitants of the torrid zone and its vicinity, In
the temperate regions, the animals are of much smaller
dimensions; and the only beasts of prey are the wolf,
the bear, the lynx, and the wild boar; but there the
domestic tribes are reared in all their perfection. The
white or Polar bear, which is quite different from the
common bear and much more formidahle, inhabits the
coasts of the Arctic Ocean; so that, under both extremes
of temperature, the animal creation assumes a character
of excessive ferocity.

The domestic animals have been conveyed by man to
various parts of the world, aud are therefore very widely
dispersed. Under this title are included the dog, the
cow, the sheep, the goat, the horse, the ass, the pig, and
the cat. Humboldt states (contrary to what has been
supposed by some), that the cows in the equinoctial parts
of South America will yield as rich a milk as in temperate
countries. The ass is not capable of enduring cold so
well as others of the domestic races: when beheld in the
northern regions of Europe, he is quite a degenerate
animal; south of the 40th parallel of latitude, under the
influence of a more genial climate and better treatment,
he is large, lively, and docile. The horse, onginally a
native of the central parts of the old continent, is now
spre.d from the confines of the Aretic Circle to beyond
the 50th degree of south latitude. It exists as high as
Norway and Iceland, where it is small and of a peculiar
variety, and extends even into the:desolate regions of
Patagonia. This snimal was introduced into South
Ameriga by the Spaniards, in their early visits to that
continent; it bas since greatly multiplied, and immense
herds uow rove wild over the llanos. The existence of
these creatures is exposed to the most severe sufferings.
“ In the rainy season,” says M. Humboldt, ¢ the horses
that wander in the savannah, and have not time to reach
the rising grounds of the llanos, perish by hundreds
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amidst the overflowings of the rivers. The mares are
seen, followed by their colts, swimming, durinr a part of
the day, to feed upon the grass, t.e tops of whi - alone
wave above the waters. In this state they ar> vursued by
the crocodiles; and it is by no means une¢o.um ' to find
the prints of the teeth of these carnivorous reptiles on
their thighs.

“ We cannot reflect,” he proceeds, < on tuc efiects of
these inundations, without admirinz the prodigious plia-
bility of the organization of the aunimil. itat mun bas
subjected to his sway. In Greenland, the dog eats the
refuse of the fisheries; and, when fish are wanting, feeds
on sea-wced. The ass and the horse, originallv natives
of the cold and barren plains of Upper Asia, follow man
to the New World, return to the savage state, an:d lead a
resiless and painful life in the burning climate of the
tropics. Pressed, alternatcly, by excess of drought and
of humidity, they sometimes seek a pool in the midst of a
bare and dusty soil, to quench their thirst; and at other
times flee from water, and the overflowing rivers, as
menaced by an enemy. that encounters them on every
side, THarassed during the day by gadflies and mos-
quitoes, the horses, mules, and cows find themselves
attaked at night by enormous bats®, that fasten on their
backs, and cause wounds which becowne dangerous be-
cause they are filled with acaride, and other hurtful in-
sects. In the time of great drought, the mules gnaw
even the thorny welocactus (nelon-thistle), in order to
drink its cooling juice; and draw it forth as from a
vegetable fountain. During the great inundations, these
same animals lead au amphibious life, surrounded by
crocodiles, water-serpcnts, and manatees. Yet, such are
the immutable laws of Nature, their races are preserved
in the struggle with the clements, and amid se many
sufferings and dangers., When the waters retire, and the
rivers return into their beds, the savannab is spread over
with a fine odoriferous grass; and the animals of old

® [u Rrazil, in the province of firra, the b s canse snch destruction among
|h:»I «cows, tbat rich farwers are said fiomn this cause to be sumetiwes 1educed to
indigence,
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Europe and Upper Asia seem to enjoy, as in-their native
climate, the renewed vegetation of spring.”

It has been observed by Buflon, that thelargest quad-
rupeds, such as the elephant, the rhinoceros, the hip-
popotamus, the camelopard, the camel, aud most of
the ox kind, are possessed exclusively by the old
world. In America, the jfossil remains of someslarge
animals have heen discovered; but of living species,
there are very few of considerable bulk. It has also
been remarked, that the tribes which are the most pow-
eiful and perfect in their structure belong chiefly to the
old world ; those of the new having, in general, a cha-
racter of organization which assigns them a lower rank
in the scale of animated beings. Such carnivorous ani-
mals, for example as have the greatest vigour and cou«
rage (among which are the lion, the tiger, and the hyena)
are confined to Asia and Africa. The American tribes
which approach most nearly to these, are, in general, much
more gentle and feeble than the African and Asiatic
species. It must be admitted, however, that Buffon’s
assertion respecting the cowardice of the fcline race, of
America must be taken with some limitation: for it ap«
pears that the jaguar will sometimes attack 'men; and,
when assailed by armed numbers, he has been known to
offer an obstinate resistance. The swiftest, as well as
the most graceful and beautiful quadrupeds (the ante-
lopes, for example) also chiefly belong to the old con-
tinent ; while those kinds which are the most useful to
man, including the goat, the Lorse, the ox, and the ass,
were unknown in America till their introduction into that
country by the Spaniards.

Confining our view to wild animaly, we may divide the
earth into a number of zoological régions or provinces,
each of which is the residence of a distinct set of quad-
rupeds®. *

The first of these provinces, if we commence from the
north, is the Arctic region, which contains the white
bear, the rein-deer, the Arctic fox, and other tribes

® gee Dr. Prichard’s works, before mentionep,
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common to both of the great continents. The circum-
stance of their being common to both continents, is
accounted for by the communication which, during
winter, is established between the shores of Asia and
America by means of the ice, over which a passage from
one to the other becomes practicable to such animals as
are fitted to endure the intense cold of the circumpolar
countrics,

The northern temperate zone is divided by the ocean
into two great districts. The same tribes are found to
be spread from the western to the eastern parts of the old
continent; but the quadrupeds which inhabit the tem-
perate climate of Awmerica are peculiar races.

‘The equatorial region contains three extcnsive tracts,
widely sepurated from each other by the sea. These are
the intertrunical parts of Africa—of America—and of
continental India. Each of the three tracts in question
has a distinct nation of quadrupeds. The Indian isles,
E:rlicularly the Sunda and Molucca islands, may also

considered as a separate region.

Beyond the Indiun Archipelago is Papua, under which
name it is usual to inclode New Guinea, New Britain,
and New Ireland. These countries, with the islands
which are formed by a coutinuation of their mountain
chains, namely, the srchipelago of Soloman’s Islands,
Louisiade, and the New Hebrides, together with the
more remote groups in the great Southern occan, may
be regarded as one zoological province. It is remarked,
that all this ext nsive region seems almost wholly des-
titute of native warm-blonded quadrupeds, except a few
species of bats, and some small domestic animals in the
possession of the natives,

The large region of Australla forms another zoological
province, m which are con:ained many indigenoud tribes
of a very singular description ; and, lastly, the southern
extremities of America and Africa are each distinguished
by the possession of peculiar races.

Of these scveral provinces, into, which the animal
.world admits of division, none 1s peopled with so remark-
able astock of animals as Australia, including, under
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that designation, New Holland, and the adjacent islands
to the southward. It posscsses several entire genera of
quadrupeds which have been discovered in no other part
of the world; and it further deserves notice, that most
of the tribes peculiar to New Holland, though on the
whole very ditferent from cuch other, have some strik-
ing characters of orzanization common to all. It was
assumed by L.nueeus, that the great class of worm-
blooded quadrupeds was, without exception, viviparous
and mammiferous-—two terms, the first of which denotes
their roduction of their offspring in a living and perfect
state; and the second, their being supplied with organs:
for suckling their young. On this latter account, it
received the name of mammalia, by which it is known
among naturahsts, It appears, however, that, in New
Holland, a tribe of warm-blooded animals has been dis-
covered, to which that name is not applicable, because
it is oviparous (that is, produces eggs), and is therefore
unprovided with organs of the description above-men-
tioned. This curious tribe is, as far as our present know
ledge extends, quite confined to New Holland. Another
remarkable tribe is the marsupial, which term comprises
such as produce their young in an immature state, and
keep them fora time attached to their bodies, chiefly in
abdominal bags or pouches, given them by nature for that
purpose. This tribe also is met with principally in New
Holland. One genus of it, indeed, the opossum or
didelphis, is peculiar 1o the warm parts of America, and
some species of phalangers are seem in the Moluccas;
but over the Australian regions there are distributed
several genera of the marsupial order, comprehending
more than 40 species, Among these are the wombat,
the kancaroo-rat, the kangaroos, and the dusyuri or
Austrafian opossums. :

The didelphis, or American opossiln, differs from the
Australian opossum in several respects; one of which is
the having a long prehensile or muscular tail, which
serves as a fifth limb, and is of great use to animals which
inhabit forests so extensive and lofty as those of

.
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Guyana®*. In the same part of America there are other
animals which resemble the opossum in this respect;
these are the sapajous, a numerous tribe of monkeys,
the ant-caters, the kinkajou, and the hystrix prehensilis
(prehensile porcupine). Hercin we behold striking in-
stunces of the structure of animals being fitted to the
nature of the country in which they reside. The
monkeys of Afr'ca and of India are distinguished by no
such peculiarity, for in those parts of the world it is not
requisite.
. We have already mentioned that the new continent is,
compared with the old, nearly destitute of the most
powerful and perfect tribes of quadrupeds. In their
place are found most of those singular races, in the
formation of which the ordinary rules of nature seem
most widely to have been relinquished. Such are the
tribes which Cuvier has termed Edentes, or quadrupeds
defective with respect to teeth, some of them being
entirely destitute of those organs. Thus America con-
tains the whole family of sloths, the ant-eaters, which are
quite unprovided with teeth, and the armadilloes, which
have grinding teeth, but no tusks or cutting teeth.

That part of Southern Africa which extends beyond
the tropic of Capiicora, forms quite a distinct zoological
province, separated as it is by the intervention of the
torrid zome, from the milder climates norta of the
equator. Accordingly the animal creation of this region
assumes a characicr almost as peculiar as that which
is displayed by its vegetation. Of the order termed
Mammalia, Southern Africa contains several peculiar
genera, which occupy various distances towards the
north, according to the degree in which they are
capable of enduring a hot climate, In many in-
stances the same genera are found in this region as in
temperate countries north of the equator; but it is
particularly to be observed that the southern species
differ from the northern. Thus the quagga, the zebra,

® The phalangers of Australia aud the Moluccas have the prehensile tail,
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and some others of the horse kind, answer to the ass
and the jiggetai of Asia. From the southern tropic to
the Cape of Good Hope, the continent of Africa stretches
into fine level plains, over which roam a great diversity
of hoofed quadrupeds. Besides five of the horse genus,
there are also peculiar species of rhinoceros, of the hog
and the hyrax; and among ruminating animals, the
giraffc or camelopard, the Cape buffalo, and several
remarkable antelopes, as the spring-bock, the gnou, the
leucophioc, and others.

The animals of the Indian Archipelago have in some
respects a different character from those of continental
India, and approach towards those of Africa. The Sunda
isles are said to contain a hippopotamus—an animal
which does not exist in the rivers of Asia. The rhino-
ceros of Sumatra resembles the African more than the
Indian species, but is specifically different from both.
It is the same with the crocodile tribe, which is divided
into three sub-genera, the crocodile proper, the alligator
or cayman, and the gavial. The alligator belongs to
America—the gavial inhabits the Ganges, and probably
other rivers in continental India—ef the crocodile proper
there are six species, of which some belong to Africa,
others to the isles of the Indian ocean, and one is said
to have been discovered in the West Indies. -Among
flying quadrupeds, the flying macauco or lemur, is seen
only in the islands of the Indian ocean; two species of
flying squirrel, and two remarkable genera of the family
of bats, also reside there; besides which some of the
flying phalangers are supposed to belong to the Moluccas.

It will be proper, in the next place, to inquire more

articularly into the manner in which,the most numerous
};milies of quadrupeds are distributed over different parts
of the jworld. In this enumeration, it is of course not
intended to include those animals yhich man has been
the means of conveying from one Gountry to another,
whence the same species have in some instances become
scattered over the most distant parts of the earth.

Most of those animals which Linneeus comprised in his
order Primates, inhabit warm or temperate climates. The
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two grand divisions of this order are the bat and the
monkey tribes. The latter has been subdivided by
Cuvier into two chief branches, very different from each
other—the simiz proper, which are confined to the old
continent—and the sapajous, which are peculiar to
America. The African simize are distinguished from the
Indian; and most of their species are limited each to a
comparatively small tract. In the island of Madagascar,
no true simiee exist, but in their place are the makis, a
tribe of lemurs., Of the bat tribe, the rousettes or
frugivorous (fruit-eating) bats, inhabit the Indian archi-
pelago and Australia, and the vampires, or blood-sucking
bats, nine species of which have been mentioned, are all
peculiar to the hot parts of America. The most numerous
genus of bats are the vespertiliones; some of these are
very extensively dispersed, but this is not the case with
the majority, and not one species is common to the old
and new Continents.

The fere, or carnivorous quadrupeds properly so
termed, are extensively spread, although most of them
belong to hot climates. Of fhe twenty-eight species of
the cat kind, which have been enumerated, not one is
the same in America and in the Old Continent; even
the lynx of Canada is now believed to be u distinct kind
from the European. The African species are generally
confined to Africa, and the Indian to the eastern side of
the Indus. The tiger is found only in Asia, extending as
high as Chinese Tartary; but it is by far most common
in India, living in ravines and jungles. Africa, although
destitute of tigers, possesses panthers and leopards. The
lion is most formidable in Xfrica, where there are two
species, the Barbary and the Senegal; it is also said to
belong to India, and it inhabits those parts of Arabia and
Persia, which border on the Tigris and Euphrates from
the Persian Gulf as far as Bagdad. The Arabian species
is smaller than the others, and the males have no mane.
The couguar or puma, a native of South and North Ame-
rica, which is sometimes called the American lion, is a
different animal from the real lion. Of the dog kind,
several species endure an arctic climate, and are com-
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mon to the high latitudes of both continents. The
lagopus or isatis (arctic fox) is found at Spitzbergen, and
may be traced through the north of Asia to Kamtchatka,
and thence tc the shores of America, Hudson’s Bay, and
Greenland. The wolf and the lycaon (black fox) are
also common to all the arctic countries. Others of the
dog kind require a warm or temperate climate, and these
oecupy a limited space either in Asia, in Africa, or in
America. The dog of the Falkland islands (‘cenis antarc-
ticus ), which was the only quadruped discovered there,
has by some been considered a separate species, while
others have held it to be the same as a species which
inhabits Chili.

The puachydermatous (thick-skinned) tribes, live enly
in warm or temperate regions. There exist two species
of elephant, the Indian and the African. Of the rhino-
ceros there are several species, but none of them are
possessed in common by Asia and Africa. Those with
two horns inhabit southern Africa, those with one horn
belong to India and China, and to some of the islands
of the Indian Archipelago. In America, the only repre-~
sentative of these large pachydermatous animals is the
tapir. The hyrax and the hog tribes do not extend into
cold climates; the wild boar, which ranges further to-
wards the north than any of his tribe, is spread over
various parts of Europe, but is never seen to the north
of the Baltic. Tbe domestic hog, since its introduction
into America, has run wild and formed large herds in
that Continent. .

Among ruminating animals, the goat, the antelope®,
and the giraffe, or camelopard, are:limited to the Ol
Continent; but of sheep, some peculiar species are
possessed by America, as, for instance, the paco, which
in its domestic state is called bicunua or vigonia, and is
an inhabitant of Peru. The camelopard, which is so
remarkable for its height, .its swan-like neck, and its
gentle disposition, is a native of southern Africa. The
antelope, of which the species are very numerous, is

® Several American species have been described which are considered to be
nearly relaced to the antelupe.
L3
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almost confined to Asia and Africa, none of them being
found in Europe, except the chamois and the saiga.
They inhabit as well the torrid zone as those parts of the
temperate zones which are not very remote from the tro-
pics. The dromedary, or camel with one hump, is a na-
tive both of Africa and Asia; thetwo-humped or Bactrian
camel, so called because it is supposed to have orginally
come from Bactriana, belongs to much more northern
climates than the other: it lives in the Crimea and in
central Asia, in countries where the winter is very severe.
The llama, or guanaco, which has been named by some,
the camel of the New World, is a widely different kind
from either of the preceding. The musk resides in the
mountains of Asia, from Cashmere, along the Altai, to
the mouth of the river Ameer. This animal is not seen
in the New continent, although there are tribes which
bear arelation to it. Some species of the deer and ox
inhabit very cold climates, and these have passed along
the arctic regions from one continent to the other.
Those which are unable to support such severe seasons,
are confined to certain local tracts in either continent.

We shall conclude our inquiry into the distribution of
quadrupeds, with the mention of some facts respecting the
description of animals discovered in islands. Small
islands lying at a great distance from continents are in
general quite destitute of land quadrupeds, except such
a8 appear to have been conveyed to them by men. Ker-
guelen’s Land, the islands of Juan Fernandez, the Gal-
lapagos, &c., are instances of this fact. - Among all the
fertile groups in the Pacific Ocean, dogs, rats, hogs, and
a few bats, are the only quadrupeds which have been seen.
The Indian isles near New Guinea, abound in oxen,
buffaloes, goats, deer, cats, rats, hogs, and dogs; but
according to all accounts, none of these have weached
New Guinea, the two latter excepted. In Easter island,
the most remotely seated in the Pacific, there are no
domestic animals, except fowls and rats, which are eaten
by the natives. .

The quadrupeds of islands situated in the neighbour-
hood of continents, are generally the sameas those of the
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adjacent main-land. This remark may be made respect-
ing the animals of the British and of the Mediterranean
isles, as well as of those in Madagascar, and in the islands
near New Holland. When in such islands any quadrupeds
are met with, which do not exist in the neighbouring
continents, they are usually distinct species which occur
no where else, and either have always had a local existence,
or have been entirely destroyed from the main-land.

There is thus 1eason to conclude, thatislands in general
derived their quadrupedsfrom the continents in the neigh-
bourhood of which they are placed.

Having now stated the facts which relate to the distri-
bution of the principal races of animals, it remains only to
inquire what inference we are entitled to draw concerning
the manner of their original dispersion over the earth;
whether that dispersion took place from a single spot, or
whether, as in the casc of the vegetable tribes, it com«
menced from a variety of distinct centres.

The local existence of insects is so closely connected
with that of the plants which not only yield them suste-
nance, but also, in many instances, furnish their only
place of abode, that we might at once expect to find the
same laws prevailing in the dispersion of this part of
the aninal creation, as in that of the vegetable tribes,
This conjecture has been confirmed by positive researches.
M. Latreille, by whom the subject has undergone a full
investigation, states, that the whole or the greater part
of the arachnides and insects which inhabit countries of
similar soil and temperature, but widely distant from
each other, consist in general of different kinds. All
the insects and arachnides which have been brought from
the eastern parts of Asia, under whateverlatitude, are dis-
tinct from those of Europe and of Africa. It further
appears, that with insects, as with plants, where the
species_are different, the genera aré nevertheless often
the same. 1In this manner, the entomology of America
approximates to that of the Austral countries, and the
east of Asia. The insects of New Holland are often of
the same genera with those of the Molucens, and the

south-east.rn paris of India; they s :ow muca affinity to
L5
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those of New Zealand and New Caledonia, and, as just
observed, include similar genera to those of America:
yet the entomology of New Holland is, notwithstanding,
marked by a peculiar character. A large number of
insects are found near the Cape of Good Hope, which
are unknown in other countries: M. Lichtenstein col-
lected there between 600 and 700 species, of which 340
were ascertained to be entirely new.

In adverting to the dispersion of the various tribes
which inhabit the waters.of the ocean, including the
marine mammalia, as well as fishes and mollasce, it is to
be remarked that, in the descriptions of these tribes,
great vagueness and inaccuracy has long prevailed.
Therefore it is that this department of the animal king-
dom contains so many species which are said to inhabit
indiscriminately all parts of the ocean. The common
whale (balena mysticetus) has been supposed to belong
equally to the frozen seas of Spitzbergen and to those of
the antarctic circle. The sea-calf (phoca vituling) is
reported by several writers to be a mative not only of
both circumpolar regions, but also of the seas of the
torrid zone ; while some have gone so far as to assert that
it exists in the Caspian, and even in the fresh-water
lakes of Baikal, Onega, and Ladoga. But the fact of
such extensive dispersion of marine animals rests entirely
on the authority of incompetent persons. The celebrated
naturglists Lesueur and Férun, who personally collected
and examined a vast number of marine species in the
southern hemisphere, have come to the conclusion, that
the arctic ocean does not contain one tribe, well known
and described, which is not specifically distinct from those
animals most analogous to it in the antarctic seas. This
remark applies not only to the cetaceous and phocaceous
tribes, but also to the lower departments of marine animals;
and, descending through a variety of worms and molluscs,
even to the shapeless sponges of the antarctic waters,
these naturalists assert that, among all this immense
assemblage, not one species will be found which exists
in the geas of the northern hemisphere. It further
-.appel!éthat those maritime animals, which possess little

‘o
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power of self-extension, prevail within very narrow limits.
Each species of the family of meduse is seen in abundance
in particular districts, and acours in no_other place. It
is the same with the numerous testacea which adern the
shores of the southern seas. The shores of Timor present
a great multitnde and variety of beauiiful testacea; but
not one of these extends so far as the southern coast of
New Holland. .

With respect to reptiles, birds, and quadrupeds, the
facts already stated concerning their distribution are suffis
cient to show that different regions of the world are each
in possession of peculiar kinds. Many entire genera are
wholly confined to certain districts; but when, as it fre-
quently happens, the same genus is discovered among
the wild and native animals of two distant regions, toa
communication between which natural obstacles are
opposcd, it is not the same species that inhabit both
countries, but corresponding species of the same genus.
Thus the American species of the cat kind differ from the
African and the Asiatic; and the species of horse, ox,
antelope, rhinoceros, and elephant, of Africa, are distinct
from those of the same genera in Asia.

Under these circumstances, we can arrive at no other
conclusion than that the first dispersion of animals, like
that of vegetables, took place from divers points, It is
Probable that, at least, each of thé great mountainous
chains and table lands was orginally furnished by the
Creator with a stock of animals. The offspring of each
species have since spread themselves to as remote a
distance from the first spot of their existence as their
locomotive powers, their capability of bearing.changes of
climate, or the absence of physical obstacles to their
further progress, may have allowed them tv wander,
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Secrion III.

On Mau in his Physical Character —His universal Dispersion over the Barth—
Unity of his Species—Terms Genns and Species explained —Varieties of the
Human Race, and manver in which they may he d for--1I
of Climate,

The physical character of man, although it be not such

ag, to exempt its possessor from those laws of generation,

- "8 growth, und of dissolution, which prevail among the
inferior tribes of animals, is nevertheless of a peculiar and
pre-eminent kind. His organization, more perfect and
complex than theirs; his erect and noble aspect; his
form, better suited for rendering obedience to the impulses
of a rational and intelligent mind ;—all essentiully dis-
tinguish him from the brutes over whom he exercises
dominion. Under such circumstances as these, it is not

a little surprising that there should ever have existed

naturalists who pretended to confound the human species

with tribes of the lower animal creation.

In sume respects it may appear that the organization of
man subjects him to great disadvantages; the cxtreme
feebleness of the human frame at the first period of its
existence; the slowness of its growth; the multiplicity
of its wants; the variety of ills and infirmities to which
through life it is exposed, have no parallel among the
beasts of the field. Yet who that considers the present
moral imperfection of man, can deny the good which
results from these physical disadvantages inseparable from
his condition? Endued with the strength of the lion or
the elephant, or clothed with a skiu impervions to cold
and moisture, he would probably have remained sunk in
selfish indolence, and ignorant of all the arts which
embellish life.  But the feeling of his wants and weaKpess
has arouscd faculties which would else have lain dorfiant
in his mind—has, by uniting him to his fellows, given
rise to the most endearing ties and the most useful forms
of society ; and has so called forth his inventive resources,
that ke has, to a considerable extent, acquired the com-

w and tue direction of the powers of nature. -

e researches of modern navigators have shomy
S N
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the human raceis spread nearly over the whole earth. It
has been found in the midst of the wost sultry regions, in
the vicinity of the pole, and upon islands which a bound-
less ocean would have seemed to cut off from communica-
tion with the rest of the world. The islands of Spitzbergen
and of Nova Zembla to the north, and Sandwich Isle, the
Isles of Falkland, and Kerguelen’s Land to the south, are
the only countries of considerable extent which have been
found entirely destitute of human inhabitants. In the®
north, the habitations of man stretch nearly to the 75th
degree of latitude; while to the south a miserable race
(that of the Petcheres) exists on the bleak and barren
shores of Terra del Fuego. The oases, or islands of
verdure, scattered over the sands of Africa, are also the
seats of population. Tn one part of the world the human
body supports a heat higher than that which makes
ether hoil; and, in another, a cold which occasions the
congelation of mercury.

Notwithstanding the dissimilarities of structure and
complexion which are observed upon comparing the
natives of different countries, there arc the strongest
reasons to believe that the human race forms not only a
single genus, but also a single species; or, in oti.er words,
that all the several varieties of men sprung originally from
one pair of individuals. Though there exist independent
grounds for this opinion (as will presently be shown,)itis
proper, before we proceed to a statement of these, to
remark that the whole tenor of Revelation is against any
cther supposition. .

We may discern in the differenge between the means
adopted for peopling the earth with. the human race, and
tl.ose provided for covering it with ghe inferior creatures,
the traces of that wisdom which umiformly pervades the
arrangements of Providence. Had there been, in the first
instance, no more than one pair of each genus of animals,
and ove individual.of each tribe of plants, and had these
been called into being upon only one spot of the carth,
large regions separated by wide seas and lofty chains of
mountains from the country containing that single spot,
would for ever have remained almost, if not entirely,
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destitute of plants and animals, unless at the same time
means had been provided for their dispersion far more
effectual than any which we behold in operation. To
prevent a result so little in harmony with what appears
to be the general system of the universe, each separate
region of the globe was supplied with a distinct stock of
plants and animals., But in the instance of the human
race, such a plan of proceeding was not requisite. Man
was endued with a constitution capable of accommodating
itself to the greatest changes of climate, and with the
power of inventing methods for protecting himself against
atmospheric influence: he was also enabled, by the aid
of the same power of invention, to transport himself over
the most extensive seas and across the most formidable
ranges of mountains. Furnished with these capabilities,
his race was originally placed in only one spot of the
world. . -

In order that the question may be fully understood, it
i8 requisite to explain whats signified by the terms genus
and species, of which frequent use has been made in the
course of the present treatise. A race of animals, or a
tribe of plants, marked by any peculiarities of structure,
which from one generation to another have always been
oonstant and undeviating, form a species ; and two races
are held to be specifically distinct, if they are distinguished
from each other by some peeuliarities, which, in the lapse
of generations, the one canunot be supposed to have
acquired, or the other to have lost, through any known
operation of physical causes : so that, under the word
species, are comprised all those animals which are con-
cluded to have sprung, in the first instance, from" a sin-
gle pair*. The term genus has a more extensive applica-
tion. There are several species which so resemble each
other as immediately to suggest the idea of some near
relation betwcen them. The horse, the ass, the zebra,
and others of the horse kind, are one instance of this
remark ; the different species of elephants are another;

2 aa

® It is certajuly po e that what we terin one species may have sprung from
two o1 more otiglualigpirs exactly alike ; bt judging fiom all thal hus beeu
obeeived, it Is ‘liyf_;oo ‘?ﬁ'uu piohable,



PHYSICAL CHARACIER OF MAN. 119

and a third is furnished by the several kinds of oxen,
buffaloes, bisons, &c., all belonging to the ox genus, and
bearing a striking rescmblance one to the other. As no
physical causes are known which could have operated so
as to produce those difterences of structure, which exist
between the several species of one genus, it is concluded
that they or'ginally sprung from diffetent individuals. A
genus, cousequently, is a collection of scveral species on
a principle of rescmblance ; and it inay, therefore, comprise
a greater or less number of species, according to the
particular views of the naturalist. It is not, hewever,
always easy to determine what races of animals are of the
same, and what of separate specics. Itis a wel known
fact, that considerable varieties arise within the limits of
one species; and such varieties are often transmitted to
the oftspring, and bacome, in a great measure, permanent
or fixed in the race. Hence the diffigulty, in some cases,
of deciding whether two races of animals, of the same
genus, and similar in many particulars, but differing in
others, are merely what are termed varieties of one species,
their diversities having procecrded from the action of
external, or other causes, on a stock originally the same,
or tribes of an entirely distinct origin from the begin-
ning.

I%r. Prichard, in an able work entitled  Researches
into the Physical History of Mankind,” to which we
have before had occasion to refer, mentions the criteria
which may Le used in order to determine whether all the
Jaces of men belpng to the same species. The first of
these is furnished by a reference to the general laws of
their animal economy: since, should it appear that, in
two races of animals, the duration of' life 18 the same;
that their natural functions observe the same laws ; that
they are subject to the same diseases, and susccptible of
the same contagions—there is a very stiong presumption
that they are of the same species.- Another way of
examining the subject, is, to inquire whether the diver-
sities in mankind ave strictly analogous to those varieties
in form, colour, &c., which occur in the lower depart-
nients of the animal creation, within the limits of the
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same species. The method, however, which bears most
directly upon the question, is to ascertain what is
positively known respecting the springing up of varieties
among the human race. :

First, with respect to the laws of the animal economy,
it may be inquired whether there any peculiarities which
distinguish one rage of men from another, of such a
description as to render it probakle that they constitute
distinct species.  Certain writers have supposed that
there is a ditference between Europeans and some other
nations, in the duration of life. It is not to be denicd
savage nations are, in general, shorter lived than the
inhabitants of civilized countries; but this circumstance
is sufficiently explained by their addiction to intemperate
habits, and their constant exposure to fatigue and hard-
ships. When they have not such disadvantages to contend
with, their term of life seems to be as long as that of any
other race of men. Several instances are cited, both of
negroes in the West Indics, and of native Africans,
having attained to a very advanced age; and among the
natives of America, cases of longevity are far from
uncomnon Humboldt mentions the nume of a Peruvian
who lived to the age of one hundred and forty-thrce, and
who, only thirteen years before his death, was accustomed
to travel on foot from three to four leagues daily. The
Laplanders, again, are said to be rather remarkable for
long life.

As to diseases, it seems an undoubted fact that all
human contagions, and all epidemic complaints, exert
their pernicious influence on every tribe of men, though
the natives of particular climates suffer more than others,
And so to constitutional complaints, the difference is only
one of predisposition, aud analogous to what is witnessed
in different families in the same nation, some bein.g consti-
tutionally more liable to certain disorders than others.
The constitution of the American is observed to-be the
most torpid, that.of the European in general the most
irritable. e
. The conclusion which results from the first method of
inquiry,jgss will be more particularly seen by referring to
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the work above-mentioned, is, that the grand laws of the
animal economy are the same in their operation upon all
the races of mankind. The deviations which occur are
not greater than the common varieties in constitution
which exist within the limits of the same family. Here,
then, is one strong presumption in favour of the inference
that all men belong to one specics ;#for it appears that,
among animals, neighbouring species, so closely allied as
to have often been taken for mere varieties of the same
stock (as the wolf and the dog), differ materially in the
laws of their animal functions.

The next mode of inquiry suggested, is, how far the
diversities of complexion, figure, and stature, seen among
the scveral races of men, are analagous to those varieties
which, in the inferior animals, often occur without mark-
ing any specific difference, and, indeed, originate before
our eyes within the limits of the same species. In this
place we slall accordingly note the most remarkable
instances of variety which appear in mankind.

One, and that the most obvious to common observers,
is the diversity of colour. 1t is well known that thereisa
correspondence between the colours of the skin, the hair,
and the eyes of individuals. With few exceptions, light-
coloured eyes are joined to a fair complexion and light
hair, but a relation of the colour of the skin to that of the
hair is perhops universal. The women of Barbary and
Syria are said to be often very white, although they have
biack hair; but this is to be attributed to art, and careful
protection from the sun. Dr. Prichard, taking the hue of
the hair as the lcading character, divides mankind into
three principal varieties of colour, which he calls the
melanic, the xanthous, and the albino. The first includes
all individuals or races who have black hair ; thessecond,
those whio have either brown, auburn, yellow, flaxen, or
red hair; and the third, those who have white hair, and
who are also distinguished by red eyes. “ The melanic
variety forms by far the most numerous class of mankind.
It is the complexion generally prevalent; except in some
Earticular countries, chiefly in the northern regions of

urope and Asia, where races of the xanthous variety
M
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have multiplied; and it may be looked upon as the
natural and original complexion of the human species.
. The hair of the head, in the melanic races, is of various
texture and growth, from the long and lank hair of the
native Americans, to the fine crisp hair of the African
negroes. The hue of the skin varies from a deep black,
which is that of som# African nations, to a much lighter
or more dilute shade. The dusky hue is combined, in
some nations, with a mixture of red, in others witha tinge
of yellow. The former are the copper-coloured nations of
America and Africa; the latter, the olive-coloured races
of Asia. Inthe deepness or intensity of colour we find
every shade or gradation, from the black of the Scnegal
negro, or the deep olive and almost jet black of the
Malabars and some other nations of India, to the light
olive of the northcrn Hindoos. From that we still trace
every variety of shade among the Persians and other
Asiatics, to the complexion of the swarthy Spaniards, or
of European brunettes in general.” Examples of the
albino variety have been noticed in almost all countries.
In Eurepe they are by no means uncommon ; sixteen in-
stances have been seenin Germany by Professor Blumen-
bach. The fact of their occurrence in other parts of the
world is also fully established. It appears that they are
frequent among the copper-coloured native Americans on
the isthmus of Darien ; and they have been observed in
many islands both of the Indian and the great Southern
Ocean. Among the Hindoos they are regarded with
peculiar horror, The most remarkable circumstance, yet
not an unusual one, is the birth of white negroes among
the black races of Africa: they are Jooked upon as curi-
osities, and are often collected by the native monarchs.
Their halr is of a woolly character, and many of them are
true albinos. The xanthous variety may be cousidered
asintermediate between the other two. It chiefly prevails
in the temperately cold regions of Europe and Asia,
where it sometimes runs throngh whole tribes; but it
also springs up out of every melanic race. The Jews,
* like tiie Arabs, are generull! black haired, but many may
be segh with light hair and eyes; and the same remark
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will apply to the Russians. The xanthous variety also
appears among the South Sea islanders and the natives
of America, and even among the negro races of Africa,
both in their own climate and in the places to which they
have been transported.

Varieties of form, more especially of the skape of the
skull, furnish another grand instancg of diversity amon
the races of men. The ingenious Professor Blumenbac
has made the varieties in the construction of the skull the
basis of a division of mankind into five principal races or
departments, which he denominates, 1. the Caucasian;
2. the Mongolian ; 3. the Ethiopian or Negro; 4. the
American; and 5. the Malay and South Sea Island*.
The first is that variety to which the nations of Europe
and some of the western Asiatics belong; in this class the
head is almost round, and of the most symmetrical shape,
the cheek bones without any projection, the face oval, and
the features moderately prominent. In the second class,
the head is almost square, the cheek bones projecting
outwards, the nose flat, the face broad and flatfened, with
the parts imperfectly distinguished, the internal angle
of the eye depressed towards the nose. In the third class,
the head is narrow and compressed at the sides, the fore-
head very convex, the cheek bones, projecting forwards,
the nostrils wide, the jaws lengthened, the skull in general
thick and heavy, the face narrow, projecting towards the
lower part, the nose spread and almost confounded with
the cheeks, the lips, particularly the upper one, very
thick. The fourth variety approaches to the Mongolian :
the cheek-bones are prominent, but maore arched and
rounded than in the skull of the Mongole, the form of
the forehead and of the top of the head is often altered
by means of artificial pressure during infancy, the face
is broad without being flat, the forehead low, and the
eyes deeply seated. In the fifth variety, the summit of
the head is slightly narrowed, the forehead a little
arched, the upper jaw somewhat projecting, the face less

* The first three are the most strongly marked varicties In the form of the
skull ; the remuining two beiug only approximations to the precegln(. .

