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recently obtained of the continuity of animal life on the
Atlantic sea-bed from the Cretaceous epoch to the present
time.

Important information as to the changes which the sea-
bed of the Atlantic has undergone within the later geolo-
gical periods, may be g1thered from the structure of th
jslands which lift themselves above its surface. Along its
eastern border, at no considerable distance from the coast
of North Africa, there are three princ
Madeiras, Canaries, and Cape Verd,—all of which have an
evidently wolcam" cmmn, and rise up I. om the eastern

towards its continental shore-line.
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of general elevation; resembling the plateau of the North
Atlantic.

The entire chain of the Greater and Lesser Antilles, which
stretches from the delta of the Orinoco to the peninsula
of Florida, and forms the eastern boundary of the Caribbean
Sea, seems to have been in like manner elevated by vol-
canic action. That this elevat ion, like that of the rrroul,a
of islands on the eastern side of the Atlantic, took place
for the most part during the later Tertiary period, is shown
by the occurrence of ':llLL,_. corals, &e., of upper Miocene

ge, i raised spdime;.mq beds of se\eul of the
t nging reefs” of coral

£ Lhc West India islands is an

ie in an area in which elevation is

t.'lCV are separated

at there was

the occa-

eruptions at

t the plutonie

still going on

in regard to the
:mcul AT E\crglicn to
‘\thmm of those
hat are so numerous in t'm Pacific. This
of a‘m 1t oﬂu islands, of which, however,
ble size ; and these rise from
23 miles long by 13 miles
islands bt_mrr very shallow,
edge of the EA.O‘:&L
L) 000 lt’-ﬁt. The islands
of coral, shells,
ut 1“0 fﬂﬂt above
ce:——lc"e}); and the
st *'10. ure through:

above it ;
the coral f,:':,u i ) enced ; and that
continued growth at , at a rate _equ al to

| t"m* of the subsidence of its base, the platform has been

<]

kept up to the sealevel. The elevation which has

| raised its highest portion above that level may not impro-
| bably have taken place in connection with the much larger

recent A-evﬂt ons wrt.ﬂ}‘ referred to.
Thus, n, we have evidence of considerable recent

local ::‘;cciiﬁcaucn: in the level of the Atlantic sea-bed,

without any such change as would affect its "en:.ral cha—
racter as an ocean ‘m.s‘.: 1
seems in favou
sion of the Atlan n if we do not ref*nrd it as
dating back to ‘:L period vhcn the surface of the globe
was first undergoing solidification.

Currents of the Atlantic.—By the term * current ™ will

be here meant that sensible movement of ocean water in

particular directions which can be generally traced, directly

L or indireetly, to the action of wind upon its surface. &
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eurrent thus directly impelled by wind is termed a * drift.
<current,” whilst a current whose onward movement is
sustained by the vis a fergo of a drift-current is called a
‘ stream-current.” Baut there is another source of current-
movement, which has been overlooked by most writers on
this qub_]ﬂct namely, the indraught which necessarily takes
place to keep up the level of any area from which the
surfaee-water is comtanti; being drifted away. Such cur-
rents, which may be de SIgnated as “indraught ” or “supply
currents,” complete the “horizontal circulation ” that must
necessarily take place in any oceanic area of which one part
is subjected fo the action of a wind almost conclantly

blomng in the same direction. Of such a circulation we |

have a very characteristiec example in the South Atlantic,
the principal currents of which we shall see to be very
easily acconnted for.

The initial movement ot the current—s*-stem, alike of the
North and of the South Atlantic, is given by the trade-
winds, which are continually dru-mcr the water of the inter-
tropical region from the African tow vards the American side
of the basm, so as to produce what is known as the Lg-?.ca-
torial Current. The position of the northern and southern
boundaries of this current shifts, like the area of the trade-
winds, in accordance with the nurthwg.rd and southward
declination of the sun;—a steady westward drift being
generally met with to the north of the tropic of Cancer in
the summer of the northern hemisphere, and to the south
of the tropic of Capricorn in the summer of the southern,
whilst in the winter of each hemisphere the border of. the
drift les within the tropic of that hemisphere. But as the
thermal equator lies from two to three de:re’ﬁa to the north
of the gemr(zpkzml equator, the entire zone of the tmde«
winds, and of the Equatorial Current propelied by them, is
wider on the northern than on the southern si
latter ; and while the northerly trade often reaches
N. in July, and rarely extends south in January w
or 3° of the geographical equator, the southerly
not extend farther than 25° S. in Jﬂm:arv and g
crosses the equater in July, even
far as 5° N. As between the nounﬂny and S"u+
trades there is a region of “equatorial calms,” so there is'a
correspanding interval between the northern and so“'he-:n
divisions of the Equatorial Current ;- and in thi
there is & counter-current (resembling the * back
often to be noticed in 3 stream that is flowing rapidl
some obstar‘le such as a vessel at anchnr or a

