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. Tiis communication, the result of an inquiry having originally reference to the bearing
of the subject on certain geological questions, was commenced more than twenty years
- ago, but abandoned for a time, partly owing to the pressure of other engagements, and
- partly waiting more accurate information of the range of life at depths®. The great
impulse given to these questions by the more recent expeditions of the ¢ Lightning’

* A fow of the geological questions were, however, noticed, and some of the early deep-sca temperature-
observations given, in the author's Anniversary Address to the Geological Society of February 1871, Quart,
Journ, Geol. Soc. vol. xxvii. pp. xliii-lxxv.
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H588 MR. J. PRESTWICH ON SUBMARINE TEMPERATURES.

and * Porcupine,’ culminating in that of the ¢Challenger,’ has not only again directed
attention to the subject of deep-sea temperatures, but has led to such improved methods
of observation, that it may now seem late to bring forward the less accurate experi-
ments of former observers. It might therefore seem almost a work of supererogation,
now that the subject in connexion with these later voyages has been so ably and
zealously taken up by my friend Dr. CARPENTER, to introduce these more variable older
clements into the discussion. Still the older observations, though restricted to com-
paratively limited depths, have a wide range; and in the case of the Arctic voyages
they were obtained under conditions of so much difficulty and danger, that it may be
long before similar experiments are repeated ; while many of the original opinions evi-
dently deserve great consideration. It was, moreover, always my intention to complete
the task T had begun when time and opportunity offered ; and as Dr. CARPENTER'S work
commences with the observations made by him on board the ¢ Lightning’ in 1868, it
may not be out of place to have a record of all that was done in temperature-soundings*
up to that time, even as supplementary to the more exact work of later voyages.

I may also notice that, notwithstanding the superiority of the more recent observa-
tions and the inaccuracy of many of the older ones, there are a certain number of the
latter which were made with great care, and which may vie with recent experiments in
exactness; while with respect to the others, the errors are such as may in most cases be
computed and allowed for; or merely taking the old observations as they are, the
comparative temperatures recorded at corresponding depths with the same or similar
instruments have their own special value. The older observations are also so scattered
through various narratives of voyages and in scientific periodicals, that no one can,
without much difficulty of search, form an idea of their number and interest, or of the
progress which the subject had made at the hands of the eminent men who had from
time to time engaged in the inquiry on the Continent. I purpose, therefore, to show
the state of the question at the time of the * Lightning’ expedition. For all that has
been done since, I would refer to the exhaustive papers of Dr. CARPENTERT.

In former voyages the temperatures are variously noted in degrees of REAUMUR,

* The few old observations of life at depths will not now require notice.

+ ¢ Preliminary Report,” by Dr. Wrirax B. Careexrer, V.P.RRS,, *of Dredging Operations in the Seas to
the North of the British Islands, carried on in Her Majesty’s Steam-vessel ¢ Lightning,” by Dr. CarreExTER and
Dr. Wevitte Tmousos, Professor of Natural History in Queen’s College, Belfast.” Proc, Roy. Soc. vol. xvii.
p. 168 ; ;‘I;IJ]H'!J:]i::, p- 197, 186569,

“On the Rhizopodal Fauna of the Deep Sea,” by W. B. Carrrxter, M.D., V.P.RS. Iid. wol. xviii. p. 59.

“ Preliminary Report of the Scientific Exploration of the Deep Sea in H.AL Surveying-vessel * Porcupine,’

during the Summer of 1869, conducted by Dr. Canresrer, V.P.R.S., Mr. J. Gwyx Jurrxevs, F.R.S., and Prof.
Wyvizie Trousox, LL.D., F.R.8." Thid. vol. xviii. p. 397.

 Report on Deep-sea Researches carried on during the Months of July, August, and September 1870, in
L. Surveying-ship * Poreupine,’” by W. B. Canrssrer, M.D., F.RS,, and J. Gwrx Jerreeys, F.R.S, Thid.
vol. xix. p. 146,

“ Report on Scientific Researches earried on during the Months of August, September, and October, 1871, in
TLM. Surveying-ship ¢ Shearwater,’” by Wizian B, Cagresren, LL.D., M.D., F.I.8. Ibic, vol. xx. p. 535.
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FanrReNHEIT, and Centigrade, and the depths are recorded in feet, fathoms, the *old
French foot,” * toise’*, ¢ brasse,’ ‘métre, and the * yaden,’ while the longitude is some-
times that of Greenwich, at others that of Paris. 1 have reduced these various
measures to a common scale, adopting for temperatures that of FAngexmem ; for length,
the English foot; and for longitude, the meridian of Greenwich. Asin these reductions
some errors may have crept in, references are given to all the original readings.

In the Lists of Observations ( Pp- 639-70) the degrees of temperature at depths stand
as they are recorded by the several observers, without the correction adopted for the
Sections. The place of each observation is laid down on a recent Admiralty Chart of
the world (Plate 65), in accordance with the longitude and latitude given by each
observer, without any attempt at correction, which, in some of the early observations,
may possibly be necessary.

The observations thus reduced are tabulated in three groups. Table I. gives the
deep-sea temperatures in the Northern Hemisphere from the Equator to the Polar Circle,
and in the same way Table II. gives those in the Southern Hemisphere. The observa-
tions in inland seas are given in a separate Table, No. I11.

A list of temperature-soundings, made up to date, was given by Pgrox in 1816,

It was limited to 4 of his own, and to 16 of Forstrr's and ImrviNe'st. In 1832
D'UrviLLE] gave a greatly extended list, embracing as many as 421 observations, which
he arranged according to zones of depth ; and in 1837 GEHLER § published a list of 226
observations arranged according to latitude. These, I believe, constitute all the feneral
lists that have been published. The number of observations recorded in the present
Tables amount to 1356,
- In the following pages I have given :—first, a notice of the many voyages on which
soundings for deep-sea temperatures were taken, with an account, when possible, of
the mode in which the observations were made; secondly, a summary of the opinions
founded on these data; and thirdly, a statement of the results obtained and of the
conclusions to be formed thereon.

Besides the error due to pressure, which, as so many of the older soundings were
made at small depths, is frequently unimportant, there is that arising from the angle of the
line from the vertical caused by currents, and another due to the tension of the rope by
strain and wet, which is sometimes not inconsiderable. I have, however, in drawing
the sections, given the depths without correction for these causes, so as to place all the
observations on the same footing, as it is but rarely, although there are exceptions,
that these particular sources of error were noticed or mentioned Il-

® The O1d Foot=12-79 inches; the Toise="76-68 inches ; the Brasse=63-93 inches.

T Voyage de découverte aux Terres Australes, vol. ii. p- 327,

t Voyage de I'Astrolabe, vol, x. Chap. II1. Physique.

§ Gemien's Physikalisches Wirterbuch, Sechster Band, Dritte Abtheilung, Me-Mj, pp. 1676-82.

Il The older deep-sea soundings have been found to be liable to serions error, arising from the difficulty in
actual fixing the depth of sounding ; but in these Tables there are few of that depth to involve this particular

error; still some of the deeper ones must be looked upon with doubt.
4K 2
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Owing to the want of a reliable self-registering thermometer, three plans were
resorted to by the earlier observers to ascertain the temperature of the sea at depths
below the surface. The first and more common plan was to bring up water from a
determined depth in sufficient quantity and with sufficient speed to prevent any material
change of temperature, and then to try it with an ordinary thermometer, although some-
times the thermometer was suspended in and descended with the water-bucket. In the
second place, the thermometer was surrounded with a non-conducting substance, and
left down a length of time sufficient to acquire the temperature of the surrounding
medium and then brought rapidly to the surface. In the third place, the temperature
was taken by means of mud or silt brought up from the bottom. On a few occasions
metallic thermometers have been tried, but not with satisfactory results. These several
plans continued in use from time to time up to a comparatively late period, until
gradually superseded by self-registering thermometers.

As the error due to pressure in the use of the latter instrument has now been deter-
mined with sufficient aceuracy, most of the older observations can readily be subjected
to correction. Such correction has been applied to all the observations that have been
used in constructing the Sections, Plates 66-68 ; but, as in the Tables themselves the
original readings are given without correction, in order to obtain in any case, with a few
exceptions named, an approximately true reading, the correction given at p. 612 must be
applied. Where, from the use of proper precautions, the original readings are presumed
to be correct, they are distinguished by being placed between brackets in the Sections.

§ 1L Historical Narrative of Deep-sea Observations, 1749-1868.

In this chapter I have enumerated in chronological order the various voyages on
which I have found any record of deep-sea temperatures—stating generally the course
cone over, the number of observations made, the depths attained, the methods employed.
At the end the correction for the errors attendant on these methods is determined. The
particulars of the observations taken on each voyage will be found in the Tables by
reference to Column VIIL, under which is given the name of the officer in command,
or of the scientific observer accompanying the expedition. The conclusions formed by
them on these data are reserved to the next chapter.

It was about the middle of the last century that the subject of deep-sea temperatures
fivst began to attract attention. In 1749 Captain ELuis, on the occasion of a voyage
to the north-west coast of Africa, made two experiments at depths of 3900 and 5346 feet
in lat. 25° 13' N.*, with an instrument devised by Dr. HaLks, and described by him in a
paper to the Royal Societyf. It consisted of a bucket about the size of an ordinary
pail, with valves at top and bottom, which remained open as the apparatus descended,
and closed as it ascended. e obtained in both cases readings of 53°; and he rightly
attributed this uniformity to the greater depth of water through which, in the deeper
experiment, the instrument had to be hauled, and which caused a larger gain of heat.

* Phil. Trans. for 1751-1752, vol. xlvii. p. 214 t Ihid. p. 213.
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No further attempts of the kind seem to have been made until 1772, when Coox * went,
with Forster as naturalist, on his first voyage round the world, They each separately
record three experiments made, at depths of 600 feet, between the equator and 64° South
latitude, and they both recognized the decrease, within certain latitudes, of the tempera-
ture with depth. From some unexplained cause, the experiments were soon discon-
tinued. No mention is made either in Coox’s or ForsTER'S narrative of the instruments
used, except that the latter alludes (p. 45) to the use of thermometers, while PiroN
speaks (p. 318) of Forster's “ cylindre it double soupape;” so it may be presumed that
he used HALE'S apparatus with an ordinary thermometer enclosed in it. The apparatus
was left at the bottom from 15 to 50 minutes.

In 1773, on the occasion of Captain Puirrs's} voyage to Spitzbergen, he was furnished
by the Royal Society with instructions how “to direct his inquiries.” Sailing past
Shetland and the Faroe 1slands, to the west and north coasts of Spitzbergen, he reached
80° 48" N. latitude. Dr. IrviNG, who accompanied the expedition, made nine observa-
tions at depths varying from 192 to 4098 feet, and extending from the German Ocean
to the north of Spitzbergen. They first of all used thermometers contrived by Lord
Cuares Cavespisu§ in 1757, They were on the principle of overflow thermometers,
‘which registered the temperature by subtracting from a column of mercury of given
length the portion which passed over into an attached receiving bulb, and comparing
the instrument before and after with a standard thermometer ; but, owing to its delicacy,
difficulties of manipulation, and errors by compression, this instrument was soon
abandoned. Irvixe then devised a water-bottle with a coating of wool 3 inches thick,
and shutting inside with a cone of lead when at the bottom. The temperature was
‘taken when brought to the surface. For moderate depths the results, which are
recorded in the Tables, scem to have been tolerably correct. Those obtained with
Cavespisa's thermometer are, on the contrary, so discordant|| that I have not included

® Voyage towards the South Pole, 1772-1775. By Capt. Cook. 2nd edit. London, 1777, pp- 25, 20, 39.

T Voyage round the World, 1772-1775, in H.M.8. * Resolution.’ By Groree Forsrer, F.R.S. TLondon,
1787, vol. i. pp. 48, 50, 51.

$ A voyage towards the North Pole, undertaken by His Majesty’s commands in 1773, London, 1774.
Appendix, pp. 141-7.

§ Phil. Trans. vol. L p. 308, and val. liv. p. 261.

|l I annex them here, for the purpose of record, with the eorrection for compression and unequal expansion
of spirits afterwards introduced by Cavespism and applied by Pruiees,

Temperature in degrees of Fahr. !

North Latitude.| East Longitude. Depth in feet. ———— |

By therm. | Corrected. | Air. |

o i i | o : L] ] i |

1773, June 20 ... .. .. 67 5 0 46 4680 15 | 28 4 5 |
e T A el 10 55 | 708 30 31 40 5
B S0ra.|  MOR 10 ¢ | 690 83 | ‘88' |45
» Avg.81. ....| @970 0 18 f 038 | 2 | 32 | 895

! In this experiment the water brought up in Invixe’s water-bottle gave a reading of 38%5.
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them in the Tables. The general conclusion Pripps and Ivize drew was that, except
in Aretic seas, the temperature decreased with the depth.

In 1780 Saussure made the two first observations on the temperature of the Medi-
terranean *—one off Genoa at a depth of 944 feet, and the other off Nice at a depth of
1918 feet. Both the thermometers marked 558, or, allowing his correction, about
55%9, a singularly close approach to the more recent observations of Auf and others,
SAUSSURE used a spirit-thermometer of REAuMUR’s with a large ball, which he surrounded
with a mixture of wax, resin, and oil 3 inches thick; and the whole was then placed
in an iron-wire cage. In both cases he sunk the thermometers at 7 o'clock in the
evening, and left them down until 7in the morning, so that they might acquire precisely
the temperature of the surrounding water. The one sunk 1918 feet deep took twenty-
four minutes to haul in, and he inferred that this would give the true temperature
within a fraction (one fifth) of a degree. The thermometer was specially made and
graduated for the experiment; and he had previously ascertained that after lowering it
to a temperature of 23 R., and arranging so that by constant moving it traversed
1000 feet of water at 14° K. in ten minutes’ time, the instrument had only risen one
tenth of a degree, or to 2™4.

In 1800-4 a voyage of circumnavigation was undertaken by command of the Emperor
Napoleon. Monsieur F. PEroN§ accompanied it as naturalist and physicist; but, owing
to the indifference of the officers and ill-will of the men, he was unable to make more
than 4 uncertain experiments, all in the tropical seas, and at depths only of from 320 to
2270 feet, the lowest temperature recorded being 45°5 in lat. 4° N. M. PfRrox, not
satisfied with former methods, employed a mercurial REAuMUR’S thermometer, placed in
a glass eylinder, with cotton-wool to protect it. This was enclosed in a wooden cylinder
sufficiently large to allow of a packing between the two of powdered charcoal, and then
put in a tin case, which was wrapped round with oil-cloth. The value of the results to
be obtained by such protected instruments necessarily depends, as in the case of Saus-
SURE'S experiments, upon leaving the thermometer down for some hours; but in one
case only was M. PEron allowed to leave his apparatus down 1 hour 50 minutes, and
once he had ‘to haul it up after five minutes’ submergence. PERoN refers to and
tabulates the experiments of his predecessors, and remarks on the same law of the
temperature decreasing from the surface downwards.

In 1803 the ‘ Neva’ sailed on a voyage of circumnavigation, under the command of
Captain Krusexstery, Touching at Falmouth, he passed round Cape Horn to the Sand-
wich Islands, Kamtschatka, Japan, and back by the Cape of Good Hope. KRUSENSTERN
took out with him an apparatus made in St. Petersburg on the model of HALES'S; but this
was abandoned for Six’s self-registering thermometer, which, although invented in 1782,
was now for the first time employed at sea. Some thirty experiments were made by

* Voyages dans les Alpes. Neufchitel, 1796, vol. iii. pp. 153 & 196.
t Voyage de Découvertes aux Terres Australes en 1800-4, rédigé par M. F. Pérow, Nat. de 'Expéd. Paris,
1818, pp. 334-37.
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him and Dr. Horxer in the tropical regions of the Pacific* and the Sea of Okhotsh.
We have no description of his water-bucket, and are therefore without means of
judging of the exact value of the results. The more numerous experiments made, on
the other hand, by Dr. Horxert with Six’s thermometer admit of correction.

A subject of so much interest did not escape the attention of Scorrssy : and he gives
a Table of the twenty-four observations made by him in the seas around Spitzbergen,
during his several voyages to the Arctic Ocean between 1810 and 1822, at depths
varying from 78 to 4566 feetf. He made use of an apparatus (no doubt based on that of
HALES) consisting ““of a cask capable of holding 10 gallons of water, composed of 2 inches
of fir plank, as being a bad conductor of heat.” Each end of the cask was furnished
with a valve; these were connected with a wire so as to move simultaneously. They
opened in descending and closed in ascending. The cask was allowed to remain down
half an hour, and was hauled up briskly. A common thermometer was then used to ascer-
tain the temperature of the water so brought up. This machine soon, however, got out of
order, and he had one cast in brass, 14 inches in length by 5} inches in diameter,
which he called a marine diver. This he employed in all his experiments on and after
the 1st May, 1811. A Six’s thermometer was enclosed, which could be read off through
two glass sides in the “diver” on coming to the surface. The weight of the machine
was 23 lbs. He recognized in these seas a uniform though slight increase of tempera-
ture from the surface to the greatest depth he attained, the temperature at the surface
being generally 28° to 29°, and increasing in descending to 36° and even 38° (uncorrected).
In a subsequent voyage he gives, however, an experiment made 7° or 8° further south,
and off the coast of Greenland, in which the reverse held good ; the surface-temperature
being 34°, and at a depth of 678 feet 29° §,

Objections have been raised to ScorEspY's experiments, on the ground that they do
not accord with those of MartiNs and Bravars, which were made with more exact
modern instroments. But these observers themselves accept SCORESBY'S observations as
true, subject to small corrections, The differences between them are, in fact, more
. apparent than real, and arise chiefly from the eircumstance that their observations were
made in the months of July and August, when the temperature of the air averaged from
35° to 45°, and that of the surface-water from 38° to 42°, whereas ScoREsBY experimented
in April and May, when these had temperatures respectively of 20° to 34° and of 28° to
30° so that the relative differences between the surface and the deep waters are neces-
sarily very different in the two cases. In the experiments at depths below 2000 feet
there is little discordance after applying the corrections employed by Marrins and
Bravaris. The latter, however, took no depth exceeding 2854 feet, while Scoressy gives

* Voyage round the World in the years 1803-6, English translation. London, 1813, vol. i. pp. 187 & 203.

+ Horxer's observations are recorded by Grmizr (note, p. 580). They are given under his name, and not that
of Krusensterx, in the Tables. See also the original work of Krvsexsrens.

% Account of the Arctic Regions. Edinburgh, 1820, p. 187,

§ Journal of 4 Voyage to the Northern Whale Fishery in the year 1822. Edinburgh, 1823, p. 237.
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two exceeding 4000 feet; and these were made at some distance from those of the
French observers, who experimented chiefly between Norway and lat. 76° N., whereas
ScomEsBY'S observations were mostly north of that latitude, and in the sea west of Spitz-
bergen as far as 80° north,

It is easy to determine the depth at which, in inland seas like the Mediterranean, the
effect of the diurnal variation of temperature ceases, but it is a much more difficult
problem in Arctic seas. Exposed to the low temperatures of an Arctic climate, the
surface-waters may continue to sink until their temperature is reduced to 25%4, the
point at which they attain their maximum of density. This, however, can only happen
in a state of perfect calm or with waters of unusual saltness, as sea-water of the usual
specific gravity freezes under ordinary conditions at 27%4 F., though it has been shown
that in a state of perfect rest it may be reduced to 20°, or even lower before freezing.

Under these conditions, and with the complicated action of warm currents from the
south and of cold currents from the north, we must expect to find considerable variation
in the temperature of the Arctic Ocean, down, at all events, to the depths hitherto reached
of 4600 feet. Judging from the conditions prevailing in the Antarctic seas and the sea
of Baffin Bay, it seems probable that more uniform readings will be obtained at greater
depths, and that the anomalous readings in the upper strata are caused by the warmer
waters which flow in from the south tending to take at and near the surface the tempe-
rature of the air at different seasons, while the deeper part of this mass of warm water
remains unaffected ; and in the deeper channels there may be, flowing from the north,
the more permanent body of cold water produced by the winter refrigeration of the
polar seas of still higher latitudes.

Subject to the corrections for the causes before named, SCORESBY'S experiments
command confidence. The effect of the corrections will be to reduce his readings where
Six's thermometer was used, while where the water-bucket alone was used a small
addition may be generally needed. '

In the mean time (1815-18) another Russian voyage of circumnavigation *, under the
command of Orro vox KorzesuE, was undertaken for scientific purposes. One hundred
and sixteen carefully conducted experiments (often taken from day to day) were made
in both the great oceans and amongst the islands of the Eastern Archipelago. These
observations, many of them serial, taken at depths of from 24 to 2448 feet, were tabu-
lated in the order of date. On this voyage Korzesue used English—madé (Joxgs) Six's
thermometers. They were protected by a wooden case closed with * wire grating,” but
not in any other way, and they were fastened on the sounding-line about 6 feet above
the weight. KorzEBUE considered that * seven or eight minutes suffice to give it the
temperature of the surrounding water, and a quick or a slow pulling up has no effect
on the observation” (vol. i. p. 89).

# Entdeckungs-Reise in die Siid-See und nach der Berings-Strasse zur Erforschung einer nordistlichen

Durchfahrt auf dem Schiffe Rurick (Weimar, 1821), dritter Band, von dem Naturforscher der Expedition
Dr. Cransso, Tables, p. 230; and Dr. Horxer's Report thereon, p. 233.
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In 1816 Captain WavcrorE made two observations in the Atlantic, a few degrees
north and south of the equator, at depths of 2880 and 6060 feet, and records tempera-
tures at those depths of 51° and 42°*. The apparatus he used consisted of “a series
of cases, one within the other, having valves opening up so as to allow the water to
pass through in descending, but which closed in hauling the instrument up, The
thermometer was enclosed in a glass tube in the centre of it.” Elsewhere he mentions
that the cases were 1 of an inch apart, except the outer one, which was 1 an inch, and
that one was filled with tallow. This was enclosed in a case of wood 1 inch thick.
The machine was 2 feet high by 10 inches in diameter. The time it took to haul
up was from twenty minutes to one hour and twenty minutes. After all, as Six’s
thermometer was used, the correction to be applied is rather that due to pressure than
to the change of medium. In measuring the depth, Captain Wavcnork allowed for the
angle of the rope from the vertical.

In 1817, on the occasion of the voyage of the ‘Alceste’ to China, a few experiments
were made by CLARKE ABELT in the shallow waters of the Yellow Sea. No particulars
of the methods he adopted are given.

In 1818 attention was again directed in this country to the Arctic seas, and the
“Isabella’ and ¢ Alexander’ were despatched to Baffin Bay, under the command of Ross}
and PARrY; and the ‘Dorothea’ and ‘Trent’ to Spitzbergen, under Buvchaxy and
FRANELING. As many as 72 valuable observations on deep-sea temperatures and
soundings were made by the several commanders, assisted by Sik EpwirD SapINE,
who accompanied Ross, and by BExcHEY and FisnEer, who accompanied FRANKLIN, Some
of these are recorded in the narratives of the several voyages, and the others are given
by Dr. MARcET in his well-known paper “On the Specific Gravity and Temperature of
Sea Waters ” published in 1819.

Sir Jorx Ross adopted the plan of taking the temperature of a mass of mud or silt
brought up from the bottom. For this purpose he contrived what he called a deep-sea
clamm. It consisted of “a cast iron parallellogram ” 18 inches high by 6 inches wide
on the outside; inside 5x4 in. It weighed 1 cwt., and would bring up about 6 Ibs,
of mud. By this means, a bottom-temperature generally of 295, and in one case, at
the depth of 6000 feet, as low as 28°75, was determined in Baffin Bay. This degree
of cold was generally corroborated by a Six’s thermometer, both instruments appa-
rently giving the same or nearly the same reading. It was on this occasion that the

* Mem. Wernerian Nat. Hist. Soc. vol. iv. p. 163,

T Tmomsox’s Annals of Philosophy for 1819, vol. xiii. p. 314.

I Ross's Voyage of Discovery to Baffin’s Bayin 1818. 2nd edition. London, 1819, Appendix, xi. pp, 234-23¢,
Appendix, xiii, p, 250.

§ For a Table of the temperature of the Sea at various depths, taken during Capt. Fraxxim's Voyage to
Bpitzbergen with Captain Buenaxw, see Edinburgh Phil. Journal for 1825, vol. xii, p. 233,

| Phil. Trans. for 1819, p. 161; Fraxxvrx, table vi. p. 203 ; Beecner, table vii. p. 203; Frsuer, table viij,
P- 203; Parwy, table x. p, 205; SaBINE, table xi. p. 205. These are marked <3 in the Tables,
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remarkable low temperature of 25>75 F. was recorded, at a depth of 4080 feet in Davis
Straits, by Sir Joux Ross and Sir EpwARD SABINE®,

Bucray and Fraxguiy employed, on the suggestion of Mr. FISHER, a leaden box with
two valves, which remained open in descending, and were closed in the ascent. No
other particulars are given, but there is every probability that it was constructed on
the model of those of Hargs and Scorespy. Their observations, with one or two excep-
tions, are, allowing for the difference of season (June and July), in tolerable agreement
with those of Scoresey; but they seem less carefully made, and to require, I suspect, a
larger correction.

In 1819-20 PARrY went out in command of the ¢ Hecla’ and * Griper ¥, and pene-
trated the Arctic seas of North America as faras 113° W, long. He took several deep-
sea temperatures on board the ¢ Hecla,” whilst Sir E. SABINE, on board the ¢ Griper,’
made another series of observations. Mr. FisuEr, who published an account] of the
voyage, also notes some of those on board the  Hecla.’ -

About this time Sir Huypnry DAvY suggested another contrivance for bringing up
water from depths, which seems to have been used oceasionally by Ross and Parey ; but
the observations with it are not specified. On the occasion of Parry's voyage in
1819, Dr. Magcer contrived his water-bottle, which PARRY appears to have occasionally
employed, especially in 1821-23 (p. xvi), “in consequence of the failure of the thermo-
meter when exposed to sudden changes,” although elsewhere he says (p. xiii) that the
temperature was taken, unless otherwise noticed, by Six’s thermometer. Owing to the

very small size (half a pint) of DavY’s and Marcer's water-bottles, and their being of
metal, they were valueless for temperature-experiments§, although useful for obtaining
small samples of deep-sea water; and they were consequently, with this exception, but
little used for the former purpose. '-

In PARRY'S second voyage of 1821-23|| he records a series of twenty-three experiments
made in one of the inland seas of Arctic America, at depths of from 600 to 1200 feet.
These show a temperature of from 29° to 317 on the surface, and a like temperature,

& On veference to Sir E. Sapise he informs me, from a note made at the time, that on bringing up £
thermometer the index marked 257, and that never having known it lower than 28% he was very careful in
examining the instrument; that both he and Captain Ross were on the spot, and that Captain Ross remarke ’
in drawing it out of the tin case, which was full of water, that the mercury was close up to the index.
fell instantly and rapidly; but Sir Eowagp had the same belief, that when he first looked it was close -
to the index. (See also Dr. Caxrester in Proe. Roy. So¢, vol. xvii. p. 187.)

+ Voyage for the Discovery of a North-west Passage, 181920, in the ¢ Heela’ and ¢ Griper.” By
Paney, 2nd edit. 1821, pp. 4, 5, 6, 7, 45, 115, 261, 271, 272, 273, 289, 291, 282, 293, 294, 205, 307.

+ Journal of a Voyage of Discovery in the Arctic Regions in H.ALS, * Hecla’ and ¢ Griper’ in the years
1819-20. By A. Fisuer, Surgeon. Jrd edit. Tomdon, 1521,

§ Fismer, op. cil. p. 17.

| Journal of a Sccond Voyage for the discovery of a North-west Passaze from the Atlantic to the Pacifie
performed in the years 1821-23 in H.ALS. * Fury’ and *Hecla, under the orders of Captain W. E. Pangx.
London, 1824, p. 483,
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or one only 075 less, at the bottom. As, however, there is little doubt that all these
observations in Lyons Inlet were made with Marcer's bottle, no reliance is to be placed
on them®. In his third and last voyage of 1827+, Parry made as many as forty-five
observations in the seas west and north of Spitzbergen, but none exceeded 700 feet in
depth. With few exceptions, they show a lower reading than those of ScorEspy. On
this occasion he reverted to the use of Six’s thermometers,

From ParrY's observing on his first voyage that his soundings were made with “ Six’s
self-registering thermometer confined in iron cases” f, and again, on his second voyage,
“that he took out eight Six thermometers with iron cases” §, I was led, in conse-
quence of the low readings, to think that these cases might have been used for protection
against pressure; but Sir Epwarp Sapixe, who was with Ross in 1818 and with Parry
in 1819, being in the latter expedition on board Captain CrLAVERING'S ship, the
‘Griper,’ informs me that all the observations were there made in concert between him
and Captain CLAVERING, and that he had with him * half a dozen thermometers on Six's
construction, made expressly for him by the elder Joxes, each of which fitted into (and
was retained by an apparatus at top and bottom) a tinned iron cylinder pierced with holes
in the top and bottom, through which the sea-water percolated freely. . . . . The holes
in the top and bottom of the cylinder were rather less in diameter than a seven-shilling
piece, admitting a free current. A weight attached to the rope at some little distance
below the thermometer, caused the line to run out freely, and prevented the occurrence
of ‘kinks’”||.

1t is therefore to be presumed that the iron cases referred to by PARRY were merely
to guard the instruments against accident, and not against pressure ; and on comparing
the observations made by him on board the ¢ Hecla,’ often on the same day and nearly
on the same spot, with those of Sir EDWARD SABINE in the ¢ Griper,' I find them in such
close agreement as to satisfy me that such was doubtlessly the case. At the same time

* Of the 23 readings recorded, ten give precisely the same temperature at depths of 600 to 1200 feet as was
found on the surface, while the others in no instance show a difference of more than 1°, and generally of not
more than 0°5 ; whereas an inland sea in those latitudes might be expected to show extremely low temperatures
at depths,

T Narrative of an attempt to reach the North Pole in the *Hecla’ in the year 1827, By Captain W, E.
- Pamer. London, 1828, Appendix vii,

t Op. cit. Introd. p. xiii. § Op. cit, Introd. p. xvi.
| Sir Epwaro Sanrxe thus deseribes the mode of proceeding in making the temperature-soundings :—+ The
| eylinder, having the thermometer enclosed, was attached to the sounding-line, and was dropped into the ses
| from the extremity of a spar run out from the side of the ship, the line to which it was attached passing round
o pulley near the end of the spar. In a similar way the cylinder when coming up from the bottom was waited
{for by aboat near the end of the spar, the eylinder released, and conveyed carefully by hand in an upright
position to Capt. Cravirive or myself at the gangway (or by ourselves), by whom the degree recorded by the
‘index was immediately noted. The record by the thermometer was then written down on the spot antece-
i’aﬁﬂj'tu any discussion or ecomment, the record being made either by Capt. Craverrse or myself, The spar
:%um the end of which the thermometer case was dropt into the sea was always several feet distant from the
side of the ship.”
4.2
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there is reason to believe that thermometers of stronger make than usual, and so better
adapted to resist pressure, were used by Ross and PagrY in their voyages of 1818-19%.
The usual correction, therefore, cannot be applied to their observations of that date.
Little or none may be needed.
In 1822 Sir EpwArD SaBINE made an observation on the temperature of the Carib-
bean Sea at a depth of 6000 feet (the actual length of rope was 7380 feet, but of this
1380 feet were allowed for slack and drift), and a reading of 455 F. was obtained+.
On another occasion on this voyage, Sir EDWARD used a solid iron case to protect the
thermometer against pressure, but it did not prove sufficiently close to exclude water.
In 1823-26 KorzEBUE commanded another voyage of circumnavigation {, and on this
occasion he was accompanied by Edn. vox Lexz, who subsequently published several
important memoirs on the deep-sea temperatures and on the specific gravity of sea-
water taken on this occasion§. His observations are remarkable from their being
made at greater depths and their recording lower temperatures than any others made
up to that time, or, in fact, until long subsequently, in tropical seas. One observation,
in the Pacific, 21°-14 north latitude, indicated at a depth of 5835 feet, by his corrected
reading, a temperature of 46>4 F., and another, 6476 feet deep, in the Atlantie, 32°-20
north latitude, gave 3578 F.
Although only fifteen observations were made, they were mostly at considerable depths,
and they were all taken with various precautions and subjected to careful corrections||.
On his first voyage KomzEBuE experienced so much trouble with the self-registering
thermometer, owing to the mercury passing over the index and to the shifting of the |
index from jolts or shaking, that on this second voyage LEsz reverted to HALES'S
mode of taking deep-sea temperatures, using an improved apparatus arranged by PARRoz,
the Russian Academician¥. The apparatus, which he termed a bathometer, was 16 inches
high by 11 inches in diameter, and held 27-49 kil. (six gallons) of water. It had valves
at top and bottom opening upwards, and connected by a rod, to which was attached a
mercurial thermometer made specially to bear pressure, with a ball 5 lines thick.
The apparatus was covered over with four alternating layers of sheet iron and canvas,
caturated with a mixture of boiling tallow and wax, and the whole enveloped in a
cloth painted over several times. It was calenlated to bear a pressure of 3000 toises
(19,150 feet), and the practice was 1o leave it at the bottom 15 minutes. It was

# Sep also ¢ Depths of the Sea,” p. 300,

+ Phil. Trans. for 1823, p. 206. See also his ¢ Pendulum and other Experiments.” London, 1825.

+ Voyage round the World. English translation. Tondon, 1830,

§ Annalen der Physik und Chemie, Band xx. 1830, pp. 73-1381; Edinb. Journ. of Seience, vol. vi. 1832,
pp. 341-45; and 8t. Petersburg Ae. 8¢, Bull. v. 1847, col. 65-74.

| Physikalische Beobuchtungen angestellt auf einer Reise um die Welt unter dem Commando des Capitains
von Korzesvk in den Jahren 1823-26. St. Petersburgh Acad. Sci. Mém. i. 1831, pp. 221334 '

« There are but few observations given in the English Translation of the Voyage (vol. i. pp. 24 & 20, and
vol. ii. p. 4), and it is not stated whether or not they are corrected. To these the name of Korzesus is attached
in the Tables; the others made on this voyage are on the authority and in the name of Lz,
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found to leak slightly; but it was considered that the expansion of the water in coming
to the surface would compensate for this loss.

This instrument was placed in water at 67° F. (19°-4 C.) until it acquired its tempe-
rature. It was then replaced with other water at 32°. Left in it for two hours, the
temperature of the water in the bathometer fell to 52°7, showing a difference, in that
time, of 14°-3, which difference Lexz further estimated would have amounted only to
7° had the apparatus passed through water ranging from 32° to 67°, instead of being
exposed to a constant temperature of 32°. Taking this as the rate of refrigeration at
given temperatures and in given time, LENz then employed Bior's formula for ascer-
taining the gain or loss of heat of a body placed in a medium possessing a higher
or lower temperature than itself, as the basis for calculating the correction required in
each particular observation. Corrections were also made for the depths, by allowing
on the one hand for the angle of the rope from the vertical, and on the other for the
gain in length by tension under water*®.

Lexz gives a Table of his observations as originally taken, and again repeats the Table
with the corrected temperatures and depths. These two are combined in the following
Table, in which it is shown that, even with uncorrected readings, Lexz obtained on three
occasions a temperature below 4° C., while six corrected readings indicate a tempera-

ture below 3° Cent., or of from 36° to 37° Fahr.

Timo Time
Temperatare. [“Ployed! oo Correeted
Depth | Angle o FEImAin- observations.
Date. Lat, Laong, in of hauling ‘i
toiges, | rope. up the s
At At instru- |\
surfuce. | depth. ment. Depth, | Temp,
1898, 0ct. 10 .| § 20w | Fgow| 500 | 6 6 |2Bse| 5o | T | 5 | 50 | Beocs

1824, May 18 2114, | 198 1, | 139 10 0 | 264 167 G 15 144} 165345
a " oy - 209 o0 - 51 17 1 413 15
i " i 4 10 0 i 49 32 10 6651 | 292
" " 4 79 25 0 - 40 ol 15 0149 | 244
1825. Feh. 8 ...... 26 6, |16 58, | 17D 25 0 | 215 14 3 a 167 14000
1825, Aug. 81 ...| 32 @ 136 48 ,, A 10 0 | 2145 134 4 15 B8 1335
., o 2o = L a5 0 i 706G 8 15 214 651
i1 i W i " " 470 2 0 Vi 475 15 15 402 il
i " wooom R 570 0 0 ¥ 356 18 15 H LA 221
1826, Mar. 6...... a3 o0, 42 30 ,, | 969 510 | 286 392 5 15 10148 | 224
132&. Aug. 24 ... 41 12 , | 141 58 ,, | 199 0 0 | 192 59 10 15 205 &l
" " P Sl B -1 20 0 o 34 25 15 5121 | 214
1828, Mar. 24 ...| 45 53 ,, 1617, | 192 00 | 1+64 1056 9 15 1857 | 10-36
1] " e ' 1 1] 383 o0 10-26 | 13 8 S04 HE I

t This should probably be 3520,

* Poceesnorrr's Annalen der Physik und Chemie, vol. xx. 1830, pp. 78, 90,106 ; and ¢ Bulletin Universel ’
for 1831, vol. i. p. 275.
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In 1825 an important expedition®, under the command of Captain BEECHEY, was
despatched by the Government round Cape Horn to the Pacific Ocean and Behring
Strait. Aided by Mr. CoLLig, the Surgeon, a large and valuable series of meteorolo-
gical observations were made, including ninety-seven single and serial experiments on
deep-sea temperatures in the North and South Atlantic and North and South Pacific,
ranging from lat. 56° S. to 70° N., and at depths from 30 to 5124 feet. These were
arranged in Tables according to latitude for each ocean. No very low temperatures are
recorded, but the decrease with the depth is persistent, Six's thermometers were used,
but no particulars are given of how they were used f.

