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Of Rivers.

HAVE already remarked, that, in general,
the greateft mountains occupy the middle of
continents; that thofe of a fmaller kind divide
lands, peninfulas, and promontories; that, in
the Old Continent, the dire@ion of the greateft
s of mountains is from weft to eaft; and
ch run to the north or fouth
only branches of the principal chains. It will
examination, that the greateft rivers
ne diretion, and few of them follow

cb
that thofe whi

the courfe of the branches of mountains.
ced of this fa, we have only to run

a common globe 3 and, beginning

in, we {hall find that the Vig
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o, the Tagus, aid the Guadiana, run from
caft to welt, and the Ebro from welt to ecaft;
and that there is not a river of any confider
tion which runs from” fouth to north, or from
north to fouth, although Spain be almoft entire~
ly environed by the fea on the northern and
fouthern parts. This remark concerning the
sivers of Spain demonfirates, that the direion
of the mountains is from welt to calt; that the
fouthern provinces near the Straits are more ele~
than the coaft of Portugal ; that, in the
the mountains of Galicia, the
Atturias, & uation only of the
Pyrennees; on of the coun-
both in the fouth and north, is the caufe
the rivers from running to the

rent that the K
runs from no;

; and, even near one
half of its courfe, from the mountains to Lyons
s from caft to well: But the diretion of all the
great rivers, as the Loire, the Charente, the Ga-
onne, and even the Seine, is from eaft towefk.

e fame obfervation holds with regard

The Rhine, like the Rhone, has th
of its courfe from fouth to nort

But the other large rivers, as the Danube, the

Drave, and all the rivers which fall into

them,
run from weft to caft, and empty themfeles i
the Black Sca,
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garded as a large lake, i

Iy three times s long as from fouth to north ;
and. confequently:its direion is fimilar to that
of the rivers. The fame remark is applicable
to the Mediterrancan, which is nearly fix times
longer from “cat to weft than from north to
fouth.

The Cafpian, it muft be acknowledged, ac-
cording to the chart made by order of the Caar
Peter I, extends more from north to fouth, than
from eaft to weft. But the ancient charts re-
prefented it as nearly round, or rather as ex-
tending more from eaft to weft than in the
oppofite dire@ion. If, however, the lake Aral
be confidered as a part of the Cafpian, from
swhich it is feparated by a fandy plain anly, the
greateft extent of this fea will flill be from

ft to eaft.

The courfe of the Euphrates, of the Perfic

d of almoft all the s of i
rivers of the
ior parts of Africa obferve the di

tion, running cither from weft to eaft, or from
caft to welt. The Nile, and the rivers of Bar-

baty, are the only ones which run from fo
to north.  There it is true, ivers in
Afia, as the Don, the Wolga, &c. which partly
run from north to fouth: But they only ob-
ferve this diretion in order to fall into the Black
and
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re lakes in the inte-
ior parts of the country.

We may, therefore, lay it down as a fa,
that, in general, the sivers and thediterfancan
waters of Europe, Afia, and Aftica, run or
firetch more from eaft to weft than from north
to fouth. This is a natural confequence of the
parallel direCtion of the different chains of
mountains.  Befides, the whole continent of

rope and of Afia is broader from caft to weft
than from north to fouth : For the direion of
‘mountains may be confi q

1 ke
of South America, which contains only one
principal chain of mouritains, extending from
fouth to north, the rivers, not being reflrained
by any parallel chain, muft run in channels per-
pendicular to the range of thefe mountains, that
her from ealt to weft, or from weft to
eaft; and this, in fac, is the direclion of all the
great rivers in America. But though, both in

the Old and New Continent, the great siver
run in the fume direction, this efle is produ~
ced by différent caufes. The rivers, in the Old
Continent, run from caft to weft, becaufe they
chains of moun-
@ to cat; but thofe

rection, becaufe
only one chain of mountains fretching

from fouth to north,

The
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The rivers generally occupy the middle of
the valleys, o the loweft ground between two
oppofite hills: If the two hills have nearly an
equal declivity, the river runs nearly in the mid=
dle between 'them, whether the  intermediate
valley be broad or narrow. If, on the contrary,
the declivity of one of the hills
than that of the other, the river wi

f it

the fteepeft hill,

of its declivity.

valley is not the loweft ground betw

hills, but lies much nearer the ficepeft of them 3

and confequently the river muft occupy that

fpace, This obfervation Bolds univerflly where=

e

and

hills, unlefs, in their umvu,

other hills of equal declivity. T pm:uh of
e, however, the de e freepeft hill

er any hill i~, it lofes greater
carth, fand, and gravel, by the
e fubftances are car-

greater rapidity, e
ver to change its channel, or, in other wo
to.retire. into a lower part of the valley
7 be added, thar, 2 vers occalionally
nd overflow their banks, they carry off
d fand, which lhcy ‘depofit in different
parts
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of the valley 5 and, as fand and gravel are
ated in the channels themfelves,
ake the waters overflow,

256

parts
accumul,
circumftan

o
\ the dire@tion of their courfe. Nothing,

and alte :
accordingly, is more common, than to find in

S alleys many old channels in which the river has

srmerly run, efpecially when it is rapid, fub-

jeft to frequent inundations, and carries down
itics of fand and mud.

¢ valleys, watered by

of the rivers are com-

the river is fometimes higher than the
round. When a river, for infta
overflow, it foon cover
he plain 3 but the banks remain
This
the banks of rivers
5 and tha

it begins to over
banks, and, by depofi
gradually

Th

I the mud, 2

OF RIVERS. 257

are not carried down by the current, are depo-
fited upon the banks, and gradually clevate them
above the reft of the plain.