conmaamble velomty, tcm' rds ‘f:ha

may be considered the * head-water % of th Emh.nonal
Current. From the recent observations of L,'*pl. Nares 1't1
the “Challenger,” it appears that the Equatorial Curr

like other drift-currents, is very shallow, its depth 'belhg L‘)'ﬁ
much greater than 50 fathoms. He estimates its rate at
the surface to be about 0-75 miles per hour, or 18 miles per
day, whilst at 50 fathoms it only moves at about half that
rate.! Its surface temperature generally ranges between
75° and 80°; but the thermometer falls to 60° at a depth
of little more than 100 fathoms,—the temperature of this
belt of water, as will be hereafter shown, being kept down
by the continual rising of polar water from below.

The Equatorial Current passes directly across the Atlantic
towards the chain of the Antilles and the coast of South
America ; and as not only the whole of the northern divi-
sion, but a. considerable part of the southern, strikes the
American coast-line to the north of the salient angle of
Cape St Roque (about 5° S. Iat.), the portion of the current
which is deflected into the northern hemisphere is much
greater than that which is turned to the southward. It is

1 Mr Laughton, however, states the average velocity to be between
20 end 30 miles per day.

a general fact, that where a current encounters any paxtial
obstruction, ——such as a coast-line meeting it ob.lque]v a
narrowing of its channel, the lateral pressure of another
current, or even that of a mass of stationary water,—its
velocity increases ; and so the pertion of the Equatorial
Current that is pressed to the northward by the coast-lin
between Cape St Roc que and the mouth of the Orinoco
(known in the first r; rt of its course as the Cape iS¢
Rogue - Current, and afterwards as the Guiana Current)
acquires a greatly augmcnf—su rate, running ordinarily at
the rate of from 30 to 50 miles, and occa“ona‘lv at
a rate of 80 miles, in the 24 hours, Entering the Carib-
bean Sea, it is reinforced by the portion of the Equatorial
Current rhi h f'ows in between the Lesser Antilles ; and it
ong the northern coast of South

ed northwards by the eoast-line

e stween the peninsula of

zta 1d tl xtrem 1tv of (,u'b into the Gulf of

‘ day. Apor
\ E. along te_e northern shore
art sweeps round the gulf,
ast-line, and approaches the
broad dnep stream of no
more than 30 miles per

following the
coast of Cuba from
great velocity, seldom ru

| day. The reunited current

Current from the outside,

along the north coast of Cuba
i deflected northwards gh the
orida Channel, which is beunded on ‘Le one side by
southern r:Ttmmlt“ of the pez:-insnl&:r. of .1:10“(1"‘, and on
other 1.-}' the ca:st of Cuba and the Bahamas. The rate
of movement of the powerful current that flows through
channel, L’nCEFU th known as the Gulf Stream, is con-
nented in its nqrrovv.u part, ch is also
ﬂlthouuh its velocity sometimes reaches
rage rate
e::i at not
r hour, per d: _w,- =

t by any
t he Flonua.

ps under the
cold superficial
he cold under-
opinion of the
warm outward
current is not more than one-third t of the channel
through which _probal that the rate of
movement decrea: e downwards ; but upon
this point we have as 3-:: no certain i:furmqt‘on. The
meaning of the cold inflow will hereafter become apparent.
The course taken by the Gulf Stream the first iZ}-
stance is nearly p:.mm.l to the line of the United State
coast, from which it is ev erywhere separated by a band of
cold water,—the bo"ﬂcta"v line between the two being so
distinet as to be known as the “cold wall. ” It does not
show for some time any great dx:m‘ﬁluo*l to sDrLad itself
out la terauv, though a division into alternate bands of
warmer and colder water, the cause of which seems to lie
in the contour of the bottom of the Florida Channel, be-
comes perceptible before it reaches Charleston, and is very
marked off Cape Hatteras. The Stream there presents the
form of a fan, its three warm bands spreading out over the
Atlantic surface to an aggregate breadth of 167 miles,