M
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narrow, and the features more praminent and better
marked than in the negro.

These descriptions give a clear idea of five principal
varieties in the form of the human head; nevertheless,
the attempt to assign them as the distinctive characters
of so many races of men is open to strong objections;
since, whether we tuke as a standard the figure of the
skull, or perhaps any other peculiarity of structure, it is
impossible, with reference to that standard, to divide the
human species into departments, such as can be regarded
with probuability as so many separate races of families.
The third, or Ethiopian variety of skull, is found in the
greatest degree among the tribes inhabiting the coast of
Guinea- and other western countries of Africa; but it
must not be set down as common among all the Negro
nations; for there are many black and woolly-headed
races in Africa which come under the designation of
Negro, who display a very different shape of the head
and features from that described under the third variety.
Again, the skulls of the New Hollanders are almost as
much compressed as those of any Negroes, and they
would, under the preceding classification be brought
within the Ethiopic race; yet no one could assert that
the New Hollanders and the woolly-headed Africans,
differing so much in other physical characters, and sepa-
rated by so vast a distance, should be included in the
same departinent of the human species. On this ac-
count, Dr. Prichard has proposed a division of the va-
rieties of the skull into thrce classes, ®istinguished by
names derived from their forms, agd not#rom any sup-
golsed origin of the nations to which they respectively

elong.

In Ehe shape of the body, as well as in the size and
proportion of the limbs, and consequently in the' degree
of strength and agility which they possess, there are
some remarkable varieties among nations. Some Negro
tribes, the Australiun or New Holland savages, and the
Kalmucks, seem to be those which differ most in figure
from Eurbopthns. According to numerous measurements,

the arga®elow the elbow is somewhat longer in the Negro,
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in proportion to the upper arm, and to the height of the
stature, than it is in the European. It has therefore
been remarked, that in this respect the generality of
Negroes upproach more to the structure of the ape; but
if we descend to individuals, many Europeans will be
found in whom the fore arm is as long as in the majority
of Negroes, and, on the other hand, Igegroes in whom it
is as short as in the majority of Europeans. A clumsy
form of the legs, broad and flat feet, and large hands, are
also described as peculiarities of the Negro.

With respect to stature, the difference between one
nation and another is generally not very considerable.
From all accounts, the tallest race of men existing are
the Patagonians, They are usually more than six, and,
in some instances, as much as seven feet in height. Un
the contrary, the natives of Terra del Fuego are de-
scribed as miserable and puny savages. The Esquimaus,
in the norti of America, are likewise diminutive, being
generally under five feet. Africa also contains some
small races. Of the Bosjesmans or Bushmen, who are
said to be the most deformed of mankind, Licktenstein
saw two individuals who were scarcely four feet high.
This unhappy race, who were plundered of their pro-
perty and hunted down like wild beasts by the early
settlers in the Cape colony, have since lived among the
rocks and woods on the northern frontier of the settle-
ment, where they support themselves in ¥ great mea-
sure by depredation, Tivese instances tend to show that
when wholo races are deformed and stunted, it is to be
attributed to exposure to constant hardships, or aun incle-
ment climate, and to the wretched and precarious nature
of their subsistence. DBoth extremes of stature which
bave been observed among nations,:are frequently sur-
passed by individual examples in theé innabitants of dif-
ferent countries. Many natives of Europe, from eight
to nine feet high, have been exhibited as ob‘jecll of cur.
osity, and there have been dwarfs of less than four, and
even three feet.

The only other varieties in the human race which
require notice, are those in the texture of tlu;ln:n, and

M .
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the character of the hair. The skin of Negroes is said
to be always cooler than that of Europeans in the same
climate, and to be distinguished for its sleekness and
velvet-like softness. A similar observation hus been made
of several African tribes, and also of the Otaheitans.
These qualities of the skin seem to be connected with
the existence of the dark matter by which, among these
nations, it is coloured; for in albinos, both African and
Otaheitan, the skin becomes rough and inflamed, and
cracks upon being exposed to the sun. The contrasts
between the hair of different races are exccedingly striking,
In the Negro, the Hottentot, and some other races, the
hair is short and crisp, somewhat approaching to the
nature of wool ; in other natious it is long and lank; and
between these two kinds there are numerous gradations..
In Africa, Kaffers have hair like that of the Negroes;
some tribes have it longer; some again, who are black
and otherwise similar to Negroes, have hair curled, but
. mot crisp. The Papuas (the name by which the inhabi-
tants of New Guinea and the neighbouring islands are
distinguished) have crisp hair; but, unlike that of the
Africans, it grows very long, and admits of being spread
out intoan immense bush. The hair of the natives of Van
Diemen’s Land is as crisp as that of the Africans, but the
New Hollanders have straight hair; while in the New
Hebrides itis of an intermediate character, and varies
considerably in the men of the same island. The bhair
of the natives of America is generally lank; in a few
instances curled; but in none crisp or woolly.

In the next place, we shall compare the diversities, of
which u sketch has been given, as existing, in the appear-
ance of the human race, with the variabions in form,
colour, and structure, which are seen in the lower animals,
and especially in the domesticated kinds. The differences
in colour which quadrupeds of the same species exhibit,
are so familiar to the eye, that it is unnecessary to do
more than allude to them. Among horses, oxen, dogs,
cats, rabbits, &c., we continually behold hues which are
anglogous either to the melanic, the xanthous, or the
albiad varicties in mankind, Among several kinds of
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wild animals, a white not unfrequently springs vp. In
many instances, certain colours are prevalent in parti-
cular breeds, and in some cases we might be warranted in
concluding that the colours depend upon the local cir-
cumstances of the countries in which the breed is placed.
Blumenbach mentions several examples which will illus-
trate this remark. He states that all the swiae of Pied-
mont are black; those of Normandy, white; and those
of Bavariu of a reddish brown colour. In Hungary, the
oxen are of a greyish white ; in Franconia, they are red.
The turkeys of Normandy are black ; those of Hanover
almost all white. In Guinea, the dogs and the gall-na-
ceous* fowls are as black as the human race. Even in
our own country, certain colours may be seen prevailing
in the cattle of particulur districts. Doctor F. Buchanan
says, that in Mysore, the sheep exhibi. three sorts of
colour: red, black, and wlite, and these are not distinct
breeds. Don Felix de Azzara relates some curious cir-
‘cumstances respecting the colour of the horses and oxen
in Paraguay, where, as well as in other parts of South
America, both these races ' have run wild, and become
very numerous. He says that all the wild horses are of
one colour (a chestnut or bay-brown), whereas the do-
mestic horses are of all colours, as in other countries.
He makes a similar kind of observation concerning the
oxen. As to form and the structure and proportion of
parts, the diversities which arise in the same race of ani-
mals, far surpass those which subsist between. one nation
and another among men. Alluding to the hog tribe,
Professor Blumenbach remarks, that * no naturalist has
carried his scepticism so far as to doubt the descent of
the domestic swine from the wild boag. It is certain that,
before the discovery of America by fhe Spaniards, swine
were unknown in that quarter of the;world, and that they
were first carried thither from Eugope. Yet, notwith-
standing the comparative shortness-of the interval, they
have in that country degenerated into breeds wonderfully
difterent from each other, and from the original stock.

* From galius, a cocke
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These instances of diversity, and those of the hog kind
in general, may therefore be taken as clear and safe
examples of the variations which may be expected to arise
in the descendants of one stock ” He afterwards observes
that the diflerence between the craniums of the Negro
and of the European is not greater than that between the
craniums of the wild boar and of the domestic swine. Inthe
breeds of oxen, sheep, and horses, we may discern addi-
tional examples of deviation from an original standard.
Some breeds of sheep and oxen are destitute of horns;
others, on the contrary, are distinguished by the large
size of their horns. In Paraguay there are breeds of
oxen without borns, descended from the common horned
race. With respect to horses, Blumenbach again ob-
serves that there is less difference in the form of the
skull in the most dissimilar of mankind, than between the
elongated head of the Neapolitan® horse, and the skull of
the Hungarian breed, which is remarkable for its short-
ness and the extent of the lower jaw. The varieties in
the covering of animals are not less worthy of notice
than those to which reference lLias already been made. In
the same race of sheep, some are clothed with wool,
others with hair It is known that if a flock is neglected,
the fine wool is succeeded by a much coarser growth,
intermixed with strong hairs; the breed, being no longer
kept up with care, scers gradually to degenerate towards
the characters of the argali, or wild sheep of Siberia,
which naturalists consider to be the stock whence all
domestic sheep have proceeded. A striking specimen of
the changes which occur in breeds is afforded by the
sheep of the West India islands, wtich, although de-
scended from the woolly sheep of Europe, are covered
with coarse hair. The deterioration has usually been
attributed to the heat of the climate ; but it must ulso be
referred to the circumstance of their breed baving been
neglected. Other animals, such as goats and dogs, dis-
pl?ly a similar variety in the nature of their covering.

he preceding facts clearly prove that, in the lower
animal creation, there spring up, in the same species,
varieties of an analogous or similar kind to those which
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mark the different races of men. The existence of this
analogy confirms still further -the opinion expressed as
to the unity of the human species. It now only remains
to inquire whether it is absolutely known that varieties
have arisen in a family or race of men similar to those
diversities which distinguish one nation from another.

It is a well-attested fact that, umong negroes and
other dark-coloured tribes, individuals of the albino and
xanthous complexions are not unfrequently born; and
with respect toform and structure, and the texture of the
skin and hair, many instances are recorded wherein sar-
prising peculiarities have made their appearance in a race
or family, and some in which these have been transmit-’
ted to descendants. The description of such cases would
exceed the limits of the present treatise; but an account
of several may be seen by referring to the author* whom
we already cited.

It appears, therefore, that if we apply to the subjeet
‘under discussion the several criteria stated at the outset.-
of this inquiry, the results,, every one, lead to the infer-
ence that the various nations of the globe are descended
from the same stock. This inference is drawn, first,
from the observed uniformity in the grand laws of their
animal economy, allowance of course, being made for
the effects of climate and of particular habits ; secondly,
from the existence in the same species among the inferior
tribes of the creation, of varietics analogous to those
which occur in mankind; and thirdly, from the fact of
varieties being really known to have sprung up among
men, more or less similar to thcse which distinguish
difierent nations. There is, nevertheless, a l;ooint at which
the similarity between the two cases obvious'y terminates :
the peculiarities which arose in the-human species at a
remote and unknown period have betome the character-
istic marks of large nations, whereas those which have
made their appearance in later timés, have, in general,
extended very little beyond the individuals in whom they
first showed themselves, and certainly have never ate

® Dr, Prichard’s ‘ Researches into the Physieal lilstory of Munkind.?
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tained to anything like a prevalence throughout whole
communities. But this is a circumstance which it does
not seem difficult to explain, if we consider that, cver
since the population of the world hus been of large
amount, the possessors of any peculiar organization have
borne such a very swall numerical proportion to the
nation to which they belonged, that it i1s no way sur-
prising that they should soon have been lost n the
general mass, still less that they should have failed to
impress it with their own peculiar characters. In the
early period of the world, when mankind, few in numbers,
were beginning to disperse themselves in detached bo-
dies over the face of the earth, the case was altogether
different, and we can easily understand how, if any vari-
eties of colour, form, or structure, then originated in the
human race, they would naturally, as society multiplied,
become the characteristics of a whole nation.” These con-
siderations may suggest to, us the manner in which
the national diversities first obtained their ascendancy.
The causes of those diversities are, and probably ever
will remain, enveloped in mystery; and the ference as
to the unity of the human kind is not weakcned by our
inability to assign those causes, since we are ignorant of
the occasions even of the varieties which sometines dis-
play themselves within the limits ofia single family.

It will be seen, however, upon a comprehensive survey,
that in the distribution of the different races of m~n there
is a certain relation to climates. We may obscrve that
the black races of men are principally situated within the
torrid zone ; and the white races in the regions approach-
ing towards the pole; and that the countries bordering
on the torrid zone are generally inhabited by nations of a
middle complexion. It further appears that the natives
of mountainous and elevated tracts are usually of lighter
colour than the natives of the low and hot plains on the
sea~coast. In Africa, most of the races between the
tropics are either black or of a very deep colour; while
beyond the tiopics the })revailing complexion is either
brown or rcd.  The people of Fezzan, wiio are of a black
hue, form an exception to this rule; but it has been
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remarked of them, that they are chiefly slave-dealers, and
have intermixed with the negro race brought from the
interior of Africa. In other countries of the globe, the
majority of the nations near the equator are almost black,
In India there are black tribes in Malabar; and the Hin-
doos of the Deccan are generally very dark, as are also
the inhabitants of Ceylon. In most of the islands of the
Indian ocean, the aborigines are of a black colour; and
still further eastward are the Papuas of New Guinea, and
the black inhabitants of Solomon’s islands and the New
Hecbrides,  Tn equatorial Ameiica, the natives are not so
dark as in other parts of the torrid zone ; but its elevated
mountains, vast rivers, and extensive forests, impart a
peculiar character to the climate of the New World, which
may probably account for the difference. In the low
countries of California jf is remarked that the population
are nearly as dark as negroes.
It is a very general opinion, that the origin of the
iversities of colour in mankind is to be referred entirely
to the gradual influence of ¢limate and of the sun’s rays
in darkening the complexion ; it being a commonly ob-
served fact, that the skin even of white men, becomes
embrowned by constant exposure to the heat. But there
are circumstances which militate against this opinion.
There is positive testimony that the offspring of indivi-
duals, darkened by the sun in hot countries, is born with
the original complexion, and not with the acquired hue of
the parents*; besides which, it is known that white races
of men, who have been removed from a cold to a hot
climate, and bhave not intermarried with the natives, have
retained for ages their original cofour; while, on the
other hand, black families, when transplanted into more
temperate countries, have remained for generations of
exactly the same hue as their African progenitors. Dr.
Prichard has also remarked that the above supposition
is contrary to a general law of the animal economy, ac-
cording to which, acquired varietiest are not transmitted

* Dr. Prichard’s ** Researches,” vol. il. pp. 583, &c.
+ Acquired varieties are opposed to those which a person brings lnto the
world at his birth. .
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from parents to their offsprings, but terminate in the
generation in which they have had their origin.

Yet although it seems that the existence of varieties
cannot be attributed to the slow and gradual operation
of climate upon successive generations, numerous facts
lead to the conclusion that there is a natural tendency
among races, both of men and animals, to the produc-
tion of varieties suited in form and constitution to the
local circumstances of the country where they arise.  Or
it may, perliaps, be better explained, in some cases, by
supposing that, whatever varieties occur, the ability to
establish a footing in any country belongs to those only
which possess a constitution adapted to local circum-
stances. Thus men of the xanthous variety of colour are
known to spring up among the negroes in Africa; but
their constitution being entirely unsuited to the climate,
we cannot believe that they would ever become numer-
ous in that continent. In the temperately-cold regions
of the world they would be favourably circumstanced ;'
and we accordingly see that this variety has multiplied
there to a considerable extent.
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"PHYSICAL GEOGRAPHY OF INDIA.

——

CLIMATE, GEOLOGY, AND MINERALOGY.

CHAPTER 1.

CrLimMarr.—Himmaleh Reginn—Middle India —Peninsular tndia—Height of

s the Land in the Peninsula —Met logy~1. Changes in the Pressure of the
Atmosphere; 9. C ftion of the A phere ; 3. Effects of Mountain-air}
4, Temverature of the Aunosphere ; 5. Making of Ice in India; 6. Suow line 3
7 Helght of the Snow.line ln the Himmalehs ; 8. Evaporation ; 9. Humidity
of the Atmosphere ; 10, Dew; 11. Rain; 12. Monsoone ; 13, Hail ; 14, Palling
Stars and Meteatic Stones; 13. Mirage ; 16. Black Colonr of the Sky over the
Himmalehs ; 17, Zodlacal Lizht; 18. Mlasmata; 19. Climate ; 30 Banitary
Depbis—Table of Comparative Temperatures.

In the view we are now about to take of it, India may
be considered as formed of three grand divisions, viz.
1. The Himmaleb. 2 The belt of flat country extend-
ing from the Indus to the Brahmapoutra, which may be
distinguished by the name of Midgle India. 3. The
region which constitutes Peninsular Ihdia.

1. Himmaleh or Alpine Region.—The central and inte-
rior region of Asia, which forms rneither an immense
cluster of mountains-chains nor a coptinued table land,
is crossed from east to west by four grand systemns of
mounta.ns, which have manifestly influenced the move-
ments of the population ;—these are, the Altai, which is
terminated on the west by the mountains of Kirghiz,
the Teen-shan, the Kwan-lun, and the Himmaleh chain,
Between the Altai and the Teen-shan, are placed Zunga-
ria and the basin of the Ele; between Teen-shan and

N
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the Kwan-lun, Little or rather Upper Bucharia, or Cash-
gar, Yarkand, Khoten, the great desert Cobi (or Cha-
mo), Toorfan, Khamil (Hami), aud Tangout, that is, the
Northern Tangout of the Chinese, which must not be
corfounded with Tlibet or Sefan; lastly, between the
Kban-lun and the Himmaleh, Eastern and Western Thi-
bet, where Lassa and Ladak are situated. The Himma-
leh system, the only one which at present particularly in-
terests us, separates the valleys of Cashmere, Nepaul,
and Bootun, from Thibet. To the west it stretches by
Javaher to 26,420 feet; to the cast by Dhwalagiri 1o
27,000 feet above the level of the sea. It ranges gene-
rally from north-west to south-cast, and consequently is
not parallel with the Kwan-lun; it approaches it so nearly
in the mendian of Attuk and Jellalabad, that between
Cabul, Cashmere, Ladak, and Badakshan, the Himmaleh
seems to form a single group of mountain-chains with
the Hindookho and Tsung-ling.

In those parts of the Himmaleh that form the northera
boundary of India, are situated some of the Lighest
mountains in the world. Of these the most elevated
summit at present known is Dhwalagiri, or White Moun-
tain, alrem}’y mentiond. The following are other heigl
as determinated by Webb :—

gl

" fret.

JUTOHOIER, vevrerracnoncsconcrosresiacnnsessesncensased?D D00
Setgbur, or the White Tower, north of Nepaul,eeee....... 25,461
A Mouutain, supposed to be Dhaibun, above Catmundoo,

in the direction of Cela Bhairava, 20,000 teet above the

Valley of Nepaul, and above the sea,........ cessanarinn 24,625
Another mountain neur it, 18,662 oot above the Vulley of

Nepaul, above the 808,.......ei5titenccienrees.nrars. 23 262
A third, in‘its vicinity 18,452 feet above the sea,ee.........%3,052
A peak, named St George, was estimated by Hodgson at. ., .22,240

Mountain Region.—Interposed between the Afpine and
Pestilential Regions of India is the richest mountain
land in the worid, the beautiful girdle of Assam, Bootan,
Nepaul, Serinagur, Castmere, and Peshawer. These
delightful regions range in altitude upwargs of 7000 feet
above the level of the sea, rising with a sicep ascent
from the plains of the low country. Accoruing to Ren-
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nel, the southernmost .of the Boota#s mountains attain
nearly a mile and a half of almost perpendicular height,
in a horizontal distance of fiftecn miles; and from the
summit the traveller looks back with wonder on the
extensive prospect of the plains bencath. When the
great range changes to a westerly direction, near the
upper part of the Ganges and Indus, théplower moun-
tains are separated from it by a wide interval occupied
by the lofty valley of Cashmere; and to the south and
south-west is a mountainous country, which on the north.
bounds the Punjaub or country of the five rivers, When
in December, Turner returned from Thibet, then covered
with ice and snow, in Buotan every thing was green, and
the trees were loaded with apples and oranges,—so great
is the difference of climate. Notwithstanding this, the
summer temperature of Tassisudon in Bootan resembles
that of the winter of Bengal, and the Bootan winter is
too severe for the rajahis, who descend and spend that
season in the warmer Chickacotta. The Bengalese clothe
themselves in silk and muslin ; the Bootanese in wool ;
thé Thibetians in wool and fur; and not less character-
istic is the contrast between the fe8ple Hindoo in Ben-
gal and the Herculean Bootanese, or the active, abste-
mious Thibetian. The Hindoo, accustomed to the moist
and sultry atmosphere of Bengal, cannot exist in the
cold and dry Alpine air of Thibet, and conversely the
Thibetiun cannot llive in the sultry India.

Pestilential Region.—A zone of unequal breadth, of a
peculiar naturc, lies between the ngrthern mountainous
and billy boundary of India and the low country. It
extends from the frontiers of Assan¥almost uninterrupt-
edly to the bunks of the Ganges and iJumna, at Hurdwar
and Seginagur. It is thirty miles broad on the Bootan
frontier, and here, as elsewhere, is filled with swamps,
and covered with a dense and luxuriant vegetation. It
forms the natural boundary between Bengal and Assam,
Baotan and Nepaul. Noue of the neighbouring nations
have becn able to obtain an ascendancy in this melan-
clioly region; for man flies its marshes, which are inha-
bited principally by amphibious and other offensive crea-

N3
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tures; and, where the woods penetrate among the lower
hills, numerous herds of elephants range from Assam to
Hurdwar. The exhalations arising from the multitude
of springs, which the vicinity of the mountains produces,
are collected and confined by those almost impervious
woods, and generate an atmosphere through which no
traveller ever passed with impunity. Its effects werefatal to
Captain Jones, and to a great part of his troops in 1772,
Goitre Region.—The pestilential region is not without
inhabitants, though its influence has wholly debased in
them the form, the size, and the strength of human
creatures. Here the disease named goitre prevails.
From Rungpoor towards Bootan it is estimated that
every sixth man has a crop or swelling. It occurs
also in Lower Bootan; but Turner saw nothing of tle
kind in Thibet. The inhabitants of Assam are visited
with great goitres, and a!so the people of the valleys of
Serinagur and those that dwell near the open land of
Kemaoon. This disease, conjoined with cretinism, pre-
vails throughout the whole zone, from the borders of
Assam, in 279 north lat. and 1100 east long., to Hurdwar
on the Ganges, in Rohilcund, in 30° north lat. and 780
east long., in those districts bounded on the south by
Bijnee, Cooch-babar, Rungpoor, Dinagepoor, Purnea,
Tirhoot, Bettiah, and the northern boundary of Oude
through Gooracpore, Baraitsch, Pillibeat, and on the
frontier of Rohilcund, through Hurdwar. It extends
farther to the westward: Forster met with it on his
mountain journey from the Jamboo pass towards Cash-
mere. Appearances of the same kind occur on the south-
ern border of the Cobi above Pekin, in the Kolla and
Magaza in Afiica, in the marshy woods of Simbani, in
the land of the Mandingoes, in the southern acclivity of
the Alps, &e., as dwell in those places where snow-water
is wanting as where it is met with,—a fact in opposition
to that opinion which ascribes the goitre disease to the
bad qualities of the snow-water.
2. Middle India,—This great comparatively flat re-:
gion, the richest and most E‘roductive part of our eastern
empire, comprehends—1. The great tract watered by the
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Ganges. 2. The tract watered by'the Indus. 3. The
intermediate desert.

As this division of India is noticed in a preced-
ing volume of this work, we need not enter into
further details, but merely remark that the alluvial
tract from Hurdwar to the mouth of the Ganges,
may, according to Hindoo speculators, formerly have
been occupied by the sea,*—thus giving to the penin-
sular part of India an insular form; and that the
Desert, which in many of its characters resembles strongly
the African and Arabian sandy plains, is the eastern
portion of the vast series of deserts which stretch frome °
the western boundary of the great Sahara in Africa across
the whole of that continent, Arabia, part of Persia, to
the west side of the Indus.

3. Peninsular India.—The Peninsula of India, which
is totally unconnected with the Himmaleh range, is
,bounded by the waters of the ocean and the plains of
Central or Middle India, and forms as it were a world for
itself. It is bounded on, the north by a mountainous,
hilly, and table-shaped country, which includes the
mountains extending from the Gulf of Cutch on the
west to the Bay of Bengal on the east, viz. those of
Guzerat, Malwah, Caudcish, and Gundwana. We also,
in a geological view; include in this region the moun-
tainous and hilly ranges stretching around the great West-
ern Descrt as far as the neighbourhood of Oodipoor, Ajmere,
Jypore, to Delhi.  On the south-west and southeast it is
bounded by the Indian Ocean and’ the Bay of Bengal.

The Ghauts eaclose the main bedy of the Peninsula,
which consists of table-lands and mountains and hills,
elevated from 2,000 to 4,000 feet above the sea. The:
ranges of the Ghauts join on the north side of the great:
pass or gap of Coimbetoor, first made known during the
military excursion of Colonel Fullerton. This striking:
pass is about sixteen miles wide. It is well known
that ships navigating the Malabar coast during the north-
east monsoon commonly experience a stronger gale in the

* See Note A, Appendix.
NS5
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neighbourhood of Paniani than elsewhere ; and this open«
ing in the Ghauts appears to be the cause of this effect.
It is also said that the lower part of the Coimbetoor
country pertakes of the rainy or south-west monsoon of
the Malabar coast, which may be referred to the same
cause. We regret we have not been able to find any
statements in regard to the height of this pass above the
Coromandel and Malabar countries.

From the souih side of the gap the Ghaut range con-
tinues onwards in a southerly direction to Cape Comorin,
where it terminates. The land at its extremity is low and
flat, covered with trees, and not visible from the deck more
than four or five leagues ; but about half a mile inland is
the mountain of Komari, the termination of the Ghauts,
rising to a height of nearly 4,000 feet. From this moun-
tain the southern extremity of India takes its name; its
position is lat. 804' north, long. 770 45’ east. Daniel
says it is quite smooth and verdant to the very sum-
mit. Near the base bursts forth a magnificent cataract.

Country below the Ghauts.—On both sides of the
Peninsula, interposed between the mountains and the
coast, there is a tract named Payneenghaut, or below
the Ghauts; that above these ranges have been named
Balaghaut, or above the Ghauts. The country below the
Ghauts, is composed of hilly and low flat country,
varying iu breadth from a few miles to eighty or ninety.

eight of the Land in the Peninsulu.—The following
determinations of beights we owe to Captain Cullen, of
the Madras Artillery:*—

Without taking into account those habitable but con-
fined tracts in the Nhilgerry hills, which are from 5000
to 7000 feet, and those on the Shervaroy or Salem hills,
from 4000 to 5000 feet above the level of the sea, the
table-land of Mysore presents the most elevated surface

® In Mr, Babington’s jpaper in the 5th volume of the Geological Soclety’s
Transactivns, the height of one peak, Bonasson bill, is said to be 7000 feet above
the sea ; and in a description of the Nhilgeny region by Dr. 8mith Young, the
peak of Dodapet, gituated between 11° and 13° north lat. and 74 east long,, is
aaid 10 rise to an elevation of 8700 feet. It is wmuch to be regretted that we
have so few publisbed 1eports of heights by actual geometrical or barometrical
measurements, of the principal sumuwits Inthe Peninsula,
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of the Peninsula, The highest part of this table-land
includes the stations of Bangalore, Nundidroog, Colar,
and Qossoor, forming an area of sixty miles by fifty,
and prescnting a mean altitude of about 3000 feet,
There is a rapid fall thence on every side ; and the mean
height of this belt may be stated at about 2400 feet.
The valley of Seringapatam, including the town of
Mysore, is also about the same height.

Trichinopoly, the capital of the southern division, is
only about 250 feet above the sea; but the ground
riscs to the southward, attaining at one point the height
of 800 feet; so that, if a line be drawn by Madura und
Palamcotta to Cape Comorin, it wowld give a mean
altitude of between 400 and 500 feet. The country in
this quarter has a gradual rise from the eastern shore to
the westward, where it is bounded by the great Travan-
core chain of mountains.

There is indeed a very remarkable ascent observable
throughout almost the whole of the Peninsula south of
Berar, from the eastern shore to the great Western
Ghauts ; and one need only cast his eye on the map
to perceive this by the course of the rivers, which uni-
formly take an easterly direction, and fall into the Bay of
Bengul. The country, from Madras by Arcot towards
ube bottom of the Pedanaigdroog pass, rises gradually to
between 800 and 900 feet above the sea; and a similar
slope may be considcred to obtain for sixty or seventy
miles southward of Madras, and for 130 or 140 miles
north of it. The western coast is however more hilly, and
is covered with jungles or forests, from the sea to the
Western Ghauts. The mean height of the provinces of
Malabar and Canara may be estimated at about 200 feet
above the sea.

Thes Ceded Districts adjoining the Mysore territories,
on the north partake of the general slope which has been
noticed. Bellary the capital, lying nearly in the centre
of the proviuce, is about 16u0 feet above the sea, and
the rise continues westward till it attains the elevation
of 2500 feet. Belgaumn in the Doab, situated at this
height, is nearly the highest part of that province.
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The average height of the province of Hydrabad,
including an area of nearly the same magnitude as the
Mysore table-land, is about 1900 feet above the sea;
the city of Hydrabad lies low, ncar the northern edge
of this area. The slope to the east and the north-west
from this elevated tract is rapid; that to the north is
much more gradual ; the space to the south, botween it
and the Ceded Districts, comprehending the bed of the
Kistna, is from 1100 to 1300 feet above the sea.

The elevation of Bangalore and Hydrabad thus inter-
rupts the general slope ol the Pcninsula. The country
round Jaulna is from 1600 to 1800 feet above the sea,
and the general ascent from east to west is here very
distinctly marked. Poonab, situated very near the
Western Ghauts, is believed to be 2500 feet, or nearly
50, above the sea. .

The flat open plains of Nagpore secm to indicate their
approach to the alluvial districts of the Ganges; for at
the very base of the Peninsula, and at a distance of 400
miles from either the eastern or western sea, they attain
only an elevation of 800 or 900 feet. Hingingbaut, fifty
miles south of Nagpore, is only 700 fect above the sea.

The northern division, including Guntoor, is o series
of level plains, elevated nowhere more than 50 feet above
the sea. The Ghauts approach the coast near Vizaga-
ratam, without causing any material alteration in the

evel of the intermediate valleys.

The following table contuins some barometric measure-
ments by Mr. Babington across the Peninsula from
Madras to Tellicherry :—

Feet.
Arcot shove Madras,scecsvearercivrcecans. 6244
Clittore above Arcat,....coosriecrscensan.a. 452¢
Mooglee above Chittore,....... serscenssan,. D784
Pullumsurey abave Mooglee,ssvveeiivesvan.., 579
Nurgily ubove Pullamaurey,.cveeeeviiionnea.. 116 .
DMoolwagul above Nungily,.eeertoviranennans 437§
Colar sbove Moolwagr),........ teesreascnane 3k
Mysore above Seringapatam,.cccessesaicneas, 283
Top of Ghaut ~buve Peris,.eveseeoarseasscer. 251
Midway H .. below op of Ghaut,.eeuseiaanees 9734
Bottom of Ghaut below Midway Hut,eeee0.,,1320%
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Feet
Mr Dyer's house, Tellicherry, below bottom of
2
The sea below Mr Dyer'shouse, ... .cc0ueae. 119
Malabar Sea, below Buangalore,....cseee.00.. 2698
=———-— Differs irom Lambton’s measurement, 210

METEOROLOGY.

The atmosphere of India is chiefly tropical, a small
extent only being situated in the southern part of the
northern temperate zone. In some districts, however,
the atmosphere, owing to the form, elevation, and nature
of the surface of the land, exhibits characters almost
identical with those of the northern temperate, and even
of the polar regions To place in full array before our
readers a complete view of a subject so vast and com-
plicated as the meteorology of India, would very far
exceed the limits of the present work. We must there-
fore rest satisfied with the following details and views,
which will illustrate, in a popular view, the meteorology
of Indostan:— .

1. Changes in the Pressure of the Atmosphere.—The
changes 1n the pressure of the atmosphere, as uscertained
by means of the barometer, Lave notin India been traced
out with that care and accuracy which the importance of
the subject demands. Of the barometric phenomena,
the most curious are those that point out the daily
atmospheric tides, the horary motirns, or the double rise
and fall of the barometer within twenty-four hours.* In
India, as in the temperate and arctic regions, there are
daily or hourly variations, in which the mercury in the
barometer is always higher at 9 o, . and 9 ». M., than
at 3 p. M. and 3 A. M. These motions are wuch more
distinet in India, and in tropical regions iu geueral, than
in temperate regions. From the ohservations of Ham-
boldt we learn, that in tropical America these atmospheric
tides are independent of changes in the weather and
seasons. Thus, if the mercury is falling from nine in the
motuing until three or four in the afternoon, or if it be

® Sce Note B. Appendix,



142 COMPOSITION OF TIE ATMOSPHERF.

rising from four in the afternoon until nine or cleven at
night, a storm, an carthyuake, or violent tempest of wind,
does not affect or alter its course. It appears to be
affected only by true time, or the positi-n of the sun.
In the tropical regions, he adds, the moment when the
mercury begins to fail is su marked, that the barometer
indicates true time within a quarter of an hour, What-
ever truth may be in the Jatter observation of Humboldt,
there can be nn doubt as to the motions themselves.  The
only observations made in lIndia with wnich we are ac-
quainted, are the very inleresting ones of Dr. Russel at
Burhanpoor, in 24° north lat., and of Mr. Prinsep at
Benares, in 254° north lat., contivued for three years,
and which Larmonize 1n general with those made in othi r
tropical countries. At present we are not in possession
of a range of observations sufficiently extensive to enable
us to explain these horary motions. The speculations of
Humboldt, Leslie, and others on this subject, are unsatis-
factory. Itis indeed cvident, that these motions are
connected not only with the atmospheric temperature,
but also with its associated moisture. Until, however,
we huve a series of hourly-connected observations of the
barometer and hygrometer we cannot attempt any expla-
nation likely to be plausible.

The connexion of the mean monthly heights of the
barometer with the south-east monsoons is also a subject
of considerable interest, and is well illustrated in barome-
trical observations made at Seringapatam, Bangalore,
Calcutta, Benares, Catmandoo, and Madras, for the
particulars of which we refer to the originul tables and
observations of the observers.*

2. Composition of the Atmosphere.—It would appear .
fiom cxperiments made in ditferent count'ies and at
different heights, that the porpoitions of oxyden and
azote, the principal constituents of the atmosphere, do':
not vary. Carbonic acid, another but minute consti-|
tuent of the earth’s atmosplere, is said to vary in quan-!
tity ; for at one and the same place the carbonic acid.