Rivers are always wideft at their mouths, and
tarn gradually narrower towards their fources:
But it is more worthy of remark, that, in the in-
terior parts of a country, and at great diftances
from the fea, their courfe is firaight, and the
frequency of their windings increafes propor-
tionally as they approach to their termination.
T have been informed by M. Fabry, who per-
formed many journeys in the weftern parts of
North America, that travellers, and even the fa~
vages, form pretty accurate computations of
their diftance from the fea, by obferving. the
courfes of the Tf a river el Sl RoE
15 or 20 leagues, they knew themfelves to be a
great way from the coaft; but, if the finuofities
were frequent, they concluded that the fea was
not very diftant. = M. Fabry, when travelling
through unknown and uninhabited reg
ived much advantage from this obfer
Near the fides of great rivers, the regorging of
the water is likewife lefs apparent the farther
from the fea, which furnifhes another medium
of judging concerning the d And, as the

to their mouths, it is not furprifing that fome of
them fhould yield to the preffure of the water,
and give rife to feveral branches or div
before they reach the fea.

VOL. 1. ®
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The motion of the water in rivers is very dif=
ferent from the reprefentation given of it by
mathematicians.  The furface, taken from bank
fo bank, is not level 3 but the middle of the
fveam s either higher or lower, according to
circumftances, than the water at the fides. When
a river fivells fuddenly by the melting of fnow,
of any other caufe, its rapidity increafes  and, if
its courfe be fraight, the middle of the fiream,
where the current is greateft, rifes and forms a
fenfible convexity. ~ This clevation is fometimes
very confiderable. M. Hlupeau, who meafured
this difference of level between the fides and
the ftream of the Aveiron, found it to be three
fect. This effe@ muft always be produced
swhen the rapidity of the current is great; for
the quicknefs of the motion, by diminifhing, or
partly preventing the action of gravity, allows
not to the water, in the middle of the fiream,
time fufficient to bring it to a level with that on
the fides, and, therefore, it remains higher.  On
the other hand, near the mouths, though the
current be very rapid, the water near the fides
is commonly more elevated than that of the
middle: The river, in this fituation, has a con-
cave form, the lowelt point of which is the
middle of the fiream. This cffet is always pro-
duced as far as the influence of the tides is per=
ceptible, which, in large rivers, extends fome-
times to 100 or 200 leagues from the fea, Tt is
likewife a fact well kr s of
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fivers continue their motion a confiderable way
through the waters of the fea. In this cafe, the
water of the river has two oppofite motions.
The middle, or current, precipitates itfelf to-
wards the fea; but the action of the tide pro~
duces a counter current, or regorging, which
elevates the water on the fides, while that in the
middle’ defeends; -and, as all the water muft be
carried down by, the current, that on the fides
conftantly. defeends towards the middle of the
ftream, with a quicknefs proportioned to the ele-
vation it receives from the regorging of the tide.
There are two fpecies of regorging, or dam-
ming up, in rivers: The firft is that juft now
deferibed, and is occafioned by the acion of the
tide, which not only oppofes the natural defcent
of the water, but even communicates to it a
contrary motion or current: The other is pro-
duced by an ina@ive caufe, as a proje@ion of
the land, an ifland, &c. Though this kind of
ing gives not rife to any extraordinary
current, it often fenfibly retards the pro-
grefs of fmall boats, and produces what is called
dead water,which obferves not the natural courfe
of the river, but turns about in fuch a manner
as greatly obftru@s the progrefs of veffels. Thefe
dead waters are fenfibly felt in paffing through
the arches of a bridge, efpecially if the river be
l. The celerity with which water runs,
when the height or preffure s the fame, increafes
in " proportion as the diameter of the can.
R 2 throug
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through which it pafles, s diminithed. The ce-
lerity of a river, therefore, in paffing through a
bridge, increafes in the fnverfe proportion of the
width of the whole arches, to the total width of
the river,  This increafe of celerity, in' paffing
through the arch of a bridge, is fo confiderable,
that it pufhes the water from the fiream towards
the banks, from which it is refleéted, and fome-
times forms violent eddies or whirlpools. In
paffing under the bridge of St. Efprit, the mari-
ners are obliged ferupuloufly to keep the ftream,
even after leaving the bridge ; for, if they al-
Jowed the boat to decline cither to the right or
Jefk, it would be driven with violence againft
the banks, or, at leaft, would be forced into the
whirling or dead waters, from which they would
find fome difficulty of efeaping. When the,
eddy is confiderable, it forms a fmall gulf wi

a cylindrical void in the middle, round which
the water turns with rapidity. This cylindrical
cavity is an cffe@ of the cennifugal force,

which makes the water endeavour to fly off

from the centre of the whirlpool
When a great fwell of the river is about to
happen, the water-men perceive a_ particular
motion, which they call a moving af the botton;
thatis, when the water at the bottom moves with
an unufinal velocity, which, according to them,
ght of the fuperior waters,
ived, fail not to act upon the
waters
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waters in the inferior parts of the river, and to
communicate motion to them: For a river, in
fome refpects, muft be confidered as a column
of water contained ina tube, and its channel as a
long canal, in which every motion muft be com=
municated from one end of it to the other. Now,
independent of the motion of the fuperior w:
ters, their weight alone may increafe the celerity
of the river, and perhaps make it move quickeft
at the bottom; for it is well known, that,
when feveral boats are at once pufhed into a
river, they increafe the motion of the water be-
low, and retard that of the fuperior water,

The celerity of running waters is not in ex=
2@ proportion to the declivity of their channels-
A river with a uniform declivity, and double to
that of another, ought not, it would appear, to
run with more than a double celerity : But its
celerity is much more quick, being fometimes
triple, fometimes quadruple, &ce.  The celerity
depends more upon the quantity of water, and
the weight of the fuperior waters, than upon

e degree of defcent.  In digging the bed of a
siver or drain, it is unneceffary to make the de=
feent uniform through its whole extent. A
quick motion is more eafily produced by mak~
ing the declivity much greater at the fource
than at the mouth, where, like the beds of na-
tural sivers, it is almoft imperceptible, and yet
they preferve their celerity, which is more o
lefs, according to the quantity they contain ; for