2 This suatenen., which is much lower than that adopted by most
writers on the Gulf Stream, is based on the entire aggregate of observa-
tions collected by the .J[e.ecro}cmc't] Department, which further show
th1.., for six months of the year, the mo..nhty ean averages only 1-4
miles per hour, or 34 miles per day, whilst for the other six months it
only averages 2% miles an hour, or 60 rm]es per day.
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whilst two gold bands of an aggregate breadth of 52 miles
are interposed between them. The innermost warm band
is the one which exhibits the highest temperature and
greatest rate of flow, its velocity being greatest where it is
pressed on laterally by the Arctic Current, so that a rate of
4 miles per hour is occasionally observed. Capt. Nares
estimates the depth of the Stream in this part of its course
at about 100 fathoms, and its rate of flow in the line of
most rapid movement at 3 miles per hour. The outermost
band, on the other hand, graduates insensibly, both as to
temperature and rate of movement, into the general sur-
face-water of the Atlantic. It is when passing Sandy
Hook that the Gulf Stream takes its decided turn east-
wards,—this change in its direction being partly due to the
eastward bend of the United States coast-line, and partly
to the excess of easterly momentum which it brings from
the lower latitude in which it issued from the Florida
Channel. * Its general rate of flow past Nantucket seems
not to exceed 1 mile per hour, and to be frequently less;
but several degrees to the eastward of this, the current has
been found occasionally running at the rate of 4 miles an
hour,—this acceleration being probably due fo the lateral
pressure of the Arctic Currenf, which, during the early
months of the year, is driven southwards at the rate of 10
or 12 miles per day by the N. and N.W. winds then pre-
vailing along the coast of Labrador, and which, turning
westwards round the south of Newfoundland, keeps close
to the coast of the United States (being left behind in the
rotation of the earth, in consequence of its deficiency of
casterly momentum), and follows it southwards, every-
where separating it from the Gulf Stream.

By the gradual thinning-out and expansion of the Gulf
Stream after passing the Banks of Newfoundland, by the
progressive reduction of its rate of movement, and by
the loss of that excess of temperature which previously
distinguished it, as well as of its peculiar blue colour (which
probably depends on its holding in suspension the fi
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along the coast of Portugal. As this current flows past the
entrance to the Strait of Gibraltar, a part of it, forming
what is known as the Gibraltar Currcnt, is drawn in te
keep up the level of the Mediterranean, which would other-
wise be reduced by the excess of evaporation from its sur
face; butthe greater part keeps its course sout!lwards along
the Maroeco coast, reinforcing the south-flowing extension
of the Gulf Stream. On arriving at the border of the
northerly trade, the North African Current divides into two
parts,—the western division being at once carried into fim
course of the equatorial drift, whilst the eastern, which
may be considered as essentially an indraught or supply
.current, follows the African coast-line, and turns eastward
into the QGulf of Guinea, forming the Guinea Current,
which, coalescing with the eastward “ back-water ” already
mentioned, flows pretty constantly, sometimes with con-
siderable rapidity, towards the Bight of Biafra. There it
meets the South African Current, which forms the other
great feeder of the Equatorial Current; and the circulation
thus completed may be considered as recommencing from
this “ head-water.” The large area of comparatively still
water which lies in the interior of this North Atlantic
circulation is called the Sargasso Sea,—a corruption of the
name (Mar de Sargaco) which it received from Columbus
and the early Spanish navigators, on account of the quantity
of sea-weed that floats on its surface. The boundaries of
this area, which is of an irregularly elliptical shape, and
nearly equals that of Continental Europe, are somewhat
variable ; but it may be considered to lie bet:\'eet} _the
parallels of 20° and 35° N., and between the meridians
of 30° and 60° W. Into it is collected a large propor-
tion of the drift or wreck which floats about the North
Atlantic.

