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I. Om Luften i Sevandet.

llerede 1 lange Aarreekker har der fra Tid til anden af

forskjellige Chemikere veeret foretaget Experimenter i
den Hensigt at studere Forholdene ved den atmosphariske
Lufts Absorbtion af de Vadsker, hvormed den i Naturen
kommer i Bergring, men det er dog forst i de seneste Aar,
at dette Spergsmaal har veeret gjort til Gjenstand for mere
omfattende Underspgelser, hvad angaar Sgvandet i de aabne
Have. Rigtignok foreligger der ogsaa fra wldre Tider en-
kelte Opgaver over Sammensatning og Mengden af den i
Segvandet oplgste Lutt, men disse ere for det Meste bhundne
til nogle ganske fan Puncter af Kysterne. og der. hvor
Forspgene ogsaa omfatte Vandprever fra det aabne Hav,
er der ofte saameget at indvende mod Materialets Indsam-
ling og Opbevaring, at man. selv om Intet maatte veere at
wdswette paa Methoderne til dets Underspgelse. ikke kunde
swite disse 1 Klasse med de med vore Tiders tuldkomnere
Hjelpemidler udfprte Observationer.

Naar saaledes vort Kjendskab til Fordelingen af Luf-
ten i Verdenshavene specielt for de store Dybs Vedkommende
lige til de seneste Aar maa siges at have veret meget
mangelfuldt, da maa Grunden hertil spges i de mange Van-
skeligheder. som man allevegne mgder. naar man vil under-
spge disse Spergsmaal. Hvor det gjelder at bestemme
Sammensetningen af den atmospheeriske Luft, giver Lnftens
Letbeviegelished Ret til af Underspgelser udforte paa faa
Puncter at slutte til den hele Atmospheere, hvad der imid-
lertid ikke er Anledning til for Sovandets Vedkommende.
Der fordrer Havenes langt ringere Bevwegelighed et storre
Antal Observationer, idet der her maa stilles meget stren-
gere Fordringer til den geografiske Udbredning. Enten
maatte altsaa Vandprover hjemfores fra fjerne Farvande,
sanledes at de ved en lmngere Tids Henstand udsatte for
allehaande fremmed Indvirkning kunde blive aldeles ubrug-
bave, eller Analytikeren maatte, udsat for alle de Ulemper,
som et Skibs Bevegelser medfgrer for videnskabelige Un-
derspgelser, forsgge bedst muligt at udfere sine Observatio-
ner ombord. Men selv naar der hos mange Chemikere fra
@ldre Tider kan have vaeret Interesse for ved Undersggel-
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I. On the Air in Sea-Water.

Experiments have long since been instituted, from time
to time, by divers chemists, with the object of investi-
gating the absorption of atmospheric air by the fluids with
which in the course of nature it comes in contact; but not
till of late years has this phenomenon been made the sulject
of exhaustive treatment in its rclation to ocean-water.
True, there do exist comparatively carly statements respect-
ing the amount and composition of the air present in sea-
water, but the great majorvity of such ave confined to a
very few coastal localities: and when. as was sometimes the
case, the samples of sea-water examied had been drawn
from the open sea, the mode of collecting and preserving
them was frequently so open to objection that, even assum-
ing the methods adopted for their examination to have
been in every respeet trustworthy. these early experiments
will not bear comparisou with those of modern date, per-
formed with the far superior apparatus since devised.

Our knowledge therefore. till hut a few years since,
of the distribution of air in ocean-water, must be said
to have continued very imperfect; and the reason is
found in the numerous difficulties everywhere encountered
when proceeding to investigate so intricate a subject. From
the great mobility of the atmosphere, experiments in a few
loealities only will suffice to determine the general com-
position of air: Dbut with sca-water the case is different.
Water being far less fluid than air, many observations
are obviously needed. since the greatest importance
must be attached to geographical position. Hence, sam-
ples of sea-water had to be Dbrought home from distant
regions, and in that case, by being allowed to stand over
for a comparatively long period, left exposed to all manner
of disturbing influences; or the observations were taken on
board, and experiments performed to the best of the ana-
lyst's ability, in spite of the numerous drawbacks entailed
by the motion of the vessel. But, though many of the
earlier chemists would, when at sea, no doubt have felt an
interest in contributing to solve the problem of the distri-
bution of air in the water of the ocean, they almost inva-
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ser paa Reiser at give Bidrag til Lesningen af Sporgs-
maalet ;.om Fordelingen af Luften i Havet, da har Anled-
ningen dertil nwsten bestandig manglet. Forst ved de i
de senere Tider hyppigt udsendte Expeditioner, hvormed
der har veret givet Chemikere Anledning til at medfolge,
har det veret muligt mere detailleret at studere disse Ting.
Ved disse Expeditioner har Formaalet udelukkende vieret
videnskabeliz  Undersogelse af Havet og der har derfor
med Hensyn paa Udrustningen altid vieret lagt megen Vind
paa ved hensigtsmeessige Foraustaltninger og omhyggelize
Forberedelser at fremme dette Formaal saa meget som
muligt, og det er derfor klart. at disse Expeditioner maa
have den storste Betydning for den chemiske Undersogelse
af Havene specielt, hvor Talen er om saandanne Observatio-
ner, der ligesom Bestemmelser af Gasavterne ikke taale
Opseettelse, men nodvendigvis nmma udfores oieblikkelig efter
at' Vandproven er gst.  Naaledes maa aabenbart de under
disse Omstaendigheder udforte Observationer faa storst Viegt,
hvor det dreier sig om at skatfe Oplysninger om Gasavterne
i Sgvandet, udenat det dog derfor vil findes paa urette
Plads her at give en kort Oversigt ogsaa over de herover
udforte wldre Undersogelser.

De tidligste Undersogelser. der mig bekjendt ere
gjorte over Luften i Novandet. udfortes i 1838 af Frémy!
paa nogle Vandprover, der over et Aar forud vare bleven
optagne paa den franske Expedition med *La Bonite' i 1836
og 37. Vandproverne bestode dels af” Overfladevand dels
af Vand fra forskjellige Dyb indtil 450 franske Favne og
vare optagne med et af Biot opfundet Apparat.?

Ved Analysen af den udkogte (Gas absorberede Frémy
Kulsyren med Kalilud og Surstoffet med Phosphor. Resul-
taterne ansaaes allerede at Frémy selv for upaalidelice og
de staa saa bestemt i Strid med alle nyere Angivelser, at
man med temmelig stox Sikkerhed kan antage at det lange
Tidsrum mellem \andprovernes @sning og deres ['ndersg-
gelse har gjort dem tuldsteendiz ubrugbare.

I 1843 udforte Morren® nogle Undersogelser af Over-
fladevandet ved Saint-Malo narmest i den Hensigt at paa-
vise Sollysets Indflydelse paa den velative Sammenswetning
af den af Vandet absovberede Luft. Han kom i den Hen-
seende til det Resultat, at Surstofmsengden fandtes storst
og Kulsyremengden mindst ved klart Sollys. hvorimod om-
vendt Surstofmengden fandtes mindst og Kulsyremmngden
storst ved morkt overskyet Veir. Vandproverne undersog-
tes ikke paa Stedet. men sendtes til Rennes hvor de af
Morren udkogtes i Kolber paa 4.5 Litre. Den udkogte Gas
lededes gjennem Kautschukledning over i en Flaske, hvori
Gasarterne opsamledes over Vand. Ved Analysen af Gasen
anvendte han til Absorbtion af Kulsyren Kalilud og for-

! Compt. rend. 4 — G146,
* Pogg. Ann. 37— 416,
* Ann. Chim. Phys. [3] — 12 — 5.

riably lacked the means. Not till chemists had been sent
out on the numerous Expeditions dispatched of late years
to all quarters of the globe, was it possible to study this
subject in detail. The sole object of such Expeditions hay-
ing been the scientific investigation of the ocean, they were
naturally fitted out with the greatest possible care, being
furnished with the latest and most improved apparatus,
and cvery mnecessary aid and appliance. Tt is obvious,
therefore. that these Expeditions must largely contribute
to our chemical knowledge of the ocean., more particu-
larly with regard to observations which, like the deter-
mination of gaseous bodies. will not brook delay, but
must be taken immediately the sample of water has been
drawn. Hence. very great weight should be attached to
observations instituted under such civcumstances, viz. those
that velate to the determination of gaseous bodies in sea-
water. It willnot however, be out of place, briefly to notice
some of the earlier observations undertaken with that ob-
ject in view,

The earliest experiments, so far as 1 am aware, relat-
ing to the air in sea-water. were instituted in 1838, by
Frémy.! with samples of water dvawn more than a year
before on the French Expedition with the ‘Bonite,” in 1836
and 1837. These samples of water consisted partly of sw-
face-water, partly of water from various depths, the great-
est being 450 French fathoms; and were collected with an
apparatus devised by Biot.*

When analysing the gas dviven off. the carbonic acid
was absorbed in a lye of potash. the oxygen being con-
sumed with phosphorus. But Frémy himself did not regard
as trustworthy the results of this process: and they have
proved so decidedly at variance with those of all later
observations. that his samples of water. owing to the length
of time for which they had been preserved previous to
examination. had no doubt become utterly worthless for
experimental purposes.

In 1843, Morren® instituted a series of experiments
with surface-water, near St. Malo, chiefly with the object
of determining the influence of solar light on the compo-
sition of the air absorbed by sea-water. He found the pro-
portion of oxygen to be greatest, and that of carbonic acid
least. in bright weather; whereas the proportion of oxygen
was least, and that of carbonic acid greatest, with a dark,
clondy sky. The samples of water were not examined
on the spot, but taken to Rennes, and there boiled by
Morren. in matrasses containing 4.5 litre. The gas driven
off during the process was conducted through a caou-
tschouc tube into a phial, and there collected over
water. When analysing the gas, Morren used a lye of

! Compt. rend. 6, p. G106,
? Pogg. Ann. 37, p. 416.
® Ann. Chim. Phys. {3], 12, p. 5.



breendte Surstofgasen med overskydende Vandstof. Han
brugte ogsaa her som Sparreviedske Vand. som paa For-
haand var meattet med Luft, og det kan saaledes ikke for-
undre, at de Resultater, han erholdt, vise temmelig betyde-
lize Afvigelser, Surstofmamngden varierer saaledes fra 39.5
til 31.0 og udgjor i Middel 34.7°/, af den samlede Surstof-
Kvalstofmengde, medens denne varierer mellem 20.0 og
30.5 og i Middel udgjor 24.5 CC. pr. Litre af det udkogte
Vand. Som man heraf ser, svarer den midlere Surstofpro-
cent meget ngie med det af Bunsen senere for destilleret
Vand opstillede Tal, hvorimod de T'al. Morven opforer som
Udtryk for den samlede Surstof-Kvzalstofmangde. ingen noi-
agtig fixeret Betydning have. da han intetsteds angiver
den Barometerstand og Temperatur, hvortil han har rvedu-
ceret sine Gasvolumina.

Nogle Aar senere i 1846 gjenoptog Lewy! Morrens
Underspgelser paa nogle Vandprover. som han oste ved
Langrune i Nordost for Saint-Malo. og anvendte for at
kunne sammenligne sine Resultater med Morrens npiagtig
den af ham beskrevne Arbeidsmethode. Hans Resultater
vise ogsaa, maar man tager Hensyn til. at Vandproverne
alle skrive sig fra samme Sted, ikke ubetydelize om end
meget mindre Afvigelser, som han ligesom Morren tilskri-
ver Sollysets Indflydelse. Surstofimzengden varier hos ham
fra 35.4 til 32.4 og udgjor i Middel 33.6 "), af den samlede
Surstot-Kveelstofmengde. som gjennemsnitlig belpber sig til
17.3 CC. pr. Litre og ikke overskrider Grendserne 18.9
og 16.3. Heller ikke Lewy har nwermere fixeret Betydnin-
gen at de opfgrte Gasvolumina, Der har forresten i hans
Tabel indsneget sig meningsforvirrende Regnefeil. som har
givet Anledning til. at han er bleven misforstaaet.

I 1851 har endvidere A. Hayes® offentliggjort nogle
Udtalelser om Fordelingen af Luften i Sovandet dog nden
at vedipie sine Originalobservationer. Tfplge ham findes i
Vand fra storre Dyb altid en betragtelic mindre Mwengde
Surstof end i Overfladevandet. en Regel. som overalt holdt
stik saavel i den hede som tempererede Zone. naar und-
tages i Golfstrommen, hvor den stmrke Bevwgelse i Van-
det kunde antages at forstyrre den almindelige Ligevoegt.
Han fandt ogsaa efter Storme en betydelig storre Surstof-
mengde 1 Overfladevandet.

I 1855 udforte M. F. Pisani® nogle Undersogelser af
Saltene i Overfladevandet ved Bujuk-Déré og bestemte sam-
tidig de i Vandet indeholdte Gasarter. Resultaterne findes
sammenstillede i nedenstaaende Tabel, hvor Volumet er
reduceret til 0% og 766™ Tryk og udtrykt som CC. pr.
Litre Vaund.

! Amn. Chim. Phys. [3] — 17. Ann. Chem. Pharm. 58 — 326.
? Sillim. Amer. Journ. {2] — 11 — 241.
¥ Compt. rend. 41 — 532.

potash for absorbing the carbonic acid. and consumed
the oxyvgen with a surplus of hydrogen. Here. too. the
confining fluid was water. previously saturated with air;
and hence it is not surprising. that the results obtained
should have been found to varv considerably. Thus. for
instance the amount of oxvgen varies between 39.5 and
and 31.0 per cent. the mean proportion being 34.7 of the total
amount of oxygen and nitrogen: while the latter ranges
from 200 to 30.5. giving a mean proportion of 24.5¢«
per litre,  The mean percentage of oxygen agrees, theretore,
very closely with the proportion afterwards found by Bun-
sen for distilled water: whereas no definite importance
can be attached to Morren's fizures representing the total
amount of oxygen and nitrogen. sinee that observer does
not anywhere state to what temperature and atmospheric
pressure he had reduced the volume of the gas.

Some years after. in 1846, Lewy! repeated Morren's
experiments. with samples of water drawn at Langrune,
north-east of Saint-Malo. adopting. the better to compare
his results with those of Morren. precisely the same mode
of operation. The results obtained by this chemist. see-
ing that the samples of water were all of them from
the same loeality. vary. too. considerably. though by no
means to the sa:e extent. — which he, in common with DMor-
ren. aseribes to the intluence of solar light.  The amount
of oxygen ranges from 355.4 to 32.4—33.6 per cent. being
the mean proportion of the total amount of oxygen and
nitrogen. which averages 17.3¢« per litre, having in no
case passed the limits 189 and 16.3. Lewy. too, omits
to give the factors determining the volume of the gas.
Moreover. divers perplexing errvors have slipped into his
Table: and hence he has been misunderstood by some.

In 1851. A. Haves® published a paper on the distri-
bution of air in sea-water. without however embodying his
original observations. According to the observations of
that chemist. the amount of oxyzen m water drawn from
great depths is always appreciably less than that in surface-
water. a rule which holds zood for all seas both of the
torrid and the temperate zones, with the exception of the
Gulf Stream, where the strong zurrent may be supposed
to exert a disturbing inHuence. After a2 heavy gale of
wind, too. the proportion of oxvgen i the surface-water
was found to be much greater.

In 1855, M. F. Pisani* instituted a series of obsgrva-
tions neair Bujuk-Déré on the salts in surface-water, and
also determined the gaseous bodies it contained. His
vesults are given in the following Table, the volume
being reduced to a temperature of 0% and a pressure of
760", expressed in cubic centimetres per litre,

! Ann, Chim. Phys. [3], 17; Amn. Chem. Pharm. 58, p. 326.
? Sillim. Amer. Journ. [2], 11, p. 241.
S Compt. rend- 41, p. 532.
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O -+ N pr. Litre 16.0 16.2
| 0% 31.4 332

04+ N=
T+ N=roo | N, 68.5 66.8

I Aaret 1869 udgik fra England Porcupineexpeditio-
nen, hvor der for forste Gang foruden de ovrige videnska-
belige Avrbeider ogsaa foresloges udfort mere omfattende
chemiske Underspgelser. Man Dbesluttede her at benytte
den udmeerkede Anledning til ved talrize Forsog saavel
med Overfladevand som Vand fra storre Dyb at skaffe sig
Oplysning om de Fluctuationer, som optrede saavel i de
absolute som relative Miengder af de i Sovandet oploste
Gasarter, IForat undgan de Feil, som nodvendigvis maatte
indsnige sig, naar de til Gasanalyser bestemte Vandprover
opbevaredes i lengere Tid for Undersogelsen. bestemte man
sig her for den Udvei at foretage Gasanalyserne ombord.
Til Optagelse af de fra storre Dyh stimmende Vandprover
benyttedes en meget simpel Vandhenter  bestanende af en
hul Metaleylinder med letbeviegelige opadslaaende Kegle-
ventiler, et Apparat. hvis Paalidelighed senere Undersogelser
giver Aunledning til at betvivle.  Udkogningen og Opsam-
lingen af Grasarterne foretoges i alt Vsentligt som ved de
tidligere beskrevne Forsgg, og anvendtes under Analysen til
Absorbtion af Kulsyre og Surstof Kalihydrat og pyrogal-
lussur Kali. Det siger sig selv. at de paa denne Maade
erholdte Resultater maatte viere beheftede med meget be-
tydelige Observationsfeil, hvad der ogsaa tydeligst vises af
de store Afvigelser mellem de af forskjellize Observatorer
efter denne Fremgangsmaade udforte Bestemmelser.  Som
Udtryk for Sammenswtningen af den af Overtladevandet
udkogte Luft fandt nemlig de tre Chemikere, som paa de
tre Togter. hvori denne Expedition deltes, efter hinanden
udferte de chemiske Arbeider, fulgende Tal:!

W. L. Carpenter
Hunter . . . . .
P. Herbert Carpenter .

31.6 /s O mod GS4 °/, N.
364 - O - 636 - N
305 - 0 - 695 - N

Dette er kun de af de enkelte Observationer udle-
dede Middelvierdier, men, som maun ser, er allerede Afvi-
gelserne mellem disse overmaade store, medens de enkelte
Bestemmelser, som ikke findes opforte, varierer mellem
langt videre Griendser. Saaledes opfores som Ydergriend-
ser for Varviationerne af Surstofmmengden i Overfladevandet
Maximum 45.3 og Minimum 14.0 ¢/, af den samlede Gas-
mangde, Kulsyren iberegnet.

Porcupineexpeditionens Chemikere ansaa selv sine Re-
sultater upaalidelige, dog mindre paa Grund af Mangler
ved Arbeidsmethoderne, end fordi den af dem benyttede
Vandhenter tillod Undvigelsen af den Luft, som de mente
kunde udvikle sig, naar Vandet fra de storre Dyb naaede
op til det ved Overfladen herskende mindre Tryk. De tog
forresten sin Tilflugt ogsaa til andre Midler for at forklare

! Proc. Roy. Soc. 18 — 397.

O -+ N pr. Litre 16.0 16.2
O p.ct. 1.4 2

04+ N=100 2 3 i
N p.ct. 68.5 66.8

In the year 1869, the ‘Porcupine’ Expedition was
dispatched by the British Government, and it was now pro-
posed, for the first time, to institute a series of chemical ex-
periments on a more comprehensive scale than any hitherto
performed. By taking advantage of this excellent oppor-
tunity to examine numerous samples of sea-water, both
from the surface and from great depths, the fluctuations
that oceur alike in the absolute and the relative amounts
of gaseous Dbodies in ocean-water might be effectively
investigated. In order to guard against the error that
must necessarily arise when the samples of water are pre-
served for any length of time previous to exammation, it
was vesolved to undertake all analyses of gas on board.
For obtaining samples of water from great depths, a very
simple instrument was used, consisting of a hollow metal
cylinder. furnished with conical-shaped valves, opening above,
an apparatus the trustworthiness of which subscquent ex-
periments have shown reason to doubt. The gas was boiled
out and collected by a process essentially similar to that
adopted for the experiments previously described. the car-
bonic acid and the oxygen having been absorbed by hyd-
rate of potash and pyrogallic acid. As a matter of course,
very considerable errors of observation would attach to
results obtained by this method, the Dbest proof of which
lies in the extent to which the determinations of different
observers performed by this mode of operation are found
to vary. For instance, the three chemists who successively
accompanied the Expedition on the three voyages into which
it was divided, express the composition of the air boiled
out of surface-water by the following figures:! —

W. L. Carpeuter .
Hunter :
P.. Herbert Carpenter

31.6 p.ct. O and 68.4 pet. N
364 - 0 - 636 - N
305 - 0 - 695 - AN

These amounts, however. arve the mean values deduced
from the several observations, and yet they vary exceed-
ingly: the individual determinations. which are not given,
must obviously have ranged between far wider limits. Thus,
the extreme limits between which the amount of oxygen
was found to vary in surface-water, is stated to have been
45.3 (maximum) and 14.0 (minimum) per cent of the total
amount of gas, including the carbonic acid.

The chemists who accompained the ‘Porcupine’ Ex-
pedition did not even themselves regard the results obtained
as trustworthy, less however on the ground of possible
defects in the modes of operation, than because the the ap-
paratus used for collecting the water admits of the escape
of air which, in their opinion, may be liberated on water
drawn from great depths reaching the surface, where the atmos-

! Proc. Roy. Soc. 18, p. 397.



de observerede store Afvigelser, saaledes tilskreves sterke
Beviegelser af Havoverfliden enten ved Storme eller paa
anden Maade den Evne at forpge Surstofmazngden og for-
ringe Kulsyremengden, ligesom rigt Dyreliv ogsaa tilskre-
ves en meget stor Indflydelse paa Sammensetningen af den
i Sovandet oplgste Luft.

I 1871 udgik atter igjen denne Gang fra Tyskland
en Expedition til Underspgelse af @stersgen. hvormed som
Chemiker fulgte Dr. O. Jacobsen. Med Resultaterne af
de fra de tidligere Expeditioner hidrprende Gasbestemmelser
for @ie besluttede han sig hverken for den ene eller den
anden af de ved Bonite eller Porcupineexpeditionen anvendte
Fremgangsmaader men slog ind paa en Middelvei, den eneste,
som i dette Tilfieclde kunde fore til paalidelige Resultater.

Han delte Undersggelserne i to Dele og udfprte den
uopsicttelige Del af dem nemlig Gasarternes Udkogning
strax. medens han, indseende Umuligheden af at udfore til-
fredsstillende Gasanalyser ombord paa et Fartoi i aaben
So. opsatte derves nermere Underspgelse til Hjemkomsten.
Desvierre gav Mangelen af en til Optagelse af Dybvands-
prover emet paalidelig Vandhenter Anledning til. at det
Iste Aars Udbytte af demne Expedition for Gasanalysernes
Vedkommende reducerede sig til blot og bart Indsamling af
den Erfaring, som senere skulde komme til Anvendelse ved
det Aaret efter foretagne Togt i Norvdsgen. Manglerne
ved den paa Porcupineexpeditionen benyttede Vandhenter
havde nemlig hevieget Jacobsen til ogsaa til @sning af de
for Gasanalyser bestemte Vandprover at benytte en Vand-
henter, der nedsenkedes fyldt med Luft. Naar nu Appa-
ratet 1 Dybet anbnedes, absorberedes under det der her-
skende store Tryk momentant en Del af den nedbragte
atmospheeriske Luft, hvorved de paa disse Vandprover ud-
forte Gasanalyser bleve saa upaalidelize at der ikke en-
zang vierdigedes dem en Offentliggjorelse.

De paa Ostersotogtet 1 1871 indhostede Erfaringer,
muliggjorde det imidlertid for Jacobsen ved en omhyggzelig
Forberedelse til den i 1872 foretagne Expedition i Nord-
soen at overvinde eller omgaa de Vauskeligheder, som havde
bevirket Manglerne ved de paa Porcupineexpeditionen fove-
taane Underspgelser, og det lykkedes ham denne Gang som
Resultat af sine Arbeider at oftentliggjore en Afhandling,'
som giver en Rawkke af vore Tiders Fordringer strengt til-
fredsstillende Oplysninger om Luften i Sgvandet. Til Op-
tagelse af de til Gasanalyser bestemte Vandprever fra Dy-
bet tjente paa Nordsgtogtet et af Dr. H. A. Meyer angivet
Apparat? bestanende af en tung Metaleylinder, som ved
Udlgsning i det bestemte Dyb faldt ned over to vel islebne
koniske Ventiler, og derved afspwrrede det mellem disse

' Ann, Chem. Pharm. 167 — 1; Jahresbericht der Commission zur
wissenschaftlichen Untersuchung der deutschen Meere in Kiel, 1872
=T — 4.

* Jahrvesbericht der Commission zur wissenschaftlichen Untersuch-
ung der deutschen Meere in Kiel 1872—73 — 5.

e

pheric pressure is less. But they had recourse to other
means whereby to explain the great differences observed,
ascribing to the state of violent agitation into which the
surface of the ocean is thrown by heavy storms, or to some
other adequate cause. the ability ot increasing the proportion
of oxygen and diminishing that of carbonie acid; an abund-
ance of amimal lite, too. was believed to exert very great
influence on the composition of the air absorbed in sea-water.

In 1871, an Expadition was despatched from Germany
for the investieation of the Baltic. Dr. O..Jacobsen accom-
panying it as chemist.  Warned by the unsatisfactory
results of former gas-analyses. he vesolved to adopt neither
of the methods resorted to on the “Bonite” and *Porcupine’
Expeditions. but vather to take a middle course, which
indeed held out the only prospeet of success.

Accordingly, he divided his observations,  Experiments
admitting of no delay. such as bhoiling off the gas. were
performed at once. whereas all analyses ol gas, impossible
as it is found to operate satisfuctorily on board a vessel
i the open sca. were deferved till his return home. TUn-
fortunately. the want of a trustworthy apparatus for col-
lecting samples of water from -great depths. confined the
results obtained on the first voyvaze of the Expedition,
as regards amalyses of gas, to the mere acquisition of
experience, which there  was  ample  oppor-
tunity of applying on the eruise undertaken the following
year in the North Sea. The defective construction of the
mstrument employed for colleeting water on the Porcu-
pine’ Expedition had induced Jacobsen to make use of an
apparatus which, even when drawing water for gas-anal-
yses. was sunk full of air.  Now. on opening this appa-
ratus at the requived depth. some portion of the- air it
contains will, by reason of the great pressure, be momen-
tavily absorbed: and hence all analyses of gas with such
samples of water proved to that extent defective as to be
not even deemed worthy of publieation.

Meanwhile, taking advantage of the experience ac-
quired in IS71 on the cruise in the Baltic, Dr. Jacobsen
succeeded, after careful preparation to meet the require-
ments of the Expedition undertaken in 1872 to the North
Sea, in smrmounting or evading the difficulties experienced
on the ‘Porcupine’ Expedition, and was enabled, as the result
of his labours. to publish a treatise' on the air present in sea-
water recording a series of emiuently satisfactory results.
For collecting samples of water wherewith to undertake anal-
yses of gas in water from the bottom, or from great depths,
an apparatus, described by Dr. H. A. Meyer, was made use
of on the cruise in the North Sea.® It consists of a heavy
metal cylinder, which, at the required depth, will drop down
on two accurately fitted conical valves, cutting off all com-

however.

! Ann. Chem. Pharm. 167, p. 1; Jahresbericht der Commission zur
wissenschaftlichen Untersuchung der deutschen Meere in Kiel, 1872
—73, p. 43.

* Jahresbericht der Commission zur wissenschaftlichen Untersuch-
ung der deutschen Meere in Kiel, 1872—73, p. 3.



beliggende Vandlag. Udlgsningen foregik enten ved Appa-
ratets Anslag mod Bunden eller i intermedizre Dyb ved
et langs Linen nedswenket Lod.

Ved Uddrivelsen af de i Vandet indeholdte Gasarter
anvendte Jacobsen Bunsens Princip, idet Vandet kogtes i

et ved Vanddamp frembragt Vacuum, og construerede i
Forbindelse med Dr. H. Behrens i dette @iemed et Appa-
rat, som i Simpelhed og Paalidelighed Intet lader tilbage
at gnske. Apparatet, som findes afbildet i Figur 1, har
af Jacobsen faaet folgende Beskrivelse:

munication with the outside water. The detachment was
effected either by the instrument striking the bottom, or,
at intermediate depths, by running a weight down the line,

For expelling the gas contained in the water, Jacob-
sen made choice of Bunsen’s method, boiling the water in

a vacuum created by steam; and to meet the requirements
of this process, he devised, with the assistance of Dr. H.
Behrens, an apparatus which in trustworthiness and sim-
plicity of construction leaves nothing to be desired. This
apparatus, of which a drawing is given in Fig. 1, Dr.
Jacobsen has deseribed as follows: —



“Die Siedekugel @ liuft in ihrem unteren Theil in
ein starkwandiges, genau cylindrisches (Glasrohr aus, wel-
ches unten zugeschmolzen, aber bei ¢ mit emer seitlichen
Oeffnung versehen ist. Je nachdem diese Oeffnung bis
unter den Kautschukpfropfen d hinabgedriickt oder bis in
seine Durchbohrung heraufgezogen wird, ist die Siedekugel
mit dem Innern des Wasserkolbens in Verbindung oder
gegen dasselbe abgeschlossen. Das Glasrohr muss sich in
der glatten Durchbohrung des Kautschukpfropfens mit Reib-
ung auf- und niederbewegen, diese Reibung darf aber
nicht so stark sein, wie die zwischen dem Pfropfen und
dem cylindrischen Kolbenhals. Ist einmal ein fehlerfreier
Piropfen aus vulkanisivtem Kautschuk den Glastheilen des
Apparates auf das Sorgfiltigste angepasst, so kan diese Ven-
tilvorrichtung unbegrenzt lange benuzt werden, ohme von
ilwver volligen Zuverliissigkeit einzubiissen.

Das Gassammelrohr b ist durch ein kurzes Kautschuk-
rorchen mit der Siedekugel verbunden und zwischen die
federnden Arme des messingenen Halters f eingeklemmt. Das
untere Ende dieses Halters triigt eine weit stirkere Klam-
mer, deren Korkfiitterung dureh die starche Schraube e sehr
fest um das Rohr der Siedekugel gepresst wird, so dass
man. am unteren Theil des Halters anfassend, Siedekugel
und Sammelrohr in dem Kautschukpfropfen auf- und nie-
derschieben und damit die Oefinung ¢ beliebiy verlegen
kann,

Der Rauminhalt der Siedekugel betriigt etwas mehr
als das Doppelte von dem Volumen, um welches sich die
auszukochende Wassermenge beim Erwiivmen auf 1009
ausdelnt.

Bei der Benutzung des Apparates fiillt man zuniichst
die schon im Pfropfen steckende und in den Halter einge-
klemmte Siedekugel zur Hiilfte mit Wasser und schiebt
den Pfropfen iiber die seitliche Oeffnung. Man fiillt nun
die Kochflasche durch ein bis auf ihren Boden reichendes
Gummirohr direct aus dem Nchopfapparat bis zum Ueber-
laufen mit dem auszukochenden Wasser und setzt, nachdem
die Oeffuung ¢ bis eben unter den Kautschukpfropfen ver-
schoben ist, diesen sehr fest in den Hals der Kochtlasche
ein. Zieht man nun dic Siedekugel bis zur Herstellung
des Verschlusses in die Hiohe, so entsteht dadurch in der
Kochflaschie ein kleines Vacunm. in welches sofort Gas-
bliischen aus dem Wasser anfsteigcen. Es wird dadurch
Raum geschafft fiir die Ausdehnung, welche das oft sehr
kalte Wasser schon in den ersten Augenblicken durch die
hihere Temperatur der umgebenden Luft erfiihvt, Man
fiiet nun das Sammelrolr an, iiber dessen beide Enden
vorher kurze Gummirdhren gezogen sind. stelt die Koch-
flasche in ein Wasserbad, erhitzt das Wasser in der Nie-
dekugel durch eine darunter angebrachte Weingeistflamme
und erhiilt es im Sieden, bis man der vollstindigen Aus-
treibung der Luft aus dem Sammelrohr gewiss sein kann.
In dem Augenblick, in welchem man mit der rechten Hand
die Flamme entfernt, kneift man mit der linken das Ende
des oberen Gummirohrs zu, verschliesst es darauf durch
Hineinstecken der abgerundeten Spitze eines passenden
Glasstibchens und schmilzt sofort bei g ab.

“Die Siedekugel « liiuft in ihrem unteren Theil in
ein starkwandiges, genau cynlindrisches Glasrohr aus, wel-
ches unten zugeschmolzen, aber bei ¢ mit einer seitlichen
Oeffnung verselien ist. Je nachdem diese Oeffnung bis
unter den Kautschukpfropfon  hinabgedriickt oder bis in
seine Durchbohrung heraufeezogen wird ist die Siedekugel
mit dem Innern des Wasserkolbens in Verbindung oder
gegen dassclbe abgeschlossen. Das (lasrohr muss sich in
der glatten Durchbohrung des Kautschukpfropfens mit Reib-
ung auf- und niederbewegen. diese Reibung  darf aber
nicht so stark sein. wie die zwischen dem Pfropfen und
dem cylindrischen Kolbenhals.  Ist cinmal ein felilerfréier
Ptropfen aus valkanisivtem Kautschuk den Glastheilen des
Apparvates auf das Novefiltioste angepasst, so kan diese Ven-
tilvorrichtung unbegrenzt lange benutzt werden. olhne von
ihrer volligen Zuverlissigkeit einzubiissen.

Das Gassamwmelrolr b st dureh ein kurzes Kautschuk-
rolochen mit der Niedekugel verbunden und zwischen die
federnden Arme des messingenen Halters f eingeklemmt, Das
untere Ende dieses Halters triiet cine weit stiivkere Klam-
mer, deren Kovkfiitterung dureh die starke Schraube e sehr
fest um das Rolr der Siedekugel gepresst wird, so dass
man, am untern Theil des Halters anfassend. Siedekugel
und Sammelrohy in dem Kautschukpfropfen auf- und nie-
derschichen und  damit die Ocffuung ¢ beliebig verlegen
kann.

Der Rauminhalt der Siedekugel betriigt etwas mehr
als das Doppelte von dem Volumen. um welches sich die
auszukochende  Wassermenge  beim 1000
ausdelnt.

Bei der Benutzung des Apparates fiillt man zuniichst
die schon im Pfropfen steckende und in den Halter einge-
Klemmte Siedekugel zur Hiilfte mit Wasser und schiebt
den Pfropfen iiber dic seitliche Ocfinung.  Man fiillt nun
die Kochflasche durch ein his anf iliven Boden reichendes
Gummirohr diveet aus dem Schopfapparat bis zum Ucber-
laufen mit dem auszukochenden Wasser und setzt, nachdem
die Oeffuung ¢ his cben unter den Kautsehukpfropten ver-
schoben ist. dicsen schr fest in den Hals der Kochflasche
eim. Zicht man mum die Siedekngel bis zur Herstellung
des Verschlusses in die Hohe., so entsteht dadureh in der
Kochflasehe kleines Vacuum. in welches sofort (Gas-
bliischen aus dem Wasser aufsteizen.  Es wird dadureh
Raum  geschafit filr die Ausdehnung, welche das oft sehr
kalte Wasser schon in den ersten Augenblicken durch die
holere Temperatur der umgebenden Laft erfilrt. Man
fiiet nun das Sammelrohr an, iiber dessen beide Enden
vorher kurze Gummirdlren gezogen sind, stellt die Koch-
flasche in ein Wasserbad, erlitzt das Wasser in der Siede-
kugel dureh eine darunter angebrachte Weingeistamme
und erhiilt es im Sieden, bis man der vollstiindigen Aus-
treibung der Luft aus dem Sammelrohr gewiss sein kann.
In dem Augenblick in welchem man mit der rechten Hand
die Flamme entfernt, kneift' man mit der linken das Ende
des oberen Gummirohrs zu, verschliesst es darauf durch
Hineinstecken der abeerundeten Spitze eines passenden
Glasstibchens und schmilzt sofort bei g ab.

Erwiirmen auf

el



Nachdem nun die Oeffnung ¢ bis eben unter den
Pfropfen hinabgeschoben ist, wird.das Wasserbad erwiirmt
und der Inhalt des Kolbens in heftigcem Sieden erhalten,
Nach einizer Zeit hat sich im oberen Theil des Kolben-
halses ein freier Rawm gebildet. in welchen die Dampf-
blasen mit Geriiusch hineinschlagen.  Man bringt durch
Entfernen der Wirmequelle oder durch kurzes Heraushe-
ben des Apparates aus dem Wasserbade das Wasser aus
der Niedekugel in den Kolben zuriick und wiederholt dieses
Erviiemen wnd theilweise Abkiihlen des Kolbenhalses noch
zweimal, wodurch binnen verhiltnissmiissig kurzer Zeit eine
sehr vollstiindige Austreibung der Luft bewirkt wird.

Es ist selnr leicht. schliesslich das Wasser bis zur
vollstiindigen Anfiilllung der Siecdekugel steigzen zn lassen,
worauf man durch Aufziehen derselben den Verschluss her-
stellt und das Sammelrohr nun aueh bei & abschimilzt.,

Das Sammeln der Gase mittelst dieses Apparates
machte anch bei ziemlich stark bewegter See keine Schwie-
rigkeit.