R 3 in
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in great sivers, even where the ground is level,
the water fill runs, not only with the velocity
originally acquired, but with the sccumulited
velocity produced by the a&ion and weight of
the fperior waters¥. 'To make this matter fill
more plain, let us fuppofe the Scine from Pont-
neu to Pont-royal to be perfedly level, and to
be ten feet deep; let us alfo fuppofe the bed of
the river below Pont-royal and above Pont-ne f
tobe fuddenly dried up ; the waters, in this cafe,
would run both up and down the channel, till
their equilibrium was perfe@ly reftored.  This
effe@ is produced folely by the weight of the
water, which never allows it to remain at reft
till its particles are equally preffed on all fides,
and its furface reduced to a perfeét level. The
weight of water, thercfore, contributes greatly
to'increafe the celerity of its motion. This is
the reafon why the greateft celerity in a current
of water is neither at the bottom nor at the fur-
face, but nearly in the middle, which is prefled
both by the column above, and by the reaction
from the bottom. But, what is ftill more, when
a river acquires a great celerity, j will not only
preferve it, though running through a level
country, but even furmount heights, without
10 Shee, crcamiances, M. Ehag was Iod

» thas the fouree of the Danube was ac eal two

German miles igher than fts mosth s that the Medierrancan
s 63 Geraan s lower-than the fourcesof the Nile3 his the
‘Atlantic ocean is half a mile lower than the Mediterranean, &c..
fpreading
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fpreading much to a fide, or, at leat, without
producing an inundation of any moment.

One would be apt to imagine, that bridges,
and other obflacles erected in rivers, would create
a confiderable. diminution of celerity in their
whole courfe. But the difference is very fmall.
The water, upon meeting with any obftacle, rifes,
in order to furmount it; and the increafe of ce-
lerity communicated by its fall, nearly compen=
fates the retardation occafioned by the obftacle.
Thus, finuofities, proje@ions from the land, and
iflands, create but a fimall variation on the total
clerity of a river’s courfe. The moft confider-
able alterations are produced by the greater ot
loffer quantities of water; when the quantity is
fimall, a river runs flow, when great, it runs with
rapidity

If rivers were always equally fall, to enlarge
their channels would be the beft method of di=
minifhing their rapidity, and to contain them
within their banks.  But, as almoft all rivers
rife and fall, it is more neceffary, for this fatter
purpofe; to narrow  their channels; for {mall
waters, with large channels, generally fcoop
out winding beds in the middle; and, when they
fuvell, they follow the direétion of thefe particu-
lar beds, and by flriking with violence againft
the banks, often do much injury to mills and
other works, Thefe bad effe@s might be pre-
vented, by digging gulfs in the carth at conve-
aient diftances. To accomplifh. this purpofe, a

R 4 past
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part of one of the banks fhould be cut through,
and the carth removed for a confiderable fpace.
Thefe fmall gulfs fhould be made in the  ob-
tufe angles of the river ; for the water, in turn.
ing, would run into them ; and, of courfe, its
celerity would be. diminifhed: ~This method
might be ufeful in preventing the fall of bridges
in places where fuficient barriers cannot be ereét=

ed to refift the weight of the water,

The manner in which inundations are pro-
duced, merits particular attention.  When a ri=
ver: fwells, its. celerity uniformly increafes, till
it begins to overflow the banks : From that mo=

ment its rapidity is checked, which s the reafon
why inundations always continue feveral days;
for, though the quantity of water fhould be
diminifh 1 ement of the in-
undation, it would, notwithftanding, continue
to overflow ; becaufe this circumfance depends
more on the celerity than on the quantity of
water. If it were otherwife, rivers would of-
ten overflow their banks for an hour or two,
and then retire to ‘their channels, which never
happens.  An inundation, on the contrary, al-
ways lafts fome days, although the rains hav
ceafed, and lefs water runs in the river; becaufe
the overflowing of waters diminifhes their cele-
rity; and, confequently, although the fame
quantity of water arrives not in the fame time
as formerly, the effedt is the fame as if a larger
quantity had been brought down. It may

9
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wife be here remarked, that, if a high wind
blows contrary to the current of the river, the
inundation will be increafed by this occafional
caufe, which diminifhes the celerity of the wa=
ter; but, if the wind blows in the dire@ion of
the current, the inundation will be lefs, and re-
tire more quickly.
< The inundation of the Nile,” fays M. Gran~
ger, ¢ has long been a fubject of difeuffion
among the learned. Mot of them have confi-
dered it as a fingular and wonderful phzno=
menon, though nothing be more natural or
more common ; for it takes place in every
country, as well as in Egypt. -The inundation
of the Nileis occafioned by the rains which fall
in Ethiopia and Abyffinia; but the north wind
may be regarded as the principal caufe of i
1. Becaufe the north wind drives the clouds
which contain this rain into Abyffinia: 2. B
caufe it prevents the water from running out
of the mouths of the river in any great quan-
tity, by damming up the ftream. The great
effeét of this wind may be remarked cvery
feafon 5 for, when it changes from north, the
Nile lofes more water in one day than in four.”
Tnundations are generally greateft in the fu-
perior parts of rivers ; becaufe, as formerly ob-
ferved, the velocity of a river uniformly in-
creafes till it empties itfelf in the ocean. TFather
Caftelli, a fenfible writer on this fubjedt, re-
marks, that the banks, raifed for the purpofe of
Kecping
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keeping the Po from overflowing, gradually di-
minith in height, as the river approaches to the
fea; that, at Ferrara, which is 6o or 70 miles
from the mouth of the river, the  banks are
about 20 feet above the ordinary level of the
water; but that, at 10 or 12 miles from the
fea, though the channel be equally narrow as
at Ferrara, they are not above 12 feet .