The great voyage of Admiral FirzRov from 1826 to 1836, productive as it was of such
valuable results in other branches of science, added little to our knowledge of deep-sea
physics. Only two sets of observations, both serial, were made in the Indian Ocean at
depths of from 30 to 2500 feet]. Six's thermometers are mentioned, but without any
other particulars.

In 1826-29 also another important surveying and exploring expedition § proceeded
from France under the command of Captain Dumoxt D'UrvILLE, aided by a staff of
scientific officers. He was instructed by Araco to pay particular attention to deep-sea
soundings and temperatures, and informed of the precautions essential in making such
observations. ID'UrviLLe proceeded from Toulon through the Straits of Gibraltar to
Teneriffe, across the Indian Ocean to Australia, New Zealand, the Eastern Archipelago,
and back by the Mauritius, the Cape, and Ascension, making observations in all the seas
he traversed, at depths varying from 50 to 6160 feet, and to the number altogether of 66,
the lowest temperature recorded being 40°. These he tabulated according to zones of
depth; and he incorporated also in his Tables the experiments of all preceding observers,
beginning with Coox and Forster. I'UrviLLE concluded from his observations that
in the open ocean the temperature at and below 3198 feet (600 brasses) ¢s nearly constant
between 39 and 41°—that it might be perhaps 40° Faur. He also supposed that @ belf
of this uniform temperature existed between the latitudes of 40° and 60°. I'URVILLE
was evidently led to this hypothesis of a zone of uniform temperature from assuming
the greatest density of sea-water to be, as with fresh water, between 39° and 40°. His
observations in the Mediterranean confirmed those of SAUSSURE, viz. that the waters
of that sea, below the depth of 1000 feet, had a uniform temperature of about 55°.

In 1828 Graan made a few observations in the North Atlantic|, but no particulars
are given of the instruments he used.

* Narrative of a Voyage to the Pacific and Behring Strait in H.LS, ¢ Blossom’ in 1825-28. Tondon,
1831. Appendix; Table X. p. T31.

t Sir Epwarp Brroner, however, tells me’ that Captain Bercner's thermometers * were enclosed in eopper
cases with tow above and below,” and that no protection against pressure was employed.

+ Narrative of the Surveying Voyage of H.ALS. * Adventure ’ and “ Beagle.” Appendix te vol. ii. p. 301.

§ Voyage de I'Astrolabe, vol. v. of Météorologie, Physique, ¢t Hydrographie. Paris, 1833. Chapter IIL
Physique, pp. 51*-85%,

|| Rarrative of an Expedition to the East Coast of Greenland. London, 1837, p. 21.




MR. J. PRESTWICH ON SUBMARINE TEMPERATURES. 601

BERARD, in 1831-32 *, made another series of observations in the Mediterranean, and
ascertained that the temperature of about 95°, noted by Savssure and D'UrvILLE at
depths of from 1000 to 3000, prevailed to the depth of 6400 feet.

I cannot ascertain precisely when protection against pressure on the thermometer was
first used, Parror and Lexz{ made experiments on the effects of compression on
thermometers in 1832, and found that in ordinary instruments they were excessive; but
this did not apply to Six’s self-registering thermometer, which from its form of con-
struction offers much greater resistance to compression.

It seems to me, however, that some form of protection must have been adopted by
the French several years earlier. It is true that D'UrviLLE merely says that he was
provided with two of Buxtex’s instruments, and makes no mention of the mode in
which they were used ; but on comparing his observations in the Mediterranean, where
the bathymetrical isotherms are at nearly constant levels, I find his results in such close
agreement with those of Aimg, obtained with protected instruments, and so free from
variation dependent on depth alone, that T can only conclude that D'UrviLLE'S thermo-
meters were likewise protected. In the same way I infer that BErarp also used similar

instrumentsf. Thus their respective readings give :—
1826, 1831. 1840,
D'Frvice, Biragp. ATuE.
Soundings 1062 ft. 54°2 Fame. 3189 ft. 55>4 Famr. 1148 ft. 5476 FaHR.
in the 1084 ,, 54°7 ,, 3829 ,, 556°T .,
Mediterranean. L3189 , 54°7 N 6377 ,, 554 ,,

For this reason I think it not improbable that the ocean observations of D'UrviLLg
were made with the same precautions, and need little or no correction,

In 1839 Captain Wavcnore§ recorded two more experiments made by him in 1836
in tropical regions at depths of 1800 and 3918 feet, showing respectively temperatures
of 52°and 43°. He also surmised that at a certain depth there might be a uniform
temperature of about 40° in all seas, '

But the most remarkable voyage || of the period was that of Captain AseL Dv Perr-
Trovars between 1856 and 1839, This expedition sailed from Brest in December 1836,
touched at Teneriffe, Rio Janeiro, sailed round Cape Horn along the South-American
coast, thence to the Sandwich Islands, and back by New Zealand, Bourbon, and the
Cape. Fifty-nine observations were made; but eleven failed owing to accidents with

* BErarv's observations are taken from Arug's paper quoted further on.

T Expériences de forte compression sur divers corps. Mém. Acad. Sci, St. Pétersbourg, vol. ii. p. 595,
F. Marcer and D s Rive (Bibl. Univ. xxii, 1823, p. 265) had before this shown the influence of atmospheric
pressure on the bulb of thermometers,

¥ On the *Porcupine’ expedition of 1869 a uniform temperature was noted of 5477 to 555 in this area
of the Mediterrancan at and below a depth of 1000 to 1100 feet. (Proc. Roy. Soc. 1870, vol. xix. p. 281.)

§ Edinburgh New Phil. Journ. vol. xxvi. 1838-39, p. 399,

Il Yoyage autour du Monde sur 1a Frégate ¢ La Vénus,’ Capitaine Dy Perrr-Taovags, Paris, 1844, Physique,
par M. pE Trssax, vol. ix, Tables, p. 385,
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the instruments, and twenty gave wrong readings owing to the great pressure forcing
water into the cylinder. Amongst the successful observations, two at a depth of 6600
feet in the Pacific, and of 6000 feet off the Cape, recorded temperatures of 36>1 and
37°4: a third in the North Atlantic, lat. 4”23 and 6400 feet deep, gave 378 F.; while
another, at a depth of 12,271 feet near the equator in the Pacific (on which occasion
the cylinder was crushed by the pressure and the instrument broken, and the index
jammed and fixed), gave a reading of 348 or 35° FAHR.

This was the first voyage in which precautions against pressure were systematically
and professedly taken; instruments of special construction were provided. The form
adopted was SIX’s thermometer, modified by Bustes, of Paris. They were enclosed
in strong brass cylinders* to protect them from pressure, and they were always left down
for half an hour. After the return of the expedition the thermometers were tried with
a standard instrument, and found to have a reading only v to 1% of a degree Cent.
higher than on starting. It was found, however, that the cylinder would not bear a
pressure of more than about 12,000 feet; and that at all depths it was occasionally
filled with water. In these latter cases Du PEnT-THoUARS used a correction of which
we shall speak presently, and gives the corrected with the uncorrected reading.
Corrections were also made for the angle the rope took with the vertical. There is
therefore every reason to suppose that the deep-sea temperatures obtained on this
voyage may be accepted as perfectly reliable.

The ¢ Bonite,’ under the command of Captain VAILLANTY, was also despatched from
France in 1836 to the Indian Ocean, Chinese seas, and the Pacific. Sixteen obser-
vations in the Atlantic and Indian Oceans are recorded at depths of from 244 to
9838 feet. The *Bonite’ was likewise provided with BUNTEN'S thermometers. They
were wrapped in wool and placed in a glass tube, which again was enclosed in a copper
cylinder closed by a screw at each end, and left down 18 to 20 minutes. In the first
deep sounding (700 brasses) recorded the cylinder is stated to have come up full of
water. This throws doubt on all the subsequent experiments; and as no reference at
all is made to the state of the cylinder in the other soundings, and the readings are
more concordant with the “full cylinder” ones of Du Perit-Tnovars, 1 think a
correction should be applied to all his deeper observations. A large number of surface-
temperatures were taken, and it was remarked again that in the Pacific the sea is more
frequently warmer than the air, eveept under the equator.

Another voyage] of research was undertaken by France in 1838 to the Arctic seas,

# Dy Perr-Trovans gives no particulars of the construction of his instruments ; but Araco, in his report
of the results obtained on this voyage, speaks of the * thermométrographe de M. Bosres enfermé dans un étui
eylindrique en laiton de 33-4 mill. de diamétre intéricur et de 156 mill, d'épaissenr,” which I presume refers
to Dv Perrr-Toovans’s instruments.—Comptes Rendus, 1840, vol. xi, p. 311.

+ Voyage autour du Monde sur la Corvette ¢ La Bonite,’ Capitaine Varrraxt, Géol. et Minér. par M, Cre-
VALIER, pp. 232, 300-1; and Physique, par. M. DanospEsv, © Observations Météorologiques.’

+ Voyage en Scandinavie et au Spitzberg de la Corvette < La Recherche. Geéographie et Physique, vol.ii. p. 279
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and a series of twenty-three interesting experiments were made by MM. MarriNs* and
Bravais between the North Cape and Spitzbergen, and off the west coast of that island,
in depths of from 200 to 2460 feet.

The principle of overflow differential thermometers had been revived by WaLFERDINF
in 1836—a maximum one for the purpose of taking the higher temperatures of deep
wells and mines, and a minimum one for deep-sea soundings. These instruments were free
from the inconveniences of CAvENDISH'S, were of easy manipulation, and could bear jerks
without affecting the registering column of mercury. To protect them against pressure
they were enclosed in a tube of glass, of thickness proportional to the pressure to which
it would be exposed, and hermetically sealed at both ends. M. WaLFERDIN claimed
for these thermometers greater accuracy and certainty than the ordinary self-registering
thermometers].

These thermometers, termed “thermométres i déversement,” were used by MARTINS
and Bravais on their voyage to Spitzbergen, in conjunction with Six’s thermometers
(thermométrographes) modified by Buntey, of Paris. The former were enclosed in
glass tubes exhausted as much as possible, and the latter in copper tubes, evidently
not strong enough, as they “almost always came up full of water.” To ensure accuracy,
they employed in all these observations two instruments of each sort, and in some cases
as many as four, and took the mean of each set. When sunk to the bottom they were
raised 1 métre from it, and left there for an hour. Sometimes the thermometrographs
were not protected ; and in that case, or when the tubes were full of water, a correction
was applied, of which we shall speak further on. A correction was also used for the
angle of the rope with the vertical. M. Marrins states that he had much more confi-
dence in WALFERDIN'S thermometers than in Bustex’s. I find, however, that, taking
the 18 observations made with sets of the former, the average variation for each set
amounted to 0™45 Cent., or, averaging the variation of each of the 52 instruments
employed, to 0%16 C., while the 10 observations with 23 instruments of the latter give
respectively 018 C. and 0°08 C.; but M. Marrins shows that while the mean of the
differences is 0°19 C. at depths not exceeding 131 metres, it is reduced to 0°06 C. at
depths of 640 to 870 metres. The readings, on the whole, of WALFERDIN'S instru-
ments are very slightly lower than those of BusTex’s; as they were more relied on by
the observers, I have given them in the Tables in preference to the others.

But notwithstanding the successful use of WALFERDIN'S instruments on this voyage,

* Voyage de ¢ La Recherche,’ Géogr. et Phys. vol. ii. (Mémoire sur les Températures de la Mer Glaciale 4 Ia
surface, & des grandes profondeurs, et dans le voiginage des glaciers du Spitzberg, par M. Cuarres Mairrixs)
pp- 342-5. Tableaun IV, T Bull. Soe. Géol. de France for 1836, vol. vii. pp. 193 & 354

+ He instances a case of a well at Saint-André where, at a depth of 530 feet, two of his instruments gave
17°:96 C. and 17°93 C. respectively ; whereas two self-registering instruments gave 19°2 C. and 16°8. The
latter were affected both from water getting into the case and from lowering of the index by shaking. In
another case, two of his instruments both registered 23%5C., and two thermometrographs 23°45 and 23>50,
while another of the latter had its index displaced by the shaking of the line,—Ibid. vol. ix. p. 255, vol. xii,
P- 166, and vol. xiii, p, 113.

MDCCCLXXY. 4 u
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and the mention of them approvingly by PoviLLer® and Aracot, I cannot find that they
were again used, although a modified form contrived by M. Ami was employed by him
in his rescarches in the Mediterranean in 1540-44.

In 1838 a few observations were made in the Indian Ocean by the Rev. J. H. Pra11Z.

An American expedition made the round of the world in 1839—42 under the command
of Captain WILKES, who gives twenty-eight § deep-sea temperatures at depths of from
60 to 5100 feet in the South Pacific and Southern Oceans, in one case recording
a temperature of 2779 at a depth of 1420 feet in the latter sea. The subject was
afterwards| further discussed by Captain WILKES in a separate paper, in which he
expressed an opinion that there existed a zone of the uniform mean temperature of
30°5 Famng. 1t would appear that Six’s thermometers without protection were used.

In the same year (1839) a very important expedition was despatched from this country
to the Antarctic seas under the command of Captain Sir Jaxes C. Ross. A special
code of instructions was drawn up by a Committee of the Royal Society. Numerous
results of great value were obtained, especially those relating to the soundings and sea-
bed of the Antarctic Ocean. As many as 161 deep-sea temperature-observations are
recorded, chiefly in the Southern and Antarctic Oceans, with a few in the Atlantic and
Indian Oceans¥. They vary in depth from 12 to 7200 feet; some of the soundings
were much deeper.

These temperature-soundings claim particular notice in consequence of the undue
weight which has been attached to them. In starting Sir JaMes Ross took with him
a supply of Six’s thermometers; but he gives no description of how they were used, or
what precautions were adopted **. The observations also are not tabulated, but are
scattered through the work without plan or order; and it is at times difficult to fix
on their exact position, date, &c. It would appear that, owing to want of protection
and the great depths at which they were used, all the instruments he took with
him from England were broken by the time he reached the Southern Ocean.

# [iléments de Physique, 5th edit. vol. ii. p. 653 + (Euvres complites, vol. viil. p. 626.

+ London and Edinb. Phil. Mag. 1840, vol. xvi. p. 176.

§ United States Exploring Expedition, 183942, Tendon, 1845, vol. i. pp. 137, 139, 230, 809, 310 ;
vol. ii. pp. 200, 203, 209, 332 ; and vol. . Appendix L. '

| On the Depth and Saltness of the Ocean,” American Journal of Seience and Arts for January 1848, p. 41.

€ A Voyage of Discovery and Research in the Southern and Antarctic Regions. London, 1847, vol. i.
pp. 34, 130, 166, 167, 168, 170, 180, 200, 232, 931, 267, 280, 306, 309, 313, 317, 321 ; and vol. ii. pp. 35,
52, 53, 55, 133, 138, 140, 141, 147, 156, 193, 195, 200, 214, 216, 227, 228, 282, 322, 351, 356, 358, 563,
369, 374, 379, 392, 384.

#% Dr, Hooker, who accompanied the expedition, informs me that no precautions were taken against pressure,
but that to prevent breakage ¢ the thermometers were enclosed in a copper cylinder. Bometimes two thermo-
meters were placed at different points of the same line (say 500 and 1000 fathoms), at others the line was
drawn up and sunk again to a greater or Jess depth. The first fathoms of the line were spun yarn, the next of
3 plies of the same, the rest whole line.” It was hauled in by the whole ship’s company. Dr. Hooxer also says
« that the average length of time, speaking entirely from memory, during which the thermometers were left at
the depths reached was a quarter of an hour.”
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He then wrote to England for stronger registering thermometers, which were sent to
him in Australia, but of which he gives no particulars further than stating that they
were stronger. Before receiving these, he apparently renewed his observations with
instraments obtained in Australia. Consequently it is probable that each of these sets
of instruments were of different construction, and may require a different correction—
those used during the first part of the voyage a larger correction than those used during
the latter period. In the absence of sufficient information this cannot be attempted ;
and the general formula given further on has been applied to the correction of all his
observations I have had oceasion to use in the construction of the sections,

With regard to the observations themselves, they may be also sometimes open to
objection in consequence of the great difficulties under which they were so constantly
taken. The severe cold, the inclemency of the weather, and the tediousness of the
operation are all elements of possible error to be taken into account. The one cause
may have led at times to the shifting of the index, and the other to some want of accu-
racy in the reading ; for I cannot conceive it possible for any set of thermometers to have
recorded, in the innumerable cases mentioned, the same one and uniform temperature
of 39™5 at and beyond a certain depth. FEven supposing a uniform temperature of that
exact degree did exist at certain determined depths, it is in the highest degree impro-
bable that any instruments would give the exact same record. 'There is not only the
risk of shifting of the index, but there is the certainty that the ordinary imperfection
and variation of the instruments would most certainly prevent it. With the areatest
care and with standard instruments especially selected, MM, MArTING and Bravais, out
of ten sets of observations each made with two, three, or four thermometers, only give
one instance in which the readings of two of them agree. In the other cases they
differ from 0*1 to 1° Faur.

Nevertheless, apart from this point, and supposing them to be approximately correct,
the observations of Sir Jayes Ross are, from their number, depth, and position, very
valuable, and, subject to correction, they furnish fairly available results, although,
from the cause before mentioned, it may not be certain whether the correction applied
gives the true reading in all cases within one, two degrees, or in some cases possibly
more. Owing also to this use of unprotected instruments Ross came to the same con-
clusion as D'URVILLE with respect to the existence of a zome of a uniform surface-
temperature in given latitudes, and likewise with respect to the persistence of the same
uniform temperature of 395 Fanr. at given depths in the great oceans. In this opinion
he seems to have been biassed, similarly with his predecessors, by the belief that the
density of sea-water was, like that of fresh water, greatest at that temperature.

In 1840-44 M. A1mE made a series of important observations on the temperature of
the air and sea between Marseilles and Algiers*. The experiments, which were earried
on for a series of years, proved that the diurnal variations of temperature in the Medi-

* “Mémoire sur la température de In Méditerranée,” Annales de Chimie et de Physique, 1845, Jme s,
vol. xv. p, 1; and Comptes Rendus for Sept. 1844, :
42
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terrancan ceased at a depth of G0 feet, and the annual variations at a depth of from
1150 to 1300 feet. At this point AnE found a uniform temperature of 5477, and
was of opinion, from the observations of BEraRD, that no increase took place at greater
depths. This degree he showed to be the average of the mean temperature between
Toulon and Algiers, of the months of January, February, and March.

In order to determine whether the decrease of temperature was gradual, or whether
the instrument passed through warmer strata, AME also used a thermometer which
was let down upright and reversed at the bottom of the soundings. This he termed
a ¢ thermométre i retournement.” Besides these, Amé employed the ordinary self-
registering thermometer with an enlargement in one part of the tube to remedy the
inconvenience of the quicksilver passing over the index. These several instruments
were enclosed in copper cylinders strong enough to resist the pressure to which they were
subjected. For moderate depths he preferred a glass tube hermetically sealed *.

In 1845 Captain (now Admiral) SPRATT made 15 observations ¢ from the surface to
a depth of 1260 feet, in the Grecian archipelago, and obtained results in perfect
accordance with those of SaussURE and AIME in the Western Mediterranean. He
afterwards made a more extended series of observations (34 inall) and to greater depths
(7440 feet) in the eastern basin ot the Mediterranean from Malta to Egypt . Admiral
SpRATT at first used Six's thermometer; but finding that the index often moved, he
resorted, in shallow seas of the archipelago, to the plan of taking the temperature of the
mud brought up from the bottom by means of a sound formed of iron tubing. This plan,
Admiral SPrATT considered, gave more reliable results than the other. In every case in
Forpes's VILth zone, or between 1080 and 1 200 feet, the mud indicated a temperature
of 5575 ; and he concluded that there was no reason to suppose the temperature to be
lower than 55° at any depth under 1800 feet. In the deeper waters he reverted to the
use of Six's thermometer.

Captain (now Admiral Sir Epwarp) BELCHER gives a series of eight observations he
made in mid-Atlantic when crossing the equator in 1843, at depths of from 1800 to
6000 feetd. Sir Epwarp informs me that a much larger number were made, but that
they were not published at the time and have been unfortunately lost, with the exception
of the few others recorded by Sir JAMES Ross|. Sir EpwarRD BELCHER also mentions
that he had a water-bottle of great strength, with two enclosed thermometers specially
made by Carey, and that these instruments « were tested continuously between 1835
and 1846, and never found to vary from each other or from the standard which I
[Sir E. B.] now possess, and which belonged to the Old Board of Longitude. They

# For a description of his instruments see op. ¢if. Ann. Chim. et Phys. pp. 6-12.

+ Phil. Mag. for 1848, p. 169.

+ The Nautical Magazine for 1862, p. 9. Admiral Spratr has also obligingly communicated to me the
iwenty-two unpublished observations to which is attached # »* in the Tables.

§ Narrative of the Voyage of HALS. ¢ Samarang’ during the years 1843-46. London, 1848, vol. i. p. 9.

| Antarctic Voyage, vol. ii. p. 53.

RS-
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were out in 1852-54, exposed to all the Arctic variations of temperature, and are still
perfect. They were made to go inside the water-bottle, and not subjected to jerks of
the line, which we found often moved the indices”*.

In 1845-51 Captain KELLETT, in his voyaget to the Pacific and Behring Strait, made
38 observations to depths of 3000 feet, several of them serial, some in mid-Atlantie,
others in the Pacific, ranging from near the Equator to Behring Straits, and seven in
the Aretic Ocean beyond. Six's thermometers without protection were used.

Lieutenant (afterwards Commander) Daymax, who served on the surveying-ship
‘ Rattlesnake, made a series of one hundred and ten observations in the Atlantic,
Indian, and Southern Oceans, at depths generally of from 1000 to 2000 feet].

While the readings given by other observers who used unprotected self-registering
thermometers agree fairly well among themselves, those recorded by Daymax are much
higher in proportion. But as he gives no particulars of his instruments, or of the mode
in which they were used, it is not possible to say how the difference arises or what the
error may be; it seems uniformly too high by 1° or 2°. There are also anomalies in
the lists, which leads me to suppose that the readings of the lesser and greater depths
have sometimes been transposed. The readings, however, have a certain independent
value infer se as furnishing comparative temperatures at corresponding depths.

Sir A. ARMSTRONG §, who was with Captain M°CLURE on his memorable voyage along
the coast of Arctic America, records three observations made on the voyage out round
Cape Horn, and three in the Arctic Ocean after passing Behring Strait. No mention
is made of the thermometers, except that they were Six's “self-registering.”

In the series|| of *“ Reports " to the Government of the United States much valuable
information is given with respect to the temperature of the seas off the North-American
coast, and especially of the Gulf-stream at various depths. As the original observations
are, however, not recorded, but only the diagrams founded on them, I am unable, with
two or three exceptions, to give any tabulated details, and must refer to the * Reports™
themselves for fuller information. Owing to the depth of the Gulf-stream off the
American coast, the lines of bathymetrical isotherms lie at very variable depths. The

* With respect to the mode of conducting the observations, Sir Evwagp Brrcner says, * The deep-sea tem-
peratures were observed only in calms. The thermometers were all handled by myself, and eased overboard
with the greatest care. The hauling-in was not subject to jerks, as it was done by the aid of a boat astern,
the ship drifting by currents, sometimes one to two hundred fathoms from the boat, and great caution observed
in getting them detached (by myself) and read off instantly.”

t Voyage of the * Herald,” Captain Keirxrr. By Brrrmorp Sgemax. London, 1853, vel. i pp. 7, 92, 94,
vol. ii. p. 107.

+ Narrative of the Voyage of H.ALS. ¢ Rattlesnake,” Captain Staxzey, 1846-50. By Jomx Maceriuivray.
London, 1852, Appendix I. vol. i.; and Edinb. New Phil. Journ. for 1852, vol. L. p. 267.

& A Personal Narrative of the Discovery of the North-West I'assage, by Arexaxper Arusrroxe, M.D.,
R.N., HM.8. ¢ Investigator,’ Captain M®Cruzrg, 1850-54. Londen, pp. 19, 43, 65, 150, 216.

| Bee Report of the Superintendent of the United States Coast Survey for 1854, by Professor Bacue.
Also those for succeeding years.



603 MR. J. PRESTWICH ON SUBMARINE TEMPERATURES.

stream forms, as is well known, a trough of warm water, from below which the cold
water rises up as a wall in approaching the coast.

Captain Mavry has given® incidentally a few deep-sea temperatures made by the
U. 8. Coast Survey (IDDUNSTERVILLE, BROOKE, and RopGERs) during the few years previous
to the publication of his work ; but it is a subject which he does not treat so fully as other
points of ocean physies. It is not stated what instruments were employed.

On the voyage of H.M.S. ¢ Cyclops’ in 1857, forty-one important observations were
made by Captain PuLLEN in the North and South Atlantic, Indian Ocean, and Red Sea, at
depths of from 2400 to about 16,000 feet}. It was on thisvoyage that the first regular
precautions against pressure were taken in this country. Captain PuLLEN was furnished,
by order of the late Admiral FirzRoy, with some instruments constructed purposely for
deep-sea observations, the object of which was explained in the following memorandum,
communicated to me by Captain PULLEN :—

“In Six's self-registering thermometer, the long bulb, filled with spirits of wine, is so
delicate, that under a great pressure of ocean it is more or less compressed, and drives
the spirit against the mercury, which is thus acted on not only by temperature, but by
the mechanical pressure of sea-water.

“With a view to obviate this failing, Messrs. NEGRETTI and ZaMBRA undertook to
make a ease for a weak bulb, which should transmit temperature, but resist pressure.

“ Accordingly a tube of thick glass is sealed outside of the delicate bulb, between
which and the casing is a space all round, which is nearly filled with mercury.

“The small space not so filled is a vacuum, into which the mercury can be expanded,
or forced, by heat or mechanical compression, without doing injury to, or even com-
pressing, the inner and much more delicate bulb.

“This provision is meant to guard against possible compression of even the oufer
glass, strong as it 1s.

“ One may ask, Why not strengthen the inner tube, the bulb, at once, so as to be
equal in power of resistance to the outer casing? Mr. Graisuer and the makers say
no; the bulb will yield a little, on account of its length, be it even as strong as the
outer case. - (Signed) “ Ropert FrrzRoy, Admiral.

“May 19th, 1857.”

With these instruments Captain PuLLEN made a series of observations, and was the
first in this country to confirm the observations of the continental observers that so low
a temperature as 35° existed in the depths of intertropical seas. In reply to my inquiries,
Captain PuLieN informs me that, after comparing the deep-sea thermometers with
standards kept on deck and setting the indices, ** they were placed in copper cylinders,

* The Physical Geography of the Sea. By M. T. Mavey, LL.D., U.S.N., 11th edit. TLondon, 1857, pp.
53, 261, 263, and Appendix, p. 351. The last edition of 1874 gives no new facts.

+ Twelve of these are given in Proe. Roy. Boc. vol. ix. p. 189, and the others are abstracts from
Captain Prriex’s M8, Journal, of which he has kindly given me the particulars ; to these latter “u™ is attached
in the Tables.
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with a valve at each end both opening upwards, so that on going down a column of
water passed through. On arriving at the depth, and you commence hauling in, these
valves close, thus cutting off a portion of water at that depth, which was brought up
and tested for density and its then temperature. Indices read off both from maximum
and minimum scale and noted. But I have often found that the maximum index
shifted, showing a different reading from what it stood at when started. Now whether
this would affect the minimum side is a question.”

Captain PuLLEN thinks not. But there are inequalities in some cases so apparent
that they can hardly be accounted for, except by a shifting of the index. In one
instance, in fact, while the thermometer at 7890 feet indicated 41°#, the index, owing
to rough weather, had shifted to 67° at a depth of 11760 feet. Captain PULLEN speaks
also of some of the instruments being more regular in their indications than others.
After, however, eliminating those readings, which are evidently too high (marked with
a ! in Tables), the value of the other observations remains unaffected.

The Austrian Expedition of the ¢ Novara’ in 1857-60 f, under the command of
Admiral Von WiLLERsTORF, made an extraordinary number of daily meteorological
observations, from which it is difficult to extract the few scattered notices respecting the
temperature at depths. Although they amount to 33 in number, they are mostly at
depths under 1000 feet, and none exceed 1500 feet. They embrace eleven observa-
tions in the Mediterranean to depths of not more than 760 feet.

It was apparently on this occasion that the water-bucket was last used. All that is
said on the subject is that * for these observations a wooden cylinder furnished with
valves was generally employed ; but an English apparatus has also frequently been made
use of, which consists of a similarly constructed copper cylinder, with an easily affected
maximum and minimum thermometer, so that by it water was not only brought up from
a depth, but also the highest and lowest temperatures of the layers of water through

- which the sounding was made were ascertained.” No other particulars are given, and

no mention is made in the several observations of which instrument was used. WuL-
LERSTORF'S observations, as I read them, differ so greatly from those of other observers,
that I can only attribute it to some undetected source of error. The readings seem
much too high and out of proportion with the others; but still they have a certain
value in their comparative temperatures.

In 1859 Captain KiNpson] made four temperature-soundings between Iceland and
Greenland, at depths of 1200 to 1800 feet; and in 1861 Dr. Ep. LexNz{ records a

* In two other cases also the bottom-temperature is recorded as higher than those at lesser depths.

T Reise der sterreichischer Fregatten ¢ Novara’ um die Erde in 1857-59. Wien, 1862. Naturw.-phy-
sikalischer Theil, 139449,

T * Voyage of the War Brig * Queen’ from Iecland to Greenland,” in the Papers translated for the Hydro-
graphic Office, Washington, 1871. y

§ Meteorologische Beobachtungen auf den Atlantischen und Grossen Ocean an den Jahren 1847-49, Angestellt
von dem Dr. Ep. Lexz, berechnet von E, Lexz. Nov. 1861.  Bulletin de I’Académie Imp. des Sciences de St.
Pétersbourg, tom. v. p. 129 (1863).
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series of observations made in the North and South Atlantic, at a uniform depth of
360 feet, the importance of which consists in showing, as HorNER and Korzepuk had
previously done, that near the equator the water at and beneath the surface is colder
than a few degrees further north and south. SixX's self-registering thermometers were
used. No protection mentioned.

Dr. WaLLicH* gives, in 1862, one temperature-observation at a depth of 600 feet,
on the well-known occasion of the deep-sea soundings between England and America.

Between 1860 and 1868 the several other expeditions undertaken to obtain deep-sea
soundings in different parts of the world for telegraphic purposes afforded favourable
opportunities for temperature-observations. Such were those obtained in 1868 by Capt.
SuorTLAND T between Bombay and Aden, which are recorded in a series of means. They
extend in one case to the depth of 13,020 feet, and give a reading of 335, and in
another, more westward, to 7800 feet, with a reading of 36°. These readings have, I pre-
sume, been corrected from the original observations.

Again, in 1868 Commander CuniyMof made a series of observations on the American

side of the North Atlantic, at depths extending to 12,000 feet, and recording tempe-
ratures of 42°. It is merely stated that the experiments were made with ‘new and
delicate thermometers,” which were without protection, and the readings are un-
corrected.

In August 1868 the ¢ Lightning * sailed on the first of that series of deep-sea researches
which, conducted under the combined superintendence of Dr. CArrENTER and Professor
WryviLLe Troumszox, with the addition afterwards of Mr. Gwyx JEFFREYS, and followed
up systematically in subsequent voyages, have already yielded such valuable and impor-
tant information on the natural history and physics of the depths of the sea.

Regarding the relative merits of the several methods employed by the early observers,
a few words may be said. The water-bucket, when properly constructed, of sufficient
size, and when well handled, was not badly contrived to determine the temperature at
moderate depths. It was free from the errors of pressure and index to which thermo-
meters are liable. The errors depend upon the size of the apparatus, the proper
closing of the valves, the rapidity of hauling in, and the difference of temperature
between the bottom- and surface-waters. When the latter is not great the error can
be but small; and such is the case in those Arctic seas where it has been chiefly used.
As so considerable a number of observations were made with this apparatus by ScORESBY
and FRANKLIN, it might be desirable to determine by experiment the amount of correction
required to adjust the error of this particular apparatus.

In the case of Lexz's bathometer, he made a series of experiments to determine

* The North-Atlantic Sea-Bed, 1862, p. 145.

+ Admiral Sueranp Ospory, “ On the Geography of the Bed of the Atlantic and Indian Oceans and Medi-

terranean Sea,” Journ. Roy. Geogr. Soe. 1871, vol. xli. p. 58.
$ FProe. Roy. Geogr, Soe, 1868, vol. xiii. p. 92,

i
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the corrections necessary for his several observations. He showed that a variety of consi-
derations have to be taken into account with HaLES'S water-bucket or any similar appa-
ratus, and that the scale of corrections must vary with the latitude and the depth.
Thusin lat. 21°14' N., with a surface-temperature of 79°5 F. and at a depth of 2635 feet,
his corrections amounted to 4° F., while in lat. 45°53, with a surface-temperature of 583
and at a depth of 2524 feet, they amounted only to 0°6 F., and, again, for the lesser
depths of 898 and 1252 feet in the same latitude respectively to 0™4 F. and to 0°6 F.
The same corrections cannot, however, be applied to the observations of ELuis, Cook,
ForsteR, IRVING, ScoRESBY, FRANKLIN, and WavcnopE; for in the case of the first three
and of Frawkriy the apparatus was not protected by any other non-conducting sub-
stances; in the case of WavcnorE's and Scorespy's later experiments the correction
must be applied to the enclosed Six thermometer; and in IrvING'S the small size of
the apparatus, although protected, necessitates a larger correction. It is, nevertheless,
satisfactory to note, from the regular decrease in the value of the corrections from the
equator to the pole, that in the higher latitudes, where HALES's apparatus has been most
used, the special corrections needed for that apparatus diminish to their minimum, and
are so small that probably 05 to 1° would cover all the errors of observation made by
the foregoing explorers. The main error for correction is that due to pressure in those
instances where a Six's thermometer has been used in conjunction with HaLes's appa-
ratus.

The second plan, that of sinking an ordinary thermometer, protected and surrounded
by some substances which are bad conductors, has been but little used, as it requires so
much time. Independently of this, and for moderate depths, it is trustworthy and
useful, and some of the results, as those of SAussURE, may be accepted as closely accurate.

The third plan, that of taking the temperature of mud or silt brought up from the
bottom, has the advantage that it secures the possession of a body having the exact
bottom-temperature ; but it has the disadvantage of small bulk, and therefore of being
more influenced by the temperature of the water through which it has to pass. For
moderate depths, however, the error can only be small.

The first and last of these methods, whatever their inconveniences, had but one main
source of error—causing a gain where the surface-temperature is higher, and a loss
where lower, than that at depths. Only in one instance, however, was the necessary
correction accurately estimated. But with the introduction of the self-registering ther-
mometer two sources of error (the one occasional and uncertain in amount, arising {rom
shifting of the indices; and the other fixed and definite, resulting from pressure)
were introduced. Owing also to the want of standard instruments, the observations
made on the several voyages have had in themselves different degrees of value, dependent
on the care with which the instruments were made, and on the precautions with which
they were used. As such precautions were, it is evident, usually enforced, and Admi-
ralty instruments were generally used, a considerable uniformity of result has been
nevertheless maintained ; and the readings on the different voyages agree sufficiently

MDCCCLXXY, 4N
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well amongst themselves to allow, with reasonable success, of the application of the
same correction to all, excepting those of Daymax, and perhaps one or two others, which
require larger corrections, and WiLLERSTORF'S, which are uncertain.

With these few exceptions, and admitting slight qualifications for each particular case,
the larger number of the early observations may, subject to a correction for pressure, be
accepted as approximately accurate. The need of this correction for pressure was, as I
have before observed, noted so early as 1823 ; but it was not until the voyage of *La
Vénus’ that the necessary precautions were professedly taken against it, and that expe-
riments were made to estimate its amount. Such estimates were then made by Du PErir-
THoUARS in tropical seas, subsequently by Martins and Bravais in aretic seas, and after-
wards by AIME in an inland sea. The results of the several calculations are as follows :—

Du Penr-Tnouars made experiments with a protected and an unprotected thermo-
meter at a depth of 1000 brasses or 1620 métres, which is equal to a pressure of 162

atmospheres, and he was led to adopt a coefficient of 0°-01 Cent. per atmosphere as the

measure of correction needed for unprotected thermometers. This gives 1° C. per 100
atmospheres, or of 1°8 F. per 3200 feet, or 1° Fanr.=1780 feet.

Cu. Marmixs concluded from his experiments, which were on a more limited depth,
that a coefficient of 0°13 Cent. per 100 métres, or of 1°30 C, per 1000 métres* (equal
to 23 FaHR. per 3280 feet, or 1° for every 1426 feet), was required.

AnE, again, from experiments in the Mediterranean with his special thermometro-
graphs, came to the same conclusion as Du Pemir-THoUuARs, viz. that for the pressure of
every 100 atmospheres the instrument required a correction of about 1° Cent.