Gewdlnlich
ung verwendet,”

Ved Hjwlp af dette Apparat indsmeltede Jacobsen
paa Nordsotogtet 73 Luftprover. som efter Hjemkomsten
analyseredes efter Bunsens Methode, idet Kulsvren fjernedes
med Kali og Surstofiet bestemtes ved Forbranding med
overskydende Vandstof. Han sammenstiller sine Resultater
i en Tabel hvor han i Modsatning til de tidlicere Forfat-
tere betragter den kulsyrefric Luft og Kulsyren hver for
sig,! saaledes bevegnes Surstot og Kvielstofmamgderne som
Procenter af den kulsyrefric Luft. der opfores som ('C pr.
Litre udkogt Vand reduceret til 0°og 760= Trvk, Tfolze
denne Tabel hersker der en ganske markeli gjennemfort
Ensartethed i Sammensietningen af den Luft. der er ud-
drevet af de Vandprover som have befundet sig under
samme physikalske Forholde, sanledes ligger Surstofprocen-
ten i alle de 24 Luftprover, som stamme fra Overflade-
vandet. tiltrods for at de skrive sig fra meget forskijellige
Localiteter. iellem de meget snavre Griendser af 34.14 og
33.64, og naar denne Overensstemmelse ikke i samme Udstrak-
ning er fundet at gaa igjen i de dybere Lag, da har dette
sin Forklaving i en ujevn Circulation. Naar Surstofmzeng-
den overalt i Dybet er funden lig eller noget mindre end
i Overfladen. da kan det vel ikke viere tyivlsomt, at dette
skriver sig fin Surstoffets Forbrug til Oxydation af de i
Sgvandet forckommende orgamiske Plante- og  Dyrerester
samt til Sodyrenes Aandeproces. saaledes som det af Ja-
cobsen udtales med folgende Ord:  “Der Zusammenhang
dieses Unterschiedes ist leicht zu deuten. In dem schwere-
ren Wasser. welches olme erhebliche Beimischung aus hohe-

wurden 900 CC Wasser zur Auskoch-

! Naar jeg her overalt har anvendt denne Jacobsens Fremstillings-
maade og ifglge denne omregnet de wmldre Forfatteres Opgaver, hvor
Gasmengderne overalt ere fremstillede som Procenter af den sam-
lede Surstof-Kveelstof-Kulsyremengde, da vil Grunden hertil fremgaa
af min senere Afhandling “Om Kulsyren i Sgvandet.” -

Nachdem pun die Oeffuung ¢ bis eben unter den
Pfropfen hinabgeschoben ist, wird das Wasserbad erwiirmt
und der Einhalt des Kolbens in heftizem Sieden erhalten,
Nach einiger Zeit hat sich im oberen Theil des Kolben-
halses ein freier Raum gebildet. in welchen die Dampf-
blasen mit Geriiusch hineinschlagen. Man bringt durch
Entfernen der Wiirmequelle oder durch kurzes Heraushe-
ben des Apparates aus dem Wasserbade das Wasser aus
der Siedekugel in den Kolben zuriick und wiederholt dieses
Erwiirmen und theilweise Abkiihlen des Kolbenhalses noch
zweimal. wodurch binnen verhiilltnissmiissig kurzer Zeit cine
sehr vollstiindige Austreibung der Luft bewirkt wird.

Es ist sehr leicht. schliesslich das Wasser bis zur
vollstiindizen Anfiilllung der Siedekugel steigen zu lassen.
woraut man durch Aufziehen derselben den Verschluss her-
stellt und das Sammelvolr nun auch bei & abschmilzt,

Das Sammeln der Gase mittelst dieses Apparates
machte auch bei ziemlich stark bewegter See keine Sehwie-
rigkeit.

Gewdhnlich wurden 900 CC. Wasser zur Auskoch-
ung verwendet.”

With this apparatus Jacobsen collected on the cruise
in the North Sea 75 samples of air which. after the return
of the Expedition. were analysed by Bunsen's method.
potash being used for absorbing the carbomnic acid. and
the oxygzen consumed with a swrplus of hydrogen. His
results are set forth mm a Table, where. reversing the
custom of earlier authors, he vrefers separately to the
carbonic acid and the air free from that body;! thus.
for instance. the respective amounts of oxyvgen and ni-
trogen will be found computed as percentages of the air
free from carbonic acid which is given in ce. per litre
of the water examined. reduced to a temperature of 0°
and a pressure of T60™".  According to this Table. a truly
remarkable uniformity prevails in the composition of the
air expelled from samples of sea-water which have been
exposed to the same physical influences: thus, for instance
the percentage of oxygen in the 24 samples of air derived
from surface-water, was found, notwithstanding the collection
of the latter in widely different localities, to range between
the exceedingly narrow limits of 34.14 and 33.64; and
though equal agreement does not extend to the deeper-
lving strata, this may be accounted for by irregular-
ity of circulation. That the amount of oxygen at the bot-
tom. or in great depths. should invariably prove equal to
or somewhat less than, that at the surface, is a phenom-
enon the cause of which must unquestionably be as-
cribed to the consumption of that gas in the oxidation
of organic remains, and for the support of the ves-

! The reason that induced me to adopt exclusively.Jacobsen’s mode
of representation, and by the standard of that process to recompute the
results of earlier observers, who invariably give the proportions of
the gases determined as percentages of the total amount of oxygen,
nitrogen, and carbonic acid, will appear in my next Memoir on the
carbonic acid present in sea-water.



ren Schichten sehr lange in der Tiefe verweilt, wird ohne
geniigenden Ersatz fortwihrend Sauerstoff verbraucht zur
Oxydation der im Wasser und besonders am Meeresgrunde
vorhandenen oxydirbaren Stoffe, — in wahrscheinlich weit
untergeordnetem Grade auch durch die Athmung der Thiere.”

Men de herved foranledigede Afvigelser ere ikke meget
store, idet Surstofprocenten, bortseet fra nogle faa Und-
tagelser, ligger indesluttet mellem 30 og 34. saaledes at
den som Regel aftager med Dybet.

Jacobsens Observationer, der vare udfprte under de
mest forskjelligartede Omstendigheder, vise ogsaa paa det
Bestemteste, at de tidligere gjorte Antagelser, om at Sol-
lyset og Stormene ecller i det Hele taget de meteorologiske
Forholde skulde spille nogen fremtriedende Rolle ligeoverfor
den relative Sammensetning af Overfladevandsluften. vare
fuldsteendig ubegrundede, 1 ethvert Fald vise de store Over-
cnsstemmelser, at disse Factorers Indflydelse maatte veere
meget ringe.

Med Hensyn paa den absolute Mewengde af den Luft,
der indeholdes i de fra forskjellize Dyb optagne Vand-
prever, da viser den sig at tiltage med Dybet, noget der
imidlertid let lader sig forklare ved Temperaturens Aftagen
med Dybet, uden at det er forngdent at tage sin TilHlugt
til de store Tryk., Der blev ogsaa pan Pomeraniaexpedi-
tionen for at bevise Urigtigheden af den tidligere paa fleve
Steder udtalte Formodning, om at Lufteehalten i de stove
Dyb skulde staa i Forhold til det der herskende storre
Tryk. foretaget specielle Experimenter med en af Dr,
Behrens og Jacobsen coustrueret Vandhenter af Kautschuk.
Denne sammenklemtes forst mest muligt. hvorpaa den sidste
Rest Luft uddreves af den ved Hjxlp af Kviksolv, og ned-
sienkedes derefter fuldstendig lufttom og luftteet igjenlukket.
Forst i Dybet ved Apparatets Anslag mod Bund aabnedes
det. udspendtes og fyldtes med Vand, hvorpaa det atter
lufttet igjenlukket og fyldt med Vand ankom til Over-
fladen. Det viste sig altid, at de med dette Apparat op-
tague Vandprover ikke indeholdt mere Luft, end de ved
Vandprovens Temperatur kunde holde oplost under almin-
deligt Atmosphrevetryk. At dette maatte veere saa, kunde
man allerede veere berettiget til at slutte af nogle Forsog,
som Aimé! i 1843 udforte. Han anvendte et i den ene
Ende aabent Glasrer, som nedsenkedes fyldt med Kvik-
solv og i det bestemte Dyb vendtes omkring. hvorved Kvik-
solvet i Glasrgret delvis erstattedes af Vand paa en saadan
Maade, at dette afspeerredes af Kviksplvet. der optoges af
en nedenunder anbragt passende Beholder. Som Resultat
af de med dette Apparat udferte Forssg udtalte Aimé den
Sats, at den Mwmngde Luft, som indeholdtes i en bestemt
Mwengde Sgvand, i alle Dyb var meget ner den samme.

! Ann. Chim. Phys. [3] — 7 —497. Pogg. Ann. 30 —412.
Den norske Nordhavsexpedition. Tornee: Chemi.

piratory process in marine animals, as stated by Dr. Ja-
cobsen in the following words: — #“Der Zusammenhang
dieses Unterschiedes ist leicht zu deuten. In dem schwereren
Wasser, welches ohne erhebliche Beimischung aus hiheren
Schichten sehr lange in der Tiefe verweilt, wird ohne ge-
niigenden Ersatz fortwithvend Sauerstoff verbraucht zur
Oxydation der im Wasser und besonders am Meeresgrunde
vorhandenen oxydirbarven Stoffc — in walirscheinlich weit
untergeordnetem Grade auch durch die Athmung der Thiere.”

But the differences thus oceasioned are not very great,
sinee the percentage of oxygen with but few exceptions,
ranges from 30 to 34. as a rule diminishing with the
depth.

Morcover, Jacobsen's observations, instituted under
cireumstances the most diverse furnish incontestible proof,
that the views of carlier authors, according to which the
effect of solar light and storms or indeed meteorological
imfluence generally, was assumed to play an important part
in modifying the jcomposition of the air in surface-water,
were wholly nnfounded: nay, the extent to which the results
based on that hypothesis are found to vary, will of itself
show the comparative insignificance of such factors.

As regards the absolute amount of air contained in
samples of water colleeted from different strata, this is found
to increase with the depth. — a fact sufficiently obvious from
the temperature diminishing as the depth increases, without
needing to seck an explanation in the greater pressure.
And with the object of showing that the proportion of air
present in sea-water at great depths, is not. as assumed
by some, to any appreciable extent dependent on the
greater pressuve prevailing there, o specinl series of ex-
periments was instituted on the -Pomerania’ Expedition,
with an apparatus for collecting water constructed of
caoutschoue by Drs. Behvens and Jacobsen. This instru-
ment was first pressed flat, and then sunk, after the air still
remaining i it had been expelled by means of mercury,
perfeetly air-tight.  On its striking the bottom, it opened and
filled with water. after which it again closed, and was then
brought up to the surface. air-tight as before. The samples
of water collected in this appiratus were never found to
contain movre air than would he absorbed, with the same
temperature, at the surface, That such must be the case,
there was indeed veason to infer from the experiments
instituted by Aimé' in 1843. Aimé made use of a glass
tube, which. open at the upper extremity, was sunk full
of mercury, and at the required depth inverted, caus-
ing part of the mercury in the tube to be replaced by
water, in such manner that the mercury, flowing into a
receiver of proper size aud shape, prevented its escape.
As the result of the experiments performed with this in-
strument, Aimé ventured to assume, that the proportion of
air contained in a given quantity of sea-water, is at all
depths very nearly the same.

! Ann. Chim. Phys. [3], 7, p. 497; Pogg. Ann. 30, p. 412.
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I Aaret 1873 udgik atter fra England en Expedition,
Challengerexpeditionen, som i et Tidsrum af 3 Aar skulde
underspge baade de wmquatorviale og antarktiske IFarvande.
Med denne Expedition fulgte som Chemiker J. Y. Bu-
chanan, som besluttede sig til at anvende de paa Pomerania-
expeditionen benyttede Methoder og Apparater saa godt
som uden Modifikationer. Resultaterne af hans Under-
sggelser ere. saavidt jeg ved. endnu ikke offentliggjorte i
sine Enkeltheder, medens der dog er gjort nogle forelgbige
Meddelelser, hvorvefter man vil kunne danne sig et Be-
greb om de Slutninger, hvortil hans Observationer ville fore.

Han finder?, at Surstofmingden i Overfladevandet
varierer mellem 33 og 35 Y/, af den samlede Surstof-
Kvelstofmangde, saaledes at den storste Mwngde er fundet
(baade relutivt og absolut) i Vandprover oste i Narheden
af den sydlige Polavcirkel og den mindste i Pasatvind-
egnene.  Hvad angaar de under Overtladen liggende Liag,
da har han observeret det murkelige Factum, at Surstof-
procenten aftager nedover indtil et Dyb af 300 Favne. hvor
den opnaar et Minimum for atter igjen at stige, saaledes
som det fremgaar af fplgende Tabel

10

B —

In the year 1873, another Expedition was dispatched.
from England, with H. M. S. ‘Challenger’ ifs object being
the investigation, during a period of 3 years. both of the
Equatorial and the Antarctic Seas. As chemist to this Expe-
dition. hadl been secured the services of J. Y. Buchanan, whe
resolved to adopt the methods and apparatus employed
on the ‘Pomerania’ Expedition, almost without modifiea-
tion. The rvesults of his labowrs ave mnot vet. T believe.
published in detail: preliminary papers have. however, ap-
peared. from which we can form some general idea of his
results,

Buchanan found* the proportion of oxygen in surface-
water to vary between 33 and 35 per cent of the total
amount of oxyzen and nitrogen: it was greatest (both ve-
latively aund absolutely) in the samples of water drawn
near the Autaretic Cirvele. and smallest i those collected
within the region of the trade winds. As vegards the pro-
portion of oxygen in water below the surface. he ob-
served the very remarkable fact. that it generally diminshes
down to a depth of 300 fathoms. where a mmimum is
reached and then begins to inerease. as shown by the
following Table.

Dybde i | | i ! ! Der-
engelske 0 25 |50 |100_ 200 300 400 800 gyep,
Fawne. : [ | i |
04 N=100 : | ;
o' 13371 33.4 32.2 30.2] 334|114 15:5 22,0/ 23:5
| . _

Om den absolute Mwengde af de af hans Vandprover
udkogte Gasarter findes paa dette Sted Intet, hvorimod
der senere er bleven offentliggjort folgende Tabel®.

%ellﬂl ]iu { I (ireat-
nglish 0 25 50 100. 200 300 joo 8oo _er
Fathoms. S E . 3 % ‘Dypths.
04N =100 !

Op.ct. | 337 334322 30.2)33.4 11.4 15.5 22.6' 23.5
: | .

With vespect to the absolute amounnts of the gases
boiled out of the different samples of water nothing is
stated in the work alluded to. but the following Table® has
since appeared.

Midlere : CC. N per I | . | CC. N yper
Dy cc. 'I‘;%:ﬁe i gctﬁe!;{}zil{“‘?ﬁ"| i Depth |‘| cc. T%E:E:'a' Oz%': | ﬁﬂfﬁ\ﬁr,} N,
|oee Litre.| i °C. ¥, eg’i;f;’;‘; & Feet. | per Litm_r in ‘c ,Eper f‘:h'e atﬂ'f::\;:;;f— :
| | i ¥ . | Ve
600 | 4.24 | 14.°6 11.26 ! 11735 |I_OT4_9__ - 6oo ' 4.24 ‘ 1;.:6 11.26"'_ 11-.75 l .0.4.9. a
1200 -| 3.59 —x;oj}r_; ] 11.9{__' .21 1200 | 3.59 ' 1340, 1X7a _‘11.92 m'l_;."z_ -
B _18_00 | 1.67 6.9 | 1300 | 1345 l 0.45 1800 1.67 6. 9 | 13.00 | 13.45 | 0.5
2400 241 | 5.1 | 1300 ! 14.;1-0. | 0.90 !l 2400 2.41_' 5.1  13.10 iml.-;.oo ' -o..t.;o_
B 4800_ ) 3.06 2.5 | 1;82_ 15.00 1.14 | 1800 1.00 2 5 _ ;3.82_ N 13.'00 B 1.14
derover, — . 1. 5 . 14.37 15.40 B 1.03 i g;;‘;:g" i l._5_ -;_.»,:37 i 15.;__ ‘:;3-3_

Hermed er i Korthed gjengivet det Vigtigste af de
til Dato fremkomne Bidrag til Lgsningen af Sporgsmaalet
om Luften i Sgvandet.

I Vaaren 1876, da man i Norge var beskjeftiget med
Udrustningen af den Expedition, som var besluttet udsendt
for i Sommermaanederne af Aarene 1876—77 og 78 at

' The Voyage of the ‘Challenger.’ The ‘Atlantic.’ 2 — 366.
* Ber. Berl. chem. Ges. 11 — 410.

A Dbrief account has now been given of what had pre-
viously been accomplished as regards the solution of the
problem presented by the air in sea-water.

In the spring of 1876, when fitting out the Norwegian
Expedition, which had for its object the investigation.
during the summer months of 1876, 1877. and 1878. of

'The Voyage of the ‘Challenger.” The ‘Atlantic* 2, p. 366.
* Ber. Berl. chem. Ges. 11, p. 410.
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undersoge det mellem Norge, Frergerne, Island, Jan Mayen
og Spitsbergen beliggende Hav. vare heller ikke de paa
den engelske Challengerexpedition udferte Observationer
offentliggjorte, sanat de Data, der den (Gang forelaa, i Rig-
holdighed paa ingen Maade kunde sammenlienes med dem.
som nu staa til Rouadighed. TIsier var det med Hensyn paa
den geografiske Udbredning. at Observationerne ikke kunde
give synderlg omfattende Oplysninger. idet det eneste Hav.
som endnu var grundigt undersogt. nemlig Nordsoen, baade
med Hensyn paa Dybde og pvrige physikalske Forholde afveg
i hoi Grad fra det store Verdenshav. forsaavidt man kjendte
det. Da der forst var fattet Beslutuing. om at der ogsaa paa
den norske Nordhavsexpedition skulde udfores chemiske
Underspgelser af samme Art som paa de tidligere Expedi-
tioner. maatte det derfor for Hr. 8. Svendsen, hvem disse
Arbeider oprindelig vare overdragne, fremstille sig som en
meget vigtig, ja man kan sige. som den vigtigste Opgave
at tilveiebringe de forngdne Oplysninger om Gasarterne i
Sovandet, hvad angaar den Del af Verdenshavet, som Norge
havde paataget sig at gjore til Gjenstand for videnskabelig
Undersogelse. Med Hensyn paa de Midler, der skulde be-
nyvttes til Losningen af demne Opgave, da kunde Valget af
disse ikke falde vanskeligt. da de af Dr. Jacobsen benyt-
tede Methoder og Apparater strax maatte udpege sig som
de hensigtsmeessigste fremfor Alt. hvad der for Resten stod
til Raadighed. sely om ikke Hensynet til Resultaternes
Sammenlignelighed havde gjort deres Anvendelse onskelig.
Svendsen  besluttede derfor uden Modificationer at optage
de paa Pomeraniaexpeditionen benyttede Arbeidsmethoder,
og var det i Henseende til Expeditionens Udrustring et
stort Held, at Professor Dr. Jacobsen velvilligen tilbod sig
at anskatfe de til de chemiske Undersogelser fornpdne
Apparater,

Det var dog ikke alle de ved Pomeraniaexpeditionen
benyttede Apparater, som ogsaa kom til Auvendelse paa
den norske Nordhavsexpedition. idet man der besluttede at
anvende en af Capitain Wille constineret Vandhenter. som
isser 1 en Henseende maatte vere at foretrekke den
af Dr. H. A. Mever angivne. Paa denne maatte nemlig,
naar den skulde optage Vandprover fra intermediere Dyb,
Cylinderen udlgses ved et langs Linen nedswenket Lod,
som aldeles udelukkede Muligheden af paa Linen samtidig
at have anbragt Thermometre eller deslige. snaledes som
det uden mindste Ulempe kan forenes med Brugen af Willes
Vaudhenter.

Willes Vandhenter, som findes afbildet i Fig. 2, er af
Opfinderen bleven beskrevet paa folgende Maade:

for

Vandproven indesluttes i dette Instrument i et for
Pladsens Skyld spiralformig bgiet Rer, der under Ned-
firingen i Vandet holdes aabent i begge Ender, saaledes at
Vindet frit kan strgmme igjennem; men naar Instrumentet
ophales et kort Stykke, lukkes Enderne af Rgret med to
Ventiler, hvorved det da i Rgret staaende Vand afstenges
og kan bringes op.

the sea lying between Norway, the Ferde Islands, Iceland,
Jan Mayen, and Spitzbergen, the vesults of the observa-
tions instituted on the ‘Challenger’ Expedition had not yet
been made public: and lence the data then obtained
were few compared to those of which we are now in
possession. [t was more particularly with respect to
geographical distribution. that the information former ob-
servations could supply had proved but meagre, inasmuch
as the only sea thoroughly investigated, viz the Ger-
man Ocean. was found to difier widely in regard to depth
and other physical conditions from the Atlantic and Pacifie,
so far at least as our knowledze of both may be said
to extend.  The resolution once formed, of instituting on
the Norwegian North-Atlantic Expedition a series of chem-
ical experiments similar to those performed on former
Expeditions, Mr. S, Svendsen  the gentleman on whom the
exceution of this  task have devolved, could not
but regard as an important nay the most important, part
of his labours aceurate determinations of the gases pre-
sent in that tract of the Atlantic Ocean which the Nor-
wegian Expedition was to make the subject of scientific
investigation. Respeeting the means whereby to solve this
problem. no difficulty could be experienced in making a
choice. sinee Dr. Jacobsen’s methods and apparatus must
at once suggest themselves as by far the best, even apart
from the consideration, that, for the better comparing
of his results with those obtained. their adoption was desi-
vable.  Svendsen, therefore, decided in favour of the pro-
cess — without modification — resorted to on the *Pom-
erania’ Expedition: and it was a fortunate concurrence,
that Professor Jacobsen should kindly volunteer his assist-
ance in procuring the various apparatus necessary for the
chemical experiments.

All the apparvatus made use of on the ‘Pomerania’
Expedition. were not. however adopted on the Norwegian
North-Atlautic Expedition: the instrument, for instance,
employed to collect water, which. particularly in one respeet,
must be held preferable to that deseribed by Dr. H. A.
Mever, had been constructed by Captain C. Wille R. N.
When drawing water from intermediate depths, the cylin-
der in the latter is detached by running a weight down
the line, which precludes the possibilty of having a ther-
mometer, or any other instrument, attached to it, an ad-
vantage which may. without the slightest drawback, be
combined with Wille’s apparatus.

Wille’s iustrument for collecting water, of which Fig. 2
is a represention has been deseribed by the inventor as
follows: —

“The samples of water drawn with this instrument are,
to save space, brought up in a spiral tube, which, when
sunk through the water, is kept open at both ends, to admit
of the free passage of the fluid; but, on the instrument,
at the required depth, being hauled in a few fathoms, the
ends of the tube are closed by means of two valves, and
the water it contains, thus prevented from escaping, may
be brought to the surface,

wis  to
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Tegningen fremstiller Instrumentet klar til Nedfiring;
Tampen af Lodlinen hexes i gverste Giebolt («) og Loddet
i den nedre (D). Under Nedfiringen lgfter Vandtrykket
Propellerne op, saa at Taggerne i Underkant af Propel-
bosset (¢) kommer klar af Taggerne i Muften. gjennem hyvil-
ken Ventilstangen (d) gaar. og om de ikke kommer ganske
klave, sker Propellens Omdreining med Skraaplanerne, saa
at Muffen og Ventilstangen bliver stdaende stille, Naar
Instrumentet derimod under Ophalingen bevieges opad,
driver Vandtrykket Propellerne ned. de dreies rundt den
anden Vel og tager Mufferne med sig.  Ventilstengerne,
der ikke kan dreie sig rundt, men styres af Tvearstykkerne
(). skrues da, tilligemed de med Kautschuk overtrukne
Ventiler, mod Ventilsiederne i Enderne af Rovet. og naar
de ere newesten lukkede, glipper den sidste Skruegjenge paa
Ventilstangen ud af Skruegjengerne i Muffen og Spiral-
fjredrene (f) Klappe da Ventilerne i, medens Propellerne
og Mutterne gaa lgse rundt om den glatte Del af Ventil-
steengerne, og {rembyder saaledes meget liden Modstand
under Resten af Indhivningen. Instrumentet lukker sig
efter omtrent 7 Favnes (13 Meters) Indhaling. Ringen
om Midten og Skjermerne rundt Propellerne beskytte
Tustrumentet. saaledes at det uden Skade kan ligge paa
Bunden.

For at konstatere. om der var Overskud af Luft i
de nedre Vandlag, blev der over Svikhullet paaskruet et
giennemboret Laag (g). der ved Hjelp af et Stykke Gummi-
slange forenedes til et i den ene Ende lukket Glasror.
Naar Vandet under Nedfivingen strgmmede ind i Vand-
rorvet, lgb det ogsaa ned 1 Glasrgret, af hvilket Luften saa-
ledes blev udjaget. Naar Instrumentet kom ombord, ende-
vendtes det. saa at Kranen kom ned og Glasrgret op. Man
beviegede nu Vandhenteren lidt frem og tilbage med den
ovre Ende, og hvis der havde veret Overskud af Luft.
maatte denne have arbeidet sig op og vist sig i Toppen af
Glasrgret, men dette viste sig stadig fuldt lige til Tops, og
blev derfor i den sidste Tid ikke paasat.”

Instrumentet kan tommes gjennem Tappekranen (/)
og leverer en Vandprove paa civea d ILitre.

Udforelsen af de chemiske Avbeider ombord paa den
norske Nordhavsexpedition overtoges altsan forst i Folee
den oprindelige Plan af Hr. Sveudsen som gjorde Togtet
i 1876 med, men blev senere, da denne af Helbredshensyn
bad sig fritaget, overdraget Forfatteren, der saaledes har
udfort de paa de to sidste Togter gjorte Observationer del-
vis med Assistance af Hr. L. Schmelck, som sidste Sommer
medfulgte Expeditionen. og som for Tiden er beskjeftiget
med Bearbeidelsen af en anden Del af det paa Expeditionens
Togter til chemisk Undersggelse indsamlede Materiale.

The figure shows the instrument ready for sinking.
The end of the sounding-line is made fast to the upper eye-
bolt («), and the lead to the lower (). On the down-
ward passage. the pressure of the water lifts up the pro-
pellers. enabling the cogs in the under surtace of the base
of the latter (¢) to get clear of the cogs in the bush,
through which passes the rod of the valve (d); and if not
quite clear, the propeller revolves awifh the inclined planes,
the bush and the rod of the valve remaining stationary
as betore, On the
on being hauled i is given an upward motion, the pres-

other hand. when the instrument,

sure of the water forces down the propellers. which then
revolve m the opposite direction carryving along with them
the bushes. The rods of the valves whieh eanmot revolve,
being kept in position by trausverse pieces (¢) arve together
with the valves covered with caoutschoue, serewed agninst
the ehds of the tube. Now  when the latter are almost
closed, the last twist of the serew on the vod of the
valve ships out of the corresponding twist of the screw
on the bush, and the spiral springs (f) instantly press
down the valves, the propellers and the bushes revolving
idependently round the smooth portion of the rods, thus
presenting but little rvesistance to the water during the

The imstrument closes
on being hauled in about 7 fathoms (13 metres). The
ring round the middle. and the shields protecting the
propellers. prevent the instrument from sustaining injury
on its striking the bottom.

With a view to ascertain whether the proportion of
air were really greater in the lower strata a perforated
cover (g) was screwed over the spigot-hole, and con-
nected by means of a picee of enoutschouc hose with a glass
tube, open at one end.  Now, water the
downward passage Howed into the spiral tube, it also de-
So - soon
board. it was inverted. the
stop-cock therefore pointing down, and the glass tube up.
The upper end of the apparatus being now moved a little

remainder of the upward passage,

when the on
scended into the glass tube. expelling the air,

as the instrument came on

backwards and forwards, the swrplus of air, if any had
its way up-
wards. and have appeared. in the form of bubbles, at
the top of the tube., which. however. was invariably found
to be quite full. and thervefore not attached to the appa-
vatus when the fact would no longer admit of doubt.”

been present, must obviously have forced

The stopeock (/) serves to empty the instrument,
which will hold about 5 litres of water.

The chemieal to be done on board was, as
stated above. oviginally undertaken by Mr. 8. Svendsen,
who went out on the first cruise. in 1876; but, his health
failing, My, Svendsen was succeeded by the author, who
had therefore to take the observations instituted in 1877
and 1878, partly with the assistance of Mr. L. Schmelck,
that gentleman having accompanied the Expedition on the
(Mxr. Schmelck is now engaged in working up
other materials collected on the Expedition for chemical
investigation).

work

last eruise.



Da jeg Vaaren 1877 blev opfordret til at overtage
disse Arbeider, var der kun givet mig faa Dages Varsel,
saaat jeg havde de storste Vanskeligheder med at faa ud-
fort selv de aller nedterftigste Forberedelser, og naar det
alligevel lykkedes at faa Alt tilfredsstillende ordnet for
Afreisen, da skyldes dette ndelukkende den Beredyillighed,
hvormed Hr. Professor Waage bistod mig blandt Andet og-
saa med Indredningen af det chemiske Laboratorium ombord.

Det paa Expeditionens forste Togt i 1876 fremher-
skende ualmindeligt stormfulde Veir gjorde det i hoi Grad
vanskeligt ja westen ugjorligt at udfore de chemiske Obser-
vationer ombord. oz det Udbytte, som af Svendsen hjembragtes
fra forste Togt, indskrienkede sig derfor i denne Branche til
17 Luftprover. hvoraf desuden 3 ved Uheld senere gik tabt.
Det rolige Veir, som de to sidste Amr begunstigede Expe-
ditionens Avbeider. tillod mig devimod paa de Togter hvor-
med der var givet mig Anleduing til at medfolge. at ind-
smelte et storre Antal, idet der for disse Aars Vedkom-
mende erholdtes 80 Luftbestemmelser at de hjembragte
Luftprgver. hvoraf 9 vare indsmeltede af Hr. Schmelck.
Naar Udbyttet ikke er blevet storre, da har dette sin Grund
i, at talrige Observationer gik tabt nogle fan ved Theld
under Analysen men de fleste ved Uheld under Indsmelt-
ningen, Saaledes var der til Brug paa sidste Togt fra
Kiichler & Nolme i Ilmenau sendt mig nogle Luftopsam-
lingsror, hvoraf over 75 °/, tiltrods for den omhyggeligste
Behandling sprang enten under Indsmeltningen eller efter
samme, Luftproverne ere alle amalyserede ved det af Franck-
land og Ward! angivne Gasanalyseapparat, sanledes at Kul-
syren er fjernet med Kalilud og Swrstoffet bhestemt ved
Forbrending med Vandstof. De 14 forstnievnte Praver
ere analyserede af Hr. Svendsen de ovrige 80 af Forfat-
teren.  De erboldte Resultater findes sammenstillede i
Tabel I, hvortil kan bemierkes folgende: De i Tabellen
opforte Temperaturangivelser cre g meddelte af Pro-
fessor Molm. Ved Angivelse af de Dybder. hvorfra Vand-
proverne ere hentede, er ikke taget Hensyn til. at Vand-
henteren forst lukker sig efter civen 7 Favnes Indbivning,
Ved de med # beteenede 10 Nummere var der i de til
Luftprovernes  Opbevarelse benyttede Glasror sman Feil,
uden at jeg dog har fundet mig foranlediget til at tillegee
disse mindrve Veegt end de Ovrige, da man vel ikke kan
teenke sig Muligheden af en Lickage, uden at den. naar
Glasrgrene i Here Maaneder opbevaredes under en Tryk-
differents mellem det ydre og indre Gastryk af cireca 300
til 400™=, maatte have ovet en mwerkbar Virkning paa den
indesluttede Lutts Sammensetning. Jeg kan saa meget
trostigere tage dem med i Beregningerne, hivor det gjwlder
at opstille de almindelige Slutninger, som de ikke i syn-
derlig Grad ville bidrage til at forrykke Udseendet af de
endelige Resultater. Alle Gasvolumina findes i Tabellen
udtrykte i CC per Litre udkogt Sgvand reduceret til 0° og
760™ Barometerstand.

' Chem. Soc. Journ. 22—313. 1869,
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When, in the spring of 1877, T was requested to
undertake these labours, I had but a few days' notice, and
experienced, therefore, very great difficulty in making
even the most necessary preparations; nor would it indeed
have been possible to get everything satisfactotily mrranged
m so short a time but for the readiness with which Pro-
fessor Waage came forward to assist me; for instance, in
fitting up the chemical laboratory on board.

The exceptionally heavy weather on the first cruise
in 1876. rendered it in the highest degree difficult, nay
well nigh impracticable. to perform the necessary experi-
ments on board; and hence the chemical work done by Svend-
sen on the first voyage was, with regard to gas-determina-
tions. confined to collecting 17 samples of air. 3 of which
however were subsequently lost. On the two last cruises of
the Expedition the weather proved much more favourable,
and I succecded in obtaining a larger number of samples
(9 of them collected by Mr. Schmelck). with which, when
brought home. 80 air-determinations were performed. A more
satisfactory result would. however, have been obtained but
for the loss of numerous samples. some few from accident
when analysing the gass. but the great majority by reason
of the difficulty experienced in sealing, Thus, for instance,
on the last voyage 75 per cent of the wglass tubes for
collecting air procured from Kiichler & Solme in Tlme-
nau, notwithstanding the greatest cave cracked either
during the sealmg-process or after its completion, The
samples of air were all of them analysed in the nppavatus
described by Franckland and Ward,! the carbonie acid
having been absorbed in a lye of potash and the oxygen
determined by consuming it with hydrogen. The first 14
samples were analysed by Mr. Svendsen, the remaining 80
by myself. The results obtained will be found in Table L.
The temperatures in the Table were given by Professor
Molm. When stating the depths from which the samples
of water were drawn. regcard has not been had to the fact,
that the instrument used for collecting them does not close
till it has been hauled in about 7 fathoms. The asterisk
marking 10 of the determinations signifies that the glass
tubes used for preserving these samples of air had small de-
feets. Mo these determinations, however, I have not attached
less weight than to the others; for it is impossible to con-
ceive that a leakage, after the glass tubes had heen exposed
for months together to a difference of pressure amounting
to 300m=—400™  viz, that existing between the air inside
and the atmosphere without, should not lave had an ap-
preciable effect on the composition of the air they contained.
Moreover, I hesitate the less to include them as factors
when seeking to arrive at general conclusions, since
they cannot to any considerable extent disturb the char-
acter of the final results. The volumes are given in
cubic centimetres per litre of the sea-water examined,
reduced to a temperature of 0° and a pressure of 760"™.