In fine, the theory of running waters is fub-
je@ to many difficulties. It is not eay to give
general rules which will apply to every particular
cafe.  For this purpofe, experience is preferable
to fpeculation : Tt is not enough that we know
the common effets of rivers in gereral; but, if
we would reafon jultly, and give fability to
our labours, we ought to ftudy the peculiari-
ties of particular rivers in which we have an
intereft. ‘Though the remarks I have made be
generally new, a greater collecion is neceffary.
Perhaps we fhall in time ucquire a diftint
knowledge of this fubje@, and be enabled to
give certain rules for diredting and confining
vivers in fuch a manner as will prevent the de-
firugtion of bridges, banks, and other damages
occafioned by the impetuofity of the waters.

The greateft rivers of Europe are, the Wolga,
the courfe of which, from Refchow to Al
racan on the Cafpian Sea, is about 650 leagues;

the Danube, which runs about 450 leagues,

* See Racolta d"autori che trattano del moto dell'acque, vol. i,
poizse

from
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from the mountains of Switzerland to the Black
Sea; the Don, the courfe of which, from the
fource of the Sofna, which reccives it, to the
Bluck Sea, is 400 leagues ; the Nieper, which
likewife falls into the Black Sea, after running
350 leagues ; the Duine, which empties itfelfin
the White Sea, runs a courfe of about 300
leagues, &

The greatelt rivers of Afia are the Hoanho,
$n China, which rifes at Raja-Ribron, and after
running 850 leagues, falls into the middle of the
gulf of Changi, in the Chinefe fea ; the Jenifca,
<which runs from Lake Selinga to the northern
fea of Tartary, a courfe of about 800 leagues 3
the Oby, the courfe of which, from Lake Kila
to the north fea beyond Waigat's Straits, is
about Goo leagues; the river Amour, in eaft Tar-
tary, has a courfe of 575 leagues, from the head
of the river Kerlon, which falls intoiit, to the fea
of Kamtfchatka ; the river Menancon may be
meafured from the fource of the Longmu,
which falls into it, to its mouth at Poulo-con=
dor; the Kian, the courfe of which is about

550 leagues, from the fource of the Kinxa,

which it receives, to its termination in the fea

of China; the Ganges, which has a courfe near-

Iy of the fame extent with the Kian; the

phrates, computing from the fource of the Irma,

which it receives, runs about sco

the Indus, which runs about 400 leagy

falls into the Arabian fea on the caft of Guza-
at;
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rat; and the Sirderoias, which runs about 400
leagues, and falls into Lake Aral.

The greateft sivers of Africa are, the Sene~
gal, the courfe of which, comprehending the
Niger, which is a continuation of it, and the
foutce of the Gombarou, which falls into the
Niger, is about 1125 leagues; the Nile, which
sifes in Upper Ethiopia, runs about 970 leagues.,
There are_others, the courfes of which are but
partially known, as the Zaira, the Coanza, the
Couama and the Quilmanci, each of which we
are acquainted with to the extent of 400 leagues.

y, in America, the river of the Ama=
Zons runs more than 1200 leagues, if we reckon
¢ near Guanuco, 30 leagues from
Lima, where the Maragnon rifes; or, ever
puting from the fource of the \
Quito, the courfe of the Am
1000 leagues .

The courfe of the river St. Lawrenc
mada is more than goo leagues, con
its mouth to Lake Ontario, from that to Lake
Huron, Lake Superior, Lake Alemipigo, Lake
Chriftinaus, and the lake of the Affiniboils, the
waters of all which fall into one another, and at
laft into the river St. Lawrence.

The river Miflifippi runs more
Teagues, from its mouth to any of
¢hich are ot far from the lake of the Aflini-
boils.

* See Voyage de Condamie, p. 15.
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The river Plata extends more than 8oo
leagues, from its mouth to the fource of the
Parana, which it receives.

The river' Oronoko runs more than 575
leagues, réckouing from the fource of the river
Caketa, near Pafto, which partly falls into the
Oronoko, and partly runs towards the river of
the Amazons*.

The Madera, which falls into the Amazons,
extends more than 660 leagues.

In order to compute the quantity of water
difeharged into the fea by all the rivers, we fhall
fuppofe, which is nearly the truth, that one half
of the earth’s furface is fea, and the other half
dry land s We fhall likewife fappofe the mean
depth of the féa to be about 230 fathoms. The
total furface of the earth is 170981012 fquare
miles, and that of the fa is 85490506 fquare
miles, which being multiplied by 1-fourth,
the depth of the fea, gives 21372626 cubic
mile for the quantity of water contaitied
in the whole ocean. Now, to compute the
quantity difcharged into the ocean by the
rivers, let us take a river, the velocity and
quantity of whofe waters are known the Po,
for example, which pafles through Lombardy,
and waters a country of 380 miles in length.
According to Riccioli, the breadth of the Po, be-

fore it divides into branches, is 100 perches of

Boulogne, or 1000 feet; and its d

feet; and St runs at the rate of 4 in an
* See M. Condaminc’s Map.

th is 10

hour:




OF RIVERS

qmmw the Po difcharges into the
cal pm.hcs of water in an hour,
Buta cuhlc n‘ﬂc con-

roportion that the Po bears to all the

~ of the earth taken together, which cannot
aly.  But,toapproach nealy (o the
uppofe that the quantity of water
receives from the great rivers in

ry, is proportioned to the extent of

1ces of thefe countries; and, confequent-
¢ country watered by the Po, and by
vers which fall into it, is to the total fur-
3 land as the Po is to all the rivers
Now, by the moft exact charts,

s that the Po, from its origin to its
verfes a country of 380 miles in

d the rivers which fall into it on each
urces which are about Go miles.

ater a country 380 miles long,
which ymakies 25600, Jquare
furface of the dry land is
; confequently, the quan-
of water carried to the fea by all the rivers

Lbe 1874 times gr than the quantity

arg 26 rivers, L‘Jml

1u mmuh a cubic n.vh of water each
that, in the fpace of a
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1874 rivers equal to the Po, will carry to the
fea' 26308 cubic miles of water; and that in
812 years, all thefe rivers would ‘difcharge

372626 cubic miles, which is a quantity equal
-t is Gontained in/the ocean’s of cOUSE
the ocean were empty, 812 years would be ne-
cefTary to fill it by the rivers¥,

Ttisa refult of this calculation, that the quan=
dty of water maifed from the fea by evapora-
tion, and tranfported upon land by the winds,
s from 20 to 21 inches in the year, or about
of a French line each day. This evaporation,
though tripled to make allowance for what falls
back into the fea from the clouds, is very.incon=
fiderable. Mr. Flalley 1 hasclearly demonftrated,
that the vapours tranfported from the fea, and
difeharged upon the land, are fufficient to main=
tain all the rivers and lakes in the world.