These conclusions agree very closely with the more recent researches of Dr. CARPENTER
and the late Dr. MiLLer. The latter showedt that under a pressure of 21 tons (or 374
atmospheres) per square inch, Six's unprotected self-registering thermometers of three
different constructions gave readings from 775 to 10° FAlR. too high. Excluding the
effects of the small amount of heat evolved from the water by compression (or some
undetermined cause), which was found equal to 0°9, the mean error of the three was
8%6 F.—070="7"7; and, taking the pressure of one ton as equivalent to a depth of 800
fathoms, this would be equal to a rise of 1° F, for every 1560 feet. But in those expe-
riments one instrument (Six’s, with a spherical bulb) gave a variation of 2° in excess of
the one with cylindrical bulb and of the Admiralty instrument. Now, as the two latter
are of the forms almost always used, and BuxTex's instruments had also a cylindrical
bulb, it is a question whether the one with spherical bulb should not be excluded. In
that case the reading of the other two gives a mean of §°F.—0™9=7"1 as the error for
pressure of 2% tons, or equal to 1° Fang. for every 1690 feet.

It is true that considerable variation was found to exist in the effects of pressure on

* M. Martiss took the differences between each of the protected and unprotected * thermométrographes,”
and these he diminished in each case by 0°1,—* quantité égale i la poussée de I'index.”

T IProc. Roy. Soc. for 1869, vol. xvii. p. 485: see also Proc. Roy. Soc. for 1870, vol. xviii. p. 409; and Com-
mander Davis, B.N., ibid, p. 347.

i
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some other instruments; but with the care taken in the construction of our best ther-
mometers, and of those of BusteEx, which were generally employed, the chances of
greater variation than that here indicated are reduced to a minimum*,

The foregoing estimates show that with good instruments the effect of pressure equals
an increase of about 1° F. for every 1400 to 1800 feet of depth ; and in adopting a coeffi-
cient of 1° F. for every 1700 feet as the necessary correction of all the observations in the
Tables, excepting those made with protected instruments or corrected by the original
observer, and excepting also those before named as requiring larger corrections in con-
sequence of using unfit or unsuitable instruments or instruments of a different class, 1
feel that I am below rather than above the true measure of allowance.

§ IIL. Summary of the preceding Observations.

Although the early observers noted the decrease of temperature with the increase of
depth, it was not until 1823-206 that Lexz proved that this decrease held good to the
greater depths of temperate and tropical seas, and that the water at depths in the open
oceans was but little above the zero of Centigrade. '

The substitution of the self-registering thermometer for the older methods led for a
time, owing to the neglected error of pressure, to a retrograde course; for the voyages
of BeecHEY, KELLETT, and others which followed between 1826 and 1836, while they
added largely to the number of observations at greater depths, gave, in so doing,
increased importance to the error, from the circumstance that the pressure on the
instrument not only counterbalanced the effect of the greater cold at increased depths,
but often gave readings (uncorrected) somewhat higher at those depths than at lesser
ones. From this cause, and from inattention to the different properties of sea- and
fresh water, an erroneous conclusion was drawn from observations otherwise valuable,
which for a time greatly retarded the progress of ocean physies.

The first to fall into this error was I'UrviLLE, who, misled by the coincidence of
temperature obtained by him in some of his deepest soundings, and of the nearly like
minimum temperature (4° to 5° C.) so frequently recorded (with his unprotected ther-
mometers) by BEECHEY and others at greater depths, concluded, in ignorance apparently
of LENZ'S observations, that this uniformity of temperature was the result of a general

* With respect to these variations, Dr. CarrextER, after speaking of the results obtained on the * Porcupine’
expedition with the Miorer-Caserra instrument, observes :—* With these results, obtained with thermometers
upon which complete reliance can be placed, those obtained last year with the best ordinary thermometers are
found to be in elose accordance, when the proper correction for pressure is applied to them.” He then instances
two cases in which experiments were made on both expeditions at nearly the same places and in nearly
similar depths. In one case, at a depth of 550 fathoms, the difference exceeded the estimate by about 1°,
in the other, at a depth of 550 fathoms, it amounted to 2°2 F., or was “ exactly equivalent to the correc-
tion for pressure at that depth in the unprotected thermometers.” Dr. CarrextEr concludes :—* This very
near accordance gave us, of course, a feeling of great satisfaction in our last year's work ; and it fully justified
our conclusion that, whatever might be the pressure-correction required by the instruments then employed, it
would not affect the differences obtained at nearly approximating depths.” (Proc. Koy, Boe, vol. xviii, p. 455.)

4n82
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law dependent on the maximum density of water, which he supposed to be alike in
fresh and salt water; and he consequently assumed that a temperature of about 44 C.
(40°F.) prevailed below a certain depth in open seas*, and that in both hemispheres
there was in certain latitudes a zome from the surface downwards of like uniform
temperaturet.

On the other hand, we have seen that in 1836-39 Dv Perir-Trovags fully confirmed
the observations of Lenz, that a temperature of from 55° to 37° existed at depths in both
the great oceans. ARaGo, in commenting on these results, testifies to their accuracy
and importance, and remarks that “ the observations collected by the ¢ Vénus® will
occupy a distinguished place, on account of their number and exactness, and of the
great depths at which they were taken.” He also observes that, low as some of the
readings are, yet all errors must be positive, and that they place on reliable grounds the
ereat fact of the prevalence of the same low temperatures at depths in the Pacific as
well as in the Atlantie, and in the equatorial regions of both oceans; and he especially
dwells on the circumstance that they tend effectually to disprove the hypothesis which
had been advanced, that at great depths there existed a uniform and common tempe-
rature of 40° F. :

It appears, nevertheless, that so little was known of what had already been done and
written, that Sir James Ross fell into the very same errors as D'UrviLLE had made
thirteen years before. Unfortunately in this case his conclusions were accepted without
examination by distinguished writers in two popular works on Physical Geography, and
obtained a currency for which it is difficult to account§. Although Sir James Ross's
experiments were in themselves valuable, they required both detail and corroboration,
and his conclusions were evidently based on an assumption for which there was no
warrant. And yet, while his important and positive facts as to the persistence of life to
areat depths failed to receive the attention they deserved, his physical fallacies were
received almost without a question. As with his predecessor, ID'URVILLE, Sir JAMES
found in his more numerous and deeper observations that the unprotected thermometer
commonly marked a tempei'ature of and about 39° to 40°; and taking the maximum
density of fresh water to be 39°-5, he applied the same reasoning to the open seas as had
already been applied to freshwater lakes, and assumed, exactly as D'UrviLLE had done,
that a uniform temperature of about 59%5 prevailed at depths varying with the latitude,
and that a belt of water of that temperature, extending from the surface downwards,
encircles the globe between the 50th and 60th degrees of south latitude, or, as he more
definitely fixes it, in a mean latitude of about 56° 26' S. ||

* Voyage, p. 62. + 1bid. p. 59.

3 11 fant done espérer que le fameux nombre 4474 si étonrdiment emprunté aux observations i la surface
ot au fond des lacs d'eau douce de Suisse cessera de paraitre dans les dissertations ex professo, comme la limite
au-dessous de laquelle la température du fond des mers ne saurait jamais descendre.” (Voyage de ‘La Vénus,’
Physique, vol. v. p. 22; and * (Euvres Complétes,’ vol. ix. p. 254.)

§ I may, however, remark that their mention of the subject is incidental, and confined merely to giving the

facts on Ross’s authority.
Il “ It is therefore evident that about this parallel of latitude there is a belt or circle round the earth,




ME. J. PRESTWICH ON SUBMARINE TEMPERATURES. 615

WiLkEes, who also explored the Antarctic seas in 1838-42, took the same view, and
for the same reasons as D'UrviLLE, WavcnorE, and Ross, of the existence of a deep-sea
and of a belt of water of the uniform temperature of 39”5 F.

Commenting on the general results of this great American expedition, Bior discusses®
the question of deep-sea temperatures, He remarks that serial observations should in
all cases be made, *that the instruments ought to be protected against pressure by
surroundings of great strength and resistance,” and that they should be left a consi-
derable time at the bottom. Comparing the observations of Ross with those of
Du Perir-THOUARS, ScorEsBY, PARRY, and Martins, he shows their want of agreement.
He says that the experiments of Ross depend entirely on his instruments, * of which
he had no means of knowing and judging (aucun moyen d'appreciez),” while he knew
those of Du PeriT-Tuovaks and MARTINS to have been prepared with every care. For
Ross, he remarks, * the uniformity of temperature at the bottom of the sea is a necessity; ”
and he trusts that some steps may be taken to verify his observations, for between them
and those of other observers there is, he remarks, ¢ a complete incompatibility.”

With respect to the freezing-point and point of greatest density of sea-water, these
properties were first more particularly investigated by Dr. Marcer in his well-known
paper on the subject published in 1819F. Dr. MarceT ascertained that he could lower
the temperature of sea-water (at 1-027 sp. gr.) to 27", and even, when in large vessels and
kept perfectly still, to 18° or 19°F., before freezing, but that when it froze it always rose
to 28°; and he states that his experiments * uniformly led him to the conclusion that
the law of greatest specific density at 40° did not apply to sea-water, but that, on the

where the mean temperature of the sea obtains throughout its entire depth, forming a boundary, or kind of
neutral ground, between the two great thermic basins of the oceans. To the north of this cirele the sea has
become warmer than its mean temperature, by reason of the sun’s heat which it has absorbed, elevating its tem-
perature at various depths in different latitndes. So that the line of mean temperature of 39°:5 in latitude
45° 8. has descended to the depth of 600 fathoms ; and at the equatorial and tropical regions this mark of the
limit of the sun’s influence is found at the depth of about 1200 fathoms, beneath which the ocean maintains its
unvarying mean temperature of 39°-5, whilst that of the surface is about 78%

% 8o likewise, to the south of the circle of mean temperature, we find that, in the absence of an equal solar
supply, the radiation of the heat of the ocean into space occasions the sea to be of a colder temperature as we
advance to the south ; and near the 70th degree of latitude we find the line of mean temperature has descended
to the depth of 750 fathoms, beneath which again, to the greatest depths, the temperature of 39°-5 obtains,
whilst that of the surface is 30°.

% The experiments which our limited time and means admitted of our making serve to show that the mean
temperature of the ocean at present is about 395, or 74 degrees above the freezing-point of pure water, and
as nearly as possible the point of its greatest demsity. But it would be indispensable that this temperature
should be ascertained to the tenth part of a degree; and as we now know where we may send any number of
thermometers down to the greatest fathomable depths without an alteration of temperature, even to that small
amount, this desideratum might be very easily obtained.” (Ross’s ‘ Voyage to the Antarctic Regions,’ vol. ii.
p- 375.)

* Journal des Savans, 1849, p. 69.

+ “0n the Specific Gravity and Temperature of Sea-water,” Phil. Trans. for 1819, p. 161.
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contrary, sea~water gradually increased in weight down to the freezing-point, until it
actually congealed.” Other experiments led him to fix this point of greatest density at
22°F.

Ermax® in 1828 fixed the maximum density of sea-water of 1-027 specific gravity at
925° F., and found likewise that it did not reach its maximum before congelation. Still
more conclusive were the more elaborate experiments of Desprerz{ in 1837, Taking
distilled water at a temperature of 20° C. and sea-water of the specific gravity of 1-027
at 20° C., he successfully determined the following important points:—

Cent. Famg.

Maximum density of freshwater . . . . . . . -1-?1 =302

o sea-water . . . . . . .—3067=254
Point of congelation of sea-water. . . . . . . —2656=274
Temperature of sea-water during congelation . . . —1-88=286

He also showed that the freezing-point and the point of maximum density were pru-.

portionate to the quantity of saline matter in the water, and that both therefore varied
with the degree of salinity of the sea.

The effects of pressure and the properties of fresh and salt water were therefore per
fectly well understood previous to the date of Ross's voyage. How, then, the unsup-
ported opinion of one who, though a most able and enterprising navigator, had not any
pretensions to an exact knowledge of physical science could have been accepted by
scientific writers of so much eminence is a singular fact. I can only account for it by
the circumstance that the subject had not been made in this country one of special
investigation, and therefore the results of Ross’s work had not been questioned by any
competent special authority., In fact they had never been discussed.

The observations of LEexz, Duv Permir-THovars, and others, combined with the
researches of physicists, had sufficiently established the law of the decrease of tempe-
rature with the depth to 2° to 3° above the zero of Centigrade in the temperate and
tropical zones of both the great oceans; and their conclusions could hardly be consi-
dered as seriously affected by the unsupported though ingenious hypothesis of D'URVILLE
and Ross. Lexz had obtained, by means of his bathometer, with corrections for change
of medium, the low readings given at p. 599; and subsequently Dv Pemr-THoUARS by
means of protected thermometers had obtained directly, without correctionf, amongst
a number of others at lesser depths, the following deep-sea temperatures : —

* @ Nouvelles Recherches sur le maximum de densité de 'can salée,” Annales de Chimie, xxxviii. p. 287.

T ¢ Recherches sur le maximum de densite de I'ean pure et des dissolutions agqueuses,” ibid. 1xx. p. 5.

$ Others of his observations were corrected. On his return his thermometers were found to give toolhigh
a reimlin,r; by %5 to 3% of a degree Centigrade, so that his observations may require a further slight deduction
to this extent.

T —— = -
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Temperature
Long. of Depth, ————A—
Lat, Faris, Métres.  at depth.  at surface.
North Atlantic . . 4 25N. 28 20W. 1950 3S2c 27 C.
; 25 10 S 5 30 E. 1620 3 19-6
South Atlantic . { :
e 30 618. 41 57E. 1620 39 925G
: 4 32N. 136 564W. 3740 17 279
orth Pacific. . .
o el 51 34N. 159 21E. 1790 95 11-7
(0658. 99 27TW. 1790 3 96-5
: 27 478. 98 OEFE 1620 28 238
B"'g}:ﬂfﬂ“‘ﬁ;&”d In- 137 425. 112 38E. 1620 3 167
i 48 4TH 81 26 W. 810 441 152
”n » » 1790 2:3 ”

The rate of decrease recorded by the observations of Du Perir-THOUARS was con-
firmed within certain limits for lesser depths by those of Korzesve, Beecuey, D'UrviLLE,
VaiLLant, and others, and for greater depths by some of the later observations of
Captain PULLEN, who obtained in the

Temperature
Depth. P —— -
Lat. Long. fathoms. at depth.  at surface.
IndianOcean . . . 5 3is. 6i siE 2330 35 F. 84F.
(26 46 8. 28 52 W. 2700 35 75
South Atlantic . . Jsﬂ 6 20 14 400 435 T4'5
gt o 1200 382

These various submarine temperature observations in the several great Oceans, taken
in conjunction with the corrected readings for others adopted by Dv PEnt-TrovRs and
D Tessax, showed that, whether in temperate or tropical regions, approximately :—

The temperature at surface being according to latitude . 60 to 80 Famg.

At from 1000 to 2000 feet it was from . . . v o « 40 to 6D
s 2000 to 5000 cf -1 wa w0 o vy COGHTER AR
» 9000 to 12000 % * o+ = o 4+ 39 037 ,, (orless)

Other corrected readings give equally low or still lower temperatures.

On the other hand, in the Arctic seas, the observations of Scorespy and of Magrming
and Bravars showed that the temperature of the upper strata, down to a depth of 200
to 300 feet, varies greatly with the season, ranging from 8 to 10 degrees above to 3 or 4
degrees under 32° F., and that with increasing depth a more uniform higher temperature
prevailed. Scorespy, whose experiments were conducted further northward and west-
ward, found this latter temperature to be generally 3° or 4° above the freezing-point of
fresh water, or 7° to 8° above that of sea-water. His two deepest experiments (to the
N.W. of Spitzbergen) give the following results :—
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Tempirature.
Lat. Long. Depth. “Dncorrected. Corrected,
79 4 N. 5 38 E. 4380 feet. 37 Famx. 3451
78 2 N. 0 10 W. 4566 feet. o 3541

M. Martins's chief experiments were, on the other hand, between the North Cape
and Spitzbergen, from 71° to 76° N. lat. The deepest temperature sounding was in
79° 36' N. and 20° 53' E., in which instance WALFERDIN'S thermometer registered at 2854
feet 32°2 F., and Six’s thermometer, corrected for pressure, gave 31%6. This latter is
the only recorded instance in the open sea where his reading was below zero of Centigrade.
His most northern observations, viz. in 76° 13' N. and 12° 48' E., at 1296 feet, and
another in the same place in 2103 feet, gave respectively 33™4 and 32°3; while one of
ScoRrEsBEY'S, in 79° N. and 5° 40' E., at 2400 feet gives, corrected, 3476 F., and another in
76°16' N., 9° E., at 1380 feet, not far from MARTINS'S position, gives, without allowance
for pressure (for in this case Six's thermometer does not appear to have been used), a
temperature of 33%3.

MarTiNg, however, states that on approaching the land in Magdalena Bay, instead
of a submarine temperature above zero, he found that in depths of from 110 to 136
métres the temperature of the water was always below zero; that these bottom-
waters there had, in fact, a temperature of —1*75 C. to —1™91 C. (28™6 F.), that of
the surface being 0™1 to 1°:2 Cent.*

The results obtained in another section of the North Atlantic are very different
and of much interest. The observations in Davis Strait and Baffin Bay by Jonx Ross
and SApisE indicate that, after passing the point where the diurnal and annual variation
cease, there is a gradual decrease of the temperature with the depth to a point
approaching in places to that of the maximum density of sea-water. Even taking the
readings without correction, they show :—

From 1000 to 2000 feet, a temperature of . . . . . . 32 to 295 Fanm.

. 2000 to 3000 ., i st e el e e Sl e R
» 35000 to 4000 ,, - b e e e SOUB R
., 5000 to 6000 ,, ¥ i E R R

Besides these, PARRY noted, in 68°29 N. lat. and 63°43 W. long., at a depth of
4854 feet, a temperature of 27°, and, as before mentioned, Ross and SABINE have
recordedd, in 66° 50" N., 61° W, at a depth of 4080 feet, a temperature of 253°§.

In the Antarctic seas the observations of Cook, JamEs Ross, and WiLkEs show that the
temperature from the surface down to 600 or 1000 feet varies from 28" to 33°. At greater
depths there are, with few exceptions, only the experiments of Ross; and these cannot,

* Op. cit. p. 332. + Probably but very little is needed, ant?, pp. 597 and 598.
+ Mancer, Phil. Trans, 1819, pp. 169 & 205, § This may be rather doubtful (see, however, note, anté, . 596,
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for reasons before given, be accepted without reserve. Still they are available after
correction for pressure; and the readings then indicate thermal conditions very similar
to those which obtain in Arctic seas. To take ome of the most southern series of

observations, at a spot in the Antarctic Ocean where no soundings were obtained, at a
reputed depth of 24,000 feet :—

Temperature,
, o :
Lat. Long. Depth. Uncorrected. Corrected for pressure.
68 32 8. 12 49 W, Surface (March) 308 Fanr.  30-8 Famn.
900 feet. 33 224
1800 SHE] 544
3600 ,, 387 365
4500 ,, 39-4 366
2400 ,, 39 358
6300 ,, 30-5 358
Again, another nearer the South Polar land, and in soundings :—
63 49 5. L. TW Surface (Feb.). 32 F. 32 F.,
600 feet. 32-2 32
900 ,, 332 326
1800 ,, 355 356
2700 ,, 364 35
3600 ,, 37-3 352
7200 ,, 395 352
Still further and closer to another part of the Antarctic continent we have :—
T7 49 8. 162 36 W, Surface (Feb.). 285 F. 285 F.
1740 feet. 30-8 29-8

There is only one observation of Du Pemr-THouARs in the Southern Ocean for
comparison with those of Ross. As the cylinder came up full, I give the reading with
the correction :—

29 48 S, 79 56 W, Surface (March). 429 F. 429 F.
2657 feet. 39 375

The conditions, therefore, prevailing in the open Arctic and Antarctic seas are appa-
rently closely analogous,—the temperature at a distance from land increasing with the
depth until it rises to 35° to 36° F. at 2000 to 3000 feet, below which it seems to remain
nearly stationary at about the same temperature ; while closer to the land and at less
depths it falls nearer to the freezing-point of sea-water (see note, postea, p. 635).

The temperatures at depths in inland seas were found at an early period to be very
different to those of open seas; and it is singular that the very first observations made
MDCCCLXXY. i
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in the Mediterranean by Savssure in 1780, of 558 F. at 944 feet, and 555 at
1918 feet, remain substantially correct to the present day. It was, however, D'URVILLE'S
more extended observations in 1826 that made better known the fact that the tempe-
rature decreased from the surface down to 200 brasses (1066 feet), below which it
remained constant at about 13° C., or between 54° and 55° F. Still his greatest depth
did not exceed 3189 feet: but BrarD in 1831 extended the observations to a depth of
6577 feet, and still found the same degree of temperature.

AmE further showed, from a series of soundings made during 1840-44 in the western
basin of the Mediterranean, between Marseilles and Algiers, that the diurnal variation
of temperature ceases to be sensible at 16 to 18 métres, and the annual variation at
300 to 400 mdtres. The mean of his series of observations gave the following results:—

Mean Annual Temperature of the Mediterranean at different depths.

Depth. Temperature. Extreme monthly variations.
Surface. 182 Cent. 10+2 Cent.
25 métres. 105, * 6-3
) 14-4 2:8
1L S 15T 2:0
2000 & T3 1-0
S 12:6 00

This temperature of 12°6 (54>7 F.) he showed to be that of the mean of the winter
months (or rather that of the months of January, March, and April) of the area; and
he was of opinion that the same temperature obtained at areater depths, referring
in support of that opinion to other and deeper soundings by BErarp. The fol-
lowing observations by the latter, made between the Balearic Islands and Algeria, are
extracted from D'UrviLLE's tables:—

(Surface in August . . . « « .« o .+ » 271 Ceng
Ii;f;;hbi ;‘.if | ot November . e SRl 14:.[-}‘
temperature At depth of 40 brasses in October . . . 165
. ~.. EE 70 2 3% T 14'9
f i 600 i November . . . 13
I::f::'::n?f < Ll 600 33 June e b
temperature » 100 . November . . . 13
" L IR e GRG0 e AR

This gives the rather higher reading of 554 at depths ; but whether arising from
BirArD using less perfect instraments or from an actual difference of temperature on this
southern side of the Mediterranean, is uncertain. The marked agreement between the
observations of BErarp in 1831-32 and those of the ¢ Porcupine’ expedition in 1870,
leads me to suppose that the latter may be the influencing cause.

D'URVILLE'S observations, which were made further north in the western Mediter-
ranean than those of BERARD, agree more closely with those of Ang.  Thus he found—
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At a depth of 300 brasses in March a temperature of . . . 197 Cent.
0 600 » " ~ A

The only temperature-observations made in the eastern basin of the Mediterranean
previously to 1869, with the exception of two of WiLLERSTORF, are those of Admiral
SPRATT. They extend from Malta to Alexandria, and from the Grecian archipelago to
the Gulf of Syrtis, forming for this section of the Mediterranean a series complemental
to those made in the western section by D'UrviLLe, BErarp, and AmME. The results he
obtained are also, when corrected, in close agreement with those of these several
observers. His first experiments were made in Egina Bay in 1845, in connexion with
the natural-history researches of Epwarp Forpes, and extended only to a distance of
three miles from shore. Allowing for a gain of 0°5 or 1° in hauling up the silt, the
corrected readings will then give as the general results:—

For Forpes's Zone I. (1 to 12 feet) a temperature of . 55 to 82 Faur.

i * IT. (at and near 120 feet). . . . 69 to 70
= SO 1 S v 330 feet) . . . 56 to 57
s e EL % 1260 feet) . . . 545 to 55

Three other experiments in the seas of Greece gave him the following readings :—

1080 feet (four miles off Nio) . 9 ) or, allowing for gain in hauling
1200 ,, (seven miles off Andros) g up through warmer waters,
1260 ,, (three miles off Hgina) 535 of from 54™5 to 55°

In the shallower waters of the archipelago he found *the temperature of the
intermediate depths between 100 fathoms and the surface range from 55° to 76, and,
indeed, in the summer season sometimes up to 80 and 86” in the litioral waters of
enclosed gulfs and shallow bays.”

A set of serial observations off Crete, made later with unprotected self-registering
thermometers, gave readings as under (these, when corrected for pressure, agree, with
the exception of the fourth, which seems a doubtful reading, very closely with those of
BERARD in the southern portion of the western Mediterranean basin®*):—

Temperature at depths in the Mediterranean off the N.W. Coast of Crete.

Uncorrected. Corrected for pressure,

Surface in the month of June . . 73 Faur. 73 FAHk.
Atadepthof 120 feet . . . . . 68 67-9
- L e S | 627
i s e PR | 094
vt B SRR T T ) 597
SRR L v 50) 552

Admiral Seratr says that he found this temperature of *about 59°in all depths from
300 down to 2000 fathoms.” In the extreme eastern portion of the Mediterranean
* Nautical Magazine for 1862, p. 10; ¢ Travels and Researches in Crete’ (London, 18G5), vol. ii. App. p. 332,

4032
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there are, however, indications of a higher temperature, as the following observations,
taken, the first three in November, and the last in April 1861, show :—

Decp-sea Temperatures off the Coast of Eqypt, west of Alexandria.

TUneorrected. Corrected.

Atadepth of 180 feet . . . . . 71 Fame. 709 Famn.
L Sl Ry (N H 678
BRI R 621
RN e T - DR 585

Admiral SpraTr concluded that * the minimum temperature of their (Eastern Medi-
terranean, Grecian archipelago, Sea of Marmora, and Black Sea) deeper parts correspond
nearly with the mean annual temperature above them.” This apparent discrepancy
between Anif and Admiral SpratT evidently arises from the circumstance that the one
bases his conclusion on observations made with protected and the other with unpro-
tected thermometers, which gave too high a reading. Subject to correction the results
are closely concordant, and both give approximately the mean sub-winter temperature.

The observations of A and others thus proved that in this great inland sea the
influence of the variations of temperature at the surface ceases at a depth of from
1000 to 1200 feet, and that below that line a uniform temperature of from 54° to 55°8
prevails in the western basin, and one possibly 075 to 1° higher in the eastern basin of
the Mediterranean.

Some deep temperature-observations have also been made in two other nearly closed
seas—the Red Sea and the Sea of Okhotsk,—the latter by Dr. Horxgr in 1803, and
the former by Captain PvLLEN, with his protected thermometers, in 1858.

The mean winter temperature of the air in the Red Sea may be a little under
70° Fanr. The following observations are not serial, but were taken at intervals in
various parts of that sea (see Table IIL. p. 667).

Temperatures at depths in the Red Sea.

Surface in the months of March and April . . . 78 to 86° Faug.
At 500 Tottio {5 i e i trnc s pmceli= o Tis St e
BB, i oo N SR
T AES . R R R A

In the Sea of Okhotsk, where the mean winter temperature is doubtlessly under 20°F.,
the observations were only carried to a depth of 690 feet, with the following results :—

Temperature at depths in the Sea of Okhotsk.
Uncorrected.  Corrected.

Surface in the month of August . . . . 464 464
At108 feet « 7 et HREETL . x canBLUG 316
L BB0 L e I 28-8
BTN e s s 28-6

PARRY’S observations in Lyon’s Inlet are excluded, for the reasons before given (p. 597).




MR. J. PRESTWICH ON SUBMARINE TEMPERATURES. G23

§ IV. Hypotheses of Homporpr, Araco, Lexz, and others.

Such is a summary of the results obtained between the years 1749 and 1868. From
time to time they had been commented on by some of the most eminent physicists of
the time, and the cause of the low temperatures prevailing in the depths of tropical seas
discussed.

HumeoLpr, so far back as 1812, and again in his subsequent works®, contended that
“the existence of those cold layers in low latitudes proves the existence of an under-
carrent flowing from the poles to the equator.” In support of this hypothesis, he showed
how it explained the fact, first noticed by FRaNELIN and WiLLiams f, that the water on
shoals in the Atlantic was many degrees lower than that surrounding them, from the cir-
eunmstance that the deeper cold water, flowing and rising over them, displaced the warmer
surface-watersf. These observations were afterwards confirmed by Dv Perr-Trnovans,
VaiLpaxt, and others. He was further of opinion that “in the narrower seas, as well
as in the tropical seas which cover the cold waters from Arctic regions, all the mass of
water is in a state of movement,”

HuapornT also contested the conelusions of those who considered that the ocean is
salter under the equator than at a distance from it, and showed that while in lat. 0° to
14° the specific gravity was 10272, it was 10282 in lat. 15° to 18° and 1:0278 in lat.
30° to 40°. Nor did he fail to note § that the equatorial zone is not the hottest water
zone ; but that two hotter zones lie a few degrees N, and 5. of it.

HuusoLor subsequently || thus summarized the question as it then stood :—

¢ As fresh and salt water do not attain the maximum of their density at the same
degree of temperature, and as the saltness of the sea lowers the thermometrical degree
‘corresponding to this point, we can understand how the water drawn from great depths
of the sea during the voyages of Korzesve and Du Permit-Tuovars could have been
found to have only the temperature of 37° and 36™5. This icy temperature of sea-water,
which is likewise manifested at the depths of tropical seas, first led to a study of the
lower polar currents, which move from both poles towards the equator. Without these
submarine currents the tropical seas at those depths could only have a temperature
equal to the local maximum of cold possessed by the falling particles of water at the
radiating and cooled surface of the tropical sea. In the Mediterranean the cause of the
absence of such a refrigeration of the lower strata is ingeniously explained by Araco,

# «Voyage': Relation Historique (Paris 1814), vol. i p. 73. Climatologie Asiatique (Paris 1831), p. 560.
¢ Kosmos,” Orre’s translation, 1849, vol. i. p. 307.

+ On the Use of the Thermometer in Navigation, Philadelphia, 1792.

+ He instances, for example, a case noticed by himself on the * Signal Bank ™ off Ferroll, where he found
the water to have a temperature of from 54°5 to 56° F., while the water immediately around was from 59° to
59°6 F.

§ Ann. Chim. et Phys. xxxiii. 1820, p. 40.

Il Kosmos, vol. i. pp. 308,309 (Saprse’s translation, pp. 205, 296).
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on the assumption that the entrance of the deeper polar currents into the Straits
of Gibraltar, where the water at the surface flows in from the Atlantic Ocean from west
to east, is hindered by the submarine counter-currents, which move from east to west,
from the Mediterranean into the Atlantie. ........ The zones at which occur the
maxima of the oceanic temperature and of the density (the saline contents) of its waters
do not correspond with the equator. The two maxima are separated from one another,
and the waters of the highest temperature appear to form two nearly parallel lines north
and south of the geographical equator. Lexz, in his voyage of circumnavigation, found
in the Pacific the maxima of density in 22° north and 17° south latitude, whilst its
minimum was situated a few degrees to the south of the equator. In the region of calms
the solar heat can exercise but little influence on evaporation, because the stratum of air
impregnated with saline aqueous vapour, which rests on the surface of the sea, remains
still and unchanged.”

Similar views were adopted by D’Avpvissox in 1819#%, The whole subject of Oceanie:
circulation was again discussed from a fresh point of view by D'UrviLLE § in his account
of the results of his voyage of 1826. After arguing (p. 62) that in open seas the tempe-
rature at and below 600 brasses (3198 feet) is nearly constant between 4° C. and 5° C., and
that perhaps it may be 44 C. (40° F.), he significantly remarks that in the zone
10° on each side of the equator some particular cause seems to occasion in the water
“up to 100 brasses a more sudden and rapid cooling than would have been expected.”
He afterwards (p. 64) proceeds to say that the mass of the equatorial waters, slowly
diminished by evaporation, may give rise to a slow and continuous ascensional movement
of the lower colder waters, and these so displaced make room for other waters coming
from the polar regions, so that it is rather a transport, nearly in mass and very slow, of
the deep waters of high latitudes towards the equator.” The point of departure he con-
sidered to be between 40° and 60° lat.; and he inferred that the deep cold waters (at
40°) are there directed periodically in two *insensible currents,” the one towards the
equator and the other towards the pole.

Aracod in 1838, reporting to the French Institute on a scientific expedition then in
course of preparation to the coast of Africa, thus expresses his opinion :—

“ La température des couches inférieures de l'océan, entre les tropiques, est de 22° &
25° centigrades an-dessous du plus bas point auquel les navigateurs aient observé le ther-
mométre i la surface.  Ainsi, cette couche si froide du fond n'est point alimentée par la
précipitation des couches superficielles. Il semble donc impossible de ne pas admettre
que des courants sous-marins transportent les eaux des mers glaciales jusque sous
T'éguateunr.

* Traité¢ de Géognosie (Strasbourg, 1819), p. 450,

+ ¢ Voyage de I'Astrolabe,” Sect. Méteorologie, Physique, et Hydrographie, chap. iii. pp. 51*-85%, Paris,
1833,

% “Tustruetions concernant la Mcéteorologie et la Physique du Globe, par M. Anago, Courants Sous-marins,”
Comptes Rendus, 1838, part 2, tome vii. pp. 212, 213.
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“La conséquence est importante. Les expériences faites au milieu de la Méditer-
ranée, la fortifient. Cette mer intéricure ne pourrait recevoir les courants froids, prove-
nant des régions polaires, que par la passe si resserrée de Gibraltar; ch bien! dans la
Méditerranée, la température des couches profondes n'est jamais aussi faible, toutes les
autres circonstances restant pareilles, qu'en plein océan ; on peut méme ajouter que nulle
part cette température du fond de la Mer Méditerranée ne parait devoir descendre au
dessous de la température moyenne du lieu. Si cette dernitre circonstance vient i se con-
firmer, il en résultera quancune partie du flux glacial venant des pdles ne franchit le
sewil du détroit de Gibraltar.

“Lorsque M. le Capitaine D'UrviLLE partit, il y a quelques années, pour sa premiére
campagne de ‘I'Astrolabe,’ j'eus la pensée qu'il pourrait étre utile de rechercher si les
phénomeénes de I'océan, quant i la température des couches profondes, se présenteraient
dans toute leur pureté dés qu'on se trouverait @ Uouest du détroit. 1.Académie voulut
bien accueillir mon veeu.  Sur sa recommandation expresse, quelques observations de la
nature de celles que je désirais, furent faites i peu de distance de Cadiz. Eh bien! elles
donnérent précisément ce qu'on aurait trouvé dans la Méditerranée.

“ Ce fait curieux semble se préter i deux explications différentes. On peut supposer
que le courant polaire se trouve complétement refoulé par un courant sous-marin dirigé
de la Méditerranée vers 'océan, et dont I'existence est appuyée sur divers événements de
mer. On peut supposer aussi que la saillie si forte de la cote méridionale du Portugal,
ne permet pas au flux d'ean froide venant du nord, de s'infléchir jusqu'a angle droit pour
aller atteindre les régions voisines de 'embouchure du Guadalguivir.”

Again¥, in reporting on the observations of the ¢ Vénus,’ ArAco saw no other expla-
nation of the low deep-sea temperatures recorded in tropical seas, but * the existence of
submarine currents carrying to the equator the bottom-water of the icy seas.”

It is, however, to Lexz (who had, in his previous papers of 1831 and others, concluded
that the temperature of the ocean decreases with the depth, rapidly at first and then
gradually, until a point of about 36° F. was reached, when it became insensible) that
we are indebted for a more special review and discussion of all the facts known up
to 1845¢. Speaking of the earlier observations made on the temperature of the sea
at great depths, he observes:—The greater number of these observations, with the
exception of those made by myself, were taken with thermometrographs, and especially
with Six’s thermometers. It is, however, to be observed that all instruments of this
kind are liable to a source of error which hitherto investigators have not borne in mind,
viz. the compression of the vessel or the bulb which contains the thermometrical
substance (spirits of wine), particularly by the enormous pressure in depths of several
thousand feet, I was witness of a series of experiments on the action of sirong pressure
on a thermometer-bulb, which Parror undertook in order to ascertain the influence of

* Comptes Rendus, 1840, vol. xi. p. 311.
T “Bemerkungen iiber die Temperatur des Weltmeeres in verschiedenen Tiefen, von Eair, Lexz,” Bulletin
Acad. Sci. 8t. Petersburg, v. (1847), cols. 65-74.
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a strong pressure on different substances, and which he has made known in the
¢ Memoirs of the Academy of St. Petersburg’ (vi. série, Sc. Math. Ph. et Natur., t. ii.
p. 595, 1832). 1t is there mentioned that a pressure of 100 atmospheres caused the
thermometer to rise about 20°5, without the temperature having altered in the least,
as was shown by a second thermometer which was protected from pressure by a brass
cylinder.”

Lexz proceeds to remark that it necessarily follows that thermometrographs (although
in such instruments the effect would be much less owing to their form of construction)
exposed in the sea to pressures of 100 to 200 atmospheres must give too high a
reading, and that the circumstance of the indications in so many deep soundings
remaining uniform, or sometimes increasing with the depth, proves the influence of
compression.

Reviewing the data furnished by different observers and by himself, and assigning to
them, if not an actual, at all events a relative and comparative value for corre-
sponding depths, Lexz notices the circumstance that they all point to the existence
of a belt of water at and near the equator cooler than at a short distance to the
north and south of it: and in illustration of this he takes the consecutive series of
observations at mearly the same depths made by Korzesvk in 1815-1818, at short
distances apart over a great length of the Atlantic; and he gives a Table, of which the
following is an abstract :—

North Atlantie. Houth Atlantic.
ImIJﬂLuf
Mo Mean Mean Mean Mean
depth, temperature. depth. temperatore
feet. g feet. °F.
0to 3 435 582 480 a7
b Ul 460 578 405 ali-4
6, 9 40 58 351 615
l 9. 12 300 Hi-4 420 62T
12 ,, 15 SO0 552 a81 60-8
15 1] 13 408 Eﬁ'f 3{.!5- Eﬂ‘a
18 , 21 468 65-2 478 61-7
91 . 24 414 69-2 420 63-2
| 24 ., 27 432 69 b8y S
a7 ., 30 403 65-7 . .
30 ,, 33 390 ] : "
38 , 36 447 G2:2 - e
Bk v :ﬂ} 418 G612 i e
30 ,, 42 438 b85S 2 aidd
| 45 ,, 48 458 | b A

This, he observes, shows a rapid rise of the isothermal planes in approaching the
equator; and taking a definite isotherm of 1475 C., he gives the following diagram, in
which he shows that this plane, which in lat. 45° to 48° N. lies at a depth of 350 feet,
sinks gradually to 640 feet in lat. 23° to 26°, and then, rising more abruptly as it
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approaches the equatorial regions, reaches to within 390 feet of the surface in lat. 19°
to 15°N.*
Depth, ft. N, 8.