! Chem. Soe. Journ. 22, p. 313; 1869.
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Tabel IT.
! | Dybde horfra Pro- |
ven tet.
| Stat. | Nordlig Bredde L0 | from which e som| 0.4 N | 2 Foo | Tempe R
No. I N | (North an‘“)' Greenwich. CC. ! e | ™ . ratur. *
| 39 (Longitude from | Engelske per Litre. per Litre, 2% | Celsius. R
| Greenwich.) i\ Favne. Meter, (0 per cent)
! | (English | (Metres) I
Fathoms.)
1| Husb | o o | 17.4 11.3 35.1 10.5
2 14 62* 4’ I 2°24'5 E 226 413 | 20.1 13.8 31.1 6.1
3 32| 6310 ! 4513 430 786 | 190 | 130 | 317 | —06
4| 33 63 5 3 o o o 18.9 12.4 344 11.8
5! 33 63 5 | 3 o 525 g6o 17.3 11.7 326 | —I.1
6| 35 63 7 I 126 W, o | o 17.0 11.1 35.0 10.4
7| 35 63 7 | 126 721 1319 18.4 12.4 326 | —og
8| 37 62 28.3 2 29 309 565 18.5 12.4 32.8 0.1
9, 37 62 28.3 | 2 29 | 690 1262 18.3 12.3 32.7 —I.I
10, 40| 63225 | 5 29 | o | o 17.1 1.1 35-2 9.7
11| 40| 63 22.5 5 29 515 942 20.5 13.9, 32.4 | —o0.4
12 | 51 65 53 7 18 515 942 20.6 13-9 32.3 —o0.6
13| 51 65 53 7 18 1163 2127 | 20.9 14.1 32.7 —I.1
14| 52 65 47.5 3 7 1861 3403 — —_ 32.2 —1.2
15: 95| 60 42 4137 B 175 320 — — 32.4 5.8
16 | g6 66 8.5 3 o 8os 1472 s - 32.3 —I.1
17 | 125 67 52.5 5 12 700 1280 20.5 13.7 33.0 —11
18 | 125 67 52.5 5 12 700 1280 20.0 13. 33.6 —I.I
19 | 152 67 18 | 12 46 125 229 —_ - 3j1.o 4.1
20 | 162 68 23 I 10 20 795 1454 20.6 13.9 32.6 —1.2
21 | 162 | 68 23 10 20 795 | 1454 | 10:4. | 12,0 | 337 | 1.2 | (Hoies cger i tapes of o snowt intervat)
22 | 171 6g 18 14 29 642 1174 19.6 13.0 335 —1.0
23 179 60 32 | I1 10 1607 2939 — - 32.1 —2
24 | 183 69 59.5 | 6 15 o 0 20.2 12.9 36.1 8.6
25| 183 | 69 505 | 6 15 ) ) - — 36.1 8.6
26 | 184 | 70 4 9 50 1547 | 2829 21.5 14.6 320 | —1.3
27 | 184 70 4 9 350 600 1097 20.7 14.1 32.1 0.0
28 | 18g 69 41 15 42 o o 18.4 12.0 35.0 9.6
29 | 189 69 41 15 42 860 1573 21.5 14.6 32.0 —I.1
30! 200 71 25 y 15 40.5 620 | 1134 19.9 12.8 358 | —1.0 | (oo e i b ey
31 | (Batrance 1o the Matangen Fjord) o 0 i - 35:5 8.57
32 | 213 70° 23’ 2" 30 o o 18.6 12.1 34.9 8.2
33| 213 70 23 2 30 1760 3219 19.6 12.9 34.0 —1I.2
34| 213 70 23 2 30 1760 | 3219 — - 33.8 —1.2
35 | 215 70 53 2 o W, o | o — — 34.8 8.0
36 | 215 70 53 2 o0 700 1280 20.1 13.6 22.4 —-0.6
37 | 215 70 53 2 0 1665 3045 19.2 12.9 32.8 —1.2
38 226| 70 359 7 51 o o — o 337 30
39 | 226 70 59 7 51 340 622 | — — 32.7 -—0.6
40| — 69 20 11 18 o o | 207 13.3 35.8 4-3
41 | — 69 20 11 18 o o = | = 35-4 4.3
42 | 243 68 32.5 6 26 o o 200 | 13.1 34.7 7-8
43 | 243 | 68 32.5 6 26 6oo | 1097 22.1 | 15.0 322 | —o.8
44 | 243 68 32.5 6 26 1385 | 2533 22.6 15.3 32.5 —1.3
45 247 | 68 55 | 224 E. o | o | 103 — — 94 |
46 | 247 | 68 55 | 224 so0o | ors | — — 323 | —o.4
47 | 249 68 12 i 6 35 3 1063 1044 | 21.4 14.5 32.3 —1.3
48 | 252 e o Sy | o o | 182 11.9 34-7 14.07,
49 | 253 P cicora ¢~ PN 263 481 20.9 13.8 34-2 3.2
50| 254 | 6727 13" 25" o o 18.2 1.9 | 348 10.0
51| 254 07 27 13 25 70 128 | 213 14.2 33-2 4.8
52| 254 | 67 27 13 25 140 256 | 19.5 13.2 324 5.8
53| 264 | 70 356 35 37 o o 20.6 13.3 | 355 5-2
54 | 264 | 70 56 35 37 8 | 157 | 207 | 138 | 331 1.9
55 | 275 74 8 31 12 o o 20.5 13.3 349 2.9
56275 74 8 31 12 147 269 21.9 14.6 334 | —o0.4
57 | 278 74 1.5 22 27 o o 20.4 13.3 35-0 4.2
58278 74 15 22 27 230 421 20.7 13.8 333 0.9
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i Dybde h]\;orfraPrﬁ- |
ven hentet.
Leengde o sl O+ N
N ksmt' Nordlig Bredde. f;'-fdch- “"";,‘,{.,,,,"::‘m“;ﬁ“ OC-EN l G% I =100 T;:ie’ Anmerkninger.
= No, | (North Lazitude.) - i Encelske | o s 0%, . (Remarks.)
i 0 (L:?,.mq:k{_m Ff\fn il [ per thre.lper L)tre.“ ol Celsius.
! S (English | (Metres) |
| Fathoms.) | i
|
50 | 283 | 7347’5 14° 21" o | o | 19.8 | 128 | 35-4 7.2
6o | 283| 73 475 14 21 o o 195 126 | 353 7-2
61 | 286 | 72 57 14 32 . o ! o | 206 | 132 | 358 7.2
62 286 72 57 14 32 | 447 817 21.8 i 14.8 | 319 —o0.8
63* | 293 71 7 21 II | 95 | 174 | 106 | 130 33.5 5.1
64 | 205 71 59 I 11 40 ! o | o | 202 128 | 367 7.0
65 | 295| 7155 11 30 i 6oo | 1097 | 21.4 | 14.6 | 317 —o0.8 |
66 | 295! 71 59 11 40 1110 | 2030 | 21.5 | 14.6 32.1 —I.3
67 | 206| 72155 | 8 9 | 100 | 183 | 204 | 134 34.2 3.1
68 | 297 | 72 36.5 5 12 | 1280 | 2341 | 21.3 138 | 351 | —14
6g* | 301 74 1 1 20 W. o | o | 219 14.1 35.6 2.2
70* | 303 | 75 12 3 2 E 150 274 22.0 14.7 33.1 —I.1
71* | 304 | 75 3 4 51 300 | 349 | 217 147 | 322 | —o8
72 | 304| 75 3 4 51 \ 1735 | 3173 | 21.6 13.6 | 322 | —15
73% | 321 74 56.5 19 30 o | o 23.8 15.4 35.2 0.5
74 | 321 74 565 19 30 25 46 | 237 15.3 354 0.2
75 | 323 72 53.5 21 51 o o | 19.3 12.3 36.5 7-8
76 | 323 72 53.5 21 51 o o [ = - 35.8 7.8
77 | 332| 75 56 11 36 1149 | 2101 21.9 14.8 322 | —15
78 | 332 75 56 11 36 1149 2101 22.0 15.0 31.8 —1.5
790 | 335 76 16.5 14 39 o o 20.8 13.3 36.2 5.4
8o | 335 76 16.5 14 39 179 327 21.0 14.0 33.1 1.0
81 339 76 30 15 39 37 68 21.6 14.2 34.1 0.9
82 | 342 76 33 13 18 o o 21.8 1.1 35.3 6.2
83 | 342 76 33 13 18 523 956 20.8 13.8 33,8 —1.0
84 | 345 76 42.5 10 9 3oo 549 20.9 13.7 344 1.0
85 | 345| 76 425 10 9 300 549 | 215 14.2 339 1.0
86 | 347 76 40.5 7 47 0 0 20.9 13-4 357 44
87 1347 | 76 405 7 47 1329 | 2613 21.4 13.9 | 351 | —1.3
88* | 349 76 30 2 57 1487 | 2719 21.7 14.6 32.5 —1.5
89 | 350 76 26 0 29 300 549 21.9 14.7 32.7 —I.I
go | 350 76 26 0 29 1686 3083 22.9 15.3 33:3 —1.5
91* | 352 77 56 329 E 300 549 21.9 14.8 32.5 —o0.8
92* | 352 77 56 3 29 1686 3083 224 15.1 32.8 —1.5
03" | 359, 78 2 9 25 o | o I — = 35.7 4-3
94" | 362 | 79 59 5 40 | o o ' 203 | 130 | 358 52 |
Vandproverne ere overalt, hvor det Modsatte ikke ﬂ The samples of water were all, except when the re-
udtrykkelig er anfort, udkogte strax efter deres Optagelse. = verse is stated, boiled immediately on being drawn.
Som man ser, ligner denne Tabel overmaade meget | As will be seen, this Table agrees very closely
den af Dr. Jacobsen opstillede. hvad man ogsaa paa For- with that prepared by Dr. Jacobsen, which was indeed

haand kunde vente, da de undersogte Districter fuldstendig
gaa over i hinanden, og naar Differentserne mellem de af Hr.
Svendsen og mig opforte Tal cre noget storre. da kommer
dette ligefrem af det af os Dbearbeidede Felts storre Ud-
strekning og deraf folgende storre Uensartethed i de phy-
sikalske Forholde.

Hvad der er mest ioinefaldende er det paafaldende
Phenomen, at der med Hensyn paa den relative Nammen-
setning af den i Overfladevandet indeholdte Luit paa den
norske Nordhavsexpedition er fundet betydeligt storre Sur-
stofgehalt end af Dr. Jacobsen for Nordsgen opstillet, saa-
ledes er Surstofprocenten i Overfladen i Nordsgen bestemt
til i Middel 33.93 °/, af den samlede Luftnrengde, medens
den for det af den norske Expedition i 1876 og 77 under-
sggte Strog sendenfor den 70de Breddegrad, belgber sig

T —

|
I

to be expected, since the tracts investigated coalesce; and
the somewhat greater differences exhibited by Mr. Svend-
sen’s and my own fizures arise simply from the region
explored by the Expedition having been more extensive,
involving greater dissimilarity in the physical conditions.

With regard to the relative composition of the air
in surface-water, the proportion of oxygen was, strange fo
say, on the Norwegian North-Atlantic Expedition found
to be considerably greater than that given by Dr. Jacobsen
for the North Sea. The mean proportion of oxygen in
the surface-water of the North Sea he determined to be
33.93 per cent of the total amount of air, whereas the mean
proportion for the tract of the North-Atlantic stretching
south of the 70th parallel of latitude, that investigated by the



til i Middel 34.96 og for det i 1878 undersggte mellem
70de og 80de Breddegrad beliggende Streg til 35.64 ¢/,
Fuldstendigt tilsvarende er det af Buchanan fundet at
vere paa den sydlige Halvkugle, idet Surstofprocenten i
Overfladen der varierer fra omkring 33 i Aqvatoregnene
til ca. 35 omkring den sydlige Polarcirkel.

Dette lod med temmelig stor Bestemthed formode,
at de for destilleret Vand gjweldende, af Bunsen opstillede,
Absorbtionscoefficienter ikke skulde viere gyldige for Sgvand,
idet det, naar Overfladevandsluftens Sammenswetning fandtes
at variere med Bredden, maatte viere det Naturligste at
skrive disse Variationer paa Temperaturforandringerne. Det
vil imidlertid ikke fgre til noget rimeligt Resultat, om man
vil betragte Temperaturen som den Variable og af de her
foreliggende Observationer forspge at udlede en Lov for
Absorbtionscoefficienternes Variationer med Temperaturen.
Man vil da finde, at de enkelte Observationer staa ikke
ubetydeligt i Strid med hinanden, idet der for Surstof-
mengdernes Vedkommende overalt optreder meget storre
Afvigelser, end man kan antage begrundede i Observations-
feil.  Det kunde dog ikke synes tilraadeligt at lade det
bero hermed og forspge at discutere de foreliceende Ob-
servationer uden ngiere Kjendskab til Absorbtionscoeftici-
enternes Afhwengighed af Temperaturen, og jeg besluttede
derfor at bestemme saavel Sammenswetning som Mwengde af
den 1 Sgvandet ved forskjellige Temperaturer oploste Luft.

Forst gjordes en Del Forsge, hvorved Sgvandet i et
Bad af constant Temperatur spgtes meettet ved flere Timers
Gjennemledning af Luft, (saaledes som Bunsen har gaaet
frem ved sine Bestemmelser?), hvorefter den oploste Luft
uddreves og analyseredes paa den for beskrevne Maade.
De paa denne Maade mettede Vandprgver afgave bestan-
dig Luftmengder, som uden Hensyn til den Temperatur,
hvorved Vandet var meftet, viste nogenlunde nwer den
samme Sammensetning (med 34.9 ¢/, Surstof mod 65.1 Y/
Kvelstof), medens de ofte temmelig sterkt afvigende Tal,
som udtrykte de absolute Mangder af oploste Gaser, tyde-
ligt viste, at der paa demme Maade ikke var opnaaet fuld-
steendig Meetning,

Professor Waage foreslog mig derfor at gjentage disse
Forsgg med nogen Variation i den Maade, hvorpaa Mauet-
ningen iverksattes, og har jeg som Fplge deraf ved de
senere Forsgg benyttet folgende Fremgangsmaade. En pas-
sende Portion Sgvand af nogenlunde hgi Egenveegt vystedes
med Luft i en rummelizc Kolbe i et Tidsrum fra 1 til 2
Timer under stadig Vexlen af den i Kolben verende Luft
og hensattes derpaa i nogle Timer ganske rolig, idet Tem-
peraturen saavel under Rystningen som senere holdtes fuld-
stendig constant. Forat overbevise mig om, at jeg har
opnaaet fuldsteendig Mwmtning, har jeg nzrmet mig Meet-

! Bunsen, Gasom. Methoden — 1G0.

Den norske Nordhavsexpedition. Tornee: Chemi.
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Norwegian Expedition in 1876 and 1877, amounts to 34.96.
and for that lying between the 7Oth and 80th parallels of
latitude, to 35.64 per cent. Buchanan observed precisely
the same phenomenon in the southern hemisphere. the
proportion of oxygen varying from about 33 per cent in
the Equatorial Seas to about 35 per cent in the vicinity of
the Antarctic Circle.

Reasoning on these data, there were strong grounds
to assume, that the coefficients of absorption given by
Bunsen for distilled water could not apply to sea-water;
for, the composition of the air in surface-water having been
found to vary with the latitude, the most probable cause
of this phenomenon would seem to be temperature.  Mean-
while, we shall not arrive at a satisfactory result by regard-
ing temperature as the vaviable factor. and by scek-
mg from the observations here forth to discover a
law according to the cocfficients of absorption
vary with the temperature.  The individual observations
would in that case Dbe found to clash. inasmuch as the
variation with regard to oxygen is invarviably greater
than can be assumed to avise from errors of observation.
However it did not seem advisable to leave the question
as it stood, and proceed to the discussion of the results
without having further investigated the ielation of the cooffi-
cients of absorption to the temperature: and I resolved, there-
fore. on determining alike the composition and the amount
of the air absorbed by sea-water at different temperatures,

A series of experiments were first instituted with
a view to saturate sea-wnter with air. viz. by placing
it in a bath of constant temperature, and for the space
of several hours uninterruptedly conducting through it a
current of air. — the mode of operation adopted by
Bunsen for his determinations,! — after which the air ab-
sorbed i the water was driven off, and analysed by the
process previously described.

sot

which

The samples of* water satu-
rated in this manner invarviably yielded quantities of aiv
which, irrespective of the temperature at which the water
had been saturated. weve found to be very nearly uni-
form in composition, viz. 349 per cent oxygen and Gb.1 per
cent nitrogen. whereas the figures, often widely divergent,
expressing the absolute quantities of the gaseous bodies
absorbed, gave sufficient proof that by this method complete
saturation had not been attained.

At Professor Waage's suggestion, I repeated these
experiments, varying slightly the means by which satura-
tion was sought to be effected, and have since adopted the
following mode of operation. A quantity of sea-water of
considerable specific gravity, is shaken, along with air, in
a roomy matrass for one or two hours, the air in the
matrass being frequently venewed. and then left perfectly
still for a few howrs. at the precise temperature preserved
during its continual agitation. To be quite sure that I have
really succeeded in saturating the water, I approach the
point of saturation as it were from opposite directions:

! Bunsen, Gasom. Methoden, p. 165,



ningspunctet fra begge Sider, idet jeg paa den ene Side
har behandlet Vand, som paa Forhaand var utilstrekkeligt
mettet med Luft ved vedkommende Temperatur, og paa
den anden Side forst har mettet Vandet ved en betydelig
lavere Temperatur for derefter som ovenfor beskrevet, at
ryste det med Luft ved den Temperatur. hvorved det gn-
skedes micttet. Den Barometerstand, hvorved Vandpre-
verne ere meettede, er altid bleven observeret, og ere de
uddrevne Gasmengder reducerede til Mietning ved 760,
idet de absorberede Volumina erve satte proportionale med
Trykket. Resultaterne ere sammenstillede i nedenstaaende
Tabel. hvor Gasmwngderne ere udtrykte som CC. pr. Litre
udkogt Vand reduceret til 0* og 760" Tryk. De med
fede Typer trykkede Tal hidvore fra de Vandprover, der
i Forvelen have veeret mettede med Luft ved en lavere
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on the one hand, operating with water that has been im-
perfectly saturated at a given temperature, and on the
other, saturating that water at a much lower temperature;
and not till then proceeding to shake it along with air at
the temperature for which saturation is sought to be at-
tained. The atmospheric pressure at which the samples of
water were saturated. was always noted down, and the
quantity of gas dviven off reduced to the point of satura-
tion at T760™, the volumes absorbed being put propor-
tional with the pressure. The results are set forth in
the following Table. the amounts of gas being expressed
in cubic centimetres per litre of the water examined, ve-
duced to a temperature of 0° and a pressurve of T60wm,
The figures printed in thick type refer to samples of
water previously saturated with air at a lower tempera-

Temperatur. Ved de med Klammer sammenfoiede Tal ere ture: those in brackets are determinations performed with
begge Lauftprover udkogte af samme Vandprove. the same sample of water.
o C. 5C. 100C. 15° C. o C. 5" C. ~ 10°C. 15" C.
0 | N 0 N o | N | 0 N 0 N | O N | o0 | N| O|N
) 7:76 | 14.36 ) 6.83 | 13.20 6.31 | 12.14]) 5.60" | 10.79 | | 776 _:4_.3_@_;_6_83 13.20| 6.31  12.14() 5.60 'Fl_o_.;r_g
| 7.85 | 14.56() 6.90 13.30|) 630 1206 0__5-?_9__{ 11.20 | 1785 | 14.56|) 6.90 _1_,_3_._‘_3_0_%_ 630 1206 |} 5.79 | 11.20
771 | 14.31|) 697 1346 |) 625 1204 5.70’ 1104 771 14.31|) 697 1316 || 625 1204 | 570 1104
- — |} 701 1320| — —_ — | — i — — 701 1320 — —_ = -~
Som Middelvardier erholder man heraf: |l The mean proportions are accordingly: —
G i 3 hod £5 C. 0" 5" 10" 15"
4 77} . 00a ) 059 | 5 Q| nar ) oay 620 | 570
N 1441 | 13.22 12.08 | 11.01 N 14.41 | 13.22 | 12,08 [ 11.01
O+ N=100 0% | 3503 | 3439 | 3424 | 34.11 04+ N=100 O pet.| 3503 | 3430 | 342 34.11

Til yderligere Control paa Rigtigheden af denne Ta-
bel hensattes en Vandprgve i uproppet Kolbe ved 0° 1 7
Dagn, hvorpaa den deri oploste Luft ndkogtes og analyse-
redes, og viste den uddrevne Gas sigz at vare omtrentlig
af samme Sammenswetning som ovenfor angivet nemhg
35.18%, O mod 64.829/, N. Af den samlede Luftmengde
erholdtes her ingen Maaling. da desvzerre en liden Blere
under Overfyldningen i Evdiometret gik tabt. den reste-
rende Del maalte 21.71 CC. Som man af denne Tabel
vil kunne se, er den Kvelstofmangde, som 1 Litre Sgvand
absorberer af den atmospheweriske Luft, ligetil proportional
med Temperaturen og lader sig ndirykt i CC. meget ngie
fremstille ved Formelen

N=144—0.28¢,
hvoraf man istedetfor de

observerede Vierdier 1441 13.22 12,08 11.01
kan beregne . . , . 1440 13.25 12.10 10.95.

Hvad angaar den absorberede Surstofmengde, da er
Forholdet ikke lengere saa simpelt, idet den Curve, der
betegner Variationen med Temperaturen, ikke lengere er
en ret men en svagt krummet Linie, som paa Strgget fra
0 til 10", hvorom der her nermest er Tale, lader sig ud-
trykke ved Formelen

With the object of testing still further the accuracy
of this Table, a sample of water was allowed to stand over
in an open matrass at a temperature of 0° for the space
of 7 days, when the air absorbed by it was boiled out and
analysed; but the composition of the gas driven off proved
to be almost the same as that specified above, viz. 35.18
per cent oxygen and 64.82 per cent nitrogen. Of the total
amount of air no measurement was obtained, a small bubble
of gas having unfortunately escaped when transferring
the air into the eudiometer; the remaining portion mea-
sured 21.71<. As appears from this Table, the quant-
ity of nitrogen absorbed from the atmosphere by 1 litre
of sea-water is strictly proportional to the temperature,
and may be very accurately expressed in cubic centimetres
by the formula —

N=144—0.23¢,
which, in place of
the values observed.
gives . . . . .

14.41 13.22 12,08 11.01
1440 1325 12.10 10.95

With regard to the amount of oxygen absorbed, the
proportion is less easily expressed, since the curve mdi-
cating the variation with the temperature will no longer
be a straight, but a slightly curved line, which, from 0°
to 10° the interval most important here, may be ex-
pressed by the formula —



0="1.19— 0.2t 4 0.005¢2,

som istedetfor de observerede Verdier
giver .« & ¢ o e s o s

777 6.93 6.29
7.79 692 6.29

Men Hensyn paa den relative Sammens®tning af den
absorberede Luft da er den ikke, saaledes som af Bunsen
for destilleret Vand fundet, uafhengig af Temperaturen
men vavierer med denne, saaledes at Surstofprocenten paa
Strgget fra 0° til 15° forandrer sig med en hel Procent

Betragter man Resultaterne af disse Forspe som Norm,
viser det sig, at den relativt til den samlede Luftmeengde
meget hgie Surstofgehalt, som er observeret i Overfladen i
den nordlige Halvdel af det underspgte Hav, i Virkelig-
heden skriver sig fra en Overmewetning med Surstof og ikke,
som man ogsaa kunde tenkt, fra en mangelfuld Mwmctniug
med Kvelstof, idet der merkeligt nok her findes en Swr-
stofeehalt, der meget hyppigt overskrider den af disse For-
spg beregnede med 0.5 .CC. og devover, Det vil sige, der
optrieder saa store Afvigelser. at de paa ingen Maade kunne
tilskrives Observationsfeil. og det viser sig saaledes, at Nur-
stofgehalten i Overfladen ikke alene afhwenger at Tryk og
Temperatur, men rvimeligvis ogsaa maa paavirkes af en
eller flere andre ubekjendte Aarsager.

Naar det gjelder nermere at studere Surstofmeengdens
Variation med Dybden. falder det bekvemmest at udtrykke
den som Procenter af den samlede Luftmmengde. da den
absolute Luftmeangde varierer i meget steerkere Grad med
Temperaturen end Luftens velative Sammenstetning, og man
vil snaledes ved at benytte denne Udtryksmaade opnaa at
gigre sig 1 Dbetydeligt stgrre Udstriekning uafhengig af
Temperaturens Indflydelse.

Ordner man de paa denne Maade udtrykte Tal efter
Dybden, viser det sig, at der med Hensyn paa Surstof-
procentens Sterrelse i de forskjellige Dyb existerer en tem-
melig udpreget Lovmessighed, som nwermere kan karak-
teviseres af nedenstaaende Tabel, der er uddraget af samt-
lice Observationer, naar undtages de to, hvor Udkogningen
ikke foretoges strax men forst efter nogen Tids Henstand.

D_\'l.ltleill’tei'\'allet. i Midlere D.\'bde_. Midlore
e | e | Ot | T ot |

e o.. ___I__._...._é_ e _28 __h.____(_)_ ..._0 _3501
0—100- mc;—_-m183 o 6 _ —6_9_: 126 | 33(;3 .

' 100—?0;- 183--—:5;9 i 14 ! 210 | 384 33._84

-3_00— 600 549;1667 6 | 4;;;)_"; 768 32:';6

'660—-16.6_0. .;og';_iéizq 11 -‘684—:—1_2451" 32.53
_1000—1_4;6 18;;_—-.2 560 | 6 1192 ‘ 2180 32.78_

;400—1;60 2560—32 16 10 1646 | 3o1o0 | 32.8¢9

De enkelte Observationers Afvigelser fra den ved
denne Tabel bestemte Regel ere i Betragtning af det under-
sogte Felts store Udstreekning hverken mange eller syn-
derlig stove, idet kun 10, No. 2, 19, 38, 49, 64, 68, 83,
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il

0="1.19 — 0.2 4 0.005 t2,

giving . . . . . . . 7.79 6.92 6.29
in place of the values observed. 7.77 6.93 6.29

Hence, the relative composition of the air absorbed is
not, as Bunsen found to be the case with distilled water,
independent of temperature. but varies with that factor,
the percentage of oxygen for stance, differing as much
as 1 per cent between 0" and 15"

Now, assuming the vesults of these experiments to
furnish a normal standard. the relatively large proportion
of oxygen as compared with the total amount of air present
in the surface-water of the northern tracts of the sea in-
vestigated. will be found to arise from supersaturation with
oxywen, and not as might be supposed. from imperfect
saturation with mnitrogen, sceing that the proportion of
oxygen exceeded that computed from these experiments by
as much as. or even more than 05«; for a difference so
considerable does not admit of being ascribed to cerrors
of observation, Omn the basis of these facts. the proportion
of oxygen m surtace-water is shown to depend not only on
pressure and tempevature but  probably. also on the ef-
fect of one or more causes ns vet unknown,

When mmvestigating the degree in whieh the proportion
of
to
of

oxygen varies with the depth, it will be most convenient
express the difference asa percentage of the total amount
air, the absolute amount of nir varying to a mueh greater
extent with the temperature than does its relative compo-
sition: besides. with this mode of expression considerably
less regard need Dbe had to the influence of temperature.

If the figures representing the vesults thus expressed
ave arranged according to depth, the proportion of oxygen
present in the different strata will be found to exhibit very
considerable uniformity. as appears from the following Table,
based as it is on the whole series of determinations. with
the exception of two. the water with which the latter were
performed not having been boiled at once. but allowed to
stand over for some time previous to examination.

ey B i | G

Inelis *Obser- | Engli ntag,
o o | 28 | o | o |33
B ) N IR B3 [T
100—300 | 183—549 14 210 384 | 32.81
300—600  539—1097| 16 | 420 | 768 | 32.50
“600—-1000-;10(;';—1829__1_1__ i 684 ) 1_251 32.58
1000—-1_40wr;|-1h§:‘z.gh;2560 o 6____ 1192 2180 | 32.78
17,0?1?5&2650—-3219 10 | 16;;| 3010 32.89

Considering the great extent of the region investi-
gated, the deviation of the individual observations from the
standard given in this Table is neither frequent nor con-
siderable, 10 only, viz. Nos. 2, 19, 38, 49, 64, 68, 83, 84,

a*



84, 85 og 87, fjerne sig om mere end 1 Procent fra det al-
mindelige Resultat, medens man af samtlige Observationer
kan bestemme en enkelt Observations sandsynlige Afvigelse
fra den efter denne Tabel optrukne Curve til + 0.52 9/,
en Afvigelse saa liden, at en ikke ringe Del af den kan
skrives paa Observationsfeil.

De storste Uoverensstemmelser optraede talrvigst 1 et
Dyb fra 300—600 Favne (549—1097 Meter) men findes
ogsaa enkeltvis i storre Dyb.

Fra Bunden hidrorer 1 de storre Dyb kun to Luit-
prover med viesentlig for hei Surstofprocent nemlizg No.
68 og 87, optagne fra to Puncter. som mewrkeligt nok
begge ligge paa en Linie paralel med og tet ved Gramd-
sen mellem den wvordover stryveende varme Strom og den
sydover forbi Jan Mayen ganende Polarstrom. Bortser
man imidlertid fra disse de viesentligste Uoverensstemmelser,
som bidrage til at give Curven ct om end meget svagt
Minimum i 300 —400 Favnes (549—732 Meters) Dyb, vil
man i Korthed kunne udtale Regelen for Surstofprocentens
Aftagen med Dybet saaledes: Surstofprocenten er 1 Over-
fladen gjennemsnitlig 35.3 og aftager derpaa forst hur-
tigt senerc langsommere til henimod 32.5 i1 300 Favnes
(549 Meters) Dyb, hvorfra den med stigende Dyb holder
sig paa det Nwrmeste constant. Det kan bemwrkes. at af
de her underspgte Vandprover 40 ere gste lige ved Hav-
bunden. Man vil imidlertid forgjeves bestrabe sig for at
opdage nogen Forskjellighed i Egenskaber mellem disse og
de fra ligestore intermediere Dyb optagne.

Hvor det gjwlder at studere Variationerne af den
absolute Luftmengde. maa det synes naturligt som Maal
for denne at benytte den oploste Kvwlstof, idet den ob-
serverede Luftmengde paa Grund af det vedvarende For-
brug af Surstof i de dybere liggende Lag bestandig kan
forudsettes at viere mere eller mindre forskjellig fra den
Mengde, som vilde absorberes i Overfladen under divecte
Paavirkning af Atmosphweren.  Kyvwlstofmangden kan der-
imod paa Grund af demne Gasarts sterkt udpregede In-
differentisme ligeoverfor andre Legemer uden synderlig Feil
antages nafhengig af locale Tilfreldigheder,

Anvendes saaledes Kyielstofmaengden som Maal for
den i Spvandet oploste Luft, viser der sig i Fordelingen
ogsaa her en udpraeget Lovmiessighed. naar undtages at
der i de af Svendsen pan det forste Togt udforte Obser-
vationer overalt er fundet en mindre Kvalstofmangde, end
man efter alle ovrige foreliggende Observationer skulde
vente, Bortser man imidlertid fra disse paa forste Togt
udforte 14 Observationer, vil man se, at alle de @vrige
paa faa Undtagelser nmr meget vel stemme overens med
de Tal, man kan beregne efter den ved de ovenciterede
Forspg bestemte Formel

N=14.4—023¢
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85, and 87 exhibiting a difference of more than I per cent
as compared with the general result, whereas the probable
deviation of a single observation from the curve drawn
according to this Table may be computed at + 0.52 per
cent, a deviation so small as to avise, probably, in no
slight degree from ervors of observation.

The greatest discrepancies refer chiefly to a depth of
300—600 fathoms (549—1097 metres); now and again,
however, they were met with in water obtained from greater
depths.

In only two of the samples of air expelled from
bottom-water drawn where the depth was great, did the
percentage of oxygen prove much too high, viz. in Nos. 68
and 87, the samples of water yielding them having been
obtained from two spots which. strange to say, are in a
line running parallel and in close proximity to the bound-
ary between the warm current flowing north and the cold
Arctic cwrrent tlowing south past the Island of Jan Mayen,
Now, if we exelude from these differences the chief of those
that contribute towards giving the cmrve a very slight
but appreciable minimum at a depth of from 300 to 400
fathoms (540—732 metres), the rule acecording to which
the proportion of oxygen is found to diminish with the
depth may be expressed as follows: — The proportion of
oxygen. which at the surface is 35.3 per cent, begins at
once and continues to diminish, at fivst rapidly and after-
wards at a slower rate, till it has reached 32.5 per cent,
at the depth of 300 fathoms (549 metres), from whence it
keeps almost constant. I will not omit to observe, that of
the samples of water examined 40 had Dbeen drawn from
the bottom; is was. however, impossible to detect any dif-
ference in composition between these and the samples ob-
tained from equal intermediate depths.

Wheun investizating the variation in the absolute amount
of air, it will obviously be advisable to make use of the
nitrogen absorbed. since the quantity of air observed in
the deeper strata may. by reason of the steady consump-
tion of oxygen, be assumed to differ more or less from
that which would be absorbed at the surface under the
direct influence of the atmosphere, whereas nitrogen, from
the very slight affinity evinced by that gas for other bodies.
may, without involving appreciable crror, be regarded as
proof against the accidents of locality.

If, therefore, the amount of nitrogen be adopted as
the standard of measurement for the air absorbed in sea-
water, a marked uniformity will here. too. be found to cha-
racterise the distribution, as determined by the observa-
tions described. with the exception however of Svendsen’s,
on the first voyage, by which the amount of nitrogen was
found to be less than all subsequently instituted observations
gava reason to expect. Excluding, then, the 14 observa-
tions from the first voyage, all of the others, with but few
exceptions, agree closely with the figures which may be
found by the formula stated above —

N=144— 0231,
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Man faar nemlig af Observationerne folgende Mid- | as will be seen from the following Table showing the

delveerdier:
Dybdeintervaller. Middel- Midlere Kveelstof-
" Bagelih | e | |
Fams. Metor. 0. ¥ i beregnet.
o o i“ 0 __*64 _130; 12.93 :o;:;_
o—100 | 0—183 2.7 | 13.98 | 13.78 | —o.20
-:00—30?| 183;549 | _10 ":-:;:5 L!.;l? B 0.02
'300—600 | 549—1007| —0.6 | 14.54 | 14.54 | 0.0
600—1000 1097 —1829 —o.8 1:;.1_01 _-14.58 0.51
1000—1760(1829—3210] —1.4 | 14.38 | 1272 | o034

Naar den midlere Kvmlstofmengde her i de dybere
Lag er funden noget lavere end man skulde vente, da har
dette sin Grund i, at der ved de 5 Observationer No. 17.
22, 33, 36 og 37, alle hidrprende fra Vandprover fra det
1 1877 underspgte Streg, er fundet en ca. 1.5 CC. lavere
Gehalt, end de ved sin Temperatur vilde kunne optage
ved almindeligt Atmosphwretryk., Forresten vil efter alle
de gvrige Observationer at domme ogsaa i de stovre Dyb
Kvelstofmengden findes at stemme overens med den af
Formelen beregnede.

En lignende Sammenligning! er af Buchanan gjort
mellem de af ham for de sydlige Have fundne Tal og de
af Bunsen for destilleret Vand opstillede. Der optreder
ved denne Sammenligning iseer ved de lavere Temperaturer
ikke ubetydelige Differentser paa lige op til over 1 CC.
pr Litre, men disse vil ved Sammenligning med de efter
Forfatterens Formel beregnede Tal saa godt som bortfalde.
idet man faar:

Dybde Midlere I\\':ulstloil ]wmlst]of-
i Temperatur. mengde mmf’"‘“ 5 Differents.
Fol o olter efter
' ' Buchanan. | Formelen.

600 14.6 11.26 11.04 —0.22
1200 13.0 1071 11.41 —0.30
1800 6.9 13.00 12.81 —o0.19
2400 5.1 13.10 13.23 0.13
4800 2.5 13.82 13.82 0.00

derover 1.5 14.37 14.05 —0.32

Det fremgaar heraf, at Kvelstofmengden, saaledes
som det allerede af Dr. Jacobsen og Andre er antaget,
ikke i mindste Maade retter sig efter de i de store Dyb
herskende Tryk men kun afhenger af Temperaturen. Den
eneste rimelige Fortolkning udelukker Muligheden for, at
Tryk- og Temperaturdifferentser i de under Overfladen

! Ber. Berl. chem. Ges. — 11 — 410,

:
|

mean values.

Intervals of Depth. Mean Mean Amount
= 1 Temp Amount of Dif-

English ik oo, | of Nitr. | Nitrogen | ference.

Fathows. | B ’ observed. [computed.
0 0 6.4 | 13.07 12.93 | —0.14
0—100 0—183 27 | 13.98 | 13.78 | —o.20
100—300  183—549 1.0 14.15 14.17 002
300—600 ; 549—-1097] —0.6 | 1454 | 1454 0.00
600—1000/1097—1829| —0.8 | 13.04 | 14.58 0.54
1000—1760{1829-3219| —1.4 | 1438 | 14.72 0.34

The mean quantity of nitrogen in the deeper strata
proved, accordingly. somewhat lower than there was reason
to expect: but this arose from the proportion determined
by & of the observations. viz. Nos. 17, 22, 33, 30, and

37 — all of them referring to samples of water obtained
from the tract of ocean mvestigated in 1877 — having

been about 1.5 less than could Dbe absorbed at the
same temperature under ordinary atmospheric pressure.
For the vest. judging from all the other observations, the
proportion of nitrogen observed. even at greater depths,
will be found to agree with that computed by the formula

A similar comparison' was instituted by Buchanan
between his results for the water of the Southern Seas
and the figures found by Bunsen tor distilled water. The
differences resulting from this comparison. more especially
for a low temperaturve, are considerable, the greatest reach-
ing 1= per litre; but. on comparing them with the figures
given by the author’s formula, they will be found almost
to vanish., as appears from the following Table.

Amount of | Amonnt of
Depth Mean . Nitrom
in Temperatnre.| =R e HHORER | Diforence.
Foet 0 g, cord, to Jeomp. by the
Buchanan, Formula.
N 600 1:;6 ':.1.56 11.04 —0.22
1200 13.0 171 11.41 —o0.30
1800 6.9 13.00 12.81 —0.19
2400 5.1 13.10 13.23 0.13
4800 2.5 13.82 13.82 0.00
g:?:.hu: 1.5 14.37 14.05 —0.32

Hence the amount of nitrogen. as previously assumed
by Dr. Jacobsen and others, can in no wise be affected
by the increase of pressure at great depths, but must ob-
viously be dependent on temperature alone. The results
of these observations exclude, therefore, the possibility of
differences in temperature and pressure at depths below

! Ber. Berl. chem. Ges. 11, p. 410.



liggende Lag skulde kunne hidfsre en anden Fordeling af
Luften end den, der allerede existerer fra den Tid da
Vandet sidste Gang befandt sig i Overfladen udsat for fri
Paavirkning af Atmospheren. Luften vil saaledes kun
gjennem Vandets Circulation kunne naa ned i Dybet. og
nogen Udjevning af Luftmangderne vil der kun kunne ske
gjennem Blanding af de forskjelligartede Vandmeengder. en
Blanding. som under Forudswtning af at der ikke ogsaa
foregaar Opvarmming eller Afkjoling. ikke vil kunne for-
rykke det rette Forhold mellem Temperatur og Kvielstof-
mangde, da Kvalstofmengdens Variation med Temperatu-
ren fremstilles ved en ret Linie.

Man vil altsna, dersom disse Forudsictninger holde
Stik, ved en Kviwelstothestemmelse i de dybeve liggende
Vandlag kunne om end meget rvaat bestemme. om  disse
have veret Gjenstand for en viesentlig Opvarmming eller
Afkjeling, siden de sidst befandt sig i Overfladen. forudsat
at man kan negligere Virkningerne af Atmosphweretrykkets
Forandringer oz andre mulige Tilfreldigheder. som under
Absorbtionen i Overfladen vil kunne gjore sin Indflydelse
gjeldende.