After the Nile, the Jordan is the largeft river
in the Levant, or even in Barbary. It difcharges
each day into the Dead Sea about 6,000,000 of
tons. Al this water, and more, is carried off
by evaporation ; for, according to Halley’s cal-
culation of Ggx4 tons evaporated from each fus
perficial mile, the Dead Sea, which is 72 miles
long, and 18 broad, muft lofe every day, by
evaporation, near 9,000,000 of tons ; that is,
not only all the water it reccives from the Jor-
dan, but from the fmaller rivers which come

* See Keil's Examination of Burnet's Theory, p. 126,
 See Phil. Tran, num. 19
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from. the mouatains of Moab, and clfewhere.
OF courfe, this fea has no occafion to communi-
cate with any other. by fubterrancous paflages*,

The moft rapid of all rivers are, the Tigris,
the Indus, the Danube, the Yitis in Siberia, the
Malmiftra.in Gilicia, &c . But, as was. for-
merly remarked, the velocity of sivers depends
both on the declivity and the weight of water.
In examining the globe, we, find that the Da-
nube has lefs. declivity than the Po, the Rhine,
or the Rhone; for the courfe of the Danube is
longer, and it fulls into the Black Sea, which is
higher than. the Mediterranean, and - perhaps
than the ocean.

Great rivefs, in their courfe, are conftantly
receiving fmall ones into their chanuels,  The
Danube, for example, receives more than 200

But if we reckon only

ration, we will find, that

the Danube receives 30 o 31, the Wolga 32 ot
33, the Don 5 or 6, the Nicper 19 or 20, the
Duine 11 or 12. The Hoanho, in Afia, reccives
rivers, the Jenifca more than Go, the

equal number, the Amour about 40, the

Kian, or river Nankin, 30, the Ganges more
than 20, the Euphrates 10 or 11, &e.. In Afti-
Senegal receives more than 20 rivers;

the Nile receives none lower than 500, leagues
from its mouth, the laft which falls into it be-
ing the Moraba; and from this place to its

* Sec Shaw's T +See Vareaii Geog. p. 178:

fource
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fource, it receives about 12 or 13. In America;
the Amazons receives more than Go confiders
able rivers, St. Lawrence about 4o, reckoning
thofe which fall into the lakes, the Miflifippi
more than 40, the Platd above 5o, &c:

Upon the furface of the earth, there dre eles
vated countries which feem to be poinits of para
tition marked out by nature for the diftribution.
of the waters. In Europe, one of thefe points
is Mont Saint-Godard,; and its environs. An=
other point is the country fituated bétween the
provinces of Belozera and Wologda in Mufcovy,
from which many rivers defcend, fome ifito the
‘White Sea, fome into the Black, and others into
the Cafpian.  In Alfia, there are feveral points of
pantition, as the country of the Mogul Tartars,
fome of whofe rivefs run into the fea of Nova
Zembla, others into the gulf of Linchidolin,
others into the fea of Corea, and others into that
of Chinay and the Leffer Thibet, the rivers of
which run into the Chinefe fea, into the gulf of
Bengal, the gulf of Cambaia, and the Lake Aral
The province of Quito, in America, difcharges
its rivers into the fouth and north fcas; and into
the gulf of Mexico:

In the Old Continent, there are about 430
rivers which dire@ly fall either into the Ocean,
orinto the Mediterranean and Black Seas;  Bug,
in the New Continent, we know of only 135
rivers which fall immediately into the fea. In

VOL. I s this
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his number T have reckoned none which are
not as large as the river Somme in Picardy.
'All thefe rivers tranfport, from the countries
dhrough which they paf, into the fea, great
quantities of mineral and filine particles. The
particles of falt, which diffolve in water, are eafly
carried downtothe fea. Several philofophers, and
partcularly Halley, have alledged, that the fali-
nefs of the fea proceeds alone from the particles
of falr tranfported by the rivers: Others main=
tain, that this falinefs was coeval with the fea
tfelf, and that the falt was created to prevent
the waters from corrupting, But the agitation
of the fea by the winds and the tides is, T ima-
gine, a caufe equally powerful as the falt in pre-
ferving it againft putrifadtion ; for, when bar-
selled up, it corrupts in a few days.  And Boyle
informs us of a navigator who was overtaken
with a calm which lafted 13 days, and who af-
fured him, that the water became fo putrid, that,
if the calm had continued much longer, the
whole crew would have perifhed®, Sea-water is
alfo impregnated with a bituminous oil, which
renders it both unwholefome and difagreeable
to the tafte, The quantity of falt in fea-water
is about a fortieth part, and it is nearly of an
equal faltnefs at the furface and at the bottom,
under the Line and at the Cape of Good Hope;
though there are fome particular places, as off
the Mofambique coaft, where it is more falt than
® Sce Boyle, val
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in others®. It is likewife faid to be lefs falt
within the Aric circle: But this phznomenon
may proceed from the immenfe quantities of
fnow, and the large rivers which fall into thefe
feas, and from the proportional defect of evapo-
ration.