N. latitudes ...

Tempersture., |

* Although Korzeeve's observations in the Pacific did not furnish him with the same number of data, he
thought there was yet evidence of the same condition prevailing there also; but the observations were much
scattered over many parallels of longitude and were made in various currents. The results were ;—

Latitude, Mean depth. Mean temperaturs.

o ] feat, e T
o T T e e e BO0 oy af
| E | 4495 62
12 ,, 15 558 S 613
15 ,, 18 b e B e 4095 s G395
18 ,. 21 TR B 402 S G603
a7 ., 30 el s e 450 L e
30 , 58 LTI =, BO0 62
33 ,, 36 by B R P GO0 51-5
8. .. 38 .. ... ! : I 237

Dr. Horwee had previously noticed, in the Atlantie, this anomaly of a proportionally lower temperature at
depths near the equator than 5° 8. and 10° N. of it, but without offering any explanation, and gave a series of
means of some of Kevserrers's observations, of which the following 18 an extract:—

No. of Oba. Lat. J,.:.ng_ Depth Temp.

e e feet @ F,

April 20 to 26 5 17 158. 320 W. 342 554
e | NS | 10 24 12 2 396 562
.. AWM . B 512 17 5 402 533
May 8, 10...... 8 0 43N, 20 28 444 52-5
i BB | SRR 7 4 51 24 38 450 525

15 , 19... 5 9 34 29 38 402 527

20 , 24.. a 19 30 3% 7 426 G1-0
ey 0 e g 31 0 36 30 426 a8-7

a1 . &6J. ... b 40 30 29 40 408 a4-2

Edinb. Phil. Journ. 1822, val. vi. p. 161
MDCCCLXXY. ip
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Lexz then proceeds to observe :—* The form of the submarine isothermal line which
I have drawn leads us of itself, on the first glance, to an explanation of this striking
phenomenon.

“The mass of water in the tropics, warmer down to a certain depth from the sun’s
heat, cannot maintain its equilibrinm with the colder waters of the middle and higher
latitudes : a flow of the warmer water from the equator to the poles must necessarily
take place on the surface; and this surface-flow must be supplied at the equator by a
flow of colder water from high latitudes, which at first would flow in an almost hori-
zontal direction, but which under the equator must rise from below to the surface. In
this manner, in the northern hemisphere, a great vertical circulation takes place in the
ocean, which has its direction above from the equator to the pole, and below from the
pole to the equator. Since these flows or currents moving in opposite directions are
distinguished by their different temperatures, we obtain in the submarine isotherm an
indication of the direction of the lower portion of this flow. A corresponding flow, but
moving in the opposite direction, takes place in the southern hemisphere ; so that in a
zone surrounding the equator where both are united, the water flows almost in the
direction from below up to the surface; and thus one meets with cold water in much
shallower depths than in those two zones north and south which lie immediately
adjoining, and which, in fact, is shown by the observations,

It is not my intention to enter here upon the question, how the original direction
of this current to the surface becomes greatly altered by the diminution of the speed of
rotation and by the influence of the wind, so that the water first arrived at the polar
regions by considerably cirenitous ways, or how the lower portion of the current was
drawn westward by the entrance of bodies of water into latitudes of greater speed of
rotation ; in any case the last influence will be very much diminished by the opposition
of the west bank of the ocean, in comparison with the corresponding diversion or
drawing away which the air-currents undergo. It is sufficient for me to have furnished
in the figure of the submarine isothermal line proof of the current from the pole to the
equator in the depth of the ocean. It would be highly desirable that future navigators
should enlarge .our knowledge on this point, by a larger number of observations with
one and the same instrument, or with corrected instruments, which could be accom-
plished with very little trouble and in a very short time. If they would be satisfied
with letting down the thermometrographs at always one and the same depth of some
100 fathoms, this observation would be made in fifteen minutes; and in any case, by a
frequent repetition of it, results would be arrived at, especially in latitudes ranging
from 40° N. to 40° S,, which would be far more instructive for physical geography than
the observations hitherto made, where one proceeded or reasoned more on the deter-
mination of the diminution of the temperature than upon compared determinations of
different places.

“ From a current underneath of colder waters from the poles to the equator, some
important conclusions arise, viz. :—
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“1. The diminution (pointed out) of temperature everywhere up to latitude 60° with
the increase of depth, in direct opposition to the conditions observed on dry land.

“2. My numerous determinations of the salinity of the ocean have shown that the
maximum of the salinity does not occur at the equator, but invariably some degrees
north and south from it (in the Atlantic at 23° N. and 17° S.). I have endeavoured to
explain this condition from the greater evaporation in these latitudes, which is compre-
hensible from the cooperation of the trade-wind, in opposition to the region of calms at
the equator (see Mém. de I'Acad. Sc. Math. Ph. et Nat. t. i. p. 507). According to the
above, I do not, however, doubt that also the slight salinity of the uprising polar water
in the region of calms contributes materially to this condition.

3. It is a point which has been determined by Humeorpr, Joux Davy, and others,
that the water of the ocean is colder at the surface over shallows than at some distance
from them over very great depths. This phenomenon, the explanation of which hitherto
has not been found to be satisfactory (GEmLER's New Lexicon, t. vi. 3. p. 1687), is a
simple consequence of the current of colder water at depths from the pole to the
equator; for if this runs against any obstruction, such as a shallow would present, it
will rise along it as upon an inclined plane, and approach nearer the surface, and in
this manner the surface will be cooled down.”

A little later PoviLLET *, who does not, however, seem to have been aware of Lexz's
researches, remarks:—*It seems certain that there is in general a surface-current
carrying towards the polar seas the warm water of the tropics, and a lower current
bringing back from the poles the cold water of the polar regions; but these currents
are modified in their direction and intensity by a number of causes which depend on the
depth of the sea-basins, their configuration, and the influence of winds and tides.”

I have already referred to Bior’s criticism of Ross’s work. Reasoning afterwards on
the different temperatures shown to exist throughout all seas, and on the impossibility,
in consequence, of any portion of it being in a state of rest, he observest :—* The exist-
ence and the initial direction of these constant currents presupposes three things: first,
a permanent cause of movement which forces the polar waters towards the equator ;
secondly, a constant exterior afflux supplying the great polar streams at the ongin and
along their course; and lastly, some exhausting cause or outflow, preventing the final
accumulation of their products” (p. 79). Bior, however, in consequence, apparently, of
the doubts he felt respecting the accuracy of temperature observations at depths, owing
to the anomalous results of Ross's, hesitates to admit “ the inference that the bottom of
the sea was occupied by a layer of cold water proceeding from the poles and which is
unceasingly renewed” (p. 71), and attaches more weight as a cause of this circulation
to the inequality of mean pressure of the atmosphere in different latitudes,

Burr] gave in 1850 a good general summary of the question as it then stood.

* Fléments de Physique, 5 ed. vol. ii. p. 666 (1847).

+ ¢ Journal des Savans ' for 1849,

3 ‘Physics of the Earth,’ translated by Horuaxs. London, 1851, pp. 172-T4.
4 p2
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A few years later EmiL vox Lexz* described the observations made by Dr. EpwaARrD
LExz during a series of voyages across the Atlantic to the west coast of South Ameriea
at a small but uniform depth, and with the same instruments throughout. For some
reason not explained, the temperatures in the low latitudes of the South Atlantic are
not given.

North Atlantic. | Sﬂuth Atlautm.

e 5 . I
Lat. X, | Long, W. . Fect deep. hfﬁ:"ﬂpi,_ | Burface, Lat. 8. Long. W. Feet deep. | “leth Surface.
Lol [l ] ] i L | k-
1 38 27 360 | 582F. | 814 | }
3 14 S bt O 8L , | 80 '
T P e |
652 22 | , t|582, | 80 13 28 | 28 | 360 | 728 | 802
2585 1 ar LA 663, | 726 | 1717 | 192(382y| , | 766 | B4

| 31 48 TR I 30 13 | 46 i 64 77
35 35 17 . t|626, | 638 | 33 72 (52 %) i | 52 56
35 a7 35 i 60 , | 684 | 5312 | 58 wi | 48 51
8539 | 84 i 61 , | 678 || 5519 | 62 i 41 484
W4 | 7 | . 56 , | 626 | 56 | 64 i I 41 46

e e ——— —————

On these he remarks, * The number of observations here are so few, that no valid
general conclusions ean be drawn from them; I only mention that this attempt was
substantiated by me in results made public on an earlier occasion (Bull. Phys. Math. v.
1847); viz. that at the equator, or rather in the region of calms, one finds a notably
more rapid diminution of temperature at increased depth than even in the tropic or
subtropical zone. We also see here that at 4° N. lat. the temperature at 60 fathoms
decreases from 21° R. to 12° R, but at 28° (321) lat. only to 14™8 ; and it is first at
36° lat. in this depth that one finds nearly the same temperature as at the equator,
viz. 1276 REaumur. In the Southern Atlantic Ocean, the conditions of temperature at
depths appear to approximate more nearly to the equator than in the Northern, pos-
sibly in consequence of the northern inclination of the region of calms.”

O V. General Conclusions.

It is evident that the old observations (all before 1868) have very different degrees
of value. In laying down the lines of Section of the Bathymetrical Isotherms on
the Admiralty “Track Chart” of the world, I have selected those observations which
appear the most reliable, and which at the same time offer the most continuous series
over the greatest number of parallels of latitude, such as the observations of KorzEpug
in the North and South Atlantic, and those of DaymMan] in the South Atlantic and

* « Meteorologische Beobachtungen auf dem Atlantischen und Grossen Oceane in den Jahren 1847-49
angestellt von dem Dr. Ep. Lewz, verechnet von E. Lewz,” Bull. Acad. Imp. Sei. Bt. Pétershourg, iv. 1863,
p. 130,

t These numbers do not quite agree with the text, where they stand as “ 420" and “ 180.”

+ Only the correction for Dayman's observations should probably be rather higher than that for the others.
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Indian Oceans, subject to, as the correction for pressure, the deduction of 1° Famr. for
every 1700 feet of depth. As the * Challenger’ expedition will supply ample data
regarding the deeper temperature-soundings in the intertropical seas, the scarcity of
them in the earlier voyages is of less importance. Those, on the contrary, collected
on the many Arctic and Antarctic voyages under circumstances of so much difficulty,
and which bear in so essential a manner upon the intermediate areas, are fortunately
much more complete. The lines of Section have therefore been so selected as to
embrace the chief observations of the several explorers in both the Arctic and the
Antarctic seas. For this purpose two lines traverse respectively the length of the
Atlantic and of the Pacific, and two others are run through the Indian and Southern
Oceans.

Section No. 1 first traverses the North Atlantic from the top of Baffin Bay to the
equator in long. 20° W., and shows the low submarine temperatures prevailing in the
higher latitudes on that side of the Atlantic. The bathymetrical isotherm of 35°F.
seems on this line not to extend beyond lat. 63° N. Soundings have been made in
Davis Strait and Baffin Bay between lat. 60° and 77° N. to the depth of 6000 feet, and
everywhere the temperature decreases with the depth down to 29° and 28°, or even 27°,
and in one instance so low a degree as 25™75 F. has been recorded. The isotherms of
40%, 50°, and 60° F. in the western area of the Atlantic have likewise a less northward
extension than in the eastern area traversed by Section No. 2; while that of 70° F.,
which is affected by the Gulf-stream, extends further north.

Section No. 2, which commences in the seas around Spitzbergen, exhibits, to depths
within the annual influence, a temperature as low, if not lower, than in No. 1, while
below that the temperature, on the contrary, down to the depths hitherto tried (not
quite 5000 feet) increases with the depth. Owing to the great diurnal variations of
temperature at the surface or to currents, the fluctuations in the upper strata are
frequent and rapid. From 1000 down to 3000 feet the temperature is more uniform
at 33° to 34°, and reaches, at 4500 to 4600 feet®, 34°to 85°F. or possibly 36°. Off
the coast of Greenland the one experiment of Scoressy shows a decrease of tempe-
rature to the full depth tried, viz. to 28™5 (corr.) at 708 feet.

From the Spitzbergen seas, the bathymetrical isotherm of 35° F. gradually falls until
- the latitude of about 50° N. is reached, when its depth is twice what it is in lat. 76°
to 80°. About lat. 40° N. it appears to have attained its maximum depth of about
11,000 feet, at which it remains to lat. 30°, from about which point it again rises gra-
dually, lying in lat. 12° at a depth of about 8000 feet, and reaching probably still nearer
the surface at the equatorf. The isotherm of 40° F., which, in this north-eastern part
of the Atlantic, extends as far as lat. 72° to 73° north, reaches its maximum depth
of about 6000 to 7000 feet between lat. 50°to 30°N., and rises to between 3000

* Bcoresny’s deepest sounding was in 76° 30° N, 4° 48' W., 7200 feet, no bottom.
t The depths of these isotherms in the Atlantic will no doubt require correction ; but this will not affect their
relative position and general bearing,
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and 4000 feet near the equator. Of these two and other lower isotherms in tempe-
rate and tropical seas the older observations afford, however, very few data, and we need
say little.  'We wait for those of the ¢ Challenger.’

Of the bathymetrical isotherms of 50°, 60°, 70°, and 80° F., the data are more
ample. They seem respectively to set in about lat. 60°, 50° 25° and 12° N., and the
first two to attain their greatest depths between lat. 40° and 20°—the isotherm of
50° F. falling to 3000 feet, and that of G0°F. to 1200 feet. They then rise, and from
lat. 127 N. to the equator, the isotherm of 50° F. comes within 1000 to 1200 feet of the
surface, and that of 60° F. from 300 to 400 feet.

In the South Atlantie, on the line of section No. 1, which now ecrosses over to the
eastern area of the South Atlantic, the bathymetrical isotherms seem to be prolonged
southward more nearly on the same level that they have near the equator—the isotherm
of 50” lying at from 1000 to 1400 feet, between lat. 7° and 40° S, and that of 60°F.
at 500 or 600 feet. In the western area (sect. No. 2) the isotherms of 5U°, GO%,.
and 70°F. are much more irregular, sinking in lat. 10° to 20° to about 3000, 1800,
and 500 feet, and then rising and ending, as in the other line of section, in about
lat. 40° and 45°8. But while, on the whole, the higher isotherms range rather further
south in the western than in the eastern area, the isotherm of 35° F. is in both prolonged
turther south, on a nearly uniform level of from 7000 to 8000 feet, between lat. 20° and 65°,

The Pacific Sections (Nos. 3 & 4) exhibit a much lesser number of observations, but
still sufficient to draw some general coneclusions. Starting in one case in the Arctic
Sea north of Behring Strait, and in the other in the sea south of Behring Strait, one
line of seetion (No. 3) passes through the Eastern Pacific to the equator in long. 120° W,
and the other (No. 4) through the Western Pacific to the equator in long. 180° W.
North of Behring Strait the sea is so shallow that the observations barely pass beyond
the limits of diurnal variations. The width and depth (180 feet) of that strait itself
are also so small that the intercommunication through it between the polar seas and
the North Pacific can have little or no effect on the thermal condition of the latter;
nevertheless it may be a question whether the submarine isotherm of G0°F. in that
ocean extends beyond the lat. of 40° to 45° N., and the isotherm of 50°F. beyond
about lat. 55” N., being about 5° less in either case of their northern range in the
eastern area of the North Atlantic; while the isotherm of 35° F. disappears, as in the
western division of the Atlantie, between lat. 60° to 70° N., instead of having the more
indefinite northward range it has in the open North Atlantic.

These isotherms also, instead of the remarkable rise which they present near the
equator in the North Atlantic, exhibit in the North Pacific a gradual decline to the
equator, where, judging from the few data we have at our disposal, they seem to lie—
that of 60° F. at 800 to 1000 feet, of 50° F. at 2000 to 2500 feet, of 40° F. at 4000
to 5000 feet, of 35°F. at 7000 to 8000 feet respectively, and pass the equatorial zone
without rise or apparent change of level.

On the other hand, in the South Pacific the conditions are much more like those of
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the South Atlantic. In the Eastern division (section No. 3) the isotherms of 60° F. and
80° F. are on a nearly uniform level from the equator to about 35° to 45° S, lat., and
extending apparently not quite so far southward as in the Atlantic. In the Western
division of the Pacific (section No. 4) the several isotherms seem to lie rather deeper,
and the isotherms of 60° and 50° F. to extend some degrees further south. But we again
have, as in the South Atlantic, the same expansion of the isotherms of 40° and 35° F.
as they range southward, the latter having in lat. 65° S, a depth of 6000 to 7000 feet ;
from this point it rises rapidly, or is displaced by colder waters, as it approaches the
Antarctic continent.

Section No. 5, which crosses the Indian and Southern Oceans from 20° N. to 40°S.,
exhibits conditions analogous to those which obtain in the Pacific, though the isotherms
of 40° and 35° appear to lie deeper, viz. at depths of about 9000 to 12,000 feet at the
equator. They are then prolonged nearly on the same level to abont 12° north, and
thence to rise as they approach the head of the Arabian Gulf, where they are lost in
the heated surface-waters. In the other direction the three higher isotherms on this
line of section maintain a more nearly uniform relative depth of about 200, 500, and
1500 feet,—that of 80° F. terminating in about lat. 20° S,, that of T0°F. in lat. 30°S,,
and that of 60° F. in lat. 30°S. At this point the isotherm of 50°F. lies at a depth
of about 1500 feet, that of 40°F. at 4000 to 5000 feet, and that of 35° F. may be at
about 7000 to 8000 feet. In this section we have no data south of 40° 5. lat.

Section No. 6 traverses the Southern Ocean more to the eastward. We there still
find the higher isotherms terminating in nearly the same parallels of latitude; but we
can follow the lines of 40° F. and 35° F. further south—the former at a depth of about
4000 feet in lat. 53° 5. and becoming lost in about lat. 65°S,, and the latter rising and
disappearing in about lat. 70°S. South of this is a zone in which the temperature
of the sea to the depths (1300 feet) yet tried is 30° and 33" F. (corr.).

In the preceding observations the position of the bathymetrical isotherms can only be
taken as an approximation to the truth, though they are, there is reason to hope, rela-
tively correet. The deeper isotherms have possibly too high a degree, and the upper
ones, it must be borue in mind, are, in different meridians, subject to the action of
many causes that may produce aberration, such as displacement by the action of surface-
currents, which will vary according to their depth ; while another manifest cause,
affecting more especially the lower isotherms, arises from the inequalities of the
sea-bed, whereby the lower cold strata are deflected and driven nearer to the surface—
an effect not only due to submarine banks and some islands, but caused also by conti-
nental shores, as on parts of the southern coasts of Africa and of South America®.

Independently, however, of these local variations, certain general conditions have
been clearly established by the researches we have had occasion to review,—such as
the presence of a stratum of water at and below 35° extending from the Arctic and

~ *® When this takes place the temperature of the sea at or near the surface will be found to become lower on
A ing the shore, against which the colder undercurrent rises. Their existence may thus be proved.
pproaching against ] P
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Antarctic seas to the equator, and which no doubt has justly been attributed to deep
undercurrents carrying the waters of the poles to tropical regions, and the probable rise
of these polar waters to the surface in the equatorial zone of the Atlantic. The
source of those glacial waters in the North Atlantic lies, probably, in the Arctic Ocean ;
and the question arises as to the channels by which they travel southward. The
comparatively high temperature of 34° to 36° at depths in the seas around Spitzbergen
shows that, although a deep body of cold water may move down the east coast of Green-
land, the channels of the comparatively shallow sea between Norway and Spitzbergen
are entirely, and of the deeper sea between Spitzbergen and Greenland in great part,
occupied by a body of warmer water from the south (for without renewal the degree of
heat could not be maintained). On the other hand, the constant low temperature at
depths in Baffin Bay, and the southward drifting of the large low-sunk icebergs, show that
that sea and Davis Strait afford a passage to a deep glacial current derived from the Arctic
seas of North America. Issuing from these comparatively narrow channels this body.
of cold water unites with that passing down the east coast of Greenland, and flows
southwards, over the great depths of the Atlantic, apparently to the equator.

In the South Atlantic, on the contrary, the channel of the deep-seated glacial water
is coextensive with the wide expanse open to the Antarctic seas, so that an unbroken
undercurrent of such waters may occupy the one broad bed of that ocean.

These two great undercurrents of the Atlantic, flowing respectively from the north
and the south poles towards the equator, must eventually meet ; and, judging from the
rise of the bathymetrical isotherms and the low temperature of the sea immediately
beneath the heated surface-waters in the equatorial regions, it is probable, as suggested
by LENz, that the meeting is there, and that it is that which in part determines, in
conjunction with the excessive evaporation, the surging-up of the polar waters, though
other causes presently to be referred to may assist. In whatever way effected, the
waters which thus rise to the surface in the equatorial zone necessarily tend to disperse
and escape into other areas, whether by a slow movement in mass, or by more rapid
currents in shallower and more definite channels, or by both causes combined.

The course of these deep Arctic and Antarctic undercurrents or streams in the Atlantic
may be influenced by another cause; viz. by the west to east trend of the South-
American continent from the Caribbean Sea to Cape 5t. Roque, and by that from east to
west of the African continent along the coast of Guinea—projections which both
contract the width of the Atlantic, and present barriers which may help to deflect side-
ways and upwards, on the one (American) side the southward flow of the Aretic waters,
and on the other (African) side the northward flow of the Antarctic waters, in a
manner analogous to that which takes place on shoals and islands,

It is not my intention to enter upon the discussion of the course and magnitude of
the Gulf-stream ; but I would suggest whether or not the initial start of that great
current, together with the others which originate or acquire new power at the equator,
such as the Guinea, the South Equatorial, and the Brazilian currents, may not be cradled
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by this surging-up of Arctic and Antarctic waters at or near the equator ; while other
portions of those great bodies of water are deflected back and imperceptibly return the
one to the north polar and the other to the south polar seas—in masses unaffected by
the more active shallow drifts and currents sweeping over their surface, and whose
course is influenced by trade-winds and the earth’s rotation; for while the cold waters
are found so comparatively near the surface in the equatcrial regions, the presence,
at depths, in both the polar seas, of bodies of water having a temperature far above
not only that of the winter but the annual temperature of those latitudes, is equally
well proved. Thus although the mean annual temperature of Spitzbergen does not
exceed 18° F. (and Dove estimates® the normal mean tempervature of latitudes 80°
to 90° at 45 F.), we find that in the seas surrounding that island there is a submarine
temperature of 34° to 35°, if not rather higher. In the same way in the Antaretic regions
and in latitude 60° to 70° we there also find a submarine temperature nearly as high+.
Thus there is a rise of from 6° to 8° Fang. in descending from the surface to depths
of 3000 feet to 4000 feet in the open polar seas, whereas in like depths in the equa-
torial regions of the Atlantic there is a fall of not less than 40° F., extending at greater
depths to about 50° F.

There is every reason to believe that the open seas of the north polar regions are due,
as suggested by MAURY and others, to the influence of warm southern waters, though
this is not, as supposed by those authors, owing to the action of the Gulf-stream, but
to the surging-up of these deeper warm strata; and in the same way the open sea found
by Cook, WEDDELL, Ross, and others, after passing the first barrier of ice in the south
polar seas, may be due to a similar cause. The great body of water at 32° to 35° or
36° F. extending to the depth of 4000 to 5000 feet or more, and passing by Spitzbergen,
must ultimately be displaced and deflected by the colder and denser waters between 32°
and 254 of the polar regions, and rise to the surface; and as the influx is constant, an
equilibrium ecan only be maintained by an efflux as great to other areas. By Behring
Strait, owing to its narrowness and shallowness, comparatively none passes; but the
surface-currents through Smith Sound, and the more intricate channels amongst the
1slands of the North-American coast and so down Baffin Bay, and that down the east
coast of Greenland, originate doubtlessly with these effluent waters. The temperature-
soundings to depths of 1000 feet in Baffin Bay are in accordance with this view ; for
after passing the stratum affected by the diurnal variations, the water to about that
depth, although there is no surface-current from the south, has generally a temperature
of from 30° to 34°, while that at greater depths sinks at places to a point very closely

|
|

* The mean summer temperature of Spitzbergen, according to Dove, is 34%5 F.

+ If, as we have reason to think, the observations of Rir Jamrs Ross should require a larger correction than
others, then the isotherms in the Antaretic and Southern Oceans will have to be raised, and the 1sotherm of
35° will be replaced by one of 35° ar 32° F.

% At the same time there cannot, I think, be any doubt”of the influence of the Gulf-stream, as a shallow
current, on the seas and northern shores of the British Islands and Norway.

MDCCCLXXY, 4 q
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approaching to the freezing-point or to that of the maximum density of ordinary
sea-water. Moving in the same direction as the great body of colder water which it
overlies, the warmer surface-water has a greater velocity than it, and moves over it
as a surface-current—the causes which effect its impulsion being of a more energetic
character than those which originate during the colder months of the year with the
descent of the dense waters and their slow outward propulsion in a deep undercurrent.

In the Pacific Ocean the great bLreadth of open sea, and the almost entire exclu-
sion of the waters of the north polar seas, have produced conditions very different from
those which obtain in the Atlantic. The temperature-soundings are too few to lead to
any certain conclusion ; but, so far as they go, they seem to show that there is no uprising
of cold undercurrents at the equator. The observations referred to by LExz are so scat-
tered and at such small depths, that they may have been affected by the action of the
great cold current which passes northward up the west coast of South America, and is
deflected westward at the equator, and by various other surface-currents.

In any case, the remarkable rise of the bathymetrical isotherms in the Horth
Pacifie, which cannot be accounted for by any eurrent passing through Behring Strait,
leads me to infer that the Antarctic waters pass under the whole length of the Pacific,
and are thrown up by the barrier presented at its northern extremity by the American
and Asiatic coasts. Some of the great currents of the North Pacific may owe their
origin to, while others seem to be strengthened by, these distantly derived waters.

Nor is it easy to account in any other way for the rise of the isotherms of 35° and
40°F. at the head of the Arabian Sea after traversing the deep bed of the Indian Ocean,
The high temperature of the surface-waters, however, prevents the effects being so
apparent in the upper strata of that sea. Again, the causes which influence the great
currents of the North-Indian Ocean appear to correspond with the area of surging-up,
as they approach the Asiatic continent, of the south-polar undercurrents.

The cause of these phenomena in both hemispheres is, in all probability, connected
with the intense cold of the polar regions,—the mean annual difference of from
T0° to 80° F. between the polar and the intertropical regions forming a permanent
disturbing cause, owing to the alteration of density to which the affluent waters are
unceasingly subjected®. It is a cause, also, which, from the variation in the density of
the surface-water in winter and summer, must materially influence the operation of
the currents generally, both at the Arctic and Antarctic regions, during the different
seasons of the year, increasing the outflow from the polar seas in the cold months,
and the influx in the warmer, whenece the outflowing current through Behring Strait in
the winter or spring, and the inflowing current in the summer. For the same reason
we should expect to find the general circulation more active in the one season than in
the other. But the discussion of these interesting questions is not our object.

In no way are the effects of the remarkable interchange between the polar and equa-
torial waters in the great oceans more conspicuous than in the comparison of the

# According to Dove the mean temperature of the equator is 79°3 and of the pele 2°-2,
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thermal conditions of those oceans with those of inland seas—the one so dependent on
local climatal influences, and the other subject to influences so distant; for whereas it
is the winter cold of the latitude which regulates the one, it is the cold of the polar
winters which affects the other. Thus the temperature of from 54° to 55° F. at depths
in the Mediterranean below the influence of the annual variations is that of the sub-
winter months of that area, as that of 70° is for the Red Sea. But the most striking
case is the sea of Okhotsk, where, in the parallel of Great Britain, but with a winter-
cold under 20°, or possibly under 15°F., we have a nearly enclosed sea, of which the
submarine temperature at 200 to 700 feet in the month of August is under 20°F.,
or nearly 2° below zero of Centigrade, the surface-temperature being 47° F.

These questions have necessarily a very important bearing on many geological
problems, especially those connected with climates and the distribution of species.
For example, it is probable that the increased severity of the climate noticed within the
historical period on the east coast of Greenland may arise from that elevation of the
land which is shown, by the presence of raised beaches and marine remains at heights
of from 50 to 300 feet or more on the north-western coast of Greenland # and amongst
the islands of the Northern-American archipelago beyond Baffin Bay, to have taken
place at a comparatively recent period; for this, by lessening the width and depth of
the many small straits opening into Baffin Bay, has thrown a larger volume of the
polar waters into the other channels, as that between Greenland and Spitzbergen, and
has thus had the effect of increasing and strengthening the ice-bearing current from
the north which passes down the east coast of Greenland. The amelioration of climate
towards the close of the Quaternary period may also have been locally greatly influenced
by the elevation of the land and shallowing of the seas around Britain and N orway,
by which any flow over this area of the deep polar currents has been diverted.

The cognate questions ‘also connected with the southward range of an Aretic fauna
or the northward range of a tropical fauna, and, to compare the water with the land,
the insular-like character of the fauna of inland seas (all so liable to changes with any
alteration in the direction and volume of those deep and obscure § undercurrents to
which we have been referring, or by their ingress into seas before closed), are of the
highest importance in the consideration whether of the later or of the older geolo,
gical phenomena of the globe. They are, however, beyond the immediate range of
this paper, which I submit as a starting-point for further research.

To conclude, the observations recorded in these pages, after subjecting the readings
to the necessary corrections, show :—

1.—a. That a stratum of water at and under 35° F. extends beneath the Atlantic from
the Arctic to the Antarctic seasf; and, as it traverses all the parallels of latitude

# There is the same evidence of recent elevation on the coasts of Behring Strait.

T Using the word in contradistinetion to conspieuous” surface-currents, such as the Gulf-stream, the
effects of which are well known, and have so often been reasoned upon in connexion with geological phenomena.

+ This has now been more fully established by the recent expeditions of the ¢ Porcupine* and ¢ Challenger.

492
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irrespective of the surface isothermals, it must have an origin dependent not on local
influences, but on others at a distance—such, in fact, as accord only with pelar influences.

b. That in the North Atlantic the two channels throngh which the deep-seated
cold polar waters pass southward are Baffin Bay and the sea near the east coast of
Greenland ; while the shallower seas immediately west of Spitzbergen, and between
that island and Norway, are occupied to their entire depth by warmer waters flowing
northward, from equatorial regions, towards the pole.

2. That in the North Atlantic the isotherm of 55° extends further in the polar seas
than in the South Atlantic; but in both its rise is masked by the extreme climatal
variations and by surface-currents.

3.—a. That in the equatorial regions of the Atlantic the deep-seated north and south
polar waters, either owing to their meeting, or from impinging against projecting
continental coasts, or from irregularities in the sea-bed, or from the several causes
combined, are deflected and surge up at the surface, as shown by the rise of the bathy-
metrical isotherms.

#. That the main portions of the upper strata of these surging waters flow slowly
en masse from this equatorial zone towards the poles—such bodies of water moving
independently of the drifts and surface-currents by which they are traversed and chan-
nelled.

4.—a. That in the Pacific there is a similar deep stratum of cold water at and under
30% extending from the Antarctic Ocean to Behring Sea without rising, as in the
Atlantie, at the equator.

4. That in the North Pacific the submarine temperature is as low as or lower than
in the open North Atlantic in the same latitudes.

¢. Consequently, as the body of cold water in the North Pacifiec cannot be of north
polar origin (comparatively none passing through Behring Strait), there is reason to
believe that the south polar waters traverse the whole length of the Pacifie, and rise
against the coasts bounding that ocean on the north.

5. That in the same way the Southern and Indian Oceans are underlaid by the
cold waters proceeding from the Antarctic seas, which surge upwards as they approach
the Asiatic coast. .

6. That there the surging-up of polar waters in the great oceans, and of tropical
waters in Arctic and Antarctic seas, is intimately connected with some of the great
surface-currents which originate, or acquire additional force, in equatorial and polar
seas, although the ultimate course of these currents may be influenced and determined
by the action of the prevailing winds and by the movement of rotation of the earth.

7. That the temperature at depths in inland seas is governed by local causes, and
tends in each case to assimilate to (or as near as the physical properties of water will
allow) that of the mean winter or sub-winter temperature of the place.

6. That some of the great surface-currents which originate or acquire additional force
in the equatorial and polar seas are intimately connected with the surging-up of polar
waters in the great oceans, and of tropical waters in Arctic and Antarctic seas, although
the ultimate course of these currents may be influenced and determined by the action
of the prevailing winds and by the movement of rotation of the earth. /
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Tables of Submarine Temperatures of the Great Oceans and Inland Seas, taken
between 1749 and 1868, arranged according to the Latitudes in each Hemisphere, and

reduced to English measures and Greenwich Longitude.