Grupperer man de her offentliggjorte Obscrvationer
efter Vandprovernes Temperatur, viser det sig. at Kvel-
stofmeengden meget npie svarer til den efter denne Tempe-
ratur af Formelen beregnede, det vil sige, Vandprovernes
Temperatur skulde ikke 1 vmsentlig Grad have forandret

the surface causing a distribution of the air different to
that which existed when the water was last at the surface
in direct contact with the atmosphere. Hence the air
cannot penetrate to such depths save by the circulation
of the water. and an adjustment of the amounts of air can
be effected solely by the mixing of the water different in
composition. which will not. however. unless we assume
a simultaneous increase or decrease of heat, disturh the
true relation between the temperature and the amount of
nitrogen. since the variation of the latter with the temper-
ature is expressed by a right line.

If. then. these assumptions are found to hold good.
it will be possible when computing the proportion of nitro-
gen in the lower strata of the water to determine — very
roughly indeed — whether the latter have experienced
any increase or decrease of heat since they were last at
the surface. provided we can ignore the effect of change
in the atmospheric pressure and of other accidental circum-
stances, which during the process of absorption. may have
made their influence felt.

On grouping together according to the temperature
of the samples of water examined. the observations published
in this Memoir. the proportion of nitrogen will be found
to agree very. closely with that computed by the formula.
showing. as appears from the following Table. that the

sig, siden de sidst befandt sig i Overfladen. DMan faar I temperature could have varied but little since the water
nemlig: \ had been last at the swrface.
o™ | omeeatar. Rvieistaf: | Kvaitof | Differents I e e .-\u?(}:::]t] of A(n;ﬁ:}:::te:}r Difference.
S ___’nw.ngdi- _m.u.fn,r_rd(-.. L ‘ Temperatl.l_re.'.._ il %atr.ugef:.” Nitrogen. ]
tmder. o° —1°%1 1332 | 14.65 0.33 [F below ©° 1 | 14.,;:_:‘“-1'4_.6__5:: - ;.33*
0—3__ 12 _;1.19_— 14.12‘_ _“—-_o.o;— ; 0—3 12 14.19 1 412 .———-;;_.0?
3—6 4.6 ) rl3.38 1 i3.34 - —0.04_ L _3—_6 N 3.6 13.38 _1;34_ _%o.oz;_
—:—; ___7:5“ 12,90 12.67 —0.13 6—q ) -';5_._‘_1:_:.;;;0 _I-ZE);r —0.13
Coverg | 1z | tig3 | 18z | —oar | aboveo | 112 | 1103 | 1182 | —our

At Overensstemmelsen for Temperaturerne under 0°
ikke er saa fuldstendig som ellers. skyldes ogsaa her de
ovenfor nmvnte 5 Observationer alle udforte paa Togtet i
1877. Beregner man derimod den midlere Temperatur og
Kvalstofimengde for dette Interval af de paa sidste Aars
Togt gjorte Observationer, erholder man til Middeltempe-
raturen —1.2 Kvelstofmengden 14.59 CC. altsaa kun
0.09 CC. mindre end beregnet.

Benyttes paa samme Maade de af Dr. Jacobsen of-
fentligjorte Observationer til et Overslag over Kvelstof-
mzngden i Nordsgen, erholder man med runde Tal:

For the temperatures under 0" the agreement is in-
deed not so close: but here. too. the cause may be traced
to the aforesaid 5 observations from the voyage in 1877.
If. however we compute the mean temperature and the
amount of nitrogen for that interval Dy the results of the
observations instituted on the last voyage, the mean tem-
perature will be —1.2 and the amount of nitrogen 14.59%,
or only 0.09« less than that computed by the formula.

A similar computation with the observations published
by Dr. Jacobsen for estimating the amount of nitrogen in
the water of the North Sea. will give. in round numbers,
the following results: —
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1 Midlere Beregnet Intervals Mean Computed
Temperatar-|  Midlere | gKvelstof. | Kvelstof- | Differents. of |potean | Amount of Aouomnk of | Dissviice.
’ PETAIUE | mengde. mangde. Temperature.| * © " PETAUTEL  Nitrogen. Nitrogen.
nnder 10° 6°5 13.2 12.9 —0.3 : below 10° 6.5 13.2 12.9 —0.3
10—15 12.1 12.0 11.6 —0.4 ’ 10—15 12 .1 12.0 11.6 —0.4
13—20 16 .9 11.0 10.5° —0.5 ] 15—20 16 .9 11.0 10.5" —0.5
Her findes altsaa overalt en Kvwlstofzehalt svarende | The proportion of nitrogen in this Table corresponds

til en noget lavere Temperatur end den observerede og det
i stzerkest Grad for de hoiere Temperaturer. eller da Tem-
peraturen aftager med Dybden, for de overst liggende
Vandlag. Naar man erindrer, at Jacobsens Observationer
ere udforte i Eftersommeren og for det Meste paa Vand-
prover fra saa smaa Dyb, at Luft- og Vandtemperaturens
aarlige Variation kan twnkes at have gjort sig gjeldende.
vil dette ikke vwre saa vanskeligt at forklare gjennem
Vandets Opvarmning i Sommermaanederne, medens Kval-
stofmengden maa antages at rette sig efter en Temperatur
mindst lige saa lav som den aarlige Middeltemperatur,

At lignende Phwnomener ikke ogsan ere observerede
i de gvre Lag af det af den norske Nordhavsexpedition
undersogte Hav, har sin simple Forklaringsgrund deri, at
Lufttemperaturen der selv om Sommeren ikke er hgiere
end Overfladetemperaturen hellere omvendt.

! Den for Intervallet fra 0 til 15° udledede Formel er her forud-
sat at gjelde ogsaa fra 15 il 20°

accordingly to a somewhat lower temperature than that
observed. especially for the higher temperatures, or rather,
since the temperature diminishes with the depth, for the
upper strata of the water. If. however, we bear in mind
that Jacobsen's observations were instituted at the latter
cnd of summer, and the majority with samples of water
obtained from such trifling depths that the annual variation
in the temperature of air and water probably cxerted
some influence. this will not he difficult to account for,
by reason of the heat stored in the water during the
summer months, whereas the amount of nitrogen must be
regulated Dby a temperature at least as low as the mean
annual temperature.

That similar phenomena were not observed in the upper
strata of the water throughout the tract of ocean investigated
on the Norwegian North-Atlantic Expedition, arises simply
from the fact, that the temperature of the air in those
regions does not even in summer exceed that of the water
at the surface, nay the reverse is rather the case.

! The formula deduced for the interval from 0° to 15° is here as-
sumed to be correct for that extending from 15° to 20°




II. Om Kulsyren i Sevandet.

f alle de Chemikere, som for den tyske Pomerania-

expedition i 1872 anstillede Underspgelser over Luften
i Spgvandet, blev der foruden Bestemmelser af Surstof-
Kvelstofmengden ogsaa samtidiz udfort Maalinger af den
under Udkogningen uddrevne Kulsyre og de Qvantiteter.
man paa denne Maade fandt. bleve ogsaa bestandig opforte
blandt Resultaterne som den samlede Mmngde Kulsyre,
der var oplost i Sovandet enten fri som Gasart eller bun-
den til Carbonater som sure Salte. De Resultater, som ad
denne Vei erholdtes, vise imidlertid bestandig overmaade

store Uoverensstemmelser ikke alene mellem de forskjellige.

Forfattere men ogsaa mellem de enkelte Observationer hos
en og samme Experimentator, hvor man dog maatte have
antaget. at en storre Ensartethed i Forsogenes Udforelse
skulde have udjevnet Differentserne.

Som Exempel paa, hvor vidt Uoverensstemmelserne
i de mldre Opgaver striekke sig. kan anfores Fglgende:

I en Liter Overfladevand fandt

Frémy . . 2.2 til 2.8 CC. Kulsyre 1
Morren . .16 . 39 — —_ %
Lewy .24 . 39 — - 8
Pisani .60 ,. 81 — — 4
Hunter . . .08 . Hh9 — — 3
Desuden fandtes efter en noget anden Fremgangs-
maade af
Bischof . . . 39.0 CC. A
Vogel . . . . 55.6 til 116.3 — %

Ved alle diss¢ zldre Undersggelser, hvor der ved Ud-
kogningerne var anvendt fuldt Atmosphmretryk, og hvor

! Compt. rend. 6—616.

* Ann. Chim. Phys. [3] — 12 — &,

*Am. — — [3] — 17. Ann. Chem. Pharm. 58 — 328,
¢ Compt. rend. 41 — 532.

® Jahresbericht 1869 — 1279,

% Chem. Geologie 1 Aufl. 2 — 1130,

" Schweigg., Journ. 8 — 351,

if

II. On the Carbonie Acid in
Sea-water.

he several chemists who, previous to the German ‘Pom-

erania’ Expedition (1872), had instituted observations
on the air present in sea-water, when measuring the amount
of the oxyzen and nitrogen also collected the carbonic acid
driven off during the process of boiling; and the quantities
determined were invariably set down among the results as
the total amount of carbonic acid actually existing in the
water. either free as gas or contained. to a less extent. also in
bicarhonates. The results thus attained vary however to a
remarkable extent. and not ouly as between the different
experimentalists individually, — the like is also the case with
the observations of one and the same person, although
greater uniformity in the mode of operation should ap-
parently have tended to eliminate error.

The following Table will show the wide difference
prevailing between the formulie of early authors.
Amount of Carbonic Acid in 1 Litre of Surface-water.

Frémy . 2.2 to 28 CC. 1
Morren . « 16 ; 39 —*
Lewy. .24 , 39 — 23
Pisani .60 , 81 — 4
Hunter . 08 .59 — -~

The proportion as found by a somewhat different
process was as follows —

Bischof 39.0 CC. %
Vogel . 55.6 to 1163 —

Hence, it appears that the quantity of carbonic acid
given off under these early experiments, for which the boil-

! Compt. rend. G, p. G16.

* Ann. Chim. Phys. [3]12, p. 5.

® — —  — [3] 17. Ann. Chem. Pharm. 58, p. 32%.
¢ Compt. rend. 41, p. H32.

® Liebigs Jahrbericht 1869, p. 1279,

® Chem. Geologie 1 Aufl. 2, p. 1130.

" Schweigg. Journ. 8, p. 8d1.



derfor Temperaturen steg over 100°, undveg altsaa altid
vel maalelige og ofte endog temmelig betydelige Mangder
Kulsyre.

Ved de paa Pomeraniaexpeditionen i 1871 udfgrte
Luftbestemmelser ’, hvor den tidligere beskrevne Methode
med Gasarternes Udkogning under et ved Vanddamp frem-
bragt Vacuum anvendtes, senkedes imidlertid Temperaturen
ikke ubetydeligt., og det viste sig da. at man ved denne
Temperatur temmelig ofte kun fik nwsten umaalelig smaa
Qvantiteter Kulsyre uddrevet sammen med den gvrige Luft,
medens de tidligere Uoverensstemmelser mellem flere med
samme Vandprove gjentagne Udkogninger ogsaa her gik igjen.

Jacobsen fandt sig derfor ved dette merkelige Phee-
nomen foranlediget til nwermere at anderspge Kulsyrens
Absorbtionsforhold ligeoverfor Sgvand.

(Gjennem de Forspg, som han i demnne Anledning an-
stillede. viste det sig da, at man ad andre Veie kunde
paavise aldeles uventet store Qvantiteter Kulsyre i det
samme Vand. hvoraf man ved en i flere Timer fortsat Ud-
kogning efter Bunsens Methode kun kunde erholde meget
smaa Mengder. Afdestilleredes nemlig Sgvandet i en kul-
syrefri Luftstram uden Luftfortynding i en Retorte, undveg
der den hele Tid Kulsyre, lige indtil den hele Mmngde
Vadske var afdestilleret, saaledes at man feorst ved rigelig
Udskillelse af Salte kunde vere fuldsteendig sikker paa at
have erholdt det samlede Udbytte af Kulsyre uddrevet.

Der lod sig under Udkogningen ikke paavise noget
Punct. hvor man kunde tale om en Grendse mellem fri
og surt bunden Kulsyre.

Paa denne Maade uddrev nu Jacobsen ved fuldsten-
dig Afdestillation af !/; Litre Sgvand i en kulsyrefri Luft-
strom den hele Mmengde Kulsyre og opsamlede den efter
Pettenkoffers Princip i en afmaalt Mmngde titreret Baryt-
vand. som efter endt Operation retitreredes med Oxalsyre,
og beregnedes efter disse den samlede Kulsyremengde, som
for ufortyndet Nordspvand opgives til omkring 100 Mgr.
per Litre,

Samtidig bestemtes ogsaa i Residuet fra Inddampning
af civca 10 Litre af det samme Vand den i de neutrale
Carbonater indeholdte Kulsyre til i Middel kun omkring
10 Mgr. per Litre.

Ifplge disse Observationer kunde altsaa kun en meget
liden Brekdel af den ved Destillationen uddrevne Kulsyre
betragtes som surt bunden, og Jacobsen imgdegaar derfor i
sin Afhandling bestemt den af Vierthaler® gjorte Antagelse,
at al den ved Kogning af Sgvandet uddrevne Kulsyre skulde
vaere surt bunden. Han anser sig endvidere aldeles sikker
for under Inddampningen ikke at have erholdt decomponeret
nogen Del af de i Spvandet indeholdte neutrale Carbonater,
idet han udtrykkelig siger: “Die ganze Menge der nicht

' Ann. Chem. Pharm. 167 — 1.
* Wien. Acad. Ber. [2] — 56 — 479.
Den norske Nordhavsexpedition, Tornoe: Chemi.
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ing-process was conducted with full atmospheric pressure,
or at a temperature of more than 100° C, invariably proved
appreciable, nay sometimes rather large.

When performing the air-determinations ! on the ‘Pom-
eranin  Expedition in 1871 (by the method, previously
described. of boiling out the gaseous elements in a vacuum
created by steam). the temperature kept considerably lower,
and the quantity of carbonic acid expelled with the other
atmospheric elements at a comparatively low temperature
was often immeasurably small; moreover, the variable char-
acter of the results, alluded to above. on repeating the
boiling-process with the same sample of water again as-
serted itself.

Struck by this remarkable phenomenon, Jacobsen
determmed to investigate anew the absorptive capacity of
sea-water in relation to carbonic acid.

The experiments of that chemist undertaken with the
above object in view afforded conclusive proof of the fact,
that large quantities of carbonic acid were still present in
water from which a very small amount only could be ex-
pelled after several hours protracted boiling by Bunsen’s
method. On distilling in a retort sea-water exposed to a
current of air free from carbonic acid, but not rarified,
carbonic acid is found to escape so long as any portion
of the fluid remains undistilled. an abundance of solid
deposit however being the only indication that all or nearly
all the carbonie acid present in the water has been driven off,

During the process of boiling no particular moment
could be determined marking the escape of the carbonic
acid present as gas and of that which has combined with
carbonates to form bicarbonates.

In this manner, by distillation in a current of air
free from carbonic acid. Jacobsen succeeded in expelling
the whole amount of carbomic acid contained in '/, litre
of sea-water, and collected it. by Pettenkoffer’s method, in
a given quantity of titrated baryta water of known strength,
which. on the operation being terminated, he retitrated
with oxalic acid. computing accordingly the total amount of
carbonic acid driven off in the process. Undiluted North
Sea water contains according to Jacobsen’s results about
100ms" pexr litre.

The amount of carbonic acid contained by the neutral
carbonates in the vesidunary deposit from the evaporation
of 10 litres of the same water. was also calculated, and
found to average only about 10" per litre.

According to these observations, a very small propor-
tion only of the carbonic acid driven off by distillation
could have been present in bicarbonates; and hence Ja-
cobsen emphatically opposes Vierthaler's assumption,® that
the carbonic acid boiled out of sea-water occurs in that
form. Moreover, he feels quite sure that no portion of
the neutral carbonates in the water examined was de-
composed during the process of boiling. “Die ganze Menge,”
he says, “der nicht mit Basen zu neutralen Salzen verbun-

t Ann. Chem. Pharm. 167, p. 1.
? Wien. Acad. Ber. [2] 506, p. 479.



mit Basen zu neutralen Salzen verbundenen Kohlensiure
erhiilt man aus dem Meerwasser, wenn dieses unter Durch-
leiten eines Stromes kohlensiiuvefreier Luft bis zur reich-
lichen Abscheidung von Chlornatrium verkocht wird.”

Det maatte saaledes fremstille sig som et heist meer-
keligt Phanomen, at den Kulsyre, som dog maatte tenkes
oplpst i Spvandet paa en eller anden Maade som fri Gas-
art, ikke skulde lade sig uddrive ved Udkogning efter Bun-
sens Methode. og at den endogsaa ved Udkogning under
fuldt Atmospheretrvk og i en kulsyrefri Luftstrom skulde
undvige saa langsomt, at man forst ved Concentration til
omkring !/, af det oprindelige Volum erholdt den sidste
Rest uddvevet

Forat kunne forklave disse Marvkeligheder tilliegger
Jacobsen Npvandet en eiendommelig Evne til med megen
Kraft at kunne tilbageholde sin Kulsyre, en Mening, som
han efter nwrmere at have fremfort sine Grunde mod den
af Vierthaler gjorte Antagelse udtrykker med folgende Ord:
“Wie man aber auch eine Deutung der starken Absorptions-
wirkung des Meerwassers auf die atmosphiirische Kohlen-
siure versuchen mige, jedenfalls kann man die Kohlensiure
nicht in demselben Sinne. wie Sanerstoft und Stickstoff. als
absorbirtes freies Gas darin ammchmen. Man mag einst-
weilen von ecinem ecigenthiimlichen Zustande der Bindung
sprechen. bei welchem die Kollensiiure selbst durch stun-
denlanges Kochen nur sohr unvollstindig ausgestrieben wird,
Das Vorhandensein ungehicuerer Mengen Kollensiiure im
Meerwasser, in ecinem solchen Zustande, wo sie der Ath-
mungsluft der Seethiere nicht ohne Weiteres zugeziihlt wer-
den kann, ohme andercrseits der Vegetation des Meeres
unzuginglich zu sein. ist jedenfalls fir das maritime Thier-
und Pflanzenleben von hiochster Bedeutung.”

Jacobsen antager nwermest at maatte henlegge denne
eiendommelige Absorbtionsevne hos Sovandet til den deri
oplaste Chlormagnesium og henviser i san Henseende til
Egenskaber hos en Chlormagnesiumoplosning, der indehol-
der en i Kulsyre oplost Miengde kulsur Kalk. En saadan
Oplesning kan ifolge ham henstaa i ugevis ja endog koges
uden at blakkes. forst ved meget langt fortsat Concentra-
tion udskiller der sig ren kulsur Magnesia,

Demne Jacobsens Anskuelsesmaade bley senere saa
godt som uforandret optagen af den engelske Challenger-
expeditions Chemiker, J. Y. Buchanan, som udforte en
Rekke Forsog! for wmermere at bestemme, hvilket eller
hvilke af Saltenc i Sovandet der skulde vere i Besiddelse
af denne Evne saaledes at kunne tilbageholde Kulsyren.
Han kom i den Henscende til det paafaldende Resultat. at
de fleste Salte. som han undersogte, i mere eller mindre
Grad skulde vere i Besiddelse af denne Egenskab dog
mest Sulfaterne, saaledes at denne Sgvandets sterke Ab-
sorbtionsevne ligeoverfor Kulsyren af ham henlagdes fra
Chlormagnesium til Sulfaterne. Ved de af ham udfgrte

! Proc. Royal Soc. 22 — 192 og 483,
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denen Kohlenséiure erhilt man aus dem Meerwasser, wenn
dieses unter Durchleiten eines Stromes kohlensiiurefreier Luft
bis zur reichlichen Abscheidung von Chlornatrium ver-
kocht wird.”

Hence it could not but strike the experimentalist as
a remarkable phenomenon, that the carbonic acid, which
in some way or other must have been held absorbed by
the sea-water in a free gaseous form, should not admit of
being boiled out by Bunsen’s method. and that even when
the boiling-process was conducted with full atmospheric
pressure in a cwmrent of air free from carbonic acid, it
should escape so slowly, that concentration to the extent
of about one-tenth of the original volume proved necessary
to obtain it all.

To account for this perplexing phenomenon, Jacoh-
sen ascribed to sea-water a peculiar property of retaining
its carbonic acid, an assumption which, after setting forth
move at large the grounds that led him to oppose Vier-
thaler’s hypothesis. he enounces in the following terms: —
“Wie man aber auch eine Deutung der starken Absorptions-
wirkung des Meerwassers auf die atmosphirische Kohlen-
siiure versuchen moge. jedenfalls kann man die Kohlensiure
nicht in demselben Sinne, wie Sauerstoff und Stickstoff, als
absorbirtes freies (Gas darin annehmen. Man mag einst-
weilen von einem eigenthiimlichen Zustande der Bindung
sprechen. bei welchem die Kohlensiture selbst durch stun-
denlanges Kochen nur sehr unvollstiindig ausgestrieben wird.
Das Vorhandensein ungeheuerer Mengen Kohlensiinre im
Meerwasser, in einem solchen Zustande, wo sie der Ath-
mungslutt der Seethiere nicht olme Weiteres zugeziihlt wer-
den kann, ohne andererseits der Vegetation des Meeres
unzugiinglich zu sein, ist jedenfalls fiir das maritime Thier-
und Pflanzenleben von hichster Bedeutung.”

Jacobsen is of opinion, that this peculair absorptive
power must be derived from the chloride of magnesia pres-
ent in sea-water. and draws attention to certain properties
possessed by a solution of chloride of magnesia containing
carbonate of lime dissolved in carbonic acid. A solution
of this kind may, according to his statement, be left ex-
posed for weeks together, nay be boiled even, without be-
coming turbid; nor can it be made to part with pure
carbonate of magnesia till after protracted concentration.

Jacobsen's hypothesis was subsequently adopted, almost
without modification, by J. Y. Buchanan, chemist to the
‘Challenger’ Expedition, who instituted a series of experi-
ments! with a view to determine which of the salts
present in sea-water had this property of retaining car-
bonic acid. He arrived at the surprising conclusion, that
most of the salts examined were i some degree distinguished
by this property, chiefly however the sulphates; and the
remarkable power possessed by sea-water of retaining car-
bonic acid he transferred accordingly from chloride of mag-
nesia to the sulphates. Hence, when performing carbonic
acid determinations he always precipitated the sulphuric

! Proc. Royal Soc. 22, pp. 192 and 483.



Kulsyrebestemmelser pleiede han derfor altid for Opera-
tionens Begyndelse at udfeelde Svovlsyren med concentreret
Chlorbariumoplgsning, forat Kulsyren lettere skulde und-
vige, men anvendte forresten den af Dr. Jacobsen angivne
Methode, hvorved han har Destemt Kulsyren i Sgvandet i
de sydlige Have til i Middel 43.26 Mgr. per Litrel

Da jeg Vaaven 1877 opfordredes til at gaa ud som
Chemiker paa den norske Nordhavsexpeditions 2det Togt,
var der kun levnet mig nogle faa Dage til Forberedelser,
og det folger derfor af sig selv, at jeg ikke paa nogen
Maade dengang kunde have befattet mig med vidtlgftigere
Forundersggelser, og jeg maatte saaledes uden selv at
kunne prgve optage de tidligere Methoder uforandrede.
Paa Togtet i 1877 anvendtes derfor den af Dr. Jacobsen
angivine Methode, og bestemtes efter denne gjennem en
Reekke omhyggeliz udfgrte Observationer Kulsyregehalten
i det da underspgte Hav til omkring 100 Mgr. per Litre.
Der viste sig imidlertid ved Gjentagelse af samme Observa-
tion bestandig Uoverensstemmelser, som ofte vare ikke ube-
tydelize og engang endog lgb op til hele 12 Mgr. per Litre.

Dels herved dels ved andre Omstendigheder vaktes
min Mistanke om Tilforladelicheden af den af Dr. Jacob-
sen 1 Forslag bragte Methode.

Det syntes mig paa Forhaand overmaade urimeligt,
at der hos Sgvandet skulde findes en sandan merkelic Evne
til rent mekanisk at tilbageholde den ene Gasart, medens
den ingensomhelst Virkning skulde udgve paa de Andre.
Heller ikke var der nogensinde gjort noget Forspz paa at
seette dette Phenomen i Forbindelse med bekjendte chemi-
ske Egenskaber hos nogen af de i Sgvandet indeholdte Stoffe.

Ved et Tilfrelde kom jeg en Dag til at forspge Sg-
vandets Reaktion paa Lakmus og Rosolsyre og fandt til
min store Forundring, at det reagerede bestemt og tyde-
ligt alkalisk, hvad jeg siden har bragt i Erfaring, at alle-
rede v. Bibra® og senere E. Guignet og A. Telles® hax
observeret.

Efter mine Forsgg viser to ligestore Prover af en
efter Gottliehs* Fremgangmaade frisk tilberedt Lakmus-
oplesning, hvoraf den Ene tilseettes en tilstraekkelig Maengde
Sgvand og den Anden et ligestort Volum vent destilleret
Vand, ikke ubetydelige Farvedifferentser. Ligeledes an-
tager en med meget fortyndet Oxalsyre svagt udsyret pas-
sende Portion rent Vand, hvori paa Forhaand er oplgst
en Draabe Rosolsyre, ved Tilseetning af Sgvand strax den
bekjendte rpdlig-violette Farve.

Paa denne Maade undersggtes paa Expeditionens sidste
Togt, hvor der var fuld Anledning til at erholde Vand-
proverne ganske friske, et meget stort Antal af disse og
uden Undtagelse med det samme ovenbeskfevne Resultat.

! Ber. Berl. chem. Ges. 11 — 410.

2 Ann Chem. Pharm, 77 — 90.

¥ Compt. rend. 83 — 919.

t Journ. fiir pract, Chem. 107 — 488,

acid, before commencing the operation, by adding to the
water a saturated solution of chloride of barium, i order
to facilitate the liberation of the carbonic acid, but, with
this exception, adopted the method devised by Dr. Jacobsen,
and determined the mean amount of carbonic acid present
in the water of the Nouthern Seas to be 43.26™r per
litre. !

When invited. in the spring of 1877, to go out as
chemist to the Norwegian North-Atlantic Expedition. on the
second eruise, I had but a few days in which to make the
necessary preparations. and consequently no time being left
me for preliminary experiments. I was compelled to adopt
unchanged the earlier methods. without testing the accuracy
of their results. On the cruise in 1877, I therefore ap-
plied Dr. Jacobsen's method. and determined by a series of
careful observations the amount of carbonic acid present
in the water of the tract then investigated to be about
100ms7 per litre. But. oii repeating the operation with the
same sample of water. the results were always found to
vary, and frequently indeed considerably: nay, on one occa-
sion the difference amounted to as much as 127" per litre,

Partly for this reason. and partly from other circum-
stances, I was led to question the trustworthiness of
Jacobsen’s method.

Now it struck me at once as highly improbable that
sea-water should possess so remarkable a power of retain-
ing mechanically one gas. and yet. in this respect. exert no
influence whatever on others. Nor had any attempt been
made to connect this phenomenon with known chemical
properties distinguishing the substances contained in sea-
water.

Quite accidentally. T was one day led to investigate
the effect of sen-water as a reagent on litmus and rosolic
acid, and found its reaction, to my great surprise, dist-
inctly alkaline, whiclh. indeed, as I subsequently learnt,
had been already observed. fivst by von Bibra® and later
by E. Guignet and A. Telles.?

According to my experiments, two equal measures of
a solution of litmus, freshly preparved by Gottlieb’'s method,*
one of which has added to it a sufficient quantity of sea-
water and the other an equal volume of pure distilled
water, exhibit considerable difference in colour. Moreover,
a proportionate mixture of highly dilute oxalic acid and
pure water, the latter having been previously treated with
a drop of rosolic acid, will, on the addition of sea-water,
immediately assume the well known reddish-violet hue.

In this manner were examined on the last cruise of
the Expedition, which afforded excellent opportunities of
obtaining the water quite fresh, a very large number of
samples, and invariably with the results described above.

1 Ber. Berl, chem. Ges. 11, p. 410.

2 Ann. Chem. Pharm. 77, p. 90.

% Compt. rend. 83, p. 919,

4 Journ. fiir pract. Chem. 107, p: 488.
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Dette syntes ogsaa meget vanskeligt at forklare, saa-
fremt det virkelig skulde forholde sig som af Enkelte paa-
staaet, at der i Sgvandet skulde findes et meget stort
Overskud af fri Kulsyre ved Siden af en meget liden
Qvantitet af sure Carbonater. Det maatte aabenbart synes
meget rimeligere at forklare de af Dr. Jacobsen gjorte
Observationer derved, at Sovandet under den langvarige
Kogning ved en eller anden chemisk Reaction gav Slip paa
noget af sin neutralt bundne Kulsyre.

For at komme paa det Rene med. om dette virkelig
forholdt sig saa, gik jeg frem paa folgende Maade.

200 CC. Sovand (af sp. Vgt 1.0267 ved 175 C. i
Forhold til destilleret Vand af samme Temperatur) afdestil-
leredes nasten til Torhed 1 en kulsyrefri Luftstrom, og op-
fangedes den undvigende Kulsyre i 25 CC. af en Baryt-
oplgsning, hvoraf 1 CC. svarede til 40204 Mgr. Kulsyre.
Ved Retitration med Oxalsyre viste det sig. at 19.97 CC.
af det anvendte Barytvand var uneutraliseret, hvoraf den
undvegne Kulsyre beregnedes til 20.2 Mer. Residuet paa-
heldtes nu friskt udkogt Vand, som atter afdestilleredes,
hvorved endnu et ubetydeligt Spor af Kulsyre erholdtes.
Sluttelig tilsattes circa 0.5 Gr. fuldkommen ven friskt ud-
glgdet Soda, hvorpaa det Hele atter fortyndedes med kul-
syrefrit Vand til Sgvandets oprindelige Volum og saa af-
destilleredes i en kulsyrefri Luftstrom.

Allerede fra det @ieblik af, da Vedsken var kommen
i Kog, begyndte strax en saa voldsom Kulsyreudvikling, at
det i Forlaget anbragte Barytvand slap store Mwengder
uabsorberede igjennem, og det viste sig efter endt Opera-
tion, at kun 1.3 CC. Barytvand "var forblevet uneutralise-
ret. Heraf beregnes den absorberede Del af den undvegne
Kulsyre til 95.3 Mgr., medens desforuden meget betydelige
Mengder gik igjennem, idet nemlig Barytvandet i et ufor-
migt Rer. som var anbragt foram Forlaget. fuldstendigt
var forbrugt.

Efter Forslag af Professor Waage gjentoges Forsguet
med varmt fieldt, ved 100" torret kulsur Kalk, hvoraf det
ogsaa lykkedes at uddrive ikke ubetydelize om end meget
mindre Miengder Kulsyre, hvorimod der ved et Forsog
med fint pulveriseret Marmor ikke erholdtes noget sikkert
Resultat.

Betydningen af disse Observationer kunde ikke vaere
tvivlsom, da det hermed paa det Tydeligste var godtgjort. at
den i Sovandet forhaandenvierende Saltblanding ved Kog-
hede decomponerede neutrale Carbonater. oz dermed ogsaa,
at alle de hidindtil gjorte Kulsyrebestemmelser med Hen-
syn paa sin Hensigt at bestemme den i Sovandet inde-
holdte frie og surt bundne Kulsyre vare forfeilede. Hvad
angaar de for Publicationen af Dr. Jacobsens Afhandling
om Luften i Sgvandet udforte Kulsyrebestemmelser, da er
det en Selvfolge, at de alle uden Undtagelse maatte vere
i enhver Henseende fuldstendig vaerdilgse. idet der ved
dem intetsteds er kommen til Anvendelse en Afdestillation
til Torhed eller en saa vidtdreven Concentration, at man
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This fact would obviously be most difficult of expla-
nation if, as some have affirmed, sea-water does actually
contain a very large surplus of free carbonic acid along
with an exceedingly small proportion of bicarbonates. A
more plausible hypothesis by which to explain Dr. Jacobsen’s
observations were surely the assumption, that during the
protracted process of boiling some of the neutral carbon-
ates present in sea-water had been decomposed.

With the object of ascertaining whether such was
really the case, I went to work as follows.

Two hundred c.centim. of sea-water (sp. grav. 1.0267
temp. 175 C., as compared with distilled water of the
same temperature) were distilled almost to dryness in a
current of air free from carbonic acid, and the carbonic
acid collected in 25= of baryta water, 1« of which re-
presented 4.02047" carbonic acid. On being retitrated
with oxalic acid 19.97= of the baryta water were found not
to be saturated, and 20.2#9" carbonic acid had accord-
ingly been driven off. Water freshly boiled was now poured
on the residue, and then evaporated, the vesult yielding a
slight trace of carbonic acid; finally, about 0.5™" purified
and freshly heated soda was added, and the whole com-
pound again diluted with water, from which all carbonic
acid had been expelled, to the original volume of the
sample, and then distilled in a current of air free from
carbonie acid.

From the very moment at which the fluid began to
boily so rapid was the liberation of carbonic acid that
large quantities passed unabsorbed through the baryta
water; and, on the operation being terminated, 1.3«
only of the baryta water had not been neutralised. Hence
the absorbed portion of the carbonic acid was calculated
at 95.3707, exclusive of which a very considerable quantity,
as before stated, passed off into the atmosphere, the baryta
water, placed in a glass tube (resembling in form the
letter U) connected with the receiver, being surcharged
with the gas,

At Professor Waage's suggestion I repeated the ex-
periment with carbonate of lime. precipitated warm and
dried at a temperature of 100°C., and succeeded in expel-
ling carbonic acid in considerable, though not so large,
quantities as before, whereas an experiment with finely
pulverised marble gave no positive result.

The importance of these observations was not to be
questioned, affording as they did conclusive proof that the
saline mixture in sea-water, on the temperature being raised
to the boiling point. decomposed neutral carbonates, and
likewise that all carbonic acid determinations hitherto at-
tempted with the object of measuring the carbonic acid
present in sea-water were faulty. As regards the car-
bonic acid determinations performed previous to the publi-
cation of Dr. Jacobsen’s Memoir on the presence of air
in sea-water, such must as a matter of course be wholly
worthless, the method of distillation to dryness having in
no case been adopted, or that of concentrating the fluid
till further evaporation ceased to expel carbonic acid. The



ikke ved fortsat Inddampning skulde kunne have erholdt
et storre Udbytte af Kulsyre. De af Dr. Jacobsen og
J. Y. Buchanan udfgrte Observationer kunde derimod ikke
saa ligefrem forkastes, idet der jo kunde fenkes Mulighed
for, at det ved de af dem benyttede Methoder kunde have
lykkedes ved den langvarige Kogning at uddrive ogsaa al
neutralbunden Kulsyre, i hvilket Fald de af dem opforte
Tal i en anden Henseende kunde faa Betydning nemlig
som Udtryk for den samlede Sum af den i Sgvandet inde-
holdte Kulsyre.

Desvaerre lagde flere Omstendigheder Hindringer i
Veien for Afslutningen af mine Forsog over disse Gjen-
stande 1 Vinteren 1877—78, dels var min Tid optaget med
andre Arbeider, dels lod min Helbred den stgrste Del af
Vinteren adskilligt tilbage at onske, sanat mine Forsgg in-
genlunde havde den onskelige Fremgang, og jeg blev der-
for nedt til at gaa ud ogsaa paa Togtet i 1878 uden nogen
paalidelig Methode til Bestemmelse af den i Sgvandet inde-
holdte Kulsyre. Da jeg efter endt Togt om Hgsten vendte
tilbage, gjenoptog jeg imidlertid atter mine Undersogelser
og bragte dem til Afslutning.

Gjenmem en netop da af C. Borchers offentliggjort
Afhandling! om Bestemmelsen af Kulsyren i naturlige Mi-
neralvande blev jeg gjort opmeerksom paa det for Bestem-
melse af Kulsyren i Carbonater af Alexander Classen angivne
Apparat,* som jeg senere i stor Udstreekning har benyttet.

Apparatet i den Form, hvori det her er kommen til
Anvendelse, findes sammenstillet i Figur 3.

4 er 2 med Natronkalk fyldte uformige Ror, B inde-
holder Barytvand C er en Erlenmeyers Kolbe paa cirvea
0.5 Litre, der gjennem et ved Bunden udmundende Ror
communicerer med B, medens et lize under Kautschuk-
proppen udmundende swtter den i Forbindelse med Kjole-
leven D, hvis indre Del efter Classen bestaar af et 27—
30== vidt Glasror. hvortil i pvre og nedre Ende er loddet
Ror med respective 15 og 7™ Diameter. Forlaget E er
fuldstzendig af samme Construction som det af Jacobsen
benyttede og er oventil forsynet med det af P. Wagner?®
foreslaaede med Glaskugler tyldte Rpr F.

Ved a, hvor der findes en Indsnevring, er anbragt
en noget storre Glaskugle, som temmelig noie daekker over
det nederste snevre Ror. Idet det til Opsamling af Kul-
syren anvendte titrerede Barytvand heldes ned gjennem F)
fjernes Proppen b, indtil det Meste af Barytvandet har
passeret @, men swttes derpaa burtigt i, saaledes at der
over de nederste Glaskugler bliver staaende noget Baryt-
vand til en Hpide af omtrent 50™ over . Dersom nu

! Journ, fiir pract. Chem. 125 — 353
* Fresenius Zeitschrift 15 — 288,
% Fresenius Zeitschrift 9 — 445.
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series of observations instituted by Dr. Jacobsen and J. Y.
Buchanan cannot however be wholly rejected, since the
protracted boiling characteristic of the method they adopted
may possibly have driven off all the carbonic acid contained
in the carbonates, in which case their figures would acquire
importance as expressive of the total amount of carbonic
acid present in the sea-water examined.