* See Asiatic Jouruul, three last vols.
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suffers continued changes as to quantity, according to
the temperature, wind, rain, and atmospherical pressure,
Thus, near Geneva, according to Saussure, the mean
guantity of this gas in 1000 parts by volume of air is at
mid-day 5., or moré accurately4 9; the maximum is 6.2 ;
minimum, 3.7. The same excellent observer finds,
that in Switzerland carbonic acid increases in summer,
but diminishes in autumn ; further, that the quantity of
carbonic acid at mid-day, in December, January, and
February, is to that in June, July, and August, as 77
to 100. He also found, that over a wet soil the atmo-
sphere contuius less carbonic acid than over adry one;
that more exists in the atmosphere during the night than
during the day ; that the superior strata of tl.e atmosphere
contain more than the inferior ; and, lastly, thata violent
wind generally augments the quantity in the lower atmo-
spherie strata during the day, by the intermixture of the
lower and upper aérlal strata, and sometimes by the wind
blowing from a dry quarter. Besides azote, oxygen,-
carbouic acid, and water, the atmosphere occasionally
contains, probably in sowme ‘measure as acridental mixed
parts, a particular vegeto-animul matter, and salts of
various descriptions. The preceding details show what
is expected from those who may undertake to make us
agquainted with the chemical nature of the atmosphere
of India,—a subject of great importance, but hitherto
neglected.

3. Effects of highly--tienuated Mountain Air—It is
well known that on ascending high mountains, owing to
the diminished pressure of the atmosphere, the animal,
and indeed ulso the vegetable, functivns are more or less
aflfected. Some individuals of the' human species feel
these changes very intensely, while otheis experience
compazatively little inconvenience. | This latter circum-
stance has led some plilosophers to imagine, that these
enervating effects are soiely owing to faticue, and not to
the attcnuated state of tiie air,—an opinion, lLowever,
which is disproved by a fact stated by Gay Lussac, who,
during his eerostatic voyage, while calmly seated in. Lis
balloon, experienced all those distressing symptoms
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mentioned as occurring to travellers on their ascent of
Alpine lands. Our enterprising countrymen, while
exploring the Himmalelis, suffered from this case. Thus
Captain Gerrard, in the account of one of his journeys,
says, ** Our clevation was now upwards of 15,000 feet,
although we had but ascended in company with the
river against its current. Here only began our toils,
and we scaled the slope of the mountain slowly; respira-
tion was laborious, and we felt exhausted ot every step.
The crest of the pass was not visible, and we saw no
limittoourexertions. The road inclined at an angle of 300,
and passed under vast ledges of limestone. The projections
frowned above us in new and horvid f'rms, and our situa-
tion was different from any thing we had yet experienced.
Long before we got up, we were troubled with sevcre head-
achs, and our respiration hecame so hurried and oppressive,
that we were compelled to sit down every few yards, and
even then we could scarcely inhale « sufficient supply of
air. The least motion wuas accompanied with extreme
debility and a depression of spirits; and thus we laboured
Jor two miles”* Even the lower animnals are observed
to cxperience similiar inconvenience from attenuated air,
Thus the yak and the horse are mentioned by Moor-
croft and others, as suffiring considerably when driven
into high mountainous situations.

The effects of the attenvated air on sound is also a
curious subject for observation and experiment. Saus-
sure found sounds very feeble on the summit of Mount
Blanc; Dr Schualtes experienced the same on the
Glockner and Stiria; and other travellers notice the com-
paratively small extent to which tie voice can be heard
at an altitude of 13,000 feet on Mount Rosa. Observa-
tions have never, as far as we know, beén made on this

int among the Himmalebs, although such would prove
interesting. They might be made by the explosions of
a small detonating pistol loaded with a constant charge,
and the distauces should be measured ; for the voice looses
much of its force from the diminution of museylar energy

s . Folr otber details on this pubjoct, see that valuable pesiodical the Astutic
ouruut.
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in rarefied air, and distances are much underrated by
estimation in-such situations. .

4. Temperature of the Atmosphere.~The problem of
the distribution of the heat over the globe is a very com-
plicated one, the solution of which requires a vast series
of data, founded on observations continued for a long
period of years by experienced meteorologists; provided
with a full complement of the best instruments. In this
investigation independent of other inquiries, we have to
determine with accuracy the inflection of certain lines of
cqual anngal temperature, the isothermal lines; also
those of e<Nal summer temperature, the isothermal lincs
and of equal winter temperature, the ésockemenal lines
we have to fix the relative positions of these lines in
regard to each other, and to the meridians and parallels
of latitude.* Such inquiries, although most interesting
to the professed metcorologist, cannot be indulged in a
work of this description with any prospect of advantage;
and besides, the known data are by no means so satisfac-
tory as to allow us to enter pn the subject with that con-
tidence which would be inspired by tlie conviction of our
baving to work with numerous good observations made
with accurate instruments. Such being the case, we
rhall here simply notice the general range of lndian

_temperature, referring for the temperature of particular
provinces to the observations under the head of each.

The range of temperature is very great, extending
from the freezing-point of water, and even below it, to
130° of Fahrenheit’s scale. The highest temperatures
are met with in the great Western Desert and other sandy
districts at the level of the sea, or neaily so, as the
Circars and the Lower Carnatic. Elphinstone observed
the thermometer at 1120 in the Western Desert; but le
remarks'that, even where these high temperatures prevail,
the evening air is cool to such a degree that the English
gentlemen of the cmbassy used to suffer from cold during
the night-marches, and were happy to kindle a large fire
us soon as they reached their ground; yet the sun

* It is even of importance, in reference to climate, to determine by means
of epriugs the isogcoihermal hinets
o
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became so powerful, early in the morning, that they
always woke with a feverish heat which lasted till sunset.
Humaioeh, the father of the great emperor Akbar, lost
most of his followers in the march over this dreadful
desert ; beneath a vertical sun, on burning sands and
without water, tortured with violent thirst, they were
.seized with.frenzies, burst out into piercing screams and
lamentations ; they rolled themselves in agonies on the
parched soil, their tongues hung out of their mouths, and
they expired in most exquisite tortures.* Speaking of
the Circars, Heyne says, nothing can be more distres-
sing than the failure of the sea-breeze for several succes-
sive days, when the Jand-wind 'blows all night, and heats
every thing so much as to become distressing to the
touch. This was the case in the year 1799, in the
Noribern Circars, for about a fortnight. The thermo-
meter at midnight stood at 108° F., and at eight o’clock
A. M. at 1120, Neither wood wor glass is capable of
bearing the heat for any length of time; the latter, as
shades, globe-lanterns, &c., crack and fly in pieces; the
former warps and shrinks, and the nails fall out of the
doors and tables. Heyne ncver saw the thermometer
hicher than 115° F., in the coolest part of the house.
Some persons affirm, that in such cases they have seen
it as high as 130° F. The climate in the lower part of
the Cardatic is one of the hottest in India. Frost never.
occurs in the Deecan, or to the south of it; but some-
times the temperature of Hydrubad is only G° or 8°
above freezing., In Malwah, during the hot seascn, the
perching winds from the northward and westward, that
prevail in most parts of India to an intense dcgree, are
comparatively mild and of short duration. The thernin-
meter, however, during the day rises sometimes as high
as 98°; but the nights are invariably cool and refreshing.
During the cold season the thermometer sinks as low
as 280, 1In the higher parts of India, as at Delbi, in
north lat. 280 37/, for example, the winter's cold is
sometimes 30 or 4° below the freezing-point of water,
and the tanks are frozen cctirely over. In a Persian

* Dow’s Furishta, 8ve edition, 13, 159.
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work called Mutaghevin, or Modern Times, there is
mention made of a frost at Delhi which coptinued three
nights, in consequence of which brazen vesséls filled
with water burst,

5. Making.of Lee in. Jndiad—Ice is considered a great!
luxury, and hence is made in many parts of the country.’
All over Upper India it is procured in a very simple,
manner, A number of broad shallow earthen pans are’
placed on a layer of dry straw, and filled with water.
In the night even the slight frost felt is sufficient to -
cover these with a thin crust of ice, which is carefully ~
collected and packed up. An intelligent gentleman,
David Scott, Esq., says, the subject of artificial congela-
tion is not so well understood by scientific men in Europe -
as it might be. The old story of evaporation being at the
bottom of the process, and porous pans being necessary
for its suceess, is repeated by one author after another,
although nothing can be more erroneous. In respect
to the first, it seems sufficient to observe that, when ice
produced in temperatures, above the freezing-point, a
plentiful deposition of dew is always going on, which
scems to be altogether inconsistent with the idea of air
being in a state capable of receiving fresh accessions of
moisture. Mr. Scott found by repeated experiments,
that ice may be produced although a thin film of oil -be
spread over the surface of the water,—the latter being
contained in glazed plses, which jdeed answer much
better than the porous pans of the country, the ice in
them being invariably thicker, and the water, when it
does not actually freeze, somewhat colder than the similar
contents of porous pans placed in exuctly the same -
situation. The fact is, that the natives use porous pans
from nccessity, there being no other description of -
earther™-ware manufactured in the country; but so well
are they aware that the porosity of the vessels is of no
advantage, that they usually rub them with grease for
the purpose of more easily taking out the ice, and also

* Ice is now regularly imported from America, and it is probable, we may
have a supply trom the noithern parts of India, 3
0 -
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facilitating the process, by keeping the straw upon which
they are placed in a perfectly dry and non-conducting
state. Mr. Scott repeated some of Dr. Well’s experi-
ments, and obtained interesting results. On one
occasion, a turban being suspended across the pit three
i feet above the pans, it, as it always does, prevented the
' formation of ice in those immediately under it; and in
« several which it only partially covered, ice was formed on
‘the half of the water out of this perpendicular line,
‘while that under the turban was fluid. Two strings
.crossing each other, and placed at a less height above a
‘pan, will also divide the ice into four quarters ; but it is
obvious that these results will not always be obtained ;
:for, if the temperature be rather lower than would be
necessary to freeze the water, supposing no impediment
.to exist, the whole may be frozen, although partially
"covered; and, on the other hand, if just sufficient to
freeze the water under the most favourable circumstances,
the contents of a vessel not fully exposed to the influs
ence of the sky may remain fluid throughout. Mr. Scott
could never make ice (operating, however, on a small
scale) when the temperature exceeded 41° F. on the level
of the pits; but on such occasions the temperature is
much higher at some distance from the ground, and a
series of bottles filled with water, suspended from a mast
of about seventy feet high, exhibited an increase of 10
for every ten feet of elevation. Mr. Scott adds, that,
therefore, Sir H. Davy is right in saying ice may be made
when the thermometer is above 509, if he allude to the
upper regions of the air, or hills of moderate height ;
but, as has been already said, it cannot be made wheun
the thermometer, suspended at three feet from the ground
on the plain, stands at about 419. Mr. Scott’s experiments
extend to the height of 3400 feet, at which elevation, on
a detached mountain, the temperature of the air at sun-
rise is several degrees higher than in the Plain of Bengal.
6. Snow-line.—Although, as already remarked, the;
thermometer sometimes stands as low as 280 F. in Mal-/
wah, yet, as fur as we know, snow has not been observed’
-in India to the south of the grand Himmaleh mountain<
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barrier. On several ranges of this vast Alpine lan
snow lies all the year. The lower boundary of this.
snowy covering is named the snow-line, which varies i
height according to the season of the year, being highes
during summer and lowest during winter. Of late year
the height of this line in different parts of the world ha
engaged the particular attention of meteorologists, and
the investigation has led to interesting results. The sub+
ject has been pursued with energy among the Himmalehs.
by several active British officers,—of whom Webb, Ger-{
rard, and Herbert, are the most distinguished. Ia No-
vember, 1817, Captain Webb published a memoir on the
heights of the Himmalehs, in which, by tracing the Gauri
river upwards, he found that it bursts from the snow at\
the elevation of 11,543 feet,—a striking coineidence,
between actual observation and the caleulated formula,
of authors, which assigns 11,400 feet. Mr. Colebrooke,’
in a paper published in Brande’s Journal from the obser-
svations of Captain Webb, for the first time remarked;
that the inferior limit of perpetual snow does not every:
wllflre descend so low as‘theory would lead us to con-'
clude.

According to theory, the height of the snow-line be-
tween latitudes 27° and 35°, about the range of latitude
of the Himmalehs, is as follows :—

Latitude. Helght of the Snow line.
. Feet.
27% ineanees cretrocansnrensal?, 145
2B%. cueivcossncnc aveonneeaas 11,930
29% cevrentncas srennoenss - . 11,780
30°% 0. ecd seer, 00 ..,......“,484
31° «11,253

34%, cevennennn
33%..

34“..-.-.-!..".."-0. 0B s

85% cenearcrenas crenende opees10,287

The following facts show not only the difference be-
tween the line of theory and of actual observation, but
also that the snow-line is higher on the northern than
the southern side of the Himmalehs :—

7. General great Height of the Srow-line on the Him-
malehs,—The village and temple of Milem V;efe found

o

.

10,
10,584 .
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by Captain Webb at the respective clevations of 11,405
and 11,682 feet above Calcutta; extensive fields of buck-
wheat and Tartaric barley occupying the space between
the two. A year after these ubservations were made,
viz. on the 21st June, 1818, Captain Webb proceeded
southward from Joshi-mat-h, and from the Dauli river
observed barometricully the altitude of a station on the
ridge .of mountains to the south. He found it to be
11,680 feet above the level of Calcutta; yet the place
was surrounded by flourishing woods of oak, long-leaved
4pine, and arborescent rhododendrons, and the whole sur-

ace covercd With a rich vegetation as high as the knee,
"Extensive beds of strawberries in full flower, and plenty
of current-bushes in blossom all around, in clear spots
of rich black mould. On the following day, Captain
Webb reached the summit of the pass Pilgointi Churhai,
and found its elevation to be 12,642 feet above the same
level, or more than 12,700 feet above the sea. A dense
fog confined the prospect; but no snow was to be seen
countiguous to the spot.” The surface exhibited a black
soil, unless where the bare rock appeared, covered with
strawberry plants, buttercups, dandelions, and a profu-
sion of other flowers. The goat-herds of the country are
acenstomed to lead their flocks to pasture during July
and August upon a yet loftier ridge, estimated to be as
much above the pass of Pilgointi as this was above the
preceding day’s encampment,—thatis, nearly 1000 feet ;
and which therefore removes the snow-line to a still
higher elevation, .

The temple of Kedar-nath, according to a mean of
five barometrical measurements, is 11,897 feet above
Calcutta, or 12,000 feet above the level of the sea; but no
snow remained in the vicinity of the temple later than the
beginning of July;+so that under the latitude of 30° 40/,
at the last-mentioned clevatiop, the snows were not yer-
petual on the southern side of the Himmaleh mountains.

Captain Webb’s observations on the summit of the
Nitee Ghaut afford another example of this interesting
facts5"At the elevation of 16,814 feet, not a vestige of
snow was to be seen on the Ghaut, nor upon the pro-
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jecting shoulder of the mountain-ridge, rising about 300
feet on the western side of the pass; and we may hence
conclude that the height of the snow-line on the.northern
side of the Himmaleh range cannot be i+ than 17,000
feet. Tle great elevation of the table-land of Tartary
is, from its connexion with the distribution of the snowy
boundary in these regions, deserving of particular notice.
By observations made on the ridge of the Nitee pass,
Captain Webb found the Sutledge to flow in a plain
14,924 feet above the sea; yet so far are the undes, or
great plains, from being buried in eternal snow, as oar
common estimates would lead us tn suppose, that the
banks of the river afford the finest pasture for thousands
of quadrupeds throughout the year. The town of Daba
appears to be inhabited all the year, and not a temporary
residence.  In the neighbourhood of this place, and
near Doompoo, both considerably higher than the bed of
the Sutledge, Captain Webb was informed that the finest
*crops of the grain called ora were gathered, from which
the natives make their bread.

Captain Gerrard, when proceeding by the Charang
pass, 17,343 feet high, to the valley of Nangalti, says
many beds of snow were crossed, and that at the height
of about 16,300 feet the ¢ continuous snow-beds com:nen-
ced.” In another place, however, he remarks, that the
mountains in the neighbourhood of Chérang are all of
blue slate, naked to their tops, and exhibiting decay and
barrenness in their most frightful forms. They tower
in sharp detached groups to a«bout 18,000 feet, no vege-
tation approaching their bases, nor do their summits
offer any rest to snow. Upon the left bank of the Tagla,
mountains 16,000 feet high appear, on which no snow
was observed. The summits on the richt bank seemn to
be 18;000 feet, and with but little snow ia streaks. The
mountains also which enclose the dell of the Tagla are
between 19,000 and 20,000 feet hLigh, and just tipped
with snow. E

The ditference of height of“‘the perpetuxl snows on the
northern and southern sides of the Himmaleh mountains
is farther shown by the following remarks of Captain
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Gerrard. Zamsiri, a halting-place for travellers on the
banks of the Shelti, is 15,600 feet above the sea,—a
height equal to that of the passes through the outer range
of the Snowy Mountains; and yet, he says, there is no-
thing to remind the traveller of the Himmalehs. Gently
sloping hills and tranquill rivulets, with banks of turf
and pebbly beds, flocks of pigeons and herds of deer,
present the idea of a much lower elevation. But Na-
ture has adapted the vegetation to the country; for
did it extend no higher than on the southern face of
the Himmalehs, Tartary would be uninhabitable either
by man or beast. On ascending the southern accli-
vity of the snowy range, the extreme height of cul-
tivation is found 10,000 feet ; and even there the crops
are frequenily cut green. The highest habitation is
9500 feet; 11,800 feet may be reckoned the upper limit
of forests, and 12,000 that of bushes, although, in a few
sheltered situations, dwarf-birches and small bushes are
found almost at 13,000 feet. But if we go to the Baspd
river, the highest village will be found at an elevation of
11,400 feet, cultivation reaching to the same altitude, and
forests extending to 13,000 feet at least. Advancing
farther, we find villages at the last-mentioned elevation,
cultivation 600 feet higher, fine bisches at 14,000 feet,
and fama bushes, which furnish excellent firewood, at
17,000 feet. Eastward, towards Manasawara, according
to the accounts of the Tartars, crops and bushes thrive
at a still greater height.

These facts, then, show not only that the snow-line
generally is higher than-was anticipated, but also that we
must ascend several thousand feet more on the northern
than the southern acclivity of this Alpine land before we
reach the perpetual snow., Many explanations have been
given of this striking fact which we cannot discuse here.
It is sufficient to remark, that the radiation from the sur-
face of the table-land of Thibet, the dryness of the air
throughout Central and Northern Asia, the small quan-
tity of snow which falls during winter when the tempera-
ture sinks to 10°4' F. or 4= 59 F.; lastly, the serenity
and transparency of the atmosphere which reigns along
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the northern declivity of the Himmalehs, and which
augments, at the same time, the irradiation of the table-
fand, and the transmission of the radiant heat which the
table-land emits, may be considered as the t{:rincipal
causes of the great difference of the height of the snow-
line on the north and south sides of the central mountain-
ranges of India.

8. Evaporation.—Evaporation is that process by which
ihe atmosphereis furnished with the moisture it contains.
Water assumes the vaporic form at all temperatures, how-
ever low. Thu¢ vapour rises not only from the plains of
Bengal, but also from the icy and snowy mantles on the
highestridges and summits of the Himmaiehs. Hitherto,
owing to the want of observations, naturalists have
not been able to trace out, in a satisfactory manner, the
phenomena of evaporation in different climates ; although
we know, from its general relations to heat, that itis
most powerful in the equatorial regions of the globe, and
gradually diminishes towards the poles. The instru-
ments necessary for ascertaining the power of evapora-
tion have never, as faras we know, been used in India;
but the time is not distant, we hope, when these will find
a place in Indian meteorological observatories, _

9. Humidity of the Atmosphers.—The earth, as is well
known, is surrounded by an atmosphere of air and aque-
ous vapour. These two matters are mechanically mixed,
and each is governed by its own peculiar laws. In order
to supply the atmosphere with aqueous vapour, the pro-
cess of evaporation is almost in constant activity; and
Nature has set hmits beyond which this vapour can-
not pass, so as to prevent excessive moisture and long-
continued dryness. This dependence of moisture on
temperature enables us to trace some of the phenomena
of its cistribution, There is, as is well known, a grada-
tion of heat from the equator to the poles, and also from
the surface of the earth upwards into the higher regions
of the air. Generally speaking,-the lowest stratum of
the atmosphere, in whatever latitude it is found, must
contain the greatest quaintity of aqueous vapour, on
account of its being nearest the source whence that
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moisture is supplied. If an equality of temperature ex-
isted, thercfore, at the surface, the same quantity of air,
in whatgver latitude it was taken, would contain, when
completely saturated, the same quantity of moisture,
“But since the temperature diminishes with the latitude, a
given volume of air, in a perfect state of saturation, must
contain less and less moisture as we approach the poles.
Froma similar cause the moisture of the atmosphere must
diminish as we ascend above the earth. Local circum-
stances also affect the moisture of the atmosphere : thus
over coasts it is much moister than in the interior
of continents, as is well exemplified in the moist atmo-
sphere of Western Europe, when contrasted with the very
dry atmosphere of Asia. The atmosphere over wooded
districts is moister than over thosc sparingly covered
with vegetation; and the driest reposes upon arid sandy
tropical plains. In India, for the most part, between
December and June, while the general motion of the air
is southward to the sea, the atmosphere is comparatively
dry. It attains its maximum of humidity during the
blowing of the south-west ‘monsoon. After the rains
cease, fogs in the mornings continue for some time, and
re-aﬁpear before the commencement of the rainy season.
Such fogs are useful, Heyne remarks, to the growth of
plants, as they clear them from dust, open their pores,
and supply them with nourishment, which they could not
obtain from the earth in this season. Without these irri-
gations very little saltpetre could be made, as the earth
which contains it can be recognised only after it has
attracted this moisture.

The only accurate mode of ascertaining the quantity
of moisture in the air is by means of the kygrometer, an
instrument which has hitherto been but sparingly used in
India. We regret this, as the extensive employtnent of
this instrument would throw much light on the elimate
of our eastern empire. Hygrometers ought, along with
other meteorological instruments, to be distributed by
government throughout India.

10. Dew.—Dews, in many parts of India, are heavicst
_in December and January, before the fogs set in. 'Tlicy
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become perceptible before eight or nine in the evening,
when the atmosphere is perfectly serene. On the Coro-
mandel coast, according to Heyne, the inhabitants are
not so much afraid of exposure to them as those of other
countries. During the foggy season, the vinegar of
Sennagalu (the acid dew of some authors), so much
prized by the Moormen and rich Hindoos, is obtained.
It is made by spreading pieces of muslin cloth on the
flowering sennaga (circer arietinum, Bengal gram) after
sunset, and removing them before the sun gets through
the clouds of mist. ‘The moisture with which they are
saturated is wrung out, and preserved for use. The acid
juice is said to contain oxalic, malic, and a little acetic
acid.”

11. Rain.—The humidity communicated to the air by
evapo-ation is returned to the earth chiefly in the form
of rain. The quuntity of rain which falls is greatest at
tl.e equator, gradually decreasing towards the poles,
The quantity is estimated by means of the rain-gauge,
and is given in inches and fractions of inches. When
we say, for example, that one inch has fallen in a district
in a specific time, it means that, if all the rain which fell
in that time had remained on the surface, it would have
covered it to the depth of ove inch. This explanation is
offcred, as some of our readers might not be aware with-
out it of the precise meaning of the following details.

In India the rains occur at determinate periods, named
the rainy seasons. In general there is but one rainy
season, during June, July, August, September, and Oc-
tober, during the south-west monsoon; litfle or no rain
falling during the other months, In the Peninsula,
however, there are in some places fwo rainy seusons,—
one during the south-west monsoon on the west side,
the othér in the time of the north-east monsoon on the
cast side of the country. . T

Rain falls not only aH over the Peninsula and middle
India, but also among the Himmalehs, and at a great

* PDew collected from the leaves of plants contaius a large dose of carbonic
acld; thns Lampadius found 2 per cent, of cathoule acid in dew collected fiom
the lcuves of the alchemilla rulgares,
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heiglit above the sea. Thus Gerrard, in a snow-covered
region 15,000 feet high, experienced a shower which
lasted for two hours. He was also detained three days
by incessant rain at Shalpia, a resting-place for travellers.
. On the coast of Malabar, mean L\titude ahout 113»
north, the annual amount of rain is stated at 123} ; at
Bombay, the fall observed during twelve years is stated
at 82 iuches anunually; at Calcutta 81 inches during the
year. Of the quantities falling during successive months
the results are necessarily very variable. The means of
twelve years’ observations for Bombay afford the fol-
lowing results :—
June, i.uioieiiiierrennoeensss.24.00 inches
Julyjceces viviavoniiaieene . 2395
AUBUST, e evees vonsnarcssanssass18.87
Septembur,. ..iee seararrtaoass 1406
October,,seeeevssssssssseassss 1.06
the greatest fall being found in June and July, and de-
clining to a very small amount in October.

The quantity of rain which sometimes falls in a short
time is very great. Thus, a letter from Mr. Scott says,
there fell at Bombay during the first twelve days of the
rainy scason thirty-two inches of rain, sothat all the
roads became like rivers. In England the average fall
for the whole year is thirty-two inches,—the same as fell
at Bombay in the course of twelve days. Between Bom-
bay and the southern part of the Malabar coast, places
not 600 miles distant from each other, very great differ-
ences prevail, both in individual years and in the amounts
of the annual means. The following are afew of the
results of each :—

Amonnt of Rain Ammm.t. of Rllhll i

Years. Bombay In fncbes :::ei '(.'3.»:: of nal:lm
1817 103 79 186.70
1818 81.14 169 19
1819 77.10 155 47
1820 77.34 147.18
1821 +2.99 08.44
1822 11221 145.60
1823 61.70 121 67
Means, 85 18 136 32
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Here the average annual amount of rain differs sixty
per cent. within so smnall a geographical limit.

From the want of observations we have no opportunity
of laying before our readers any details in regard to
the relative proportions in the mountainous, hilly, flat,
low, and littoral parts of India, nor have met with an
very accurate registers of the daily and nightly fall.

12. Monsoons.—India, though it approaches nearer tof
the equator is not so hot as the Sandy Arabia or the ad-’
jacent countries. The course of the seasons is also,
more regular and constant, and it is in this part of the
world that we meet with those remarkable winds,—the
seasonal or periodical winds called monsoons,—which
throughout India blow nearly one-half the year from
south-west to north-east, and the other half from north-
east to south-west, and are the great distributors of its
rain and modifiers of its climate. The most remarkable
rainy season is that called the sonth-west monsoon. It
extends from Africa to the Peninsula of Malacca, and
deluges all the countries yithin certain lines of latitude
for about four months of the year. In the southern
parts of India this monsoon commences about the be-
ginning of June, but it gets later as we advance towards
the north. Its a gronch, says Mr. Elphinstone, is ge-
nerally announcetf y vast masses of clouds that rise from
the Indian Ocean and advance towards the north-east,
gathering and thickening as thiey come near the land.
After some threatening days the sky assumes a troubled
appearance in the evenings, and the ruonsoon in general
sets in during the night. Itis attended by thunder-storms
far exceeding in intensity those of temperate regions. It
generally begins with violent blasts of wind, which are
succeeded by floods of rain. For some hours lightning
is seen®almost without intermisson; sometimes it only
illumivates the sky, and shows the clouds near the hori-
zon; at otbers it discovers the distant hills, and again
leaves all in darkness, whea in an instant it re-appears in
vivid and successive flashes, and exhibits the nearest
objects in all the brightness of day. During all this time
thunder never ceases to roll, and is only silenced by some §

P :
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nearer peal, which bursts on the ear-with such a sudden
and tremendous crash, as can scarcely fail to strike the
most insensible heart with awe.* At¥ength the thunder
ceases, and nothing is heard but the continued pouring of
the rain and the rushing of the rising streams. "The next
day presents a gloomy spectacle; the rain still descends
in torrents, and scarcely allows a view of the blackened
fields; the rivers are swollen and discolouted, and sweep
down along with them the hedges, the huts and the
remains of the cultivation which was carried on during the
dry season in their beds.

This lasts for several days; after which the sky clears,
and discovers the face of nature changed as if by enchant-
ment. Before the storm tle fields were patched up, and
except in the beds of the rivers scarcely a blade of vege-
tation was to be seen ; the cleargess of the sky was not
interrupted by a single cloud, but the atmosplere was
loaded with dust, which was sufficient to render distant
objects dim, as in mist, and to make the sun appear dull
and discoloured, till Le attained a considerable elevation ;
a parching wind blew like a blast from a furnace, and
heated wood, iron, and every other solid material, even in
the shade; and immediately befure the monsoon this
wind had heen succeeded by the still more sultry calms.
But when the first violence of the storm is over, the whole
earth is covered with asudden and luxuriant verdure; the
rivers are full and tranqifil; the air is pure and delicious ;
and the cky is varied and embellished with clouds. The
effect of the ghange is visible on all the animal creation,
and can only be imagined in Furope by supposing the
depth of a dreary winter to gtart at once into all the
freshness and brilliancy of spring. From this time the
rain falls at intervals for about a month, when it comes on

" again with great violence, ard in July the rains are at

® To persnns, Mr Flphinstone says, who have lone repided in India, these
storms lose mnch of their grandvur: )€1 they sometinies rise 1o Fuch a piteh as
' to wuke ap. linpreasion on those most habitosted ta them, e was told by a
gentieman who had been for some tme in Malabar, the province moest distin.
guwished f»ﬂw violence of the wmousoon, that he there hearda clap of thunder
which «?wd a silence ot o mnute I u lwige party ot ofhcers, and made a
pu!ir:mf he company turn pate. i
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their height; during the third month, they rather diminish,
but are still heavy; and in September they gradually
abate, and are often entirely suspended, till near the end
of the month, when they depart amidst thunders and
tempests as they came. -

Such is the monsoon in the greater part of India. It
is not, however, without some diversity, the principal
feature of which is the delay in its commencement, and
the diminution of the quantity of rain as it recedes from
the sea. It is naturally most severe near the sea, from
which it draws its supplics, and is exhausted after it has
passed over a great tract of land. For this reason the
rains arc more or less plentiful in different districts ac~
cording to their distance froin thé sea, except in those
near high mountains, which .arrest the clouds, and pro-
cure a larger supply of rain for the neighbouring tracts
than would have fallen to their share if the passage of
of the clouds had been unobstructed. ’

The obstacle presented to the clouds and winds by the
mountains has another effegt of considerable importance.
The south-west monsoon blows over the ocean in its
natural direction; and, though it may experiencé some
diversities after it reaches the land, its general course
over India may still’ be said to bé towards the north-
east, till it is exhausted on the western and central parts
of the Peninsula. The provinces in the north-east receive
itin a different manner: the wind which brings the rains
to that part of the continent originally blows from the
south-west over the Bay of Bengal, till the mountains of
Himmaleh, and those which join them from the south,
stop its progress and compel it to follow their course
towards the north-west. * The prevailing wind, therefore,
in the region south-west of the Himmalehs is from south-
east; and it is from that quarter that our provinces in
Bengal receive their rains. But when the wind has
reached so far to the north-west as to mweet with the
Hindoo Coosh, it is again oppdsed by ‘that chain of
mountains, and turned off along its face towards the
west, till it meets the projection of Hindoo Coosh and
the range of Solimaun, which prevent its farther pro-

P3
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ss in that direction, or at least compel it to part with
the clouds with which it was loaded. The effect of the
mountains in stopping the clouds borne by this wind is
different in different places. Near the sea, where the
clouds are still in deep mass, part is discharged on the
hills and the country beneath them, and part passes up
to the north-west; but part is said to make its way over
the first hills, and produce the rains in Thibet.

The above observations, Mr. Elphinstone continues,
will explain, or at least connect the following facts : —
The south-west monsoon commences on the Malabar coast
in May, and is there very violent; it is later and more
moderate in Mysore ; and the Coromandel coast, covered
by the mountainous countries on the west, is entirely
exempt from it. Farther north the monsoon begins
early in June, and loses a good deal of its violence,
except in the places influenced by the neighbourhood of
the mountains of the sea, where the fall of water is very
considerable. About Delhi, it does not begin until near
the end of June, and the fall.of rain is greatly inferior to
what is felt at Calcutta or Bombay. In the north of the
Punjaub, near the hills, it exceeds that of Delhi; butin
the south of the Punjaub, distant both from the sea and
the hills, very little rain falls. The clouds pass with
little obstruction over Lower Sinde, but rain more plenti-
fully in Upper Sinde, where these rains, though not heavy,
are the principal ones in the year.

By t{:e beginning of October, when the south-west
monsoon or rainy season is nearly at an end, the change

" gradually takes place from the south-west to the north-
east monsoon. This monsoon is attended with dry
weather throughout the Peninsula, excepting on its
eastern side on the coast of Coromandel. On this coast
the north-east monsoon brings the periodical rains,
which begin about the middle of October; and end

nerally about the middle of December. From Decem-

r to the beginning of March this monf#ses continues,
but is now a dry wind. The weather i& at this season
cool and agreeable. The north-east winds cease about
the end of February or beginning of March, and from



HMAIL. 161

this period to the beginning of June the winds are irregu-
lar and the heat great all over the Peninsula. The winds
are chiefly from the south at this time in the Bay of
.Bengal -and on its shores, and are hot, moist, and re-
-laxing. About the end of May or beginning of June,
s already remarked, the south-west monsoon begins,
and is attended with the periodical rains in all parts of
the Peninsula excepting the Coromandel coast, which
then suffers greatly from heat and drought.

13. Hail.—In India hail falls only during the hottest f
seasons of the year, frequently in pieces the weight of
half an ounce, and is ancompanie«f by heavy thunder
and storms or gusts of wind. In the Peninsula showers
are more frequent in the country above the Ghauts than
in that below them. The natives call the bail rainstones,
and ascribe to it invigorating virtues. Although none
of the mountains in Peninsula India reach the snow-
line, and frozen water rarely appears there otherwise than

.in the form of hailf¥snow beiag unknown in Southern
India, yet some writers maintain that hail-storms never
occur in the torrid zone, while others affirm that they
never appear there except at an elevation of not less than
1500 1or 2000 feet above the sea. This statement,
however, is far from being correct; for although hail-
storms are not so common and destructive in.India
as in the south of Europe,~—the grand region of
these storms,—still they do ftequent; happen, even
at the level of the sea. In May, 1823, a violeat hail-
storm occurred at Hydrabad, which is about 17°north
latitude, at an elevation of not more than 1000 feet above
the sea. The hailstones were of considerable size, and a
sufficient quantity was collected by the servants of a mili-
tary mess to cool the winefor several days. A hail-storm
occurred at Darwar, north latitude 16° 28', east longitude
750 11", in May or June, 1825.; The height of Darwar
above the sea is 2400 feet, but it is near no high range of
mountains. The hailstones hadja white. porous nucleus,
and varied from the size of a filljert to that of a pigeon’s
egg. A similar storm oocurrediat the same ¥lace, and

about the same season,in 1826 These, Dr, - Christie |
. ) 4
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says, were the only hail-storms that came under his
notice during five years’ residencein India; but from the
testimony of others he mentions the following :—Lieute-
nant-Colonel Bowler of the Madras army informed him
that he witnessed a violent hail-storm at Trichinopoly
about the middle of the year 1805, when the hailstones
were nearly as large as walnuts. Another very violent
hail-storm occurred in the Goosma Valley, about twenty-
five miles west of Ganjam, and only a few feet above the
sea, when the same officer was in camp there about the
end of April, 1817. It commenced about half-past three
in the afternoon. The weather had previously been very
sultry, with hot blasts of wind, aud heavy clouds, which
appeared almost to touch the tops of the tents. On the
hail falling, the air became on a sudden disagreeably cold,
as it had been before oppressively hot. We are told by
Heyne, in his Historical and Statistical Tracts on India,
that “ masses of hail of inmense size are said to have
fallen from the clouds at different ffriods” in the Mysore,
country; and that, “in the latter part of Tippoo Sultan’s
reign, it is on record, and well authenticated, that a piece
of ice fell near Seringapatam of the size of an elephant.”
Of course, we are not to believe this to the letter,—we
must make some allowance for oriental exaggeration.
Itis needless to multiply examples; for there is pro-
bably not an officer who has been many years in India
who cannot bear testimony to the frequency of hail-
storms in that country.