Proceeding now to the South Atlantic, we meet with a
circulation of the same kind, uncomplicated by any
embaying of the Equatorial Current. The smaller division
of this current which strikes the coast of South America

particles of the river-silt brought down by the Mississip

this remarkable current so f special attri- |
ble to the east of the |
land by an intervening band of lower tempersture, that

meridian of 30° W.

general easterly drift o g

is kept up by the prevalence of sterly

times called * anti-trades.” her: ida Cu
or irue Gulf Stream can inctly rtecogni
forms a stratum not more than 50 fathoms in tl
Bnd it is there flowing almost due east,

would require about 100 days to bring i

End. The only wvalid evidence of the exte

part of it to the western shores of Europe (1

tion of their temperature being otherwise accou
while the transport of trunks of trees, drift-timber, frui
shells, &c., to the Western Hebrides, the Orkney, Shetlan
and Faroe islands, and the coast of Norway, may be
fairly set down to the surface-drift sustained by the pre-
valence of S.W. winds) is afforded by the variable current
known as ZRennell’s, which, flowing eastwards into the
southern part of the Bay of Biscay, is deflected in a N.W.
direction by the trend of iis coast-line, so as to cross the
British Channel towards the Secilly Islands, whence it
passes to the S.W. coast of Ireland, its strength mainly
depending on the continued prevalence of the westerly
anti-trades. (See Plate L)

im oM

(!

Of the whole mass of water, on the other hand, that is |

brought into the mid-Atlanti¢ by the Guif Stream, it may
be stated with confidence that the larger proportion turns
southward to the east of the Azores, and helps to form the
North African Current; the cther tributary of which may
be considered as originating as far north as Cape Finisterre,
under the influence of the nm“thiﬂ_y winds which Preva%?

to the south of Cape St Roque flows along the coast of
Brazil at the rate of from 12 to 20 miles a day, forming
the Brazil Current, which, however, is separated from the
during the winter months, a distinct flow towards the
or. The Brazil Curr can be traced southwards, by
mperature rather than movement, as far as the
v of the La Plata, before reaching which, however,
at part of it takes an easterly direction, and crosses
Atlantic towards the Cape of Good Hope, forming

t is knéwn as the Southern Connecting Current. The
sterly movement of this current seems to be partly due

| to the westerly anti-trades, and partly to the excess of

| easterly momentum which is retained by the Brazil Current
in its soutl d course from Cape St Roque; whilst it

{ in 1ts southward course irom (Lape o toque ; whust

| partly depends also on the junction of an Antarctic current
I Y cer

that flows N.E. from Cape Horn, meeting the Brazi
Current off the estuary of La Plata, just as the Arectic
Current meets the Gulf Stream off Newfoundland,—dense
fogs being produced, in the one case as in the other, through
the precipitation of the vapour overlying the Equatorial
Current, by the colder air that overlies the Polar. On
meeting the coast of South Africa, the Southern Connecting
Current turns northwards, and runs towards the Bight of
Biafra, forming the Soutk African Current, the movement
of which is partly sustained by the southerly winds which
prevail along that coast, but is partly attributable to the
indraught set up to supply the eflux of the Equatorial
Current. In its passage thither, however, the part of it