Unfortunately. divers untoward circumstances conspired
to prevent my terminating in the winter of 1877—78 the
series of experiments I had begun with the object of elu-
cidating this intricate subject; my time, for instance, came
to be unexpectedly oceupied in other ways, and during the
greater part of that period I suffered from ill-health. My
observations, therefore, not having progressed so favourably
as I at first had reason to anticipate, I was ngain obliged
to set out on the Expedition, in 1878, without having
fixed on any reliable method for determining the carbonic
acid present in sea-water, On my return however to Chris-
tiania in the autumn of that year. I recommenced the said
experiments, and succeeded in bringing them to a satisfac-
tory termination.

A paper by C. Borchers. which had just appeared,’
on the determination of carbonic acid in mineral water,
drew my attention to the apparatus — of which I have
since made frequent nse — devised by Alex, Classen® for
determining carbonic acid in carbonates.

Figure 3 vepresents this apparatus as constructed for
my experiments.

A 2 glass tubes. rvesembling in form the letter U,
filled with soda-lime: B a vessel for baryta water; C an
Erlenmeyer flat-bottomed matrass, containing about 0.5
litre, which by means of a tube terminating at the bottom
is made to communicate with B, a similar tube, issuing im-
mediately beneath the caoutschouc stopper, putting it like-
wise in communication with the cooler D, the inmer por-
tion of which, according to Classen, should consist of a
glass tube from 27" to 30" in dianmeter, with tubes,
measuring respectively 15" and 7" in diameter, sealed
to its upper and lower extremities. The receiver E has
precisely the same form as that adopted by Jacobsen, and
is furnished above with a glass tube, F, filled with glass
balls, as suggested by P. Wagner?®

At the point a, where the tube suddenly narrows, is
introduced a somewhat larger glass ball, to fill up. as near
as may be, the opening of the lower or slender portion of
the tube. When the titrated barvta water, which absorbs
the carbonic acid, is being poured down through F, the
stopper b has to be taken out, but must be quickly replaced,
before the whole of the fluid has passed @, in order
that the glass balls to a height of about 50™ above a

1 Journ. fiir pract. Chem. 125, p. 353.
2 Fresenius Zeitschrift 15, p. 288,
3 Fresenius Zeitschrift 9, p. 445.



den nederste Glaskugle slutter godt, vil den gjennem @
passerende Luft spaltes i en Mengde meget fine Blarer,
som ved at stige op mellem de af Barytvand omgivne Glas-
kugler bliver fuldstzndig kulsyrefri. Det uformige Ror G
indeholder Barytvand, H ferer til Aspiratoren.
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may be immersed in baryta water. Now, assuming the
large glass ball to fit well, the air will pass @ in the form
of minute bubbles, which, having to ascend between the
glass balls surrounded by baryta water, must part with the
whole of its carbonic acid. The tube G contains baryta
water; H leads to the aspirator.

Fig. .

Den af Classen foreslaaede Kjpler virker saa udmer-
ket, at man i meget lang Tid kan koge fortyndet Saltsyre
i Kolben, uden at det mindste Spor af Chlor kan paavises
i Forlaget, forudsat at den gjennemledede Luftstrom ikke
gives for stor Hastighed, hvad der imidlertid heller ikke er
forngdent.

The cooler devised by Classen is so excellent, that
diluted hydrochloric acid may be boiled in the matrass for
a very considerable length of time without a trace of acid
being detected in the receiver, provided that too great
rapidity be not given to the current of air; this, however,
i1s quite unnecessary,



Naar Sgvandet i dette Apparat kogtes med fortyndet
Svovlsyre i en kulsyrefri Luftstrgm, undveg Kulsyren meget
hurtigt, idet 15 Minutters Kogning fuldstendig strak til
for at bringe al Kulsyre over i Forlaget. Sovandets Sul-
fater viste altsaa i alle Fald ikke ved Tilstedeverelsen af
fri Syre de af J. Y. Buchanan obscrverede Egenskaber.
Naar den paa denne Maade uddrevne Kulsyremangde op-
samledes og bestemtes, viste den sig altid at stemme nogen-
lunde med, hvad man efter den af Dr. Jacobsen anvendte
Methode kunde erholde uddrevet, idet de optredende Af-
vigelser snart vare positive snart negative men i Regelen
ikke storre, end at de for den storste Del maatte kunne
tilskrives Observationsfeil. Ved den af Buchanan i For-
slag bragte Udfzldning af Svovlsyren erholdt jeg derimod
bestandig betydelig for lave Resultater, hvorom senere.

For samtidig 1 en og samme Portion at kunne be-
stemme baade den neutralbundne og den samlede Meengde
Kulsyre, anvendte jeg folgende Fremgangsmaade.

Efterat Apparatet fuldstendig var befriet for kulsyre-
holdig Luft, anbragtes i Forlaget paa den for beskrevne
Maade 25 CC. Barytvand, hvoraf hver CC. svarede til
4.129 Mgr. Kulsyre. hvorefter der i Kolben C heldtes
367.7 CC. af det til Undersogelse bestemte Sgvand tillige-
med 10 CC. af en Svovlsyre, hvoraf hver CC. svarede til
4099 Mgr. Kulsyre. Indholdet i Kolben ophededes nu
under Gjennemleduing af en meget langsom Lauftstrom til
Koghede og holdtes i Kog i nogen Tid, Efter Forlob af
henimod 15 Minutter fjernedes atter Varmekilden og Veed-
sken afkjoledes, idet Luftstrommen lidt efter lidt gaves en
noget storre Hastighed, hvorved den endnu ikke absorberede
Kulsyre meget hurtigt bragtes over i Forlaget.

Efter endt Operation bragtes de i F varende Glas-
kugler tilligemed det ved Rorets Vwgge leftende Baryt-
vand ned i Forlaget E, hvorpaa det Hele retitreredes med
en Oxalsyre, hvoraf hver CC. svarede til 3.976 Mgr. Kul-
syre, idet alkoholisk Curcuma tjente som Index. Ligeledes
skylledes den ved de indre Vagge af Kjoleren heftende
Viedske ved lidt kulsyrefrit destilleret Vand ned i Kolben,
hvori den overskydende Syre neutraliseredes med en Natron-
lud, hvoraf hver CC. svarede til 2,928 Mer. C0O.. idet
Rosolsyre tjente som Index.

Som Resultat af disse Titreringer erholdtes den sam-
lede Kulsyremengde bestemt til omkring 97 Mgr. og den
neutralbundne til gjennemsnitlig henimod 53 Mgr. pr. Litre.
De 44 Mgr. Kulsyre, som udgjor Differentsen mellem den
samlede Kulsyremengde og den neutralbundne, kan aaben-
bart ikke forekomme i Sgvandet som fri Gasart, men maa
forene sig med de allerede ferdigdannede Carbonater under
Dannelsen af Bicarbonater, og det viser sig altsaa, at de
af Dr. Jacobsen gjorte Observationer meget naturligt lade
sig forklare derved, at Sgvandet ikke indeholder det mind-
ste Spor af fri Kulsyre men hele 53 Mgr. neutralbunden
og kun omkring 44 Mgr. surtbunden Kulsyre pr. Litre.
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On boiling sea-water along with diluted sulphuric
acid, exposed to a current of air free from carbonic acid,
in this apparatus, carbonic acid escaped very rapidly, the
space of 15 minutes sufficing to collect the whole of it in
the receiver. The sulphates in sea-water — at least when
free acids were present — did not. accordingly, exhibit the
properties ascribed to them by J. Y. Buchanan. On col-
lecting and determining the carbonic acid driven off by this
process, the mmount was invariably found to ngree with
that which could be liberated by Dr. Jacobsen’s method,
the differences observed having been sometimes positive and
sometimes negative. but as a rule not greater than would
admit of imputing them chiefly to crrors of observation. On
precipitating the sulphuric acid as suggested by Buchanan,
the results obtained were invariably too low; but to this
subject I shall afterwards veturn.

In order to determine both the proportion of carbonic
acid forming the neutral carbonates and the whole amount
of carbonic acid contained m one and the same sample of
sen-water, I adopted the following mode of procedure.

After expelling from the apparatus all air in which
carbonic acid was present. 25 of baryta water were
introduced, as previously described. into the receiver, each
c.centim. representing +.129»#¢ carbonic acid; 367.7« of the
sea-water to be examined were then poured into the mat-
rass (C), along with 10 of sulphuric acid, each c.centim. of
which represented 4.0997s carbonic acid. The contents
of the matrass were now heated, during exposure to n very
slow current of air. up to the boiling-point, and kept for
some time at that temperature. After the lapse of about
15 minutes. the source of heat was removed and the fluid
cooled. the rapidity of the current of air being slightly
increased. causing the ecarbonic acid not yet absorbed to
pass off quickly into the receiver.

The operation being terminated, the glass balls in
the tube F, along with the baryta water adhering to the
walls of the tube, were introduced into the receiver E, and

the whole of its contents vetitrated with oxalic acid, each

c.centim. of which represented 3.976™7 carbonic acid, a
solution of alcoholic curcuma serving as the index, The fluid
adhering to the walls of the cooler was likewise washed
down into the matrass with a little distilled water free from
carbonic acid. and the surplus acid neutralised by the ad-
dition of soda-lye, each c.centim. of which represented 2.928=s
(0. rosolic acid serving as the index.

As the result of this titration, the total amount of
carbonic acid was found to be about 97" and the pro-
portion forming neutral carbonates to average about H3mor
per litre,  Now. the difference, 4477, cannot occur free
as gas. but will unite with the carbonates to form bicar-
bonates; and hence Dr. Jacobsen’s observations could be
readily explained on the assumption that sea-water contains
no trace even of free carbonic acid. but as much as 53"~
per litre of carbonic acid forming carbonates and only
about 447" per litre of carbonic acid forming bicar-
bonates.



Som man ser, er den her til Bestemmelse af den
neutralbundne Kulsyre anvendte Methode i alt vaesentligt
den samme, som allerede for flere Aar tilbage er beskre-
ven af Dr, Mohr.! Forskjellen stikker kun deri, at jeg
har anvendt Classens Kjoler og desuden ombyttet Salpeter-
syren med Svovlsyre. Det syntes mig nemlig ikke tilraa-
deligt at anvende Salpetersyre ligeoverfor et saa sterkt
chlorholdigt Mineralvand som Spvand, hvori der desuden
fandtes en vel markbar om end temmelig liden Qvantitet
oxyderbare Stoffe.

Efter denne Fremgangsmaade har jeg senere ved 78
Observationer bestemt Kulsyren i 64 forskjellige Vandpro-
ver temmelig jevnt fordelte over det af den norske Nord-
havexpedition underspgte Felt. Resultaterne findes sam-
menstillede 1 Tabel IT.

Forst skal 1 Korthed herpres de Feil, hvormed de 1
Tabellen opfirte Tal kan tienkes beheftede.

Om man vilde antage. at den i Sgvandet indeholdte
Kiselsyre ikke forekom oplost som fri Syre, men forefandtes
bundet til Baser 1 Form af Silicater. en Auntagelse af me-
get tvivlsom Berettigelse, vilde man aabenbart efter den
ovenfor beskrevne Methode fan noget feilagtize Resultater,
idet den til Kiselsyre bundne Miwngde Baser vilde findes
som bunden til Kulsyren. Forat kunne danne mig en
Forestilling om. hvorvidt den Feil som man under denne
Forudseetning skulde kuune begaa. nogensinde vil kunne
teenkes at fan swerlig Betydning, har jeg bestemt Kiselsyre-
mengden i forskjellige af de hjembragte Vandprover. idet
folgende Fremgangsmaade er kommen til Anvendelse. 0.5
Litre Sevand inddampedes med lidt Saltsyre i en Platina-
skaal forst over fri Ild senere paa Vandbad til Torhed
og torredes ved 110°—120" C. Saltene udtoges derpaa
og pulveriseredes bedst muligt i en vel poleret Agatrive-
skaal, hvorpaa de atter torredes ved samme Temperatur.
og sluttelig bragtes over i et passende Kar og tilsattes
ca. 200 CC. saltsyreholdigt Vand. hvorved al Gips fuld-
steendigt oplostes. De paa denne Maade udskilte Kisel-
syremengder vare altid meget smaa og maatte nermest
blive at betegne som Spor. idet de. hvor jeg forspate at
veie dem. kun belob sig til Brokdele af Mgr. i den an-
vendte Portion Vand. Dette stemmer pan det Ngieste
med, hvad Thorpe og Morton nylig har fundet i det irske
Hav,? hvorimod de wldre Opgaver giver noget storre Tal.
Og man vil saaledes se, at der ingensomhelst Rimelighed
er for, at den i Sovandet indeholdte Kiselsyremangde skuide
bidrage til i markelig Grad at gjore de fundne Resultater
upaalidelige.

Naar man skal danne sig en Mening om Noiagtighe-
den af disse Observationer, er det imidlertid ngdvendigt
at tage Hensyn til en anden Omstendighed, som kunde
teenkes at have havt sin Indflydelse paa Resultaterne.

1 Mohr Titrirmethode. 3te Aufl. — 524.
? Ann. Chem. Pharm. 158 — 122,
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As will be seen, the method adopted for the determ-
ination of the carbonic acid forming carbonates, was es-
sentially the same as that described by Dr. Mohr! several
years previously. The only difference lay in my having
employed Classen’s cooler and made choice of sulphuric
acid in preference to nitric. It did not seem advisable to
use nitric acid when examining a mineral water so rich
in chlorine as is sea-water, and which besides contains a
quantity. small indeed but appreciable. of orgamnic matter,

By this process I subsequently determined the car-
bonic acid in 64 different samples of sea-water, drawn at
comparatively regular intervals from the tract of ocean in-
vesticated on the Norwegian North-Atlantic Expedition;
the number of observations amounted to 78. The results
ave given in Table II.

I will first say a few words respecting the ervors
that may possibly affect the accuracy of the figures set
down in the Table.

Assuming the silicic acid in sea-water not to occur
as a free acid, but combined with bases in the form of
silicates. an hypothesis of very doubtful value. the results
obtained by the method described above would be obviously
to some extent inaccurate. inasmuch as the bases com-
bined with silicic acid must in that case have behaved as if
originally combined with carbonic acid. In order to ascertain
what importance could possibly be attached to an errvor
arising on such an assumption, I determined the amount of
silicic acid in divers of the samples of sea-water brought
home with me, adopting for that purpose the following
method. Five-tenths of a litre of sea-water mixed with a
little hydrochloric acid were evaporated to dryness in a
platinum dish, at first over a common fire and then in a
water-bath, and dried at a temperature of 110°—120° C.
The salts were then taken out and transferred to a well
polished agate dish, in which they were finely pulverised.
and again dried at the same temperature; finally they were
placed in a suitable vessel. and mixed with about 200«
of water containing hydrochloric acid, which thoroughly dis-
solved all the gypsum. The amounts of silicic acid thus
precipitated were invariably very small, indeed but little
more than traces; for, on attempting to weigh them, they
proved to be but fractions of a milligramme. This result
agrees exactly with the observations of Thorpe and Morton
on water from the Irish Sea.* whereas the figures in ear-
lier statements are somewhat higher. Hence. there is no
reason whatever to assume, that the silicic acid present in
sea-water should to any considerable extent influence the
results obtained.

‘When judging of the accuracy of these observations,
regard must, however, be had to another circumstance that
might possibly in some measure affect the results. The
water examined did not consist of freshly drawn samples,

! Mohr's Titrirmethoden 3te Aufl. p. 524.
? Ann. Chem. Pharm. 158, p. 122,
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Tabel IT.
Dybde hyorfra Prg- Neutral- | Surtbun-
Stat. Langde (Dm;;'an 1::1;8 ttl'c Sam-| T Euull)m K:]en
= rom | Tempe- syre. :
No. | — %g:dﬁg}iﬁde. Gmerl?\:‘ich. ‘ples were collected.) ratur, | (Carbonic |(Carbon.dcid Anmerkninger.
No. N (Longitude from Engelske Celsius. r‘:.‘?:b{f;;:f {::z::lﬂ.) PR
Greenwich.) Favne. | Meter. Mer. Mgr.
;-g’:f;::} i per Litre, | per Litre.
]
1| — Jederen. o 0 ? 52.3 41.1
2| 51 65° 53’ 718 W. | 1163 | 2127 —I1.1 | 52.6 46.7
3| 52 65 47.5 3 3 1861 | 3403 | —1.2 | 527 46.9
4| 52 65 47.5 3 7 1861 | 3403 | —1.2 | 52,9 | 46.1
5| 53 65 13.5 033 E.| 1530 2814 | —L3 | 53.1 43.8
6| 53 65 13.5 0 33 o o 10.5 | 543 | 404
7| 143 66 58 10 33 189 | 346 6.2 53-8 43-3
8| 133 66 58 10 33 o | 0 8.2 53-4 41.5
o| 183 69 505 | 6 15 1600 | 2926 —1.2 | 326 44.8
10| 183 69 595 | 6 15 o 0 86| 535 44.8
11841 70 4 9 50 1547 | 2829 | —1.3 | 53.0 | 45.5
12| 1847 70 1 9 50 6oo | 1097 0.0 | 52.4 | 447
13 184! 70 4 Q9 50 o o 7-6 53.8 40.9
14| 187 . 69 51.5 14 41 | 1335 | 2441 —I.1 53.8 43.1
15| 189 ' 69 41 15 42 | 860 | 1573 | —r1.1| 530 45.5
16 | 189 69 41 15 42 . 860 | 1573 | —1.1 | 527 43.6
17 | 189 6g 41 15 42 o o 9.6 54.2 41.8
18 | 215 70 53 2 o W, o o 80| 542 41.4
19 | 215 70 53 2 o 200 366 2.8 52.6 -
20| 215 70 53 2 0 200 366 2.8 52.6 46.8
21| 217 71 © 5 8 o o 4.6 | 52.7 41.3
22 | 226 70 50 7 51 340 622 —o0.6 54.3 46.4
23 | 226 70 59 7 51 340 622 —o0.6 54.6 46.0
24 | 226 70 59 7 51 340 622 —0.6 | 54.7 —
25 | 226 70 59 7 51 o 0 3.0 52.2 40.7
26 | 226 70 59 7 51 o 0 3.0 52.2 41.6
27 | 237 70 41 10 10 o 0 3.0 53.4 42 4
28 | 237 70 41 10 10 o} o 3.0 54.5 39.7
29 | 240 6g 2 11 26 o ) 4.2 55.0 44.4
30| 240 6g =2 11 26 o] 0 4.2 55.4 -
31| — 68 33 7 25 o o 6.0 53.0 45.0
32| — 68 33 7 25 o o | 6.0 53.0 43.9
33| 243 68 32.5 6 26 1385 | 2533 | —1.3 | 537 42.4
34| 235 68 21 2 3 o | o 9.0 53.8 45.2
35| 245 | 68 21 2 s o | o 90 | 53 44.2
36 | 247 68 5.5 224 E 500 | 914 | —0.4 | 53.9 47-3
37 | 247 68 5.5 2 24 o o 94 | 540 | 472
38 | 264 70 56 35 37 o o 5.2 | 51.8 42.3
39 ! 264 70 56 | 35 37 86 157 1.9 | 52.6 | 432
40 | 275 74 8 31 12 o o 2.9 53.0 45.3
41 | 284 73 1 12 58 o o 6.8 52.6 43.2
42 | 205 71 59 11 40 o o 70| 528 | 424
43 | 295 71 55 11 30 100 183 3.2 51.9 42.8
44| 295 | 71 55 11 30 6oo | 1097 | —o0.8 | 52.6 | 437
45 | 295 71 59 11 30 1110 | 2030 —1.3 | 538 43.1
46 | 297 72 36.5 5 12 o 0 4.6 | 52.6 43.7
47 | 297 72 36.5 5 12 1280 2341 —I1.4 52.1 43.4
48 | 298 72 52 I 50.5 1500 2743 —I1.5 52.2 42.9
49 | 300 | 73 10 322 W.| o 0 L7 [ 486 | 434 | e o i e o
50 | 300 73 10 3 22 o 0 1.7 48.4 42.0
51, 303| 75 12 3 2 E o o 33| 522 | 479
52 | 303 75 12 3 2 o 0 33| 518 48.0
53| 303 75 12 3 2 150 274 —I.I 51.8 43.0
541304| 75 3 4 51 300 | 549 | —o.8 | 522 | 425
55 | 304 75 3 4 51 300 549 —o.8 52-3 45-1
56! 304| 75 3 4 51 1735 | 3173 | —1.5 | 524 | 439
57 | 306 75 © 10 27 1334 2440 —L3 52.0 40.5
58 | 323 72 53.5 21 51 223 408 1.5 | 531 42.1

Den norske Nordhavsexpedition. Tornee: Chemi.
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Dybde hvorfra Prg- Neutral- | Surtbun-
Leengde yen hel_lte" bunden den
Stat | Nordig Brodde,| o, | e o] Tompe- | Euloyre | Kleyre Anmscinger
No. Nordlig roade. | o cemwich ratur. | (Carbonic Cadok A i
No, | ‘Henk-Ladeds) (Longitide from Euge]nkel Celsius. cf,,-:.{?:;’mg {::r;:?uu.) (Rimmeed
Greenwick) | Favne, ' Meter. Mo Mr.
i inag’ . Nairend per Litre, | per Litre.
59| 335| 76°165 | 14°39" E. | o ’ o 54| 534 | 427
6o 347! 76405 | 7 47 | 1429 2613 | —1.3 | 522 41.6
61 | 347 76 10.5 747 | .2 o 44| 526 41.0
62 | 349 76 30 2 57 1487 © 2719 | —1.5 | 51.6 | 43.5
63 | 350 76 26 o2 W.| o o 30| 530 47.2
61| 350 76 26 | o 29 | 300 549 —ILI, 532 45.8
65 | 350 76 26 | o 29 300 549 | —t1 | 533 46.0
66 | 350 76 26 0 29 1686 3083 —1.5 51-9 139
67 | 351 77 495 0 9 l o o 33| 519 42.8
68 | 352 | 77 56 329 B o | o 391 523 1 4LS
69 | 352 77 56 3 29 | joo ! 549 | —o8 | 526 | 46.0
70| 355| 78 o 8 32 Il o o 49 | 352 43:2
71| 355 78 o 8 32 ‘ 948 ' 1734 | —1.3 . 518 44.6
72 | 361 79 8.5 5 28 0 0 3.2 | 52.4 42.7
73| 361] 79 85 | 528 | gos | 1655 | —1.2| 519 | 6.1
74 | 362 79 59 5 40 ;o o 5.2 | 526 13-2
75| 362 | 79 59 5 40 ' 359 839 | —ro0! 518 | 336
76 | 363! 8o o 8 15 260 175 .1 | 52.9 140
77 1 368 | 78 33 8 20 315 567 | 1.6 52.9 | 42.4
78 | 373! 78 10 13 26 120 219 | 0.8 OSTd | 444

Forsggene ere nemliz ikke blevne udforte paa Vandpro-
verne strax efter deres Optagelse men forst, efterat de
have henstanet 1 kortere eller lengere Tid. Angaaende
Tidsrummet, hvori de enkelte Vandprover have henstanet
for Bestemmelsen, kan anfores Folgende: No. 1, en Vand-
prove, som Hr. Dampskibsforer E. _Bostrup viste mig den
Velvillic at skaffe mig, har kun henstaact nogle I'age. de
ovrige Prover have beunstaact. No. 2—6 i ea. 2!/, Aar,
T—37 i ca. 1%y Aar og 33—78 i 2 til 4 Maaneder paa
et kjoliut Sted,opbevarede paa Flasker, der vare forsynede
med vel islebne Glasproppe. Der aabner sig altsaa en
Mulighed for. at der ved Oxydation af de i Sovandet vie-
rende, aldrig manglende. organiske Bestanddele kunde have
dannet sig en mindre Qvantitet Kulsyre paa Bekostning af
den oploste Surstofmiengde. en Proces. der naturligvis kun
har Indflydelse paa den swrt bundne Kulsyre. saafremt
ikke Oxydationen skulde skride saa vidt frem. at ogsaa
Surstoffet’ i Svovlsyren skulde wmedgaa til Dannelsen af
Kulsyre, i hvilket Fald den dannede Kulsyre maatte trede
ind som nentralbunden istedetfor den destruerede Mangde
Svovlsyre.  En saa vidt fremskreden Oxvdation kan imid-
lertid ikke twnkes mulig. medmindre ‘man til Prop i Fla-
skerne anvender Kork. da den i Sovandet oploste Surstof-
gas er mere end tilstrokkelig til at oxydere alle de op-
rindelig tilstedeverende ovganiske Bestanddele,  Det kan
ogsaa bem:erkes, at det ikke i nogen af de undersogte
Vandprover har veret muligt at paavise det mindste Spor
af Svovlvandstof. For saa nogenlunde at fixere de Maeng-
der Kulsyre, som paa demne Maade skulde kunne dannes,
har jeg-anmodet min Ven Schmelck, som har veeret beskjeef-
tiget med Underspgelse af de faste Bestanddele i Vandet i
det af Expeditionen befarede Hav, og som sha.l_edes ogsaa har

having all of it been allowed to stand over for a longer
or shorter period. With respect to the interval that had
elapsed before commencing the determinations, the follow-
ing particulars can be given: — No. 1, a sample of sea-
water which Captain E. Rostrup had the kindness to procure
me, did not stand over for more than a few days: of
the remaining samples. Nos. 2—06 were preserved for about
two years and a quarter. Nos. 7—37 for about ome year
and a quarter, and Nos. 38— 78 from two to four months,
all of them in a cool spot, and in bottles furnished with
ground glass stoppers. Hence it is just possible that
-oxidation of the organic matter never absent in sea-
water may have produced a small quantity of carbonic
acid, by reducing the amount of oxygen, a process which
of course could only affect the carbonic acid forming bi-
carbonates, unless indeed oxidation were so far advanced,
that the oxygen i the sulphuric acid should also contri-
bute to the formation of carbonic acid, in which case such
carbonic acid would reimplace the sulphuric acid decom-
posed. But this advanced stage of oxidation is elearly im-
possible unless the bottles are corked, since the oxygen
in sea-water is more than sufficient to oxidize all organic
matter originally present. I can also observe, that in none
of the samples of water examined was it possible to detect
the slightest trace of sulphuretted hydrogen. With the object
of determining approximately what proportion of carbonic
acid could vesult from this process, I requested my friend
Mr. Schmelek — whose labours have been chiefly contined
to the examination of the solid matter present in the water
of the seas explored on the Expedition, and who accord-
ingly instituted a series of experiments to ascertain the
amount of organic substances it contained — to furnish



udfert en Rwkke Forsgg til Bestemmelse af de organiske
Stoffes Mengde, om at meddele mig de forngdne Data.
Ifplge ham ere de organiske Stoffes Mwmngde kun under-
kastet meget smaa Variationer, og affarver 1 Litre Sg-
vand gjennemsnitliz 3 Mgr. Kamewleon, som under Forud-
seetning af Reduction til Oxydulsalt kun kan afeive hen-
imod 0.8 Mgr. Surstof. hvoraf det lettelig vil kunne indsees.
at den dannede Mengde Kulsyre ikke kan vwere meget
stor. naar Surstofforbruget selv ved en saa energisk Oxyda-

tion som ved Anvendelse af Kamaleon er saa lidet. Og
hvad der iser tyder paa., at den Oxydation, som kan

foregan ved Vandprovens Henstand under ordinere For-
holde. fuldsteendig maa  kumme negligeres. er den Om-
stendighed, at Schmelck har fundet Sgvandets Evne til
at affarve Kamweleon ligestor, hvadenten Vandpreven under-
spges frisk eller forst efter aavelang Henstand.

At noget af Kulsyren ved den lange Henstand skulde
veere fordampet, er der heller, ingen Rimelighed for. naar
man erindrer. at Sovandet er en alkalisk Veedske, som
ikke indeholder det mindste Spor af fri Kulsyre. og som
med saadan Iraft holder paa sin surt bundne Kulsyre, at
den 1 timevis kan koges 1 det af Jacobsen angivne Luft-
udkogningsapparat med det Resultat. at kun en meget
liden Brokdel uddrives. Der er aabenbart stprre Fave for
det Modsatte, nemlig at der skulde kunne absorberes noget
af Atmospherens Kulsyre. men for Undgaaelsen af denne
Feilkilde er der sprget ved omhyggelig Opbevaring paa
velproppede TFlasker.

Resultaterne synes heller ikke at tyde paa. at Hen-
standen skulde have vieret til Skade for Vandprgvernes
Brugbarhed, idet de alle uden Hensyn til den meget for-
skjellige Vavighed af det Tidsrum. hvori de have henstanet,
vise nogenlunde det samme Resultat. og jeg tror saaledes
ikke at tage meget Feil, naar jeg anser de af mig udforte
Observationer som 1 alt Vasentligt ligesaa gode. som om
de havde vweret udforte ombord paa friskt optagne Vand-
prover.

Hvad angaar de af selve Methoden og Experimenta-
tionen flydende Observationsfeil. da vil de hyppigt ndforte
Controlbestemmelser kunne give de forngdne Bidrayg til
Bedommelsen af deres Sterrelse, saaledes er ved 13 Con-
trolbestemmelser for den neutralt bundune Kulsyres Ved-
kommende den gjennemsnitlige halve Differents mellem 2
paa samme Vandprove udferte Observationer bestemt til
0.11 Mgr. per Litre (Maximum 0.6) og for den surt
bundne Kulsyres Vedkommende til 0.59 Mer. per Litre
(Maximum 1.35). Foruden den variable Feil vil der imidlertid
i sidste Tilfrelde ogsaa veere en constant, idet det ikke
lader sig undgaa, at man ved Arbeide i en kulsyreholdig
Atmosphere vil erholde noget om end meget lidet for hgie
Resultater. Naar Feilene ved Bestemmelsen af den surt
bundne Kulsyre er funden at veere storst, da er Grunden
dertil for en stor Del at sgge deri, at man ved Refitration
med Natronlud, iser naar Rosolsyre anvendes som Index,
erholder en meget skarp Endereaction, medens dette paa
lang Vei ikke i samme Grad er Tilfeelde, hvor Baryt re-

me with the necessary data. According to his obserations,
the amount of organic matter varies but very slightly,
1 litre of sea-water discolouring on an average 3™" per-
manganate of potash; and this quantity, assuming extreme
reduction, cannot give off more than about 0.8 of oxygen.
Hence it is obvious that the amount of carbonic acid can-
not be very large, cousidering the limited consumption of
oxygen even with the use of permanganate of potash. But
that the oxidation which can ordinarily result from allow-
ing the water to stand over may be altogether ignored,
is more particularly indicated by the fact of Schmelck hav-
ing found the property in sea-water of discolouring perman-
ganate of potash to Dbe invariably the same, whether the
samples are freshly dvawn or have been preserved for years
together.

Nor is there reason to assume. that any portion of
the carbonic acid should have eseaped by evaporation dur-
ing the long interval, it we bear in mind that sea-water is
an alkaline fluid. which does not contaim the smallest trace
of free carbonic acid. and which retains that present in
bicarbonates with such vigour. that it may be boiled for
Lhours together in the apparatus devised by Jacobsen for
boiling out air and not part with more than a mere frac-
tion. Nay. there is obviously danger of the reverse, viz,
that some of the carbonic acid present in the atmosphere
will be absorbed; but that source of error was effectually
avoided by keeping the water in bottles provided with
tight-fitting glass stoppers.

Judging, too, from the vesults which were very nearly
the same for all the samples. irrespective of the difference
m the length of the period during which they had been
preserved the interval that had elapsed previous to examin-
ation did not appear to have had any injurious effect on
the water for experimental purpoeses; and hence T feel
tolerably convinced that my obscrvations in all essential
particulars are as reliable as if they had been conducted
on board with freshly drawn water.

With respect to the errors of observation involved in
the method itself. numerous test-determinations will serve
as an approximate standard by which to compute their
magnitude ; thus. for nstance, half the difference between
two observations with the same sample of water was found,
for the carbonic acid forming carbonates, to be 0.11m" per
litre (maximum .6), and for the carbonic acid forming bi-
carbonates to be .59 per litre (maximum 1.35). Exclusive
of the variable error there will also. in the latter case, be
a constant omne. inasmuch as the results of experiments
performed in an atmosphere containing carbonic acid must
necessarily be somewhat. if but a very little too high,
When the error in the determination of the carbonic acid
forming bicarbonates is found to be greatest, the reason
will be chiefly this, that retitration with soda-lye, more espe-
cially if rosolic acid has been selected as the index, gives
rise to a very decided terminal reaction, which does not
result on the baryta water being titrated with oxalic acid; the
reaction is then much less obvious. It must be likewise

5*



titreres med Oxalsyre Tillige ber det erindres, at de som
Udtryk for den surt bundne Kulsyre opforte Tal indeholde
Feilene saavel i Bestemmelsen af den neutralt bundne
som den samlede Kulsyremaengde.

Som man let vil overbevise sig om. vise de i Tabellen
opforte Tal iser for den neutralt bundne Kulsyres Ved-
kommende en mamrkelig Overensstemmelse, naar nemlig 2
Observationer, begge udforte paa en Vandprove hentet lige
ved Grgnlandsisen, undtages, ligger i alle de ovrige 63
Vandprgver den neutralt bundne Kulsyre mellem Greend-
serne D1.4 og 59.4 Mgr. per Litre. saaledes at den stovste
Differents kun belgber sig til 4 Mgr.. hvad der maa siges
at vaeve meget lidet 1 Betragtning af at disse Tal erve
fremkomne ved Undersggelse af et Hav pan betydeliet over
200 geografiske Mile i Udstrwkning saavel i syd og nord
som gst og vest. Hvad derimod den surt bundne Kulsyre
angaayr, da ere de optriedende Differentser betydeliz stgrre
og belgbe sig 1 Ydertilfieldene til omkring 8 Mgr. pr.
Litre.

Jeg har lenge bestriebt mig for at opdage nogen
Lovmessighed i disse Variationer, uden at det dog saaledes
som for Luftens Vedkommende har lykkes at erholde klave
og paalidelige Resultater i san Henscende og det ligegyl-
digt, hvadenten man vwelger Dybdeforholdene eller den
geografiske Beliggenhed til Udgangspunkt for sin Betragtning.

Da saaledes ingen Del af det undersogte Felt ud-
méerker sig fremfor den anden ved nogen tydelig Forskjel-
lighed i Kulsyregehalt, og da de optrwedende Differentser
overalt ere smaa, ville de erholdte Resultater naturligst
rere at benytte til Udledning af Gjennemsnitsveerdier, der
kunne opfores som Udtryk for Kulsyregehalten i det under-
sggte Hav i sin Helhed betragtet. De Gjennemsnitsveerdier,
som saaledes blive at opstille som Hovedresultater, ere for
den neutralt bundne Kulsyres Vedkommende

52.78 4+ 0.083 Mer. pr. Litre

med en sandsynlig Afvigelse herfra af en enkelt Observa-
tion af + 0.662 Mgr. pr. Litre
og for den surt bundne Kulsyres Vedkommende

43.64 + 0.16 Mgr. pr. Litre

med en sandsynlig Afvigelse herfra af en enkelt Observa-
tion af + 1.26 Mgr. pr. Litre.

Da det forst var hragt paa det Rene. at de af Dr.
Jacobsen iagttagne Egenskaber hos Sovandet skrev sig der-
fra, at den i Sovandet existerende Saltblanding ved Kog-
hede decomponerede neutrale Carbonater, maatte det ogsaa
fremstille sig som en meget interessant Opgave at finde
den nermere Forklaring dertil.

Den nwermestliggende Tanke, som i denne Anledning
forst paatvang sig mig, var den at sgge Grunden i Chlor-
magnesiumens bekjendte Egenskaber, At denne under
Kogningen selv ved Tilstedeverelsen af Overskud af Chlor-
natrium skulde have Tilbgielighed til lidt efter lidt at
spalte sig, og at der af den dannede Saltsyre skulde kunne
uddrives noget Kulsyre, kunde jo ikke synes umuligt. Der
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borne in mind, that the figures representing the carbonic
acid forming bicarbonates aiso include the error in both
titrations.

A glance at the Table will show that the figures
therein set down, more particularly those representing the
carbonic acid forming carbonates, exhibit a remarkable uni-
formity ; save in 2 observations, both with a sample of watexr
drawn in close proximity to the ice off the coast of Green-
land, the carbonic acid forming carbonates determined in
the remaining 63 samples lies between the limits 51.479r and
pd.4mr per litre and the greatest difference amounts there-
fore to only 4", which must be regarded as very small,
considering that the said figures vefer to the examina-
tion of water from a tract of ocean which, measured
both from north to south and from east to west, extends
for considerably more than 200 geographical miles. As
recards the cavbonic acid forming bicarbonates, the dif-
ferences in the amounts determined arve, however, much
greater, reaching 8" per litre.

I have long had my attention dirvected to the possible
discovery of a law controlling these variations. similar to
that which I found to regulate those of air. but have not
yet succeeded in obtaining conclusive results; and it is
quite immaterial whether depth or geographical position be
made the basis of investigation.