14. Falling Stars, Fire-halls, .and Meteoric Stones,
—Falling stars are of frequent occurrence, falling or
rather shooting through the atmosphere in countless
numbers and at all times of the day, in India as in
Europe. Fire-balls also are not very uncommon. Colonel
Blacker gives an account of a meteor, having the appear-
ance of an elongated ball of fire, which he obkerved on
the 3d November, 1826, a little after sunset, when on the
road between the courthouse and the town-hall of Cal-
cutta, Its colour was pale, for the daylight was still
strong, and its larger diameter appeared greater and its
smaller Jeas than the semi-diameter of the moon. Its
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direction was from east to west, its track nearly horizontal,
and its altitude about 30°. As it did not apparently
move with the velocity of ordinary fire-balls, it was
probably-at a great distance, and consequently of large
size. So long as Colonel Blacker saw it, which was for
five or six seconds, its motion was steady, its light
equable, and its size and figure permanent. It latterly,
however, left a train of sparks; soon after which it sud-
denly disappeared, without the attendant circumstance of
any audible report. These fire-balls sometimes burst, and

recipitate meteoric stones and iron. Lord Valentia and

r. Howard mention stones that fell in this way from the
atmosphere of Bengal on the 19th December, 17983
several fell near Moradabad in 1808, and nineteen were
found at Futtypore, in the Doab, on the 5th November,
1814. Dr. Tytler says, that on the evening of that day,
shortly after sunset, before daylight had entirely faded, a
meteor was distinctly seen, shooting with considerable
Jvelocity in a directfon nearly north-west. This ap-
pearance was also observed by the Europeans in the lines
and natives in the city, and is described to have comprised
a blaze of light, surrounding a red globe about the size
of the moon, which impressed the spectators with the idea
of that luminary descending from the skies. The same
phenomenon, and at the same moment of time, was secn
at Hazareebaug, in Bengal, a distance of upwards of
250 miles eastward from Allababad. ? The meteor de-
scended at Rourpoor, nearly seventy miles north-west
from the station of Allahabad, immediately after it was
seen at that place. Its fall was accompanied with noises
resembling the explosion of distant artillery, and a stone
was seen falling, wlich in the act of descending is said to
have emitted sparks similar to those proceeding from a
blacksmith’s forge. A strong sulphureous smell was also
perceptible, and when first discovered the stone was hot
to the touch. Besides the stone thus actually known to
have fallen, several others of aysimilar description were
picked up, at the distance of :several coss from each
other, whence it appears that a shower of stoncs in this
instance took place. The fragments amounted to several
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pounds in weight. One weighed nearly one pound six
ounces avoirdupois, and exactly resembled a body eoated
with black paint or pitch. Its interior was of an ash-
gray colour, and contained embgdded metallic-looking
particles, Its specific gravity is stated as varying from
3, 35.2 to 4, 281. On the night of the 7th August, 1822,
a meteoric stone fell near the village of Kadonah, in
the district of Agra, with much noise as of cannon, the
wind awakening those who were asleep, and alarming a
watchman who heard it fall; on making search in the
morning it was found warm, and with little smoke rising
from it. The stone was shown in London in 1827. Seve-
val stones fell in the district of Azim Gerh on the 27th
February, 1827,

These fire-balls, and the meteoric stones they drop, are
considered as formed in the earth’s atmosphere, and there-
fore as of tellurian atmospherical origin.

15. Mirage.—On viewing distant objects, it often
happens, under certain circumstances, that these objects
present many images which are straight, oblique, or in-
verted, and always more or less changed in the contour..
It is the appearance of these images, without any visible
reflector to produce them, which constitutes mirage.* In
explanation of this phenomenon it may be remarked, that
as soon as the soil becomes heated the lower stratum of
air is also effected by the calgritic influence. Numerous
a€rial currents are established, and an undulatory motion
taking place in the air, distant objects become changed in
form, and variously distorted and broken. If when these
changes are going on a calm should prevail, and the mass
of atmosphere upon the plain remain at rest while the
stratum in contact with the ground becomes gradually.
heated, mirage will arise. In such cases the obsegver will
see distant objects in their natural positions and forms;
but below them their images will be seen reversed, and
the spectator believe that he is looking at a reflection
from the surface of a body of water. - The sky also joins
in completing the illusion, its image being reflected in the
samemanaer. The whole visible appearances, the French

P * See Appendix C.

T,
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philosophers who visited Egypt remark, are indeed the
same as those usually exhibited by water. All thelaws
by which the observer has been accustomed to judge of
the existence of water, viewed at a distance, are here
called into action, and the man of science as well as the
peasant alike find themselves deceived.

This curious appearance is noliced by several of our
Indian travellers. Thus, Mr Elphinstone, in describing
his passage through the Great Desert, says, * On the
25th November we marched twenty-seven miles to two
wells in the Desert. In the way we saw a most magnifi-
cent mirage, which looked like an extensive lake, or a
very wide river. The water seemed clear and beantiful,

the figures of two gentlemen who rode along it were
reflected as distinctly as in real water.” The same very
interesting writer remarks, “ On the 22d we made a
march of thirty miles to Moujgur; the heat of the after-
poon was intense, while we halted as usual in the naked
plain to give our people some water and to take some
refreshments ourselves. In, the course of the day several
hundred skins of water came to us from Moujgur, where
Bahawul Khan had sent his principal officers to receive
us. Towards the evening many persons were astonished
with the appearance of a long lake, enclosing several little
islands. Notwithstanding the well-known nature of the
country, many were positive that it was a lake, and one
of the surveyors took the bearing of it.”

Other varieties of mirage are noticed by Colonel Tod in
his valuable work on Rajasthan.

16. Black Colour of the Sky over the Himmalehs.—The
sky, when viewed from lofty mountains, presents a deep
blue colour approaching to black. This fact is often
mentioned by travellers among ‘the Himmalehs. Thus,
near the sources of the Ganges, the dazzling brilliancy of
the snow was rendered more striking by its contrast with
the dark-blue, approaching to blackness, of the sky; and
at night the stars shone with a Justre which they do not
present in a denser atmosphere. ~ ¢ It was curious to see
them,” says Captain Hodgson, * when rising, appear
like one sudden flash as they emerged from behind the
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bright snowy summits close to us; and their disap-
pearance, when setting behind the peaks, was as sudden
as we generally observed it to be in their occultations by
the moon.” At Zinchin, 16,136 feet above the sea, the
atmosphere exhibited that very dark-black colour which is
observed from great clevations, The sun shone like an
orb of fire without the leust haze. At night, the part of
the hofizon where the moon was expected to rise could
scarcely be distinguished before the limb tonched it; and
the stars and planets shone with a brilliuncy never seen
unless at great heights.

With a transit-lelescope of thirty iuches, and a power of
thirty, stars of the fifth magnitude were distinct in broad
day; but none of less size were perceptible. At Sdbathy,
4200 feet above the sea, stars of thie fourth magnitude
require a power of forty to make them visible in the day.

17. Sunrise and Pillar of Light, or Zodiacal Light, in
India.— Suurise is often characterized by the appearance
of a pillar of light, which never fulls to make a stioug
impression on those who take an interest in the natural
phenomena around them, and who, for the first time,
witness this beautiful appearance. Dr Adam, in the
following description of Indian subrise, mentions this
luminous appearance:—

“ The country in the neighbourhood displays a
thousand charms compared with the district near the
Jumna. The roads are dry, and the rocky elevations in
front, having a covering of beautiful shrubs, entwined
with numerous varieties of climbing plants, give quite a
new feeling to the mind on viewing the prospect. New
animals, too, inhabitants of these, present themselves.
The peacock, arrayed in all his gorgeous hues, and shin-
ing with a native glossiness of plumage, is not uuvfre-
quently seen perched on a projecting block of granite,
while herds of antelopes bound along the plain below ;
and the shrill ery of the Indian partridge, heard on every
hand, first cheers the traveller with the opening day.
I was much delighted one morning here with viewing the
natural phepomenon of sunrise. Contrary to’my usual
practice, I had started early with my baggage. It was
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quite dark, excepting what light the stars afforded, which
in India is always considerable at this season (October),
when not a cloud obscures the expanded vault of the
heavens. After moviue on for some time, on turning my
eye towards the east, I could perceive the first appearance
of day. It was not dawn, but a were grayish pillar-
of light shooting from the horizon upwards, in the shape
of a comet’s tail, but without lustre; the effulgence, if.
it could be so called, resembling that of the r%m_llky__wa.y
more than any other object in nature which I have seen.
The dull pillar of light was well defined. It continued
a long time apparently little increased in size, and with-
out having acquired much brilliancy. At length its sides
ncarghe bottom gave way, and the light, now stronger,
diffused itself latterly to a considerable extent. By and
by the stratum of clouds immediately over this expan-
sion displayed the roseate hue of morn, and the whole
heavens became (though yet faintly) illuminated. The
rosy tints, disappcaring in their turn, were succeeded by
a greater degree of pale light, and soon after the near
approach of the great Inminary himself was announced
by a pillar of red orange-red licht, which terminated in
the orb now appearing large and fiery, through the medium
of the horizontal mornine air. Thisis the general course
of sunrise in India, as I have often witnessed since. The
precursory phenomenon of the pillar of light, with the
successive changes, being then new to me, appeared per-
haps more interesting on that account.”

This pillar of light is the zodiacal light of astrono-
mers, which we find first mentioned in modcrn times by
Childraus in the year 1559, After his observation had
been recorded, it was entirely forgotten until again séen
by Casgini on the 18th March, 1683. Since that perind
its appearance is often recorded by naturalists. Its nature
is not well understood. Cassmi, Mairan, Euler, Laplace,
Regnier, Hube, and Hahn, have speculated with more or
‘less plausibility in regard to it.

18. Miasmata.—Under this name we understand that
matter or those matters which, emanating from marshes
and other situations where organic bodies are in a state
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of decomposition, and received into the human system,

roduce disease, particularly remittent and intermittent

vers &c. A moderate degree of hcat is necessary for
the formation of this poison, and also a moderate quan-
tity of moisture. Low situations are more exposed than
high ones to miasm, as it is formed at the eartli’s surface,
and as it rises upwards becoming more and more diluted
with pure air. Thus the inhabitants of the Compagna
di Roma retreat on the approach of the sickly season to
the higher grounds, and consider it dangerous to sleep
in the lower apartments of a house. Stagnation of the
air sometimes allow dangerous accumulations of miasma-
tous matter; the growth of underwood is very favour-
able to its accumulation, by breaking and arresting the
currents of air, which would otherwise sweep through
the forests; and plains without intervening rising grounds,
high walls, or trees, are favourable to the dif%usion of
miasm, by allowing every slight horizontal motion of the
air to intermix laterally the pure and contaminated por-
tions of it. Thick ranges of trees, by impeding this
horizontal commixture when the air is calm or nearly so,
and by altering the direction of light breezes, are very
effectual in confining marsh-effluvia. That some kinds
of poisonous matters are produced by the decomposition
of animal and vegetable substances seems highly pro-
bable: others again may emanate from the interior of the
earth as the result of subterranean action; and these pro-:
bably are the most noxious kinds.

19. Climate.—British India, situated partly in the tor-
rid and partly in the north temperate zone, is enclosed
by boundaries varying much in character,—namely on
the west, by the great Western Desert; on the south-
west, south-east, and south, by the ocean; on. the east,
by mountain-ranges; and on the notth-east, ant north,
by the vast Alpine land of Hirahalehs,—a meuntuin-
barrier, so elevated as nearly to shut out the atmosphere
of India, and thus to secitte a meteorological system for
itself, different from and independent of that of Indostan.
As to form and elevation above the ses, striking contrasts
are displayed between the flat lands of the Ganges, the

i
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mountain-chains of the Peninsula, the littoral, plains of
the Circars, and the table-lands of Mysore. Its surface
exhibits sandy deserts, bare rocky plains, extensive cul-
tivated fields, jungles, and dense forests,—traversed by
numerous and often considcrable rivers, but rarely varied
by the appearance of lakes; over which blows, for one
half of the year, the south-west monsoon, and during
the other half the north-east monsoon, thus affording
the conditions for a strikingly-marked climate. The year
is divided by the Hindoos into six seasons, but the more
cominon division is into three, viz., the rainy, cold, and
hot seasons ; the rainy in general extends from June to
October; the cold from November to February; and the
hot from March to May. Every year there is a variation
in the commencement and termination of the seasons,
which renders absolute precision impossible in the state«
ment of them. The healthy season may be said to be
from November to the setting in of the rains, and the
iinhealthy season during the period of the rains, and a
shoit time after their termination. The following short
view of the climate of particular provinces will afford to
the reader a general conception of the healthiness and
unhealthiness of the different provinces of Indostan.*

I. MADRAS PRESIDENCY.

The Carnatic—The climate of the Carnatic may be
generally characterized as dry and hot. The rauge of
the thermometer ut Madras is usually from 720 to 920;
but sometimes, during the hot mopths of May and June,
it is as high as 98¢ and even 1059 In January, Febru-
ary, March, and April, the monthly mean is fiom 779 to
86Y; the extreme variation in each month is usually from
15° to 22°. lu May, June, July, Augast, the monthly
mean temperature is ysually about:91°, 909, 889, and 879,
respectively, the extreme varialign being generally from
180 to 23°%.  During September, Ogtober, November, and
December, the mouthly mean falls progressively from

® The view of the climate of the provindes we owe chiefly to Annesly,

Jameson, Young, Brande:, and Chrlstie. -
Q
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850 to 77° or 769 December being generally the coldest
mouth., The extreme variation in these months is from
13° to 180. The hot and windy season of May, June,
and July, is generally the most healthy: sickness prevails
most about the commencement of the monsoon, or from
August to November. Sometimes, however, it is greatest
in December and January, and at other times in June
aud July. The prevailipg diseases are fever, dysentery,
and hepatitis or liver complaint.

Travancore.—The weather of this province, which is
situated at the south.western extremity of the Peninsula,
is usually hot. Heavy falls of rain take place between
June and December.  After these showers the sun gene-
rally shines, and produces a disagrecable moist heat. The
prevailing diseases among the Europeans are hepatitis and
dysentry ; and among the natives, fevers, and ulcers of
the lower extremities,

Coimbetoor.—This country is upon the whole healthy,
and the houses of the native cultivators more comfort-:
able than in many parts of the Peninsula. Fevers are
the prevailing diseases, which in some seasons become
epidensic, particularly among the natives.

Mulabar and Canara.—These provinces form the prin-
cipal part of the Malabar coast, and extend from Cochin
to Sadasheveghur, In February the low country becomes
extremely hot, and the vapours and exhalations so dense,
that it is difficult to distinguish objects at the distance
of a few miles. The heats increase during March and
April, and with them the quautity of aqueous vapour.
On the setting in of the western monsoon m May the
whole is condensed into rain. fevers, dysentery, and
hepatitis, are the prevailing diseases among the Euro-
peans; and fevers, und ulcers of the lower extremuties,
among the natives. '

Darwar District.—The most opposite climates-are met
with in different parts of the southern Mahratta country ;
for the western parts, towards the Ghauts, may be reck-
oned among the wettest of the Indian Penfnsula, und
the eastern among the driest. The average quantity of
rain ighe latter1s from twenty to twenty-six inches; in
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the former a larger quantity often falls within one month.
The climate becomes gradually drier as we proceed
eastward from the Western Ghauts; and as this chain
runs north-north-west and south-south-east, we have
consequently a drier climate in the northern parts of the
district than in the southern, on the same meridian. Thus,
at Soonduk the climate is rainy and cool; at Gokauk, on
the other hand, which is in the same longitude, it is dry
and hot. A considerable qnantiti of rain falls as far
eastward as the country continues hilly; but beyond this
the supplyis scanty and precarious. In August, 1824,
according 10 Dr. Christie, a good deal fell at Darwar;
while, at the same time, not a drop had fallen fifteen
miles to the east, and the wells were nearly dried up.
For three weeks in July and August, 1827, the rain.
continued nearly incessant at Darwar, and during the
same time not a drop fell in the' eastern parts of the dis-
trict. The difference in the habits and mode of life of
the inbabitants of the western and eastern parts of the
district abundantly testifies how very opposite are their
respective climates. In many places, the former are
often for weeks during the monsoon confined to their own
villages, not only by the severity of the rains, bat, in
many instances, in consequence of all communication
being stopped by the swollen nullahs., During this dreary
period (in anticipation of which a stock of provisions is
always laid in) the inhabitants sit round a fire in the
centre of their miserable dwellings, which are constantly
filled withsmoke. When they do venture out, they wrap
themselves in a cumly,* and over this place ‘a sort of
thatched case or shell, made of the leaves of the jar,t or
some other of the palm tribe. Jt is broad over the whole
back and shoulders, narrowing to a peak immediatley over
the hedd, and coming down the front over the face just
as far us is necessary to give it a firm hold, with a slope
sufficient to carry the water that falls on it ¢lear of the
body.” 1In the eastern parts it is very different. The
rain is seldom so severe as to prevent the inhabitants

©® A native blanket. ¥ Borassus flabe'lifog-us,
Q
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from going out for four and twenty hours at one time ;
and precautions against heat, not against cold, are neces-
sary. The villages in the western parts consist of thatched
huts, whose steep sloping roofs nearly reach the ground,
the walls being only a few feet high, that they may be eflec-
tually - protected from the rain. Every spot is covered
with vegetation. Iedges and trees covered with twining
plants line the roads, and the thatched roofs are often
concealed by creepers, generally cucumbers, pumpkins,
&c. The villages in the eastern parts present a curious
contrast 1o the above Generally not a spot of green,
for many months, relieves the horrid glare. All is
parched and brown. No protection being required
against heavy rain, the houses are built entirely of clay,
which one heavy shower, such as the western inhabitants
constantly experience, would ‘completely level to the
ground. The walls of "the houses are formed of sun-
baked clay, and are from eight to ten feet high. Upon
these is supported a terrace-roof composed of branches
of trees or bamboos, and covered with clay. Nothing
can be conceived more ugly than these villages. On
every side square masses of dry clay give one more the
idea of huge ant-hills than of human habitations. In
these places, wood being found in too small quantity to
serve as fuel, cow-dung is used for this purpose, which,
being made into small cakes, is thus plastered on the
walls of the houses to dry in the sun.- When ready, it is
collected into piles like peat-stacks in a Scotch village.
Mysore.—The whole of this country has somewhat of
the character of a table-land with its accompanying moun-
tains. The elevation varies from 1900 to 4700 feet.
The climate, according to Hamilton, is temperate and
healthy to a degree unknown in any other tract within
the tropics. The monsoons, or boisterous periodical rains,
which at different times deluge the coast of Coromandel
and Malabar, have their force broken by the Ghauts, and
from either side extend to the interior in frequent showers,
which, though sometimes heavy, are seldom of long con-
tinuence, and preserve both the temperature of the climate
and (ke verdure of the fields throughout the year. The
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Island of Seringapatam, on which the eapital is built, is
under the influenee of both the north-east and south-west
monsoons; rainy weather continues from the beginning
of May untill the commencement of December. January,
Februarv, March, and April, are dry and sultry. From
the middle of December till the beginning of February,
cold and bleak north-cast winds prevail ; and between this
eriod and the commencement of the south-west monsoon
1s the hottest season. The atmosphere is damp, and the
dews more or less heavy throughout the year, particularly
in January, February, March, and April. The variation
of temperature between the day and night is also greatest
at this season. The unhealthiest periods are March and
April, or a little before the setting in of the south-west
monsoon and about the close of October. Bangalore,
the principal military cantonment, about 3000 feet above
the sea, is onc of the most temperate places in the Penin-
snla. In 1800, the thermometer was observed not to
“rise higher than 820, nor to fall lower than 58°,

Sulem and the Baramalkl, which form a partof ther
table-land above the Eastern Ghauts, have a climate and
scusons nearly the same as those of Mysore.

The Bulaghaut, or Ceded Districts.—This country is
elevated, but not so high as Mysore. The weather.and
climate on the whole are nearly the same as in Mysore. |

Bejapore.—The climate and seasons resemble those of
the Cedcd Districts.

The Northern Circars.—To the south of Coringa,
strong north-cast winds prevail along the shore for the
first two months of the year, which, together with the
sea-breezes, moderate the heat. But where the winds
pass over the salt stagnant marshes, us they do in almost

every ¥art of the seacoast of this quarter of the province,
their nfluence upon the health is baneful.  During
March, April, and part of May, high winds from the
south-west prevail, und are attended with clouds of dust,
In May, June, July, August,and September, the wind
generally Llows from the west over an extensive parched
soil, and hence becomes intolerably hot; so that the
thermometer, as formerly mentioned, not uréfrequently
Q
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reaches 1100 or even 1129, and stands above 1000 at mid-
night.  Tn the hilly and more inland parts, the air, owing
to the exhalations from the jungles and forests, is un-
wholcsome, particularly in the valluys and ravines by
which the lilly districts are intersected. Owing to the
great power of the sun in the dry and sandy plains of the
south of this province, coup de soleil not unfrequently
occurs. The diseases are fever, hepalitis and dysentery.

Hydralad.—'This province is a table-land; hence its
temperature is lower than the latitude indicates. At the
city of Hydrabad, during the cool season, the thermo-
metcr is often aslow as 400 and 450, In this district the
south-west monsoon usually commences about the begin-
ning of June, and continues with some intervals till the
middle of October. During November and December
the skyis generally clondy; the winds easterly ; and some-
times when the north-east monsoon is heavy, a considera-
ble qauntity of rain falls. Dews are frequent during
January and early in February; but both these months,
and March, April, and May, aredry. The mean monthly
temperature, in-doors, is stated as follows :— January,
730; February,75% March, 820; April, 899; May, 90°,
June, 863°; July, 819; August, 799; September, 78°;
October, 780; November, 75°; December, 73°; giving
an annual mean of nearly 800, This is perhaps a little
higher than the thermometer placed in a more exposed
situation would indicate. The daily range is often very
considerable, particularly during November, December,
Januvary, and February, amounting in the shade generally ;
to about 20°, and not unfrequently to 300. Fevers and/
dysentery are the prevailing diseases.

Aurungabad.—The aspeet of the country, the climate,
and scasons, are nearly the same in the castern districts
of this province as in the province of Hyderabad.

Candeish.—The climate and seasons are Lere not ma-
terially different from those of Aurungabad, or Malwah,
to be noticed afterwards.
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1I. BOMBAY PRESIDENCY.,

iThe new town of Bombay, the capital of the presi-

* dency, is built in a low, maddy, unwholesome tract of

- land; hence the climate is unhealthy. Poonak, a military
station and populous city, about thirty miles eastward of
the Ghauts and about 2500 feet above the sea, is compa-
ratively healthy. The alternations of temperature are
great and sudden. The prevailing diseases are remittent
and infermittent fevers.

Guzerat.~—Westerly winds prevail the greater part of
the year. In May and June they are very hot. During
December and January, east and north-east winds prevail,
and remarkable thick fogs are generally observed cvery
morning in these mouths,

111. BENGAL PRESIDENCY.

Bengal.—The cold season commences, according to
Dr. Jameson, with Noveipber and ends in February,
About the middie of October the weather begins per-
ceptibly to change. The days are still oppressively hot ;
but the mornings and evenings gradually become cool.
The wind, which during the preceding months had blown
generally from the south and the east, now begins to
come round to the west and north, and to carry along
with it those heavy masses of clouds which almost con-
stantly float abont and obscure the horizon during the
wiole of the rains. The armosphere, from being very damp
and watery, grows dry and clastic, and the Leavens begin
to brighten a little. But these‘appearances are not yet
uniform ; the sky still at times becomes gloomy and
overcagt, and heavy showers, accompanied by thunder and
lightning, show that the south-east monsoon has not yet
finally taken its leave. ’ .

In November, the weather becomes delightfully fair and
pleasaut. A cold sharp wind now blows steadily from the
north, and frequently also from the west. The air is
dry, clear, pure, and screne; the vault of heaven is of a
beautiful deep azure colour ; and, in gencral, not a cloud
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is to be seen. The nights are clear, with. heavy dews,
The thermometer in the shade ranges throughout the
month from 669 to 86°; the mean heat about 74°; me=
dium altitude of the barometer, 29. 98.

As Deceniber comes on a considerable change takes
place. Although the middle of the day and the after-
nocn be clear aud fine, a haze generally towards evening
collects round tle horizon, and obscures the setting
sun. As the night advances thick fogs, sometimes
general, sometimes partial, begin to collect, and do not
disperse until morning. As they are broken up by the
influence of the sun'srays, thelr vapours rise and form
gray masses of clouds, which render the early part of
tue day hot and unpleasant, and do not disappear until
it is far advanced. These fogs do not by any means
occur every night. Somctimes, though rarely, the whole
month passes over without them; ordinarily they appear
only three or four times; sometimes during several nights
sucessively. As in November, the north and west are
the prevailing winds, They are very sharp; but blow
‘steadily, never rising to a gale nor falling to a perfect
lull.  The range of the tl.ermometer is from 56° the 780;
toe mean temperature about 70°0; altitude of the baro-
meter, 30.01. .

During January much the same weather prevails.
The air is serene, and to the feel piercingly cold. The
wind blows steadiiy, and perhaps more forcibly, from the
north «nd north-west, than in Lecember. Fogs are still
very frequent, and sometimes so thick that scarcely any
objcet is visible until a late hour in the morning; and
every tl ing exposed to the external air becomes wet and
covered with drops of moisture. They may be often scen
rolling in dense lurge bodies in opposite directions. Du-
ring the clear nights heavy dews fall. The rangé of the
thermometer is from 479 to 75°; the mean heat about 68¢;
altitude of the barometer, 29.99.

The weather keeps very pleasant until the second week
of February, wien the middle of the day grows warm;
and the change of the wind to the south and east, and the
collection of clouds in the horizon, with threatenings of
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thunder-gusts, portend the approach of the hot season.
At night the air is raw and cold, and the mornings are
foggy. The thermometer ranges from 65° to 829; the
mean heat, 760; altitude of barometer, 30.3.

Sometimes a few heavy and refreshing showers fall
about Christmas; but the whole of the cold season is
generally marked by the total absence of ruin. It is re-
markable how invigorating the cold bracing wind of the
north, and the pure elastic air and clear sky of these
months, prove to the European constitution, harassed and
broken down by the previous long continuance of moist
and oppressive weather. The appetite and strength, which
had long before failed, now return, and the whole frame
becomes light and springy. Vegetable nature partakes
of the generally salubrious effects of the season; and
garden-plants and exotics, at all other times killed by the
excessive heats, now grow with freshness and vigour.

. The hot season may be considered to sct in fairly with
March. The sun now becomes very powerful, and the
days are warm, and even hot. They are, however, pre-
vented from being oppressive by the strong and steady
winds uniformly blowing from the south. Fogs are yet
not uncommon in the mornings ; and as they clear up go
to the north to form, with thick dispersed masses of clouds
that are constantly drifted along the horizon by the wind,
materials for the approaching storms. These storms,
which by the inhabitants are termed north-westers, do
not, however, generally occur till towards the middle and
cnd of the month. They are usually preceded, during
several days, by cloudy mornings and strong gales.
Then, for one or two evenings, comes on distant thunder,
with strong gusts of wind, but without rain. Towards the
afternoon of the day in which the storm is to occur, the
wind, that, during the morning and forenoon had been
continued and boisterous, begius to fail, and at length
settlesinto a dead calm, Thé air becomes oppressively
sultry. The clouds gather in ¢he north-west, and form
a deep, dense, lowering bank. Vivid lightning, accom-
panied with heavy thunder, and gradually advancing
nearer and nearer, indicates the immediate approach of



178 CLIMATE. '

the storm. At length the calm is suddenly interrupted
by a tremendous burst of wind, and by clouds of dust
which darken thehorizon. Then follow torrents of rain,
with close and heavy thunder; and these ure soon suc-
ceeded by 2 sercme sky and cool air,  The appearance,
however, of these sudden commotions is not always the
same. Somctimes a shower of hailstones precedes, or
comes in the place of the heavy fall of rain; sometimes
there is no rain, even when the fury of the wind and
quantity of the lightning are excessive. The general
time of their coming onis about sunset; they rarely occur
earlier than six iu the afternoon, or later than midnight.
When the days keep clear and the wind moderate, heavy
dews fall at night; but in blowing weather there is no
dew, the moisture, as it settles, being carried off by the
wind. Range of the thermometer, from 73° to 86°;
mean temperature, 79°; altitude of barometer, 29.86.

April has generally blowing weather throughout. The
prevailing wind is still the south. The atmosphere is
sometimes clear, generally hazy, with much dust, and
thick loose clouds continually moving to the north. The
weather is hot, but pleasant, tilt.towards the end of the
month, when the nights become close and sultry. The
general closeness, liowever, is from time to time relieved
by thunder-storms and seasonable falls of rain. The
wind usually becomes hot to the feel about the 20th, and
80 continues to the end of the succeeding month. Range
of the thermometer, from 78° to 91°; mean heat, 84°;
barometrical altitude, 29.75.

May is the most unpleasant month in the year, In
the commencement there is high wind at times;
but during the greater part of the month the wea.
ther is exceedingly close, etill, and oppressive. The
nights especinlly are sultry. There 1s little® or no
wind in the inornings, which are thick and hazy,
with low, gloomy, scattered masses of clouds. Butas
the sun rises a breeze springs up from the south, and
keeps gradually freshening until the evening, when it
again fades away. The air is hot butinclastic ; and as it
does not carry off the perspiration, leaves the body moist
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and clammy. The dejection and lassitude now univer-
sally produced by the great heats are, however, fortu-
nately removed by the frequent oceurrence of violent
north-westers, with thei usual accompaniments of thunder
and rain. There are no fogs during April or May. The
thermometer ranges from 88° to 93°; mean heat, 86°; ba-
rometrical altitude, 29.60. *

In some years, but not always, nor even generally,
between the 15th and 25th of this month, the horizon
becomes overshadowed with dark thick clouds from the
south-east quarter, and much rain falls during several
doye, constituting what are called the lesser rains. But
more commonly the close muggy weather continues with
little interruption until the end of the first or the begin-
ning of the sccond week of June, when the veering round
of the wind towards the east, the occurrence of thunder
in the evening, and the constant cloudy state of the
atmosphere, indicate the approach of the regular rains.
These commence from the 4th to the 18th of June, and
continue with frequent variations during the four follow-
ing months, At first they sét in with thunder-showers,
sometimes heavy, sometimes light, generally from the
south and east. Then follow several days of very heavy
rain, duiing which the sun is completely hid from view.
Then there is a show of fair weather with sunshine,
and beautiful clear mghts; but this is of very une
certain duration, and liable to be interrupted with scarcely
any previous warning. The heavy, rain ravely keeps up
for more than forty-eight hours at a time; then gradually
diminish to dmzzling, and at length giving way to fair
weather. There is at frequent intervals, during the whole
period of their contmuance, much vivid lightning, with
violent thunder-storms and gusts of wind. The wind
frequently changes from east to south and west, rarely
to north. Its reiurn to the east, and fixing steadily in
that quarter, is usually accompanied with heavy ram.

As soon as the rainy season has fairly commenced,
the atmosphere becomes manifestly. cooler, and the wea-

® At Chura punji the Thermowmeter in May does not exceed 72.°
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ther in general very pleasant; the only exceptions being
now ant then a sultry night, and the dead oppressive
calm which sometimes precedes a storm. From the dust
and other particles floating about in the atmosphere being
carried away by the successive showers, the sky during
the intervals becomes beautifully clear, the sun shines
with great splendour, and the nights ave bright. There
is very little variation of the atmospherical temperature
throughout the season. The thermometer ranges from
770 to 889, or 90°; the mecan heat being 819, or perhaps
a degree or two higher. The air, from the constant rain,
becomes surcharged with moisture, and every thing
exposed to it gets damp and mouldy. There is conse-
quently little alternation in the barometer. The mean
altitude is about 29.45,

There is little perceptible change in the weather till the
middle of October. The rain then begins to abate, the
showers are fewer in number, and, though heavy, of short
duration. The wind gets very variable, There are stili
frequent storms of thudder and lightuing: but they
generally pass off without producing rain. The days are
yet sultry; but the mornings and evenings begin to grow
cool; and the increasing clearness of the air, with the
coming on of dews at night, presage the speedy acces=
sion of the cold season. At length the veering 1ound of
the wind to the west-north-west quarter, the disappear-
ance of clouds and vapours from the horizon, the sharp-
ness and dryness of the air, the rapid rise of the baro-
meter and concomitant fall of the thermometer, towards
the end of the month, evince the entire departare of the
rains. 'The total quantity of rain falling during the sea-
son varies much in different yeais. In Bengal, the aver-
age hes been fixed at eighty inches.

Bahar.—The seaso: 8 are nearly the same in 1his pro-
vince as in Bengal; but, as it is higher above the sea, its
climate is in some respects superior. The nights are
generally much cooler; but it is ore subject to great
droughts-and heat, and to parching winds frem the west,
-during %\varm season, Tirboot, the north-western
quarter oPithis province, is more elevated and healthier
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than the districts to the south. On account of the soil
and climate, Bahar has been selected by the Britishg
government as a proper country for the improvement
the breed of horses, the native race of the Bengal p
vince being of a diminutive size. A low and marshy soi
it is rcmarked, seems every where uncongenial to the
borse; for he appears to degenerate in such places, even
when he lives and propagates. In districts in warm
climates which are more than usually low and marshy
the horse gemerally experiences the fate of the Europe-
aus; he ecither dics soon after he is brought to those
places, or his progeny seldom reach maturity.
Allahabad.—That part of this province adjacent to
the Ganges and Jurna is low and very productive; but
its western districts, particilarly the Bundelcund terri-
tory, are diversified with high hills. Between these two
divisions there is a considerable difference of climate, the
former being sultry and subject to hot winds, from which
the latteris exempt. Benares, the principal military and
Fvil station, contains, according to the census of 1830,

pwards of 200,000 inhabitants, The cantonments,
which are extensive, are four or five miles distant from
the city. The country around is dry and parched.
Fever and dysentery are most prevalent during October,
November, and December, owing to the inundations from
the previous rains and the cold nights. o
Oude.—This province is generally level and well cul-"
tivated, with the exception of Gorucpoor. It is, on the’
whole, healthy, except in the vicinity of jungles and cot-
ton-fields. . The district of Gorucpoor is bounded on the
north by a range of lofty mountains. The country
extending southward from the base of these mountains
is flat, covered with woods and jungles, and interseeted
by numérous strcams. Easterly winds prevail gene-
rally throughout the year. The climate is far from being
healthy, owing to the great extent of jungle, stagnant
water, and marshes, over which the easterly winds pass
before they reach the more inhabited parts of the coun-
try. Fevers are most prevalent and dangerous in May"
and June.
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Agra.—This province is generally flat and open ; but
rto the south of the Chumbul river, and towards its west-
Yern frontier, it is more hiliy and jungly The climate is
Jtemperate and healthy, except during the prevalence of
‘hot winds.

Delhi.—The climate of this province is on the whole
iktemperate, except during the warm seasons when the hot

winds blow. The north-west quarter is much overgrown
with trees and thick jungle, and is conscquently un-
healthy, especially during the hot and rainy seasons.
The south-west quarter is free from jungle, and its soil is
dry and fertile. The centre of the provinee is level and
well watered. Meerut, the principal town of the district
of the same name, is considered one of the healthiest
stations in India. Mr. Jackson strongly recommends it
as a place of residence for convalescents, and for those
who have become naturalized to India, and estranged
from their own country. The society is extensive, and
the roads good.