distant from the land is draughted westwards by the
outhern trade, forming the most southerly portion of the
equatorial drift. Between this and the Southern Cou-
necting Current is a central space, lying between the
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llels of 20~ and 30° S, and the meridians of 0° and
5° W., over which there are no regular currents; and to
this the name Sargasso Sea is sometimes applied by analogy,
although its surface has no coveribg of sea-weed. (See
Plate 1.) :
Temperature of the Aslantic.—The distribution of surface
temperature over the area of the Atlantic has now been
made out with considerable accuracy ; and it corresponds
closely with what has been already stated as the course of
the surface currents. There is, of course, a seasonal
chfmgo, alike in its northern and in its southern division,
this change being more and more marked as we recede
from the equator. Following the course of the mean annual
isotherms, however, we find that they cross the South
Atlantic at nearly regular intervals, in an east. and west
direction, the principal departure from that direction being
shown at their western end in the bend they take towards
the south under the influence of the warm Brazil Current,
and at their eastern in the still stronger bend they take
towards the north under the influence of the cold South
African Current, which reduces to about 75° the temperature
of the southern equatorial that flows alongside the Guinea
Current, whose temperature is 82°. In the North Atlantic,
however, the influence of the movement of oceanic water on
the surface-femperature’ is very much more marked. The
annual isotherms, which cross the Sargasso Sea with nearly
regular parallelism, and on the African side tend somewhat
to the south, where they meet the colder water of the
North African Current, show a strong northward bend on
the American side, along the early course of the Gulf
Stream ; but as its excess of temperature above that of the
Atlantic generally diminishes as we trace it towards the
Banks of Newfoundland, this northward deflection progres-
sively becomes less. The marked contrast in temperature
which e often there exhibited between two contiguous bands
of water,—a thermometer hanging from a ship’s bow show-
ing a temperature of 70°, whilst another hanging from the
stern shows only 40°,—is due not so much to the elevation
produced by the Gulf Stream as to the depression produced
by the Arctic Current. This depression manifests itself
in the southward bend given, on the American side, alike
to the summer and the winter isotherms (see Plate), beyond
the summer isotherm of 70° and the winter isotherm of
60°, which may be considered as having nearly their normal
position ; whilst the northward tendency of these same
isotherms on the European side not less conspicuously
indicates a flow of warm water towards the western coasts
of the British Isles, Norway, and even Iceland and
Spitzbergen. It has been customary to regard this flow as
an extension of the Gulf Stream ; but if that term be
limited (as it ought) to the current that issues from the
Gulf of Mexico through the Florida Channel, the hypothesis
ts found to be untenable so soon as the thermal phenomena
of that current are carefully examined. For, in the first
place, the popular idea that the Gulf Stream retains its
high temtperature with little diminution during its passage
first northwards and then eastwards is- clearly disproved
by observation, as is shown by the following table of
average temperatures taken at differert seasons in the
warmest of its bands :—

Latitude,

Wintor

o
o

Florida Channel...

Off Charlestown .. 5
Off Cape Hatteras .
S.E. of Nantucket Shoals|
| 3. of Nova Scotia |

=D O~

|
|

From this it appears that, while the high surfaoce-tempera-
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ture with which the Gulf Stresw: :oaves e FloridaChammel
is retained in summer with only 5° reduction as far as Nova
Scotia, there is a reduction of 5% in winter during its north-
ward passage to Cape Hatteras, and a further reduction
of no less'than 10° during its eastward passage from Cape
Hatteras to Nova Scotia, making a fotal reduction of 15%
In spring, @gain, there is a total reduction of 11° and in
antumn of 13°; and in both cases the reduction during
the eastward flow under the parallel of 35° N. is greater
than the reduction in the northward flow from 25° N. to
35° N. The explanation of this is plainly to be found in
the fact that in the early part of the course of the Gulf
Stream its superheated stratum is a thick one, so that when
its superficial film is cocled down by a superincumbent
atmosphere of lower temperature, it is replaced by the
uprising of a deeper stratum having nearly its original
temperature. But as the stream spreads out superficially,
its superheated stratum becomes proportionally thinner,
and will consequently be more and more rapidly cooled
down by the superincumbent atmosphere. Even supposing,
therefore, that it were not subjected to any special cooling
influence, it appears certain that, as the rate of the current
slackens and its depth diminishes, the cooling process must
continue at an increased rate, so as to bring down the
surface-temperature of the stream to the normal isotherm
of the locality, long before it could reach the shores of
Europe. But it has been shown that when it passes
Newioundland the Gulf Stream #s subjected to a special
cooling inflaence—that of the Labrador Current with its
fleet of icebergs, which melt away when ‘borne into it ; and
this produces such an immediate reduction of its surface-
temperature, that it thenceforth shows very little excess,
although its sub-surface stratum still appears to be warmer
than that of the ocean through which it flows.

But, further, the Gulf Stream, where it is last recog-
nisable as a current, is flowing due east, and its southern
portion turns first south-east and then south, whilst, on the
other hand, the course of the isothermal lines (see Plate)
clearly shows that the flow of warm water which carries
them northward spreads across the whole breadth of the
Atlantic, from the British Isles to Labrador, even extending
up to the west of north into Baffin’s Bay. When we
contrast this immense body of north-moving water with
the thinned-out film of what is by comparison a mere
rivalet, it becomes obvious (1) that its northward flow
cannot be attributable to the wis @ fergo of the Florida
Current, whilst (2) its convection of heat to the Arctic Sea
cannot be accounted for by any amount of excess of
temperatore that is limited to a small depth, since the
temperature of such a stratum, moving north-east at a rate
of (at most) 4 or 5 miles per day, must soon be brought
down to that of the atmosphere above it.