Raferonces to the original observations will be found in § IL, in notes to the several voyages (given in order of date), Thoss
alona to which (k) is attached are from wnpuoblished documents. Those also where (AL} is added to the name will be found in
Maxcer’s paper (anf?, p. 505), and not in the works of the original observers.  The temperature-readings are given as recorded by
each ohsorver, ub]z;m an approximately true reading, it is necessary Lo apply the correction named at p. 612, exeepting
the observations of Lexsz (and Kotzesue, Znd voyage), Do Penr-Tuovans (when stated * eylinder sound ™), Maerivs, Ak,
BuorTnasn, VALLAsT (in ). D'Unvitis (in part), and some of Poines's, and probably Roess's and Paney's of 1818-11.. The
g corréction consists in a dedustion of 1% Fane. for every 1700 feet of depth. The fgures in parentheses ntinched to Due Perir-

~ Tmovans's observations give his original corrections of temperature and depth. A separate list of the voyages on which the
. observations were taken will be found, in connexion with the numes in column VIIL, in “Explanation of Map,” p. 671.
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TapLe I.—Northern Hemisphere (continued).
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| 70. |15 Nov., 1817... g 26 |154 sgr N.Pacific .| 90 |70 | 874 857 Kotacbuo )
i?‘- " s | " oo " " M 5l n " RN, RETEERNEE L
i;rz. = o | » e ) & 414 .:;.'-i = o i
| 73 " n s " e i GOG 3 » + e i
{74 |I']' May, ]ﬂlS...! 927 |29 7w N. Atlantic...| 432 | 084 | 792 (%o Kotachue.. {B%mil? B
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] II. III1. IV, Y. VI VII. VI1L. J IX.
ot Longi- Temperature in .
Date. I:ﬁ tude of Hai Depth | degrees of Fahr, | Name of Beiihis:
el Green- in feet. | observer,
* | wich. At :
I I dﬂpt].'l.j El.l.rﬂ“'f. A]r.| |
A I' o 8 o | o . =i
: ., 1828... $o { Be 531 (68 | #8 |56 (Blosseville .....
i R o 3 11 Bay of Bengal : 4 Blosserille ,}0" the north m“MCﬂjlﬂnrl
= L w on LU ) L] ¥ 3[]53 47 't 1] 1 desmsesas f
& H*—Hﬂ'ﬁ, I817...0 16 3 (153 17 = |N.Pacific ...| 438 | 574 | 842 (835 Kotzebue....... K. of the Caroline Islands.
A jil_., 1816...) 1o 14 | 20 ow |N. Atlantic..| 5796 | 5l go i‘q‘."mchupu ...... (Corrected depth 2880 feet, |
I ﬁ, 1817...| 10 g1 |15z oy e |N. Pocifie 366 | 5OD 83 IE; 2 | Rotzebue ..., | } e e e
) i e I oy |ooshE |, i 4092 | 505 | 83 iiz'? LA .
| May, 1818...| 11 35 | 30 s6w. |N. Atlwntie 208 1504 | 788 (798| b ceen 8.W. of Cape-Verd Islands.
5 P! & o | 1 |
20 Nov., 1817...| 11 42 |150 og E. |N. Pacifie a6 | 63 s §4-2 Kotzzbue......... | Between the Mariana and the |
M‘lﬂ- 11 55 |[Igq 53 E. i 5 270 | B48 2845 |B38 |Willerstorf. ... I Caroline Islands.
| B8ept,, 1836.... 11 59 |zxssw. | | 4206 | 428 | 788 S0 Vaillaat ... } Betwoon Mesieo an the Mo
L e 6 lmzraaw | - . 2133 | 49 fo $24 = queaas Islands,
e > ; 2 | Batwesn the Mariana and the
:ﬁa. IBBE. 1228 |nagebe | " 68 | 669 | 833 (811 Kotzebue....... 4 { Ceroling Talane.
July, 1843...| 12 36 | 25 35w |N. Atlantic...| 900 |52 795 | ... [James Ross.....
19 1800 | 476 el 140 miles W, of Cape-Verd
- Ly R P % : Islands, No u-;'rumﬂ?l- in
2 mom n i 8100 295 5 o masess l[‘H_H] fowt, i
W oa TR [ ] (1] an ]Ilm Eﬂﬂ (5 e s
R g, ¥ 78  w.fCaribbenn Zea) 1440 | 48 83 | Dunsterville
fo S=lre - 0 i ‘o 216 | 43 { » 5 Quoted hy!l.[ul.}r_'_r.'withmuht.u
" " 17 R e s 00 42 3 ke OF exact position,
Ih !I.. }I‘I A (13 1 LE L1 L1l mm 43 BE i1]
Apr., 1850...| 13 48 1on (GulfofAden| 7200 |45 | 815 Pullen (1) ...... T toundings.
et il % o _ L C Verd Taland
I N lﬁlﬂ. 1324 | 32 2w [N Atlantie...| 398 | 681 L ) :Hntmtrun ......... i{ Fa:;ﬁauajiﬁi : A
r, 1857...| 13 27 | $5 2o n. [Bay of Bengal 3200 | 46 788 |78 |‘|r"a.illunt- R LETT o - 1
? N x:f lﬂlf 23 28 |147 13 e |N. Pacifie .| 308 | @00 2 831 Hotzebue reennnn JE. of Lho Marisng Tslands,
i ; w | 1257 |rrg 36E. (ChinaSea ..., Wl | @15 | S22 134'5 B S e [Wiest of Lozon.
T : . 2 E ; | Between the Maorinna and the
e w3z a5 e W. Pacifla ..., 290 | 711 | %29 (837 B ressene i Plulippine Tslands.
‘Mar, 1828...| 14 22 | g9 35 w. N. Pacifie ..| 600 |57 38 gz |Beechey .........
"i moon uow ;-1 n " 1200 | 55 " " W sverse i llu_} gouth-west coast of
Rte: T A " h e 1800 | 485 | . h 5 [ Mexzico.
q : . o LU " i 2400 405 1 " B ewmamasas : In i ol
i : soundi ntranes:
2 1850...| 14.26 | 54 Sb. [AmbinSen..| 9000 | 435 | 82 Pullen (3) ... { ™, sobioey | o
une, 1826...) 15 22 4o w. N, Atlantie... 423 | 648 | 73%¢ |[739 D'Umille......... |E. of the Cape-Vend Islands,
fune, 1858...) 15 5 |18 3e ChinaSea .| 510 |83 247 [84:5 Willerstorf......[13° W. of Luzon.
0, 1847...| 15 28 | 23 zz w. |N. Atlantie...| 1080 | 53 75 |7z |Dayman ......... E. of the Cape-Verd Islands,
1818..} 15 == 3z 56 w. M. Atlantic...! 384 | 655 765 |78 Kotzebue........ |W. of Cape-Verd Telands.
Jan., 1827... 36 5 |133 35w |N.Pacifie .. 1902 | 40 75 |76 |[Beechey ......... }Bete;eenue:imndumsana.
| LLE hE] [TRR T T | | i i1 2‘552 45 I an H . FEFE mw"ﬂl IE]::‘:E Mﬂ_ I
1 Than . tweet ¢ ari i
1Dec, 1817...( 16 52 [140 56 % |N. Pacifle .| 534 |687 | 825 [fag Kotzebue........ { I:'hcil:iflpim Telands, %
S 16 4z [1rg z6 ¢, [China 8ea ...| 483 | 601 Bog  (B17 i careses| West of Linzom.
L Bept, 1836...| 16 47 | 115 4o w. [N. Pacifie_...| 6030 | 424 | 82 847 |Vaillant .........|ﬁ° N.W. of Ko, 83,
6g 21 B |Arabion Sen...| 11280 | 444 | 32 von |Pullen () ...... iIn sonndings.
g3 12 n. (Bayof Bengal 1647 | 504 | 857 |gorg Blosserille ...... ‘OFF the Circars coast.
zg sow. |N. Atlantic...| 1200 | 603 | 808 |78 Wiillerstorf...... IW of the Cape-Verd Islands,
|
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TasrLe IL—Northern Hemisphere (continued).
| —.
1l R 111, ¥ ¥ VL TiL VIIL IX.
T Longi- Temperature in
North ot
Date. | Lati- vnda Sea. | Depth | degrees of Fahr. | Name of R
tude, | Green- in feet. observer.
wich. dnﬁp:h. Hurlace. | Air. :
114 2 Dec,, 1817... 17 24 |139 1dx. [N Pacific .| 456 |782 | sh4 s?-:lxmbm......... %ﬁ'ﬁ“m“ﬂ
1. June, lﬁﬁ'---l 17 12 | 27 1w I'N Athantic...| 420 | 605 | 765 |77 (Beechey ......... /MW of Verd Islands.
r150 20 Jan, 1837...) 17 54 |[119 47 . |China Sea ...| 3733 | 424 | Bz |78 |Vaillant .........[In sight of Luzon.
HE.III Dec., 1817...] 18 1lg 53 E. -.l:‘,hin:lEe«u. < B0 | 6o Ea 22 |Kotzebue.........|W. of Lazon. :
117.21 May, 1818...{ 18 1 | 34 24w ih‘. Atlantic...| 432 | G&6 | 788 |777| o - vensea|Betwoen Senegal and Markin
113, 10 Nov., 1836...) 18 21 | 134 20k N, Pacific .. 3182 | 43 g (3r'5|Vaillant ........
o Between the Phili
11937 " wiEr |rzEe | % 4261 | 406 o 79 o e M
pzof 3 Do, 1B17...| 28 25 [137 56 [N Poacific ... 366 | 718 81-c 796 [Kolzabue.........
rar. 1 Jan., 1847...| 18 40 23 18w [N, Aﬂﬂ!licn-; 468 | 70 73 68 |Dayman ......... }E of the Cape-Verd
Izz. L1 {1 ¥ n a1 an L1l Ll I lm Ir,T s " LRl =
123, Mar, 1827...| 18 51 |163 58 k. |N. Pacific | G0 | 6y 79°5 |75 |Beechey
=='=' ¥ i LL] " L] " L1 (1 ]Em i-j-l ¥ W 3 + wmmﬂh
I:-S.- a8 L1 TR 1] [T B ] lm} 15 a4 1) 24 Baaama MW“
126 DMar., 1827...[ 18 51 [161 go . |N. Pacific 2520 | 44 79 76  (DBeechey
127. e 13 53 |iafsem | 1200 | 57 795 (B2 = cevvnnens B 0 the Mariana Islands, b
{1z7al  Feb. 180M...| 19 r14  E |Indion Ocean| 420 | 58 raz | ... |Horner o O the X.W, coast of Australia
| 128, 4 Dee., 1817...| 19 22 |r34 32 B |N. Pacific 270 | 709 a8 |798 Kotzebue.........| o
| e 7 ] Between the Marian and
T T 1944 |132 15K | ., . B33 1671 | 79 [79B| w “[[ lippine Islands. '
|1z0t8 5 pgs (tgeisE | 498 | 676 | 79 Tl
{131.2‘3 Aoy, 1818...| 19 59 15 I0W. IN. Atlantie... 471 | B85 | =62 |pg Hotzebue........ |In mid-ocenn.
| 13213 Nov., 1822...| 20 30 | %3 fow. II:.‘urihbem: Eea, T476 | 4565 | $3 ... |Sabing.............Corrected depth G000 feet.
133 O July, 1857...] 21 o6 | 155 5o w. |N. Pacific 531 | a5 DuPetit Thouars Cylinder sound.
| 134,131 Dee., 1846.. 21 1 : N. Atlanti 1158 | 61 o :: D Botween the Usnscisiy
| 13- e 2] 3 IT I W. pe In ¢ | ‘. ¥ I B TR o oaeneens cup‘_?mﬂ Tslands, b
135|158 May, 1824...| 21 14 |16g £ [N, Pacific ... B | 615 705 = D =
136 L] rr LLE L] LLI | L1 i 2630 "3715 an 11 meevamsssecennsl | Botween the Sandwich
(537 w T (R wooow 4236 373 |, =L and the coast of Chima.
I:is- a8 LT LTS g 1 o m %q " . B Sisbdnsmssieems -
(13923 May, 1818..) 2x g0 | 36 4w |N. Atlantic...| 368 | 688 | 758 |76°7 Kotzebus......... mf:ﬂ mﬁlundu R
tge. 13 Jan., 1857...[ 21 56 | rg 33 w. [N. Atlantic...] 2657 1 1] To'z !7:'5 DuPetit Thouars Cylinder full of water.
| (1G0T ¥)
| 14r) June, 1825...| 22 2 '| =21 14 w. |N. Atlantic...| 240 | 63 72 IH. Beechey oo 3 W, of Cope Blanco,
frara Nov. 1804...| 23 132 . E |N. Pacific . a0 | 52 T4 . |Hormer ........ 7} Between the Too-choo =1
| || o
gl ., - " e 780 (eo2 | . kit } Mariana Islands.

The later observations in the Indian Ocean by Capt. Snortraxn are givem

1365,

|Bq.'hmm1 Jun. 28
and Feb. 12 ...

Feb.

2%t March G

|
Betwoen Kooria-Mooria and Bombay
(17° to 20° lat. N. and 45° to 70°
T, TP o A

iEEtwecn Kooria-Mooria and Aden
(137 to 17° Iat. X, and 45° to 55°
long. B}

..............................

(oo
|amu

UL
12240
13020

(1]

3000

G000

l GO
I
l

T200 |

Gy

S
428
B
Sa T
4
677
g
404

Shortland ...... |
n werens| | Mean of all the of
between these dates.
1] .
i Mean of the observations b
tween these dotes. ]
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IX: ) El YL VI1I. VIIL IX. [
Longi- Temperature in
tude of Se Depth | degrees of Fahr, | Name of ‘
a. g ;i
Gr«u_&an- in feet. P = obaorver. Beotrks
wich. depth, | Surface. :Lu- I
|
178 m N.Peific .| 100 |74 | 78 | [Homer ........
A Bk w0 |08 | |, o Between the SBandwich I;ulrm.da-
2 and Japan.
" W a0 | G2 o "
16 g1.wW, N Atlantie...] 471 696G | 769 |77 |Kotzebuo......... In mid-oeean |
124 52 B (Chipa Sea ...| 1260 | A58 | Zovg Jsz Baechey ......... |
nom " " 1500 47 = i~ B e O the east coast of Formosa, |
EE] L1l 1 il Elm ‘]‘!ﬁ‘ e " i 2 smssamsas | E
ao 58w, [N, Atlantie...! 306 | 66 [ 68  |Dayman ......... l}'ﬂﬂhmn tha C':pu-—"-'n:rd anil
P Wl s 1140 | 61 - £ - e I Canary Talnnds,
1‘"3 4% [N Pagific ...] 150 |76 78 Krusenstern |
] | ! Eetween the Sandwich Tslands
LU L1l " KD il 34 B mamems | and Jﬂ[ﬂﬁ
LL] E L Ll T:ﬂ ﬁ?‘ﬁ " M 0 sssass i 3
163 21 w. |N. Pacific ... 1200 | 67 77 Beechey ......... = H’Eﬁ?ﬂﬁ:ﬂ:ﬁ' und
156 58 w. [N. Pacific ...| 1070 | 575 | 7t o g lw of the Bandwich Islands.
ag 1z w. |, Atl-.nut, 000 | 53 24 Be- |Elhs........oo...e. :
1] £1] L1 an 53]:‘} 53 o T Bl cEessramamaEams I} 4'3 '.u h’“I “p-
37w N Ablantie... 435 | 639 | 76 Kotzebue......... J Between the Canaries and the
37w [N Atlantie...| 360 | 663 | 725 . B Lenz . We-India Tslands,
riy g8 w. [N. Pacific ...] 300 |62 63 62-g (Beechey ......... A
n o "o W00 | 50 " " " | #* distant from the coust of |
fr #E = am lm 'f-'lﬁ EE] tT] 1 Iﬂﬁ'l!r cﬂlirm;a' :
:' ’ LR 1] L] af 15‘]] 4?'-5 EL] sy e
OF Cape Florida. N. Atlntic...| 3300 |40 | . |Bache ............ 12 miles E. of the lighthouse.
37 = W N Atlautip .| - 420 | 65T | 742 Horner ......... ] Between Africaand the West-
G = - 1200 | 63 s e A India Tslands,
133 26 w. [N. Pneific Gn | G 21 7o [Kellett............ A
LL} L1} " L1 ]m [E (1] w L]
(1] (1] w w4 ]m [;3 B 0" A mesarrmamess
L Li LU} " E'm 'Bﬂ' L1 n L1} ]
wom " " L (i " " " . h]]ﬁl:m:m Lower Californin
o L e G600 | 045 o e B S " amd the Sandwich Islands.
m 1 ] L1} lm m an L1} 1] o
oo LE] 1] ]m m " K F-De A R
EC I L] Fi L m 'i'i'-'ﬁ' Ll an L]

oo i " 0 +i - i R A Rreth e ! |
147 w. [N, Pacifie 180 | 708 | 78 . |Horner . 3 |
1] (1] 1 50 647 n et NG Le O D hllJ' N.E of the Sandwich

] o Li) m M‘* L1 L1 I‘JM&

o - = T30 | 644 % o o

3t 4o w. [N. Atlantic 2657 | 512 | 693 |68 [D'Urville......... Between Teneriffe and ]lr.vrmu:'lu.l
g W [N. Atlantip...| G600 | 722 | 744 |738 [Whllerstorf...... e o |

7 o i 1440 | 637 > 2 ’ B }I‘i’o soundings in 24,300 feet. |

4im
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TapLe I.—Northern Hemisphere (continued).

i II. II1. IV. V. VI VIL VIIL.
Tongi- Temperature in
Date. 1;’33‘1 tu:lnfl of Sea. | Depth | degrees of Fahr. |  Name of
tude, | Green- in feet. i _ ohserver.
wich. etk Barface. | Air.

172, O Nov., 1857... 27 3{ 2t 39w, |N. Aflantic...{ 3000 5i) 72 ©.. [Pullen (#) ..oooo| ] Between
'?3-! R PR T T 4800 | 4D | w wo (#) } Cape-
:;rq.!'.’ﬂ May, 1818...| 27 38 | 37 1ow. |N. Atlantic...| #8 | 657 | 745 |75 Kotzebue.........|In mid-ocean.
175,22 Sept., 1817...{ 27 5o |15z =1 w. |N. Pacific ... 3 | Ta 77 761 |Kotzebue.........) %
116.I wooom YT sy b T 60 |45 | . i B memenees 1
177- " " P "o i " 150 4T " = "
178 e o e e e 300 (672 | u " "
179 " " [Tt "o ] " G500 1 " " " (LLTCLEE
8o, = - g Fr T - -+, 120 | 515 "w ' " ,_.__"__J
181  Jume 18%5...0 28 22 |17z 17 w. [N, Pacifie .| 000 |57 76'5 |77 |Beechey .........[OF Bunker Island.
182, 1854 { 95 miles|off Capo | Iy gplantic...| 2100 |50 | 87 | ... [Craven......... Eeact position mot giren
183,30 Dec., 1846...] 28 34 | 18 38 w. |N. Atlantic...| 780 |G3 67 (66 [Daymam ......... W. of the Canaries.
184) June, 1826...| 28 52 (173 gw. |N. Pacifls ..| 2400 |47 78 |81 |Beechey ........
185, . - fer o = 5 3000 | 41 = " = iRy
186, — - il gl n % 4704 | 428 - " o FEREL
187110 Oct,, 1837...| 29 52 | 34 40 w. [N. Atlantic..| 8838 |44 | 75 |79 [Vaillant [
188, 1 June, 1816...| 2q 24 |160 345 |N. Pacifle .| 600 |62 74 (75  Kotzebue }'.-'*' N.N.W. of the
18g. - - M e 5 1 1200 | 525 - " o
19017 Nov,, 1897...| 29 25 118 srw. [N Pacific ...| 2657 | 433 | 653 |69 DuPetitThouars Cylinder full.
tgea  Junme, 1803...| 30 4o w. |N. Atlantic... o1 | 702 | gzs | - [Homer ... i
J:gl:v!l: - - L, - - - 180 a5 - 2oy =5
190¢ - 14 - - e 878 | 6o-T < ok
1god, ot ¥ . 0 e 240 | G2 e i Y] 11
:gc:-fl " = - . T 1020 | G2 i s R h
.\lgqfl - . 7 " o m 12000 | G2 o T
19127 May, 1818...0 30 3 | 37 24 w. |N. Atlantic...| 368 (665 | 73 |75 Kotzebue.........| )
|-.Jz.!-_".': Qet., 1815...] g0 12 15 14 w. (N Atlantie...| 1170 i i i 743|743 |Kotzebue.........
:93.‘22 June, 1857...| 30 50 | 23 6w |N. Atlantic...| 576 |67 7I 71 Wi l

194128 July, 1817...) 31 1 |123 g6 & |Yellow Sea...| 240 Gh T4 . Al .o
rgel 184749 .| 3148 | 36 w [ Atlantic..] 9000 | 643 [ 73 |, |B e
196.81 Aug., 1825...| 52 6 [136 48 w. [N. Pacific .| G578 |56 706 | ... [Lenz

197 e " o o 3 e 1964 | 436G A s [T B

198. i ik PR - 5 2a70 | 388 o | i B R e
199, n .. e T

200, 6 Nov, 1857...0 32 13 | 19 sw |N. Atlantie..] 2400 | 515 | 705 | & Pullen {

:I.:-l.lﬁl-![nf. 188, 32 20 | 42 sow. |N. Atlantie...| 0470 96 fig'y e |LADE e

203,28 May, 1818.. 32 36 | 36 5w |N. Aflantie...] 303 | 671 72" fpacp [Hoteebus.........
amg| - 18442 3z 46 |165 53w [N. Pacific ... 600 | 557 | .. wo |Belcher ...
204l wwanen 3 e i = " 000 | 827 "
zosd S, ol 1L b 1800 | 481 | ... S e
206 waneries - ey b g0 |48 | i |l s




MR. J. PRESTWICH ON SUBMARINE TEMPERATURES. 645
TasLe L—Northern Hemisphere (continued).
III. IV. Y. A YIL VIII. IX.
Tongi- Temperature in
HI..:E? t-mleg]uf Bea. D?th degrees of Fuhr. | Name of Bampks.
tude, | Green- in feet. PR | observer.
wich. depth. Surfmi.ﬂm

l; ) l‘j'-: ‘B [N. Pacifie .. 330 | 605 7§'= 2s Horner, Between the Sandwich Islands
L1 LE] 58 t 1200 kg " e - } ainil leln.
33 38 | 4 4w N Atlantie...| 720 | 5046 | 69 686 | Wiillerstorf ..., Between Madeirn and Moroeeo,
44 14 | 35 55 w. [N. Atlantie...| 452 |62 692 69'3 |Kotzebue......... Between Bermuda and Spain.
34 §1 | 165 39k |N. Pacific ...| 1020 | BT | 72 6y | Beechey n
e e el e R ]“';::;*.':"I.j:m: o o gl
L " i L L3 m w“ﬁ H | L L1} .

- M 16 24 w. |N. Atlantic 92 | 61 fix {59 |Dayman ......... N. of Madeira,
:s“r} 65 w.7N. Atlntic...| ... |35 fo | oo [MBUT ... |]3-:r!.l-:|m of Gulf-stream.

- 35 11 |15 21 B (M. Pacific | ]{ﬂ] (i3] 72 I?S Beochey ......... .] T xai o
wom "om " 5 500 | 572 o | » "
35 20 | & gsw. |N. Atlmtie...| 420 | 506 | 655 66'8 Willerstorf......Near the Strait of Gibraliar.
3% 35 | 17 w. [N. Atlantic 180 | 624 | 636 . |B. Lenx ......... N. of Madeira,
Sy Wl . . 2060 | 6o 684 o et 8.W. of tha Azores.
Sl Wl ow . 40 |61 678 | ... T e iS-W- of the Azores.
35 41 | 35 12w, [N. Atlantic 445 | 623 | 74’5 |69 Kolzebue....... .[T° BW. of the Azores.
35 51 | 147 38 w. [N, Paciffe 24 | T2 73z 75 |Kotzebue.........|3
= BT LU ) 1] " 48 709 " i "
LL} (1] L) an m L m wl bid 1 LL]
LL] L1 L1 L1 ] L1} r lm E?‘G #n (1] AR dssmgmrar
C B " " S00 | 54 " " " . .l_]leiwenﬂ-aSunrlwir:h Tslands
L o £ - o0 | 51 3 £ ¥ and the coast of California.
"o FTR " 1 2448 | 428 - F B e
36 g |148 ow. [N. Pacific 150 | 571 | 719 |73 |Kotzebue.........
oo "oow ] ] (L1 525 " 11 ¥ ddEsarses
EEIT n o om = an 1500 44 " " R A /
36 24 |122 59k (Yellow Sea %0 |67 71 |7g |Abel.... ..|8. of Staunton Tsland.
37 3 |60 43 e |N. Padflc 60 | 505 | 61 63 |Kotzebus......... \
" on " on % n 130 | 568 # “ " Between the Polynesian Archi-
B - B . 800 | 527 ) . b pelago and Kumtechatka,
T "ow T, 1800 | 43 = " " S ]
37 o | 34 31w [N Atlantie 378 | 622 | 6897 |74 (Kotoebua.........0°W. of the Azores,
37 30 |22 4o B [Yellow Sea a0 | 66 [ i PABALL e
Ty . - o 120 | 62 fi =2 e eredTed 1 Upper part near the const.
37 38 |121 34m | ., i 00 | B (2] B L e A P
32 9 | 33 Bw [N Atlantic..| 445 | 615 | 689 |68 [Kotzebue.........(W. of Fayal.
3% 12 120 205 Yellow Sea ... oy |72 74 pa VT Gulf of Petehili,
3% 55 |165 48 & |N. Pacifie ...| 1080 | 44 (] 64 | Beecley 5 } Between the Polynesian Arehi-
R e = P soon | 415 . r - pelago and Aleutian Talands,
39 4 [ 13 Ew [N. Atlamtie...| B2R | 55 6g'r  f72rs Kotzebue . ...... }40 W. of Lishon.
LU 1] L ] ir " 576 bl " 1] EL] b blL L]
39 15 | 3z 3w [N. Atlantie...] 432 | G601 675 (6% A e Mid-oeean ; W, of the Azores.
39 27 | 12 g7 w N Atlantie...| 800 | 5597 685 jprx o ... |OMF the eonst of Portugal.

412




646 MR. J. PRESTWICH ON SUBMARINE TEMPERATURES.

TasLe I.—Northern Hemisphere (continued).

I. I1. 1. IV. V. YI. VIL VIIL.
i Temperature in
North | Lengi-
Date. J‘] aki- tude of T _‘[];,»pth degrees of Fahr. Wame of etk
tude, | Ureen- in feet. it observer.
WI':"h‘ d.tlﬁl‘la Surface, | Air.
248 184749 .| 340 | 237 'w. [N Atlantic... 300 | 58 66 | °. |B. Tenz .........|N. of the Azores.
239.24 Aug., 1825...| 41 12 |141 58w [N, Pacific .| 1308 | 412 | 665 | .. |Lenk e }mmhﬂnﬁ :
250 L " wooa P ] ' SEGE J08 - wan = T and R'iﬁlh'ﬂolumﬁl-
|z50a lase ... téa |miles off [ [N- Atlantie...| 120 | 67 827 wne POTOTEIL o es euenan } ¥
Exact position
s MR I } iz s {4 Nl 5400 |36 | o position Dot SRS
252 May, 1825...0 41 20 | 14 40w N. Atlantie.. | B0 | 58 64 6z Beae.hug venen 32 W of the const of Pos
26310 Aug., 1837...| 41 42 |16z g2 B |N. Pacilic ... }_mmf- } 4142 | 52 536 Du'.E"ethhuunnCﬂinﬂlr sound,
' 7}

|254.| 4 Jume, 1815...0 41 43 | 27 23 w. |N. Atlantic...| 442 nat | 641 (64 [Eotzebue.........4° N. of the Azores. -
|1.55.:‘_J.'|‘_‘r Oct., 1837...| 42 32 | 34 s8w. XN. Atlantic...| 4688 |46 61 64 |Vaillant ......... Between Portugal and New!
256,18 Aug., 1837...| 42 1 163 38 B |N. Pacific .| 1066 | 415 | 586 |bo2 Dll'Pnl.ilThnmra] }Eﬂnthuf]bmlﬂhﬂh- Crlii

I | (O40%) ders sound,
[z56a 15 July, 1868...0 43 30 | 38 sow. K. .-'nt.lnnt.'m...l G0 | 62 73 77  |Chimmo ...
eBl L o o 1] dfoe o 1800 | 52 B i W eeveeeee  Boundings in 13,680 feet.
| iE“rl “r T — = | » £ Gy | 42 = = "
";gﬁd Sept., 1865...) 43 qo?| 38 ow.F|N. Atlantic... G0 | 60 By 68 |[Chimmo
el T T o SR O Near the Grand Bank of
:-, J'I-l - 2k - A - o G0 | 43 = i v foundland.
L R i aee QL R 12000 | 42 i " S
5:5&’_fi1?ﬂ Aug., 1868...] 44 3 | 48 7w [N Atlantic.., 300 |43 fir Jt‘u Chimmo } Soundines in D000 feet.
2 56i | " " wom ] = A ELLY H | = s e e
gtsﬁ.r‘ | July, 1868... } West ern edge of Bank of [ 3000 | 305 | G SOl }s Rings in D000 fect.
bl < . n Newfound land. 1| coop |403 | . L
::sﬁf! e { Sty joan Floue Chpn } 1500 |38 | so | |
I 257121 Aug., 1837...] 45 5 |61 48 = |N. Pacific ... 958 | 302 | 547 |55% DuPetitThonars, | South of Kamtschatka.
|I | (709 ders sound.

| 258,30 June, 1846...| 45 30 |133 w. [N. Pocifia ..| G0 |48 sz (50 [Kellett \

=58 [ " "o " " 5 ! 120 | 48 " i "

1{10.! - “ i a8 " " l 180 45 " 1" "

;II:'nl.I i b it = ” . o0 | 47 - " R

:ﬁ:.| < s A ~ - & 00 | 47 + o o lﬂﬂﬂﬂ?ﬂﬁh&nméx:ﬂ

.ﬁq 1. % e & . - G000 | 45 - i e T

| i1 an Mmoo 1) 2 B ].g]} "1'2 " LL] 11

"55 " B "R " - - 1800 | 42 -+ s i

, gfhd = o | e ,, o B 2400 | 42 s " i

i bl W crpi | [ | »w 5000 | 42 ¥ " AR | .
| 26820 May, 1820...] 45 53 | 15 17 w. [N. Atlantic...| 1252 | 507 | 583 | - LI B }Nurthefﬂu:nfmg,
| aﬁp.l o = ol h e i & o534 | 490 o et e W
{270, O June, 1818... 45 57 | 21 23w, X. Atlantie |I 87 | 547 | 65 (65 Kotzebue......... Between Portogal and 4
2708 Sept., 1904...| 47 158 & N. Pocifie ... 480 |33 [ ... [Horner. ......... Qutside the Kurile Tsla
I:'aﬁ 12 Sept., lﬂfnﬁ...l 47 11 a3 Ig W K. .-i.tlr.mi.q:.__l 12000 | 42 e (Chivnmn. Bﬂtﬂﬂ?ﬂwﬂ“
j27e. 7 Jume, 1318...0 47 18 | 20 30 w. N, Atlantie...| 402 | 545 | 6o 6oy Kotzebus...ocons ]Bﬂ-wﬁm Ireland and
;=7=.. R A P e 42 | 64T | 6oy (b3 w s Azores.
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- TapLe IL.—Northern Hemisphere (continued).

[ II1. Iv. o YI. VII. VIIIL. IX.
s Temperature in
L:.rh!j-l ::;lnﬂf Bea. .DePth it bl e Name of licmarks.
tude, | Green- in feet. i ™ observer.,
wich. depth. Surface. | Air,
2| 152w [N AMantin.| 451 | 562 | 625 [65% [Kotssbue.........
2 | tpgbw| » . 472 | B3| 62 heg| L Between Ireland nnd  the
B lasazw| o . 430 | 528 | 625 (6gs| ,,  L....f]  Asores
Cr ) 1 R T S 420 | 51+ 638 |Bgg £ e I'
e R 492 | 521 | 595 |68 s et 52 W. of the Scilly Tsles.
48 43 6 rgw. |N. Atlantie...| 498 | 52 57 59 |Beechey ........ | Entrance of British Channel.
50 170 w. ¥ N. Pacifie ...| 1080 | 40 31 5@ |Armstromg ... No soundings, 3. of Aleutinn I*,
51 ﬂ, 161 41 2. [N. Poacific ... bHET2 34 &3 51°8 DuPetit Thounrs Cylinder sound.
(57413)
160 = (N.Pocifie .. @00 |312 | 457 - [Horper ........./Of Petropaulovski.
163 30 w. N. Pacific ..| 600 |39 | 475 46 llhml‘m_r,- ......... \
" LLE ] H L] 1200 37 ] L | """"" | & ta the 8 K. of the Alsutian
L) b i 2136 | 407 | Ffl I S, I Isla
B e
o 37 w.2N. Atlantic...| 192 |40 51 55 l'llll‘:[u ..... <ereeNorth Sea; off Whithy.
g5 1 | 35 36w |N. Atlantic...| 1500 |45 | 442 43 Parey v, No soundings,
659 | 233W | . . G120 [ 455 | 485 49 | 4 e Between Treland and Greenland.!
57 & | trsavw | Goo | 49 Dt L (SR \Near Rockall. Marcet's bottle,
Er 4: | 1406w | . . B4 | 47T | 95 (50 o [ ED""‘ do. In soundings.
sy a6 | ag 16w | ., TR0 | 48 i ) (L N [Marcet's bottle used.
5735 | 36 36 w. M. Atlantic...| G680 |44 | 462 |51°3Grash... :Bt:t“' Ireland and Newfoundland,
57 51 | 41 5w [N, Atlantie .| 1410 | & 428 315 Parry veesenwnnee| O the south of Greenland,
5% 43 (175 aE [N Pocific .| o000 |45 54 57 Beechey ....... =0y t
" i o o 1200 | 415 o [w | = e | OFF the Siberian const; Beli- |
- i e wez |45 | ., |, | e | |" ring Sen. '
B EET] b ED 252 WG L] ' L B Trmranaua ,:.-'I
gf 52 | 4% 1z w. [N Atlamtio...| 1740 | 387 | 385 12385 |PAKTY .veveennen ntranee to Davis Strait.
44 W K. Atlantie...| 480 |37 39 3o |Enbine (AL)......No soumdings.  OfF C. Farewall.
59 27 | 26 g1 w. [N. Atlantie..| 600 485 | 43 4 Wallich ......... Soundings in 7560 feet.
go'35 | 3% gw. |N. Atlantic...| 1800 | 444 | 446 | ... [Kindson......... Off 8. of Greenland.
5 e [ Entrance to Davis Strait,
g9 40 | 47 46 w. M. Atlankic...| 1560 |39 37 li.s [BAFTY ..ooreiens [- No soundings,
o roe?|N. Atlntie...| 300 |44 | sa 50 [Phipps............[OF Shetland,
53  w. |Davis Steait .| 5400 T 40 37 iSn'ﬁinn (M)...... No soundings,
Ba 12 | 36 21 w. N. Atlntic...| 1800 45 436 oo |Kilndson ......... Parallel of Cape Farewell.
6o 14 | = jo=?N.Atlantic...| 836 |50 | s7 |6 Irving ............|Between Shetland and Norway, |
62 27 | 45 3¢ % [N, Atlantie...| 1800 | 441 | 4% .o [Kindson,........ Parallel of Cape Farewell, I
7w [N Atlantic...| 2320 | 47 40°3 5075 (Sabine (AL)...... No soundings, :
55 \l.?éfﬂu.ﬁn'u]h]... 150 | 315 | 38 e | Walker. '
£ = ¥ - 300 | 295 = i Doubtful about position.
1] LE) L1} L 1] 'm :m " e Ll
L e ] et Rl iy | 1+ VORI
: | i ern part of Behring Sea,
" Fcc gn " - 120 | 205 | o | 2 |
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TasLe I.—Northern Hemisphere (continued).

L 1L | IIL IV. Y. YI. ViI. YIII.
Temperature in '
ol Green- in feet. At : oheerver,
3 wich. depth. Burface, | Air.
s1a] July, 1827...| 63 16 |178 33 x [N Pecifie .| 120 || %05 43’5 |45 [Bocchey ..o
311. o a | wom b o - 120 | 305 o i o e :
e R A (- (e e 180 | 305 | " w  eeeeeenes | Offthe constof Siberia ;:
315, i % = e i e aje | E26F ., o = P :
316, & i i % LS - - oo | S25 1 a8 pp wmmmmmms J
317- & = o T o = 1200 | 325 5 — =
31811 Oct., 1820 ...} 61 11 | 31 12w, |N. Atlantic.. 1920 1‘“2 475 W48 |Parmry ......,,....-lﬁg.nf
maiES June, 1839...) 61 32 | 33w N, Atlantic..| 1200 457 | 464 | ... mwri s
320,27 Oct,, 1818 ...| 61 48 | 1 sz w. |N.Atlantic..| 2838 |47 49 50 |Parry (ML) ...
3::.! 1 June, 1818... 63 50 | 55 gow. [Davis Straits.| 870 | 32 36 35'5 [Parry (M),
332, 3 Sept,, 13.::5{ gi ‘;? :‘; to w.?' [-"“‘ﬁ’;:ﬂ’-‘“' }. E s 138 [Parry .o
_313-15 " " R is " " 1020 a0 35 4e "
PRI ST e || i U €00 | 305 | 30 B | .
325 = ek S 2 2 . B4p | 81 31 42 et
3:E.i 5 - i - A 4 10 | S5 305 |39 At
327 4 " R i ¥ - 1200 | 300 30°% |57 a8 ameeadnmE
313,: 5 Bept, iy 5 as L8 oen |14 | gz B | s e
33g. GBept, » | W » o SE con | 205 | e 3= S
330 ! - ok & g g5p | 30T | 3o |36 i L
EELS) i i ey i L - Tan | &0 395 34 Th
332 0w n L I gAY 810 | 30 395 (33 | w0 seerecnennn
333 T Sepk, A o i o (1 O L 31 36 e Al
| 334 B : e L i 630 | 205 | 395 [ e
- (] MR T A8 600 (205 [ 302 |33 | » o
336. Sl s Pl T44 | 302 | 31 36 |1
3371 8 8ept., ., AT . i i 636 | 29 30 34 -
138 = s BT 2 & * G48 | 296 105 |35 o e
139- - e e i o - o0 0 10 35 i mememmmEeE
Ml ow ow T R - M| 205 | 297 [33 | w
141.] D Bept., o | s A GO0 | S0 3o 35 "
143, R i . Ty 20 | 60 ze's |38 "
34-3..1'} i b st - - = | 8B40 30 17 o
74411, ! kg o 4y e Tan | a0 30 35 LTS
345, & Bept, 1773...] 65 7 2 21 & [N. Aflantic...| 4008 |40 55 |P]|ipp;............13!iwean Teeland and Norway
| 346./30 Bept., ISIE...l 65 z0 | 5g 3o w. DavisSkrait...| 1860 20 34 36 thinn{ﬁl’-}------sﬂﬂﬂﬂiﬂaﬂ in 2220 feet.
3..1.7.'.|'_J'.-i Sept., lﬁlﬁ...! 66 15 TR |%. Atlantic...| 1560 | 415 43 _'i;_FITIl'lHi“ ‘sfﬂ | Tosland snd
348,24 Sept., 1818...) 66 38 | 5 44 |N. Athantic...| 1560 | 415 | 435 | ... [Beechey (L) ...J
349.19 Sept., 1815, | &8 g | 61 v, (DavisStrait...) GO0 | 30 13 15 !Su.l}inn{ll.}......
350 " » e “ = W 1200 | 29 - ¥
20

15 I (1] £ BEFF (] LE] (1] mm

352' 1] ] ELI 1 ] " L1 m Eﬁl?ﬁ s I {Ilﬁ!fm |
15321 Sept., 1820...| 67 38 | 59 rw. [DavisStrait...| 1200 | 332 | 345 |30 m!"
g4, . 6812 | Bogow | ., 1908 | 33 32 Lol
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TasLe I.—Northern Hemisphere (continued).