Malwah and Central India.—The climate of Malwah
is on the whole mild. The 1ange of the thermometer is
small, except in the latter part of the year, when great
and sudden changes often take place. The seasons are
those common to Western India.  The fall of rain during
June, July, August, and September, is in general mo-
‘derate and regulgr. The annual fall js about fifty inches.
During this season, says our distinguished countryman
Sir J. Malcolm, ¢ the range of ti:e thermometer is very
small, seldom falling lower than 72¢ night and 1porning,
or rising higher than 76° or 77° at noon. Though the
mornings become cooler after the close of the rainy
season, there is no very cold weather until the month of
December; it continues until January and part of Febru-
ary. In the latter month, in 1820, at six o'clock a. M.,
the temperature was 28° During the hot season which
succeeds, the parching winds from the northward, and
westward, that prevail in most parts of India to an
intense degree, are here comparatively mild and of short
duration. The thermometer, however, during the day
' rises sometimes as high as 989; but the nights are inva-

- mably cool and refrcshing.”
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Bagur is a hilly region, situated betwcen Malwah and
Guzerat. Owing to its extensive and thick forests, fevers
of a malignant nature prevail during two or three months
following the «ains : the climate can at no period be con-
sidered salubrious.

Gundwane is a vast wild region, consisting of rugged
hills, uninhabited jungles, and deep water-courses, ravincs,
and valleys, covered with forests, and pervaded by marsh
miasmata. Its climate is generally unhealthy.

Orissa has many features in common with Gundwana,
and a similar climate.

Himmalch Mountains.—The climate of the valleys and
ridges of this vast mountainous country is, as already
stated in our observations on the height of the snow-line,
much milder than we were led to expect from the con-
jectures and calculations of philosophers,—vast tracts,
which according to their views ought to be steril in the
extreme, or eternally covered with snow, are, on the con-
trary, richly clothed with vegetation, abounding in ani-
mals, and animated by villages. Thus Marang, a large
village surrounded by lofty mountains, though 8500 feet
above the sca, enjoys a mild climate. During cight
days spent there by Captain Gerrard, the temperature
varied from 58° F. to 82° F.; and flies were very
troublesome. The sun, even in July, was scarcely visible
above the mountains before 8 . ., and disappeared
behind them at 5 p.m. There were alternately’ light
clouds and sunshine, and now and then a little rain,
which in this valley never falls heavy; the height of the
outer chain of the Himmalehs being suflicient to exclude
the rains that deluge India for three months. Mr. Cole-
brooke, speaking of Zoncheng, a village among these
mountains whose height is 14,700 fect, which in latitude
310 36°N., according to received theory, should be buried
ineverlasting snow, assures us that the case is far different.
On every side of the glen, which is a bowshot across,
appeared gently sloping hills, for the most part covered
with &fmd or Tartaric furze., The banks of the river
were covered with grass-turf and prickly bushes. Around,
thie land was covered with verdure; flocks of sheep were

R 3
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browsing, and deer leaping; altogether it was a romantic
spot, wanting but trees to make it delightful. Gerrard,
on the crest of the Hakéto pass, 15,786 feet high,
observed yaks and horses feeding on the surrounding
heights; and the climate was pleasent, the temperature
being 57° F. On Zinchen, which is 16,136 feet high,
and on the neighbouring mountaius, horses were observed
galloping about in all directions, and feeding on the very
tops of the heights; kites and eagles were soaring in the
air; large flocks of small birds like linnets were flying
about, undflocusts jumping among the bushes. The
climate is very different from that experienced in crossing
the outer range of the Himmalehs at the same season.
Here, at the height of 16,000 and 17,000 feet, is abun-
dance of fuel (metéh, bearing a beautiful yellow flowerand
no prickles), good water, and a serene sky; there at an
inferior elevation no firewood is nearer than five or six
miles, the clouds hang around the mountains, the sun is
scarcely visible, and showers of rain are frequent. At
the village of Pui, at an elevation of 13,600 feet, there
are cultivated fields of barley, phdpur, and turnips. A
little lower the ground was covered with thyme, sage,
and many other aromatic I-Yhmts’ besides juniper, sweet-
brier, and gooseberries. Here also are vineyards and
groves of apricots.* At Dabling there was much culti-
vation, with plantations of apricots and walnuts. During
Captain Gerrard’s residence here (August), the tempera-
ture was warm, varying from 61° F. at sunrise to 850 at
noon, the wind blowing strongly from the south-west,
and the sky frequently obscured with light clouds
attended with little rain. Near the village of N4k, in
the midst of these mountains, situated 12,000 feet above
the sca, in the heart of an abundant population, he found the
grain “already yellow, with a broad sheet of water, sur-
ronnded by tall poplar, juniper, and willow trees, of pro-
digious size, and environed by massive rocks of granite.
Here are produced most luxuriant crops of barley, wheat,

® The apricots form a partof the subsistence of the penple. At this sea<on
they are pulled, and exposed to the sun un the roufs of the houses ; when dned
they are mot unlike prunes.
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phapur (polygonum), and turnips, rising by steps to
nearly 700 feet higher than the village, where is a lama’s
residence, inhabited throughout the year. The fields are
pattitioned by dikes of granite. At Taz-hi-gang they
are enclosed by barberry and gooseberry bushes.”

The seasons at this great elevation are similar to those
of our northern latitudes, the grain being sown in March
and April, and reaped in August and September. Snow
generally falls towards the end of October. It seldom
exceeds two feet in depth, but does not leave the ground
for nearly six months. Want of moisture in the air pre-
vents its earlier descent (since the beginnir@@of October
is winter) under a clear sky. In the middle of October,
1818, the thermometer at sumise was seldom above 200
I'.; in August the teraperature was 75° F. at noon, and
never below 520 F.

20. Sanitary Depits.~—It having been found that those
suffering under the diseases of the lower and hotter parts
of India had their health improved by a residence in the
hilly districts,” the govermment have of late established
sanitary depdts in several of the hill-provinces. Not
many ycars back, the Mount of Saint Tlhomas, near
Maudras, was considered the Montpelier of the south of
India. After the fall of Neringapatam, and the conse-
quent occupation of the table-land of Mysore by the
British troops, the cantonment of Baugalore became the
general resort of all classes whose bealtii required a
change of climate. Now the Nhilgerry mountains, in
the same division of India, are considered as affordng
a healthier climate; and there the governinent have
established a sanitary depot.  The greatest leneti: of the
Nhilgerrics Proper is from cast to west thirty-six niiles,
aud the medium breadth fifteen miles. ,

Although only twelve degrees distant from the equator,
und sutroimded by plains where the thermoweter not
unfrequently stands in the shade at 1009 I., yet, from its
elevated situation, it possesses a milduess of climate not
inferior to the temperate parts of Europe, and also a
great cquability of temperature, which renders 1t so
beueficial in many diseases. During a great ;5)a1't of the

R
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year, says Mr. Young, the range of the thermometer on
the Nhilgerries is less than is known in any part of the
globe; and during December, January, and February,—
the season of the greatest cold,—it has' never been known
to exceed 28° F., the greatest heat 59° F., including,
between the extremes, a temperature which has always
been found congenial to the European constitution, and
very differeut in its effects from similar oscillations at a
higher temperature, as exhibited in all parts of the Dec-
can and throughout India generally. During the rainy
season tl:e thermometer varies but little,—the range has
been so lovgms 2}° for a whole month. Except the three
cold mont® the range will generally be from 23° to 6°,
or at most 10°, making the climate one of the most equa-
ble on the earth; and consequently very favourable to
persons of -a_consumptive habit. Invalids, on reaching
the hillsin the cool season, feel the air of the mountains
too rigorous; but to the healthy it is the period of the
greatest enjoyment, when they can wander through the
woods in search of game, and almost forget that they are
still exiles from their own country. The only winter on
these mountains is experienced during this period; the
grass which covers the downs ard elevated ridges becom-
ing yellow and seared; but the moment the frosts are
over, about the end of February, the country quickly
assumes its verdant appearance, an( the duties of the
husbandman rc-commence just as the plains below are
beginning to feel the desolating effects of the hot winds.
The climate of the Nhilgerries may, ir. some measure, be
considered a perpetual spring; vegetationis slow and steady
except during frosts. Notwithstanding the lowness
of the thermometer during the whole year, sick persons
cannot without risk expose themselves to the sun from 10
A. M. till 4 p.m.; and as the mornings are very agree-
able, they are recommended to take exercise either on foot
or horseback from 6 till 9 a. M., and from § till 7 p. M.,
confining themselves in the middle of the day, except
during the delightful intervals of fine wcather which
Erevail during theirains, when they may walk out at all

ours with advantage. This precaution is only intended
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to apply to a state of actual sickness or debility ; for persons
in rude health may get out at all times and seasons. Dur-
ing March, April, and May there are refreshing showers,
The temperature id the sun’s rays exhibited to Mr Young
an excess of from 259 to 120 above what the indications
were found to be in a veranda out of the sun’s rays.

Should future experience confirm the accounts of the
sanitary virtues of its climate, this mountainous region,
says Mr. Young, may become an asylum for such as have
lost their health in other parts of India, not only super-
seding expensive voyages to the Cape and the Isle of
France, but in many cases a trip to the mgiler-country.
To such of the civil and military servants of the India
Company as have outlived ull their relations and friends
in Europe, and to whom a return thither would amount
to a melancholy species of banishment, the Nhilgerries
present a delightful asylum for the remainder of their
lives,—a sort of Eurasian climate, and within a moderate
distance from the friends of their adopted country, many
of whom they may expect to see on the hills.*

A report has lalety been published in regard to a Sana-
tarium for the Calcutta district at Dargeeling in the Sikkim
mountains, The travelling distance of Dargeeling from
Calcutta is about 330 miles. It is situated on one of the
numerous branches of the Sinchul mountain, elevated
nearly 9000 feet, wnd forming a remarkable feature in
every view of the Sikkim hills from the plains. €aptain
Herbert, wlo visited the spot on the part of the govern-
ment, is of opinion that tEe climate, salubrity of the ap-

roaches, and the convenience of the situation, all speak
1n its favour. Itselevation above Culcuttais 7218 feet,and
its mean temperature is calculated to be 249 below that of
Calcutta, and only 29 above that of London (529).

Accommodation for invalids has been provided at
Simla, a station among the hills between the Sutledge and
Jumna near Subhatoo, and 7500 feet above the sea.
Even the winters here are much less rigorous than in Eng-
land, with the advantage of powerful solar radiation, which
is said to increase as we ascend higher on the mountains,

® See a further account of these hills iu the 3rd vol, of the Journal of the
Asiauc Boclet), pug: 650,
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Pogree, which can be reached by sea at all seasons
from Culcutta in two days, is a station whose pure and
invigorating aii, together with its equable climate, render
it onc of the most salubrious spots ®n the East. Dr.
Brander says, the best months for convalescents residing
at Pooree arc Fcbruary, March, April, May, and the
carly part of June, which, as they are found to be the
months apparently the most trying to the European
constitution in other parts of India, become, in a ratio
corresponding with the difference of temperature and
other loral advantages, relatively the most healthy and
and the besygsuited to a sojourn on the coast. At that
period the south-west monsoon prevails, and seems to
exert with greatest effect its prophylactic influence over
the convalescent visiter, who is not a little gratified to
find, instead of the tatties and artificial refrigeration
necessarily cmployed at inland stations, a never-failing
source of cool air in the renovating sea-breczes. Although
a preference has been assigned to the above months, it is
not easy, in a climate on the whole so uniform as this, to
point out with precision the petiod of the year that may be
cousidered as the healthiest; the mostagrecable, and pro-
bably tiie most congenial to the feelings, are thc months
comprised between October and February inclusive, when
the thermometer ranges between 640 F. and 76° F.  The
extremes of temperature during the twelve mouths are 64°
and 89% subject to very little variation during the twenty-
four heurs.  June, July, August, and September, may be
considered as the unfavourable months. Seeing how

_entirely rcmote Poorce is from the sources of discase pecu-
liar to inland stations, the salubrity and uniformity of its
climate, its ready access at all periods of the year, and
farther, the bencfits the voyage holds out to the invalid
and those sinking under tropical discase, it is probably
difficult, with such available advantages, to fix upon any
spot better suited for a sanatarium or convalescent re-
treat, than the one under consideration; a visit to which
might, in many instances, preclude the necessity of
undertaking voyages to Europe or the Cape,—performed
frequently with considerable sacrifice and inconvenicnce.
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CHAPTER IL

HYDROGRAPHY.

@prings—Hot Springe—Wells—Lakes—Rivers—The Ganges—Length of the
Rivers of India—Cataracts.

Springs.—Although India, like other great tracts
of country, contains many springs, these have hitherto
attracted but little attention. The temperature of
but few of them is known; their magrfitudes and
geognostical situations are scarcely ever mentioned;
and their chemical composition, excepting in a very
few instances, has been neglected. The most im-
portant feature in the natural history of common or
perennial springs, namely their temperature, is rarely
noticed, although a knowledge of this fact is illus-
trative, not only of the mean temperature of the
climate, but also of the elevations of the land above
the level of the sea; and our information in regard
to their chemical nature is equally meagre.

Salt Springs, althongh met wilh in saline soils,
in some instances probably connected with a salt
formation, might be shown to exhibit interesting
relations; yet they are not so curious in a general
view as the hot springs in different parts of India,
concerning which the following details are worthy of
being communicated to our readers.

Hot Springs.—The appearance of hot springs in
a country never fails to interest the geologist, be-
cause, independently of high temperature and other
properties, their intimate connexion with igncous rocks
and distorted conditions of the strata, shows not
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only that a subterranean heat still exists, to which
they owe in some degree their elevated temperature,
but also that they may have burst forth during
some early subterranean igneous action.

They occur among the primitive and secondary
strata of the Peninsula, and flow from primitive
and transition rocks in the Himmalehs. Tuus Heyne
says he heard of a hot spring situated in the middle
of the river Godavery, near Badrachellum, about 100
miles west from Rajahmundry. Spilsbury mentions
two hot springs in the valley of the Nerbudda, at
the northern base of the Mahadeo hills, They are
much resorted to; not indeed for medicinal purposes, '
but principally as a place of pogja or worship, though
people bathe at times for the cure of cutaneous dis-
orders. At both a sort of reservoir has been con-
structed; but the western spring, near Sohagpoor,
is the only one that can be bathed in; and even
its heat is too great to allow a person to remain
in it above a few seconds, while the eastern one is
so hot that the hand can scarcely be dipped in it.
Both emit a very offensive smell at the spring head:
but the water from the western, on cooling, almost
totally loses this smell; whereas that from the east-
ern, or one near Futtypore, retains it a long time.
A lamp held over the place where the west or
Unhonee spring bubbles up, is immediately extin-
guished; and at about five or six paces off is a
cold spring. In a paper by the late Dr. White,
lately read before the Royal Asiatic Society, mention
is made of hot wells situated about fifty miles south-
cast of Surat. The temperature of one is 111° F., of
another 120°. Mr. II. Wilson notices kLot springs in
Ramghtir, that flow from the base of the granite table-
land of Hazareebagh. There are four springs at the
spot, varying counsiderably in temperature; the water of
onc is at the temperature of the' atmosphere, that of
another is 1080 F., whilst that of the other two is seve-
rally 170° F, and 178°F, From the last of these arises
much sulphureted bydrogen, the odour of which continues
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to be felt long after the water is cool. The water yields a
copious residuum upon evaporatioa, having as its chief
ingredients muriate and sulphate of soda, with a very
slight indication of sulphate of iron. It is not unplea-
sant to the taste, and the cattle are said to be very fond
of it. When drunk in sufficient quantity it acts as a
gentle aperient. Captain Franklin mentions a hot spring
flowing from new red sandstone, near the river Bagin, in
the Pana diamond-district in Bundelcund. In the neigh-
bourhood of Uteer, a village about thirty miles distant
from Pooree, there is a hot mineral spring; but Dr.
Brander, who mentions it, gives no details in regard to
its temperature. Setacuno on t.e Ganges, according to
Dr. Adam, is celebrated on account of its hot spring,
which, like those in Southern Africa, described in a
volume of the Edinburgh Cabinet Library, issues from

uartz rock. This spring is about 500 or 600 yards

rom the river. When Dr. Adam visited it in November,
it was running in full stream; but before and during the
early part of the rainy season he was told it always dried
up, and when low indicates merely the common tempe-
rature. He found the sensation of keat intolerable when
the hand was immersed in it, and the thermometer stood
at 1400 F, at all parts, as well near the surface as within
a few inches of the bottom. Excepting the increase in
the temperature, this water possesses no sensible proper-
ties different from rain or common spring water; it is
clear and tastcless: gas was constantly disengaged from
the surface in large bubbles, but the nature of the gas
"has not been determined. Many virtues are attributed
to the waters in the cure of diseascs; and the Bramins,
who take charge of it, derive cosiderable emolument
from the crowds resorting thither for relief. Mr. Ludlow
describes a hot spring at the town of Sonab, about thirty-
five miles west from Delhi and fifteen from Goorgaon, at
the eastern face of the Mewat hills, which are of sand-
stone, with dispersed iron ore. Close to one of the most
craggy and precipitous of this range is the spring in
question, which issues out of a hollow dug in the rock.
The water, being at a temperature of 108° F., is seen
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bubbling up, abundantly charged with gas and so impreg-
nated with sulphur as to diffuse a strong smell through
that part of the town in which the spring is situated.
The well is cut out of the solid rock, about thirty feet
deep, in the centre of a basin sixteen feet square, with
steps leading down to the water for the convenience of
bat‘ning. The whole is covered by a beautiful dome of
ancient architecture, and surrounded by apartments with
open verandas, which’ form a court orarea. Mr. Ludlow
says the water contains no iron, and may be classed with
the strongest of the sulphureous waters.

At Jauvi, on the northern bank of the Sutledge, eight
or ten hot springs burst forth a few feet from the river.
A thermometer plunged into one of them rose to 1303°
F., while the temperature of the river at the time, the 1st
of October, was 61°.  The water has a sulphureous smell,
with a very disagreeable brackish taste, and incrusts the
stones with a yellowish matter resembling sulphur,
Gerrard noticed hot wells among the mountains at the
head of the same river, 13,000 feet above the level of the
sea. A range of hot springs, which threw up clouds of
steamn, was observed by Captain Hodgson toward the
head of the Ganges. The same enterprising traveller
discovered, in the upper part of the Jumna, hot springs
at Oetha-Gur, Bannassa, and Jumnotree; at the last-
mentioned place an arch of snow forty feet thick extends
across the nascent stream, and completely conceals the
ravine from which it takes its rise. Under this arch afe
numerous hot springs, Their vapour melts the snow
from below upwards, so as to forin cavitics and arches,
while tl.e snow is perpetually falling from above. The
temperature of the water, where it issues from the rock,
is 194¢ F., which, considering the élevation, 10,849 feet,
is nearly the boiling point of water, Tlese springs issue
from rocks of granite and deposite oxide of iron. Some
of them are s‘)outing, being pmgecgéd upwards in columns
of considerable magnitude. They are of gieat sanctity ;
and at a spot used for bathing a considerable one rises
in a pool of the river, and reuders it milk-warm. This
jet is both seen and heard as it plays under the surface.

5
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‘Where the Soar and the Elgie flow towards the Ganges,
there occurs on the opposite bank of the former a series
of hot springs, said to issue from primitive rocks.*
Wells,.—On sinking pits or shafts, we in most districts
at length reach some reservoir, from which water rises
upwards and forms wells. Owing to the peculiar nature
of the climate in many parts of India, wells are of vast
importance in supplying the deficiency of rain. In the
Ba?aghaut country, or the country between the Krishna
and Toombuddra in the north and the Mysore on the
south, when taken possession of by the British, fifty
thousand wells were reckoned. Even in the great
Western Desert, wherever pits are sunk to a sufficient
depth, water is met with. 'T'hese wells in the Desert are
often 300, and one was observed 345 feet deep; with
this enormous depth some are only tiiree feet in diameter.
The water, which is always brackish, unwholesome, and
so scanty that two bullocks working for a night with ease
empty a well, is poured into reservoirs lined with clay,
which Mr. Elphinstone’s party drank dry almost in an
jnstant after their arrival. 'The wells are lined with
masonary. The natives have a method of covering them
with boards heaped with sand, that effectually conceals
them from an enemy ; so that scarcity of water is at once
their wo and protection. Mr Elphinstone notices a
magnificent well of fine witer under the walls of the fort
of Bikaneer, 300 feet deep, and fifteen or twenty-two feet
in diameter. Four buckets, cach drawn by a pair of oxen,
were worked at once ; and when a bucket was let down
jts striking the water made a noise like a great gun. In
India, as in other countries, water might be brought from
below in such quaintity asto fertilize arid and desert
tracts, especially if advantage were taken of the clay and
marl so often met with during the sinking of shéfis and
its.
P A curious mode of sinking wells is mentioned by Heber,
as being employed by the natives of the country between

¢ C. Betts Esq. discovered a hot spring in the river Damnuda, about 6 miles
‘ln';m the Pachele Hills. ‘Ihe heat is 1909 Fub. The spring 1s alightly cha.
lybeate, .
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Agra and Jeypore. They build a tower of masonry of
the diameter requjred, and twenty or thirty feet high from
the surface of the ground. This they allow to stand a
year or more, till its masonry is rendered firm and com-
pact by time, then gradually undermining it, the whole
tower sinks without difficulty into the sandy soil. When
level with the surface they raise its wall higher, and so
ﬁo onthrowing out the sand, and raising the wall, till they

ave reached the water. If they adopted our method,
the soil isso light that it would fall in before they could
possibly raise the wall from the bottom ; nor without the
wall could they sink to any considerable depth.

LAKES., *

In India the waters of the land are principally distri-
buted in the form of rivers and springs, lakes being of but
‘rare occurrence, and the few that do appear of inconsi-
derable size. Some of these lakes are salt, others fresh,
ang a few owe their chief characters to carbonate of
soda.
Salt Lakes.—A salt lake, twenty miles long by one and
a half broad, occurs near Samber, a Rajpoot town in
north latitude 260 53’, and longitude E. 74° 57°. The
salt from this lake supplies a considerable portion of Upper
India, and during the Mogul government it was carried as
far as Benares and Bahar. Every year after the rains the
water becomes.so strongly impregnated, that when the
lake dries up the salt is found crystallized in large quan-
tities under a layer of mud. It1s collected towards the
close of the hot scason without having undergone any
artificial process; it is then spread out and exposed to
the sul for ten or fifteen days, in which space of time
it Lardens and forms large lumps; on these lumps a
quantity of dry grass is placed ans set fire to, which cal-
cines the «xternal surface and forms a covering suffici-
ently hard to resist the rain. In this last state it is sold,
and reaches the difterent markets. There arc many other
\salt lakes in this part of India, as those og Didwana
5 J

I
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and Ser; indeed, the soil thronghout India is so impreg-
nated with salt, thatitis very rare to see a hollow or low
spot without a saline efflorescence on the surface.

In Berar there is a salt lake named Loonar, which,
according to Captain Alexander, lies in a sort of cauldron
of rocks. It contains in the 100 parts, muriate of soda
20, muriate of lime 10, muriate of magnesia 6, The
chief use to which the sediment is applied is cleansing
the shawls of Cashmere. It also froms an ingredient in
the alkaline ley of the Mohammedans. High in the
Himmalehs, towards the sources of the Indus, salt lakes
were observed by Mr. Garrard at an clevation of 16,000
feet. Natron or soda lakes are said to occur in certain
parts of the Himmalehs.

Fresh Water Lakes.—A large fresh water lake, or
rather jeel ndmed the Colair Lake, formed chiefly
of the overflowings of the Krishna and Godavery,
is situated at the north-east projecting coiner of the
Condapilly Circar, about five miles south from Ellore,
whence the water is conducted into many channels
to irrigate the circumjacent country. Its breadth, accord-
ing to Hamilton, varies from seven to twelve miles, while
its extreme length may be estimated at twenty-two miles,
covering an area of about 164 square miles. On a failure
of the periodical supplies the lake dries up, and drinkable
water becomes so scarce that the poorer inhabitants are
compelled to migrate, and suffer privations almost equal
to famine. Magnificent artificial fresh water lakes,
formed by dykes built across rivers, are described b
Dangerfield as occurring in Mewar, The lake of Cash-
mere and that of Manasawara in Thibet, although in
xlm:lqy respects interesting, do not properly belong to

ndia.

RIVERS.,

The rivers of India may be classed under two divi-
sions, viz. those that flow from the Himmalehs, and those
that take their rise in the mountains of the Peninsula.
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They carry with them to the ocean not only a vast body
of water, but an enormous quantity of the debris of the
Jands through which they pass. The Himmaleh rivers,
as the Indus, Ganges, am{’ Brahmapoutra, obtain their
supply of water partly from the snows and glaciers of the
mountaius, and partly from the rains of the mon-
soons; while those of the Peninsula are entirely supplied
by the monsoon rains. The rivers most celebrated in
history and geography are the Indus, Brahmapoutra, and
Ganges; the latter is the most important to India as a
great province of the British empire. From its elevated
source, nearly 15,000 feet above the level of the sea, the
Ganges winds through mountainous regions for fully 800
miles, and issues into the open country at Hurdwar, in
latitude 30° north. During the remainder of its course
to the sea, which is about 1350 miles, flowing as a smooth
navigable stream through delightful plains, it receives
cleven great rivers, some of which are equal to the Rhine,
and none smalier than the Thames, besides as many
others of lesser magnitude. » It is owing to this vast influx
of streams that the Ganges, in point of magnitude, so
greatly excels the Nile, whilst the latter exceeds it in
length of course by one-third. Like the Nile it has a
vast Delta, which exhibits the usual characters of such
alluvial formations. To the natives the inundutions of
this river are equally objects of interest, as are those of
the Nile to the Egyptians. These annual overflowings
of the Ganges are owing as much to the rains and to the
melting of the snow among the mountains beyond Hurd-
war as to the rains that fall in the plains; for at the latter
end of June the river has risen fifteen feet and a half, out
of thirty-two, the sum total of its risinz; and it is well
known <hat the rainy season dors not begin in most of
the flat countries till about that time. In the mountains
the rains commence carly in April, and near the latter
end of that month, when the rain.water has reached
Bengal, the rivers bezin to rise, but by very slow degrees;
for the i.crease is only about one inch per day for the
first forinight. The increase then gradually au:ments to

two and three inches, before any quantity of ragn falls in
C
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the flat countries; and when the rain becomes general,
the increase on a medium is five inches.per day. Before
the end of July all the lower parts of Bengal contiguous
to the Ganges and Brahmapoutra are overflowed, and
form a lake of more than 100 miles in breadth; nothing
appearing but villages and trees, excepting very rarely
the top of an eleveted spot, or the artificial mound of
some deserted village rising like islands in the flood.

The inundations in Bengal differ from those in Egypt
in this particular, that the Nile owes its floods entirely to
the rains that fall in the mountains near its source; but
in Bengal they are as much occasioned by the rain that
falls in the country itself as by the waters of the Ganges;
and as a proof of this, the lands in general are overflowed
to a considerable depth long before the bed of the river
is filled. It may be remarked that the ground adjacent
to the bank, to the extent of some miles, is considerably
higher than the rest of the country, and serves to sepa-
rate the waters of the inundatien from those of the river
until it overflows.* The high ground is in some seasons
covered a foot or more; but the depth in the lower coun-
try varies, of course, according to the irregularities of
the ground, and is in some places twelve fect. Even
when the flood becomes general, theriver still shows
itself, as well by the grass and reeds on its banks as by
its rapid and muddy stream; for the water of the inun-
dation acquires a blackish hue, by having been so long
stagnant amongst grass and other vegetables; nor does
it ever Jose this tinge, which is a proof of the predomi-
nancy of the rain water over that of the river. The slow
motion of the inundation, which does not exceed half a
mile per hour, is owing to the flatness of the country.

There are certain tracts of land which require less
moisture than others, from the nature of their productions;
these are defended from the floods by vast dykes, which
are kept up at an enormous expense. One branch of

* This property of the hank is caused by the deposition of mud from the wa.
ters of the river when itoveiflows. The inandation, as Bufion remarks, purifies
itselt in its advance over the plain ; so that the depusition must be greatest om
the parte uearest $o the margin of the river,
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the Ganges is thus confined to the breadth of the Thames
at Battersea for an extent of seventy miles; so that when
the river is full, passengers look down on each side as
from a lofty eminence into the subjacent country. During
the swollen state of the river the tide loses totally its
effect in counteracting the stream, and in a great measure
its ebbing and flowing, except very near the sea. The
following is a table of the gradual increase of the Ganges
and its branches, according to observations made at Jel-
linghy and Dacca:—
At Jellinghy, At Dacca.
Fi In. Ft. In.
In May it ro8e,.ccverecccccececes 6 6oveereae 2 4

B TS * I TSP Y ]
July,eecennienn.. vivessrnsavesl2 6eceeeaee B 6
The first hulf of August........ 4 0....0..0 111

32 6 14 8

These observations weré made in a season when the
waters were higher than usual; so that we may take 31.
feet for the medium of increase. Theinundation is at its
height, and continues without diminution for some days
before the middle of August, when it begins to run off;
for although great quantities of rain fall in the flat coun-
tries during August and September, yet by g partial ces-
sation of the rains in the mountains there happens a defi-
ciency in the necessary supplies. The quantity of the
daily decrease of the river is nearly in the following
proportions :—During the latter half of August and all
September, from three to four inches; from September
to the end of November, it eradually lessens from three
inches to an inch and 26 half; and from November to the
latter end of April, the decrease is only half an inch per
day at a medium. These proportions must be under-
stood to relate to such parts of tl.é river as are removed
from the influence of the tides. - The decrease of the
inundation does not always keep pace with that of the
river, by reason of the height of the banks; but after the
. beginning of October, when the rain has nearly ceased,
what remains of the wateris quickly evaporated, leaving
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the lands highly manured, and in a state fit to receive the
seed after the simple operation of ploughing.

The quantity of sediment contained in the water of the
Ganges, according to Rennell, is truly astonishing. “A
glass of water,” he says,” taken out of this river when at

_1ts height, yields about one part in four of mud. No
wonder, then that the subsiding waters should quickly
form a stratum of earth, or that the dcl.a should encroach
on the sea.” Rennell also computed the mean quantit
of water discharged into the sea by the Ganges througz
the whole year to be 80,00 ) cubic feet in a second. When
the river is most swolleu, and its ve locity much accelerated,
the quantity is 405,000 cubic feetin a second. Other
writers agree that the violeuce of the tropical rains, and
the fineness of the alluvial particles in the plains of Ben-

al, cause the waters of the Ganges to be charged with
orcign matter to an extent wholly uncqualled by any
large European river during the greatest floods. The
Gangesfrequently sweeps down large islands, and Cole-
brooke relates examples of the rapid filling up of some
branches of this river, and the excavation of new chan-
nels, where the number of square mi'es of soil removed,
in a short time was truly astonisning, the ~olumn of
earth being 114 feet high. ~ Forty square miles, or 25,600
acres, are meationed as having been carried away in one
district in the course of a fvw years. 1f we compare the
proportion of wud, as given by Rennell, with his com-

utation of the quantity of water discharged, very strik-
ing results are obtained. If it were true that the Ganges
in the flood season coutained one part in four of mud,
we should then be obliged to suppose that there passes
down every four days, a quantity of mud equal in volume
to the water which is discharged in the course of 4wenty-
four hours, If the mud b?assumed to be equal to one-
balf of tre specific gravity of granite (it would, however,
be more,) the weight of matter daily carried down in the
flood-scasons w.uld be equal to s-venty-four times the
weight of the Great Pyramid of Egypt. Even if it
shoull be proved that the turbad waters of the Ganges
coniain one part in 100 of wud, which is affirmed to be
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the case in regard to the Rhine, we should be brought to
the extraordinary conclusion, that there passes down
every two days into the Bav of Bengal a mass about equal
in weight and bulk to the Great Pyramid.

The following table is given by Hamilton of the pro-
bable length of some of the rivers of India:—

Miles to the Sea.”
b T T T PR |

2. Jumna (to 118 yunction with the Gauges, 780 miles),. .. ... 1500

3. Sutledge ?o the Indus, 900),..... ceteesssenrsossasas. 1400
4. Jhylum (ditto 751),0cceerecescecsnsansnassrsnscensss1250
5. Guundock (to the Ganges, 450,............ ciressneses, s 980
6 Goduvery,......... caseee eeresessrssecasanse ceseasnes 850
7. Krishna,, ;o v0veeennn P 11
8. Nearbudda,...c....... P ]
9, Mabanuddy........... 4ae esee sseseccssseststcencsass DI0

10 Tuptee,,.iciieraranerees tases srees sovsases sonee 460
1l Cl"l'y,..oo- cetsecseasesesanes sosesvcosevescesaas J0O

. CATARACTS.

The Ganges, Indus, and Brahmapoutra, during their
course amongst the mountains, exhibit cascades hitherto
but imperfectly described. Some very splendid and beau-
tiful waterfalls are met with in the Peninsula; the most
considerable are those of Bundelcund, of the Western
Ghauts, and of the River Cavery

Falls in Bundelcund.—The only account we have met
with of these magnificient falls is given by Captain
Franklin. He visited all that are between the Katra

ass and the Tones river. The first is near the village of

ilohi, about twelve miles west from the pass of Katra,
where the fall of water is 398 feet, and the rocky wall of
red sandstone over which it is precipitated nearly perpen-
dicular., Ten miles farther west is the cataract of Bouti,
400 feet in height, which is very picturcsque, owing to
the great extent of the circus over which it falls. At
Keuti, twenty-four miles farther west, is another full 272
feet in height; and westward still, at Chachai, one 362
feet high. At a short distance from Chaclai is the
cataract of the Tonse, where the volume of water is
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greater than in the others, but the fall less, being only
200 feet.

Many of the waterfalls in the Western Ghauts, although
exhibiting magnificent scenes during the rains, are com-
pletely dried up in the hot season. There are many fine
cascades in the Ghauts above Honoor, which for sub-
limity and magnitude will probably yield to few in the
world. They have hitherto been little visited, even by
Europeans in India; and it is, we believe, only within
the last ten or twelve years that they have received a
name. They are situated on the river Shervutty, about
fifteen miles up the Ghauts from the town of Garsipa,
and are now known to Europeans by the name of the
Falls of Gursipa.

Falls of Garsipa.—The country in the neighbourhood
of the falls, says Dr. Christie in a cotmmunication o us,
is extremely beautiful, combining the majcstic appear-
ance of a tropical forest with the softer characters of an
English park. Hill and dale are covered with soft green,
which is finely contrasted with a border of dark forest,
with numerous clumps of majestic trees, and thickets of
acacias, the carunda, and other flowering shrubs.

Upon approaching the falis you emerge from a thick
wood, and come suddenly upon the river, gliding gently
among confused masses of rock. A few ste}:s more, over
huge blucks of gianite bring you to the brink of a fearful
chasm, rocky, bare, and black; down which you look te
thedepth of 1000 feet. Over its sides rush the different
branches of the river, the largest stretching downwards
without a Lreak in one huge curling pillar of white foam.
Bencath, the waters, by the force of their fall, are pro-
jected far out in straight lines; and at some distance
below the falls form a thin cloud of white vapour, which
rises high above the surrounding forest. The®sides of
the chasm arc formed by slanting strata of rock, the
regularity of which forms a striking contrast to the dis-
order of the tumultuous waters, the broken detached
masses of stone, and the soft tiut of the crowning woods,

The effect of all these objects rushing at once upon
the sight is truly sublime. The spectator is generally
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obliged to retire after the first view of them, in order
gradually to familiarize himself with their appearance; for
the feeling which he experiences in suddenly coming on
them amounts almost to pain. After the first impression
has somewhat subsided, and he has become accustomed
to the scene, he can then leisurely analyze its parts, and
become acquainted with the details.