The water in no part of the ocean-tract explored
being characterised by properties plainly distinguishing it
from that of any other, and the differences in the results
obtained having invariably proved small, the latter will
obviously serve for the computation of average formule
representing the amount of carbonic acid present in the
water of the sea investigated.
down accordingly as the tinal results, were found to be —

These average formule, set

52.78 4 0.083"7 per litre

for the carbonic acid forming carbonates, with a probable
error in a single observation of 4 0.662 per litre; and

43.64 + 0.16ms per litre

for the carbonic acid forming bicarbonates, with a probable
error in a single observation of + 1.26™" per litre,

Having now obtained conclusive proof that the pro-
perties observed by Dr. Jacobsen in sea-water were the
result of the property possessed by the saline compounds
present therein of decomposing at the boiling-point neutral
carbonates, the next step was to find a satisfactory explana-
tion of the interesting phenomenon,

My fivst thought in this direction was to seek the
cause in the known properties of chloride of magnesia.
Assuming this body to have a tendency of gradually de-
composing during the process of boiling, carbonic acid might
possibly be driven off by the hydrochloric acid formed.
Against such an hypothesis, however, various objections may
be raised, Dr. Jacobsen and others having shown that sea-



lader sig imidlertid reise Indvendinger mod denne Betragt-
ningsmaade, idet det af Dr. Jacobsen med Flere er paa-
vist, at Sgvand lader sig inddampe til Torhed og Saltene
endog torre ved en Temperatur af 180° C., uden at nogen
synderlig Meengde Saltsyre forflygtiger sig. og det er i
Virkeligheden heller ikke fornodent at ty til Chlormagne-
siumens Dissociation for at finde den rimeligste Forklarings-
arund.  Man behgver blot at holde siz til den kulsure
Magnesia og dens Egenskaber, saaledes som de ere kjendte
af Avbeider udforte al de mest bergmte Chemikere,

Ifolge Angivelser af Berzelius,! H. Rose.? Fritzsche,?
Norgaard* og L. .Joulin® er den ved hoiere Temperatur
dannede kulsure Magnesia altid mere eller mindre basisk,
ja ifolze Berzelius og H. Rose er selv de ved Blanding af
Magnesiaoplesninger med kulsure Alkalier i Kulden dan-
nede Bundfald mere kulsyrefattige end mettet kulsur Mag-
nesin. Der findes om den kulsure Magnesia et meget stort
Antal tildels meget wmodstridende Angivelser, oz der er,
eftersom Fremstillingsimaaden er vavieret, erholdt meget
forskjelligt sammensatte Salte, hvis procentiske Sammen-
sietning ifolge Anslyserne stemme meget daarligt overens-
med den af de opstillede Formler beregnede. Disse Kor-
bindelser erve ogsaa af enkelte Forfattere befragtede som
basiske Salte af variabel Sammenswetning og ansees af
L. Joulin endog for en Blanding af vexlende Mwmngder
Oxyd og Carbonat. Det vilde fore for langt her at gjen-
nemgaa de talrige over dette Emme forfattede Afhandlinger,
og jeg skal derfor indskrienke mig til at henvise til Gmelin-
Kraut's Handbuch der Chemie 6te Autl, 2 432, hvor det
Viesentligste findes 1 Uddrag. Det maa dog viere mig til-
ladt at citere nogle Udtalelser ai’ H. Rose. som jez nylig
blev opmierksom paa, Udtalelser, som vise at Videnskaben
allerede meget lenge har vieret i Besiddelse af Materiale
til Forklaringen af de af Dr. Jacobsen gjorte Observatio-
nev, H. Rose siger (Pogg. Amn, [3] — 23 — 417) Folgende:

“Als das Gesetz der einfachen chemischen Proportionen
aufgestellt und hinreichend durch Versuche bewiesen wor-
den war, ergab sich die Neutralitiit zweier sich zersetzender
Salzauflosungen als eine ganz uatiirliche Folge des Ge-
setzes der bestimmten Verhiiltnisse, in denen sich alle Kor-
per. also auch Siurven und Basen, mit eimander verbinden.

Aber das Gesetz, dass durch Zersetzung zweier neu-
traler Salze nach ihrer Auflésung in Wasser wiederum
zwei neuntrale Salze entstehen, ist nicht richtig, wenigstens
nicht in der Allgemeinheit, wie es bisher ohmne den gering-
sten Widerspruch angenommen worden ist.

Es ist bemerkenswerth, dass die so ausserordentlich
vielen Ausnahmen, die bei diesem Gesetze stattfinden. nicht
frither aufgetallen sind, obgleich mehrere derselben schon seit
langer Zeit bekannt waren. Nur eine fast einzeln stehende

! Berzelius Jahresbervicht 17 — 158,

* Pogg. Ann. B3 — 430,

% Pogg. Ann. 37 — 310.

+ K. Danske Vid. Selsk. Skrift. [5] — 2 — 54 (1830).
* Ann. Chim. Phys. [4] — 30 — 271
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water admits of being evaporated to dryness, and the re-
sidue even dried at a temperature of 180° C. without vo-
latilising any considerable quantity of hydrochloric acid. But
it is not necessary to seek in the properties of chloride of
magnesia the most plausible means of explanation; we need
only keep to the carbonate and its properties, as determined
by the most renowned Chemists.

According to the statements of Berzelius,! H. Rose,?
Fritzsche.® Norgaard.! and L. Joulin® carbonate of mag-
nesia formed at a high temperature invariably contains
less carbonic acid than the neutral salt: nay. according
to Berzelins and Rose the precipitate rvesulting trom the
mixture of carbonate of potash. when cold, with solutions
of magnesia, contains less earbonie aeid than saturated car-
bonate of magnesin.  For cairbonate of magnesia we have
a very large number of conflicting statements. and the
compounds obtained have been found to vary greatly with
the mode of operation. the proportion of their constituents,
too. often agrecing but very indifievently with that computed
by the formulie., By some authors these combinations
have been regavded as basic salts. varying in their com-
ponent parts: nay by L. .Joulin as consisting of incon-
stant mixtures of some oxide and carbonate. T lack space
here to motice the numerous memoirs treating of this
subject. and shall therefore mercly refer the reader to
Gimelin-Krauts ~Handbueh der Chemie’ (Gte  Autlage, 2,
p. 452), in which copious extracts from them will be found.
I cannot however refrain from quoting certain remarks by
H. Rose, on which a short time since I happened to light,
— remarks showing science to have been long in pos-
session of materials amply sufficient to explain Dy, Ja-
cobsens observations. In Pogg. Aun., [3] 23, p. 417, H.
Rose observes as follows: —

=Als das Gesetz der einfachen chemischen Proportionen
aufaestellt und hinreichend durch Versuche bewiesen wor-
den war, ergab sich die Neutralitiit zweier sich zersetzender
Salzautosungen als cine  ganz natiirliche Folge des Ge-
setzes der Dhestimmten Verhiiltnisse. in denen sich alle Kor-
per. also auch Siiuren und Basen. mit emander verbinden.

Aber das (Gesetz, dass durch Zersetzung zweler neu-
traler Salze nach ilirer Auflisung in Wasser wiederum
zwel neutrale Salze entstehen. ist nicht richtiz, wenigstens
nicht in der Allremeinheit. wie es bisher ohme den gering-
sten Widerspruch angenommen worden ist,

Es ist bemerkenswerth, dass die so ausserordentlich
vielen Ausnahmen, die bei diesem (Gesetze stattfinden. nicht
frither aufgefallen sind, obgleich mehrere derselben schon seit
langer Zeit bekannt waren. Nur eine fast einzeln stehende

! Berzelius Jahresbericht, 17, p. 158,

* Pogg. Ann. 83, p. 435,

3 Pogg. Ann. 37, p. 310.

4 K. Danske Vid. Selsk.-Skrift [3] 2, p. 54 (1850).
s Ann. Chim. Phys. [4] 30, p. 271.



Ausnahme erregte vor lingerer Zeit ein allgemeines Auf-
sehen. Als man fand. dass eine Auflosung von gewohnlichem
phosphorsaurem Natron, welche fiir sich gerdthetes Lackmus-
papier bliiut, mit einer Auflosung von salpetersaurem Silber-
oxyd. welche das Lackmuspapier unveriindert liisst. versetzt,
einen Niedersehlag von gelbem phosphorsaurem Silberoxyd
und eine Iliissigkeit iebt. welche gebliutes Lackmuspapier
rothet, konnte diese Erscheinung nicht friiher geniigend er-
klirt werden. als bis die interessanten Untersuchungen von
Clarke, und die sinnreiche Deutung derselben durch Gra-
ham bekannt wurde.

Aber vor weit liingerer Zeit schon hatte man Er-
scheimungzen beobachtet, die eben so viithselhaft waren, als
der beschriebene Fall. Man hatte schon oft bemerkt, dass
aus der Aulosung eines neutralen kohlensaurven Alkalis
durch Zevsetzung vermittelst ciner Aulisung eines neutralen
Salzes von Magnesia, von Zinkoxyd oder von eimem andern
dbnlich zusammengesetzten Metalloxyd Kohlensituregas ent-
wickelt werde, besotiders wenn die Fiillung des kohlen-
sauren Oxyds in der Wiirme geschieht. und eine grosse Reihe
von Versuchen. dic man besonders m neuerer Zeit ange-
stellt hat lhat ergeben. dass die meisten der kohlensauren
unloslichen Salze. welehe man durch Zersetzung neutraler
Salzauflosungen erhiilt. nicht die entsprechende Zusammen-
setzung des kohlemsauren Alkalis haben. das zu ihrer Er-
zeugung angewandt worden ist. Sie enthalten weniger
Kohlensiiure aber obgleich die Untersuchungen oft von
sehr bewiihrten Chemikern angestellt worden sind, so hat
man ihre Zusammensetzung selr wenig {ibereinstimmend
gefunden.”

H. Rose har ogsaa ved Forsog. som han sammesteds
beskriver fundet, at varmt ficldt basisk kulsur Magnesia
indebolder mindre Kulsyre. naar den efter Feweldningen ko-
ges nogen Tid. end naar den strax gjores til Gjenstand
for Analyse,

Det kan efter dette ikke vare tvivlsomt. at den kul-
sure Magnesia ved hpiere Temperaturer decomponeres og
antager meget forskjellige Sammensetninger, eftersom den
koges kortere eller lLiengere Tid.  Rigtignok er det ikke
nogensteds ved de tidligere Forsog paavist, at man paa
denne Maade kan faa Magnesin fuldstiendig  befriet for
Kulsyre, men man maa ogsaa her tage Hensyn til, at
man ved de tidligere Forsog visselig overalt har arvbeidet
med temmelic store Mamgder Bundfald, der natmrlievis
ikke med samme Lethed som Smaaportioner vil kumne er-
holdes decomponerede,

Forat paavise. at smaa Mangder kulsur Magnesia ved
Kogning lader sig omvandle til fuldstandig rent Oxyd. gik
jeg frem paa folegende Maade. Af fuldstandig ven friskt
udglgdet Soda afveiedes 0.422 Gr. og oplostes i 100 CC.
kulsyrefrit destilleret Vand. ligeledes tilberedtes en 13 9/,
indeholdende Oplosning af almindelig ven svovlsur Mag-
nesia, som i Forveien ved gjentagne Omkrystallisationer
var befriet for alle Forurensninger. En Blanding af 15 CC.
af Sodaoplgsningen med 50 CC. af Bittersaltoplgsningen
fortyndet med noget over '/, Litre friskt udkogt endnu
varmt . Vand kogtes i en kalsyrefri Luftstrem i Classens
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Ausnalme erregte vor lingerer Zeit ein allzemeines Auf-
sehen. Als man fand, dass eine Auflosung von gewihnlichem
phosphorsaurem Natron, welche fiir sich gerdthetes Lackmus-
papier bliut, mit einer Auflisung von salpetersaurem Silber-
oxyd. welche das Lackmuspapier unveriindert liisst, versetat,
einen Niederschlag von gelbem phosphorsaurem Nilberoxyd
und eine Fliissigkeit giebt. welche gebliutes Lackmuspapier
rothet. konnte diese Erscheinung nicht frither geniigend er-
kliirt werden. als bis die interessanten Untersuchungen von
Clarke und die sinnreiche Deutung derselben durch Gra-
ham bekannt wurde.

Aber vor weit liingerer Zeit schon hatte man Er-
scheinungen beobachtet, die eben so rviithselhaft waren. als
der beschriebene Fall. Man hatte schon oft bemerkt. dass
aus der Auflisung eines neutralen kohlensauren Alkalis
durch Zersetzung vermittelst einer Auflosung eines neutralen
Salzes von Magnesia. von Zinkoxyd oder von einem andern
fihmlich zusammengesetzten Metalloxyd Kohleusiiuregas ent-
wickelt werde, besonders wenn die Fiillang des kohlen-
sauren Oxyds in der Wiirme geschieht. und eine grosse Reihe
von Versuchen., die man besonders in neuerer Zeit ange-
stellt hat, hat ergeben. dass die meisten der kolilensauren
unloslichen Salze. welche man durch Zersetzung neutraler
Salzauflosungen erhilt, nicht die entsprechende Zusammen-
setzung des kohlensauren Alkalis haben, das zu ihver Ei-
zeugung angewandt worden 1st. Sie enthalten weniger
Kohlensiiure, aber obgleich die Untersuchungen oft von
sehr bewiihrten Chemikern angestellt worden sind so hat
man ihre Zusammensetzung sehr wenig iibereinstimmend
gefunden.”

Moreover, H. Rose also found. by experiments which
he has described in the same paper that basic carbonate
of magnesia. precipitated warm. contains less carbonic acid
when boiled for some time after precipitation than when
at once subjected to analysis.

From what has been stated above. carbonate of mag-
nesia is evidently decomposed at a high temperature. and
enters into a variety of very different combinations accord-
ing to the duraton of the boiling-process. True. none
of the earlier experiments have shown that all the car-
bonic acid present in magnesin can be expelled by this
method; but those experiments were conducted we must
remember, with a comparatively large amount of precipitate,
which necessarily proves less easy to decompose than do
small quantities.

In order to show that small quantities of carbonate
of magnesia may be transformed by boiliug into pure oxide.
I went to work as follows., In 100= of distilled water
free from carbonic acid were dissolved 0.42297 of freshly
heated carbonate of soda; a solution was likewise prepared
containing 13 per cent of ordinary sulphate of magnesia,
which by repeated crystallization had been previously freed
from all impurities, A mixture consisting of 15« of the
solution of soda and 50% of a solution of Epsom salts
diluted with a little more than /; of a litre of freshly
boiled water, still warm, was boiled in Classen’s ap-



Apparat i omkring 2 Timer, idet den undvigende Kulsyre
som for opfangedes og bestemtes ved titreret Barytvand.
I den anvendte Mengde Sodaoplosning var indeholdt 63.3
Mgr. Soda svarende til 26.3 Mgr. Kulsyre, medens der
ved to Experimenter paa demne Maade fandtes uddrevet
den ene Gang 26.8 og den anden 27.7 Mgr. Ved For-
sogets (Gjentagelse med en lidt storre Qvantitet paany ind-
veiet Soda fandtes uddrevet 34.1 Mgr. Kulsyre istedetfor
beregnet 33.2.  Under Kogningen var Oplpsningen i Be-
gyndelsen fuldstendig klar, hvorpna der efter civen '), Ti-
mes Forlgb begyndte at fremkomme et Bundtald af Mag-
nesia, hvori der trods al anvendt Mgie ikke lykkedes mig
at paavise det mindste Spor af Kulsyre. Den basisk kul-
sure Magnesia er nemlig ifolge H. Rose og Flere ikke
ubetydelig oploselig saavel i Vamd som i forskjellige Salte,
sanledes at der af smaa Mengder intet Bundfald fremkom-
mer, og det er derfor ikke paafaldende. at Oxydet ved saa
fortyndede Oplgsninger, som her ere anvendte, ikke udfieldes,
forend det ved Kogningen er befriet for sin Kulsyre.

Koges Spgvand under Concentration, kan man meget
let komme til at overse denne Udskillelse af’ Magnesia,
idet denne forst indtreder efter nogen Tids Forlob, san-
ledes at man kan antage Blakningen fremkommen ved Ud-
freldning af Gips 1 den concentrerede Viedske. Udskillelsen
vil ogsaa, naar Inddampningen foregaar i aabent Kav. for-
sinkes betydeligt, idet Kulsyrens Undvigen foregaar meget
langsommere i en kulsyreholdig Atmosphiere end i en kul-
syrefri Luftstrom, og det kan derfor ikke forundve, at
denne Udfreldning af Magnesia af kogende Spvand, saavidt
mig bekjendt, ikke tidlizere er observeret. naar undtages, at
Usiglio! 1 det torrede Residum har paavist fri Magnesia,
Dersom man imidlertid koger Sovand uden Concentiation
i en kulsyrefri Atmosphere med omvendt Kjoler, saaledes
som det let kan ske ved Classens Apparat, fremtravder
Phenomenct meget tydeligt pan samme Maade som ved
Koening af en Blanding af Soda og Bittersalt, idet der
efter circa !/, Times Kogning begynder at udskille sig et
Bundfald bestanende af ren kulsyre- og kalkiri Magnesia
ved Siden af et lidet Spor af Kiselsyre hidrprende fra det
benyttede Glaskar. Om man samtidig opfanger og bestem-
mer den undvigende Kulsyre, viser det sig, at den Villig-
hed, hvormed Kulsyren undviger, ikke saameget afhanger
af Concentrationsgraden som af Varigheden af det Tids-
vum, hvori Kogningen fortswttes, da ogsaa paa denne Maade
cirea 2 Timers Kogning streekker til for at skaffe en fuld-
stendig kulsyrefri Vedske.

Det vil forhaabentlig hermed kunne ansees fuldsten-
dig godtgjort, at Sgvandets Evne til ved Kogning at decom-

! Journ. fiir pract. Chem. 46 — 1006.
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paratus for 2 hours exposed to a current of air free from
carbonic acid, the carbonic acid driven off being collected
and determined as before by titrated baryta water. The
portion of the solution of carbonate of soda employed
contained 63.3777 of that substance rvepresenting 26.379"
carbonic acid; and two experiments performed by this
method gave respectively 26,8777 and 277" as the amount
of the latter driven off.  On repeating the experiment
with a somewhat lavger quantity of carbonate of soda,
cavefully weighed, 84,177 were found to have been liber-
ated  whereas the exaet proportion would have been 33.2mr,
During the process of boiling the tluid at first continued
pertlectly clear; but after the lapse of about half an  hour
magnesia began to be  precipitated. in which  with  the
most delieate tests [ failed to deteet the smallest trace
of earbonic acid. According to H. Rose and other authors
basic carbonate of magnesia is to a considerable extent
soluble alike in water and in solutions of divers salts,
so that small quantitics give no precipitate; and hence
it is not surprising that with a solution so diluted as that
made use of for these experiments the oxide should not
have been precipitated before it had given off all its car-
bonic acid.

If sea-water be boiled during coucentration. this
precipitation of magnesia may be easily overlooked, since
it does mnot take place till after the lapse of some time,
and the turbidness of the concentrated Huid might there-
fore be asceribed to the deposit of gypsum.  When the
water, too, is evaporated in an open dish, the precipitation
will be considerably retarded. since the carbonic acid es-
capes much more slowly in an atmosphere containing car-
bonie acid than i a current of air from which all car-
bonic acid has been expelled: and this accounts for the
precipitation of magnesia in boiled sea-water, so far as
[ am aware. not having been previously observed, except
at least by Usiglio.! who detected the presence of free
magnesia in the dried residue.  When, however, sea-water
is boiled without being concentrated i an  atmosphere
free from ecarbonic aecid, and with the cooler inverted. which
it easily may be with Classen’s apparatus, the phenomenon
appears with great distinetness. as is the case on boiling
a mixture of soda and Epsom salts: for after about half
an hours boiling a preeipitate begins to form, consisting
of pure magnesia. with no admixture of lime and carbonic
acid and a trace only of silicic acid, the latter arising
from the glass vessel employed in the operation. If the
carbonic acid be simultancously collected and determined,
the readiness with which it escapes is found to depend
not so much on the degree of concentration as on the
duration of the boiling-process, about 2 hours proving
amply sufficient to obtain a fluid free from the smallest
trace of carbonic acid.

From what has been stated, there is, we think, con-
clusive proof, that the property possessed by sea-water of

! Journ. fir pract Chem. 46, p. 106.



ponere mneutrale Carbonater maa Dblive at tilskrive gradvise
Omswtninger mellem de i Sgvandet existerende kulsure
Salte og Magnesiaforbindelserne, og de af Dr. Jacobsen
hos Sgvandet iagttagne Egenskaber maa derfor ogsaa i
mere eller mindre Grad tilligge alle andre magnesiaholdige
Mineralvande, eller naar man liegger Roses ovenciterede
Udtalelser til Gruud., alle Saltoplosuinger, forsaavidt de
foruden Alkalier og Jordalkalier tillige indeholder oplpse-
lige -Salte af nogen af de svagere Baser, som med Kulsyren
danner ubestandige Forbindelser,  Denne Omstendighed
vil saaledes uden videre stemple saa godt som alle de til
Bestemmelse af Forholdet mellem den frie og bundne Kul-
syre 1 Mineralvande anvendte talvige Methoder som mere
og mindre upaalidelige ligeoverfor magnesinholdige Mine-
ralvande, idet man ved dem til Bestemmelse af neutral-
bunden Kulsyre euten anvender Residuet fra Inddampning
eller paa anden Maade benytter sig af Kogning., hvor den
efter det forhen udviklede vil vire utilladelig.

Det vil sluttelig ikke viere paa uvette Sted kortelig
at bergre de Synsmaader, som fra @ldve Tider har veeret
giort gjeldende, hvad angaay de 1 Sevandet indeholdte
Carbonater.

Efter de Fremgangsmaader, hvorved disse af @ldve
Forfattere eve bestemte kunde de naturligvis kun erholdes
udskilte i Form af kulsur Kalk eller. som af enkelte ogsaa
fundet, lidt kulsur Magnesia, men derat folger ingenlunde,
at de med Nodvendighed oprindelig skulde forekommet i
Sgvandet under denne Form. ja dette er saa langt fra
sikkert, at jeg meget mere skulde vieve tilbeiclig til at tro,
at saa ikke er Tilfwlde.
af Dr. Jacobsen heskrevne Luftudkogningsapparat, undviger
der, som allevede tor bemwrket. meget smaa Qvantiteter
Kulsyre, idet man kan fortsictte Kogningen med vexlende
Afkjoling en hel Time uden at fan uwddrevet mere end en
Brgkdel af Milligram pr. Litre.
Begyndelsen ligge meget lavt. men stiger. efterhaanden som
den undvigende Luft og den dammede Vanddamp foroger
Trykket, meget huvtigt. saaledes at jeg allerede under den
forste Halvdel af Operationen har observeret en Tempera-
ratur af 89" (. Naar snaledes de 1 Sgvandet indeholdte
sure Carbonater vise en san haanvdnakket Modstand mod
Decomposition, at de i en hel Time skulde sna godt som
aldeles uden Virkning kunne udsittes for en Temperatur
af omkring 90" C.. da synes mig denne Egenskab at passe
noget bedre paa surt Jkulsurt Natron end paa sur  kulsur
Kalk, og det vilde desuden falde vanskeliet at forklare
Sevandets tydelige alkaliske Reaction, medmindre man kunde
antage, at Carbonaterne 1 det Mindste for en ikke ringe
Del bestod af Alkalisalte.

Med Hensyn pan Qvantiteten af de i Spvandet fore-
kommende kulsure Salte, da stemme de derover existerende
Opgaver meget daarligt overens, de lyde i Regelen paa
Spor undertiden endog paa Intet, medens der af enkelte
igjen er opfert forholdsvis store Mwmngder. Saaledes finder

Koger man nemlig Sovand 1 det

Kogepunctet vil her i
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decomposing when boiled neutral carbonates, avises from
the slow reciprocal action of the carbonates and salts of
magnesia it contains, and the properties observed by Dr.
Jacobsen in sea-water must therefore to a greater or less
extent distinguish all mineral waters containing magnesia
compounds, or, according to Rose, in his statements quoted
above, all solutions of salts provided they contain. exclusive
of sodium. potassium, lime Dbarinm, and strontium. also
soluble salts of some one of the weaker bases, which
along with carbonic acid form inconstant combinations.
Hence this civcumstance clearly shows., that of the nu-
merous methods devised for determining, in mineral waters,
the relative proportion of free carbonic acid and that
present in carbonates mnearly all ave. when magnesia is
present. wnreliable, since for the determination of the
carbonic acid present in carbonates, either the residue from
evaporation or some other result of boiling is had recourse
to, which has been shown to be inadmissible.

Finally, it will not be out of place to notice the views
oviginally entertained with regard to the carbonates present
i sea-water.

By the process according to which the earlier chem-
ists determined these compounds, they could of course ob-
tain them only in the form of carbonate of lime, or, as
found by some obscrvers, along with a little ecarbonate of
magnesia; but from this it does not by any means follow
that they necessarily occur in that form in sea-water: nay,
I am myself inclined to believe that such is not the case,
On boiling sea-water in the apparatus described by Dr.
Jacobsen very small quantities only of carbonic acid ave
found to escape; the fluid may be alternately boiled and
cooled for an hour together without liberating more than
a fraction of a milligramme per litre.  The boiling-point
with this method will at first be very low, but on the
pressure being increased by the escape of the air and the
formation of steam, vapidly vise: even in the fivst half of
the operation I have observed a temperature of 89° C.
The vigorous resistance to decomposition thus exhibited by
the bicarbonates in sea-water, which admits of their being
exposed almost without effect for an hour together to a
temperature of nearly 90° C.. would rather seem to indi-
cate Dbicarbonate of soda than bicarbonate of lime; and
besides, the decided alkaline reaction of sea-water would be
difficult to explain unless by assuming the carbonates —
or a considerable portion of them at least — to consist of
carbonate of soda and potash.

With regard to the proportion of carbonates present
in sea-water, the results as yet obtained agree but very
indifferently ; the majority of observers have detected traces
only or none whatever, whereas some allege to have found
comparatively large quantities, as will be seen from the
following Table.



von Bibra' Intet,

Robinet og Lefort? i det rgde Hav Spor,

Pisani® ved Bujuk-Déré i Bosporus 0.1569 Gr. pr. Litre,
C. Knauss* 0.011 Gr. pr. Litre,

Thorpe og Morton® i det irske Hav 0.04754 i 1000 Dele

Vand,

Dr. Jacobsen i Nordspen 0.018—0.028 Gr. pr. Litre,

Vierthaler® i Adriaterhavet 0.315 Gr. pr. Litre,

F. Wibel™ i det joniske Hav Intet

og Buchanan® i de sydlige Have enten Intet eller og meget
sman Mengder.

Saa store Forskjelligheder vilde naturligvis vaere meget
paafaldende, i Fald man kunde anse Resultaterne af disse
Observationer for aldeles correcte, hivad der imidlertid ikke
er muligt, da alle uden Undtagelse ere udforte efter Me-
thoder, som kun for aldeles specielle Sammens®tninger af
Havvandet kunde fore til nogenlunde rigtize Resulfater.

Ved de tidligere i denne Afhandling beskrevne For-
spg er det godtgjort, at Spvandet (under enhver Omstendig-
hed det af Forfatteren undersggte) ved Kogning i kulsyre-
fri Luft taber al neutralbunden Kulsyre, og det maa end-
videre ved de af v. Bibra ogz Buchanan udfgrte Observa-
vationer ansees fuldt bevist. at almindeligt Oceanvand ved
Inddampning til Tarhed selv i en kulsyreholdig Atmosphzere
undertiden kan give et fuldstendig kulsyrefrit Residuum,
medens det kanske ligesaa ofte ikke vil vaere Tilfwlde, idet
der ofte af Buchanan og altid af Jacobsen er fundet Car-
bonater i Residuet. Hvor den neutralbundne Kulsyre un-
der Inddampningen bortdrives, vil der til Gjengjeld altid
udfeldes den wqvivalente Mengde Magnesia, som, naar
Residuet henstaar i kulsyreholdig Luft for Bestemmelsen,
vil kunne gjenoptage en Del Kulsyre, og det er derfor let
forklarligt, at man ved Anvendelse af Inddampning vil
kunne erholde meget forskjellige Resultater selv i Sgvand
af fuldstendig identisk Sammensztning.

En til Bestemmelse af Carbonaterne hyppig anvendt
Methode er den, hvorefter Sgvandet koges i ca. I Time
under stadig Fornyelse af det fordunstede Vand, hvorefter
det udskilte Bundfald frafiltreres og veies, saaledes sem
Vierthaler og flere har gjort. medens T. E. Thorpe og
E. H. Morton af den i Sevandet oprindelig indeholdte
Kalkmengde oz den i Vadsken efter Frafiltration af det
ved Kogningen udskilte Bundfald tilbageverende beregner
den kilsure Kalks Mewengde.

' Ann. Chem. Pharm. 77 — 90.

? Compt. rend. 62 — 430.

3 Compt. rend. 41 — 5H32.

* Petersh. Acad. Bull. 2 — 203 (1860).
® Ann. Chem. Pharm. 158 — 122

® Wien. Acad. Ber. [2] — 76 — 479.
" Ber. Berl. chem. Ges. (6 — 184,

# Proc. Roy. Soc. 24 — (04,

Den novske Nordhavsexpedition. Tornee: Chemi.

41

Von Bibra:! none.

Robinet and Lefort,® in the Red Sea: traces.

Pisani,® near Bujuk-Déré in the Bosporus: 0.1569¢" per litre.

C. Knauss:* 0.0119" per litre.

Thorpe and Morton.? «in the Irish Sea: 0.04754 in 1000
parts of water.

Dr. Jacobsen, in the North Sea: 0.018—0.028¢" per litre.

Vierthaler,® in the Adviatic Sea: 0.315¢" per litre.

F. Wibel.” in the Tonian Sea: none.

Buchanan® in the Southern Seas: none at all op traces
only,

Differences so considerable would indeed be extiaor-
dinary. assuming the results of the observations to be
quite correct; this, however, is simply impossible. since
they were all without exception obtained by methods mnone
of which, save for sea-water of a particular composition,
can lead to results even approximately reliable.

By the experiments previously described in this Me-
moir, it has been shown that sca-water — at least that
examined by the author — can, by boiling in an atmosphere
free from carbonic acid, be made to part with all of its
carbonic acid that is present in carbonates; and moreover,
the observations of v. Bibra and Buchanan have furnished
conclusive proof. that ordinary ocean-water when evaporated
to dryness even in a atmosphere containing carbonic acid,
sometimes gives a residue in which no trace of carbonie
acid can be detected. but the reverse will. perhaps, no
less frequently prove to be the case, seeing that Buchanan
has often, and Jacobsen always. found carbonates present
in the residue. When the neutral carbonates are decom-
posed during the process of evaporation, an equivalent pro-
portion of magnesia will invariably be precipitated, which,
on the residue being allowed to stand over previous to
determination in an atmosphere containing carbonic acid,
may possibly absorb some carbonic acid; and hence, when
recourse is had to evaporation, very different results may
obviously be obtained even with water identical in com-
position,

A method frequently adopted for determining the
proportion of carbonates, is to boil the sea-water for about
an hour, while steadily adding freshwater in place of that
evaporated, after which the precipitate is filtered off and
weighed. as done by Vierthaler and others; T. E. Thorpe
and E. H. Morton calculate the proportion of carbonate
of lime by comparing the amount of lime originally present
in the water with that contained in the fluid after filtering
off the precipitate.

! Ann. Chem. Pharm. 77, p. 90.

? Comp. rend. 62, p. 436.

® Comp. rend. 41, p. 532.

4 Petersb Acad. Bull 2, p. 203 (1860).
5 Ann, Chem. Pharm. 158, p. 122

© Wien. Acad. Ber. [2] 56, p. 479.

7 Ber. Berl. chem. Ges. 6, p. 184.

8 Proc. Roy. Soc. 24. p. (04,



Det er af samme Grund som ovenfor klart, at denne
Fremgangsmaade for almindeligt Oceanvands Vedkommende
vil fore til aldeles vierdilgse Resultater, uden at det dog
med Sikkerhed kan paastaaes, at dette i samme Udstrack-
ning skulde verve Tilfrelde for det af Vierthaler undersogte
Vand, som har en fra almindelict Spvand meget forskjellig
Sammensatning. Efter de talrige og veerdifulde Analyser
af Sgvand, som vi skylde Professor Forchhammer, indehol-
der Vandet i de store Verdenshave uden synderlig store
Variationer i1 de enkelte Bestanddeles indbyrdes Forhold
gjennemsnitlig

Chlor + Brom . 1.895 9/,
Svovlsyre (S0y) 0.225 -
Magnesia 0.210 -
Kalk . ¥k A ¥ A N W % 0.056 -
medens Vierthaler i Adviaterhavet har fundet

Chlor 4+ Brom . . . 2.264 9/,
Svovlsyre 0.262 -
Magnesia 0.237 -
Kalk . . . . 0371 -

Denne uforholdsmeessig store Forggelse ai Kalkmweng-
den uden tilsvarende Forogelse af Svovilsyremaengden vil
bidrage til, at det af Vierthaler underspgte Vand vil have
en meget storre Tilboiclighed til ved Kogning at udskille
kulsur Kalk. hvad der i ikke ringe Grad kan twenkes at
forrykke de almindelige Phwenomener.

Hvad angaar de af Thorpe og Morton udforte Obser-
vationer, da er der i en Henscende en veesentlig Forskjel
mellem de af disse Forfattere og de af mig erholdte Re-
sultater. Jeg havde. allerede for jeg blev opmarksom paa
den af dem offentliggjorte Athandling, lagt Mwmrke til, at
der af Sgvand ved Kogning i en kulsyrefri Luftstrom i
Classens Apparat udfreldtes et Bundfald af Magnesia, inde-
holdende lidt fra Glasset hidrorende Kiselsyre. men jeg
havde aldrig deri kunnet paavise hverken Kulsyre eller Kalk
og def, uanscet om Kogningen afbrodes paa et tidligere
eller senere Stadium, hvadenten den neutralbundne Kulsyre
var helt cller kun delvis bortdrevet.  Rigtienok anforer
Thorpe og Morton intetsteds udtrykkelig. at de have under-
spgt det udskilte Bundfald pan Kalk. men det fremgaar
indirecte med stor Bestemthed. af hvad der forresten er
bemzerket, at san maa have vavet Tilfielde,

At Vierthaler kunde faa udfweldt kulsur Kalk af et
saa abnormt sammensat NSovand som det i Adriaterhavet
flydende, kunde ikke vickke Forundring. men at det samme
fandtes at viere Tilficlde med Vandet i det ivske Hav, som
ved livlige Stromme stadig optager friske Vandmaengder fra
det store Verdenshav, og som i sin Sammensaetning viser
sig saa analogt det af den norske. Nordhavsexpedition un-
derspgte, forekom mig meget paafaldende. Jeg har derfor
gjentaget Thorpe og Mortons Forsgg aldeles uforandrede
paa flere af de fra den norske Expedition hjembragte Vand-
prover, men erholdt altid det samme Resultat, at det i det
udskilte Bundfald trods al anvendt Mgie ikke lykkedes at
paavise Spor hverken af Kulsyre eller Kalk. Af det for-
hen Udviklede vil det fremgaa, at man af de wldre Angi-
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For the same reason, as explained above, the said
process with ordinary ocean-water will give results absolutely
worthless; this cannot however be affirmed,with certainty of
Vierthaler's observations, the water he examined having been
very different in composition from ordinary sea-water. Aec-
cording to the numerous and valuable analyses of sea-water
for which we are indebted to Professor Forchhammer, the
water of the great oceans, the component parts of which
vary but little in their relative proportion, is generally
found to contain —

Chlorine + Bromine . 1.895 per cent.

Sulphuric Acid (SO;) . 022 - —
Magnesia . . . . . 0210 - —
Lime. 0.056 - —

whereas the water of the Adriatic Sea, according to Vier-
thalex's observations, contains —

Chlorine 4+ Bromine. 2,264 per cent,

Sulphuric Acid 0262 - —
Magnesia 0237 - —
Lime, 0371 - —

This disproportionately large amount of lime without
a corresponding mcrease in the amount of sulphurie acid
will give the water examined by Vierthaler a tendency,
when boiled, to precipitate carbonate of lime, which must
to a considerable extent have a disturbing mtuence on the
phenomena,

With regard to the series of observations instituted
by Thorpe and Morton, there is, in one respect, an essential
difference between their results and mine. Previous to my
reading their Memoir, I had become aware of the fact, that,
on boiling sea-water exposed to a current of air free from
carbonic acid in Classen’s apparatus. there results a precip-
itate of magnesia, containing a little silicic acid, derived
from the glass; but I have never succeeded in detecting
therein the presence of carbonic acid or lime: the result
is precisely the same whether the boiling be interrupted
at an carly or a late stage of the process, or whether all
or part only of the carbonates be decomposed. True,
Thorpe and Morton nowhere distinctly state their having
examined the precipitate for lime; but from what is ob-
served in other vespects, this must obviously have been
the case,

That Vierthaler should have succeeded in precipitat-
ing carbonate of lime from water so exceptionally composed
as is that of the Adriatic Sea. cannot surprise us; but
that the same result should have been obtained with water
from the Irish Sea, which by reason of rapid currents is
continually receiving a large inflax of water from the
Atlantic Ocean, and which in its composition exhibits so
great an analogy with that examined on the Norwegian
North-Atlantic Expedition, does, to me, indeed appear
strange. I have therefore repeated the experiments insti-
tuted by Thorpe and Morton, adopting their method with-
out the slightest modification; but the results obtained were
invariably the same: even with the most delicate tests I
failed to detect the smallest traces of carbonic acid or



velser Intet med Bestemthed kan slutte om Carbonaternes
Mengde i de store Verdenshave. Det synes dog, som om
de af Buchanan udforte Bestemmelser af Kulsyren i At-
lanterhavet, (hvorved han inddamper efter forudgaaende Til-
swtning af Chlovbarium og tilslut med sterk Saltsyre for-
gjeves har bestrwebt sig for at paavise Kulsyre i Residuet),
med Sikkerhed skulde fastseette en gvre Graendse for den
tilstedeveerende Carbonatmangde. men dette er i Virkelia-
heden ikke Tilfwlde.