III. IV. V. Y¥I. WII. VIIL. IX.
. Temperature in
North | Longi-
Tati- btida of See Depth degrees of Fahr. | Name of Bt
tud Green- in feok [T — | observer.
F wich, ﬂl:-;fth. Sarface. | Air,
-.._l E— '
6815 | 68 o5 w. |DaviaBtrait...| 876 | 34 SR ol T S
9 o il U [ﬁfﬂ} a4 = L33 | R } Near the American coast.
L1 FF i L1 {1] " ”n e | B0 sesssssssaas
68 24 | 63 of w. |DavisStrait... 1908 | 30 30 1] I o sscssssssss.|lear mid-channel:
Y zg | 63 2w | o A 020 | 305 TOrRia U i | e SRS S Mo soundings in 3660 feet.
63 ag | 63 48w | = 4854 | 27 31 3.1. an.rnr & Fisher. Six's therm. used. In soundings.
6% 42 | 174 27 w. |Aretic Ocean.| 120 | 38 45 Hodgurs{lfaur}‘} OfT the Asiatic coast, Sound-
; ings very near the bottom.,
Hoon oo # 5 168 | 40-2 " 1
69 24 | 67 o5 w. DavisStrmit..| 210 | 31 325 IParr] ____________ ; {m}{ﬁﬁlﬂ'“‘”’h“‘i“ﬂ““w
70 2 164 4o w. |Arctic Ocean.| 126 | 37 49 157 .Bmlm'_r.r ......... {OMF Tey Cape.
7o 307|148  w.M|Arctic Ocean. B0 | 295 | 29f [332 i‘;‘lrmutrm:lg ...... No soundings.
70 40 | 23 36 . |Aretio Ocean.| 547 | 39 40 ... |Bravaiz .........[Bay of Hammerfest.
| 7040 | 23 35 & |AvetioOcean.| 300 | 305 | 41 |48 |Martins ... }Bn}' of Hammerfest. Tempe-
EE R BB " i G40 | 3 " o o TR rature at bottom,
J 7o 4y | by s6w. (BaffinBay ...| 466 | 31'3 | 33 ga |Berry i ]
Near the American coast.
" (T ] (1] " 1170 15 " a " sesssanarans }
.t | 23 23 & |[Arctic Ocean.| 206 | 301 | 45 rs Martins ......... }GE‘"{ - coast of Norway, bottom |
2 LR " il L1 " 'l-m :ﬁ-n (1] " ¥ ExEmaEneEn thEl"ﬂhlr‘E‘ !
16 | 176 5w Arctic Ocean.| 90 | 316 | 382 375 Rodgers(Maury) }Bctw% Kellet Lﬂg;i.m:l&bc—
L1} LR ] 1 " 1&3‘ 3‘:': " i = - =2 o, helng near b
21 | 175 22 w. |Arctie Ocean . oy | 334 FrN ..|.5 |Rodgers{ Manry) }Tl'l{-‘ :.p-:gt, {tnfl; reading gave
R n " B an ]m '37‘3 ] | BT} " (1] Ju‘ ]g
24 | 70 33w Baflin Bay ...] G528 |33 3578 R PRERY i In soundings.
[ 307 120  w.FlAretic Sens ...| 210 | 20% 157 |Armstrong ...... |1 Amaongst ice, Prines of Wales
S EA LT T S e S 'i} St
z | 174 37 w. |Arciic Ocean . ;‘I; j: 437 |45z |Rodgrn{1{uury} }withm 3 foet of |
F¥ LL] LL] L E] " L] Ly LL]
7 | mg ar w. (Arctic Beas...| 708 |29 94 |4z [Scoresby ......... Off the east const of Greenland,
9 | 71 58w (Baffin Bay ..| 450 |322 | 32 2 (PRI i, Marcot’s bottle used.
16 | 71 18 w. |Baffin Bay ...| 6000 | 2687 | 35 33 Sabine (ML). ...Soundings in G000 feet.
2z | 73 cbw. Baffin Bay ... 1476 | 30 36 Fi :I"nl‘fj‘ . B R }'.‘-Ti;-;lr Fond's Bay,
2z | 73 58 w. [Baffin Bay ...| GDOO | 287 35 iJu:'Im Ross ......
23 | 7= s5w. (Bafin Bay ... 1476 | 30 36 17 (Sabine (AL)...... No soundings.
29 | 19 s4¢ E |ArctioOcean. 531 | 4001 434 438 Marting ......... }mlmﬂ Norway and Bear
" ¢ LI 1 i " 1279 -:E'-ﬁ - ; " w T
37 | 7& 6w. [Baffin Bay ...| 1140 | 302 | 15 |355 {Snbine {!-I]l voofSoundings in 1140 fect,
30 | 74 sow. (Baffin Bay ...| 1140 | 302 | 143 19 |Parry (ML) ......[West side of the Bay.
51 |183 W [Aretic Ovean . 30 | as 36 ]{ullutlf&:mun) i
kL L1 ] L] ¥ {ﬂ 32 F Ll L1} L1}
bi) [} FE BE L m w L1} p L] L]
| Off the Ameri
n | in G s 120 | 29 ¥ ol s 5 e fw;iil_mu const, near
LL] L L] ir Im 2:. L1 LLE (1] "
L1} 1] 1] i Im -":H'? 1] Lt L LU 1n
(TR ] i i 210 | 205 #r s " i J
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TapLe I.—Northern Hemisphere (continued).

I. | I1. | IIL IV. ol ¥I1. ¥IIL. VIII. IX.
. Temperature in
North | Longi- 7
Date. 1 ::L_I tude of Sea. _]}ﬂpth degrees of Fahr. Name of Roemarks.
t:: e Green- | in foet. i oh&erver.
| 5 wich. | depth. Surface, | Air.
'_ o i o i | o o o
498, 1 Bept., 1820...| 72 55%| 75 rg w.?Baffin Bay ...| 600 | 302 | 305 |31 Parey ....covo.|Pond Bay. Mareet'sbottlen
......... A o NArctic Bea ool e | e | Prince Regent Tnlet,
) 3 i | i : £ l o H: 3 1110 4 Pa Lancaster Sound : soundi
goofl4 Ang, 1819..0 73 35 | 8o 1 w. [Baliin Bay ... 34 30 | e e 120 fert. Murcet's bottloused
Arctic Ocenn .| 2854 | 322 | 432 |42z Morking .......0b of four experiments.

4o1.20 July, 1830...
4oz.| 1 Bapt., 1818...
| 403 B Aug., 1838...

16 | 20 B2 R

Baffin Bay W 5 | 35 36 [Parry (AL)......|Near Pond Bay.

- S r. r
s TN Bravais et Mar-| [ Mean of two experiments. Be

7953 | 16 332 |Acelic Ocesn] 1010 | 883 | av® laas

|
oy

| 71 B e tween Norway and
40430 Aug., 1818...). 74 4 | 70  w. |Lancaster §d.| 1410 | 202 | b5 |37 [Sabime (ML.)...... No soundings,

485, b Aug., 1818...) 54 207 2o w.? Baflin Bay ...| J000 '322- oo ol Ross ...... Tiikraiie of Thca s
..1.\'.'!5.4 " an | Fd‘ 3 (] a8 i 'H]'LI al 1o CEL] ar Entmmmﬂauhm

l4o7 Bept, 1818.. 74 21 |11z 48 w. [Avet. America| G300 | 32 vz | 34 (Parcy (AL) ... soundings.
| | Bm-;'aig ot Mar- }}[m‘l‘lﬂf‘l‘ﬂﬂmm

408./18 July, 1838.. | 74 45 | 15 E |Aretic Ocean . 1493 | A5 | 392 B3P bns tween Norway and Be .

49 6 Nov, 1819...] 74 477 110 48 w.?'.iml,,-\mnriml x ill] :: —16PArry .ovaeenees }Sﬂﬂ.lhef“ﬁlﬁlhi 1.9
e Dy - 74 a7t 110 4B WX o 1 coo | e mmmmeseeeaes

: i land,
ara 6 July, 1818... 74 4% | 10 152 |AreticOcean.| 204 | 845 | 34 (36 |[Franklin....... s R

412./18 July, 1818...] 74 so | 50 3o w. Baflin Bay ... 1182 | 205 | 32 37 [Parey (ML) ...... OIF the Greenland coast.
41310 Aug., 1839, 74 s2 | 12 57 & |Aretic Ocean. 897 | 378 | 412 79'8 [ Marting ... }Bﬂlmhnrpmhm- L atorel

| 414 il . e A 1508 | 334 G W LA Norway and Spitzbergen.
E .ri_;.fi’fl Aug, 1818...| 74 58 | 77 42 w. [Bafin Bay ...[ 1020 |31 36 34 |Purry (ML) ...... ¥ear Lancaster Sound.

| 416,20 Aug, 1818... 74 59 | 76 37 w. Baflin Bay ...| 1020 | 31 36 |34 [Sabine (3L)......Soundings in 1020 feet.
Iq.nj.!."_’:':' Aug., 1820...] 75 2 |1o5 14w é,%.r-nt. Amerien| 0 a7 | 3o gt |Parry ... .{In soundings. Marcet's

|4:E._LUE¢111..151H.,. 75 14 | 3 53 E?|Arctic Ocean.| 4336 | 56 35 |37 Franklin (3L)... Between Spitzhergen and Teelant

] ]
f*u‘,.!l-l Aug, 1B1B...| 75 5o | 66 w. |Baflin Bay ... 1200 | 30-1 32 38 Sabine (M.)...... 1 Melville Bay; soundis g i
42 2592 | 207 cereee| 2700 feet. '
@20 L1 L] 35 am 14 v = (1} L] a1
j.qu.: 3 Aug., 1818, 75 52 b3 w. |Baffin Bay el 2490 | 20 34 38 |S“bi“-_"3 (AL).. .,.Mﬂ]::ﬂn ,___
| 422,26 July, 1839...| 75 55 g 16 5. |Arctic Ocean.| 2505 | 327 | 382 |38z Marling ... { bottom temperature,
{423./14 Aug, 1818 .| 75 g6 | 66 31 w. |Baffin Bay ... A200 | 302 | 32 36 |Parry (AL) .o }-Mehillu Bay. o
Al " v O T | BF n .'5'5'33 ﬂ'g L1 B " ap  mrmmas : .. o
|z log et o 2142 $2 |38 [Martins Mean of two experimen
225,095 July, 1839..1 =5 59 g 51 & |Arctie Ocean. a2 982 |3 ] Eaottowm, .
| 426 1 Aug., 1818...| 769 Gz w.2Baffin Bay ... 12600 | 295 | .. .. Wohn Ross ... }an, of Melville Bay.
P A TR 75 51 | 62 59 ok T 2580 | 205 | .. 2
428, i i | 762 [ T 2730 | 295 | ... i weeees | Mear Melville Bay,
4z5.20 Aug., 1815...1 76 2 ; ziw.Bafin Bay .| 821 | 205 | 32'5 |315 Sabine(M.)...... Salllmling's in 336
i n‘“mi]u ntral
43&59-’: Aug,1818.. 76 & | ,8 31w [BafinBay .| 824 | 205 | 52 jgr5 Parry (AL)...... { * Jomes Soasl.
431018 Aug. 1830 | 76 13 | 12 48 & |Arct.Occand| 308 | 3872 | 404 lorz Marting ... mﬁurhhﬂ& -
'1'31' L1 L1} oo m o mr 13 (1] lm '33‘4 L] 1] ¥ LIS L ﬁm. R
- 3 & LL] 2]03 mls iR 5E L1 GLELELEL L Im'l- ‘ﬂ Eﬂ“r -4 ]
433 1] " T " + o ;
434 D April, 1810...] 76 16 5 o E |Arvctic Ocean. 300 | 313 | 288 1z PEEby e 3
435, 3 g i B % e T8 | 338 | . o o veeneeead b I ice, 19 B.W. of Bp
435-' (1] EE] FE 1) m o oni 7] (1] lm 5'3'3 ] L L1 o
43723 Apr., 1810...| 76 16 | 10 50 = |Arctic Ocean 120 | 28 283 |16 |Scoresby .........
“'3-3' i L] LU T LTI LL] an m ﬁls " L1 L T FM “F‘
439- " " " on o " " T | 30 i " " ULt
440,24 Aug., 1818...| 76 22 | 77 38 . (Baffin Bay .. G0 | 902 | 315 |33 [Parry (ML) ......[Near Cobourg Island.
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' TasLe I.—Northern Hemisphere (continued).
—
me | o | v S VL. | VIOK IX.
'I‘I' = Temperature in
a
’ Date. I:hr!h il Sed. D'E[.iﬂ'l degrees of Fa Name of J . F
b || frmei in feet. — - observer.
l : wich. depth. Burface. | Air.
124 Aug, 1818...| 78 24 | 17 3w, IBnﬂn Bay .| 1440 | 285 | 555 |53 [Paery (M)......[Near Cobourg Island.
! L 15 76 33 77 10%. | i 612 | 25 32 36 o e Entrance of Smith Sound.
o 18L1..| 76 34 | 1o ® [Arctic Ocean 120 | 21 30 2 [(Ssoresby ......... 3
e Froy = A M0 | 35 " " S e llFrm-rl,hn wp: off the W, of
L/ o LR 1 12 ™ Eﬂm i 1 e ¥ wamamamen sl.'ll.tih'l'gﬂl].

ks :H £l oo 1] an i) GO HT B " K mvEamamas /

j“’f‘“’mm'" 76 35 78 w, (Baffin Bay ...| GO0 ﬂl.l? LT Sabine (AL)...... } Entranee of Smith Sound.

-'"'q-l" . L L LA ] EE] EE am l‘l:‘ﬂ:' Eﬁ i1 i1 L B vmwasn Off 8. of Spit;bﬂ]:ggil Fﬂ"ﬂ:-
| e ) Franklin & lin aseribes the high tem-
i H-m. 1818...] 76 28 | 12 26 k. |Archic Qcean.) 4200 | 43 33 29 { ]3:,_.],::1_.} pera.lure-l.uthuwntt':-huck%
|5 being examined in the eabin,

‘ﬁ'ﬁm =6 57 13 29 B |Arctic Ocean.| 515 | 374 378 373 [Martins ... Meanof 2 expts. each: off Spitz-

3 .-i_i"‘ rr L] oo " EH] 1H0 HT " ] U] ARES RN L -t KR KR

: y 1811...] 77 1% 8 1o ® [Arctic Ocean . 120 | 203 29°3 16 [Scoreshy ......... 1: |

A W mom EERET] 1] an 240 o3 " " " ana !'_II'I i(iﬁ‘.hl:ljr the W, copst of
) 1 £ LI 1] C T (1] LE] w m (1] L2 EREAT A EER Lo 1 I b‘]:lﬂ“- rgen.
B '!i- ' UL ] EERE T ] (13 am [m m 3 ] = 5 |""
E,}’ , 1813.. Aretic Oeean.| 200 | 2003 o [Beoresby......... || Amongst floes; between Spitz-
N b ik 5 - . i} bergen and Greerland,

e i (L] oo 1] " il | " L] " SAIES |“ P et
AT . : | 1. P (Mean of 4 expts. : at bottom.
m:m« 77 43 | 12 17 E (Aretic Oeean .| 397 | 343 | 364 1359 Marting | o bl:-t;m: Ehifehitee

) filnl, 15171. 73 2 & 10w, |Arctic Ocean. 45606 | 38 32 36 [Seoresby ... { aael Greenland.
 Aug., 1839..| 28 41 g 39 B |Arctic Osean.| 3521 | 835 | 347 [36-3 Marting ......... I!I-L-.'nr.]. of 4 expts. : at botbom.
ay, 1816... 749 5 4o B |Arctic Ocean . I i | 2q 34 |Beoresby ......... l‘l

{ -;.;'ff Y e g e = | s - e TR | l-.‘l[uo'red to a fles, NW. of
.‘ﬁ AN LI [T T 1] " 3"'2 B'l-ﬁ L] " IR i :'- Slﬂtﬂ-bl!rgﬂll.

3 S T " TR [T 19 FL] Sl s " " ---------EJ
l* Fa " woow 1] " 2400 bl " LU L ol i
1 May, 1816.... 79 4 5 38 E. |Arctic Ocean.| 4380 | 37 2q 38 |Scoreshy ......... Amongst floes

o l-m-- 79 13 10 54 B |Aretic Ocean. 213 | 342 | 357 [38 Martins . . II.'.II'E !:Ia]idnlmm Bay,
i" "l LU K 3R 1] EE] 4:.]'1 '3"1-1 " (1] L] ""'"""'j‘iBIPt& hp“z rﬂm].
iy : ]
June, 1818...| 79 44 | ¢ 335 [ArcticOcean| 900 |3t | 34 |35 [Froukl & Buch At bottom.
e | r
1839... In [Magdalena |Bay. 79 | 824 | 332 386 Martine ......... ] Wt otast of Bpitabecgen,
Nche " " i 361 286 .\ L2 =t
Jun 1827, 79 49 15 11 E. |Arvetic Qoean.| 441 | 202 3o 38 [Parry |'I
ime, 1827...| 70 49 | 15 17 [Arctic Ocean.| 450 | 207 | 305 |43 [Parr¥ ceeon
3 L] "o ET T " " 47 20r8 3 43 [+ 5 Bt ik
S " "o Woom " ] 4t 208 3t i ¥
¥ n o o i s 492 | 287 s 41 T I"-“i Beset in the dee : off the north
" " o woom " e 402 | 30 2 +3 - 1 [ coast of Epitebergen.

:_ - " 1] TR Hoom ¥ 8 My 205 32 43 ot G e

_‘-.H--TMI;. 1827.. 79 49 | 15 22 e |ArclicOvean. 408 |30 31 39 [POTTY ceeeenren
:L Cikm Ll FLIT [T 5 1 408 | 20 = 139 e "

T_'. L an L o (T (1 i 408 | 35 39 " =

E' i " poe oo 1] |: 408 208 s |33 L L

(1=
w
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MRE. J. PRESTWICH ON SUBMARINE TEMPERATURES.

TapLe I.—Northern Hemisphere (continued).

-

I | 1L III. IV. Y. VI VII. VIIL
Bt Temperature in
l. Date. | 1oA8 | tuo'of | s, | Depth | dogroes of Fabr. | Name of Remarks.
| beia. Gr?,.m_ in fect. " : ohserver.
wich. depth. Burface, | Air.
g2, G June, 1827... 7.'; q.l; tug a2 x, |Arctic Ocean.| 408 | 22 3:'5 3;‘5 PRIEY: :-i-neescant i
483, o £ o ] - o 456 | M5 oy (38 o
43-‘- 1 L i 4 [T T " n b b io i7 *®
'1'35'. - f - AT - " 408 | 25 2y o
4386, " I [T woon I " 430 207 32 41 "
487. & - i e = o 438 | A0 10 38 R e
438, woom W e A 474 | 202 31 g2 1
4%g. T June, 1827...| 79 50 15 30 B |Arctie Ocenn. 212 | 20 ji's 138 |Parry
F92 38 i FERT W " " a1z 20 3= e "
490, " " o T " " G5 a0 33 37 "
452, = - L RS - o 318 | S0h s lzg o Beset in the lm aff th
493 1+ i noa wom e i 318 20 31 31 " B UEM
4941 - i 5w T " " 32 | 30 305 @eE| w R
495, " i T noom " " J30 29 1'% J4r + -
4980 w om "o i nooom 436 | 30 32 42 -
497- L] " ow noom " " 248 | 298 38 39 ¥
408, & . oy i iR -, - S5 | o0 305 |gd fp ewedEEREESs
Fh0. i " o " om » " 408 &0 8 142 ) e AL REEE N A
so0, T . =t s - 0 A58 | 205 11 40 ) bl
gor.| 8 June, 1827...| 79 50 15 joE, |Arctic Osean.| 288 | 288 30 42 [PRCYY ..cocaneeae
go3, T " e a5 - - 312 | 20 32 g0 art s
503 noow "wom et wom 231 - 202 | g5 e s e
goa |20 June, 1818...] 79 51 1o E. |ArcticOpcom. 102 | 34 33 34 |Frankl. & Buch. \ N.W, of Spitzbergen. -
15 e e = i 3 34 3 34 il T ings.
5-::-|3.i‘.'.'“.'! Jume, 1818...| 70 51 1 E TR 102 | 34 34 19 o - }Hm de kil aah
| o] o o T = . . 114 | 34 4 37 T -
50827 June, 1818... 79 514 | ., O 432 | 345 | 14 |36 w w |Neariee
sog 19 May, 1827...| 79 55 | 23 46 B |Arctic Ovean | 372 | 29 285 |13 |Parry .. }Zﬂhﬂ: N. of Spitat
SO, = . b i ” iy L 95 23 14 o r e
51018 May, 1827...| 79 56 | 13 39e [ArcticOcean.| 570 |30 23 2% |[PRRTT csmimnamanas }Fﬂﬂ-: N, of B¢
Sz, " - i o AL 432 | 285 | =3 15 (0 fiasaha raR iy
§13.[21 June, 1818...| 79 56 | a1 ok |Arctio Oecean. 114 |31 30 ze |Frankl. & Buch, Tes around ; bottom.
eralt L, i 79 58 11 25K | - 144 | 31 g {30 " " At bottom ; besot.
515123 Jume, 1818...| 79 39 1o 12 B |Avetic Oeean . 126 | 825 315 |30 Frankl. & Buch.|Besct.
gr6f2d ,, o T || o S 1958 | &1 30 30 P Beset : off the land.
si7. T June, 1816...| 2s 5 B |ArvcticQOcean.| 720 | 363 2977 |go |Seoresby .........|Besst: N.W. of Spitzber
518.|16 May, 1827...| 8o 1 13 5E |ArcticOcgan.| 564 | 200 | =87 |18 [ParTy cosseeennns
518, o g B P . ey 006 | 285 | 285 i8] » cereenennn }ert: H. of Spitzbergen.
s2o.015 i e - o . oG | S0 28 17 §r mesmsmrmases
[+ r.|15 May, 1827...| 8o 4 | 12 30E. |Avetic Oecan.] 690 | 82 295 (47 |PArTY .eciseseess-|N. of Bpitzhorgen.
gn.lﬂ July, 1815...) 8o 13 11 51 B, |ArcticOcean.] 498 | &8 | 31 31 |Frankl & Buch [Atbottom: N.W. of Spitzher
gl 014 |1z mzm | o w 570 | 858 | 325 l4rs w m  |At bottom.
52423, " fo 13 ] i R 438 | 368 | 3=z5 Wy I At bottom,
|
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TapLe I.—Northern Hemisphere (continued).

* F
II1. 5 V. YL VIL VIIL. IX,
= Temperature in .
N | 20| || oo Somet | g
tude. | Green- i PR | obeerver.
mﬂh. 'ﬂ-E'Pﬂl. Burface. | Air.

85 18 | 11 4or. |ArcticOcean.| 589 |86 | 335 (34 |Fraskl & Buch. At bottom,
Sa1f | 10w | » o, 70 | 3 33 35 i e )

‘ferg | 12 2sw | S T4 | 36 32 oo
fo 20 It-1ak | L. o T80 | 365 35 3% % o

fo 20 | 10 g5 E 660 | 355 o 3o . o North-west of Spitzbergen. At
55 " " L 5 3 et hEB-Ei!t], T phicas

iy 2a L el 4 870 | 368 3 -36 A i rature of the air is taken
8o 20 ITage |y, & 520 | 36 jz's |36 3 i voan Marcet,
8o 21 10 1T E, - @ 048 | 355 o 5 £
20 22 1o 30 E - & 720 | 36 3z 4o " ' |
8o 22 10 38 | o w 1410 | 355 32 4§75 i 4 |,¢
J 8o 22 1T E. |Arctic Oeean.| 1302 | 37 3275 .= |Franklin {H.‘J,..:E',nfSpitzmrgm: : roeky bottom,
moar | TOEEE | o, 1422 ! 350 | 315 |40 S .N of Spitzbergen : beset.
fo 2y | 11 14k [Arctic Ocean.] OIS | 365 315 |41 |Frankl. & Bueh.|
Boiaf | rogse | o 1308 | ] { 32 39 8 = A R L
|

Bo26 | o0k | . . 1086 | 36 127¢ |36 O

.| B0 26 11 38 E. |Aretic Ocean.| 720 | 36 31 35 |Franklin (ML)... N.W. of Spitzbergen : beset.
.| 80 27 10 20 E. |[Arctic Ocean.] 1188 EE | 32 18 |Frankl. & Buu:l:.:} RS R

fo 27 I K| = 1710 | 855 34 = i I

.| 80 28 10 20 B |Aretic Ocean.| 1110 | S6°2 32°% ... |Franklin (AL)... Deset.

| 8o 30 | 16 B |Arclic Ocean.| 360 | 39 36 32 |Phipps.........ocs Under the ice.

 fo &7 18 2z E. |Arctic Ocean.| 570 | 208 31 sh PRIy |

Bogn | 19 7B | » w 450 | 29 30 a5 St | ¢ N. of Spitzbergen.
LN | S P T e R T e e

|
Booab | s1ase | . . 1038 lﬂﬁ‘ﬂ 3fs |19 e |
|

The observations where it is said that Marcer's water-bottle has been used are not reliable, There is an ambiguity in
remarks in WiLznsrorr's ‘ Voyage of the Novara’ “On the Temperature and Density of Sea-water at Depths,” which
should exelude those obssrvations also. The irregularity of the readings would seem to indieats that the temperature is
it at time of taking the specific gravity than that at time of emersion of the apparatus. Some may be about right,

‘much wrong.

452
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Tapre IT.—Southern Hemisphere.

o Rl A VIL VIIL
i Temperature in
Longi- pera
| Date. Fﬂzh tu:.'lag:::f Spa. Depth | degrees of Fahr. | Name of
| mﬂﬂ- Green- in fect. T = e TRemarks
| " | wich. dept,| Strface. | Air.

val May, 1804 & o |14f ow. [Pacifis......| 1200 | 695 | Sk | = [Homner ... 100 NW. of the Hurqm_
o 5 Mar., 1858...| o 13 | 58 26 & |Indian Owean| T80 | 41 81 -+ Pullen () ...} | North of Seychelles
I AT e e 11760 | 677 | . sea] e veew| [ Weather bad, and r

3- | L1 # (T wm e an " lm '&“ 1] LLE) (1] EEECEL S
& | 7T Feb, 1838...] o 31 | oF 19 w. |5 Pacific...... “ﬂiﬂf 40 fo7  [842 |DuPetitThouars Cylinder sound.
| T E)

5. IT:I Dec., 1857...] o 46 | 82 435 [Indian Ocean| 720 | 774 | 22 #1°6 ' Wullerstorf.. ... |In mid-ocean.
6. | 5May, 1818...] o 53 | 20 28 w. [S. Atlantie ...| 480 | BTY 83 %3 |[Kotzcbue.........|Between N, Brazil and @

7. | 8 Feb.; 1-&33| o 55 g7 7w (8 Pagifle...... -{!’ﬂ'ﬂv} 374 | 797 |86 |[DuoPetitThou linder sound.

=a| May, 1804..| 1 5 |146 w. & Pacifie...... GOo | 54 Bz'5 | ... |HOMMEF cvonnnes Near No. la.

g, | 4 May, 1818...] =37 | 19 50w, lSz‘-. Atlantie ...| 480 | 571 83 f2r5 (Kotzebue.........|In mid-ooean.

g | 7Aug, 1845..0 2 32 | 30 ;3 W |s-1. Atlantic .. | 2400 | 305 | 78 (o | Kellett............ Soundings in 17,970 feet.
3

e, (25 Mar., 1843... 33 g 11 w. 9 Atlantic ... 1800 | 4G 79 .e- (Belcher ......... 3

i | (e S 2400 | 987 | a1 o

iz, | - .1 e B " o S000 | A6 5 o

13 : " (1] LR LLE 1] 1 s HELL 405 i L] Detween Asconsion Tsland
14 % 0 i |t L 42N | 46 i s " tho coast of Guinen.

13 W wom v = ot EETLY 45 T -

16, = .. o e i 500 | 4002 - -

Ly T now ahT e GO0 | 427 - g FE)

13, 14 Jan., 1847...] 2z 37 | 26 15w. (8. Atlantic ...| 1608 | 53 8o 7 |Dayman ..........Between St Paul and Asce
19. | Sept, 1816...| 3 26 7 39 & (8. Atlantic ...| 8610 | 42 73 v |Wauchope ...... J&mﬁrﬂ%
so. | 3 May, 1818...| 3 42 1% 41 w. (8. Atlantie ...| 426 | bb 826|835 Kotzebue......... Hetween anlml&uw
21, (28 Bept., 1827...| 348 |123 7R IF!. Pacifia...... 425 | T4 83 816 |D'Urrille......... Amongst the Molucea s
22| Aug,1836..| 358 | 137w [S Atentic..| 1800 52 | 73 | .. |Wauchope .....39% to haul in,

23, (18 July, 1827...] 4 4® |152 4ok 4. Pacific...... a12 | Bl B3z :351 ¥ Urville. ..o wer. 0N Now Ireland,

as. | 2 May, 1818...] 5 & | 37 14w, |8 Atlantie ... 78 | BTG | 816 ih Kotzebue.........[In mid-ccean.

-c. 15Jun, 1847...] § 9 | 27 stw. 8 Athntie..| 9018 |54 | So 78 (Dayman ......|] Enstof Juan Femnando.
26, T 7 s Vi 1758 | G0 i = T S ing probably reversed.
2+, 3% Feb., 1858...] 531 | 61 515 [Indian Ocean| 13080 | 35 8a .. [Pullen (%) ...... In soundings.

a= 10 Mar, 1836...] 5 590 | 24 35 .S' Atlantie ...| 3733 | 487 | 79'5 [7o's Vaillant ..........Cylinder full.

28, | 1May, 18180 6 35 | 15 34 w. & Atlantie .| 330 i) 81°5  |Br'7 [Kotzebus......... K. of Asconsion.

29. (26 Feb., 1858...] 7 12 | 6o g2 m |Indian Ocean | 12000 382 | 81 | ... |Pullen () ......No bottom at 13,524 feet.
2o (21 Dhee., 1838...) 7 29 85 18 e |Indian Ocean L fTE 33 Btz (Pt ....o.o.oean 1 Between Sumatra and
31 (20 . 754 | Bsaem | w5 s 240 | 81D | B4 BEE] 4 cereaden } Mauritius,

sral July, 1830...| 7 54 (132 53 W 8 Pacifie......| 2700 | &5 | 74 v |Wilkes............ Between Poru and

32, ;11‘. Jon., 1847...| 7 55 | 20 11w 8 Atlantic ...| 1008 | 53 g0  [79 (Daymon ... }

33 " ¥ ELI ] Boom " 1t 18 47 " 1 " 0 R—

14 Im Apr, 1B15...| 8 1§ 14 W !.5. Atlantie .| 367 |04 So'3 (303 [Kotzebue.........[Near Ascenzion Tsland.

35 |!T Oct., 1858...] % ar |16z z6 B & Pagifle...... an | &5 | 842 (832 [Wiillerstorf......

ol o o] s a ol ase I St of th Selomon ek
ri " 2 " mom | : ¥ i 00 it " " "

OF SRR B S | rmeiiEEE] il ey




MR. J. PRESTWICH ON SUBMARINE TEMPERATURES.

TasLe I1.—Southern Hemisphere (continued).

G55

1I. III. IV. Y. VI. VII. VIIL IX.
Menn Temperature in
South & 2
2| tude of Sea. r]}ﬂ[l'ﬂ'l degrees of Fahr. Wama of Bk
tude, | Green- m feet. 7 observer.
) 3 ‘iﬂhu ﬂE‘Pﬂ.I. Sl.l-rl'l.ﬂ!., Air,
'r_. : LI - | =] o o
B8 Dee, 1857.... 9 30 | 30 38 w. (8 Atlantic ...| 5230 | 41D | 8o <o (Pullen (%) ......[Soundings in 7630 feet,
{20 Apr., 1818...0 9 39 | 12 46w. (8 Atlantic ...| 420 | 601 | 794 (807 [Kotzebue......... {“ﬂ;;ﬂ A Anelhs
19 June, 1850, .i 107 Off Paru (8. Pacifie......] 408 | 597 63 Wilkes.....oonrees Latitude cstimated,
. 23 Feb., 1838...] 10 54 | 58 44 % |Indian Ocean| 2640 | 516 | 83 Pullen (&) ...... } Xo bottom in 7920 feet, Pro-
| nas0 | 415 bable error in reading of
L e EERE: - ™ : i L i | Ingt depth, from shifting
" o Mmoo T | " an ?“-m 51-5? B LLL) o seammaf Uri'ﬂd“. _
‘@8 Apr, 1818...| 1 11 | rrarw S Atlntic .| 482 | 655 | 785 (803 Kotzebue......... B‘?__:I"‘:;:E! Aseengion and Bt.
3 .‘FE“, 1836 ...| 1=z 97  E?|Indian Ocesn| 2178 | 43 |FiizRoy ......... Near Kecling Tsland,
| [ . e i
& July, 1830...| 12? Off Callao (8. Pacifle......| 1800 | 5l [ Wilkes.......o.... } Lakitude estimatad.
: - L o I=? " Ll B a8 lT'm ‘5“ TO man B sEamasamiEmam -
\::_ a‘l"l m 1z 32 a 53 w. & Atlantic ...| 868 | 508 212|783 [Kotzebue......... rm;ﬁmu:-“mmﬂﬂ and B,
(23 May, 1837...| 12 39 | 77 7w 8 Pacific....| 682 | 557 | 678 644 DuPetitThousrs Cylinder sound: in soundings.
q Tiln., 1847 12 49 | 32 23 w. |S. Atlante ...[ 35 | 80 B1 79 |DAymnn ...o.... !ﬂlf the eonst of Brazil,
- 1847-49...... 1328 | 28 w. 8 Atlantic ...| 360 | 728 | Se2 | .. |E.Lenz ... Between Bahia and Ascension.
93 Muy, 1887...| 13 50 | 76 41w, . Pacifle.....| 683 | 554 | 65 (68 (DuPetitThouars | C¥linder sound: off Pisco
 Apr., 1818..| 14 12 | 7 55w 8. Atlantic .| 339 |62 756 |74 |Kotzebue.........[North of St, Helena.
. December ...| 15 31 w. 8 Atlantic...| 860 | 746 | 78 Horner ......... ]
; ‘ﬂl‘mlﬂ!ﬂ-. 15 1 | 23 14w 8. Atlantig ...| 3400 | 4008 | 77 Jomea Ross ... b No soundings in 27,600 feet,
II L1 " I} arom " = Tﬂm '39':' L1 BB mwaeas J
{19 Jan., 1847..| 15 5 | 34 44w S Atlantic .| 1336 | 50 82 79 [Dayman ......... . }mr Bahin, Brazil : reading
I w oM LU r " 1902 62 L] " B mmmnmasas 1 probably reversed.

} Apr., IB16...| 15 26 | 133 42 w. S. Pacific...... 60 |79 | %o [198|Kctzebue.........|\

:'.. T wow . n LI 120 | 79 " i B ARt |l‘\'m-1h of the Low Islands;
i " " moote woom " a S0 788 i " B sreemenas ¢ or 15% K, of the Eoriety
t“ ; . - J Tslands,

o " LT o v " (L] [ ” " 0 wmemesnas

| ‘-__ﬁ_. h | T} FLRE L " e 1206} il L] an EF CECLEER T

7 Oct., 1827...| 15 40 |120 sor (Indian Ocean | 2136 | 46:2 | B2y 8oy |D'Urville......... Between Australia and Java.

ll.'nur, 1839...| 15 55 | 1o z3w. [S. Atlantic ...| 1066 | 536 | 74's (748 [DuPetitThouars E“;'ﬂit::u_ sl neak B

July, 1826... 16 26 4o w, |8, Atlantic ...| 060 | 515 | 736 [70°6 [D'Urville,........ Between St. Helena and Brazil.

Apr., 1818...| 16 14 5 7w |8 Atlantic ..| 276 | 628 | 743 |72°5 |Kotzebue.........[Near St. Helena.

1827...| 16 4o |120 zo k. (Tndian Ocean | 1068 | 603 28 516 |D'Treville...oee... [OF X)W, coast of Austealia,

3 Apr., 1818...| 17 5% 31 8w [B. Atlantie ...| 327 | 581 | 717 |75 |[Kotmbue...... 5.E. of 8t. Helenn.

i&ﬁ"‘ﬂ ay 1y g3ty | . % a0 | TeG | B4 e |H. Lenz. Jl.]'-?urmﬂ, error of longitude.

Nov., 1827...| 17 30 | 155 20 & 2 Indian Ocean | 1002 | 558 | 8o 788 D'Urvile....... ‘il";ﬁ"’:ﬂf el

| e sall 17 300 | 1307 200R. . i G40 | 738 Eob :3: Sl et li ear the Rowley Shoals,

Jan, 1847...| 17 42 | 36 20w 8, Atlantie ...| 702 |67 g1 jﬂﬂ- Daymai ......... Dﬂ'{lllc -uu:}ar. of ]}sr:zilj_

S : - , Amer. Journ. Sc., :
[0 July, 1890...] 17 54 |15z s3w. S Pacifie......| 2700 443 | 74 | .. |Wilketooowooo. f e J
30 Oct., 1827...| 13 119 so k. (Indisn Ocean | 480% | 755 | 788 |Sor (D'Urville......... }_’.‘imr the north-west coas
j m " ] woon - 9 S0G® | F008 Su’a 79 - of Australia.
| 4 Aog, 1830...] 187 [rao  w.P8 Pocific...| 300 |74 75 . [Wilkes

o - T - o o GO0 | D " wes T Botween thecoast of America
J ! o i i 1200 | @1 4 o > 5 and the Society Islands
am 5] a1 II i L1 LL] lm E"‘J LTl 'I "
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MR. J. PRESTWICH ON SUBMARINE TEMPERATURES.

Tasre I1.—Southern Hemisphere (continued).