The chasm is somewhat of an elliptical form. At its
narrowest and deepest part is the principal fall; smaller
branches of the river and little rills dash over its sides,
and are almost all dissipated in spray before they reach
the bottom. The principal branch of the river is much
contracted in breadth before it reaches the brink of the
precipice, where it probably does not excced fifty or sixty
feet; but it contains a very larze body ol water.

The falls can only be seen from above, for the cliffs on
both sides of the river afford no path to admit of a
descent.  Some gentlemen had attempted to reach the
Bottom by having themselves loweicd by ropes ; butno

“oue has hitherto succceded. A view of the falls from
below, says Dr. Christie, would, I am convinced, exceed
in grandeur every thing of the kind m the world. The
spectator can very easily, and with great safety, look
down into the chasm to its very bottom. Some large
inclined plates of gueiss project from its cdge; so that
by laying himself flat upon ore of these he can stretch
his head considerably beyond the brink of tha precipice.

Although no accurate measurement has yet been made
of the height of these falls, it would appear from Pr.
Christie’s account, that they canmot be much short of
1000 feet.

Falls of the Cavery.—The falls in the course of the
river Cavery, still farther south in the Peninsula than
Garsipa, "are celebrated by travellers. Of these two are
parti]::ularly noticed, viz. the Ganga Chuki and Birra
Chuki. , m————r
““The branch of the river which forms the Ganga Chuki
is subdivided into two lesser ramifications, a short dis-
tance above the fall. The nearest and by much the
largest of these streams is broken by projecting masses
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of rock into one cataract of prodigious volume and three
or four smaller torrents. The water of the large cataract
plungzes into the ravine below, from a height of from 100
to 150 feet; while the smaller torrents, impeded in their
course by the intervening rocks, work their way to a dis-
tance of about 200 feet from the base of the precipice,
where the whole unite,—the other detached portion of the
river precipitating itself at the same time in two columns
from a clitf about 200 feet high, the rapid above flowing
nearly at right angles with the principal branch. The sur-
rounding scenery is wild, and the whole offers a most
striking spectacle, especially during the height of the
rains.

The second cataract is that of another arm of the
Cavery, at a spot called Birra Chuki about a mile from
the fall above described. Tle channel of the river here
is spread out to a magnificent expanse, and its stream
divided into no less than ten distinct torrents, which fall
with infinite variety of form over a broken precipice of
more than 100 feet, but presenting no single body of
water equal in volume to the main fall at Ganga Chuki.
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CHAPTER III.

GEOLOGY AND MINERALOGY.

Geology and Mineralagy—1. Salls of bndia, viz. Soll of Bengal; Colton ground;
Musaree Soi! ; Laterite 80il; Nitre 8cil ; Soda Soil; Salt Soll—2. Geognos-
tical Structuie and Compaosnion of India—1. Hj leh or Alpine Region; Its
Racks, Minerals, and Mines -2. Middle India; Its Rocks, Minerals, and
Mines—3. Peninsular ludia; Its Rocks, Minerals, and Mines—1. Submer-
aence and Upraising of Land- 5. Destruction of the ancient City of Ougein
and other Places in laudia by a Suower of Volcanic Ashes—6. Earthquakes.

RecarDpInG the geology and mineralogy of India our
information is very defective, and many years must elapse
before even the general geognostical and mineralogical
relations of so vast a region can be determined. The
india Company has muniticently patronised the researches
of the botanist ; it is now time to encourage and forward
other branches of science. © We expect ere long to hear
of the establishment of meteorological observatories
amply furnished, in well selected stations, from Cape
Comorin to the centre of the Himmalehs ;—to find
carried on by scientific men throughout India those
important investigations requisite for the illustration of
hydrography ;—to rejoice in the appointment of active
aud experienced geologists, mineralogists, and zoologists,
for every part of our Eastern empirc.* What is known
of the geology and mineralogy of India, has arisen from
the labours of Hamilton, Buchanan, Heyne, Voysey, Dan-
gerfield, Turnbull Christie, Franklin, Adam, Hardie,
Webb, Herbert, Gerrard, Hodgson, Calder, Govan, and
others. *To such as have no opportunity of consulting
the memoirs and works of these naturalists, the following
short view of the geology of India may not be unpro-
fitable.

* Dr. Turnbull Christie. we are happv to announce, bas been appointed by the
Indla Company to investigate the geology of the Bombay Presidency. A more
fortunate sclection could not have been made,

T
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I. SOILS OF INDIA:

The soil of India, as that of other countries, is formed
principally by the action of the atmosphere on rocks, and
dead animal and vegetable matter; the broken down or
disintegrated rocks mixed in various proportions with
decaying organic substances, giving rise to the different
species of soil. These soils hayve paticular names in dif-
ferent parts of the country, and in many instances the
distinctions are not without their practical utility,. We
connot attempt to give a detailed view of this subject,
even were it required in a work of this description; what
we consider necessary, we shall therefore include under
the following heads:—1. Soil of Bengal. 2. Cotton
ground or regursoil. 3. Musaree soil. 4. Nitre or salt-
petre soil or ground. &. Soda soil or ground. 6. Salt
soil or ground.

1. Soil of Bengal—There is no rock of any kind on'
the banks of the Hoogley, nor do we meet with any after
entering on the principal stream on the Ganges, until we
approach the province of Bahar. The whole country
seems to consist of a mixture of clay and sand, in such
proportions as to form a compound well adapted for the
purposes of vegetation, and conducing, in no small
degree, to that fertility for which the plains of Bengal
are so celebrated. Disseminated scales of mica often
give to this soil a glimmering appearance, and when
mingled in minute grains with the sand, more or less
prevalent on the banks of the river during its whole
course, they impart a brilliant lustre to the extensive
plains, Strata of sand of various colours are frequently
observed lying over each other ; these seem to have becn
formed in successive scasous; above them is a mixed
soil, or sand approaching to soil. When not destitute
of herbage the surface bears a coarse grass or reads.

On the Fertilizing Principle of the Fnundations of
the Hoogley,—It is generally supposed that the fertilizing
principle of the inundations of the great tiopical rivers
18 vegetable matter in various states of decomposition.
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The following details in regard to the s/t of the Hoogley
are at variance with that opinion. It is well known,
says Mr. Piddington, that while the tracts within the
reach of the inundation preserve their original fertility the
higher soils are gradually and rapidly becoming impover-
1shed, and this to a degree of which few, who have not
made the subject one of attention, are aware; there are
some crops which cannot be repeated, unless at intervals
of three or four years ; while on the lowlands these crops
have been continued for a period beyond the memory of
man. Indigo is a striking, and the most familiar
instance of what is here advanced; the following analyses
were made with a view to some improvement in the cul-
tivation of thatplant. Portions of the silt or mud depo-
sited by inundations were procured from Bausbariah near
Sukhsagar, and from Mohatpur ncar Kissinuggur; the
analysis of each gave in two hundred parts,—

¢ silt from Siit from
Bunsbariah.  Mohatpar,

\Valer,.....--......--..n.'....-.u.u.. 2 ceevenes 2
Saline mutter, prancipally muriate of potash, 0}........ 0
Vegeatuble matter destructible by heat,.,,,.. 48........ 4

Carbonate of lime,..cceecveve coosseccoes 124 0cienee 164
Phosphate of lime,essveccesss soeesssese 0 ciniane . 1
Oxide of iroD,e.eeerrecrear-ercsaccrssees 12 toveeaes 12
Silica,ececeaicncrscssrascesarsacersnesesdIb cvreanns 139
Aluming,.coc-cciveeenncnnas eevensenseee 6Ll .o 14%
183 180}

Loss,....60, 93

200 200

The uunlooked-for circumstance of only two and a half
per cent. of vegetable matter being found in these speci-
mens, appeared almost to show that such matter was not
the fertilizing principle, or at least not exclusively. On
the other hand, from six to eight per cent. of calcareous
matter appearing in them, whcn, in an extensive series
of analyses of the higher soils, this was always found
remarkably different (seldlom more than 075 to l. per
cent.), it seemed probable that the calcarecus matter was

T3
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the great agent; and in as far as regards indigo this was
found by experiment to be the fact,—for a minute por-
tion of lime was found to increase thé produce upwards
of 50 per cent. In considering this subject farther, it
occurred to Mr. Piddington that lime might probably
exist in solution amongst the rich mud on which the seed
is sown as the waters retire,—and this was found to be
the case; a quantity of it being procured at the moment
of the subsidence of the waters, it was foynd that the
drainings were highly impregnated with carbonic acid
gas, and that lime was held in solution by it,—a fact
which perhaps throws some light on the phenomena of
the formation of kunkur.

2. The Cotton Ground or Regur Soil forms one of the
most ‘interesting features in the physical geography of
many districts in India. It probably originates from the
disintegraticn of trap rocks. It varies in depth from two
or three to twenty or thirty feet, and even more; its
extent is prodigious, as it covers all the great plains in
the Deccan and Candeish, some of those in Hydrabad,
and perhaps also those of other parts of India. This
soil is as remarkable for its fertility as for its very
great extent ; and a curious circumstance is that, it never
lies fallow, and never receives the slightest manure. Even
the stems of the cotton-plant are not allowed to remain
on it, being employed for making baskets, or used as
firewood ; moreover, in all those parts of the country
where the cotton ground is met with, there is so little
wood that cow-dung is carcfully collected and dried for
fuel, Cotton, javaree, wheat, and other grains, are raised
from it in succession; and it has continued to ufford the
most abundant crops, without receiving any return for
centuries, nay, perbaps, for 2000 or 3000 years,—thus
proving the inaccuracy of the opinion held by-agricul-
turists, that if something be not constantly added to
land equal to what is taken from it, it must gradually
deteriorate. Attention must be paid to the order of crop-
ping; but if the weather be fuvourable the ryot is al-
ways sure of an abundant harvest.

’{’he fertility of this soil is probably owing in part to its
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power of absorbing moisture from the atmosphere. This
yower is great, even when compared with the best soils
in Britsin. A well-known writer, Sir H. Davy, says,
1 have compared the absorbent powers of many soils
with respect to atmospheric moisture, and I have always
found it greatest in the most fertile soils; so that it
affords one method of judging of the productiveness of
land.” He farther states, that 1000 parts of a celebrated
soil, from Ormiston in East Lothian, when dried to 2129,
gained in an hour, by exposure to air saturated with
moisture, at a temperature of 629, 18 grains; and that
1000 parts of a very fertile soil, from the banks of the
river Pariet in Somersetshire, under the same circum-
stinces, gained 16 grains. The following are the results
of some experiments made by Dr. T. Christic on the
absorbent powers of the cotton soil. He thoroughly dried
a portion of the earth by a heat that was nearly sufficient
to char paper. He then exposed to the atmosphere of a
moderately damp apartment 2615.6 grains of it, and
found, after a few days, that it had gained 147.1 grains.
He now exposed it to an atmosphere saturated with mois-
ture, and l}(’)und that the weight increased daily till the
end of a few wecks, when it was found to be 2828.4
grains, The soil had therefore gained 212.8 grains, or
about 8 per cent.

In the hot season the regur or cotfon ground is tra-
versed in all directions by very deep fissures. In the
rainy season it is in the form of very tenacious clay.
Almost all the crops raised from it are sown towards the
end of the rainy season, and therefore during their growth
receive comparatively little moisture ; often indeed none
but that of the heavy dews descends on them for a length
of time., .

3. Musaree Soil —In many parts of India thereis an-
other soil, named the mussub or mussaree soil, which does
not form extensive plains like the cotton ground, but is
gencrally found at the foot of hills, or in the bottom of
small valleys. At the bases of the sandstone hills it
consists of little else than loose sand. On the sides of
the hills that contain beds of quartz it is very gravelly.

L
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4. Laterite Soil.—The luterite or brick stone affords in
general, on disintegration, a soil not very productive, and
apt to become extremely hard in dry weather; but in the
bottom of many small valleys large deposites of it are
met with, which huve been more perfectly disintegrated
and mixed with other substances, and farm productive
soils. The soils in the valleys of cay-slate districts are
also in many places very good, when the clay happens
to be mixed with fragments of quartz,

5. Nitre or Saltpetre Ground or Soil.—In India this
soil is found in places where there has been a due
admixture of animal and vegetable matter, as in old
populous villages built on black cotton ground, or form-
ing the rich mould of gardens, as in many parts of the
Northern Circars. In such situations, from the begin-
ning of the dry seasons in February till the rains com-
meuce again in May and June, the streets, and parti-
cularly the lower parts of the mud walls with which the
houses are built or the yard surrounded, appear wet and
black in the morning, and crumble down into a fine soft
mould. What collects in ' heap under the walls is
gathered every other day by sweeping. It contains about
one-fifth of its weight of crude saltpetre. The natives
observe that this substance is produced abundantly in
those years in which the preceding monsoon-rains have
becn strongest, and accompanied by a great deal of thun-
der and lightning. A heavy thunder-storm in April or
May is likewise reckoned very favourable for the manu-
facture. When the saltpetre has been extracted from
this earth, it is thrown in heaps, and spread out when the
monsoon is over. After lying a year or two it is swept
every day, and is again found to yield, by sweeping it
every other day, saltpetre earth fit for the manufacture ;
for no potash is added, so that the saltpetre seemhs to be
ready formed in the soil.

The manufacture of saltpetre hardly extends lower than
the eastern limits of Bahar, and it is said that the pro-
duction of nitre is greatest during the prevalence of the
hot winds. These winds blow from the west, and for-
merly did not extend ¢astward beyond Bahar; but from
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the change of seasons within these forty years their
influence is now felt in Bengal ; in which province, on that
account, the extensive manufacture of saltpetre might be
attempted with success.

Saltpetre grounds are frequent in Bengal. The ten-
dency of the soil to reproduce saltpetre 18 very trouble-
some to the builders and the occupants of houses. It
can scarcely,” says Heber, ¢ be prevented from encroach-
ing, in a few years, on the walls and floors of all lower
rooms, 8o as to render them unwholesnme, and eventu-
ally uninhabitable. Ha'f the houses in Calcutta are in
this predicament, and their ground-floors useless. Cel-
lars are unknown in this part of India,

In Tirhoot, one of the principal districts in India for
the manufacture of saltpetre, the soil, according to Tytler,
is everywhere thoroughly impregnated with this substance.
Durmg the rains and cold weather, it appears abundantly
on the lime on the walls of houses. From these and
*other damp spots it may be brushed off every two or
three days almost in basketfuls. The ground too, cven
in the hot weather, is §o moist that it is extremely
difficult either to get earth of sufficient tenacity to make
bricks (the country being quite destitute of stones,) or
when the bricks are made to find a spot sufficiently solid
to bear the weight of a housc. Notwithstanding the
greatest attention, the ground at length yields and the
saltpetre corrodes the best of the bricks to such a degree
that the whole house gradually sinks several inches
below its original level. Houses built of inferior mate-
rials, of course, suftir much more; one, of which the
iuner foundations were of unburnt bricks, absolutely fell
down whilst Dr. Tytler was at Mullye, and the family
had a miraculous escape. Dr. Tytler's own house, one
little bétter, sank so much, and the ground-work was so
evidently giving way, that at great cxpense and incon-
venience he was compelled to pull down the whole of the
inner walls and rebuild them in & more secure munner.
From the same cause a new magagine, which government
had ordered to be built with an arched roof of brickwork,
was, when complete, found so very unsufe that it was
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necessary to demolish it entirely, and rebuild it on a new
plan with a roof of tiles. One hundred parts of nitre
earth or soil from the Tirhoot district, when analyzed by
Dr. Davy, afforded,—
Nitrate of potash,....ecevvvrererssonroesscerenss 8.3
Nitrate of 1ime,,o00s cevveercnsioisrvssaniosnsa 37
Sulphate of lime,....ee veirrecerancrcossconseas 0.8
Common Salt,..oee covene consoscenss ceescoenes 0.2
Carbonate of Ime,...e0 covsesrennncsscencessss 350
Earthy matter insoluble in water and nitric scud,.... 40.0
Water with a trace of vegetable matter,............ 12.0

—

100.0

The soil in many parts of Ajmere is very nitrous.

5. Soda Soil or Ground.—Soil more or less impreg-
nated with carbonate of soda occurs in different parts of
Mysorc, where the soda is separated and used for glass-
making and for washing. Soil of the same kind is found
in the Coimbetoor province, and in many other parts of
the Peninsula of India. Heyne says, the soda of the
Mysore effloresces on a red furruginous soil ; when purest
it is collected by the washermen, and used by them
instead of soap; hence it is known by the name of
washerman’s earth. Soda also occurs in efflorescences
on the surface of cotton ground; but there it is mixed
with a great proportion of common salt, which forms the
principal ol:ijent of a manufactory carried on by the
people called tank-diggers by Enropeans, and sal¢-people
by the natives. Saltworks of this kind are of frequent
occurrence in the Mysore country, which renders impor-
tation of salt from the coast very trifling.

6. Salt Soil or Ground.—In many parts of India the
soil is richly impregnated with common salt, thus forming
a salt soil or ground, as it is sometimes termed. Thus,
near to Vencataghery, common sult appears to be gene-
rally diffused over and through a black poor soil, where it
is collected and used for culinary purposes. Between Bay-
damungulum and Tayculum in the Mysore, Buchanan had
an opportunity of examining oune of the places where salt
is made. The situation was low and moist; the soil a
black mould, consisting of a mixture of sand and clay,
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that from its appearance would have been reckoned good ;
but the impregnation of salt renders it for cultivation
greatly inferior to ‘soils apparently of a worse quality and
free fiom salt. The natives allege, thatif they walk
much on this saline earth their bare feet become blistered.
In the dry season the surface of the earth is scraped off
and collected in heaps. In front of these heaps the
native salt-makers construct a semi-circle of small round
cisterns, each about three feet in diameter and a foot
deep, with sides and floors of dry mud.  Toward the
heaps of saline earth there is in the floor of each a small
aperture, with a wooden spout to convey the brine into
an carthen pot placed in a cavity, below. The floors of
the cisterns are covered with straw, and the saline earth
is put in till it rises nearly to the level of the tops of the
walls. On the surface of the saline earth water is then
poured, which in filtering through into the pots carries
with it all the salt. The inert earth being thrown out
*behind the cisterns is replaced with new earth for saturat-
ing more water. In the mean time the brine is emptied
into @ cavity cut in a rock,’and is evaporated entirely by
the sun. The natives say that the salt is sufficiently
wholesome. The grain is large and consists of well-
formed cubes; but the salt is mixed with much earthy
impurity. Itis principally used by the lower orders,

II. GEOGNOSTICAL STRUCTURE AND COMPOSITION OF
INDIA.

1. Himmaleh or Alpine Region.—It is said that the
principal wvalleys in this Alpinc land are perpendicular to
its direction, that is, run from north-north-east and north-
east to® south-south-west and south-west; and that fre-
quently the-surface exposed to the west is rugaed, while
the opposite one, facing the south-east, is shelving. The
Jorms of the mountains are exceedingly varied, being
described as ncedle-shaped, peaked, conical, ridge-shaped,
and round-backed. Tliere are precipices often of fearful
abruptuess and magnitude, sometimes continuing mural
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or perpendicular for miles, with an elevation of 200 and
300 feet; and, according to some travellers, even of 2000
and 3000 feet. The passes that lcad through this extra-
ordinary region vary in height, from that of Tungrang,
one of the lower passes, which is 13,740 feet, to the pass
of Charang, 17,348 feet above the sea. We possess
but ‘little information as to the general and particular
direction and dip of the strata; even the principal geog-
nostical features of the various formations are scarcely at
all known to us.

1. Primitive Rocks.—From the reports of Webb, Ger-
rard, Franklin, Govan, and Colebroke, it appears that
gneiss is one of the most abundant of the stratified
primitive rocks; associated with it, in some places hav-
g a subordinate character in others predominating,
there occur mica-slate, clny-slate, quartz-rock, hornblende-
rock, polstone, indurated talc, primitive-Limestone, and
gypsum. These rocks are variously intersected by gra-
nite and quartz veins, and in some quarters vast bodies
of granite forming whole mountains, are observed rising
through the stratified 'Neptunean rocks above enumerated.
Schorl and tourmaline are of frequent occurrence in
these rocks. Of the gems, the precious garnet is the
only one we have seen in specimens from the Himmalehs,
nor is any other mentioned by truvellers. It has been
found in granite at the cnormous height of 22,000 feet
above the sea,—an interesting fact, showing that the
garnet is found at a greater elevation than any other gem,
The observations of our pupils in tropical regions, and at
the highest northern latitude hitherto reached by man,
Jikewise show that this beautiful precious stone ranges
from the equator to the vicinity of the nortir pole. The
following is un cnumeration of the heights above the sea
at which several of the primitive rock-formatiohs have
becn noticed : —

Peets
A cavern in primitive limestone near the Sutledge,......... 6300
Mountain near the Sutledge, composed of gneiss,......... . 8350

Eastward of thaTarhegang mountain, at the head ef the rivu-
let Ripsang, the rocks are gneiss, granite, mica-slate, and
quartz-ruck, with tourmaline,.. seeeceesncccscssanec.s 11,000
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Feet.
PTsss of Bruang, mica-slate, gneiss, graunite, containing tour-
maline und gArNet,ceee.crtoccsesasnesassascscscasnnass 15,000
The Rollor or Shatul pass, gneiss,.ceee.vesssesassse veeees 15,000
Mountains near to the Shatul pass, mica-slate, gneias, and
BrA0ILE, e s eerassaces tanrnsotariiosssnsacasasssanancs 15,556

2. Transition Rocks.—On the primitive formations rests
a vast deposite of rocks of the transition class, principally
cousisting of cluy-slate, graywacke-slate, graywacke
Slinty slute, gypsum and transitiop-limestone. Fossil or-
ganic remains first appear among these deposites. The
ammonite is the most celebrated, on account of the super-
stitious value attached to it. The heights stated under
are probably formed of transition clay-slate, and there-
fore belong to this section:—

Feet above the Sea.

Overhanging the town of Marang, a mountain of clay-slate,..12,000

Tungrang pass, clay-slate, with pyrites and mica,. ......... 13,740
Mountans ot clay-slate on the Chinese frontier, containmng

® AMIMONIteS,. cenoeaaesctos convrnsnn coevasassssssenene, 16,200
Mountamns m the neighbourhood of Charang, of blue clay-

Blale, . iiveectererecniacriethiccitatesncssanscasees18,000

Mineral Substances useful in the Arts found in the Pri-
mitive and Transition Rocks of the Himmalehs.—We shall
notice the rocks and minerals in the following order : —
1. Rocks. 2. Saline minerals. 3. Inflammation minerais,
4. Metallic mincrals.

1. Rocks.—Granite.—Many fine granites occurin tie
Himmalehs, which, owing to their remote localities, are
as yet of but little value. A beautiful gray porphynitic
granite occurs, however, close to the cantonment of
Almora, which would furnish ornamental pillars or slabsg
of any size.

Clay-slate.—Of this rock, so useful as 1 roofing mate-
rial, mady extensive deposites are known, but hitherto
they have not been quarried.

Limestone.—Under this name we include the various
marbles, whether white or coloured, they havce been seen
in the valleys and mountains, Captain Franklin men-
tions a variety resembling that of Iona, found at no great
distance from the plains, and also a fine dolomite marble
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which he observed in many places. At no greatdistance
from ti.e lona-like marble there is a flesh-coloured dolo-
mite, with purple-clonded delineations, which promises
well. A marble of more crystaline nature appears on
the road to Biadreenath above the Bishen Ganga.

Gypsum.—This rock has a pure white colour and gra-
nular foiiuted structure. ‘¢ It is probable,” Captain
Franklin rematks, ¢ that its chief use in Bengal, for some
time, would be as convertible into plaster of Paris, and
affording a material for cornices and ornamental work, to
the banishment of the very rude productions of this kind
we have hitherto put up with. There is, perhaps, a suffi-
cient quantity of it to answer any demand likely imme-
diately to arise. Wken the government-house was last
repaired, it was considered desirable to obtain a suffi-
ciency for the purpose above indicated; but the fact of
its occurrence within our mountain-provinces was not
known at that time. As it is within fifty or sixty miles
of water-carriage, it might be expected to pay for its
transport.” .

Potstone.~Tlis rock may be used with advantage for
lining ovens and furnaces, and for architectural purposes,
From its softness, it might easily be turned on a latle
into various useful articles.

2. Saline Mincrals,—Alum.»—This saline mineral oc-
cours in efflorescence on rocks of different kinds, partie
cularly on alum-slate, and might in some situations be
collected with profit.

Sulphate of Iron or Green Vitriol.—This salt too is
met with frequently as an efflorescence, on rocks contain-
ing pyrites or sulphuret ofiron. We do not know that
it 1s any where collected for cconomical purposes.

Boraz.—Although this salt has not been discovered
within the present limits of British India, still, as the
production of a neighbouring country and a valuable
article of commerce, it may be mentioned. The whole
supply of the Eurpean market passes through these moun-
tains.

3. Inflammable Minerals,—Sulpkur.—Depositions of
sulphur are formed around hot springs, in the bed of the
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Ramganga and of the Garjia rivers, in the province of
Kemuoon, but mixed with carbonate of lime, from which
it can be readily separated by sublimation. It occurs in
considerable quantities in some of the galleries of the lead-
mines at Mywar ou the Touse, in Jaunsar.

Mineral Oil and Pitch.—These minerals do not occur
any where abundantly. Mineral oil is mentioned as
having been observed oozing from rocks of limestone in
the range between Sarju and the Ramganga.

Graplhite, vr Bluck Lead.—This valuable mineral has

not hitherto been found in considerable quantity in any
part of the Himmalehs, although, from the nature of the
country and the notices of travellers, it is not improbable
that enough of it will be met with for the various pur-
poses of the arts. It occurs in embedded masses, vary-
ing in size from an inch to three or four inches in diameter,
in a graphitic mica-slate.
, 4. Metallic Minerals.—The Himmalehs have hitherto
afforded but a comparitively small quantity of ore, owing
not so much to the poverty, of this vast country in metal-
liferons substances as to the neglect of observers, who
have heen principally occupied with geographical investi-
gations and the collecting of plants. = The only metals at
present met with in such quantity as to yield a profitable
return are, copper, iron, and lead; but besides these
there also oceur gold, antimony in the state of sulphuret,
the gray antimony ore of mineralogists, and manganese
combined with iron. We shall now notice in a general
way these different substances.*

Gold.—In the Old World, almost every extensive
range of mountainous country has been found to afford
gold, which is indicated either by-its occurrence in the
sands of rivers and rivulets, or disseminated in diluvia,
or through the mass of solid strata. The gold of the
Himmalehs occurs in the alluvial soil of several moun-
tain-rivers, and one instance is mentioned of its having
been obscrved in grains in granite at Kedarnath. During

® Arsenic combined whth snlphar, or in the state of yellow and red orpi-
meht, is imported from beyond the froutiers, for it hus mot been fouud in the
Bilusu dowiuious,
U
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the Gorkhali rule, the gold collected afforded a small
duty ; but the amount was too trifling {o render its con-
tinuance expedient. It is col’ected from loams, sands,
and clays, by washing in the usual manner.
Copper Mines.—There are seven places where ores of
copper are raised ; these are,—
Rupees per annam as rent,

1. Dhanpur, }
2. Dhobri, | §essesseesnessesssess canans L1200

3. Gangoli,

4. Sira, rreeeert
5. Pokti,eoeeesersonscecen-ecsonsroassiaanss 600
6. Khati,..,....
7. 8hor Gurang,.

cteetetttiisnscansseessl1000

These mincs, if they deserve the name are worked in
the most miserable manner, under every disadvantage,
and therefore auflord but paltry returns. No mine can
thrive in our Indian possessions until well-instructed
mine-masters and experienced miners are sent out from
Europe, .

The ore found in the Dhanpur mine is gray copper ore,
which affords from 30 to 50 per cent. of copper; it is
associated with malachite, or green carbonate of copper.
The ores are contained in a compact red-coloured dolo-
mite; hence mining operations can be carried on without
the expense of wooden frame-work or masonry. The
Pokri mine or mines are situated in tale slate of a loose
texture; and hence the working is more difficult. The
ores are vifreous and purple copper, both of them rich in
copper. The waters flowing from the mine are impreg-
nated with sulphate of copper or blue viriol. The Siru
and Gangoli mines are situated in beds of indurated talc,
which are enclosed in dolomite. Sometimes the one,
sometimes the other rock, form the walls and roof of the
mine. The iron is yellow copper or copper pyrites,
mixed with iron pyrites and smaller portions of gray cop-
per ore.. The Khari and Shor Gurang mine are similarly
situatedy the ores are gray copper, yellow copper or copper
pyrites and curbonate of copper. The metl.od of working
thése mines is as follows:—A gallery or passage is cut
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into the face of the hill, with such a bottom declivity as
to allow the watgr to run off. Where the rock may
require it, frames of timber 1udely constructed are set up
to support the roof and sides. The area of the gallery is.
always small; in those parts where the hardness of the
rock occasions any difficulty in working, it is scarcely
sufficient to admit a person even in a creeping posture.
In no place will it admit of an ercct position. The ore
is detached by means of a very ill-shaped and dispropor-
tioned pick, and by chisels and hammers. It is removed
from the mines on skins, drawn along the floor of the
gallery by boys. The ore, being delivered at the mouth
of the mine, is reduced to small fragments by the hand.
At Dbanpur, however, the work is done by a water-mill.
It is next roasted in an open fire or forge-hearth with
charcoal, and the heat occasionally urged by means of
two air-bags or skins, which are alternately shut and
opened by the hand. Afier being in this way imper-
fectly roasted, it is smelted on the forge-hearth, and the
process is repeated till the metal is sufficiently pure. No
flux appears to be used to assist the operation.

Iron Mines.—The wretched condition of Indian mining
is shown by the fact, that the uunited rent of the
numerous iron -mines does not exceed the annual sum of
1500 rupees, while the iron is of the very worst quality.
The mining and metallurgical operations in use are on a
flarallel with those of Europe during the dark ages. The

immaleh mines supply chiefly varieties of red iron ore,
affording from 60 to 30 per cent. of metal. Red hematite,
associated with micaceous iron ore, occurs in a Jarge bed
in gneiss at Dhaniakot on the Cosillah. At Ramghur,
on the road from Bhamaori to Almora, there are beds of
the scaly red iron ore also in gneiss. Compact red iron
ore occurs in clay-slate, containing beds of limestone, at
Katsari on the Ramganga. The iyon manufactured from
it is esteemed the best in the province of Kemaoon. Near
Kalsi, on the Jumna, there is an extensive bed of specu-
lar iron ore. In Chawgarka-purgunnah the ore is the
brown or the hydrated species, which contains manganese ;
heace the superiority of the steel prepared fromait.

U
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Lead Mines.—Of these mines, which are numerous,
the most Productive are sitnated on the river Tonse, at
no great distance from the Deyra Dhoon. The Burela
mine in this district formerly paid 2000, the Maijar 4000
rupees yearly; but the present rents are much lower.
The ore, which is fine granular galena, is found in clay-
slate and clay-slate limestone.

5. Secondary Rocks.—Resting upon the preceding
rimitive and tramsition rocks, but occupying a much
ower situation, we find formations of the secomlary
class. These form the immediate north-east boundary of
the great alluvial plain of Middle India, and aie priuci-
paliy of saudstone, in all probability of different ages.

Mr. Scott has communizated, through Mr. Colebrooke,
some details in regard to the secondary strata he observed
on the banks of the Tista and Subuck, where they issue
from the mountains of Bootan. The strata he noticed
on the Tista are micaceous sandstone, bitumiuous shale,
slate-clay, and coal ; and rocks of thie same description’
were observed on the Subuck. | The coal has a dark brown
colour, with a conchoidal fracture, and is associated with
fossil wood. The colour of the coal would seem to inti-
mate that it belongs to the brown coal series, and there-
fore is of a more recent origin than the coal of Damoda
near to Calcutta. The hills formed of these strata, in
Mr. Colebrooke’s opinion, may be considered as fair
examples of the entire range which skirts the north of
Indostan. They risc 1o no great height, and constitute
the first step from the plain of India, ascending towards
the mountains of Bootan and the lofier peaks of the
Himmalehs. Every where, so far as is yet ascertained,
the lower range of hills consists of sundstot:e abounding
in mica. To the above details we may add, tnat
throughout the whole line of sandstone hills that lie at
the foot of the Himmaleh chain, according to Captain
Herbert, coal occurs in beds varying from a quarter of
an inch to a foot in thickness. It often shows the
ligneous texture ; an:l where that texture is no longer
visible it presents a conchoidal fracture, and burns with
mpch flame and smoke. It appears to be the brown coul

Weérner.
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6. Tertiary Rocks.—An interesting display of rocks
of this class was® discovered by Mr. Scott at Cooch-
Behar on the north-east border of Bengal, where
the Brahmapoutra emerges into the plain. The strata
are of yellow and green sand, alternating with clay,
toat lie horizontally at the height of about 150 feet
above the level of the sea, and contain organic remains
resembling those of the blue clay of the London and
Hampshire basins. Mr. Scott also voticed, at Robagiri
in the same district, a stratum of white limestone contain-
ing nummulites and vertebree of fish surmounted by beds
of clay which contain the same nummelities, and also bones
of fish, with specimens of the genera Ostrea and Pecten.
Near Silhet, the Laour Hills composed of white limestone
abounding in nuinmulites, form another example of a
tertiary formation in the eastern extremity of this pro-
vince. Mr. Pentland discovered among mutilated frag-
sments of bones, referable to the mammalia from these
tertiary deposites, remains of four distinct species, viz.,
1. A new spccies of the genus Anthracotherium of Cuvier;
2. A small species of ruminant allied to the musk-deer
tribe; 3. A small species of herbivorous animal referable
to the order Pachydermata, but more diminutive than
any of the fossil or living species; and 4. A carnivorous
animal of the genus weasel or viverra. In addition to
the above, the following are mentioned by Mr. Cole-
brooke : —Sharks’ teeth, vertebra and fin-bone of a shark,
crocodiles’ teeth, vertebra of a crocodile’s neck, thigh-
bone of acrocodile, dorsal fin and pectoral fin of a balistes,
palates of the ray, palates of the diodon, oyster-shells of
various species, a Turritella, and scveral species of
Baluni and Patelle. These strata thus present us with
the same association of organized remains that accom-
panies the tertiary strata of Europe, in which extinct
genera of the Pachydermata have been discovered, and
also with marine shells of the samie genera, if not the
same species, with those which characterize the most
modern antediluvian formations, those described under
the title of upper marine formation in the Paris basin,
and to which are to be referred the extensiv:;: marine

u
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deposites encircling the shores of the Mediterranean,
those covering the less elevated countries of Central
Europe, and that appear to extend as far as Lake Ural
into the interior of Asia. The tertiary deposites of
Caribari, as already noticed, appear to form a band at
the base of the Thibetian mountains, since we find them
extending to Silhet. How far this formation may stretch
along the Peninsula of Malacca and Indostan it is impos-
sible at present to say; although it seems to occur at
Madras, where it contains the same shells as on the
Brahmapoutra, and at Pondicherry, where it encloses
great masses of woodstone.