Som bekjendt beskytter uoploselige Sulfater Carbona-
ter mod Decomposition endog, naar til Uddrivelse af Kul-
syren anvendes saa radicale Midler som concentreret Svovl-
syre, saaledes at man endog af den Grund har fundet det
fornpdent at modificere den af Fresenius og Will angivne
Methode til Bestemmelse af Kulsyren i neutrale Carbonater,!
De af Buchanan foretagne Underspgelser efter Kulsyve i
Residuet kan derfor ikke betragtes som Bevis for, at den
ikke skulde have vwret tilstede, og det fremgaar ogsaa
tydeligt af hans egne Udtalelser, at han selv har veret af
samme Mening,

Forat fan Rede paa. hvorvidt en ved Komming bevir-
ket Decomposition af de i Spvandet indeholdte neutrale
Carbonater foregaar i storre Udstraekning ogsaa. naar der
i Viedsken findes uoplgselige Sulfater. har jeg udfort nogle
TForsog efter den af Buchanan foreslanede Fremgangsmaade.
Af nogle Vandprever, som, uderspgte efter den af mig be-
nyttede Methode, viste sig at indeholde en Sum af surt-
og neutralbunden Kulsyre af 96 Mgr, pr. Litre og der-
over, ervholdtes ved Tnddampning til Torhed efter Tilswet-
ning af Chlorbarium uddrevet kun henimod 50 Mgr.,
ved en enkelt Undtagelse erholdtes engang over 50 Mgr.
pr. Litre. Det vil sige, den uddrevne Kulsyremengde var
ikke synderlig hoiere end den af Buchanan for Vandet i
Zqvatoregnene angivne og belgb sig til kun faa Mgr. over,
hvad den surtbundne Kulsyre efter paalidelige Observa-
tioner skulde belpbe sig til. de endnu i Residuet tilbage-
vierende Carbonater lykkedes det heller ikke mig at paavise.

Sporgsmaalet om Carbonaternes Miengde i de sydlige
Have maa derfor endnu betragtes som aabent.

Forhaabentlig vesterer endnu en Del af de fra Chal-
lengerexpeditionens Togter hjembragte Vandprever, og man
vil i saa Fald ved Underspgelse af disse kunne give Bi-
drag til Besvarelsen af disse Spgrgsmaal.

Efterat Ovenstaaende var nedskrevet paa Norsk, men
forend det endnu var oversat paa Tysk, ankom hertil 2det
og 3die Hefte for 1879 af Fresenius' Zeitschrift fir anal
Chem., hvori E. Bohlig offentliggjer en Afhandling,* hvoraf
det sees, at han ved Arbeide med naturlige Mineralvande
har observeret Omswtninger mellem kulsur Kalk og svovl-

! Fresenius, Qvant. Analyse, dte Aufl. 364 bb.
* Fresenius' Zeitschrift, 18 — 195.
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of lime. From what has been already explained, it is ob-
vious that nothing definite can be inferred from earlier
statements respecting the proportion of carbonates in the
water of the great oceans, The carbonic acid determina-
tions performed by Buchanan with water from the Atlantic
Ocean (he had recourse to evaporation. adding first chloride
of barium, and then attempting. unsuccessfully, to detect
carbonic acid in the residue by means of strong hydro-
chloric acid) wounld appear to fix a limit for the maximum
amount of carbonates contained in sea-water: but such is
not really the ease.

The presence of insoluble sulphates serving. as is
known. to protect carbomates against decomposition. even
when concentrated sulphuric acid is made use of to expel
the carbonic ncid. it was necessary for this reason alone
to modify the process devised by Fresenius and Will for
determining carbonic acid i neutral carbonates. Henee,
the experiments performed by Buchanan with a view to
detect carbonic acid in the residue, cannot be vegarded as
affording conclusive proofl of its absence; indeed, he himself,
as appears from his statements. is elearly of the same opinion.

In order to ascertain whether the decomposition by
boiling of the neutral carbonates in sea-water also took
place to a considerable extent when insoluble sulphates
were present in that fluid, T made a few experiments by
Buchanan's process. Ifrom several samples of sea-water
which, examined by the method | adopted. were found to
contain 96" of carbonic acid per litre, I succeeded. by
evaporation to dryness. after adding a solution of chloride
of barium, in liberating about HO™s only. with n solitary
exception, when the amount exceeded 50™7 per litre.  The
proportion of earbomic acid expelled was accordingly not
muech greater than that determined by Buchanan in water
from the Equatorial Seas and but a few millegrammes in
excess of what the carbonic acid forming bicarbonates. ac-
cording to trustworthy obscrvations, should have been; of
the carbonates said to be still present in the residue. I
failed to detect any trace.

The amount of the carbonates contained in the water
of the Southern Seas must. therefore, be still regarded as
an open question.

It is to be hoped that some of the samples of water
collected on the ‘Challenger’ Expedition still remain, in
which ecase their examination will serve to throw further
light on the subject.

After this Memoir had been written in Norwegian,
but previous to its translation into German, the 2nd and
3rd Parts of Fresenius' Zeitschrift fiir anal Chemie for
1879 came to hand, in which E. Bohlig has published a
paper® on transformations, observed by him in mineral
waters, resulting from the reciprocal action of carbonate of

1 Fresenius, Qvant. Analyse, Hte Aufl, 364, bb.
? Fresenius’ Zeitschrift, 18, p. 195.
Gt



sur Magnesia, som fuldstendig svare til, hvad jeg efter de
foran beskrevne Observationer har fundet for Sgvands Ved-
kommende. Disse Oms@tninger kunne saaledes, idet de
ere iagttagne af to af hinanden uafhengigt arbeidende Che-
mikere, uden videre Begrundelse antages fuldstendig factiske.

Det vil af dette Bohligs Arbeide sees, at han allerede
Sommeren 1878 over det samme Thema har publiceret en
Afhandling,! som jeg ikke tidligere har veret opmerksom
paa. Den vilde dog ikke havt nogen vesentlig Indflydelse
paa mine Underspgelser, saasom de vigtigste af de Obser-
vationer, der har fort mig frem til de samme Resultater,
som Bohlig forst har beskrevet, allerede vare udferte 3—4
Maaneder, forend hans farste Afhandling forelaa trykket.

! Fresenins' Zeitschrift, 17 — 301,
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lime and sulphate of magnesia, which precisely agree with
those I have described as occurring in sea-water. These
transformations having accordingly been observed by two
chemists working independently of each other, may with-
out further proof be accepted as facts.

From the said paper, it appears that Bohlig pub-
lished a treatise on the same subject in the summer of
1878, to which my attention had not previously been
directed. It would not, however, have materially in-
fluenced my experiments, the most important of the obser-
vations that led me to the results which Bohliz was the
first to describe, having been instituted 3 or 4 months
before his first freatise had left the press.

! Fresenius' Zeitschrift, 17, p. 301.




III. Om Saltholdigheden af Vandet
i det norske Nordhav.

H\'or det gjeelder at tilveiebringe Oplysninger om Varia-
tionerne af Saltmengderne i Havvandet. kan man til
sine Saltbestemmelser benytte flere forskjellige Methoder,
som hver iser tidligere har fundet udstrakt Anvendelse.
Den nzrmest liggende af disse bestaar i Vandets Afdamp-
ning og derpaa felgende Torring og Veining af de som
Residuum tilbageblivende Salte, en Fremgangsmaade, som
rigtienok directe forer til Maalet, men som til Gjengjeld
ogsaa fordrer temmelig meget Avbeide. Som mere indi-
vecte men ogsaa ulige mindre besvierlige Methoder kan
ogsaa anvendes Bestemmelse af Havvandets Chlormengde?
eller Egenveegt, hvoraf man gjennem passende bestemte
Cocfficienter kan beregne den samlede Saltmwengde, forud-
sat. at man kan antage et constant indbyrdes Forhold
mellem de i1 Sovandet indeholdte faste Bestanddele. Den
forste af disse Methoder medforer foruden Besvierligheder
ved Udforelsen ogsaa den Ulempe, at den ikke lader sig
anvende ombord paa et Fartei i aaben Sp, hvor Skibets
Beviegelser forbyder Brugen af Vegt, medens Egenvagts-
bestemmelser ved Hjwelp af Aveometre og volumetriske Chlor-
hestemmelser meget letvindt og med temmelig stor Npiag-
tiched kan udfpres ombord selv i temmelig uroligt Veir.

Hvor man derfor ikke tror sig sikker paa at kunne
opbevare Vandproverne i lengere Tidsrum uden derved at
rvisikere, at de undergaa Forandringer. som kunde ytre en
skadeliz Indflydelse paa Resultaterne af de erholdte Salt-
bestemmelser og, hvor man som Fglge deraf maa Legge
Hovedviegten paa en hwrtig Undersogelse af Vandproverne
i frisk Tilstand, bliver man saaledes udelukkende henvist
til Brugen af Chlorbestemmelser eller Egenvagtsbestemmel-
ser som Maal for den samlede Saltgehalt.

Paa det forste af den norske Expeditions Togter blev
af Svendsen, hvem de chemiske Observationer dengang vare

! Saavel her som overalt senere forstanes ved Chlormawngde den
samlede Chlor- og Brommengde.
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III. On the Amount of Salt
in the Water of the Norwegian Sea.

hen sceking to investigate the degree in which the

proportion of salt varies in sea-water, choice may be
made for performing the salt-determinations between several
methods, each of which has in turn been extensively
adopted. The most simple process, is first to evaporate the
water, and then dry and weigh the salts left in the residue,
a mode of operation which, though leading direct to the
desired vesult, involves considerable labour. Two other
methods, not so direct, but far less tedious, consist in
determining either the specitic gravity of the water or the
amount of chlorine® it contains, from which, by means of
proper coefficients, the total amount of salt may be com-
puted. provided always that a constant proportion can be
assumed to exist between the solid constituents of sea-water.
The first process is attended, irrespective of the trouble-
some mode of operation, with another drawback, viz. the
impractibility of adopting it on board ship in the open
sea, where the motion of the vessel altogether precludes the
use of the balance, whereas hoth specitic gravity determinations,
with  the hydrometer, and volumetric determinations of
chlorine. may be performed at sea with the greatest ease,
and very considerable accuracy, even in comparatively rough
weather.

Hence, when there is reason to fear that the samples
of water cannot be preserved for any length of time with-
out exposing them to chemical change, which might exert
a disturbing influence on the results: and whenever, accord-
ingly, weight must be chiefly attached to their immediate
examination, the only practicable standard of measurement
for computing the total amount of salt will be that furnished
by determinations of chlorine or of specific gravity.

On the first voyage of the Norwegian Expedition,
Svendsen, who then, as previously stated, did the chemical

! By “the amount of chlorine,” here and elsewhere throughout
this Memoir, is understood the total amount of chlorine and bromine.



overdragne, til Undersggelser over Saltgehalten udelukkende
anvendt Egenvegtsbestemmelser, hvorimod jeg paa de to
sidste Togter ved Siden af disse ogsaa har udfert et storre
Antal Chlortitreringer for gjennem denne Control at give
Resultaterne en storre Sikkerhed.

Til TUnderspgelser over den i1 Spvandet indeholdte
Chlormengde medhavdes paa de to sidste Togter fornden
Selvoplesning af saadaun Styrke. at 1 CC. af demne omtrent
svarede til 1 CC. Sgvand. ogsaa 2 paa fprste Togt ind-
samlede Vandprover. bestemte til som Normaler at tjene
til den ngjastizere Fastswttelse af Splvoplosningens Styrke.
Disse Normalers Chlormangde 1 Procenter blev ved om-
hyggeligt udforte Veiningsanalyser hvert Aar bestemt saavel
for Expeditionens Udreise som  efter dens Hjemkomst be-
standig med meget nwer det samme Resultat, hvorhos tillige
deres Egenviegter ved Hjwlp af Arvicometret ombord af-
lestes.  Til Brug ved alle ombord udforte Chlortitreringer
tjiente kun to Biivetter af lienende Construction og Stor-
relse, de samme. som af Stipendiat A. Helland anvendtes
ved de Bestemmelser af Chlormwengderne i Overfladevandet
i Atlanterhavet, som demme foretog i Aavet 1875 paa en
Reise til Gronland, de bleve af ham den Gang calibrerede
ved Hjelp af Kviksolv og befundne swrdeles tjenlige for
Piemedet.

Ved Biiretternes Brug fyldtes den ene med Splvop-
lgsning den anden med det til Undersogelse bestemte Sp-
vand, hvorefter en passende Portion Sovand fra den ene
under Omrystning tilsattes Solvoplosning fra den anden,
indtil al Chlor var udfieldt. idet chromsurt Kali tjente som
Index. Begee Bitretters Stand afliestes nu, og nogle Draa-
ber Sgvand tilsattes atter til Affarvning, hvorefter paany
fulgte Tilseetning af Solvoplosning og Aflzesning af Biivet-
ternes Stand o. s. v. Gjemnem en Rakke af 4 a 5 paa
hinanden folgende lignende Afliesninger erholdtes paa denne
Maade de fornodne Data til Beregning af det Volum Sp-
vand, som i hvert enkelt Tilfielde svarede til 1 CC. Solv-
oplgsning.

Paa demne Maade sammenlignedes paa den ene Side
Sevandsproverne og paa den anden Nide ogsaa fra Tid til
anden de medbragte Normaler med Sglvoplgsningen. idet
der altid sorgedes for. at Vandprovernes og Oplosningernes
Temperatur ikke fjernede sig synderlig meget fra hinanden.
Biiretterne bleve for at tilveiebringe en bedst mulig Aflob-
ning hyppig rensede med concentreret Svovlsyre.

Af de gjenmem disse Observationer erholdte Tal er

senere Spvandets Chlormwngde beregnet efter folgende
Formel

,_Ksp

P="37

hvori p betegner den underspgte Vandproves Chlormangde
i Procenter, & det Antal CC. af samme, der svare til 1
CC. Sglvoplosning og s dens Egenvegt ved 17.°5 C., P
Middeltallet mellem de for Udreisen og efter Hjemkomsten

i Normalen fundne Chlormengder, K det Antal CC., som.

af denne svarer til 1 CC. Sglvoplesning og S dens Egen-
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work, made exclusive use of specific gravity determinations:
but for a considerable number of my own observations, on
the last two cruises, I also adopted titration for chlorine
as a means of testing the gemeral accuracy of the results.

For estimating the amount of chlorine in sea-water,
I took with me. on the two last cruises. besides a solution
of silver of such strength that 1<« of the fluid about corre-
sponded to 1< of sea-water. also 2 samples of water col-
lected on the first voyage. to serve as a normal standard
by which to determine the strength of the solution of
silver. Each year. both previous to the departure of the
Expedition and after its return, the chlorine in these
standard samples was carefully determined by weighing, and
the percentage calculated accordingly, their specific gravity
too, as shown by the areometer on board, having been like-
wise noted down. For all chlovine-titrations performed at
sea, there were only two burettes in use, similar alike in size
and construction, — those used by My, Helland for determ-
ining the amount of chlorine in the surface-water of the
Atlantic on a voyvage to Greenland in 1875; he had eali-
brated them by mecans of mercury. and they proved excel-
lently adapted for the purpose.

When using the burettes. one was filled with solution
of silver and the other with the sea-water selected for
examination. after which solution of silver was added to a
proper quantity of the sea-water. while shaking the flask
i which the titration was performed &1l all chlorine had
been precipitated. chromate of potassium serving as the
index. The height of the fluid in both burettes was now
read. and a few drops of sea-water added to the mix-
ture. to discolour it. after which solution of silver was again
added. and the height of the fluids read as Dbefore. &e.
After the height had been thus read 4 or 5 times in
succession. the necessary data were obtained for computing
the volume of sea-water. which in each individual case cor-
responded to 1+ solution of silver.

In this manner, were compared on the one hand the
freshly drawn samples of sea-water. and on the other, from
time to time, also the standard samples, with the solution
of silver, care being taken to keep the samples of water
and the solution as near as possible at the same tempera-
ture. In order to prevent any portion of the fluid from
adhering to the burettes. they were frequently rinsed with
concentrated sulphuric acid.

With the fizures obtained from these observations. the
amount of chlorine in sea-water was afterwards determined
by the following formula —

KSP
P =

ks

in which p signifies the percentage of chlorine in the
sample of water examined, % the proportion in cubic cen-
timetres representing 1¢ of the solution of silver, and
§ the specific gravity of the water at 17°5 C.; P the mean
between the amounts of chlorine found in the standard
sample before the departure and after the return of the



viegt ved 17° 5 C. Disse Observationer bleve dog selv
paa de to sidste Togter ikke anstillede i samme Udstraek-
ning som Egenvegtsbestemmelserne, der ogsaa oprindelig
vare bestemte til i forste Rwkke at tjene som Maal for
den samlede Saltgehalt,

Expeditionen var for Egenviegtsbestemmelser forsynet
med flere Szt Glasareometre fra Dr. Kiichler i Ilmenau,

-

indrettede til at vise Sgvandets Egenvagt ved i—;o—gl, saa-
ledes at et Set viste Egenvegter fra 1 til 1.007, et andet
fra 1.006 il 1.013, et tredie fra 1.012 til 1.019, et fjerde
fra 1.018 til 1.025 og et femte fra 1.024 til 1.031. Arwo-
metrene vare inddelte i Delstreger af Veerdi 0.0002, medens
Afstanden mellem disse Delstreger paa Scalaen belgb sig
til meget nwer 1.5™" saaledes at man maatte kunne aflwese
uden stor Feil det dte Decimal. Under Afliesningen af
Vandprovernes specitiske Vagt anbragtes disse i en i dob-
belt Slingrebgile ophengt Glascylinder, hvis indre Diameter
belob sig til omtrent det tredobbelte af Armometrets Cor-
pus, hvorefter dette omhyggeligt remset og aftorret ned-
dykkedes i Vewedsken og tillodes at svomme frit i nogen
Tid. indtil det havde antaget Vandets Temperatur. Aflwes-
ningen foretoges nu langs den undre Rand af Viedskens
Niveau, idet samtidig Vandets Temperatur iagttoges paa et
controlleret Thermometer. inddelt i Delstreger af Veerdi
.42,

Paa Grund af det af Expeditionen benyttede Damp-
skibs fortrinlige Egenskaber som Soskib voldte disse Obser-
vationer 1 nogenlunde roligt Veir ingensomhelst Vanskelig-
heder. selv naar Kursen sattes ret mod Vinden, hvorimod
NSkibets Duvning i meget haardt Veir altid ytrede sig i
meerkbare om end smaa Beveegelser hos Arwometret. Hvor
Vandproverne optoges i saa wroligt Veir, at Bestemmelsen
paa Grund deraf kunde medfere forpget Usikkerhed, bleve
de altid hensatte nogle Dage, indtil de kunde undersoges
under mere gunstige Vilkaar,

Disse saaledes afleeste Egenvagter maa imidlertid i 2
Henseender forbedrves, idet man pan den cne Side maa an-
vende passende Corrvectioner for at faa de ved meget for-
skjellige Temperaturer afleste Egenviegter reducercde til
den frelles Normaltemperatur 17.°5, og paa den anden Side
maa befrie dem for Armometrenes constante Feil.

Hvad for det Igrste Correctionerne for Temperaturen
angaar, da give de af flere Videnskabsmend udforte Be-
stemmelser af Sgvandets Volumforandring med Temperaturen
Midlerne til at beregne disse, idet baade Hubbard?, L. F.

! Naar her som ofte scnere bruges Betegningsmaaden Egenveegt ved
¢
79y da menes dermed Egenveegt ved ¢° i Forhold til destilleret Vand
af 7° som Enhed. Alle Temperaturangivelser i denne Afhandling ere
wltrykte i Grader Celsius.

* Maury’s Sailing Directions 1858, — 1 — 237.
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Expedition, K those amounts in cubic centimetres corres-
ponding to 1° of the solution of silver, and S the specific
gravity of the standard sample at 17°5 C. These obser-
vations, however, were not instituted even on the two last
voyages to the same extent as those based on determina-
tions of specific gravity., the method by which, as origin-
ally agreed upon, the total amount of salt was to be chiefly
computed.

For performing specific gravity determinations, the Ex-
pedition had been supplied by Dr. Kiichler of Ilmenau
with divers sets of glass areometers, adapted to show the

wi
17" 5
specific gravities from 1 to 1.007. another from 1.006 to
1013, a third from 1.012 to 1.O19. a fourth from 1.018
to 1.025, and a fifth from 1.024 to 1,031, The areometers
were graduated in degrees of 0.0002, the interspaces on
the scale measuring however very nearly 1.5""; and hence
you could read oft with comparative accuracy to the fifth
decimal.  When about to read the specific gravity, the
samples of water were poured into a glass eylinder sus-
pended in gimbals, the inner diameter of the eylinder being
friple that of the areometer, which. carefully wiped and
dried, was immersed in the fluid and suffered to float
freely for some time till of the same temperature as the
water. The specific gravity was now read in the ordinary
way, the temperaturc of the water. as shown by a tested
thermometer graduated in fifths of a degree Centigrade,
being simultaneously obscrved.

The steamer selected for the Expedition being an
excellent sea-hoat, these observations were attended with
no difficulty whatever in moderately fair weather, even
when steaming dead against the wind: pitching, however,
was found to have a distinetly disturbing effect on the
arcometer, and therefore all samples of water drawn when
it was in any way violent, so as to give reason for appre-
hending greater uncertainty i the determinations if per-
formed at once. were stored for a few days, till the weather
had improved.

These readings of specific gravity have, however, a two-
fold neced of correction. avising on the one hand from the
very different temperatures at which the specific gravities
were read, involving the necessity of their reduction by
proper corrections to the normal temperature 17° 5, and
on the other. the constant error of the areometer, which
has also to be eliminated.

As regards the corrections for temperature, these
may be computed by the determinations performed by di-
vers men of science of the extent to which the volume of
sea-water varies with the temperature, Hubbard,? L. F.

specific gravity of sea-water at !, one set indicating

‘0
' The expression, specific gravity at 7, signifies specific gravity at

¢% with distilled water of 7'° as the unit of comparison. All statements
of temperature in this Memoir are given in degrees Celsius.

? Maury's Sailing Directions, 1858, 1, p. 237.



Ekman' og Thorpe og Riicker® har givet meget fuldsten-
dige Tabeller over Sgvandets Volumina ved forskjellige
Temperaturer, hvorhos tillige ogsaa Dr. Karsten® har op-
stillet en Correctionstabel, hvorefter man kan reducere de
ved vilkaarlige Temperaturer afleste Egenveegter til 17.°5.
Sammenstiller man de Correctioner. som efter disse Iagt-
tagelser kunne beregnes., erholder man imidlertid iser for
de lavere Temperaturer meget daarligt overensstemmende
Verdier, idet der kan optrede Differenter, der endog kan
overskride 0.0004, mellem de af Ekmann’s og Hubbard's
Observationer beregnede Correctioner. hersker der den
storste Overensstemmelse, men ogsaa her gaar Different-
serne paa enkelte Puncter op til meget nwr 0.0001. 1
Betragtning af disse tildels temmelig betydelige Uoverens-
stemmelser mellem de hidtil publicerede Underspgelser af
denne Art kunde det ikke findes ubefoiet endnu engang
at gjenoptage Bestemmelserne af Sgvandets Volumina ved
forskjellige Temperaturer, og jeg besluttede mig derfor til
gjennem egne Underspgelser at forvisse mig om, hvilken af
de opstillede Tabeller der bedst svavede til Udvidelsen af
det i det norske Nordhav flydende Vand. Dels i dette
Pjemed dels for at bestemme de benyttede Armometres
Correctioner og de Constanter, hvormed Chlorprocenterne
og Decimalerne i Egenvaegten maatte multipliceres for at
give Saltmengden, har jeg anstillet Undersogelser med fol-
gende Vandprover,

e De
Sation. | B, |1, Gromn i, Eng. 'FTD::}.'|"K_IE_I'E£E-:{-._
245 68° 21" 2% 5 V. o | o
247 68 5.5 2 24 0. 500 941
253 Skjerstadfjord. o o
254 67" 27" | 13° 25’ o o
284 73 1 | 12 58 o o
300 73 10 3 22 V. o o
349 76 30 | 2 57 O.| 1487 | 2719
362 79 59 5 40 o o

hvilke jeg for Kortheds Skyld i den Orden. hvori de her
findes opforte. vil betegne med I. I o. s. v. indtil VIIL
Til Bestemmelse af Sovandets Udvidelse benyttede jeg et
Sprengel’s Pyknometerd, forarbeidet af to Stykker meget
tynde Glasror af et og samme Ror med en indvendig Dia-
meter af omtrent 13", Rorene vare nedentil sammenlod-
dede ved Hjelp af et snevert kort u-formig bgiet Glasror
og oventil paaloddede knatformig bgiede solide Capillarror
med meget fin Aabning. Ved Paaloduingen af disse (las-
rgr blev der saa meget som muligt draget Omsorg for, at
kun en liden Del af de videre Ror udsattes for Opvarm-
ning over Bleselampen, forat ikke Apparatet derved skulde

! Kongl. Svenska Vetenskapsak. Handlingar 1870 — 1.

* Proc. Roy. Soc,, 24 — 159,

® Tafeln zur Berechnung der Beobachtungen an den Kiistensta-
tionen u. s. w. Kiel 1874,

¢ Pogg. Ann. 150 — 409,
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Ekman?!, and Thorpe and Riicker?® having prepared com-
prehensive Tables to show the volume of sea-water at diffe-
rent temperatures; Dr. Karsten?®, too, has published a Table
of Corrections by which specific gravities read at any tem-
perature may be reduced to 17.°5. Meanwhile. on comparing
together the corrections computed from these observations,
the values obtained more especially for low temperatures,
are found to agree but very indifferently, the difference in
some cases exceeding even 0.0004. The agreement is
closest Dbetween the corrections computed from Ekman’s
and Hubbard's observations; but heve, too. the difference for
some temperatures amounts to very nearly 0.0001, Con-
sidering. therefore. the want of uniformity. in some cases
very considerable. exhibited by such observations of this
kind as had till then been made public, it could not be
deemed superfluous to investigate anew by a further series
of experiments the vaviation in volume which sea-water
is found to undergo at different temperatures; and hence I
determined on ascertaining from the vesults of my own ob-
servations which of the aforesaid Tables corresponded best
with the expansion of the water in the Norwegian Sea.
Partly with this object in view. and partly in ovder to
determine the corrections for the areometers and the con-
stants by which the percentages of chlorine and the deci-
mals of specific gravity had to be multiplied when com-
puting the amount of salt, I examined the following sam-
ples of water: —

; : Longitude Depth

SR, Latitude. 1 fom Greenw. Eng. Fath,| Motres,
245 68° 21" | 2 5'W, o 0
247 68 35.5| 2 24 E. 500 941
253 The Skjerstad Fjord. o 0
254 67° 27" |13° 25 o o
284 73 1 12 38 0 o
300 73 10 3 22 W. 0 0
349 76 30 2 57 E. 1487 2719
362 79 59 | 5 40 0 0

which T will indicate, for the sake of brevity, by the Roman
numbers from I to VIII, and in the order in which they
are given here. For determining the expansion of the sea-
water. I made use of Sprengels pycnometer,® the instru-
ment was constructed of two pieces of glass tubing. cut off
from the same length. with an inner diameter of about 13==.
These tubes were sealed together at their lower ends
by means of a short, narrow glass tube, bent into the form
of the letter U, and had strong knee-shaped capillary tubes
sealed on to their upper extremities. When sealing on
these glass tubes, the greatest care was taken to confine
the heat from the glass-blower’s lamp to as small a portion

! Kongl. Svenska Vetenskapsak. Handlingar 1870, 1.

* Proc. Roy. Soc., 24, p. 159.

® Tafeln zur Berechnung der Beobachtungen an den Kiistensta-
tionen u. s, w, XKiel 1874,

* Pogg. Ann. 150, p. 459.



antage en anden Udvidelsescoefficient end den,.det anvendte
Glasrgr oprindelig havde. Pyknometret blev forst omkring
4 Maaneder, efterat det var blest, taget i Brug til de
Forsgg, som her skulle beskrives, forat ikke den for alle
Glasgjenstande eiendommelige Contraction gjennem de forste
Maaneder efter deres Blwesning skulde bidrage til i meerke-
lig Grad at forandre dets Volum under Observationernes
Udferelse. Pyknometret benyttedes ved de forste Forspg
uden nogen Sikkerhedskugle, men maatte senere, hvor det
fyldtes ved lavere Temperaturer, forsynes med en saadan,
indrettet til at treekkes ind over det videre Capillarrer.
Apparatet uden Sikkerhedskugle vil jeg for Kortheds Skyld
betegne som Pyknometer No. 1 og med Sikkerhedskugle
som Pyknometer No. 2. Ved Hjwxlp af disse udfortes fol-
gende Forsgg 1 den Orden, hvori de her findes opforte,

LT Luft
Pyknometer med Indhold. Vi{“gt ‘ af

G } sp. Veegt.
1. Pykn.No.1 tomt. . ... ... .. 15.9222 | 0.001200
I S S 15.92230.001200
3. -— - 1medrent Vandaf 17.°5 | 44.31530.001200
4. — - I ) w » 17.5| 44.3156|0.001201
5. — = I . s w. y» 17.5| 44.3151{0.001201
6. — - 1 , III..... 17.5]| 44.8097 | 0.001201
7. — =~ 1 , III...., 17.5] 24.8093|0.001201
8. — - 1 , VIIL .n 17.51 45.0742|0.001200
9. — - 1 , VIL...., 17.5]| 45.07380.001200
10. — - 2¢tomt. .. ....... 18.5665 | 0.001104
1. — - 2 med 1. af 0. | 47.7869|0.001198
12. — -2 ., I, . O. 47.7873 | 0.001108
132 — -2 . I, » O 47.7871./ 0.001199
4. — -2 , 1. s 17.°5 1 47.7249]0.001201
15. - -2 4 I, » 17.51 47.7246|0.001201
6. — -2 , I. 5 20. | 47.7085|0.001108
7. — -2 , I. . 20. 47.7087 | 0.001198
8. — -2 , I. s 8. | 47.7696|0.001200
9. — -2 , I, . 8. | 47.77020.001200
200 — -2 o, 1. » 4. | 47.7810]0.001200
21, — -2 , I, » 4. | 47.7808|0.001200
22, — -2 . I.... .13 47.7487 | 0.0011098
23, — -2 4 L.... , 13 47.7484}0.001168
24, ~— - 2 medvrent Vand, o. | 46.9773:0.001191
25. — -z . » » O 46.977610.001191
26, — - ztomt......... .| 18.5658 |0.001191
27. R S v| 15.0216|0.0011Q1
28, — -2 oo e 18.5656 | 0.001231
200 — = T g e e e e 15.9213 | 0.001231

Til Bestemmelse af Udvidelsescoefficienten af det an-
vendte Glas forarbeidedes af det samme Glasror et andet
engrenet Pyknometer nedentil tilsmeltet og oventil forsynet
med et Capillarrgr, idet der ogsaa her sgrgedes for Op-
varmning af en saa liden Del af Rgret som muligt.
Chemni.

Den norske Nordhavsexpedition. Tornoe:

Ved -

as possible of the wider tubes, lest it should give to the
apparatus a coefficient of expansion different to that which
the glass tubes originally had. The pycnometer was not
made use of for the experiments to be described here, till
about 4 months after the tubes of which it consisted had
been sealed together; for the contraction peculiar to all
articles of glass throughout the first few months after
they have Dbeen Dblown might otherwise have occasioned
an appreciable change in its volume during the progress
of the observations. For the first cxperiments, the pyeno-
meter was used without a veceiver. but subsequently, when
filled at a lower temperature, onc had to be provided,
adapted so as to admit of its being drawn over the capil-
lary tube. The apparatus when used without a receiver
I shall designate for the sake of brevity ‘Pyenometer No. 1,
and when used with a recciver, Pyenometer No. 2" By
means of this instrument the following experiments were
performed, in the order in which they are here arranged.

" Weight | In Air
Pycnometer with Contents. ! in with a Sp.
| Grammes. | Gr. of

1. Pyen. No.1empty ......... | 15.9222|0.001200

20— 2L . e i 15.9223]0.001200

3+ — - 1withpure waterof 17.°5| 41.3153|0.001200

40 — -1 ” s 17.5! 44.315610.001201

5. —— = 1 . 4 . s 17.5! 44.3151|0.001201

6, — -1 , IOI...., 17.5]| 12.8097!0.001201

7. — -1 . II...., 17.5] 44.8003 | 0.001201

8 — -1 , VIL.... ., 17.51 45.0742 | 0.001200

90 — -1 . VIIL.... ., 17.5| 45.0738|0.001200

10. — - z2empty .. .... ... 18.5665 | 0.001194
1. — =-z2withI....of o0° | 47.7869|0.001198
2. — -2 , I.. . O. 47.7873 | 0.001198
13. — - 2 I.. . O. 47.7871|0.001199
4, — -2 , I.. w 17.°51 47.7249|0.001201
1. — -2 L, I.. w 17.5 | 47.7246|0.001201
16, — -2 , I.. » 20. | 47.7085|0.001198.
17. — -2 , I, . s 20. | 47.7087|0.001108
8, — -2 , I.. » 8 | 47.7696|0.001200
9. — -2 L I.. » 8. | 47.7702|0.001200
200 — -2 . I.. » .4 | 47.78100.001200
. — -2 , I.. w4 47.7808 [ 0.001200

2 - -2 , I, - 13 47.7487 |0.0011g8

23, — -2 . Y.... . 13 47.7484 | 0.001198
24. — - 2 with pure water.. o. 46.9773 | 0.001191
25, — - 2 ” s . O 46.9776| 0.001191
26, — - 2 empty . .. ... . 18.5658 | 0.001191
27.  — -1 — o 15.9216|@.001191
28, — -2 — L. 18,5656 | 0.001231
20 — = I — o 15.0213]0.001231

For determining the coefficient of expansion of the glass,

a single-branched pycnometer was constructed, of the same

length of glass tubing, with the lower opening sealed up and

the upper extremity bearing a capillary tube, care being taken,

as before, not to heat a greater part of the large tube than
T



Hjelp af dette Apparat, som ved et Stykke Kautschukrgr
var forbundet med et lidet Reservoir, bestemt til Optagelse
af den ved mulig Opvarmning udskudte Del af Indholdet,
bestemtes nu Udvidelsescoefficienten af det anvendte Glas-
ror med renset Kviksplv, som nogen Tid for Forsogenes
Udforelse under Udkogning paafyldtes Pyknometret. Med
dette Apparat. som jeg vil betegne som Pyknometer No. 3,
udfprtes til den Ende folgende Veininger.

absolutely unavoidable. With this apparatus, which was
connected by a caoutschouc tube with a small receiver for
collecting any portion of the contents that, in the event of
the instrument becoming warmer might possibly be expelled,
the coefficient of expansion of the glass tube was now
determined by means of purified mercury, which, shortly
before the commencement of the experiment, had, when
boiling out the air, been introduced into the pycnometer.
With this apparatus, which I will designate ‘Pycnometer
No. 3, were performed the following determinations of
weight: —

| v | TInft | | Weight | In Air

Pyknometer med Indhold ! wgt af { Pycnometer with Contents. ’ in | withaSp,

{ Gr. sp. Vaegt. | | Grammes, | Gr. of
30. Pykn. No.3tomt . ........ 10.8654 | 0.001214 li 30. Pyen. No.zempty ........ 10.8651 | 0.001214
31. — = R G E e S , 10.8653 |0.001214 | 31. — -~ R A & ecsEels @ : 10.8653 | 0.001214
32, — - 3 med Kviksglv af 0°|195.9265|0.001215 . 32 — - 3 with mercury of o"|195.9265 o0.001215
33 - =3 w » y © 195.0265|0.001215 8% — = § »n » w O irqs-gzﬁs 0.001215
34 — - 3 = » » 20 [195.3588 |0.001205 | 34. — - 3 i » 20 '195.3588 | 0.001205
35 - -3 » » 20 1195-3592‘0-001205 , 35 — - 3 = - 20 '105.3592|0.001205
36. — -3 » » » 15 1105.4993 |0.001205 36. — - 3 - = 15 105.4093 ! 0.001205
37. — -3 =» = s O 195.9276|0.001205 37. — - 3 w . » O 105.0276|0.001205
38 — - 3tomt......... [0‘3650f0.001203 38. — - 3emply......... 10.8650 1 0.001203
39. — - 3 medrent Vand af 4°i 24.4621 0.001202 39. — - 3 withpurewater , 4" 2j4.1621]|0.001202
0. — -3 » w » » 4 234634 0001190 400 — - 3 » = = 4 214634 0.001190

Alle disse Veininger ere udforte efter Substitutions-
methoden ved Aflesning af Svingninger paa en Vagt,
hvis Folsomhed uden Belastning belpb sig til 1.4 Mgr. pr.
Delstreg og for stigende Belastning temmelig jevnt aftog
indtil 1.9 Mgr. ved 200 Gr. Belastning, Til disse saavel
som alle finere Veininger. som jeg lhar foretaget i Anled-
ning af disse Arbeider. benyvttedes en Platinalodsats fra
Deleuil i Paris. hvis Correctioner jeg i Forveien havde be-
stemt ved flere vel overensstemmende Veininger paa en af
P. Bunge forarbeidet fortrinliz Viegt, hvis Folsomhed for
de her omhandlede Belastninger heloh sig til omkring 0.14
Mgr. Ved Vemingerne iagttoges altid Temperatur og Ba-
rometerstand af Luften i Veievierelset. hvorimod dens Fug-
pighedsgrad i Mangel af Observation passende ansattes. en
Mangel, der ikke har nogen mirkbar Indflydelse paa For-
sogenes Paalidelighed. da selv en saa grvov Feil i Answet-
telsen af Luftens relative Fugtighed som 25 “, under de
her omhandlede Forhold kun virker paa det endelige Resultat
med en liden Feil 1 6te Decimal. Efter disse Data er Luf-
tens specifiske Viegt under Veiningerne paa vanlie Maade
beregnet og opfort i Tabellen,
scerskilt opfort Veining indstillet paany  for Temperaturen
0° 1 fiistodt Is og forovrigt i Vandbad. hvis Temperatur
under stadig Omroring holdtes constant, ligesom det mindst
en Gang for hver anden Veining tomtes og fyldtes igjen
med det Sovand, lvis Volum skulde bestemmes. Ingen
Indstilling toges for god, med mindre det lykkedes i mindst
15 Minutter at holde Temperaturen saa constant, at Ther-
mometret ingensinde viste Variationer af 0.°1 eller derover.
Til Brug ved Aflwesning af Vandbadets Temperatur tjente

Pyknometret blev for hyver.