11 IT. I1I. IV. V. ¥I. VII. VIIL
y Longi- Temperature in
Date, | South | Bt | o, |Depth | degrees of Fabr. | Name of
cude, | Green- in feet. 1 ; observer.
wich. dopth, | Surface. | Air.
$1./31 duly, 1857...] 18 7 | 37 16w |3 Atantic .| 210 | 758 | g3  |ras[Willerstorf ...
B2 T Aug., 1830...| 18 14 |125 W |8 Pagifle......] 60D |75 77 . |Wilkes...
83| T Apr., 1816...| 1% 17 |124 56 w. (S Pacific...... 0 | B85 =8¢ |79°2 |Kotzebue
LI T [ e 750 | 68 796 |80 w wesenen| 0 Jarquems: and ;. EEME
5. 2 " woo non " 1 1050 | 675 T8 |79 ¥6 a
R b | R 1900 |54 | g9 [Bo | o s/
87| Jan, 1826..0 12 38 |136 1w |8 Pacifie......| 1410 | 70 6 765 [Recchey .ouen. [N
88, ﬂ.r\.pr, 1818...| ag 28 | ¥ 25w 8 Atlantic ...| 393 | 628 | 73 7271 |Hotzebue.. Cape.
g 14 Dec., 1857...| 19 34 | 27 19w 5. Atlantic ...| 2400 | 53 76 Pullen (u)
g i ¥ oo o T " 4800 | 385 i "
g-l.| o = B o i " 7.'-"‘m "“‘2? 5E B wesis
9223 Bept., 1828...] 20 7o 20 & |Indian Oeean | 6194 | 453 | 734  |7v2 [ DUrville......... { _
9317 Apr,, 1827...| 20 20 |174 10w [8. Pacific...... 1602 | 517 | 778 |38 . e |Amongst the Friendly
04.21 Jam,, 1847...] 20 10 | 37 58 w. |8, Atlantic .. a7¢ | 59 8o 78 [Dayman ..oeeee }Gﬁlhamutulﬂmﬂ..
LA B e el (- 7T Ll 1836 | 50 ,, . = e : '
96.16 Feby, 1858...| 20 14 | 59 35 & |IndianOcean| 2880 | 506 | Eo Pullen (1) O i ekt mt of X
97. noow A i e LEL0 | 40 = " ritius,
58, " 0 "om o = = gzn0 | 406F| . i P h
0031 July, 1828...| 20 4z | 29 20w |8 .d.:lnnl:r: -}ﬂf 604 | 728 ;"I‘ D'Drrille......... Hﬁtm;dm
10020 Apr., 1818...| 20 31 o 54 % |8 Atlantic .| 867 | 608 | 735|708 |Kotaebue......... Cape.
101,| July, 1825..| 2o 38 | 38 46 w. |S. Atlantic ... 2760 | 435 | 73 71 |Beechey ...coaen \Near the const of Brazil.
toz.| 8 Moy, 1847...] 20 42 | 58 47 & |Indian Ocean| &40 | § 77 76 [Dayman % }E. S 2 .
123, o o o ST s o 1800 | 47 e T L et
tog| Feb, 1820 21 190 | 130 23w, (3. Pacifle...... 1200 | 5B5 | 800 |76 |Beechey ..o
Between the
196, " ] P T " H 1804} al = ¥ M and Pitexirn Teland,
106 ., - T W e 2400 | 45 4 " m e 1
1o 6 Feb., 1850... 21 st | 149 59w (8. Panific...... 1080 | 713 | Br6 |3=g [Willorstorl...... H&rm ;J:.hm
108,18 May, 1847...] 21 53| 56 45 & |Indian Cecon| 1002 | 63 - 77  [Dayman .......
100,18 Jan, 1819...0 22 31 | 4o grw (8 Atlantic ...| 600 | 605 | 747 . (Wonchope ...
110,17 Feb,, 1837...] 23 10 | 43 2t w. |8 Atlantic .. 373 | GO 72’5 |74°3 [DuPetit Thoua
i July, 1825.. | 23 32 | 41 12 w. |8, Atlantic ...| 1200 |56 | 75 |71 [Beeshey ...
11215 Sept., 1857... 33 49 | o jow. [S. Atlantie .| B840 |563 | sys |55 [Willerstorf......
11330 July, 1837...] 24 7 | 54 2o ® |Indion Ocean| 4740 | 43 g8 |70 Vaillamb . .oeenies
11410 Moy, 1847...] 24 16 | 56 53 B |Tndian Ocean| 1082 | 71 75 76 |DAYIAN .ooennes
115, Dee, 1825...f 24 35 |r27 w8 Pacifie...... 1440 | G055 | 96 765 |Bemehey .......
106,27 Bept, 1972..) 24 44 | 24 sew |3 Atlantio ...] 480 |08 70 725 | Forster
117, G Ang, 1857..] 24 54 | &3 10w |8 Atlamtic ...| 84 | 728 | 7202 |72°3 |Wiillerstorf
18 1 May, 1839...| 25 10 7 5o b (3 Atlantic ...| 6316 | 874 677 |69 DuPetitTh
ImOrning)
tig| 1 May, 1840... . e LY 5316 | 404 | 672 (675 =
(noon) (37°4)
120 Apr, 1828..1 25 30 |168  w. [S. Pacife. a0 | 69 %o |80 |Beachey ...
121, I " T " S - 13 | 58 i I i
T2z, " " woom " " " 1360 a0 e " "
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TasLe II.—Southern Hemisphere (continaed).

|
III. IV. Y. ¥1. VII. ‘ VIIIL. IX.
] =
Longi- Temperature in |
Sgnkh tude of Se Depth degrees of Fahr. | Name of =
Lati- i, ¥ Gz w0 Ilemarks.
Groen- in feet. | observer, |
MH. . At o |
wich. | gtk Surface. | Air. i
|
-:; 10 mi’ w. [B. Pacific......| 2400 ': -1:-? o %o Eﬂewlu-y ......... |Tﬂ' the N.E. of Easter Island.
.| 25 40 |16a = |8 Pacifie...... fy | YO i . [Wilkes............
LLE T a3 L1l (13 lm 7:'! m B mracmesssseeas
LLES L} i1 " (1] lm’ 7’3 am B ErEmEvEEEEEE
" " EL] " L m .-ila a8 fF  rararssemsas
FUR ] an an 1] m Tﬂ [T wm 5 eemsmcmmEnEn
" r T 360 | T1F & N
" e 40 |15 | (b [ e R L Batsrans: Wiw: Booih Walss
O] " " " 450 Ti:o - wns I e e s i r anl New Caledonia.
"1 e " ;. el (5 . e R = = e
P L] L1 i " ‘m Tﬂ? i e Tl T
[ | W " % 12300 'ﬂﬂ'-'._:l o - EE e it a
M e L L] L] lm ﬂ; B L] 1] CECPT RPN TR
LR . n ar m -53 (1] L
T REET] " " s SO0 44 W B rerrmrsamess 'y
25 48 | 61 6= [Indian Ocean| 900 |62 74 (Dayman .......ly Boweon Mouritius and Isk
LT ] LI 2 " 15}3] 'ﬁ'u g It 2 T “:lf a.h“mrd-ﬂrﬂ.
26 40 g0 w. [ Atlantic ...| 1386 | G0 66 Dayman .........
E ! o i }ﬂﬂtbu const of Brazil.
(. L | ) " L] -’.l}ﬁ- "I B ELl i wEmar v
26 g9 | 58 45 |Indian Ocean| 840 | 63 71 74 (Dayman ......... }E. of the Mauritivs. Heading
g nom . A 2160 | T3 o o A L probubly reversed.
26 34 |01 28w, 8. Pacific...... 660 | 63 72 7t [ Armstrong ...... Betweon the Bocioty Talauis
wom T - o 1110 | 53 o - Lot iy ] andd Chili,
26 36 112 4o w. 8 Pacific......| 2508 | 44 745 (71 (Beechey ........ )
g i e i 3340 | 43 - - o e Weat of Easter Island,
LU o om a8 B ﬂﬂ'lﬂ H‘ﬁ?' i T B mamams
':.\5_13,5 71K E Atlantie ...| 5315 | 417 | &8 68 DuPetit Thovars Cylinder full ; near the Cape.
el ndinge; desoent :
| 26 46 | 23 53w |8 Atlantic...| 16200 [35 | 75 | ... Pullen....... o ok et Uil
26 47 | 98 3o [Indian Ocean| 5316 | 428 | =38 |74°3 [DuPetit Thouars Cylinder full ; in mid-ocean.
i (5200) (387)
26 53 | 174 31w (3. Pacific...... T 1 5&2 667 [667 'I}uPulitThuumlﬂj[im]ﬂr full; Kermadee Island.
) (4987) (421)
26 56 | 57 31 & |Indian Ocean | 1200 | GO 4 7o (Dayman ......... i
o o N o s100 | &7 y . p }Bq'rul'h of Mawritins,
27 9% gox |IndianOecan | 1602 | 523 | »eg |6g (D'Urville ... Between Mauritiusand Anstralia.
27 17 (103  w |8 Pacific....| GO0 | 645 | 635 |66 [Beechey ........
_ Between the Socicty Islands
B RR 1" " " 1260 alD - " " EPEEEr and Chili,
LB ] ] " (1} ]-Bm {'ﬂ 4 (1} rr LLLLL LUk
27 20 | 38 1w |8 Atlanlic ...| 1082 | GH 76 73 |Dayman ......... Hotweon: Bhio River Plils and
FTRT oo " " a2 | 4Ol - 2 " et e the Isl. of Tristan d'Acunha.
27 30 | 41 E. (Indian Ocean 30 |745 | 756 | ... |[FitzRoy .........
FLR T I " " 48 | T42 " R ir seeseees | Botween Natal and Mada-
o z wooow 108 | 74 o W cnmesasd Eascar,
LLER - LL] L R lm Jl'* FE e an --I




MR. J. PRESTWICH ON SUBMARINE TEMPERATURES.

TaeLe IT.—Southern Hemisphere (continued).

L 11, | IT1. IV. ¥ Vi | VIL VIIL.
. Temperature in
Date. "L‘I:::E' }:i-_'[rll}g:f Hox, _Depth Illléﬂil'j:.l:ﬁ of Fﬂ.llr_. Hamo ol
tude. | Green- e At ; S
wich. ,I&P,h.iﬁ“'rf““ﬂ Air.

165,15 Moy, 1836...| 27 50 | 41 ' % |Indion Ocean| 168 |78 | 756 | [FitaRoy oooernfy
166, o - e i = 3 MO | 725 - ann - £
iy, I " I woon ” " " 288 7l " "
168, - - T o £ = H L il 5 i T

| thg. - .. e & = = 450 | GS o 2

: 174, - = o o 3 5 GO0 | G40 - 5 5 5 !'
171, R N - S 1200 | 585 = o
172, S o i F 1804 | 555 W ..

| 173 i " I BN i i 1 2400 625 i I

| 173 a8 " — i 8 13 | 2520 | b2 i ot 5 ¥,

l:?j.:ﬂl May, 1847 ...| 27 36 | 6r o9& |Indian Oeean| 1008 | b 74 69 |Dayman e l
176.11 Feb., 1830 ...| 27 47 |100 20 & |Indian Ocean | 5316 | 37 =38 762 |DuPetit Thouars Cylinder sound. W, of
1;1";'.i24 May, 1847 ... 28 1 67 28 E. |Indian Ocean f‘%ﬁgﬁ 4 fig 67  |Daymam .........

178098 w =] 2% B 63 0 E. = A 1800 | 53 fig 68 > . | }

179. 27 April, 1847 .| 28 16 | 57 18 & |Indian Ocean| 1260 | GO 73 |fo |Dayman .........

L7, (S T8 o ol 2160 | 57 : 4 e ]

13t April, 1828 ! 28 40 | o6  w. |3 Pacifie......] 600 |7l 74 73 |Beechey
| 182, = = ks - & - 1200 ik . L .

183 - . e - f i] 1800 | 49 = . -

B e w Now s e Y 2400 | 45 i ks b ed
195,14 Dec., 1857 ...{ 28 45 | 84 43 v [Indian Ceean| 720 | 637 | 6o (677 |Willerstort......|§ Deprsen Madagasear and
196 4 Oct., 1838 ...| 28 49 [177 18 w. &, Pacillo...... 5916 | 447 | 67 (662 DuPetitThouars Cylinder full. Near No.
13?.!91' July, 1827 l 29 13 | 12 54 W, Is. Atlantic ... [E&?'} gff) 666  [By°5 | Blosseville ......[Between the Cape and P

| 195./18 Nov., 1827... 19 20 |167 j0 k. |Indian Ocean| 4378 | 40 734 [Tr2 D' Uville......... {Entered in wrong place.
189.(15 Thee, 1857 | 2g 25 | 8; zE !Iqut'[inm Ooaamn T |68 Gg'r (666 [Wiillerstorf...... Between Natal and Aust

i lgﬂ.?ﬂﬂ April, 1850 l 29 33 10 57 E. I_S_ Atlantie .| 6306 | 412 66z 627 [DuPetit Thouwars Fu:lll‘;'ﬂah:tm..

o e a2l (G133)) (:376) Botoaes 3 .
1grn 20 May, 1847 .| 29 49 | 67 14K ilml:m: Ocean| 2160 | M 66 66 | Dayman ......... of Amsterdam.
19210 Aug., 1826...| 10 22 4o w. (S, Atlantic ...| 1602 | 5O 616 |59 [D'Urrille ...... Between the Cape and 1

i.I*}]-! 7 Dec., 1828 ... 3o 44 2o p. |[Indinn Ocean| 1602 | G88 | 728 |[73@ - BEE:;:" g
194.17 Aug., 1826...| 30 13 40 W. |S. Atlantic ... 1404 | 518 | 64 554 & v/ I mid-oocan.

195. 2] Dee., 1857 ...0 30 6 | 38 14w, |8 Atlantic .| 2400 | 435 . Pullen (1) ...... -

: 196, et - e . j ! " 2 45800 | 409 Tjs g =) Mid-ocenn ; between the
197, " i e i o o TN | 382 = =
198 1847-49...., 3013 | 46  w. |8 Aflantic ...| 300 |64 77 o |E. Lenz OIf canst of Uruguay.
19920 April, 1847 .| 40 13 | £6 5ok [IndianOcean| 972 |61 71 65 |Dayman Batwesn Manritins i
en " 1] »oow TR e " 1008 (Kl 7 i i T [:Ipﬂ..

I:cll Nov,, 1825...] 30 21 | Eg g4 w. |B. Pacific....., 000 | 625 | 63  [66%5 Beechey ..o 1]]utmn e

| 2oz B » o nom P " 1520 | 5o ” " 1 Frens J' Valparaiso, -

|='n3* B " TR SR i - 190 | 454 i i o ARu et
i 2 | [T E ¥ 3

:::.:.. 13 April, 1818..| 10 19 | 14 27 = [8 Atlandie ...| 250 bl;ll G7-5 |62 [Kotzebwe......... 1Wﬂﬂ of e CoRINY of

(2954 i T o ¥ 1o | S00 | GO " " T senas Cape; northern pa
206, L] L mom (LT e £ 1200 405 58 " " . .J




b MR. J. PRESTWICH ON SUBMARINE TEMPERATURES. 659

TasLe IT.—Southern Hemisphere (continued).

II. IIT. IV. 0 VI VI1I. VIII. IX.
4 Temperatiire in :
S Ko tudsof | en, | Dot S by, | Nutisof Remarks.
tude, | Ureen- in feet. i _—. - observer,
wich, | dopth, ﬂ-url'um.|.hr.
o 8 Feb, 1847...| 19 52 | 36 48 w. |5 Athantic .| 1200 |6 | ;3 ¥ [Dayman....... A
4 | nmid-oeean; parallel of Trn-
(L i "om L e £ 2160 | 51 ,.. wo | o eshesemes guay,
209, 8 March, 1840, 45 miles (W. of Cape.|S. Atlantic ...| 762 | 45 e
w -‘:-n'. " bo milea | ,, " T 1200 | 435 G bg e Lat. and long. nok given.
: ‘i 5,? w w (tzomilesl , i i 2400 | ¥ 70 71 T
, j;!“ 18358 .| 17 29 | 45 57w |8 Atlntie .| 1860 | 465 66 6z (Beochey ......... O the coast of Uruguay.
23.23 March, 1839. 31 33 | 33 30 & [Indian Ocean Eﬂfw} S5 | 75z |72z (DuPetit Thouars Cylinder soand ; off Natal,
14/ 9Doc, 1828 32 | 35 505 ndian Ocenn $136 | 504 | 7o 665D Urrille...... {Bétween the Onpo and M
M May, 1847...| 32 4 | 68 6 e |Indian Ocean| 2040 | 55 tig G5  [Dayman ... Midway between lllm Cape anid
Im., 1856... 32 21 |157 18 w. 8 Pacific......] 1200 | 603 | 731 |prcz [Wallerstarf...... mﬂ-ﬁl’ufﬁiﬂﬁhwpmm
2| T Oct, 1838 | 33 51 |176 42 k. (8 Pacifle....| 5316 | 444 | 613 |66'2 DuPetitThounrsCylinder full. N, of N. Zealand,
v (4692) | (41'7)
.- m 1827...| 32 5¢ | 11 26 w. (8 Atlantie ...| 2455 | 564 | 72 725 Blosseville ...... {Eetween the Cape & Rio Janeiro,
184749 .| 32 72(528) w. 360 | 52 56 |E [ f.-lplumnt error in longitude.
> 16 Dec., 1823... 33 30 20 k. Indian Ocean| 801 | G4-2 59?" 69 D'Urville ...... }Dﬂ‘thr s
T B 33 29 20K | , " 1014 | 6o e b S L i
‘:_'-l'r-.-l.ﬂlﬂ--- 33 14 | 29 59 % Indian Ocean| 870 | 627 | 7179 i;,rﬁ-; Kotzebue......... 'On the Bank off the Cape.
: JM, 1847...! 33 22 | 36 s4w. |8 Athntie ...| 1104 | G0 TG {68 |Dayman .........| 1 Bobwesn Aonks Video and tha
- 5 e nom oo " " 1044 5l " i B ereseaens .-r Cape.
I ,-;’I!i'-lm 33 23 7 41 E (8 Aflantie ...] GO0 | 56 70 71 |[Joames Ross......|
» ” T PP " " L) 833 v " o wmedes Yol. ii. P ek, In mid-oeean
A 2 el Tr o sl bt P 1800 | 474 e ! er T between I']IIJ. Capo b41.1“]. the
i i i K ey J g 27700 | 43 - 3 e . Island of Tristan d'Acunha,
R o [ L 9000 (417 | » | M. e B i
24 Apr., 1837.,.| 33 26 | 72 o3 w. |8, Pacific...... 853 | 491 | s¢'7  [s18 |DuPetitThouars {EJ}’,];';“E;H““'E;}' ,f:*f['f;"g;m
27 Mar, 1827..| 33 30 |175 som (8 Pacifie....| 3204 | 445 | 6y3 682 [D'Urwills ... North of New Zealand.
1 .luq.,lﬂﬂ 33 32 (167 40 B |8, Pocifie......| D00 | 53 vernrs | vee [Jormes Ross.. ... ] !
C T S R P e Ll B
I nom | e ow W o 1800 | 481 | ...... R j X. 8. Wales.
II: L1] ar L LL] kF 1] LE] Edm ‘H?';] llllll rar 13 L
9 A _' 1841.. | 33 40 | 164 1% E. |B. Pacific......] D00 | 558 50 ..o James Ross...... }Between New Zealand and
wooo» LU ¥ o F o 1500 | 497 - = R K. 5. Wales.
Ang., 1841...| 33 41 |166 23 k. 8 Pacifie.....] 12 | 587 | so7 | ... [James Ross......[)
p ﬂ' 1] Ll LL L1] i L1 ] :H:[. 5?-5 LL L i e =
R e e | . S S I Between the North Tsland of
i " " FTI " om " " L) e " an o meeees ! I‘{cwm.la.ndandﬂn?ﬂouth
gl e bt =l = o 1200 | 495 - S ?leu No bottom in 4020
L1 I.l L1 F¥ 55 L1} 1] L1 m ‘i‘rrﬂ EL) L [ | S L
¥ " w o "o " " 600 | 427 i "
G e | W 4500 | 404 | W sen |/
27 May, 1847...| 33 483 | 7o 11 & |Indian Ocean| 2100 |54 | 63 (63 [Dayman ........ Between the Cape and Australia.
7 Dec., 18%8...| 34 | 27 s0% |Indian Ocean| 834* | 669 | 69's |raa|D'Urville .....[Near AlgoaBay.
% Mar., 1818..| 34 z | =8 1z & |Indian Ocean| 324 | Gi a1t |72 ]{ut:abun.m.....iﬂnthu]!ank off the Cape.
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AMR. 7. PRESTWICH ON SUBMARINE TEMPERATURES.

‘Tapne 11.—Southern Hemisphere (continued).

[ |
1. II. IIL. IV. Y. VI VIL VIII.
Fnpt: Temperature in
Date. ?ﬂih et Sea, | Depth | degrees of Fabr. | Name of Remarks,
tude, | Green- in feet. T : observer.
wieh, depth. Surface. | Air.
| o - J @ & -3
249.24 Apr, 1847...| 34 24 | 54 14 & ([ndian Oeean a2 |60 b4 6o |Dayman .. Between Teland of
171 S S e e by 1772 | 58 i PR N e ] and the Cape.
251./10 Nov, 1838...] 34 34 161 2B |3 Paciflp......| 4264 | 408 | 6% 653 |DuPetitThouars|
(M7 T) Betwoen New Zealand
252 ? " 14 37 |[171 IR = o g.;ﬁlﬁ-l_; 428 fzy |61z i & Sydney, Cylinder
253.24 Feb., 1847...| 34 42 4 15w [8. Atlantio ... Ir”21194] il | 70 by |Dayman .........| | Between St. Helena and
58 & L3 e i - = 000 | 44 a = = ] tan o’
255./12 Oct., 1772...| 34 42?| 7 =275 Atltie...| 600 ita] 59 s |Forster .........JIn the parallel of the Cape.
256,12 Oct., 1838...] 34 54 |174 5 E & Pacifle...... {éﬁﬁ} s | bz a8 | DuPetitThouars Soundings N. of New Ze
]
25620 April, 1838...0 34 57 | 52 oW 8. Atlantic 266 | 5D fz2  |5677 [Vaillant ......... }: ni!-i-udll-"
1172 IR 35 1| »ow e L 250 | 606G | 61 [626] 4 eseeieae :
2¢7.| 1 June, 1847...] 35 8o 56 k. |Indian Ocean| 2076% | 50 59 f1  |Dayman ... m&;&r and .
152.1-19 Dec., 1828...] 35 23 2o B |Indian Ocean| 378 604 | 682 |yoy |DTrville :-f.!.lgul. Bay.
255.121 Diee., 1828...] 35 1% zoE |5 Atlntic .| 604 | 506 Gy6 |68 R qﬂ-ﬂ,,&m
2bo.| 4 Oct., 1828...0 35 111 20 & Indian Ocean| 480 | BG3 | 57 5978 s corens O thia 8.3, of Augtralia.
261, o g5 7 (112 §E | 5w 200k | 53 iz 58 o sene- OfF King George's Sound.
262,97 Mar., 1818...] 35 17 | 22 56 [Indian Ocean| 516 | 517 | 683 77’5 Kotzebue......... OF the Cape.
265.10 Fob,, 1847...0 35 21 | 35 31 W. i3, Atlantic ...| 1008 | G2 63 68 |Dayman -] Y Batwreon  Monte Video
TP [ R R gy P TP o TR e 3 } Tristan d'
265125 Fob,, 1847.. 3528 | 3 6w. |S Atlaotic..| 1170 |54 | 69 sg [ Dayman iy i i A
266, e b i T iy i 2010 | 46 - S b } Tristan d'Acunha
267.| 4 Jan, 1827...| 35 30 |137 20 & (8. Pacific...... 1560 | 462 | 663 |61°¢ D' Urville Off Sonth Avstralia.
262117 Feb,, 1817...] 35 30 | 19 34 w. |3. Atlantis ... 120 | a4 g by |Dayman ... Betwesn w,w
gl w N (i a4 2196 | 61 s . = } Video. ? Readi
Ers . = Between the M
270,25 May, 1847...| 35 33 : 6E |Todian Qeean| 2100 | 55 6o 1 |Dayman .... the Tsland: of Amst
271,20 Dee., 1858...| 35 34 |175 312 S Pacific...... 1020 | GO 67 [&3'1 Willerstorf ...|N. of New Zealand.
272.| b Bept., 1326...| 36 33 20 & |[ndian Ocean| 1174 | 554 | 621 159 D'Urville .....- O Katal.
27327 Oct,, w | 30 121 20F | w 1508 | 453 | 566 [5¢9] = veseesMear King Gmraﬂsm -
| 274.28 Feb,, 1847...| 36 4 | 4 53 [S. Atlantic ... 1230 | 61 67 |6z |Dayman ... }Bet.wmn the Cape and Mo
275 . | e o et o |48 | . 2 il |} video.
2?5.;2{! May, 1847...| 36 6 | 74 15 & |Indian Ocean| 2100 | 52 59 6o |[Dayman . Jﬂeu.r the Island of
277.(16 Fob, 1837...| 36 7 | ar 4w 3. Atlantie ...| 1176 | 55 66 |59 |Dayman }Bmm the Cape and
2781 ¥ e Wy T " o MG 47 " 1 "
279, 5 Feb, 1858...| 36 1x | 54 12 & (Indian Qeean) 3600 48 | Bbs Pullen () ......| | Between the l:hpﬂd
e . om EPE] o Goo0 | 408 | e e of A
:-;;.ils Apr, 1847..| 36 17 | 26 43 % |Indian Ocean| 1200 |62 | 68 |61 \Doyman ... South of Algoa Bay
{28z " " | = = FTR 1 " " 2160 il 5 " B # AT 5
295120 Sept., 1857...1 16 22 s zg £ |5, Atlantic ...| 1320 | 53 518 |568 | Wiillerstorf. snd the Cape.
=34.130 Ock,, | ghaz | 17 ME | W wm goo | 623 | 635 |59 S af the Cape.
285, 5 Mar, 1847...) 36 22 | 13 4o (S Atlantie .| 1302 |52 68 |66 |Dayman
ECT e i O o w o 202 |40 " mo | om el Lot the Cape.
287 G Mar, 1847... 36 24 | 14 42 m |8 Atlantie ... 832 | 65 7o 71 |Dayman ..
238, " ¥ | oo woom - - 1704 i) ) " " wind




MR. J. PRESTWICH ON SUBMARINE TEMPERATURES. 661

TasLE 11.—Southern Hemisphere (continued).
IIT1, IY. V. YL VIL VIII. IX,

Longi- Temperature in
ﬂﬂﬂ- tude of Sea. Depth degrees of Fabr. | * Name of Remarks.
tude, | Green- in feet. 7 observer.

wich. ﬂef‘lh' Burface, | Air,

i i & =] -] 1'
36 30 176 40 B |E. Pacific.....| 907 | 508 | 655 (642 D'Urville ...... North of New Zealand.
36 31 | 24 7w |3 Atlantie ...| 1164 | 58 [ 63 |(Dayman ......... Ik il
I IO-008AT.
kL] ar R L i _ " m ‘5 " " r e FEEEAEE 1_ d !
36 36 [118 28 6. |Indian Ocean {mm 87 | 62 (635 DuPetitThouars [E:r{;n gt b e
56 41 | 712 1e [8 Aflantie .| 1128 |55 64 |66 [Dayman ......... ]SW e O
. « e '
1] 1] L] K 1] LL] IMS ‘“"'.' i LE] ¥ CELLE L] Pc
36 42 | 97 s4 = [Indion Ocean| 1920 |51 | 6 |55 |Dayman ... [“"::ﬂ. - SRt sRE
16 47 | 18 47 w. 8 Atlantie ...| TG8 | 57 68 ¢4 [Dayman ......... }B tween: the Cape and Buenoe
LU ] PR BF F¥ (1] 1542 m B (1] FF°  wEsEsasma AET"EB.
36 47 | 10 34 . 8 Atlantie’...| 1248 | b4 66 |63 [Daymanm ...
" bl L1 ¥ Eid L1 m 'j';' ] LE] L1 n mrar } S“‘..‘r- “f thﬂ ﬂﬂlmr
36 48 18 11 R et 90 | 52 635 |62z (Wiillerstorf...... &, of the Cape.
26 g0 | 27 sow. (8. Atlantie ... 1200 | 62 (1] 66 |[Daymam ......... | Between Tristan d" Acunha and
il o hde g 2 | 45 o . i s B | Maonte Video,
36 53 |\ 27 49 B |Indian Oecan| 1200 [ 65 63" |66 [Dayman .........
¥ L] L] ] i L1 EI'}D m 0 (1] K wevermted }Gﬂ'ﬂgm Bﬂ}“
36 57 1 3z w. [S. Atlantie ...| 1170 | 53 &7 65 |Dayman ......... Bot Printuin: - 1"A onha
i e - - o010 | 49 X £ el e el } Island and the Cape.
17 176 20 E. (8 Pacifie......] 801 | 577 | 671|642 [D'Urville......... Narth of New Zealand,
47 20 |15z 36 E [8. Pacifie...... 0 | 462 | 6o ... [Jumes Ross...... |00 Port Jackson : no soundings.
17 milesoff C. Howe, 5. Pacifie......| 1762 | 407 | s [s59 A e In soundings,
37 20 | 48 47 w. |8, Atlantic . 600 | &7 6o 57 |Beechey ......... I
B " LR ] " " 11440 iy L] 1] 1] .| + OIF Rio de In Plata.
S bt 2 e 1740 | 4585 3 N SO
37 20 | 3o 58 w. 8. Atlantic 1230 | 657 - | 66 6y |Doyman ......... Bebveen T Pliln - aud the
"o o i 2 2130 | 45 ik 2 e L o Be":t:“pe- g o
37 30 |157 20= |8 Pacific.....| 3257 |42 | 67 |65 [D'Unmille ...... { bR L
37 go |178 ggm | 2 1022 | 46 67-¢ |65 = venes |Near the N.E. of New Zealand,
37 42 | 114 58 B (Todian Cecan ltfrillﬁ 374 | 622  |6zx |DuPetit ThouarsS. of Cape Lecwwin, Australia.
n2R)
47 49 | 39 5o B |Indian Qeean| 130G | 51 5G9 64 |Dayman ......... Between the Cape and Crozet
< st o - 1806 | 53 1, = AL, } Tsland. ? Reading reversed.
37 54 | 10 28 w. |8 Atlantic 1250 | b3 Bz gg |Dayman ......... ]Bctwwn the: Capo and Ta
w1 M a3t as " m 43 L1 L] r Pk e e l’lal,n,
38 24 30 E (Indian Qvean| 587 | 04T | 63z [gqy(DTrville........
L1 LB ] L2 ] ”» ﬂm _11‘3 { 1] (3] LL] Ll L] }S..“r‘ {lr ME‘M Bﬂ}'r
38 149 20 E (8. Pacifie...... 934 | 654 | o 68| wenven | IBans's Strait,
38 7 | 1643 w. 8. Atlatic 230 | 48 63 65 Dayman .........[Between La Plata and the Cape.
38 & | 3z 54 = |Indian Ocean| T65 | G4 By !59‘ Dayman ......... ]Bﬂ.‘l"?l'll Port Natal and
B ¥om " " 1668 Gib " - . TN~ Prince Edward Island.
18 o | 77 46 (Indian Owean| 720 | 534 | 567 (g4 (Wiullerstorf......Near the Islund of Amsterdam.
33 10 | 29 39 & (Indian Qeean| 1230 | 67 Gy 6y [Dayman ......... ;
FF Lt EF rr & ¥ Elm I"B 20 kL] AR AR l &ulh ﬂr Bu‘!‘
78 12 | 33 40 w. [S. Atlantic ... {29!63'?} 374 | 623 |71 DnPelilThmmra?Ggl‘mﬂer full : in mid-oeean,
1 ¥

472
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MR. J. PRESTWICH ON SUBMARINE TEMPERATURES,

TasrLe II.—Southern Hemisphere (continued).

) S e B W o S W, WL VIIL VIIL. IX.
| Tednti Temperature in
Dete. ‘}“;3: t?deg:,[‘ Sea, | Depth | degrees of Fahr. |  Name of ek
| tude. Green- in feet, o I ohserver,
wich. depth. ﬂ-trfnct,!..!ar.
|

33;.!21 April, 1547...| 38 13 | 45 365 [Indian Ocean| 948 |55 | 6o 66 |Dayman ........ }]m,m the Cape and
TR S PP | [ 1 1758 | 52 h 3 . et R -
3330 27 Feb., 15847 ...| 38 =22 o 28 w. |8 Atlantic ...| 1152 | 55 bz 64 |Dayman ... }Iﬂ.ﬂ[ﬂlm
333'5 3 vE EER T (LR T " + 2028 45 ] T » -

334-| 1 Mar., 15847...| 38 25 4 ILE IS. Atlantie ... 1170 | 48 (11 g6 |Dayman ......... }Bntwun the Cape and i
335 LT " woom (LI 1) | 1] 2010 4+ ™ " B assssenay Talund.

336./14 Nov., 1826...] 38 30 |145 16 E !E!. Pacifte...... 58 | 602 | 636|653 D'Urville......... T Bass's Sirait.

337 Oet, 1825 ...| 28 30 | 75 44 w. 8. Pacific......| 540 | 561 555 |54 |Beechey

s8] . . oo B 1 1200 445 | A )
119, . m B e e 1800 | 455 | 9 4 Off the south coast of Chili.
34.\:.' # T L I & % 400 | 44 o 5 prics | R :
341. 20 Nov,, 1857...| 38 4r | 77 45 & Indian Occan| 720 | 554 | 56 [T i'l.‘f'ﬁ_llerﬂwi‘...... Near the Island of

;.*,z.llﬂ Nov, 1826...| 39 141 50 E. (8. Pacifie...... 1708 | 475 | g6z |636 iD‘Ur'I'illl:..........ﬂﬁ'the 8. coast of Australia.
143-/23 Jan., 1330 .. 39 4 |12} 22 B 5 Pacifle...... 1570 :;1::}?55} 608 |58y DuPetit Thouars Oylinder full, 8. of

344. 37 Nov., 1841...| 30 a6 |ay7 25 w. & Padific...... W) | BFD 58 ames Raoss......

34515 a» " 1 oo an 5 1800 | 42 " FE RN CECELELE Off the east coast of the X,
34ﬁ.i i - ‘ . o . = il 4658 . i T Tsland of New Zealund
Lo (BR R e . o a0 | 440 | : (i ol

348.| Awg, 1B35...| 39 31 | 45 = w. |8 Atlantic ...| 1482 | 565 59 47 |Beechey .........|Open ocean.

3.+-g-.llfr Mar., lSﬂ-ﬂ...! 30 51 | 44 17 E |Indian Ocean {%‘fi} 408 7 o6 DuPetitThouars Cylinder sound.  Open

| [

35:-.;[2 June, 1847... 19 57 (113 E |[Indian Ocean | 15920 | 45 54 i483  |Dayman .... ....IEr. of Ki 8 Sound.
g;l.él-i Nov.,, 1857...] 40 44 | 6o 3 e (Indian Oecan| ... - |Wiillerstorf...... hﬂ%‘mmm

52|14 Jume, 1847...| 4o 46 |323 26 B |5 Pacfie,..... 2230 | 50 53 49 |Dayman .........|Scuth of W. Australia.
| 35311 Nov., 1857...] 40 sz | 49 57E. |[ndian Ocean| GO0 | 549 | 543 477 Willerstorf...... !B':::rﬂ'; mpﬂ and ]
| 35420 Jan,, 1827 .| 40 58 [173 5= S Pacific...... 324 | 635 | 644 |65 |D'Urville.........\In Cook Strait.
| 355. B April, 1850 .| 41 54 35 w. |5, Atlantie Q00 | 40 59 o [Armstrong ....../0f La FPlata.
: 356, 2 Feh., 1827 ...| 40 31 | 196 48 & |S. Pacific...... H0o* | 687 | 65z (65 |D'Urville......... Cook’s Btrait, New Zealand.
! 35:.'.! 2 Mar., 1887...] g1 56 | 55 6w, (8 Atlantie .. l{i_ﬂ;}'ﬁq} 355 | 6os |62y |DuPetitThouars|Cylinder full,
| 358, 4 Jan., 1827 I 42 171 E 3. Pacifie...... 034 | 5B | 63 61  |D'Urville.........[Near the W. coast of N. Zeal
i5o. Bept., 1825...0 g2 = | 46 8 w. |B. Atlanitic 1200 | 41 475 |47 (Beechey ..........In the parallel of Rio Keg
360,27 Dhec., 1838 ... &2 34 [157 10 B [S. Pacifie...... {%‘%i?} 3“:1} 557 |55° |DuPetit Thouars Cylinder full.

361.[17 Jam., 1830 ...| 43 =2 |131 s4 & |5 Pacifie 6872 ﬁiﬁ*} 55 (536 DuPetitThounrs 8. of Australin; eylinder fu ‘
362.|20 March, 1843.| 43 10 | 14 44 & (5. Atlantic 1300 | 44 £1 527 Fames Ross. ...

363. o b o wom " " bl 1] 41-1 " 4 ] mﬁmﬁ; g;rr*d
164 [0 " nwon "on a " G300 | 38R " i LN LD no soundings

365, b - L R i = T200 | 05 i - Y

166,17 Dee., 1827...| 41 2t (147 sE |B Pagifiz..... 100% | 550 ] gy |D'Urrille.........|0fF east const of Tnsmania.
366 0 July, 1347 ...| 15 miles | =, of Cape | Pillar .........] 2260 |48 (1] 53 |Dayman .........Tasmanis.

3o7.16 April, 1836...] 43 47 | 79 6 w. 8. Facific...... 2054 | 393 | 57 (555 | DuPetit Tho OfF the Tsle of Chiloe.
af-s-l P S A i vt 5872 (361 | 559 55 | I} linder sound.