7. Allyvial Rocks.—The usual alluvia deposites occur
throughout the Himmalehs. The most curious statement
in regard to them is one made by Gerrard, who tells us
that he met with fossil shells in alluvium at a great height
among the mountains, as fresh and entire as if they had
recently emerged from their own element; and that, just
before crossing the boundary of Ladak and Bussahir, he
was much gratified by the discovery of a bed of antedi-
luvian oysters clinging to the rock as if they had been
alive, and this at 16,000 feet above the 3ea. The verifi-
cation of this observation is expected.

II. MIDDLE INDIA.

In this vast tract the country forms an inclined plane,
of which the great declivity sinks gradually towards the
mouth of the Ganges, while the other inclines towards the
Indus. It is almost entirely composed of alluvial clays,
loams, sands, and gravels, with occasional intermixtures
of calcareous concretions named kunkur, fossi! woods,
and animal remains. The most remarkable deposite of
the latter was discovered near Pinjore, north latitude 300
47, east longitude 76° 54', during the digging of a
canal between two rivers, by the Sultan Ferose III. It
was observed on cutting through a hill, in which bones
of elephants and men were found, The bones of the
foreqrm measured 3 gez, or § feet 2 inches in length;
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hence it is evident that none of them were human, but
belonged to latge-Pachydermata; but whether clepbant
or mastodon is not so apparent. The few fixed rocks
that occur during the course of the Ganges are to be
viewed as prolongations of the primitive and secondary
rocks of the peninsular part of India. We may however,
include in this division of India the coal-field of the
Damoda. This deposite of coal, which occupies both
sides of the river, has been traced southward to within a
few miles of Raghunathpur, reposing on granite and
syenite; and about forty miles north by east from that
Place we come to the first colliery ever opened in India.
The late Mr. Jones, who had the merit of commencing
these works in 1815, describes this as the north-west
coal district of Bengal; he states that he observed the
line of bearing for sixty-five miles in one direction, its
breadth towards Buncora (on the south-west side) being
.not more than eleven or twelve miles from the river; and
he conjectures, although erroneously, that the same coal-
formation, crossing the Valley of the Ganges near Cat-
roa, unites with that of Silhet and Cashar, which he
denominates ti® north-east coal district. The rocks of
this coal-formation are sandstone, slate-clay, bituminous
shale, and coal, traversed by veins of green stone. The
bituminous shale, of the coal-roof abounds with vegetable
impressions, and also contains some animal remains. The
vegetables have not been accurately examined, which is
much to be regretted, as it would be highly interesting to
know if the same or different genera or species occur in
the coal-field of Bengal as those met with in similar
geognostical situations in Europe. Mention is made of
a Calamite, a Lycopodum, and a gigantic species of
Patellg. 1n the coal-pits, of which thee are but three,
suuk to a depth of ninety feet, there are seven beds of
coal ; one of them exceeds nine feet in thickness. The
coal is said to resemble that of Sunderland in England,
but Jeaves a larger portion of cinders and ashes, It is
now extensively consumed in and about Calcutta.
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III.—PENINSULAR INDIA.

A very large portion of the Peninsula of India is
composed of Plutonian rocks, as of granite, and trap,
the Neptunean strata being much less abundantly distri-
buted. We shall now state in a general way what is
known of the geognostical nature of these formations,
following in our sketch a geographic order.

Guzerat is a primitive district, with occasional displavs
of secondary deposites, and in many places deeply
covered with diluvium. In the neighbouring district of
Cutch, so remarkable for its salt marsh called the
Runn, a coal-ficld is said to have been discovered,
and is lhkely to be worked. Our former pupil, Mr.
Hardie, who has made so many good observations,
informed Mr. Calder, that, from specimens he had
received, he was led to believe that in Cutch there
existed secondary rocks newer than the lias. We hope
Mr. Hardie will be able to verify these conjectures, which
are not without probability, when we call to recollection
the chalky minerals met with in the great ®estern Desert
of India.

The great western or Malabar chain of mountains,
which commences in Candeish and terminates at Cupe
Comorin, is at its northern cxtremity covered by a part
of the extensive overlying trap-formation, which extends
in this quarter from the sea-shore of the Northern Con-
can to a considerable distance eastward, above and
beyond the Ghauts, as far as the river Toombuddra and
Nagpore. The rocks of this formation, which are green-
stone, basalt, amygdaloid, wacke, and trap-tufa, are
columnar, globular, tabular, and amorphus. The amyg-
daloidul structure is most general in the cavities of which
rock, amethyst and various beautiful and spleudid zeo-
lites occur. The trap hills are tabular, terraced, sepa-
rated from each other by ravines ofien of vast magnitude,
and the; whole fiequently covered with fine forests of
teak and other trces, forming some of the most romantic
scgnes in India. The elevation of this part of the range
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seldom exceeds 3000 feet; but advancing towards the
south its height gradually increases, and granite rocks
begin to appear above the surfice between the seven-
teenth and eighteenth degrees of north latitude, and from
thence forming, along with gneiss and other Neptunean
primitive strata, the chain, with little interruption, all the
way to Cape Comorin, amd thence to the extremity of
the Peninsula, The granite tracts of India exhibit the
same general forms as gran:tic countries in other parts of
the world. Rugged hills, with bold denticulated outlines,
lie grouped together in the greatest irvegularity, or
occasionally forin ridges, which when interposed between
the spectator and the evening or morning sun, present the
most varied and fantastic forms. Some of these ridges,
when their dark outline is scen at twilight against a ruddy
western sky, emulate in their various forms the appa-
rently capricious forms of summer clouds, and we can
then trace along their summits the appearances of castles,
‘trees, men, and various strange groups. Many of the
hills have the appearance, of mere collections of large
fragments of rock thrown confusedly together by some
convulsion of nature; while frequently larger masses,
piled with great regularity on each other, look like
remains of gigantic architecture. High insulated masses,
forming considerable hills, in many instances rise abruptly
out of a plain to a height of several hundred feet, aud
present nearly mural faces on several of their sides;
thus affording situations of immense natural strength,
which have almost invaiiably been taken advantage of
by the natives for the erection of their famous hill-forts.
These insulated Lills are generally met with at the
borders of the granite district, when it is succeeded by
the stratified, primitive, or transition rocks; and being
situated’iv the midst of very extensive plains, when they
are seen at some distance, they have very much the appear-
ance of rocky islands in the midst of the ocean. Some
of the strongest hill-forts in India are of this descrip-
tion; for instance Chittledroog, Gooty, Copaldroog, Eid-
ghur, &c. Granite and syenite are traversed by two kinds
of trap ; the one is éontemporaneons horblende, the other
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secondary greenstone, In nearly the same parallel of Iatis
tude, this trap formation is observed to termin.te also on
the sea coast a hittle to the north of Fort Victoria or Bankot,
where it is succeeded by the laterite, which extends thence
as un overlying rock. with little interruption, to the exire-
mily of the Peninsula, covering the base of the mountains,
somctimes also their summits, and the whole narrow belt
of land thnt separates them f.om the sea; exhibiting a suc~
cession of low rounded hills und elevations, and resting
on the primitive rocks, which sometimes 1ise above the
surfuce; as at Malwan, Calicut, and some other paints,
where granite, for u short space, become the surface
rork. From the mainland the laterite passes over to
Ceylon, where it reappears under the name of kabuk, and
forms a similar deposite of some extent on the shores of
the island.

From the extreme point of the land, on the eastern
side of the Peninsula and northward along the foot of the
mountains, we meet with a country differing considerably
from the Malabar coast in aspect and geognostical struc-
ture and composition. The plains of the Coromandel
coast form a broad although unequal belt of land between
the mountains and the sea, composed partly of river
partly of sea alluvium. The mountain chain that forms
the eastern boundary of the Peninsula begins to diverge
eastward, where its continuity is interrupted by the Val-
ley of (*oimbetoor. Thence it divides into many chains,
parallel to the great western range, but of inferior height ;
and in the farther progress northward, after branching off
into subordinate hilly groups, occupying a wide tract of
almost unknown country, and affording valleys for the
passage of the great rivers that drain nearly all the
waters of the Peninsula into the Bay of Bengal; this
eastern range may be said to terminate at the same
hititude as that of the commencement of the western.
Granite and syenite appear to form the basis of the
whole of these eastern ranges, appearing at most of the
accessible summnits from Cape Comorin to Hydrabad.
Resting upon tl.em are various primitive and transition
stratified rocks, as gneiss, mica-slate, quartz-rock, clay-
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slate, chlorite-slate, tale-slate, potstone, serpentine, gray-
wacke, and limestone. In many places there are exten-
sive deposites of a red sandstone, und also some partial
displavs of overlying trap.

The flat country of the Carnatie, thatis of the country
east of the Ghauts of Mysore as far as the Pennar river,
seems to cousist of the debris of granitic rocks, with
plains of sand and mud. probably left by the retreating
sea. Iu contirmation of the former presence of the sea
in the tract now occupied by the flat lands, the following
fact may be mentioned:—On digeing a garden about
two miles from the sea slore at Madras, from the surface,
for five feet, there was a stratum of brown clay, chiefly
intermixed with sand; then followed a stratum of bluish-
black clay, in which, at the depth of twenty-cne feet,
was a thin and scatiered layer of large oyster-shells,
all lying in a horizontal position; into the lamina
composing the shell the black clay had penetrated, so
that they split asunder with great facility. There were
also shells of the cockle and otier kinds. At the depth
of twenty-scven f-et springs began to gush, the stratum
became softer, and more and more mixed with quartz-
sand, st:l], however, of a daik slate colour. This con-
tinued to the depth of thirty-seven feet. In the neigh-
bourhood of Pondicherry are beds of compuct shelly
hmestone, and some remarkable silicious petrifactions,
said to be chicfly of the tamatind-tree. These deposites
at Madras and Pondicherry are considered to be tertiary,
Fhe bed of the Cavery, or rather the alluvial deposiies
in the vicinity of Trichinopoly, affurd gems corresponding
to those found in Ceylon. In approaching the Pennar,
the laterite formation expands over a lurger surface, and
clay-slaje and sundstone begin to appear, The river~
districts of the Pennar, Krishna, and Godavery, are
based on granite, syenite, and various primitive stiatified
rocks, all of which are frequently traversed by veins and
overlaid with masses of trap. Upon the primitive rocks
rest sandstone, and a limestone resembling in some of its
characters the liasof Engiand. The well-known diamond-
mines of this part of the Peninsula are situated in the
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sandstone districts of these rivers. The Krishna is
much richer in gems than the Godavery, or probably
than any other river of Indostan. The waters of the
Krishna and Godavery as they approach the sea divide
into numecrous branches, and deposite their mineral
contents during inundations over the low level tract that
separates them. These deposites consist, according to
Heyne, of a black earth, composed of the debris of trap
rocks, and of decayed vegetable matter washed from the
extensive forests through which these rivers flow. A
characteristic difference may be pointed out in regard to
the alluvium of the principal river of the south,—the
Cavery. This river, flowing in a long course through the
Mysore country, over an extensive and generally barren
surfacc of grapitic rocks, with scarcely any woods or
jungle on its banks, seems to bring down little or no
vegetable matter, but a rich clay, produced from the
felspar which predominates in the granites of the south,
intermixed with dccomposed calcareous conglomerate,
rendering the plains of Tunjore the most fertile portion
of the south of India. Onwards to Vizagapatan and
Ganjam, syenite and gneiss predominates, and arc
occasionally covered with laterite. The granite and sycnite
at Vizagapatan contain numercus embedded garncts,
This varicty of granite passes into the province of Cut-
tack. Granite and syenite, with their usual accom-
panying stratified primitive rocks, form the basis and
principal clevations of this district. Sandstone extends
over a great part of the district of Cudapah: it is in this
sandstone, or umidst its debris, that some gcologists
place the original repository of the diamonds found in
this part of India. Coul is reported to occur here, and
the sund and loam of the Mahanuddy, besides dizmonds,
atfords grains of gold. Granite and gneiss, covered more
or less completely with sandstone and laterite, continue
onward through the district of Medinpur, and thence
nortiward by Bishenpur and Bancora to Birbhum. At
Bancora the calcareous 1ock named kunkur begins to
cover the surface of the granite and syenite rocks, which
ris¢ ajpve the surface to-considerable elevations.
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In our progress onward we pass the coal-field of
Damoda, already .described ; and from it, in a north-
westerly direction, the road to Benares leads over granite,
of which the ranges of hills on the left, and the whole
country as far as the Soane, and round by Shirghati and
Gaya, is probably composed. Oun approaching the Soane
river, and crossing the hills bebind Sasseram, sandstone
begins to appear, and seems to continue, with probably
only onc considerable interval, all the way to Agra,
forming, as already mentioned, the southern boundary of
the Ganges and Jumna ; that interval occurs in the low
land of Bundelcund, where the remarkable isolated hills,
forming ridges running south-west and north-east, are
all granite aud syenite, the high lands being covered with
sandstone. The geognosy of the Vyndbia mountains,
which cross the Peninsula from east to west, uniting in
some degree the two northern extremites of the Malabar
and Coromandel ranges, has been partially examined.
*1t can be traced ranging about 75 west, from the point
called the Ramglur hills, towards Guzerat. The predo-
minating rocks in this vast space are granite and syenite,
with gneiss, mica-slate, quartz-rock, clay-slate, gray-
wacke, and other primitive and transition stratified rocks,
the telations of which may be well studied in the
Oodipoor primitive chain of this range, also on the
verge of the trap near Jabulpur, and in the bed of the
Nerbudda at Beragerh, near Garrah. These rocks are
more or less extensively covered by secondary sandstones
and limestones, of the coal, new red sandstone, and lias
formations, and traversed and overlaid by enormous
bodies of trap. The extent of the trap-rocks is ver
great ; for it has been traced northward all over Malwah
and Sagar, and eastward towards Sohaghur and Amera-
kantuk ; thence extending southward by Nagpore, it
sweeps the western confines of Hydrabad, nearly to the
fifteenth degree of latitude, and bending to the north-
west, reaches the sea near Fort Victoria (including the
islands of Bombay, Salsette, and Elephanta), and forms
the shores of Concan northward, all the way to the
mouth of the Nerbudda, covering an area of upwards of

\§
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200,000 square miles. This vast ignecous formation
covers sandstone in the district of Sagar, and comes also
in contact with limestone, which it converts into dolomite.
This sandstone, which is red, and generally horizontally
stratified, is associated with red marl, and is sometimes
saliferous ; hence it is considered to be identical with
the new red sandstone of Lurope. The limestone rests
upon the sandstone, and is referred to the lins formation
ofPEngland. The well-known diamond-mines of Pannah
occur in this sandstone. The sandstone flanks the great
range of primitive and transition rocks, which extends
from Guzerat by Oodipoor ; to the north it stretches into
the Desert to an unknown extent.

Peninsular India, like every other part of the globe, is
more or less covered with layers of ulluvial matter of
various qualities and ages; but hitherto ncitiier in
Peninsular, Middle, nor Alpine India, have active or
extinct volcanoes been met with, if we except the volrano
said to have burst forth thirty miles fiom .Bhooj during
the earthquake of June 1819,

India, as appears from the preceding details, affords
examplcs of most of the rocks of the primitive and
transition classes ; but of tuce sccondary series, the
only formatiuns bitherto discovered are the old red
sandstone, coal formation, new red sandstone, and
lias, the upper secondary deposite, as oolite, grecn sand,
and chalk, being awanting.  Swmall deposites of teiteary
strata occur in the northi-cast of Bengal, and the liitoral
deposites on the plains of the Coromandel coast are pro-
Lably referable to the same class.  The age of the Him-
mulch chain is at presen. unknown, and we are also
ignorant of the period or periods when the 1anges of
Peninsular lndia were elevated.  These periogs can be
deteriined only after an examination of the phenomena
exlibited at the line of junction of the ranges with the
bouuding strata. Thus, for example, if any range is
found to have upraiscd the new red so mdstonc strata, but
not the lias iimestones which remam m a torizontl posi-
tion, we infer that the range has risen ti.rough the new
red wandsione before the deposition of the lias, and
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therefore that it is newer than the new red sandstone, but
older than the lias. .

MINERAL SUBSTANCES USEFUL IN THE ARTS FOUND
IN MIDDLE AND PENINSULAR INDIA,

1. Rocks~2. Bartby Minerals—3. Saline Minerals—4, Inflammable Mineralg—
5. Metallic Miuerals.

1. rocks.

1. Granite and Syenite.-——These rocks, which extend
with few interruptions from Cape Comorin to beyond
Nagpore and Ellichpore, occupying a great part of the
Carnatic, Malabar, an:l Mysore, nearly the whole of the
Nizam’s dominions, and a large part of Bahar, and which
are met with still farther to the north,—in Malwah,
Bundeleund, the neighbourhood of Delhi, and, as already
entioned, even high among the Himmalehs,—are inter-
esting in an_economical view. Granite is not general'y
employed in India as a building stone, on account of the
great expense in working it; but large slabs are some-
times brought into the bazars for sale by the Wudrabs
(a vagrant class of people, somewhat resembling gipsies),
and are used for paving the floors of verandas in the bet-
ter sort of native bouses, and other similar purposes. 1t
is also hewn into hand-mills for grinding corn; two ot
four of which load an ass or bullock, and are thus carried
to the bazar for sale. These are the primeval mills of all
countries, from the North Cape of Europc to Cape Como-
rin, and aie the same as are mentioned in Scripture.
The ancicnt Hindoo temples at Anagoondy, now partly
in ruins, are built of gray granite, or rather syenite.  The
massive and gloomy sty'e of architecture which charac-
terizes all Hindoo buildings, is also met with here ; but
in one instance it has to a certain degree been departed
from, for in one of the principal buildings there is an
extensive colonnade, the columnz of waich are light, with
small pedesti's and capitals, and approaching somewhat
in their proporiions to the Grecian. Sowe of tie pillars

w3
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are tastefully carved with flowers. A few are in the form
of caryatides. They support immense slabs of granite,
which are carved on their under surface, so as to form an
ornamental roof. The largest of these slabs, which are
in the central part of the building, are at Jeast thirty feet
long. A blacl‘:-colored trap, which occurs embedded in
the syenite and otherwise associated with it, is exten-
sively used in India for architectural purposes, and fot
statuary.

The Hindoos polish all kinds of stones by means of

unded corundum mixed with melted lac. The mixture

ing allowed to cool, is shaped into oblong pieces three
or four inches long. The stone is sprinkled with water,
and at the same time rubbed with these oblong masses
and the polish is increased by the use of musses with
successively finer grains.

Talc-slate and Potstone.—These minerals frequently
occur together associated with various tramsition rocks.
Potstone is found along with talc-slate and chlorite-slatd
in the south-east part of the Darwar district, and is used
by the natives in the manufacture of various utensils. It
is so soft, that pencils are formed of it for writ'ng upon
books made of cloth blackened and stiffened with gum.
Both the books and the neatness of the wnting are very
inferior to similar ones of the people of Ava. All the
fine plaster, so much admired by strangers with which
the walls of the hou-es are covered in India, is composed
of a mixture of fine lime and soap-stone rubbed down
with water, When the plaster is nearly dry, it is jubbed
over with a dry piece of soap-stone, which gives it a
lustre very much resembling that of well-polished marble.

Lunestone.—Some hills on the north and north-east of
Guzerat are said to be chiefly composed of marble, exhi-
biting many colours and qualities. The coarse granular
white, and white with black veins, are the most frequent;
but wmong the ruined tombs and murjids. in the neigh«
bourhood of Abmedabad, may be fouud many small
grapular varieties of ditferent colours, as white, yeliow
with red veins, and green clouded with yellow and even
blacks, Of these deposites of marble no account has
been published. A vaiiety of limestone met with near
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Bagulkote, in Darwar, answers well as a lithozraphic
stone; for which .purpose it has been used at Bombay.
Lncullite marble is mention=d by Dangerfield among the
productions of Malwah, and To.l says there are marble
quarries in Rajast’aan.  The kunkur, a calcareous depo-
site, is used for cement and as a manure,

Laterite or Ferruginous Clay-stone.—This mineral may
be described as a clay-stone, more or less impregnated
with iron, with a perforated and cellular structure. 1t
frequently contains embedded in it small masses of clay,
quartz, or sandstove. In its native beds, a short way
under the surface, it is so soft that it can be easily cut
with a hatchet or spade ; and when sufliciently compact,
and not containing embedded portions of quartz, &c., it
is cut into square masses like bricks, and used as a
building-stonc. Hence, Dr. Buchanan Hamilton names
it laterite or brick-stone 3 and its names in the native lan-
guages are derived from the same circumstance. When
‘these square masses remain in the op2n air for some time
they become very hard; and when not exposed to con-
stant moisture they answer admirably as building-stones.
Most of the handsome Roman Catholic churchies at Gou
are bwit of this laterite, In the principal fronts it is
covered with plaster; but in other parts it is left bare,
and retains its hardness when exposed to the atmosphere.

2. EARTUY MINERALS.

1. Corundum.—Gray, green, blue, and red varieties of
this very bard mineral, usually more or less perfectly cry-
stallzed, and ranging from opaque to tran-lucent, occur
embadded in granite and syenite in the district of Salem
in the Madras Presidency, anong the meuntains of the
Caruatic, and in other parts of tie Peninsula. It is as
sociated with cleave'andite, indianite, and fibrolite. Some
varieties, us the blue, wi.en cut in a hemispherical from,
exhibit, when turned round, a white star with six rays,
It is used as emery for polis.ing hard bodies.

2. Spincl Ruby.—This fine gem is found at Cananor,

in the Mysore couutry. 5
w
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3. Beryl.—The varieties of this gem at present most °
highly prized by the jeweller occur ip a locality lately
discovered at Cangayum, in the district of Coimbetoor,
where they are associated with cleavelandite. The most
beautiful cut beryl known is in the cabinet of the late
M. H. P. Hope. In the language of the jeweller, its
colour and transparency are perfect, and although weigh-
ing not more than six ounces, £500 sterling were paid
for it. It is reported, although we believe erroneously,
to have been found in Ceylon; for Mr Heath, who dis-
covered and worked the beryl-mine of Cangayum, assures
us, that beryl does not occur in Ceylon; and, therefore,
as Mr. Hope’s beryl was brought from India, it wus very
probably found in the Peninsula.

4. Zircan.—Fine specimens of this gem are met with
in alluvial deposites in the district of Ellore.

5. Schorlous Topaz.—This interesting variety of topaz
is wentioned by Dr. Heyne as occurring in different
localities in syenite and granite districts. :

6. Schorl and Tourmaline occur in granite, mica-slate,
and in quartz-rock, bordering the gramte and sycnite
districts

7. Chrysolite.—This gem occurs in the basaltic rocks
of the secondary trap series n the great trap district
already described.

8. Precious Garnet.—In many hills this gem abounds
in syenite, in others it 1s embedded in mica-slate and
gneiss.

9. Pyrope.—This beautiful mineral, the finest gem of
the garnet family, is mentioned by Heync as having been
met with among the primitive rocks of the central parts
of the Peninsula.

10. Grenatite has been found in the southern parts of
the Mysore, ‘

11, Rock Crystal, and other varieties of quartz, occur
in the granite, mica-slate, and quartz-rock districts.

12. Amethyst.—This beautiful kind of quartz is met
with, in greatest beauty, in drusy cavities of overlying
trap in the great northern trap district.

13, Cat's Eye—Varieties of this ornamental quartz are
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found in, the alluvium of the river Krishna, also on the
coast of Malabar.

14. Carnelian.—Mines, as they are called, of this
ornamental stone occur in the principality of Rai Peempla,
about thirty miles due east of Broach, and about five
miles on the soathern bank of the Nerbudda. The
stones are obtained by sinking pits during the dry season
in the chauncls of torrents. Tae nodules which are
found in this way are intermixed with other ralled peb-
bles, and weigh from a fuw ounces to several pounds.
Their colouar, when recent, is dark olive green, inchining
to grecnish-gray. The prepiration which they undergo
is, first, cxposure to the sun for some time, and then
calcination. The latter process is performned by packing
the stones in ecarthen pots, and covering them with a
layer five or six inches thick of dried gouts dung. Fire is
then apphied, and in twelve hours the pots are sufficiently
cool to be removed. The stones are now examined, and
some are found to be red, others nearly white ; the differ~
encein their respective timts depending in part on the ori-
ginal quality of the colouring matter, and in part, per-
haps, on the difference in the heat to which they have been
exposed. The annnal value of carnelian exported from
India formerly amounted to £11,000. The great empo-
rium for these articles is the ancient city of Cambay,
where a very considerable trade is carried on by the
Borah tribe, whose ayents purchase the rough stones
from the mountaineers, and convey them to Cambay
where they are wrought into various ornameutal articles.
Such is the low price of labour and of material at
Cambay, that a complete set of female ornaments,
necklace, bracelets, cross, brooch, and car-drops, ready
for setting, agreeably to their colour aad quality, costs
from dight to twenty-five rupees, the usual price; or, if
very fine, from that sum upwards to fifty rupees for the
most beautiful set that can be procur:d. Beautiful
jaspers and azates are found in the carnclian district and
other parts of India. In general these silicious minerals
are derived from the overlying trap-rocks, in which they
occur in cavitics, embedded masses, and in vcius,
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15. Zeolite.—The great overlying trap district-contains
the principal species of this elegant family of minerals,
which are gene:ally found in drusy cavities.

16. The felspars and micas of the primitive distriets,
although appuently very interesting, have not hitherto
engaged the attention of mineralogists. Of the horn-
blendes, tl.e common, granular, slaty, acty-nolitic, and
asbestine, Lave been met with; but we do not possess
any information in regurd to the calcareous and barytic
minerals.

Saline Minerals. —Common salt, carbonate of soda,
and nitrate of potash, as already meutioned, occur in
considerable quantity in some districts, forming the salt,
soda, and nitre soils,—but no beds of these miueials
have as yet been met with in Southern India.

Inflummable Miinerals.— Diamond.—This beantiful mi-
neral, the most precious of all the gems, is found at
(‘udapa, Banaganpiily, &c., in the river-district of the
Pcnnar; at Condapilly, in the district of the Krishna;
near to Bvddrachi:llum, in the bed of the Godavery ; at
Sumbluipore, in the district of the Mabannddy ; and at
Pannal, in Bundeleund. In all these so called diamond
districts, there are deposites of sandstone and alluvium ;
and in some iustances, at no great distance, appear
igneous rocks, as trap and granite. The divmond is
obtained by washing the alluvial sands, clays, loams, and
couglomerates ; it is said also to have been met with in
the sandst ne, If the diamond be of igneous origin, we
night expldin iis occurrence in the sandstone by the
action of igncous rocks under the sandstone; if of
aqueous origin, by tie gradual attraction and combi-
nation of the adamantine carbonaceous particles, ditlused
through the sandstone or alluvium. From facts in our
possession, it is even not improbable that this gehi may
at times appear as a vegetable secretion, just as is tie
case with the silicious substance named tabasheer, found
iu the joints of the bamboo.

Coal is said to occur in connexion with some of the
sandstone deposites, and mineral oil and pitch near to
springs. Sulphur, although but in small quantity, was
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found by Dr. Heyne near the Godavery, deposited from a
shallow lake which extends several miles from north
to south.

Metalliferous Minerals.—Gold.—This metal, although
in small quantities, has been obtained by washing
the alluvial soil of several of the rivers.—Stlver also,
but in small quantities, has been noticed in this
quarter of India. Iron.—This metal in the states of
oxide, hydrate, carbonate, and sulphuret, is met with in
many parts of the Peninsula. Iron mines and forges
occur in the Mysore, at Coimbetoor, Malabar, and in the
Bundelcund country. At present the whole of the mining
and metallurgical operations are in the hands of the
natives, and consequently are carried on in the worst

ossible manner. Iron to any extent might be obtained
rom the great beds and veins distributed throughout the
country, and sold at such a rate as to bauish all foreign
competition. Copper.—The general use of copper or
brass utensils among the natives of India, and the pre-
ference given to them before all other kinds of vessels,
seems to show that in all probability copper was formerly
obtained in India in considerable quantity.* At-present
there are no copper mines of importance in any part of
our Eastern empire; altiough, from the reports of tra-
vellers and naturalists. rich ores of copper are met with,
The ores are carbonate of copper, or malachite, anhydrous
cubonate of copper, which contains half its weight of
metallic copper, copper pyrites, or yellow sulphuret of
copper, and gray copper ore. Leud mines occur in
Rujast’han.

4.'SUBMERGENCE AND UPRAISING OF LAND,

The account of Lieut. A. Burnes, who examined the
Cutch portion of the delta of the Indus in 1826 and
1829, as stated by Mr. Lyell, furnishes the following
very interesting details regarding the submergence and
upraising of land during the earthquake of 18i9:—A

® olanel Tod suys there are abundant copper miues in Rajsst’ban, apd also
miues of La.
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tract around Sindree, which subsided during the earth-
quake in June, 1819, was converted from dry land into
sea in the course of a few hours; the new-formed mere
extending for a distance of sixteen miles on either side
of the fort, and probably exceeding in area the Lake of
Geneva, Neither the rush of the sea into this new
depression, nor the movement of the earthquake, threw
down the small fort of Sindree, the interior of which is
said to have become a tank, the water filling tae space
within the walls, and the four towers continuing to stand :
s0 that oa the day after the earthquake the people n the
fort, who had ascended to the top of one of the towers,
saved themselves in boats. Immediately after the shock,
the inhabitants of Sindree saw, at the distance of five
miles from the village, a long elevated mound, where
previously there had been a low and perfectly level plain,
To this uplifted tract they gave the mane of * Ullah
Bund,” or the * Mound of God,” to distinguish it from
an artificial barrier previously thrown across an arm of
the Indus. It is already ascertained that this newly-
raised country is upwards of fifty miles in length from
east to west, running parallel to that line of subsidence
which caused the ground around Sindree to be flooded.
The breadth of this elevation from north to south is
conjectured to be in some parts sizteen miles, and its
greatest asceriained heigl.t above the original level of the
delta 1s ten feet. This upraised land consist of clay
filled with shells, Besides  Ullah Bund,” there appears
to be another elevatinn south of Sindree, parallel to that
before mentioned, regarding which, however, no exact
information has been communicated. There is a tra-
dition of an earthgiake having, about three centuries,
before, upheaved a 1wrge area of the bed of the sea, and
converted it into land, in the d strict now called” * The
Runn,” so that num.rous haubours were laid dry, and
ships were wrecked aad cigulfed s in confirmation of
which account it was ¢ saved it 1819, thatiu the jets of
black muddy water th1....n out of fissures in that region,
tuere Were cast LD nuisercas picces of wrought iron and
ship nailg.
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5. DESTRUCTION OF THE ANCIENT CITY OF OUGEIN
AND OTHER PLACES IN INDIA BY A SUHOWER OF
VOLCANIC ASHES.

The valcono said to have burst forth in the districts of
Cutch in 1819 is the only cne of modern date menrioned
by authors us having been observed in Iudia. At an
early period, in tae time of the Rajah Vicram-ditya,
however, if we are to credit Hindoo siory, a shower of
volcanic earth or ashes overwlelmed the ancient city of
Ougein und above cighty other places in Malwah and
Baghur. The city which now bears the name is situated
2 mile to the southward of the ancient town.  Qu dig-
ging on the spot where the latter is supposed to have
stood, to the depth of fifteen or ecighteen fect there are
frequently discovered entire brick walls, pillars of stone,
and pieces of wood of an extraordinary hardness, besides
utensils of various kinds and ancicnt coins. In a ravine
cut by the rains, f.om which several stone pillars had
been dug, there was observed a space from iwelve to
fifieen feetlong, and seven and eight feet high, composed
of earthen vessels broken and closcly compacted toze-
ther. It was conjectured to have been a potter's kiln.
Between this place and the new town is a hollow, in
which tradition says, the river Sipparah formerly ran,
It chanzed its course at the time the city was buried, and
now runs to the westward. In the Asiatic Journal, the
soil which covers Qugein is described as being of an ash-
gray colour, with nunute specks of black sand, thus some-
wiat resembling volcanic ashes. ' Captain Daugerfield
obscrved, at a depth of thisty feet, in a so-called tuface-
ous myss, in the course of the Nerbudda near to the city
of Mhy:ir, bricks and large earthen vessels, said to have
belonged to the ancient city of MHysir, destroyed by the
catastropne of Ougem. If, on more carcful examina-
tion, it shall be proved that the earthy matter covering
the ancicut city of Ougein, and the beds of tufa-like
deposite on the banks of the Nerbudda, and in m:ny
other parts of Malwa\h and Baghur, agree in characters
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with the matters that cover Pompeii and Herculanenm,
&c, we shall be entitled to infer; that the Hindoo
¢« shower of ashes” proceeded from some volcano or vol-
canos, the remains of which may still be found in India.

6. EARTHQUAKES.

The mountains, hills, valleys, and littoral plains of
India, are sometimes agitated by subterranean concus-
sions or earthquakes ; but these tremblings and heavings
of the solid mass of the country are not so frequent in
India as in many other regions. Earthquakes are recorded
as having occurred in the course of the Ganges in
1665, 1762, and in 1800. In 1803, an earthquake in
the course of the Ganges occassioned great disasters,
particularly at Barahat, But these agitations of the ground
are not contined to the middle and lower parts of the course
of this river, for Captuin Hodgson experienced an earth-
quake near to its sources. He says,~** We luy down torest;
but between ten and eleven’ o'clock were awakened by
the rocking of the ground, and on runuing out we saw
the effects of an earthquake, and the dreadful situation
in which we were placed, in the midst of masses of rock,
some of them more than 100 feet in diameter, and which
had fallen from the cliffis above us, probubly brought
down by some former earthquake. The scene around us,
shown in all its dangers by the bright moonlight, was
indeed very awful. On the second shock, rocks were
hurled in every direction from the peaks around to the
bed of the river, with a hideous noise not to be described,
and never to be forgotten. After the crash caused by
the falls near us had ceased, we could still hear the ter-
rible sounds of heavy falls in the the more distautrecesses
of tie mountains. We looked up with dismay at the
cliffs over-head, expecting that the next shock would
detach some ruins from them: had they fallen we could
not have escaped, as the fragments from the summits
would have tumbled over our heads, and we should have
been buried by those from the middle. Providentially
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there wére no more shocks that night. This earthquake
was felt in all parts of the mountains, as well as in the
plains of the north-west provinces of Indostan,”

On the 16th June, 1819, the western part of India
was visited by an carthquake, which spread desolation
and panic over a vast extent of country, It was felt from
Bombay to beyond the tropic of Cancer; but the centre
of the shock seems to have been in the province,of Cutch,
which suffercd severcly. The first and greatest shock
took place on the 16th June, a few minutes before seven
. M. The wretched inhubitants of Bhooj were seen flying
in all directions to escape from their fal'ling habitations,
A hcavy appalling noise,—the violent undulatory motion
of the ground,—the crash of the buildings,—and the dis-
may and terror which appeared in every countenance,
produced a sensation fearful beyond description. The
shock lastcd frown two to three minutes, in which short
period the city of Bhiooj was almost levelled to the ground.
The walls, from the sandy nature of the stone, were
crumbled into dust; nearly all the towers and gateways
were demolished; and the houses left standing were so
shattered as to be uninhabitable. 1t was calculated that
nearly 2000 persons perished at Bhooj alone.