Influenced by these considerations, several eminent
hydrographers, both British and American, have been
disposed to deny, not only that the temperature of the
North Atlantic is modified in any considerable degree by
the true Gulf Stream, but that any other agency than that
of warm S.W. winds is concerned in producing the climatie
amelioration popularly attributed to it. They maintained,

in fact, that the surface-temperature of the North Atlantic
and Arctic Seas follows that of the superincumbent air,—
the atmospheric temperature not being in any degree raised
by that of warmer water beneath. This doctrine, however,
is found to be inconsistent with the results of careful com-

| parisons recently instituted between marine and atmospheric

temperatures along the western coasts of Scotland, the
Orkney, S]:xeﬂand, and Faroe Islands, and especially with
those obtained along the western coast of Norway. For it

is found that during the winter months there is a constant

excess of sea-temperature above that of the air, averaging
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6°-2 Tahr. along the western coast of Scotland and its
aslands, and rising to 14°-5 at Fruholm near the North Cape.
lAnd it is also a very significant fact (ascertained by the care-
ful inquiries of Mr Buchan), that while the summer isotherms
cross the British Islands nearly east and west (the tempera-
ture diminishing pretty regularly from scuth to north), the
winter isotherms traverse them nearly north and south (the
temperature diminishing from west to east); whilst in
Treland the isotherms seem to envelope the islands in their
folds, which increase in warmth from the centre of the
island to its sea-beard. So in Norway the isothermal lines
run parallel to the coast-line, and this alike in summer and
in winter,—the temperature falling in winter, and rising
in summer, with the ihcrease of distance from the sea.
Nothing could prove more conclusively than such facts as
these (taken in connection with the absence of ice in the

harbours of Norway, even as far north as Hammerfest,

through the whole winter) the dependence of the mild ;

winter climate of the noith-western coasts of Europe
upon the proximity of a sea which is warmer than the
superincumbent atmosphere ; and we have now to inquire
how this great N.E. movement of a stratum of warm water
sufficiently thick to retain a surface-temperat
siderably higher than that of the air above it
accounted for. ;

The solution of the problem seems to be afforded b
doctrine of a General QOceanic Circulation, sustained
opposition of temperature only, which was fi
propounded in 1845 by Professor Lenz of S
on the basis of observations made by him durin,
second voyage of Kotzebue (1825 28). Othe
been previously led to surmise that “ Polar Currents”
along the floors of the great oceans, even as far as the
equator, balancing the superficial counter-currents which
are observable in the opposite direction. But Lenz was
led to conclude that the whole of the de i
great ocean-basins in communication w
is occupied by polar water, which is con
slowly, flowing towards the equator ; wk
the whole upper stratum of equnatorial water i
stantly, though slowly, flowing towards one
poles. And he particularly dwelt on
belt of water under the equator, colder
lies either north or south of it, as an evi
water is there continually risi f
the surface,—a ph
of mno other exp
salinity of equatorial
boldt, and confirmed
with that of tropic:
water of the surface is
And he attributed the
the continually rer
the polar and equs
{because downward) pre
bottom outflow . of polar water
latter, whilst the reducti
produce a surface indr
the colder areas.

The doctrine of Lenz,
general acceptance to which it had a
theoretical grounds and from its accord:
uscertained by careful observation,—seer
pside and forgotten, a preference being
trine of the prevalence of a uniform de
of 39° which was supposed to be e

I Tt must be borne in mind that sea water does not expand like
Fresh water in cooling below 392, but continues to contract down to
its freezing point, which lies between 27° and 25° Fahr., according as
it is still or agitated.- -
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thermometric observations made in the voyages of D’Urville
and Sir James Ross. No such precaution was taken,
however, in these observations as that to which Lenz had

| recourse, to obviate the effects of the tremendous pressure

(1 ton per square inch for every 800 fathoms of depth) to
which deep-sea thermometers .are exposed ; and it is now
certain that the temperatures at great depths recorded by
D’Urville and Ross were several degrees too high.