MR. J. PRESTWICH ON SUBMARINE TEMPERATURES. G663
Tasre II.—Southern Hemisphere (continued).
IIT. IV. Y. Y1 VIL VIII. IX
Taotgd: Temperature in
BIT:? tmg:f Bes. [ Depth degrees of Falir. | Name of Remarks
tude, | Green- in foet. —At _ ohserver. g
wich, depth. Surface, | Air.,
(] i [+] ¥ L] o o
43 52 | 13 23 B |8 Atlamtie ... 000 |44 47§ |19'3 Jumes Ross.....
ST T LI L] an 1500 ""“3 L EE " BF  maamw 'ﬂ“m“ the ﬂ"'PE and Bouvet
LL] L1 L] L n L] m mﬁ LL] L] (1] k¥ BEEda
woom woow w e SO0 S5 ¥ . 5 - i
44 47 | 57 3rw. |S Atlatic ...| 1176 | 388 | sp0  [s76 [Kotzebus........ im;.“f;f‘ n”d“f‘fn‘:id“““dﬂ‘*
} 45 38 | 61 1ow. 8 Atlantia ... 160 | 482 575 59 Ihl"e-lil'l'hmmnm-i =g i
M| wa . 213 | 424 | g7 (559 nom lcﬁh.::':; M:Illdt.hnn;"nﬁ:?:i
FUET W ¥ " 371 | 413 “ 55 2 o t Islands,
L) woon " + 374 413 5315 53 " ¥ I
46 15 | 51 51w, |3 Atlantic 1680 | 41 51 55 [Beechey ......... .\.E. of the Falkland Tslands.
| T 3. Pasifie...... 900 | 498 51 46°8 ames Roas. ..., 3
e L " X 1800 | 48 - “ e Two days' sail south of Van
- A ! - o700 | 465 | b e A% - :I:;:-m_-]i Land : no soumnd-
non PO o - 3600 | 450 - 1 M pN s .
47 18 | 53 30w [S. Atlantic 1620 T | 49% 43 |Beechey i
@ v | non P w18 | 2|, " " | Open sea to the N.E. of the
o v i = 4308 | 40-1 - ' R Falkland Tslands,
FLIR T iy - " al24 o4 ¥ an YRCA k= tanen -,
49 17 |172 28 w. (8 Pacific...... 900 | 48T | 33 49°7 James Roas..... lI
wooae oo " ” 2700 L i) " " W Lk |
LU "o " " J600 | 422 " " T e '}Honr Antipodes Tsland. No
o 5 i o i 4500 | 41 P - o e S " soundings in GO0 feet.
S N A 5400 (402 | , | e, i
"won R T) " i G300 40 " 9 e R ewEms J
52 68w IB.Aunnh'n .| 830 |48 518 . [Homer «..|OfF Patagonia.
52 16 [r36 gb e |South'n Ocean| 000 | 42 43 James Hoss, ...
no now fr 1500 | 41 5 i Between Australia and the
< Sk il z w00 | 40 i A iﬂhﬂﬂdl&:ﬂud. Boundings
LU won " FG00 Srg " § R
52 26 ? 8. Ocean . 600 | 345 | 32 |33 |Forster <. 207 south of the Cape.
53 12 [ 55 w8 Ocean.. B0 | 43 51 e (B LANE iiaieias S.E. of the Falkland Islauds,
53 47 | 62 45 w. |8 Atlamtic 057 | 302 | 4o 18  (Vaillant ......... O Terra del Fuego,
5¢ 41 | 55 1z w. (8 Ocean ... 200 | 398 | 195 [33'5 |TJoames Ross...... In soundings. 10° east of
LU LTI 1 16 atrs i m a1 ' =, } ana Haorn.
(44 157 E S8 Ocenn ......] 1800 | 39 41 ver | Wilkea.... g r J
R e | o (|2 ] o 2o, s
? |as7abE " 5100 | 815 | 33 ot J
55 Bg w. 5 o400 | 37 44 & . ..|Neoar Lo Maire Strait.
55 % | 2z kP8 Ocean... GO0 | B4 30 3z [Cook .. «{Amongst ieo: 8. of the Cape.
55 9 |r3z 23 E. |5 Ocean. 900 | 5 385 |39 ! Jumes Ross,.....
. | £ 1800 | 395 ocean, on the parallel
" " " poew of Macquarie Island: no
om ELI a i"l'{l} aﬂﬁ i1 b1 B 1]
LI 1 L1} e K m] ml's 1] T " TRETE TR
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ME. J. PRESTWICH ON SUBMARINE TEMPERATURES.

TasLe 11.—Southern Hemisphere (continued).

I | I1. 11T, Iv. Y. ¥I. VII. VIIL.
Longi- Temperatore in
patm | B2 | ndon] a1 Iepti’| St R R 4 SpR F
sude. Green- in foet. 7 ; observer.
wich, depth, Surfuee, | Air,
- J ] L I a o
410,18 Dec,, 1841...| 55 18 |149 20W. |S. Ocean . 000 | 396 | 390  |s2°5|James Rom.... ‘1
411, - W i W i 1800 | 30D 5 i w s eeeee o Between Cape Horn
41218 Dec, 184L...| & o | » » X o700 307 | 50 hesl & s s I -
413 # " Hwon ELI n 600 bt " " §F O eesees
ere| 189749, g5 19 | 62w (S Ocean.... a0 |41 | 484 B Tons .oonn....| | Beimosm Depe iveg
415,28 Dec., 1772...| 55 20 | 31 J0F 8, Oeean ...... G0 | 5 | 3= 33 1000k .mscesssnn
416,18 Sept., 1842... 55 40 | 63 3w IS Ocean... 1800 | 372 | acz  |31°9 [James Ross......|No soundings.
41720 Dec., 1842...0 55 48 | 54 40 W. 3. OO senses O | 40 42 4574 [James Roas
418, i " wo n " " 1800 | 396G I an o g seseas ]
i iy o o ¥ 2700 | 306 | . i3 - Between the Falkland
42 s " nom moom " GO0 304 T " o L
421, " " non n o o 4500 | 393 " n TR .
422, W 1] T wom i [HLLL 95 " " TR L]
423.| Bept., 1825 g5 58 | 72 10w B Oeean . G0 | 425 435 (37 |Beechey .......
FETH e iy A - 1380 | 425 " " Wi e =1
4135, i ” woo THRE i 1920 | 40:5 " " " 5
‘F"'E' " L) wooi LI " 2580 416 L] 1] " cwann
g7 1B4T-4D......} 56 b4 W 60 | 41 46 «or |E. Lenz ........./East of Caps Horn.
428,14 Dec,, 1841...) 56 20 |148 8w 5. Ocean 000 | 38 158 |41 |James Hoss...... }I.'I:I L
&1, ¥ " nooa wom " 1800 L) w i wooom e
o T2HD
g3o./18 Mar, 18430 56 41 6 gw. (8. Ocean ... 900 | 353 | 3375 [33°2 James Ross......
431 = " woor nom an 1800 | 368 s L TR
432 & i TR "o ' o700 | 8T8 ' o R e
433- " " Hom wom ¥ KD a0 ® " s i Pesmsen
414.| 5 April, 1837...| 56 58 | 82 16 w. |8 Ocean...... “?IE;H 2 446 [32'6 [DuPetitThouars Cylinder crushed
435.|2] Dee, 1840...| 57 52 |z70 joE. |8 Ocean l[JI!-:'::L\;:!:HJ:I 305 | 42 39 |James Ross,
436,23 Mar., 1837...0 58 42 [ 73 29 W 8. Ocean ...... ijﬁ 305 | 4 25 |DuPetitThouars Near No. 443. COylinder
{ 43-}.}2’3 Mar, 1842...] 5B 16 |104 gow. [ Oeean...... ( a’_’rlillj 408 | 41 3z |[JTomes Rosa......
438, " " rrl " T " (00 40-8 e " R T
439, * " woom LR = CHM} 407 5 " ii PR
A0 s n LU oo " 1800 | 408 " " nooom
44l L M L1 L | LU L] 2700 405 L i» L] L]
443 E e L e i 3000 | 40 o i e S ’
443, 1April, 1837...| 58 40 | 79 15 W. (8 Ocean ... %I::E 386G | 424 324 [DuPetitThonarsCylinder fall.
44428 Mar., 1842...| 58 55 | B3 16w, (2 Ocean ...... “?[‘ﬂ} 45 42 4o (WJomes Bos.....
445'1 » 3 B 2 L i 1800 | 405 " " "
445 o AW LY e o700 | 405 | w i R R
447 " " ARTES e 5 360D | 40 1 W + e
448122 Dhee,, 15840...) 59 t71 & 8. Ocean .ieo. o) | 385 | a7 274 [James Ross...
44 " " e P " 1800 30h ” i " .
450, " " oo " 700 | 39T " " " .
*SI' ] 1] L1} LL] EL] L1 m W e ”n "




MR. J. PRESTWICH ON SUBMARINE TEMPERATURES. GG
. TapLe II.—Southern Hemisphere (continued).
IV. Y. YL VII. VIIL. IX.
Longi- Temperature in |
tude of Depth degrees of Fahr. | Name of Re
Sea. : _ marks.
Greon- in feet, —'_'*‘H T al observer.
wich. depth., Burfnee, .nlur.I
I'
7; 55' w, |B. Ocean ......|] G667 &Iﬁ q,;'g 4:'4. DuPeotit Thovars Near his last.  Cylinder full,
{2305)

131 28 B (3 Oecan ...... o | 5T 35 144 Wames Ross...... \

w s . | A8005188 | . | W e | Between Australia and Adélie
(LT ¥ 2700 305 i i BE memsas J Land: no mh'dl“g"
MK ¥ m 4{"5 (1] 1] FE mrmses

55  w.flSouth Seas .| 1800 | 33 36 e |Wilkes,........... Off Elephant Taland,

22 3ow. |8, Oeean ...... 4500 | 393 | 32 10 |[James Ross...... In mid-oeean : no soundings.

163 sow. (3. Ocean ......| GO0 | 322 [ 35 72 |[James Ross......

e 5 M | 355 - i et e Bt:l-wrm_l the Society Islands

: and Antarctic tinent,
" om " 10 53 | o | moo e From the surface to 600 ft.
ol § ’ o700 | 385 . 3 s 1] the temperature was 3078,
" " L1 m} Bi' (1] " By 2 SEmEam
57 w,qﬂ'_ Ocean ......| GO0 | 29 29 28  (Wilkes............ Near the South Shetlands.

174 30 B |5 Ocean.....| Q00 | 355 | 30  |31°9 James Ross......|) Byween Now Zealand and
m o S 1800 2 s = e 8. Victoria Land: no sound-
Py L1 ] m 'm]-'? id " LR L] lngal
5 W |8 Ogean ... GO0 |30 31 e |Wilkes...oouvnnes Seo Amer. Journ. of Se. Jan, 1848,

151 34 w. [, Ocoon vooo.] D00 | 356G | 30 277 [Inmes Boss, ..... 3

N 1800 | 384 ». = e ML Amo e, Between Dou-
s i ! h:ﬁ:: Tsland and South
i o 600 i n X el F 0 Vietoria Land, Boundings
W i 4500 | 204G - T R e in 10,200 feet.
e A MO0 | 398 " - o y,

g1 7w (8 Oceam ...... GOD | 822 | 3a 31 [James Ross...... 1
M P o 33‘? o a e Near Louis Philipps Land,
LTI T} an ]m} 35—"} " 111 R T EE e ! .l.jlnt-ﬂrct-'i.ﬂ [:Uﬂli“mt. _G[r
B " 2700 3{-5'"1 e a o wmamas :JI:ETEI:J}ml%Et. No soundings
LI ] i 600 478 ¥ " B wmeeas
B RE LTl ?M} 39'5 (11 (1] (1] P

151 47 E. (8. Ocean ...... 000 | 355 | g0y [28'3 [James Bosa......[) Pkorota Vans Theien: Tatad
LTI 1] ar l'w} 31-5 it (1] 1] DT -ﬂ-'l“] B’U'u'l“l 'i":i.l:l‘.-m'ia. Iﬂ'ﬂ.ﬂ.
A : o100 | 2385 > i e Near the pack: no sound-

) ‘ ings.
woor 4 600 i i " T EECE Off the L di .

54 35 W. |8 Ocenn ......| 900 |30 32 oo [James Boas...... { 1260 rg:“ S ..

140 2z B (8. Ocen ......| D00 | 34 308 jz7 |James Ross......

FLR " 1800 065 " " W memaa Nearthe < numnﬂ.ings.
e S *T00 | 38 5 it : K. of Adélie Land,
m oo BE m 33‘7 i an Bp mesmsa

39 EP|8 Ovean ...... B0 | 32 135 (35 000k i N.W. of Enderby Land. .

173 1o B (B Osean ...... D00 | 352 | g2z [Jomes Foss,.....

v | Between  New Zealand and
e i 1800 | 872 5 o % South Victoria Lamd, Sound-
T B 2400 S88 " (1] r LT bl i.l]&l in 9360 feet.
”» LL] " m m 11 L1 2 i




G6O ME. J. PRESTWICH ON SUBMARINE TEMPERATURES.

Tapre IL—Southern Hemisphere (continued).

1. II. ITT. IV. . VI. VII. VIII.
i Temperature in
Date. ?i:lt:l} t'ldfﬂf Sea. Depth dogrecs of Fahr. |  Hame of
. {_}r:;nn_ in feet. At : ohserver.
wich. depth, Surface, | Air.
a54-| G Mar., 1541... 6.: 5:' tE; 45 5. lS Oeean ...... 20600 | 872 :;': ;‘; James Ross. ... No soundings.
494a/12 Feb, 1840 ... 64 57 (112 16 E 'S, Ooean ...... 1600 | 305 | ...... 31 [Wilkes...oomuanaes m::mﬁﬂ
495, 3 Jan,, 1842, 66 14 | 156 22 w. |Antarelic O. | G300 | 306G | 28 3171 ([Tames Boss...... In the :
496, 3 Mar, 1842...) 67 28 |174 27 W. [Ant. Ocean ..} 900 | 333 | 33 323 [James Ross......
497 - ™ i I - s 1800 | &55 A = L s Nosoundings. Not far fro
-'|-’5|E- W 1] oo EEIT " 1] riLL a7 # e an . iu.h“g&
450. i o A T - = So0 | 28 = 2 G s
soo T Jan, 1841 68 17 175 21 & [Ant. Occan..| 000 |375 | 28 |28 |James Ross
(=18 - o i Lo e = 1800 | 382 4 = PR Not far l'rm ic
T A e e e om0 | 302 | 2 i Sl
§03- " 5 wom "o T i 3600 | 395 i = = e
so4| 2 Mar., 1841...| 68 27 |167 42 B | e 2400 | 36 28z (27 |James Ross......Ditto. No soundings.
so5| 3 Mar., 1843...| 68 32 | 12 49 W. |Ant. Ocean ... 000 | 33 30’8  [|20°4 [James Rosgs......| 3
gob, i A ke R 5 i 1800 | 355 e N = .
5::-;7.'" s i o e AR & - 3600 | 38T i = Al Between Louis
o8, = + e T - -2 4500 | 304 = o o i
sag. - - AN S - - D4 | 59 1 o i A
1o - - o AT . o Gand | Soh g 4 = A [
gra.| 9 Feb, 1842...| 70 39 |174 31 W. [Ant. Ocean...| 000 | 321 | a8 27'g |Tames Ross...... |
(1P = - e i . o 120 | 35 o - < .Tﬂ];ntﬁ. NE-E‘”‘:'LB'
1 & 3 R o || . 2700 | 398 | o, W : werel | soumdings.
514 wooom "o — PR 3600 | 376 | . v o / F
£15.18 Jan., 1841...0 72 57 | 176 GE (Aot Ohecan l: 000 | 338 30 31 |James Boss......[] In the p.“]j‘lnfﬁ A
T4 P e N 1380 | 346 | . . S } 8. Victoria : nosc
517.015 Feb,, 1842...| 75 6 |17z 56 & |Ant Ocean...| 1740 | 32 30 (251 [James Ross..... |OMF S, Vietoria Ld.: in
¢18.( 1 Feb, 1841...| 77 5 |171 33 w. |Ant. Ocean... o0 (33 | 32 27 F [James Ross...... Off the perpendicular
51‘}-: L) » won EL RN ] ¥ " 1500 G2 §i " ] . } : ! ;
'5::1.;2“! Jan, 1841..] 77 47 | 176 43 & |Ant. Ocean ... 900 |3 31 28 |James Ros......11 13 miles off the
521 " 14 "om oo " " 1500 B2 " " " Dl'ﬂud ?m'
5;;.!23 Feb,, 1842...| 77 g9 |162 36 w. IanL Ocean...| 1740 | 308 | 285 |25 [|James Boss...... { i, . :
| J |

Appexpr,—Omitted Observations of Capt. Kerrerr.
13 Dec., 1845197 10 8.; T7% 1T'W. 20 Jan., 1346.—0° 18'8.; 83° W,

D Temperature Temperature
in At depth. Burface. Air. At depth. Surface.
Bl i © AR G50 T B F. 75" F. 76" F.
]I:I_‘} .................. G5 a 1 70 "
VB e " " 07 "
w di s anp e e ﬂl} 1] " 55"5 aF
OO e i 2 B "
NN R e e 5l i " -
1600 4 i s 2 k: 5l "
2400 T ] i 5 48 "

OO0 S 48 I B 47 5



ME. J. PRESTWICH ON SUBMARINE TEMPERATURES. GGT
TasrLe ITI.—SuBMARINE TEMPERATURES 0F INLAND SEAS®.
The Mediterranean.
II. III. IV. V. VI. VIL
Temperature in
Date Poskin Depth degrees of Fahr. | Name of Rt
in fect. T ohserver.
l]l!'-]'rth. Burface, | Air.
Westerx Divistox,
(=] o o
1. | 8 0ct., 1780...| OFf Port Fino, near Genoa ......... M4 |68 | 6y (66 [Saussure ........ Thesincostaess e daw 1
16, . ...|Off Cape della Cansn, near Nice.. | 1918 | 568 | 685 |, o .| hours.
Mar., 1820..|41° N. lat. 5°20E. long. ........| 3204 | 547 | s&5 576 D'Urville ...... \
T 1SN Mat  22R0E long. .........|] 1602 | 84T | s7r |58 T
Apr., 1826...[40°F. lat. 4°50E. long. .........| 1602 | 545 | b9 (63| . ..
% = |TwomilesXN. of Alboran............| 203 |563 | 613 96| . ...
| ‘H“| 1] Btraits of Gibraltar ......ocevuees 1068 M2 ﬁ'}-—’ Ess ree L RS ]k‘_mu the const of Franes
|8 ., . |[Fivemiles E. of Centa .......coneue. 1335 | 574 | 64 fiy6 o and Strails of Gibraltar.
» w, |Auchorage of Algesirs ............ 106* | 565 | 593 j638 i
" O ot [N M e - R T .
S 1 a " 119% | 583 6ol [boB S
kﬂ*ﬂm T a ,, 118% | 502 | 627 |665 S J
b June, 1831... Between Mahon and Algiers ...... G408 | 654 | Go8  [75= [Bbrard........... 3
I n " B ey 3204 | 854 | 737 73| 0 ceeveeseien
23 July, 1832...| 14 miles N.E. of Bougic ............ 3850 | 567 | 797 [Baz| .
O4ug, , |10miles N. of Bougie ..............| 267 | 563 | 797 (86|
o om 8 milea EN.E. of Bougie............| 287 [5564 | %08 [Bo'g| 4 coeviennn Between the Balearic Tsles
B0ct, . [40°41 N.1at. 2°10 E.long...... 873 | 588 | 708 37| e and Algerin,
" £l L1] 45 213 Gls Tz 78 i
now ¥ e e 106 | 64 68 72 i
5 Nov., 1831...| OFf Cape St. Martin .................. 3204 | 554 | 671 (607 .
‘ 'ﬁ A " " . 400 04 583 59 S e a o x Aw !
'-'I“u'.l,;', 15844...| Batween Murseilles and Algiers 3 | 744 45 IO et
e o # L 4 Sls, e Mean of July (evening) ob-
ik - = - 49 | 662 " O wssressanes soryations. The mean tem-
- il x " 65 | ass 3 i v P E;nﬁ?m of the air in July
" LL] L1 2 E‘J 644 (7] ¥ saman
i L1} 5 4 o8 G35 i . " s J
E"ﬂ' 1844, i w 4 574 575 . [Admdé 3
e " o B TS | o g Mean of March (evening) ob-
S P " &3 | 5T m g5 memesensa servations. The mean tem-
oo o 4 48 | 508 b = rgst;f of the air in March
Eel " i a8 50 Ei":'ﬁ ¥ RE] =
L " 72 | G 5 e
18411844 ... {B“m Marseillea m‘“ﬁ“’"! 2 618 | 647 |6ag[Aimb v
exact position mot quamﬂad E
" " 164 | 58 % = i Thesa mumbers give the mean
? annual tem tures resnlt-
" 1 = n 218 T " T " ing from total of his
L ¥ ¥E ﬁﬁﬁ {ﬁ"i (2] 1] an ﬂbﬂﬂ‘rﬂtiﬂnﬁ.
" il g " I]"’E ﬁ:l:ﬁ " i1 L1 sl

”!J:ﬁ'lr abservations of D'Urvitte, marked thus, have F afixed in the original. Possibly this may mark * Fathoms;™ but in
e absence of information the reduction is for * Brasses,” which is the measure he otherwise used.

40
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MR. J. PRESTWICH ON SUBMARINE TEMPERATURES.

Tasre TIL—IXLAND SEAs (continued).
The Mediterranean (continued).

111,

TY.

V.

Temperature in
degrees of Fahr.

N

Name of

s Depth
o himhing in I.!eat. W observer,
depth. | Surface. | Air.
Westers Thivision {eontinued ),

4. | 0 May, 1857.../38° 36’ N. lat. 13°41'E long...| 720 | 588 | &1 |67 [Wullerstorf......[5

g 1L, S 51" N.lat. 10°36'E.long....| 750 | 572 | 6o |E: L

42. 15 . . ST"56'N.lat. S°47E.long....| 750 | 504 | 622 |64 e

3 woom ” " | B48 | 612 | . " " | Between the Straits of
PPE | | 36° 2'N.lat. 4° 2 W.long...|] 750 |502 | 626 |63 L, -

45 |24, . 30 & N.Iat. 5° 21" W. long. ... GO | GivL gg2 B3 i 4

46180 . o 36" 7T'N.lat. 5°22 W.long...| 270 | 584 | 615|648

47. | 2 Tune, ., 36° 33' N. lat. 4°34° W. long. . 72 | 564 | s76 |66z B

Eastenrx Divisiox.
48.| 4 May, 1857.../ 30° 33" N. Int. 18°51°E.long....| 180 | 582 | 61 |61 [Wiillerstorf......
) Between the Ionian

&9, # = - = ] 300 | GO i i o 3

S R 38°9)'N. Iat. 10°56'E.long. .| 150 | G608 | 615 |6og 2 4 }

sr.| duly, 1845...| Egina Gulf ..., LA B T e 82 [Sprait ... f IS

o BT B e e 60 | 78 o =

53.! = ) ; el R S S 1200 (68 | ... " "

54 Il e B s s 210 | 62 Zhed | b 4 wileand a ball

S gl S A TR S 450 | 56 a2 .

ebll o e e e 730 | 555 | ceer | iz |/

o PR S e e ol 12 | &0 [Bs [Bpratt...........

8, i o 2 i G | 76 o & &

55 o e e e e 120 | 69 ,, i .

gl - o, 210 | 61 o e e e

T Sl 830 |67 | e S e

G Ay P L e e i s 7 st o 1260 | 555 | e = i 1)

G223 July, 1846... [N, Division of Archipelago _.......l 380 |76 [ ... |86 [Spratt (u) ...... |

1Y i " T . N P o

bzel b 2 = 150 | 62 i i .| } Between Euboen and
fad.| - o o TR - - o 00 | 58 " " -

fae, (1] 1] an 1] {00 i ™ ] ¥ £

63.| Aug, 1847...| OF Nio ... 1080 | 855 | ..o 86 [Spratt .. Four miles from shore.
B i Of Andros ... wreed 1200 | 555 | ... * i [Seven miles from shore,
65. |25 July, 1847 ...| Grecian Archipelago 60 |74 78 |86 |Spratt .

%4 I I s = (o I 8 Bl | L0
68, i o - M0 | 64 - & PRI

fig. " ] + " tersrsrrnransnaras T20 Ty " " W rersaraees

72, |20 Bapt., 1852, OB O0ets ...ooovisirsnmsinsammsene 800 | 72 75 |76 k..
r il ¥ " 18 1 0 B o B e A o WA R W Eﬂ} fit} a " pp sessssssanas }Hmt‘hmdm
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TasLe 11T

—INLAND SEas (continued).
The Mediterranean (continued).
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II1. IV, Y. V1. FII.,
Temperature mn
s degrees of Fahr. | ¥ f
Position. Depth ame o Remarks.
in feet, T Observer,
depth. Surface. | Air
o =1 o
L P 120 | G& 71 Bo  (Spratt
B L stsssaspunenantie 300 168 | 0 Ju | w w About: 50 milss weet of Cesi-
" GO0 | 593 - o o T zotta, on the N.W. coast of
Ll m ﬁg* 1] 111 1] + ErEh:L
BF Bh SEEFssssasananann - 'l-"'H:l] 5‘3& i e nr EECErEE g
Off East End of Rhodes ........... 60 | Bl #a 8% [Spratt ............
" " : 120 | TO§ 3 = in
About 2 or J miles from the
e » 13'-' m e ” " g F coask.
L1 an M] FT ¥ L1 1]
" " - L GO | 73 " = o Ay,
Between Malta and Tripofi.........| 177 62 [iF 68 |Spratk,
Gulf of Byrtis ....coccoceeeeen| 120 |62 | 62 64 [Spratt........
L1l (1] - = e m B.E rE A dEsEsEsEsEAE } -it;:;:::;l# ]!.'lilﬁ! “-Ht. ﬂf BE'E.-
1 . Lo g 1740 | 629 3 FE A R
s ey . SUCIE e 56 Hgtl | 180 miles S, of Muta, o
5 2 Bt G | 613 o & e e SO soundings in GO0 fect.
Arabs Gulf W. of Alexandria .. 120 |61 | 6= 68 [Spratt...........
7 o 1A Fon e T N }“"’“ Ve ovas.
April, 1861...| Off the coast of Egypt ....... 120 |61F | 63 [65 [Sprabb......... e
i s 1620 504 | . ol [P R } exandria.
OFF the const of Egypt .. 180 | 71 73 [6g |Opmkt........... \
” o e 300 168 | b, | w il | Of  Arabs Tower, west of
5 :. & 480 | 64 s = Alexnndrin,
1] EE] EECEL T T 'ﬂﬂﬂ ﬁi’! a . PR memsmssssas
65 miles from Malta..................| 180 | 594 Ga 57 [Spratt (#) ...... 5 W. of Malta.
an EE EEdrssEssEassraran m m L1} =2 L
«| 65 miles 8.W. of Malta ............| 300 |58 sofk | - lspmt(u].
| 150 miles 8. 8.W, of Malta .........] 120 | ¢0 6o .- [Bpratt (1) ... ] SIRE
: . L ooty | 21 e S DT Rl
150 miles B. of Malta. ............... 60 | T2} 4 75 |[Spratt (8] ......
in W e reee S | | (X | 4 o R
1 i seesenssessnd 180 | 63 R B Between Malia and the Greek
” " 300 | 60§ o - archipelago,
an (1] IHI' 5’8* (£} ]
kL) '" - m Eﬁi 11 ama B mEsssesas
«| BEA 0P MIARMORA ..ovvvevssnraeannin 00 | 553 | 553 [5r [Spratt(w) ... Near entranes.
- . e [ ] [ i o e N. of Marmors Tsland.
B 10 miles distant feam the pre-
2 TS —— N | 56 |60 [Bpratt (%) ...... ol e )
an (1] T LT EI' 5‘1‘} an EEd L) ﬁnt-
«| Buack Sea, Bourgns Gulfl .........] 60 | 48 gz |68 |Spratt (&) .....)0On W.coask In soundings.

4up2

1 a"ﬁl“ﬂﬁﬂﬂlﬂf.ﬂeﬂmiralsiﬂaﬂhm 1880 were made on mud brought up from the bottom. Those in and after 1200
wore made with Six's seli-registering thermometer,
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TapLe ITT.—INLAND SEas (continued).
Red Sea.

North | Longi- Temperature in

T l I1. I1I1. 1¥: v VI. VII. VIIL
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e, | wich. densy, | Burface. | Air.
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l]E.l = = I7 4% | 40 2B | s e S8 NG | B0 W divass
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1:-:.5 = o gne7 | ayaE | G o eeeses] 18000 |0 835 & +!

el o o 22 1 CE R b [ S anbad | 71 78 = e
122, e 2390 | 26 SBE | W w e 4068 |TORD | C9my | &
1:3.: S S 27 31 [JobalStmit] . . ..iee 2802 | 70 T3 - e

Sea of Okhotsk.

|=4.! May, 1804......] 46 44 K ISH-EI'C'I‘-IIME 360 | 32 346 | ... (Hommer .........Near the ¥, const of
125, August .........| §3 e R . 480 | 30 558 e [Horner .........|0F the north end of
126, August .........| §3 e o e 8 |06 | g6 | .. [Homer ......... A

127. 1 . " " " W | 365 0 " .

[FERRS e aeind [y o O 108 | 316 |, "
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ExXPLANATION OF MAPp.
PLATE 65.

671

This Map is reduced, so far as relates to the hydrographical details, from the last
edition of the Admiralty ¢ Chart of the World for Tracks.’
On this the observations recorded in Tables 1., IL., and IIL are laid down according

to the latitude or longitude given by the original observers.
been made in the Tables since the Map was engraved.
other diserepancies®, the Tables give the correct reading.

A few corrections have
In the case of these or any

In the Mediterranean only
a portion of the numbers (without the initials) are given for want of space.

The numbers in the Map correspond with those in the Tables, and the name of the

observer is indicated by initial letters as under.

The name of the ship is added for

convenience of reference: the fuller particulars and titles will be found in the text,

§ IL, in"the order of date.

A.

.

B.

ARMSTRONG
AREL
Beecney
BELCHER

53

. BLOSSEVILLE

BacHE
Coox
CHIMMO .

. CRAVEN .

D'URVILLE .
Davmax .
DUNSTERVILLE
ELLis

Fravguix & BLcH.m =

FrrzRoy
ForsTER
Grasn .
HorxER
IrvinG
KoTZEBUE .

ay

Voyage of the ¢ Investigator’

On the Voyage of the * Alceste .
Voyage of the * Blossom’

Voyage of the ‘Sulphur’

Voyage of the ¢ ‘:'mmamllg v

See D'URVILLE . :
United States Coast Survey fm l‘ial

Voyage of the ¢ Resolution ’ and * Adventure’ .

See note, p. 610 . .

See BacHE

Voyage de ‘I A@tmhbe

Voyage of the ¢ Rattlesnake’

See MAURY.

On a Voyage to the Coast of Africa .
Voyage of the ‘ Dorothea " and * Trent’
Voyage of the ¢ Adventure’ and * Beagle’
Voyage of the ¢ Resolution’

Expedition to the East Coast of Gmenhnd -

See KrUsENsTERN'S Voyage .

See Puirrs’s Voyage

Voyage of the ¢ Rurick’

Voyage of the * Predpriatic’ (‘ELL LL\E]

1850-54.
1817.
1825-28.
183646,
1543-46.
1828.
1854.
1772-T
lhbb.
1855.
1826-29.
1346-47.

1749,
1818.
1826-36.
1772-75.
1828.
1803-6.
17735.
1815-18,
1823-26.

* The whole group of ohservations to the west and north of Spitzbergen are placed rather too far (from
}’ o 1) north.
+ I should have stood for Davuax and U for I'Urvmik; as it is, U stands for D'Urvizie in the north
hemisphere and D in the south hemisphere.
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KELLETT
Kirxpson .
KRUSENSTERN .
ExiL. LENz
Ep. LENzZ .

MagrTiNg & Bravais .

MAURY .
PARRY .
X3
L

n

P. PuLLEx —
Purers (see IRVING) .
. PERON .

. PRATT. .

. Joux Ross
. James Ross
. RopcERs .

SCORESBY -
SABLNE .

. SHORTLAND .
Du PemT-THOUARS .

IV URVILLE

. WVAILLANT .
. WULLERSTORF

W AUCHOPE
WILKES

WALKER

Voyage of the ¢ Herald™ .

Voyage of the ‘Queen’ . . . . . .
Voyage of the ‘ Neva’ and ¢ Nadeshda® .
With Korzesve on his 2nd Voyage

On Voyages in the ® Atcha’ .

Voyage de ¢ La Recherche’ .

Physical Geography of the Sea .

Voyage of the ‘ Alexander’ . . .
Voyage of the * Hecla’ and * Griper’
Voyage of the ¢ Fury’ and ‘ Hecla’
Voyage of the * Hecla’ ;

On the Voyage of the ¢ Cyclops’

Voyage toward the North Pole (the ‘Racehorse’)
Voyage sur les Corvettes * Le Géographe,” ‘ Le

Naturaliste,” et * Le Casuarina’ .
On a Voyage to India. s
Voyage of the ‘Isabella” . . . . .

Voyage of the ¢ Discovery’ and * Research’ .

See MAURY . . -

Various Voyages (the  Esk ' and © Baffin’) .
- With Ross in 1818, and Pagry in 1819 .

On the Voyage of the * Hydra® .
Voyage de ‘La Vénus® . . . .
Voyage de * I’Astrolabe ’ (see D) .
Voyage de ‘ La Bonite’

Voyage of the ¢ Novara’ .

See notes, pp. 525 & 601 .

1845-51.
. 1859,
. 1803-6.
1825-26.
. 1847-49.
. 1838.
. 18567
. 1818.
1819-20.
1821-23.
1827.
1857-69.
1773,

1800-4.
1840.
1818.
1839-43.
18545.
1810-22.
1819.
1868.
1836-39.
1826-29.
1836-39.
. . 1857-69.
. 15816 & 1836.

United States Exploring Expedition (the ¢ Vin-

cennes’ and ¢ Peacock’)
On the Voyage of the  Fox’

1839-42.
1858,

The other numbers in ifalics mark (in feet) the further depth to which some of the
soundings have been carried. Where they have reached the bottom a stop (.) is added;
where, on the contrary, the soundings have not reached the bottom, the sign 4 is
added.

The many other voyages for scientific purposes sent out by

the English, French, and

American governments during the period here deseribed contain many very numerous
meteorological observations, but no observation on submarine temperatures, unless I
have inadvertently overlooked any.
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EXPLANATION OF SECTIONS.
PLATES 66, 67, & 68.

The position of the seetions will be found on the Map, and the initials attached to
the numbers have the same reference on both.

In the absence of observations in the direct line of section some of those at a short
distance on either side are included.

The vertical lines indicate the position and depth of the temperature-soundings,
and the figures in italics connected with them give the temperature at the surface and
at depths in degrees of Fauresugerr, The other figures on the top line mark the degrees
of latitude. The stronger figures in italics relate to the probable position of the bathy-
metrical isotherms generally.

The separate numbers at depths indicate the depth in feet to which soundings have
been made in any latitude, the sign + showing that no bottom has been reached.

All the observations used in the Sections have been subjected to correction for pres-
sure, as adopted p. 612, viz. by making a deduction of 1° Fanr. for every 1700 feet
of depth, exclusive of the observations of Lexz Du Perir-THouARS (such of them as
are given in parentheses in the Tables), Marrixs, PuLLEN (in part), and those of Ross,
Parny, and SaBINE of 1818-19, which are taken, for reasons before given, as recorded
by the original observers, It is possible that in some instances (as, for example,
Jayes Ross) a larger correction might be necessary, and that in the Antarctic seas the
isotherm of 85°F. should be replaced by one of 33° or 32°%; but this will not much
affect the correction for the more numerous observations at lesser depths.

All the depths are given, for the sake of uniformity, without correction for angle
of rope, as that could only possibly be known in but few cases. The importance, how-
ever, of a correction for this also will be evident by reference to the large allowances
which Du Perir-Trovars+ has often thought it necessary to make in his soundings, the
corrected readings being given between parentheses. Only in 21 cases does he record
*“the angle of the line from the vertical ” as 0; in the other 38 cases he found it to vary
from 10° to 67°; and he estimated the difference caused by the latter extreme case as
equal to a reduction of the observed depth of 5872 feet to a corrected depth of 2296 feet.
The want of information on this point is one reason for taking, as we have done, a
minimum correction for pressure. '

Where the observations are sufficiently numerous the bathymetrical isotherms are
laid down in continuous lines. The dotted lines indicate the probable prolongation of
the isotherms, on the supposition that there are no disturbing causes; but it must be
borne in mind that the isotherms (the lower ones especially) are liable to rise with every

* Should some of the observations of the ¢ Challenger” be found to correspond in position with any of those

recorded in these pages, they will furnish a measure whereby to correct these or those of other ohservers,
T Bee also the corrected depths of Lexz (anté, p. 599) and of Wavcmore, 1816, and Sapivs, 1822 (Tables).
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isotherms may be variously deflected by surface-drifts and currents.

It is probable that in some of these Sections (as, for example, in the North Pacific,
Sect. 4, and in the South Atlantic, Sects. 1 & 2) the irregularities of curvature may be
exaggerated, owing to the want of uniformity in the instruments used by the ﬂiﬁ&reﬁtis
observers, and by the necessity of using a general correction for all.

voyages above recorded and from Mavry. In the higher north latitudes we have the
soundings of Ross, KANE, Scorespy, and Marmins. In section No. 2 the greater depths
of Sconespy are in the sea west of Spitzbergen, and the lesser ones of MARTINS betwee
Spitzbergen and Norway, which accounts for the break in continuity of depth.

The position of the bathymetrical isotherms and the indications of the sea-bed ¢
confined strictly to observations anterior to 1868,
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