However this matter ftands, I believe, that
the faltnefs of the ocean is not only occafioned
by the many banks of falt at the bottom of the
fea, and along the coafts, but likewife by the
falts' continually brought down by the rivers 3
that Halley was right in his conjecture that
there was originally little or no'falt in the fea,
but that its faltnefs gradually augmented in pro=
portion as falt was fupplied by the rivers; that
the degree of faltnefs is perpetually increafing 3
and, confequently, that, by computing the total
quantity of falt carried down by the rivers, we.
might be enabled to difcover the real age of the
world. - Mr. Boyle affirms, on the authority of
divers and pearl-fithers, that the water is colder
in proportion to its depth; and that, at great
depths, the cold becomes fo exceffive as to oblige
them to come up much fooner than ufual, ~ But
the weight of the water may be as much the
caufe of their uneafinefs as the intenfenefs of the
cold, efpecially when they defcend 300 or 400
fathom. Divers, however, feldom go decper
than 100 feet. The fame author relates, that,
in a voyage to the Eaft Indies, when they ar-

* See Boyle, vol. iii. p. 217.
52
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sived at the gsth degree of fouth latitude, they
founded to the depth of 400 fathoms, and when
the lead, which weighed about 30 pounds, was
daen. up, it had become as cold as iee, Ttis
tikewife 2 common pradtice at fea to fink (h'e
bottles feveral fathoms, in order to cool their
wine; and it is faid, that the deeper the bottles.
are funk, the wine hecomes the cooler.

Thefe fadts wonld lead us to imagine, that
the, fea-water was falter at the bottom than at
the furface,  But they are oppofed by fts of 3
contrary nature: Experiments have been made
with vefTels which opened only at a cestain depth,
2nd the water, was. not found, to be flter than
What at the furfuce; There are even examples
of the water at the bottom being frefher than at
the furface: This phznomenon is exhibited in
4l thofe places where fprings arife from the bot=
tom of the fea, as near Goa, at Ormus, and in
the fea. of Naples, in which there are many
warm fprings.

Tn other places, fulphureous fprings and beds
of bitumen have been difcovered at the bottom:
of the feas and, upon Jand

£ ick

water.

ftances ; forits tafte diff

ferent parts of the ccean ;. Befides, aghation and
th
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the heat of the fun change the natural tafté of
fea-water ; and the different colours of differént
feas, and even of the fame fea at different tifnes,
prove it to be mixed with many heterogeneous
bodies, whicl are detached either from the bot=
tom, or carried down by the rivers.

Moft countries that are furnifhed with large
sivers are fubjéc to periodical inundations ; and
thofe rivers which have long courfes overflow
with the greateft regularity. Every body has
heard of the inundations of the Nile, the waters
of which, though fpresd over a large track of
country, and at a great diftance from the fea,
preferve their fweetnefs and tranfparency. Stiabo
and other anciént authors tell us, that the Nile
had feven motiths ; but now only two whichare
navigable remain: A third canal, indeed, fup-
plies the cifterns of Alexandria; and there isd
Fourth, which is ftill lefs confiderable. As the
cleaning of thefe canals hislong beenneglected;
they are moftly in ruins. In thefe works the
ancients employed annually a vaft number of
workinien and foldiers, who carried off the mud
and fand which this river brings down in'great
quantities. The overflowing of the Nile is ocea=
fioned by the rains which fall in Ethiopia: They
begin it April, and end not till September. Dur-
ing the firft three months, the days are ferene
and' beautiful ; but the fun no fooner fets, than
thic rains begin, continue inceantly till funs
sifing, and are commonly accompanied with

'3 thundex
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thunder and lightning. - The - inundation in
Egypt begins about the 17th of Junes it gene-
ally takes 40 days in fivelling, and as many in
fubfiding, . The whole flat country of Egypt is
overflowed : But the inundation is not now fo
great as in ancient times;, for Herodotus affitms,
that the Nile fwelled 100 days, and required an
cqual time to fubfide. If this fact be true, the
difference can be afcribed to o other caufes but
the gradual clevation of the land by the mud
brought down and depofited, and the diminution
in the height of the mountains from which this
siver derives its fource. It is natural to think,
that the height of the mountains is diminithed;
for the heavy rains that fall in thef regions dur-
ing one half of the year, bring down great
quantities of fand and carth from the tops of
the mountains into the valleys, from which they
are tranfported by torrents into the channel of
the Nile, and are partly depofited on the land by
the inundations.

The Nile is not the only river that has regu-
Jar and annual overflowings: The Pegu, which
is equally regular in its inundations, has, from
this. circumftance, got the name of the Judian
Nile. It overflows the country for 30 leagucs
beyond its banks, and, like the Nile, leaves great
quantities of mud and flime, which corich the
ground fo much, that it produces excellent paf-
ture for cattle, and enables the inhabitan
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exportrice*.  The Niger, or, which is the fame
thing, the upper part of the Sencgal, overflows
and covers the whole flat country of Nigrifia.
Ttsinundations, like thofe of the Nile, begin about
the middle of June, and increafe for 4o days.
The Plata, in Brafil, overflows annually, and at
the fame time with the Nile. The Ganges, the
Indus, the Euphrates, and fome other rivers,
produce annual inundations.  But all rivers are
not fubjeét to periodic inundations : Thefe pro-
ceed from a combination of caules, which, at
the fame time, augment the quantity of water,

and diminifh its veloc
We formerly remarked; that the declivity of
rivers gradually diminifh tll they arrive at the
fea. But, in {ome places, the declivity is more
fudden, and forms what is called @ calaratl,
which s nothing more than an unufually rapid
fall of the water. In the Rhine, for example,
there are two catarads, one at Bilefeld, and the
other near Schafhoufe. The Nile has feveral
catara@s: Two of the moft remarkable fall from
a great height between two mountains. In the
Wologda, in Mufcovy, there are alfo two, near
Ladoga. The Zaire, a river in Congo, com-
mences with a large cataract, which falls from
the top of a mountain.  But the moft celebrat-
ed catara is that of the river Niagara in Ca-
nadas Itfalls, in a prodigious torrent, 156 feet
of perpendicular height, and is a fourth part of