It was in entire ignorance of the doctrine of Lenz, and
under the influence of that of D’Urville and Ross, which
had been stamped with the great weight of Sir John
Herschel's weicht of authority,? that Dr Carpenter com-
menced in 1868 (in concert with Professor Wyville Thom-
son) a course of inquiry into the thermal condition of
the deep sea, which at once convinced him of the fallacy
of the uniform 39° doctrine, and led him to conclusions
essentially accordant with those of Lenz. For in the
channel of from 500 to 600 fathoms’ depth between the
north of Secotland and the Faroe Islands, they found the
deeper half to be occupied by 2 stratum of glacial water,
whose temperature ranged downwards from 32° to 29°5 ;

hilst the upper half was occupied by a stratum warmer
than the normal température of the latitudes. This
phenomenon ‘Was interpreted by Carpenter as indicat-
ing a deep glacial flow from N.E. fo 5.W., and a warm
upper flow from S.W. to N.E; and finding that to the
west of this channel, on the border of the deep Atlantic
basin, the excess of warmth extended to a depth of more
than 500 fathoms, he came to the conclusion that the
north-moving stratum which brought it could not be an
extension of the true Gulf Stream, but must be urged on
by some much more general force. -A series of tempera-
ture-soundings taken along the west of Ireland, the Bay of
ay, and the coast of Portugal, confirmed him in this

w, by showing that the division between an upper warm
stratum i er-stratum exists in the North

900 fathoms, the whole

g cither flowed into the

m the polar area, or having had its temperature

brought down to from 39° to 36°5 by mixture with the

polar inflow. ned by the
result of ings taken at corr

latitude in the

very bottom, it became clear t eptl se could have
:t In redueir om-te t and that
cause of the exci T ir i of water
ing the Medite
the same depths
rfom the J 1T LOW W

ature of the latter. This conclu
fi ion from temperature-soundings ta
15, was put forward by Carpenter as j
e of a vertical oceanic circulation sustained
n of temperature only, quite independent of

h doctrine he expressed in terms closely cor-
o with those that had been used by Lenz. And
ction of data for the establishment or confutation
doctrine was one of the objects of the ¢ Challenger™
xpedition, which has already made, in the dete mination
of the thermal stratification of the Atlantic between 38°
N. lat. and 38° S. lat., what may be fairly characterised as
the grandest single contribution ever yet made to terrestrial
physics.
The following are the most important of the facts thus

% See his Physical Geography of the Globe, originally published in
“‘he tenth edition of this Encyclopedia. i ;i
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established :—Of the water which fills the deep trough of
the North Atlantic (fig. 1) between Teneriffe (lat. 283° N.)

NTIC
and St Thomas (lat. 181° N.), divided by the * Doiphin

rise” into an eastern and western basin, by far th= largez

34°- A tolerably regular desc
n, from a surface-temperature rising
75° to the bathymetrical isotherm of
tween 400 and 600 fathoms’ depth ; the
between 45° and 40°, of which th
about 250 ! 10ms isotherm
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down to the bottom at be
the further reduction to
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Atlantic (fig, 2), betweer
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| of Tristan da Cunha.

Thomas and Teneriffe.
341° S.), this trough also being divided into two basins by
the elevation of the bottom which culminates in the island
The temperature of the water that
occupies it, however, is lower through its whole vertical
range than that of the North Atlantic. The stratification
1 iform from the surface downwards to the
hick t from 300 to 450 fathoms’
and 38° also lying within
hen a slower reduction
h lies 'between 1400
whole sea-bed is covered by
of zbout 600 fathoms’ thickness, whose tempera-
es downwards from 35° to 33°. The whole of

pest stratur
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Fie. 2.—Section of South At

It is not a little remarkable that the sub-surface stratum | Norih Atlantie (fig. 1), and
of water, having a temperature above 40°, is thinner under |

the equator than it is in any other part of the Atlantic
from the Faroe Islands to the Cape of Good Hope. Not-
withstanding the rise of the surface-temperature to 76°-80°,
the thermometer descends in the first 300 fathoms more
rapidly than anywhere else; so that polar water is met
with. as shown in fiz. 3, at a much less depth than in the

100 fathoms nearer to the
surface than even in the colder South Atlantic (fig. 2);
whilst the temperature of the bottom is but little Zbové
32°. Thus the influence of the polar underflow is more
pronounced under the equator than it is elsewhere; as is
distinctly seen in the section shown in fiz. 4, which is
taken in a north and south direction so as to exhibit the
relation of the thermal stratification of the North to thatl