The devastation was general throughout Cutech. In
other quarters its effects appear to have been equally
disastrous.  Thus, from Ahlmedabad, the capital of
Guzerat, we have ti.c following deseription :—* This city
is justly celebrated for its beautiful buildings of stone
and other materiuls, and for the famous shaking minarets,
which were admired by every stranger.  Alas® the devas-
tation caused by this commotion of the earth is truly
lamentable. The prond spires of the great mosque
erccted, by Sultan Ahmed, which have stood nearly 450
years, have tumbled to the ground witlin  few yards of
the spor where they once reared their heads! Another
mosque of elegant structure, which lies to the left of the
road leading to Stiuhee Bagh, has shared the same fate,
The magnificent towers, which formed the grand entrance
into the citadel, have been much shaken and cracked in
several places. The fort and town of Jelelsheer are
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reduced to ruins. Many of the people killed were
already out of doors, which is usually considered a situa-
tion of comparative safety. A marriage was about to be
celebrated in a rich man's family, and the castes had
assembled from various distant quarters; the shock
occurred when they were feasting in the streets, and
upwards of 500 of the party were smothered in the ruins
olP the falling houses.”

The effects of this earthquake were indeed so exten-
sive that we cannot afford room for more minute parti-
culars; but we may add some account of the sensations
felt by individual suffercrs during the continuance of the
shocks. In the British camp, which was pitched in a
plain between the fort and city of Bhooj, the general
feeling was an unpleasant giddines of the head and sick-
ness of stomach, from the heaving of the ground; and
during the time the shock lasted some sat down instinc-
tively, and others threw themselves on the ground. Those
who were on horseback were obliged to dismount; the
carth shook so violently that the horses could with diffi-
culty keep their feet; and the riders, when upon the
ground, were scarcely able to stand. At Ahmedabad,
*« all the disagreeable sensations were experienced of
being tossed in a ship at sea in a swell; and the rocking
was 8o great, that every moment we expected the earth
to open under our feet.” One gentleman, wiiting from
Surat, where the earthquake began at twenty minutes
past seven, says, ** The vibration of the couch I was lying
on was so great, that I was glad to get off it ;—the house
was considerably agitated,—the furniture all in motion;
a small table close to me kept striking the wall, and the
lamps swung violently. I ran down stairs, and got out
of my house as fast as possible. On getting on the out-
side, I found a number of people collected, gazing with
astonishment at my house, which stands alone, and was
so violently agitated that I expected it to fall down. The
earth was convulsed under our feet.” Another writes
thus from Baroach,—¢ Such of the houses as are ele-
vated, and at all loosely built, creaked like the masts and
riggiug of a ship in a gale; the venetians and window-
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frames rattling violently, and the buildings threatening
immediately to fall; a considerable lateral motion was
impressed on every thing that admitted of it. After this
more violent concussion had lasted a minute or upwards,
it was succeeded by an oscillatory motion, of a more
equable character, which continued for more than a minute
and a half, making the whole period of the convulsion
nearer three than two and a half minutes.” An intel-
ligent native residing in Iseria gives the following account :
—* Yesterday, in the evening, a noise issued from the
earth like the beating of the nobut, and occasioned a
trembling of all the people; it appeared most wonderful,
and deprived us all of our senses, so that we could not
sec, every thing appearing dark before us; a dizziness
came upon many people, so that they fell down.” The
inhabitauts of Cutch, however, were much relieved from
the dread of farther convulsions by the circumstance of a
volcano having opened on a hill about thirty miles from
Bhooj ; and, about ten days after the first shock, a loud
noise like the discharge of cannon was heard at Porebun-
der. The sound came from the east, and was supposed
to indicate the bursting of one or more volcanos in that
direction. The earthquake affected in a remarkable degree
the eastern and almost deserted channel of the Indus,
which it re-filled and deepened.
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APPENDIX.
a)

Baboo Ramcumul Sen in the preface to his valuable
Bengalee Dictionary, speaking of Bengal, says, “ The
country is also called Gour, and appears to have been prin-
cipally, or at least a ¢onsiderable portion of ir, recovered
from the Sea, out of the Bay of Benzal; that is to say, as

 far as the borders of Rajmahal, including the 24 Pergun-
nahs, Midnapore and Jessore, It was first churrah or
alluvial, and then jungle ar forest, a portion of which is
still to be found, and is called the “oonderbun. It was
afterwards sradually cleared and inhabited.  When Seva-
nanda Majoond.r, the uncle of Raja Pratapaditya, who
was the founder of the city of Jessore, fixed his residence
there about three hundred years ago, it was a forest on the
borders of the Sea.

Bengal first began to be peopled perhaps within 1000
years; as there is no chronology of the country extant, as
there is of the other parts of H ndostan, the time aflixed is
ncarly conjectural,  As to what has been said of its hav-
ing been obtained from the Sca, the following proofs are
given. The fact appears probable from the following names
of various villages which are contaiued in it.  Suk Sagar
Dry Sca, Chakiadwipa Citcular 1siand, Navodwipa or
Nudea New Island, Asradwipa Foremost Island, Doo-
murdaha Dumboor Darga, Naldi or Naladwipa Nalas
Island, Chundradwipa, Chandra’s Island, Mallaha Malas
Abyss, Gaokh4l Gao’s Creck, Madhukali Madhas Creek,
Naladanga Nalis, Upland Babmandinga Braman’s Up-
land &c. &c.

x 9
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These were no doubt alluvial lands, as the aflixes, Sagar,
Sea ; Dwipa Island ; Khala Creek ; Iyarga Upland ; Daha
Abyss, relate to the sca or to water, and cannot be applied
to any thing hut land thus acquired.

2d. The boring for springs in Bengal shews that the
rod does not meet the original stratum before it has penc-
trated 180 fect below the surface, which must therefore he
the alluvial stratum. Inexcavating a tank or hole fiom 20
to 30 feet in depth, decayed boats, naval stores, and trunks
of large trees have been found.”

Tt has also been asserted that the scite of the town of
Sugor in the N. W. of Hindostan, was formetly covered by
the ocean. Ep.

(B.)

Summary of Meteorological Observations made ut the Surveyor
General’s Office in Calcuita, during the Years 1829-30-31.

The monthly tables kept by the Surveyor General, and
uniformly published in the GLeaNINGS, since its commence-
ment, arc now capable of furnishing three years data for
the illustration of the climate of Calcutta, as regards the
pressure, temperature, moisture, rain, state of the winds,
and aspect of the sky : and as such regulatity prevails in
atmospherical phenomena within the tropics, there is no
occasion for further delay in presenting our readers with a
summary of the resalts, adding a few obscrvations and
comparisons with such other registers of Oriental climates
as are within our rcach. Meteorology is now attracting
more and morc attention in Eviope.  Societics have heen
established for its exclusive cultivation in some ccuntiies,
and morc recently at Paris, a ‘¢ correspondence pour
Iavancement de la meteorologie” has been undertaken by
M. Morin, who not only hopes to frame a complete ** his-
toire du tems” for the whole world, but even eventually to
be able to predict the future weather of any climate from
accurate analysis of the effects of past seasons: towards
this laborious undeitaking Mons. Morin invites assistance

-
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from all those who are in the hahil of recording their
obscrvations, and we with pleasure give circulation to his
proposals in return for the copy of his Essays on Meteoro-
logy, with which he has kindly favored us; but we should
rather recommend, [for our own sakes no less than to save
labour to M. Morin himsclf,] that our pages should in the
first instance be made the medinm of his Indian correspond-
ence ; and we  further recommend that the tables with
which we may be favored, may be abstracted by observers
in a convenient forn for reference and comparison, such
pethaps as we have prepared on the present occasion to
exemplity the climate of Calcutta, We hope hereafter to
lay before our 1eaders some extracts fiom the Essays of
M. Morin ; they abound in curions remaiks upon the pheno-
mena which he has professedly engaged to study, not only
from nature, but from written authorities in all the current
Janguages of Ewope, nay even from the Chinese manu-
script of Yowe-ling, the Daniel of the celestial empire, now
under translation by M. Brosset, which besides meteorolo-
gical facts “ contient epcore beaucoup d'autres choscs
curituses.”

But the objeet of the present paper is to cxhibit a tabular
view of the climate of Bengal, from the iegisters already
published in detail. These registers have been purely
tnstrumental, for as M. Morin remarks there are two modes
of observing the weather, one by means of fixed instru-
nments, the other by a continual log-book of occular observa-
tions on the formation and dispersion of clouds, force and
direction of winds, influence of the ground, hills, waters ;
of storms, lightning, aurorz, and so forth. 1In this depart-
ment our registers arc perhaps deficient, but the regularity
of our scasous is such, that there is not the same interest in
watclang the sky as in the ever changeal le tropies : it is no
difficult matter here, to predict the course of seasons, and
the occurrence ‘of occasional gales and north-westers is
almost the only phenomenon not restricted to stated periods
in the revolution of our Indian year.

The tirst of the following tables comprehends the general
range of the weather; the wind, the clouds and the rain :
having the same letters to denote the nature of the clouds
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as are applied in the monthly registers: zero denotes the
absence of wind or cloud, and the degree of force or of
prevalence of particular winds is shewn by the forin or size
of the type, appealing at once to the eye.

The south or south-easterly monsoon prevails from the
spring to the autumnal equinox, and northerly winds for
the remainder of the year, there are intervals of calm and
variable winds at the equinoxes and solstices: the registers
do not particulaiize storms, but two or three very severe
ones have oceurred in the interval under review. We may
instance the storm of May, 1830, which injured so many
houses in Calcutta; and the gale of November, 1831, which
committed such havoc in the Cuttack district. As a sam-
ple of the course and disastrous eflects of these storms, we
extract a description of the one last mentioned from Mr.
G. A. Prinsep’s recent work on Saugor Island.

“ While these pages have heen in the nress, another inundation has occnrred
more destinctive than hat of 1824, a1 u pertod of the vear when such an event
was unknown n 1he npper pait of the bay. Siucethe 22010 of October the
noitherly monsoon seemed 10 be steadbiy set in with a clondless sky 3 and the
freshness of the mornngs, indicating an eanly and i long cold sea-on, was the
i subject of congoatnlation ieans tesdding in Calentta,

presaion ot less than a4 1en he Barometer on the 30th
excited no atten
but towaids even
clonds shewed theu
frow that quarter
freshened a hinle, ab 1 was lelt in
Howiah, stiong and notth.wesres. Al day eak, on the 3lst. the
sky was overcast with a drizzling rain, the wind jather tresh at N. E. and
increasing : by novn 1t was blowing a gale, and at short intervals heavy show.
ers snceeeded  each other, during the rest of the day: violont gusts after
aunset reminded us of the storm in May last veir. The direction of the
wind was suul N, E. t0 E. Atier midnighi, it suddenly veered to 1he sonth.
ward, blowing tempestaonsly for geveral hours.  Duning the lst, it came
round to the §. W, abating 1n force wiih every (resh point of westing, 1he 2nd
was adu'l clondy, cold day, with the wind at west 10 N. W. bat the gale had
ceased: while it continued, there fell abuut 2 inches of 1ain,  Vhe Binioweter
Indicated at irs lowest 20,672 at 4 p. M. on the 3lst, and at suniive on
the lst No embe only a fall of 38 with reteience to the highest
point a1 which it »d on the 20, But the river was unusnally troubled. and
much d ge occuried the hoas: at M. Kyd's dock gates, thw water
rose to the wmark of 21 feet 6 inches® In the night Lde of the 31st, have heen
ouly at 14 feet 8 nches ar high water jn the morning, Althongh, when the
springs came on, the hizhest level wus only 17 feet 9 inches in the vight tide of
the 4th. The low-water level was 1a1sed mose than 5 feet, being by the mark

® Tweniy (eer hy lhv river cuage1educed to corespond with histide tables.— In
the vreat stormn of Mny, 1823, the water only rose to the mik of 20 teet (River
18. 8) heine § fom 4 luclies above the proper level : the greutest difference was
then at low water, the siver level beine 9 feet 3 luches, iustead of 6 feel ¢
lagliey, as it ought 10 bave beeu by calculation.
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18 feet, instead of 7 feet 10 iuckes, its proper level in the day tide of the Ist
of November. .

Such wus the characterf the storm at Calcutta, where few fallen trees exhi-
bited siviis of extraordinary violence. Indeed, it would seem to have heen
more sparing of s 1avages here thau almost in any place exposed to its influ.
ence. Hundreds of hoais are sand to have heen lost upon the Ganges, some of
them laden with tndigo; and a lelter trom Bancomab veporis the destruction
of trees (0 have heen very ereat in that neighbouthood. The weather at Sau-
got is thus described by a gentleman resiiing at Frentosh.

‘“ 30th Octuber, 2 r. M, clouds gathening iu the E. quarter—3 p, M. some
diaps of ramn.

31st, morning, strong hreeze (rom N, B, with light rain—increasing towaids
noon with heavy 1ain eveming, had gale at B and heavy duwug rain~8, 30
P M. blowing very hard fiem 8. E. and the nde beginning Lo pass over the buuds
of the estate—10p M. wind & W, blowing 4 bunincane—tiees and houses falling
~the wooden bangalow shaning very mych, angd the water within a toot of the
floor, which 1s 1aised between 5 amd 6 feel above the ground.

1st November wind 8 W. moderating, but stiong equally breezes all day
flom §. W, 10 W. 5 W without 1atn,

2ud - wind N, to N. W and clondy.”

e was much mnie severe than that of 1823, and the water rose at
her over the lund @ bat us greatest fury was spent in the Midna-
pore distiict, and on the anfortunate consts of Kedgeree, Hiduelee, and Ba!nsur’-‘
Fhe targe bunds of those coustg, belund which @ numerous population slept in
fanered securay, were suddenly oveiwhehned by 8 temvudous wave, sweeping
asway with reactiess force every house aund every atticle of property in the
natve sllages, and destiocing the paildy crops, all the cattle af an extensive
tact of conntiv. and a luee portinn of the inhabuauts.  Handreds of caitle
were seea floating past the ships at the Sand Heads.  ‘The Collecior of
Balasore, who with difheulty saved huyaself and s family, has given a frightful
picinre ot the desolaaon aronnd him  the atmosphere being infected by the
carcases of nen and annmals, whieh the 1etning watery had Jeft sealiered upon
the giound. A letter fiom ~atiack, published in the newspapers, estimntes the
destiuction of ives at 10,000 the evtire population of 300 villages, which are
said to have been anntulated by the waves. ‘The inundanon extended trom
Kedoeree a3 tur as Cuttack and even hioke thionzh the buuds ay Culpee and
Diamond H:bour, besides creating a tremendons bore of 5 feet in the Roop-
varam, at tumdooh, which destroyed a great miany boats and nealy all the
people in them.

Saugm has been more fortunate than the opposste coast 3 but, although from
age and the grass npon them, fhie bunds of all the estates were stionger, while at
the same tine they were o general lonzer than in 1823, and mostly in good
repair; no pait of the 1sl, ud has e~ciared mundation, except a few of the tanks—
a very important escepnion, with reference to the tune of year, aud the number
of persons dependent upon thew for sahsistence,

Maost tortunatelv the storm eitwe on during neap tides : had it occunied al
Jany e between the 2nd and 6th November, the tide would have nsen three
feet six anches to our teet higher at Sangor, aud the frald asylum of 1he fallen
tunt o of therr honse wonlid have been swept away with most of the whabitants,
Tne destruction of hines wonld then perhaps have been as great upon the
island, as it has heen at Kedeeree, Hideelee, and Balasore ; and in those dis-
tricts the desolation waonld bave been awinl inderd.  Nor is it unhikely, that the
invudatiors mnght have extended even to Caleuna, whe ¢ the river would over-
flow its banhs at less than 23 feer, (by M1, Kyd’s tide register,) which is but
3 fees unove the level it aunned.”

By the papers it appears that 4 most severe hurricane
was experienced at Manilla, a few days previous to this
storm, and if the whole intervéning space could be sub-
mitted to inquiry, a connection between the two wight very
probably be proved. *
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Tasre I.—Winds, Rain, and aspect of the Sky, most prevalent at ('al
cutta, from three years' observations.

SUN-RIVE. NOUN SUN SKI. RAIN.
MONTH- Winds. « Clouds. | Wands. | Clouds. | Winds. | Clouds. | Inches.
January....$[0 0 fors NW'n [0 o [0 |9
an e nw. logs n cu. .
gon.e 0 NW var.|0 0 2 000
0 morning |N_ var.|0 ci. 0 0
February. 0 ne, fogs NE var.leir. cu. |n.e 0 0 cum 0.53
0 nw. [cir, W var.jcum nw.0 |0 cum
ne. var. | 0 ci. variable jcum. 0 0
March.. . 2|0 0 ¢i. SW var.fcum.st. 10 s. cum. 0.74
se. sw. [ 0 ci. varigble lcam.  |s.e. cir
. ly| cum W SElcum ci. |SE cir.
April._. ... 0 s. cum. sw |cam ci. |SE cam. 408
aw. se  (cir. SE  aw.|cum. § var [cu ci
0 s cum. S var [cum. S sw. ‘cum
May.... 010 » var, S sw jcum str |S  s.e. jcum. 578
9 se. cir. SSE nnn ¢i | SE cum. ci.
w. 0 :cum. SE  sw [cum. str.|S§ cum sir’
June...... se. var SE var |cum. str.|SE n. Cl. 8. 167
s. 0 |var. § _.calmsjcum. n. |SE cum. str
sw. so. lcir. atr. ISE 8w |cum. strisw 0 cum st
July... .9|0s cum. str |var. Skfcir. n.  |se. var. [ci. str. 898
0 3¢ v. nim. var. w.|nim. culsw var. |ci. cu.
3 cum str |SE cum. str.|SE cum. str.
August....qQ |se cum str.|SE s.Jcum. str.|SE var. |cir. str. 1041
4. ne wan str ISE  var.lcum, str.|$ var. |cir 0
0 se [cum sir |SE var jcum str.|SE cum. str.
September. q |0 icum. atr |§  var [cum. str.|.Ssw se.icir str. 6.70
0 3. ne civ. str  |variable lcum. cir|varable |cum. 1.
0 ne ge .cum. ci ¢ var.fcum. ne. 0 cum.
October...4 |0 var  jcum. NE var jcum. 0 var.  |cum. 584
0 n. me. 0 cu. N ewcum ne var |cum
}: ne. ' 0 NE cum NW o0 10
November. n. icir. var.| 0 var. 0 0 cu 0.00
i) cir. NE n |cum. Une. 0c
0 n. 0 NE nw.| 0 cu. On
Deumber.{ ) o, 0 uw.[ O cum |0 0 000
0] 0 NW nelocs 0 n.w 0

Barometer and Thermometer.

Average of Rain for three years, 59,83

The next two tables require no explanation ; they shew
the usual range of the atmosphcrical pressure and tempe-
rature throughont the year.

‘The registers of the Barometer have been upiformly

reduced to the temperature of 320 Fahr, which greatly faci-
litates their application to useful purposes. The periods
of diurnal minima and maxima also have wisely been
chosen for observation, but it is to be reuretted that the
same precaution could, not have been extended to the
parailel hours of the night.
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Tasi & 1.~ Mean Atmospherical Pressure in Calcutta, for 1829 30 31-
Baromeser reduced to 829 Fabrenheit.

- IMaximun A ¢ [for_ 1830.| Minimum
Moutb | Sunrise. [Pressure at] “PPArENt ¥yyon som.| Pressure, | Sun-set
9h. 40 m| Doon- P M. | 4P M.
inches inches. inches inches. inches. inches.
Jan 30.034 30.081 30.033 30.019 29,961 29.971
Feb 29,979 29.99% 29 960 29.004 20478 29.802
March, 877 92 .BR5 797 508
April, 744 796 763 kel 672 K
ay, .62 670 63 579 ] 679
June 526 503 532 497 468 484
July, RiC) S0 571 520 501 520
Aug 559 624 599 .532 529 537
Sept 655 200 667 616 599 609
Oct 790 839 T2 736 a9 743
Nov 035 978 924 875 871 316
De 30 038 30.079 30 025 971 965 978
M ans 2N 778 20.818 20.783 20.734 20710 | 2977

mean of the columns of maxuna and winuna for tiree years, 29 764

1roLe 11l ~ Mcan Thermometrical Range for the came period.

Minimam I
Month. |temperature IX 40 A.M.! Apparent {tem Jm-mtun- IV P M. |Sun-set
sun rise. | moon 24,5
Jun e B 6.5 7305 75h °.3 70°.1
Feb 616 ! M7 779 82.1 2.0 76.5
March, 728 800 84 &8 §6.4 81.3
Apnl, 766 85.8 89.6 912 905 85.3
ay, 799 8.4 * 93 93.6 9.4 46.6
June, 80.5 | 8.6 880 88.1 86.8 838
July, 803 83 856 86.4 .1 29
Agust 79.4 ! 814 8.5 83 R1.4 8256
Sept 94 4.9 #0.1 $5.6 817 829
Oct 771 K32 80 85.5 8.1 81.1
Nov 667 | 748 7.8 80.1 787 75.4
Dec 507 ' 607 74.9 768 754 70.9
Means 7273 8111 ! 83 49 84.89 83.57 79.86
Menan of cxtremes,.......... 78.81
Mean lempemtu.re ‘of the duy. 81.26
of the night, 75.00

Deduced mean of the 24 hours, .

78.13
Mean temperature of Calcutta, i

78°0 (As. Res. IV.)

To place the relative course of the two instruments in a
more convenient form for comparison, the following tabular
view of their range throughout the year has been con-
structed; and it derives additional utility from the parallel
columns which we have been enabled to insert for other
localities, so that the whole preseuts a convenient epitome
of meteorological phenomena between 12° and 30° of north
latitude. Of the climate of Madras, the minutest details
are recorded in the voluminous and careful reports of the
late astronomer Mr. Goldingham; whose results merely
required to be reduced to the fieezing point. The Ava
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tables are abstracted from Major Burney's registers pub-
lished in the GLEANINGS ; the Benarestables are taken from
the Oriental Magazine, 1827: for the Schiranpir results
we are indebled to Dr. Royle, who allowed us to look
through his copious registers for the purpose. As the
several Barometers were never absolutely compared toge-
ther, entire dependence cannot be placed upon the wmean
altitudes given; but with regard to Calcutta, Benares,
and Seharanplr, as some opportunities occurred of com-
parison thro-igh the instruments of different travellers, the
relative altitude of these places can be estimated tolerably
well: Thus, Scharanp(r will be found to be almost exactly
1000 teet above the sca, as was belore estimated by Captain
Hodgson : — Benares in like manner may be saf. ly stated
in even nambers to be 300 feet above the sea.

TaBLR~IV®  Monthly Deviations of the Rarometer and Thermometer
Jrom their annual mean hewht ot Caleatte ; and ab scveral other
places, introduced (or the sakv of comparison,

Laromter ai . Trermomeles,

|

~ L i w e
= £ s 2 | g |iE
I} - *=_ta = t:
£ 5% gz 3 (frsez
£ =1 s B A ESvEES e
Il o ERl . CoE=E 8
ezl 8 |4; ERSER TR
s gL = |LE EXNEES T Eutnol B3
g Zis| £ |2 P leis <% 530553 =3
5 B2 FOETR A 88ESTC 3
inch lench anck. vnch fonh § dig Ven dey gclw]. deq
January. ... ... EHGEE200 4208 o anl0n — 137 =11 6—17 0 —21 8
February,.. ... 3] R115 F1E2 T  ] —1 s — 30— 60 —115]—20
March,... . .. |+.087 Hm fmmﬂm TiN]~1%— 28l + 10—150 o
April,.. . Wi 0 74 TR F5L1095]+ 6]
May, .. 0] #2047 a 0 G
June, .. s +70] A5 43T 4175
July, .. 17 3 #3014 371] F 40l +60) 1128
Ausust, . LO88 [ 120 — 104 — 02—~ 900+ TI[+36 +064] +10.0
77 |— I — 115 — il [ 158 +:’ll+43 AT+ HK| + 05
October, ... — TR 010+ 020+ 074 007E HI ] F2Y 425 413~ 08
November, | Hooer ¥ 102 + 1604 181 [+ 2091 —31im 35— Bal— 67/ —10.8
nnAcember,.. S B Tl 22 K20 4205 19101 | -115--17 6| IS8
nn. e REed FPY SeetTa e — ——
mean 20.810 | ""57%207')1“')461'2‘ R ma| M el 76
20l a5 fo6l ser| or2d inol 2itl ]| 3ta)

It will be remarked that the range of variation in the
weight of the atmosphere incicases with the latitude, even
up to the foot of the Himalaya mountains, and that it is
accompanied by a corresponding increase in the range of
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the thermomcter. We have elsewhere reasoned on this
subject, and do not intend, in the present view of observed
facts, to euter into any theoretical discussions; at any rate
before doing so it is to be wished that we may be able to
extend the table of comparisons to other prineipal points
on the continent of India; It is evident that in calculating
barometrical altitudes, by corresponding observations at dis-
tant places, a corrective equation must be introduced,
depending on the time of year, having its maxima at the
two solstices.

We now come to the diurnal oscillation of the Barometer,
for which the same sources have furnished me with mate-
rials (or traming a comparative table for five localities con-
siderably distant fiom oune another; we could have added
Muishedabdad to the list, but that the thermometric series
for that place was incomplete. At Seharanpar the horary
obscrvations werce confined to a single day, the fifteenth, of
cach month, At Madras to threc similar days : at Benares
perhaps the hour of the minimum was not always exactly
observed : thus a little irrdgularity must be expceted, but
on the whole the results are wonderfully equable.

IasLe V Jhurnal Oscillations of the Rarometer and Thermometer at
Calcutta, with comparative observations at other plaics,

Burometrr _at 32e Thermometor,

=5 o i ) = - L) 'y B~

58 |8 |7 ’23 5813 1< |5 [¢8, 8
< . < oot E‘_g. = ) g a0 S.‘:
"fi:'g!z s ] °% 2 £ BN
EER| 4 em el |uag D |2 | 2R STE|5%E

("R co | . acE a2 - .

5 co=m | £3 ae 55| 4R | B | £ g3gl8e%
£ E.Eé-' B s'_—s:. Ea is 2 :E:;E"
c FEZ 8 =3 |2 EF] da, | 23 |£82|EEe
- FEC A ST R A B e TR

weh uu'h.; el Vonch Vench § deg | deg. | deg | deq | deq
072 441 1B 07 iy no, o4t 2074128 [3
070 16| N7 | 103 003 ) 100 | 168 | 186 ) 1921 210
076, 07 ) 0 021 M6) 70 208 ] 140 7120
OSEH X A 5] ez 90 209 116 | 232 | 310
ot bz an | 12a] o] ool 4| 137 20| Mo
0427 .1 095 13| .78 90 90| 76| 161 | 315
(1} 331 0| 077 103 20) 66| 6.1 90| 15.3
4 MWD 09 00| ONS| 0790 20 ( 88 ) ho{ 83 115
s N LR N R ) | 103 123§ 60 78| 62} 03] 130
Qctober, .. o8 I 10§ 100 120 80 60| 84| 181 | 35
November,. ... 0°1 27 07 107 H7f 80) 67 (134 1081293
lJi‘c:::wr.. . 070 L1260 L4 098] 124) 90| 85| 171 163 ) 175
tide o810 1261 .10 0 1051 1208 851 106 | 1221166 | 212

4
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With due allowance for the difference of sensibility in
the instruments, the above table shews that the average
diurnal tide of the Barometer between the equator and 30°
north latitade exceeds one-tenth of an inch, and that it is
progressively greater as the variation of tempcrature during
the day is also greater. With regard to the nocturnal tide
of the atmosphere, the Calcutta tables afford us no data,
for want of an observation at 10 p. M., the hour of the
supposed maximum at night; all that is indicated therein
is, that the Barometer is constantly lower at sunset than at
sun-rise. At the Madras observatory, in 1823, a series of
horary observations was made for three days in each month,
which seems to establish the fact of a night-tide beyond a
doubt to the extent of .04 inch; when however the correc-
tions for the temperature of the mercury are applied, this
amount is reduced to two-hundredths of an inch, which is
one-fifth only of the diurnal tide.

The same result is obtained from a month’s horary obser-
vations undertaken by Col. Balfour at Caleutta, in the ycar
1784, We have also in manuscript a diary kept by Mr.
G. A. Prinsep, dming 32 days of a voyage from ®alcutta
to Bombay, whence it appears that upon the ocean the
Barometer falls from 10p.M. to sunrise —.022

rises from sunrise to 10aA.M. < O#4
falls from 10p.M. to 4 p.M. —.102
rises from 4 p.M. to 10p.M. <.080

on the other hand, the Berhampir register exhibits a con-
stant rise from 10 p. M. to 5 A. M. but as the corresponding

. thermometrical register is unfortunately not in our posses-
sion, we have been obliged to substitute a correction from
the means of the Calcutta register, and the resul(s may be
in some measure erroneous: they cannot however be so
far from the truth as to reverse the apparent issue. At
Seharanphr also the existence of a noctural tide is equivo-
cal ; the following table exhibits all that we can gather
towards the elucidation of the point in India, expressing
by minus signs the real tide, or fall of the barometer, from
10 p, M. to 5 4. M, and vice versa,

-
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Tasus VI, Nocturnal Oscillation of the Barometer from 10 p. M. 05 A M.
« reduced to 8° Fah

Madras 3 jBerhampur, Seharanpur, (Vera Cruz in
Month davs in eacl| fromDr Rus.| Dr Royle's,” Mexico by
month. sel’s tables observutions. Fray Juan
January,.... . .. — 0t +.034 — 043 +018
Pebru:{y, e e — 020 + 026 — 09 +.009
March, — 126 + 069 — R —.002
April, — 7 +.008 — 007 +.008
May, — 04 +020 —.020 +.005
June, ... —.026 +.012 1030 1 003
uly,.. . — 09 100 — —.002
Aungust, — 08 +014 —.016 — 007
September, —0A +.011 +.011 -.012
October, — o 1009 — 004 —.

November, . ... — 010 + 009 +.021 +.001
December, . . —n9 +027 +.015 — 03
Meana . R — 1 + (020 — 001 — 002

The last column is taken from the manuscript observa-
tions of Fray Juan, at Vera Ciruz in 1817-18, in the posses-
sion of a fiiend: the latitu te of that place, 19 N , should
make the results applicable here

There is still suflicient ambiguity respecting this sccond
tide, thciefore to render further ingniry necessary, and it
would be desirable to employ a barometer for the purpose,
which should not require te have any correction applied for
the te.nperature of the mercury; this might be casily
elfected hy enclosing the barometer tube in an outer tube of
the same length, also filled with mercury upon the surface
of which the scale might float.

Hygrometry.

The Calcutta tables afford suflicient data for calculating
the state of the air with respect to moisture, whenever the
temperature of an evaporating surface can be converted
with certainty into equivalent expressions of the more obyi-
ous phemomena of Hygrometry, such as the tension or rela-’
tive dryness; or the absolute quantity of aqueous vapour
contained in a given space.—The first of these points may
be found within the limit of 2 or 3 per cent. by the tables
published in the first volume of the GLEANMINGS :—and the
second may easily be calculated theretiom by the formula
of Dalton or Ure,—In the following tables this bad been
done, and the uniformity of the results is ratisfactory
enough  August is the most damp month of the year to the
sense; but Junc is the month in which the atmosphere is
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really loaded with the greatest weizht of aqueous vapour.
January is in every respect the driest season of the year,
but the drought at Calcutta naturally falls far short of what
is experienced at Benars and SeharanpQr, where the
depression of the moistened thermometer sometimes exceeds
35 degrees.

Tanre VIl. Drpression of the Wet bulb Thermometer and deduced Ten-
sion of Vapour in the atmospher ¢, at C'alentta, 1829 30 31,

Month Sunris 940 a.m Noon 2 p.m dp.m Sunset
onth. — e —[ — ———
Dep [Ten |Dep |Ten |Dep |[Ten. [Dep.Ten. {Dep | Ten [Dep [Ten.
Jan 3 | w214 | A1 1 37 [15°0) 3] 22| 9o3) g
Feb. 16 87185 S6 1241 4|11 Riwo min o4
March, | 1.9 8 18 7 50112 6% 47 | 4.2 41 () izl n
ﬁprll, 1.4 K. BER! 66 L1170 A3 1039 40 127) 60| 81| 61
ay, 18 2173 [ EEN] G210 8] ™| 07| 6l 60 0] 73
Juoe, {1.6 | 9|44 M| oa6] 7166 73|62 7,07, &3
July, 19 9 |46 a4 551 | hHL T4 50| 77 361 83
August,| T 6 b3 144 80| 54 77, 49| 77| 48] B| 3| ¥
Sept. 17 9 |53 760 65 7 5 8| 7 52| 7n I
Oct 15 2|6 gL 8o 65| 86 03| 74 66| 4.3] 70
Nov. 28| 85 (90} 55 112.3] 4t |139) 40 J126| 93] 81| 50
gl)ec. 2.4 83 {74 b9 |10.8) 47 [ 1256 43103 4b] o0 9] 61
ean —]—
Tension| 802 .66 77 "7 670 ¢ 6R0

TarLE VIII. Mean Barometric Pressure of Aqueous Vapow in the Awr
during the same period, dcduced from ‘T'able V11, and Daltun’s Table
of Aguenus Tensions.

h m m T
Month Sunrise. 947 a.m| Noon. 2% p m| 4 p m | Sunset
inch. inch inch inch, inch inch
January,............. 0.336 033% [ 0300 [ ooE | own | 07
February, N 513 476 413 407 300 103
M 703 590 K] i 5l R
846 0 721 649 90 753
904 93] 11 1l 002 o
494 9580 975 9 005 987
909 908 00 03 an 910
a1 920 916 914 N7 9%
892 8K9 859 869 M7 861
840 788 an 77 760 814
K 49 419 424 49 543
405 A6 424 413 404 a5
751 713 682 667 669 710

It is here observable, that besides the apparent dirving of
the air caused by the increase of heat during the day, it
actually scems to become less loaded with moisture from
sun-rise to 3 p. M. to the cxtent of about 10 per cent : this
is not easily explained without recourse to suppositious
errors of the instruments or of the formule of calculation ;
for it is difficult to imagine that the vapour sheuld vise
independently of the air with which it is minglcd; or if it
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does rise. that it should fall again so rapidly, to resume its
place in the lower atmosphere on the following morning.—
It mizht be expected & prioi that where fogs prevailed in
the morning, or where dew was deposited, the pressure of
aqueous vapour measured in the morning would be less
than in the middle of the day; and the appcarance of a
contrary result, if it doecs not point to a probability of
errors in the instruments, or in the experiments upon which
the calcu'ations are grounded, tends at any rate to show
that much remains 1o be done to cxplain facts, and to place
this branch of mecteorological inquiry upon a firm basis. ~

Jt is however some satisfaction to know that the register,
kept at the surveyor general’s office, is in this, as well as
other respects, superior to most of those published in the
scientific journals of England, wheic the column devoted
to the hygrometer is penerally a mere mass of figures
convertible to no useful purpose. It is to be hoped, that
all who rvegister their observations in India will adopt the
same kind of hygrometer,s namely a thermometer with a
bulb projecting from the scale, and covered with a wetted
muslin bag. Its indications shoultl first be carefally com-
pared with the dry thermometer, and corrected for any
errors ot division,

(€.
Mirage in India.

1t is not generally known that the mirage, apparently
first brought to the notice of modern Europeans by the
French army in Egypt, is visible in the central parts of Hin-
dustan. In Rajpltana it is necessaiily of constant occur-
rence; but in the less arid plains to the castward itis also
to be seen. At Ghazipur, between the European bazarand
the stalfles of the Company’s stud, there is a level, extend-
ing about a mile; from the east end of which may very
often be seen, about halt a degree under the western hori-
zon, the appearance of a sheet of water about 1° in width
and perhaps 10° in length from right to left, in which the
sky, houses, trees, and animals are reflected as in a biight
mirror, ’

THE END.
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