« SeeLes Voyages d'Ovingron, tom. . p 290
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a league in breadih,  The vapour of the water
1ifes to the clouds, is feen at the diftance of five
Teagues, and, when the fun fhines above it, ex-
‘Tibits  beautiful rainbow.  Below this catarat,
the whirlpools and commations of the waters
are fo tremendous, as to render navigation im~
pradicable for fix miles; and immediately above
the catara@, the river is much narrower than
Higher up*.  Charlevoix | defcribes it in the
following manner:

¢ My firft care, after my arrival, was to vifit
¢ the nobleft cafcade, perhaps, in the world ; but
¢ 1 prefently found the Baron dela Hontan had
¢ committed fuch a miftake with refped to its
¢ height and figure, as to create a fufpicion that
¢ he had never feenit, If; however, you mea-
¢ fare its height by that of the three mountains
< you are obliged to climb to get at it, it docs
¢ ot fall much fhort of what the map of M,
¢ Deflifle makes it, that is, Goo feet, He has
¢ probably adopted this paradox, cither on the
¢ faith of the Baron de la Hontan, or of Father
¢ Hennepin. - But, afier I arrived at the fammit
¢ of the third mountain, I obferved, that, in the
¢ fpace of three leagucs, which I had to walk
¢ before I came to this picce of water, though
¢ yau are fometimes obliged to afcend, you mufk
¢ yet defcend fill more; a circumftance to which
¢ trayellers feem not to have fufficiently attend=
¢ed, Asitis impoffible to approach it but on

19
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one fide, and confequently to fee it, except in
profile, it is no eafy mateer to meafure its
height with inftraments. Te has, however,
been attempted by means of a pole tied to
long line, and, after many trials, it has bee
found to be only 115, or 120fect high.  But
it is impoffible to be fure that the pole has not
been  fopt by fome  projecting rocks for,
though it was always drawn up wet, as well
as the end of the line to which it was tied,
this circumfanice proves nothing, as the water
which precipitates itfelf from the mountain,
rifes very high in foam. For my own part,
after having examined ic on all fides, where it
could be viewed to the greateft advantage; I
am inclined to think that we cannot allow it
to be lefs than a hundred and forty or fifty
feet high.

¢ As to its figure, it refembles that of ahorfe=

¢ fhoe, and s about 400 paces in cireumferences

It is divided into two, exadlly in the middle;
by a very narrow ifland; half a quarter of a
league long: It is true, thefe two parts very
foon unite s that on my fide, and which T
could have a fide view of only, has feveral
branches which project from the body of the
cafeade, but that which I viewed in front, ap
peared to. me quite entire. The Baron de Iz
Hontan mentions a torrent, coming from the
welt, which, if this author has not invented if,
muft certainly fall through fome channel dur-
ing the melting of the faows only.”

Three
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Three leagues from Albany, in the provings
of New York, there is a cataract of 5o feet pet
pendicular height, the vapour of which likewife
gives rife to a rainbow ¥

In every country where the number of men
is too inconfiderable for forming and fupporting
polifhed focieties, ‘the furfice of the carth is
more unequal and rugged, and the channels of
ivers are more extended, irregular, and often
interrupted by catara@ts. The Rhone and the
Loire would require the operation of feveral
ages before they became navigable. It is by
confining and directing the waters, and clearing
the bottoms of rivers, that they acquire a fixed

rminate courfe. In- thinly inhabited
nature is always rude; and fometimes
deformed

Some rivers lofe themfelves in the fands, and

te into the bowels of the
in Spain, the river of
Gottenburg in Sweden, and even the Rhine,
difappear under ground. It is affirmed, that, in
the weft part of the Iland of St. Domingo, there
is a pretty high mountain, at the foot of which
are feveral large caverns that receive the rivers
and brooks; and the noife of their fall is heard
at the diftance of feven‘or cight leaguest. The
number of rivers, however, which difappear in
the earth, is very fiall; and they feem not to

* Sec Phil. Tranf. Abridg.

} See Varen. Geogr.
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defeend very deep. . Tt is. more probable, that,
like the Rbine, they lofe themfelves by dividing
and difperfing through a large furface of fand,
which is very common with thofe fmall rivers
that run_through dry and fandy ground, of
which there are many examples in. Afiica, Per-
fia, Arabia, &c.

The rivers of the north carry down to the
fea prodigious quantities of ice, which, by accu-
mulating, form thofe enormous maffes, fo dan-
serous to the mariner, The firaits of Waigat,
Which is frozen during the greateft part of the
year, is moft remarkable for thefe malles of ice,
that are conftantly brought into the ftraits by
the river Oby. They attach themfelves all along
the coafts, and rife to great heights. The
middle of the ftrait freezes laft, and the ice, of
courfe, does not rife fo high as on each fide.
When the north wind ceafes, and it blows in the
direétion of the firaits, the ice begins to melt and
{0 break in the middle ; then large mafles are
detached and tranfported into the open fea.
The wind, which blows during the whole win-
ter from the north, over the frozen country of
Nova Zembla, renders the regions watered by
the Oby, and all Siberia, {0 cold, that, at Tobol=
{ki, in the §7th degree, there are no fruit trees,
though at Stockholm in Sweden, and even in
higher latitudes, they have fruit trees and legu-
minous plants. This difference proceeds not,
g has been imagined, fiom the fea of anland

being
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being colder than that of the ftraits, nor from
the country of Nova Zembla being colder than
that of Lapland, but from this circumflance
alone, that the Baltic and the fea of Bothnia fof-
ten the rigour of the north wind; whereas, in
Siberia, there s nothing to check its a@ivity.
“This folution is a refult of experience. The cold
is never fo intenfe near the fea-coafts as in the
interior parts of a country. There are plants
which endure the open air all winter at London,
which cannot be preferved at Paris : and Sibe-
sia, which is a vaft continen, is, for this reafon,
colder than Sweden, which is almoft furrounded

with the
Spitzbergen s the coldeft country in the
world: It runs as far as the 78th degrec of
north latirude, and is compofed of fmall, pointed
mountains.  Thefe mountains confift of gravel,
and of flat flones, like gray flate, heaped upon
one another, According to the accounts of voy=
agers, thefe hills are raifed by the winds, and
new ones appear every feafon. In this country
no quadrupeds live but the rein deer, which
feeds upon mofs.  Beyond' thefe hills, and
above a league from the fea, the maft of a fhip
was lately found with a pully fixed to one end
of it; from which circumftances, it has been
concluded, that this is a new country, and that
it was formerly covered with the fea: It is un=
inHabited and uninhabitable ; for the hills have
1o confiftence, but are loofe-and moveable; ‘and
a va-
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avapour proceeds from the earth, focold and
penetratiog, 2s to preclude the pofibility. of re~
maining any time upon this dreary and inhof-
pitable land.

The whale-fifhing veffels arrive at Spitzber~
gen in July, and depart from it about the mid
dle of Augaft. The ice permits them not to
arrive fooner, or to remain longer. In thefe
Teas there are prodigious boards of ice, clear and
{hining as glafs, and from Go to 8o fathoms
thick; and, in fome places the fea appears to be
frozen to the bottom *.

"The feas of North America are likewife much.
infefted with ice, as in Afcenfion-bay, in Hud-
fon’s, Cumberland’s, Davis's, and Erobifher's
faits, & We arc affured by Robert Lade,
that the mountains of Friefland: are entirely co-
vered with fnow; and that the ice furrounds the
coafts, and, like a bulwark, prevents all approach
to them. ¢ It is remarkable,’ fays he, ¢ that, in
¢ this fea, we meet with iflands of ice, more than.
¢ half a league in circumference, exceedingly
< high, and defcend from 70 to 8o fathoms
¢ deep. 'This ice, which is fiveet, is perhaps
 originally formed in the rivers or flraits of the
¢ adjacent lands, &c. Thefe iflands or moun~
¢ tains of ice are moveable, and, in ftorms, they
< follow the trac of a fhip, as if they were
¢ drawn afier. her by a rope. Some.of them

# See recusil des yoyages da Nord, tom. i pr 154
¢ sife
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¢ rife fo high' above water, that they furmotnt
< the tops of the tallefts mafts® &c.

In the voyages colledted for the ufe of the
Dutch Eaft India Company, we have the fol-
Towing account of the ice off Nova Zembla 5
< At Cape Trooft, the weather was fo foggy, as
< to oblige us to moor our veflel to a bank of

e, which was 36 fathoms below, and 16

ahove the furface of the water,  On the 1oth
of Auguft, the ice began to feparate, and to
float; we then remarked, that the mafs to
which our veffel had been moored, touched
the bottom ; for, though the others were all
in motion, and ftruck againft it, and againft
each other, it remained immoveable.  We
were now aftaid of being frozen in, or dathed
to pieces; we, therefore, endeavoured to efeape
from this htitude, though the veflel, in
her courfe, was obliged to pufh through the
ice, which made a great noife round us for

a confiderable diftance: we at laft anchored
< along another board of ice, where we remain-

ed that night.

¢ During the firft watch, the ice began to

fplit, with an inconceivable noife. The fhips

head kept fo firongly to the current in which
the ice-boards floated, that we were obliged to
veer the cable in order to get her off. We
counted above 400 blocks of ice, which fank

» See Lade’s vopages.

¢ 10fa-
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1o fathoms below the water, and appeared to
sife about two fathoms above it.

¢ We then moored the veflel to another block
of ice, which was immerfed below the furface
about fix fathoms. At a little diftance from
this fation we perceived a- large bank, which
was pointed like a cone, and reached to the
bottom of the fea: we approached if, and
found it to be 20 fathoms below, and about
12 above the fisrface of the water,

© On the 11th, we filed up to another bank,
swhich was 18 fathoms below the furface, and
10 fathoms above it.

¢ The Dutch, on the 21ft, advanced a great
way between the boards of ice, and anchored

¢ during the night. Next morning they retired,

and moored to a bank which was 18 fathoms
below, and 10 above the water. They climbed
to the top, and remarked, as a fingular phz-
nomenon, that it was covered with earth, and
that they found there about 40 eggs.  Its co='
lour was a fine azure blue, and totally differ-
ent from that of the other mafles.  This cic=
ve rife to various fpeculations 3
gt tobe an effect of the ice,
and others thought the whole was a mafs of
frozen carth*.
Wafer met with many floating pieces of ice,
off Terra del Fuego, which were fo large that
* See Troifieme voyage des Hollandois par le Nord, tom.
el
he
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he at firlt imagined them to be iflands: foms
of them, he remarks, appeared to be a league or
two in length, and the largeft of them feemed to
sife 400 o 500 feet above the furface of the
water.

All thefe boards of ice, as I have remarkedin
the 6th Aricle, are tranfported from the ivers
into the fea. Thofe in the fea of Nova Zembla
and in the Straits of Waigat, come from the
Oby, and, perhaps, from the Jenifca, and
other great tivers in Siberia and Tartary;
thofe of the Hudfon’s Straits, from Afeen=
fion-bay, into which many rivers in North Ame-
sica empty themfelves; and thofe of Terra
del Fuego, from the fouthern continent. 1f
fewer of them appear in the northern coafts of

Lapland than in thofe of Siberia and Waigat's
Straits, it is becaufe. all the Lapland rivers fall
into the gulf of Bothnia, and none of them in-
to thenorth fea. They may likewife be formed
in flraits, where the tides rife higher than in th
open fea; and, confequently, where the boards
of ice which float on the furface may accumulate

when the: fnows which cover thefe co:
the water runs down upon the boards
and, by freczing anew, gradually a

19

OF RIVERS. 289

fize, till they arrive at this amazing beight;
that, in a warm fummer, the aion of the winds,
the agitation of the fea, and perhaps their own.
weight, may detach them from the coafts, and
fet them adrift; and that they may.even be
tranfported into temperate climates before they
are entircly diffolved.
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