These weight-determinations were all performed ac-
cording to the substitution method, by reading the oscilla-
tions of a balance, the sensibility of which. when not
loaded, amounted to 1.4 for every division of the seale,
diminishing, on being loaded with successive weights, at a
comparatively uniform rate down to L.927, when loaded
with 20097, For the above-mentioned as for all accurate
weight-determinations involved in these labours, I made
use of a set of platina weights procured from Deleuil in
Paris, the corrections of which I had previous to start-
ing on the Expedition computed from a servies of closely
agreeing determinations of weight performed with an ex-
cellent balance (made by P. Bunge), its sensibility when
loaded to the extent here speecified being nearly 0.1477,
When performing the weight-determinations, the tempera-
ture and the atmospheric pressure in the room were al-
ways observed, but the relative humidity not having been
found by observation had to be roughly estimated. a source
of inaceuracy which however can exert no appreciable in-
fluence on the trustworthiness of the experiments, seeing
that an ervor of even 25 per cent in the computation
of the velative humidity of the atmosphere would affect
the final result only by oceasioning a very small error in
the Gth decimal. From these data, the specific gravity
of the air during the process of weighing was computed
in the usual manner, and entered in the Table. For each
successive determination, the pycnometer was placed in
finely crushed ice, to give it the temperature of 0°, and
for every other required, in a water-bath, which by constant
stirring was kept at an equable temperature; it was emptied,



et Thermometer, inddelt i Delstreger af Vardi 0.2 med
en Lengde af 0.68™"., hyis Correctioner bestemtes ved
gjentagne Sammenligninger med det herverende meteoro-
logiske Instituts Normalthermometer, som til det Brug
velvillig blev mig laant af Institutets Bestyrer, Professor
Dr. Mohn.

Af Observationerne 32 til 37 kan forst Udvidelsen
af det til Pyknometrene benyttede Glasrgr beregnes, og
man erholder, naar de af Wiillner! beregnede Verdier for
Kviksglvets Udvidelse legges til Grund, som Udtryk for
(Glassets midlere Udvidelsescoefficient mellem 0° og 15°
0.0000267 og mellem 0° og 20° 0.0000274. Man kan
desuden ogsaa henytte Observationerne 3, 4 og 5 1 For-
bindelse med 24 og 25 til Beregning af Glassets Udvidelse
og erholder, naar man anvender de af Hiillstrém? og Ro-
setti? bestemte Verdier for Vandets Udvidelse, meget vel
overensstemmende Tal, som 1 DMiddel fastseette Glassets
midlere Udvidelsescoefflcient mellem ( og 17.°5 til 0.0000275,
Efterat man heraf har bestemt en passende Veerdi for Glas-
sets Udvidelse, hvorved naturligvis de med Kryikselv ud-
forte Bestemmelser fortrinsvis maa komme 1 Betragtning,
kan man nu skride til Udledelsen af de videre Resultater
af Forsggene., Man maa imidlertid her tage Hensyn til,
at Observationerne 1, 2, 10, 26, 27, 28 og 29 tydeligt
bevise, at Pyknometret under Forspgene har tabt omkring
0.7 Megr. i Veagt, hvad der rimeligvis skriver sig fra Op-
lgsning af en Del af Glasset paa de ydre Veegge paa
Grund af den stadige Omrgring i Badet. Den herved
foraarsagede Usikkerhed kan dog betydelig reduceres, naar
man heregner Pyknometrets Veegt til enhver Tid under
Forudsstning af, at Veegttabet er proportionalt med Ob-
servationernes Antal, idet Usikkerheden da knapt nok vil
influere paa Hte Decimal. Under denne Forudsetning har
jeg senere beregnet folgende Resultater, idet jeg paa en-
kelte Steder har tilladt mig smaa Aproximationer, som
imidlertid kun kan virke paa de endelige Veerdier med en
liden Feil i 6te Decimal.

Egenvegt ved igf’: af TIT 1.01739.
1T°5 ¢ VIT 1.02669.
17.°H
17.°H
175 af [ 1.02691.
O af T 1028,

! Pogg. Ann. 153 — 440.

? Disse Verdier ere ogsaa af Ekman benyttede til Bestemmelse
af Udvidelsen af det Dilatometer, som denne til sine Forsgg over Sg-
vandets Udvidelse har anvendt.

3 Ann, Chim. Phys. [4] — 17 — 372,
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too, at least once for every other determination, and again
filled with the sea-water the volume of which had to be
found. These observations were in no ecase considered
satisfactory unless the temperature of the water-bath had
been kept comparatively uniform for at least 15 minutes,
the greatest variation indicated by the thermometer during
that interval never having exceeded 0.°1, For reading the
temperature of the water-bath. a thermometer graduated
in divisons of 0.°2, measuring each 0.68™ was made use
of, the instrument having Dbeen previously corrected by
frequent comparvison with the standard thermometer of the
Norwegian Meteorological Iustitute which the Director,
Professor H. Mohn, had kindiy lent me for that purpose.

Nos. 32—3T7 are the first of the observations by
which the expansion of the glass in the pycnometer may
be computed; and, takimg the values found by Wiillner!?
for the expausion of mercury as the basis of calculation.
the mean coefficient of expansion of the glass between 0° and
15° will be 0.0000267, and between 0° and 20°, 0,0000274,
Moreover, Nos. 3 4 and 9, in conjunction with Nos. 24 and
25, will also serve for determining the expansion of the
glass; and, adopting the values computed by Hallstrom?
and Rosetti® for the expansion of water, very closely
agreeing vresults will be obtalned, the figures expressing
the average mean coefficient of expansion of the glass be-
tween O° and 17.°5 being 0.0000275.  After a proportionate
value of the expansion of the glass has been found,
for computing which preference should be given to the de-
terminations performed we may proceed
to deduce the further rvesults of the experiments. Mean-
while, regard must be had to the fact. of which the obser-
vations 1, 2. 10, 26, 27, 28, and 29 afford conclusive proof,
that the pycnometer had lost about 0.7 in weight during
the progress of the experiments. some portion of the outer
surface of the glass having probably been dissolved, a result
of the constant motion of the water, surrounding the instru-
ment when in the water-hath. 71he uncertainty this ocea-
sions may however be very considerably reduced by com-
puting the weight of the pycnometer for every experiment
on the assumption that the loss of weight is proportional
to the number of observations; in that case it will hardly
influence the Hth decimal. On the basis of this assump-
tion. 1 subsequently computed the following results. intro-
ducing here and there slight approximations, which, however,
can affect the final result only by occasioning a small error
in the 6th decimal.

with mercury,

Specific Gravity at i;—:% of IIT 1.01739.
FE5 - F VIT 1.02669,
17.°5
T2 1 1.02691.
17.°5
8—0 of T 1.02845.

! Pogg. Ann. 1533, p. 440.

2 These values were also adopted by Ekman for determining the
expansion of the dilatometer which he used when investigating the
expansion of sea-water.

% Ann, Chim. Phys. [4], 17, p. 372

7*



og som Control paa det benyttede Kviksplvs Renhed dettes
Egenveegt ved % til 13.5963
samt Sgvandets Volumina ved forskjellige Temperaturer til
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and, as a test of purity, the specific gravity of the mer-

at was found to be 13.5963, and

0°

the volume of sea-water at different temperatures —

i | ] 1 ]
:‘lo 4-8ir31|7.5 2c

: | i .
Veaf I ‘loooooo| l.ooo308! 1.000794 1.001654 1.002603 1.003227
i | { !

Til Udjevning af den efter disse Observationer op-
trukne Curve har jeg benyttet de mindste Kvadraters
Methode, idet jeg har sat Ligningen for Sgvandets Volum
ved t° under Formen

V=14 at + bt + ot
Betingelsesligningerne blive

¢+ 4 b4 16 c—0.000077 =0
a4+ 8 b4+ 64 c— 000009925 =0
@+ 13 b4 169 ¢—0.00012723 =0
a -+ 17 5b 4+ 306.25¢ — 0.000148857 =0

a4 20 b4 400 ¢—0.000161350 =0

hvoraf Systemerne

dba 4+ 625 b4+  955.25¢ — 0.000613687 =0
62.0a -+ 955.250 + 16132.37¢—0.008588 =0
950.26¢ + 16132.37b + 286702 ¢—0.1392130 =0
som ved Elimination giver
= 0.0000527328
b= 0.00000617375

¢ = — 0.000000037516
eller ved Afrunding
V,=140.000052733¢ 4+ 0.000006 1 738¢2 — 0.00000003752¢,

Efter denne Formel har jeg beregnet fulgende Tabel,
hvori Sgvandets Volum findes opfort for hver hel Grad
ogsaa for Temperaturerne under 0°, uagtet Formelens Gyl-
dighed for dette Strog ikke er stottet ved nogen Observa-
tion.

o | v, E T I A v,
—4 | 0.99989 i 5 1.00041 i 14 1.00185
—3 1| 0.9900 | 6 1.00053 Ip 15 1.00205
—2 | 0.999Q2 7 1.0006?. *—IE.*. 1.00227
—1 0.99995 8 1.00080 | 17 :.002_5?
0! 1.00000 9 1.00095 | 17.5| 1.00261
1 1.00006 | 10 1.oo111 | 18 1.00273
2 1.00013 | II 1.00128 | 19 1.00297
1.00021 | 12 1.00146 | 20 1.00322—
4| 100031 | 13 1.00165

| |
4I8||3| 20

175 |

[ l o
-
1

T-g of I

| 1.000000| t.ooo;oai 1.000794 1.oo:654| :.00:6051. 1.003227
¥ ! |

For smoothing the curve laid down from these obser-
vations, I adopted the method of the least squares, giving
the equation for the volume of the sea-water at #° the
form —

V.= 1+ at + bt? 4 ct?.

The conditional equations will be —

a+ 4 b4+ 16 ¢—0.000077 =0
e+ 8 b4+ 64 ¢—0.00009925 =0
a4+ 13 b4+ 169 ¢—0.00012723 =0

@ 4+ 17.5b0 4 306.25¢ — 0.000148857 =0
a-420 b4 400 ¢—0.00016135 =0

from which are deduced —

e + 625 b4+ 955.25¢ — 0.000613687 =0
62.5¢ - 955.250 4+ 16132.37¢ — 0.008588 =0
955.25a 4 16132.370 4 286702 ¢ — 0.1392135 =0

and these equations give by elimination —

a= 0.0000527328
b= 0.00000617375
¢ = — 0.000000037516

or, rounded off,
V=14 0.000052733¢ -} 0.0000061 738t — 0.00000003752*,

By means of this formula I determined the results
set forth in the following Table, which shows the volume
of sea-water, computed for every degree, including temper-
atures below 0°, although the applicability of the formula
to the latter has not been ascertained from observation.

| | l !

e ¥, te V. sl v,
—4 | 0.99989 3 1.00041_1_14._ : 1.00185
—3 | 0.99990 . 6 1.00053 _—15"!:" 1_;00205_-
_:z_ 0.99092 _;-- 100065 16 ! II :o_zzy_
—1 | 0.99995 1.00080 }—17_-'":;05
o| 1.00000 | @ 1.00095 _17—;| 1.00261
1 1.00006 | 10 r.oortr | 18 | 1.00273
2 1.00013 | I1 1.00128 19 I :.oozg;;r-
1.00021 l 12 1.00146 | 20 | 1.00322
4| 1.00031 I 13 1.00165 1 | -




Til Sammenligning hidszettes her de af Ekman fundne
Verdier for Volumet af 4 Vandprever 4, B, C og D af

53

For comparison with these figures, are annexed the
values found by Ekman for the volume of 4 samples of

respective Egenvaegter ved }—;; 101603, 1.01982, 1.02306, sea-water, 4, B, C, and D, their specific gravity at %‘:
og 1.02695. being respectively 1.01603. 1.01982, 1.02306, and 1.02695.
t* | Zafd | V,af B | V.afC | Viaf I{ t* | Viofd | Viof B V.of C | Viof D
—5 1.000145 1.000001 0.990083 0.09gQo2 —5 ‘ 1.000145 l 1.000001 I 0.990983 0.999Qo2
— 1.000087 1.000020 0.9999509 0.990894 —4 ‘ 1.000087 1.000020 0.990959 0.999894
—3 | 1.000044 | 0.999994 | 0.999948 | 0.999904 —3 | 1.000044 ’ 0.099904 | 0.099948 | 0.999904
— 1.000015 | 0.999983 | 0.999953 | 0.999922 | —2 l 1.000015 | 0.099983 | 0.099953 | 0.999922
—1 | 1.000001 | 0.999985 'I 0.999969 | 0.999955 | —1 | 1.000001 = 0.999985 | 0.999969 | ©.999955
0 | 1.000000 1.000000 1.000000 | 1.000000 0 | 1.000000 | 1000000  1.000000 1.000000
1 1.000019Q 1.000035 1.000043 1.000062 1 I 1.000019 = 1.000035 . 1.000013 1.000062
2 1.000047 1.000083 ‘ 1.000100 1.000130 2 | 1.000047 E 1.000083 . 1.000100 1.0001 36
3 1.000096 1.000142 1.000168 1.000220 3 ‘ 1.0000g6 | 1.000142 = 1.000168 1.000220
4 1.000154 1.000213 | 1.000249 ; 1.000315 | 4 . 1.000151 5 1.000213 1.000249Q 1.000315
5 1.000223 1.000206 | 1.000341 | 1.000421 . 5 t 1.000223 = 1.000296 1.000344 1.000421
6 1.000305 1.000390 | 1.000450 1.000537 i 6 1.000305 ]i 1.000300 | 1.000450 1.000537
7 1.000399 | 1.0004Q5 1.000567 f 1.000664 7 | 1.000399 | 1.000}05 | 1.000567 1.000664
8 1.000504 1.000612 1.000696 = 1.000801 8 1.000504 | 1.000612 ' 1.000696 1.000801
9 1.000621 1.000739 1.000836 1.000948 9 1.000621 i 1.0007 39 1.000836 1.000048
10 1.000749 1.000877 1.000085 1.001104 ! 10 1.000749 | 1.000877 1.000085 1.001104
11 1.000888 1.001026 1.001145 | 1.001272 ! I 1.000888 1.001026 | 1.001145 1.001272
12 1.001038 1 1.001185 | 1.001315 1.001}49 ' 12 1.001038 I 1.001185 | 1.001315 1.001449Q
13 | 1.001199 | 1.001354 | 1.001405 1.001635 13 1.0011gg 1.001354 = 1.001405 1.001635
14 1.001370 | 1.001533 1.001683 1.001831 14 1.001370 : 1.001533 ‘ 1.001683 ! 1.001831
15 1.001551 1.00171Q 1.001880 1.002038 15 1.001551 | 1.00171Q ‘ 1,001880 1.002038
16 1.001742 1.001925 1.002083 1.002250 16 1.001742 | 1.001025 1.002085 1.002250
17 1.001G43 1.002134 1.002299 1.002473 17 1.001Q943 | 1.002134 l 1.002299Q 1.002473
18 | 1.002153 1.002353 1.002520 1.002703 18 1.002153 | 1.002353 | 1.002520 1.002705
19 1.002373 1.002582 1.002749 | 1.002046 19 1.002373 | 1.002582 | 1.002749 1.002946
20 | 1.002601 1.002819 1.002084 1.003105 20 1.002601 1.002819 | 1.002084 1.0031Q95
21 1.002839 1.003002 1.003227 1.003153 21 1.002839 1.003002 1 1.003227 1.003453
22 1.003085 1.003321 1.003474 1.003719Q 22 1.003085 1.003321 | 1.003474 1.00371Q
23 | 1.003340 1.003588 | 1.003728 1.003903 23 1.003340 1.003588 | 1.003728 1.003903
21 1.00360z | 1.003861 1.003088 | 1.00}275 24 1.003602 1.003861 1.003988 1.004275
25 | 1.003875 | 1.00314} 1.004253 | 1.004565 25 | 1.003875 i 1004144 1 1.004253 | 1.004565
L] ]

For den af mig underspgte Vandprove I er efter de
forhen beskrevne Observationer fundet Egenvegten 1.02691
ved IZ? eller 1.02707 reduceret til 1'?0 §
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for Vandproven D har fundet Egenvagten 1.02695 ved
;’g«’ og det fremgaar saaledes, at Underspgelserne for disse
Vandprovers Vedkommende meget godt kunne gjoves til
Gjenstand for Sammenligning. En saadan Sammenligning
viser let, at der paa alle Puncter selv for Temperaturcrne
under 0° existerer en tilfredsstillende Overensstemmelse,
idet Differentserne i Regelen ikke overstige 0.00001 og for
de hgiere Temperaturer, hvor de antage sin storste Verdi,
kun gaa op til omtrent 0.000025, en Uoverensstemmelse,
som, naar Hensyn tages til Forskjellen mellem Vandpre-
vernes Egenveegter, end yderligere kan reduceres. Med de
ovenfor nevnte af andre Chemikere udferte Undersggelser

medens Ekman

According to the observations previously described

the specific gravity of sample I, was, at 1179 1.02691, or,

17.5°

reduced to l 2

i3 1.02707, and Ekman found the specific

D to be 102695 at ::_

sults, so far at least as these samples are concerned, very
well admit of being compared: satisfactory agreement exists
even for temperatures below 0", since the difference does
not as a rule exceed 0.00001, and for the highest temper-
atures, at which it is greatest, it amounts to only
0.000025; nay, these figures may be still further reduced
by taking into account the specitic gravities of the samples.
With the results of the above-mentioned observations in-
stituted by other chemists, those here described agree
but indifferently. According to the formula deduced by

gravity of sample Hence the re-



stemme de her beskrevne Resultater kun maadeligt overens,
Ifglge den af Wackerbarth efter Ekmans Observationer
beregnede Formel er Temperaturen for Twethedsmaximum
hos Sgvand af Egenvaegt 1.02707 = — 4.°04, medens Lig-

; d
ningen —
Temperaturen —4.°45.

Paa Grund af denne gjennemforte Overensstemmelse
mellem Ekmans og mine Resultater, har jeg ikke fundet
det forngdent at bestemme Udvidelsen af Vandprover af
lavere Egenviegt. men har uden videre anvendt Ekmans
Observationer paa de faa Puncter, hvor jeg til Reduction
af de paa den norske Nordhavsexpedition afleste Egenveeg-
ter har havt Brug for dem. Ved Hjelp af de ovenfor op-
forte Verdier for Spvandets Volumina ved forskjellige
Temperaturer kan man nu beregne de Correctioner. hvor-
med de ved vilkaarlige Temperaturer afleste Egenveegter
17."5
1% °
hvori ogsaa indgaar et Led, der afhenger af Areometrenes
Udvidelsescoefficient.? findes sammenstillede i nedenstaaende
Tabel.

=0 med de af mig fundne Coefficienter giver

maa forbedres forat reduceres til Correctionerne,

t* Correction ¢° Correction
C !

0 | —0.00224| 12 | —0.00104
2 ‘ —0.00214| 14 Ir—o.oooég
4 |—o.00201| 16 | —0.00031
6 ]—0.00183-_ 18 | 0.00011
8 | —o0.00161° 20 0.00056
10 l—o.00134_ i

Hvor den Temperatur. hvorved Afizesningen foretages,
ikke fjerner siz- meget fra Normaltemperaturen 17.°5. kan
disse Correctioner, der strengt taget kun gjelde for Sgvand
af Egenviegt omkring 1.027. ogsaa uden merkelig Feil an-
vendes for Vandprover af en derfra temmelig forskjellig
Egenveegt. Hvor derimod den Temperatur, hvorved Afles-
ningen forethges. ligger langt fra 17.°5, ere disse Corree-
tioner kun gyldige for et meget begriendset Interval,

Efterat saaledes de afleeste Egenviegter ved Anbrin-
gelse af disse Correctioner ere reducerede til Normaltem-
peraturen. staar det endnu tilbage at befrie dem for de ved
de benyttede Avicometre Leftende constante Feil.

Til Aflesning af saa godt som alle paa Expeditionen
bestemte Egenvieater benyttedes kun 3 Armometre, to paa
forste Togt og et paa de to sidste. Af de to forst neevnte,
der af Svendsen for Udreisen vare udvalgte af de ovrige,
fordi de havde vist sig at stemme serdeles vel overens. er
desy@rre det ene senere bleven knust. det andet er endnu
i Behold og er sammen med det paa sidste Togt benyttede
bleven corrigeret af mig.

! Som saadan benyttedes 0.000026.
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A. Wackerbarth from Ekman’s observations, the tempera-
ture for the maximum density of sea-water with a specific

=0

r

gravity of 1.02707 is —4.°04, whereas the equation d(;

gives. with my coefficients. a temperature of —4.°45.

Relying, then. on the close agreement between
Ekman's vesults and my own, I have not determined
the expansion in samples of sea-water with a lower
specific gravity, but have adopted Ekman’s observations,
for reducing. when needful, the specific gravities read on
the Norwegian North-Atlantic Expedition. By means of
the values, tabulated above, for the volume of sea-water at
different temperatures. the corrections which serve to reduce
175
may be computed. These corrections, into which the coef-
ficient of expansion of the areometer! enters as a factor,
are given in the following Table.

specific gravities read at any given temperature to

t* Corrections ! t° | Corrections
i . _
0 | —0.00224! 12 |—0.00104
2 | —0.00214 | 14 | —0.00069
34 | —o0.00201 16 | —0.00031
6 | —0.00183 18 0.00011
8 | —o0.00161| 20 i 0.00056
10 | —0.00134 !

When the temperature is not far removed from the
normal temperature, 17.°5, these corrections. which, strictly
speaking, apply only to sea-water with a specific gravity
of about 1.027. may. without involving any appreciable
error in the result. be likewise adopted for samples of
water whose specific gravity differs considerably from that
expressed by the above formula; but when. on the other
hand. the temperature at which the specific gravity is read
and that of 17.°5 lie far apart. the interval for which these
corrections will serve is but very limited.

After reducing by means of these corrections the
specific gravities to the normal temperature, there still
remains to eliminate the constant error of the areometer.

For reading almost all of the specific gravities determ-
ined on the Expedition. only 3 areometers were made use
of. two on the first cruise and one on the two last. Of
the two former. which. having been found to agree uncom-
monly well, Mr. Svendsen had selected previous to his
departure, one was unfortunately afterwards broken; the
other is still in perfect order, and was, together with that
made use of on the last voyage, corrected by myself.

! That adopted was 0.00002(.



Correctionernes Bestemmelse udfortes ved Hjelp af
Vandproverne I og VII, hvis Egenvegter tidligere ere be-

stemte til 1.02691 og 1.02669 ved L2

175 °
forste Togt anvendte Armometer erholdtes saaledes gjennem
5 Aflmsninger i 1 Correctionen —0.00023 og gjennem 12
Aflesninger 1 VII ligeledes —0.00023. Paa samme Maade
bestemtes det andet Arwometers Corrvectioner ved 5 Afles-
ninger 1 I til —0.00037 og ved 8 Aflwsninger i VII til
—0.00038. Under disse Aflzesninger var Vwmdsken altid
bragt til 17.°5 eller en meget nwerliggende Temperatur,
hvorfra Aflesningerne efter de forhen gjengivne Correctio-
ner reduceredes til Normaltemperaturen. Gjennem flere
Rwkker Aflwesninger i Vandproven I ved forskjellige Tem-
peraturer har jeg tillige forvisset mig om, at den ved Be-
regning af Correctionstabellen benyttede Udvidelsescoefficient
for Arwcometrene er passende valgt.

For det paa

Hermed er givet de fornodne Data til Reduction af
de paa den norske Nordhavsexpedition aflieste Egenviegter,
og jeg gaar dernwmst over til Bestemmelsen af Relationerne
mellem Saltgehalten, Chlormangden og Egenveegten.

Til Bestemmelse af Saltmzngden har, saavidt jeg ved,
tidligere kun veeret benyttet den simpleste Methode, bestaa-
ende i Afdampning af Vandet og Residuets Torring ved en
passende Temperatur, som af de forskjellige Chemikere er
bleven valgt noget forskjelligt fra 150°—180°.  Denne
Methode har jeg imidlertid af flere Grunde fundet lidet
tilfredsstillende, hvad man ogsaa paa Forhaand maatte vente.
Efter Graham! og andre taber nemliz den svovlsure Mag-
nesia. om hvis Tilstedevierelse 1 Sovandet der vel ikke kan
veises Tvivl, forst ved en Temperatur af over 200° sit
sidste Molekyl Vand, medens man paa den anden Side
allerede ved en Temperatur af betydeligt under 200* maa
befrygte en delvis Decomposition af den i Saltene tilstede-
veerende Chlormagnesium. Efter de Forsog, som jeg an-
stillede, viste det sig, at Saltene selv efterat viere torrede
ca. 20 Timer i Luftbad ved en Temperatur fra 170°—
180° endnu indeholdt ikke ubetydelige M:engder Vand (om-
kring 15 Mgr. pr. Gr Salt), medens de torrede ved lidt
lavere Temperatur indeholdt noget mere. Samtidig under-
soutes ogsaa Saltene paa fri Magnesia, hvorved jeg i Strid
med wmldre Angivelser fandt. at de bestandig selv ved Tor-
ring ved 160" til 170" indeholdt uventet store Qvantiteter,
saaat der for hvert Gr. torret Salt fandtes en Magnesia-
meengde tilstraekkelig til at neutralisere over 20 Mgr. HCI (ved
Torring ved 180° fandt jeg endog en enkelt Gang 40 Mer.).
Bestemmelsen af den frie Magnesia foretoges ved Saltenes
Oplosning i en afmaalt Mangde titreret Svovisyre og der-
paa folgende Retitration med fortyndet Natronlud af be-
kjendt Styrke. Ved Anvendelse af Rosolsyre som Index
erholdtes her en meget skarp Endereaction.

' Phil. Mag. J. 6 — 422,

The determination of the corrections was performed
with the water of samples I and VII. whose specific grav-
ity at i% had been found to be respectively 1.02691 and
1.02669. For the areometer used on the first voyage, b
readings with the water of sample I gave the correction
—0.00023, and 12 readings with the water of sample VII
likewise —0.00023; in the same manner, the corrections
for the other arcometer were determined, by 5 readings
with the water of sample 1. to be —0.00037, and, by 8
readings with the water of sample VII. to be —0.00038. For
tlrese readings. the Huid was always brought to 17.5, or
as near that temperature as possible, the readings having
in the latter case to be veduced, by means of the correc-
tions given above. to the normal temperature. Several
series of readings with the water of sample I, at different
temperatures, convinced me that the coefficient of expan-
sion for the areometer which I had computed for prepar-
ing the Table of Corrections was practically correct.

Having now specified the data necessary for reducing
the specific gravities read on the Norwegian North-Atlantic
Expedition, I shall proceed to determine the relation be-
tween the speecific gravity of sea-water and the amount
of salt and chlorine it contains.

For determining the amount of salt, the only method
formerly resorted to was, so far as I am awave, the sim-
plest. viz. that of evaporating the water and then drying
the residue at a proper temperature., which has been vari-
ously fixed by different chemists at from 150° to 180c,
This method, however. has proved in several respects de-
feetive, as was indeed to be expected.  According to Gra-
ham! and others, sulphate of magnesia, the presence of
whieh in sea-water ean hardly admit of doubt, does not
part with its last molecule of water till exposed to a temp-
erature of more than 200" whereas. on the other hand, it
is highly probable that partial decomposition of the chloride
of magnesium contained in the salt takes place consider-
ably below 200*,  Even after the salts had heen dried for
about 20 hours m an air-bath at a temperature of 170°—
180", they were still found to contain, according to my
experiments, a considerable quantity of water (about 15#r
salt per gramme); dried at a lower temperature, the
amount was somewhat greater. I also tested the salts for
frec magnesia, and found, in direct opposition to earlier
statements, that. even when dried at 160°—170°, they in-
variably contained a very large amount, the quantity of
magnesia to every gramme of dried salt being sufficient to
neutralize more than 207" HCl (once. when dried at 180r,
even 40™7). For determining the free magnesia, the salts
were dissolved in a given quantity of titrated sulphurie
acid, and the fluid then retitrated with dilute soda-lye of
known strength. With rosolic acid as the index, the final
reaction was very decided.

! Phil. Mag. J. 6, p. 422.



Forat undgaa de her omtalte Feil, benyttedes til Be-
stemmelse af Saltmengden i Sgvandet folgende Fremgangs-
maade,

I en med tetsluttende Laag forsynet tyk, veiet Por-
cellaindigel indveiedes 30 til 40 Gy. Spvand, som afdunste-
des pan Vandbad. Efterat Saltene vare nogenlunde vel
tgrrede, ophededes Digelen med Laaget paa ca. 5 Minutter
over en Bunsens Lampe. afkjoledes og veiedes paany. Der-
efter bestemtes paa den forud beskrevne Maade den ved
Decomposition af Chlormagnesium dannede frie Magnesia,
hvorved de til Bereaning af den samlede Saltgehalt for-
ngdne Data erholdtes.

I en tidligere Afhandling® har jeg paavist. at Car-
bonaterne 1 Spvandet ved Nogning omswtter sig til kulsur
Magnesia. som ved Inddampning eller under enhver Om-
stendighed ved Glodning efterlader Magnesin og man
skulde altsaa stremgt taget for den saaledes dannede Del
af den frie Magnesia beregne en anden Correction end for
den ved Decomposition af Chlormagnesium dannede Hoved-
mengde,  Den Feil, man begaar, ved at undlade dette er
imidlertid baade meget nwr constant og desuden saa liden,
at den uden videre kan negligeves, idet den kun bidrager
til at formindske den samlede Saltgehalt med omkring
0.0015 ¢, Det er sanaledes fuldstendig tilstrrekkeligt til
den ved Veiningen fundne Mangde torret Salt at addere
1.375 Gange den ved Titreringen bestemte Mwmngde fri
Magnesia for af det saaledes fremkomne Tal at beregne
Saltgehalten i Procenter,

Mod denne Methode kan der dog reises Indvendinger,
idet det kunde befrygtes, at mindre Qvantiteter Chlorna-
trium, Chlormagnesium eller Chlorkalinm under Glodningen
kunde forflygtiges. eller at en Del af den svovlsure Mag-
nesia ved den hpie Temperatur kunde decomponeres og
give Anledning til Tab af Svovlsyre. Man kan imidlertid
let forvisse sig om, at dette ved Anvendelse af en tyk Porcel-
laindigel med tatsluttende Lang ikke bevirker nogen Feil
af merkbar Indfydelse. Saaledes fandt jeg, at 1.2 Gr. af
en passende Blanding af Chlorkalium og Chlornatrium ved
1/ Times stierkest mulig Glodning over en Bunsens Lampe
1 den samme Digel. som jeg henyttede. til mine Saltbestem-
melser, kun tabte 2 Mgr. i Viegt. det vil sige. Blandingen
tabte ved Glodningen ikke fuldt 0.14 Mer, pr. 5 Minutter,
Ligeledes paavistes ved Bestemmelse af Svovlsyre og Mag-
nesia saavel i det henyttede Sovand som i det glodede
Residuum, at man selv ved en meget lengere fortsat Glod-
ning end den. der udfordres forat skaffe fuldsteendig vand-
frit Salt, ikke risikerer nogen skadeliz Feil foranlediget
ved Forflygtigelse af Chlormagnesium eller Decomposition
af svovlsur Magnesia,

1 “Om Kulsyren i Sgvandet” Side 40 gverst.
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In order to guard against the above-mentioned errors,
the following mode of operation was adopted for determin-
ing the amount of salt in sea-water.

From 300" to 409" of sea-water were introduced into
a thick poreelain crucible of known weight. furnished with
a tight-fittting cover, and evaporated on a water-bath. So
soon as the salt was sufficiently dry, the crucible, with the
cover on, was heated for about » minutes over one of
Bunsen’s gas-burners. then cooled and weighed with its
contents. The free magnesia liberated by the decomposi-
tion of the chloride of magnesim was now determined in
the manner previously described, and the last factor neces-
sary for computing the total amount of salt accordingly
found.

In a former paper!' Tdrew attention to the fact, that
the carbonates present in sea-water ave transformed during
the process of boiling into carbonate of magnesia, which
after evaporation, or. at least, on the salt being thoroughly
heated, leaves a residue of magnesia; and hence the pro-
portion of free magnesia thus formed would, strictly speak-
ing, seem to involve the need of a correction different from
that adopted for the principal amount liberated by the
decomposition of the chloride of magnesium. But the error
which arises from applying the same correction to both is,
on the one hand. very nearly constant, and, on the other,
so small as to admit of being safely ignoved, seeing that
it reduces the total amount of salt only about 0.0015 per
cent. It is, thevefore. amply sufficient, if to the amount of
dried salt found by weighing be added 1.375 times the
amount of the free magnesia determined by titration: the
figure thus obtained will serve to compute the percentage
of salt.

This method certainly is so far open to objection,
that small quantities of chloride of sodium, chloride of
magnesium, or chloride of potassium may be volatilized
during the process of heating, or some portion of the sul-
phate of magnesia be decomposed at the high temperature,
and thus occasion a loss of sulphuric acid. The error,
however, arising from this source will not exert any ap-
preciable influence on the vesult, provided the ecrucible
used for the operation be of thick porcelain. and have a
tieht-fitting cover. Thus, for instance, I found that 1.2¢"
of a proportionate mixture of chloride of potassium and
chloride of sodium. on being heated for the space of an
hour and a quarter over one of Bunsen's gas-hurners in
the crucible I had used for my salt-determinations, lost
only 27" in weight, or 0.14™" every 5 minutes. More-
over, it was manifest on determining the sulphuric acid
and magnesia both in the water itself and in the heated
residue, that, even in the event of the heating-process being
much more protracted than is necessary to obtain salt free
from the smallest trace of water, no serious error can
result from the volatilization of chloride of magnesium or
the decomposition of sulphate of magnesia.

2 #On the Carbonic Acid in Sea-Water,” p. 40,



At Methoden giver indbyrdes vel overensstemmende
Resultater, viser de talrige Saltbestemmelser, som udfertes
med samme Vandprover. Saaledes fandtes ved neden-
staaende Forsog

3525 8514

Proc. Salt i IT {°°*° Proc. Salt i VII /3516

3517 ALt

D15

- - mf ,

: 3.501

3.386 3.507

- — =1V : 3.508
3.385

— _ .y J3500

v J85%0 3,502

- 3533 8.506

‘ 3.500

3501
oy JpeEms
]3.279

Resultaterne ere, som man ser, allerede her temmelig
vel overensstemmende, men kunde visselig gives en endnu
storre Noiagtighed, om man vilde arbeide med noget storre
Quantiteter Sgvand.

For Vandprgverne ITI og VII er Egenveegten ved
17.
17.
til vespective 1.01739 og 1.02669, for Vandproverne IV,
V, VI og VIII er den funden ved gjentagne Aflesninger
pan et af de corrigerede Avmometre, medens den for Prgven
IL kun Dblev bestemt ved en enkelt Aflesning. Ligeledes
bestemtes imeget omhyggeligt samtlige Vandprovers Chlor-
méengder, Heraf kan

% allerede tidligere ved Hjelp af Pyknometer bestemt

. Saltmengden
Chlorcoefficienten = ———— ———
Chlormengden
og
. Saltmangden
Egenvegtscoefficienten = = —

Egenveegten — 1
beregnes, saaledes som det er gjort i nedenstaaende Tabel.
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That the results obtained by this method must be
regarded as agreeing very closely #nfer se, is shown by the
numerous salt-determinations performed with the same
samples of water.

- 3.514
Per cent. of Saltin IT """ Per cent. of Salt in VII! 3.516
]3.a17 3515
g Jpaes
|2:299 3,501
3.507
. . - — -1V :336 3,508
D00
. . _ . ymzl8s0
% ¥ |3.533 3.500
a970 3.501
mor - — - VI 3.279

These figures, it will be seen. differ but little inter
se, and by increasing the quantity of water greater accuracy
could no doubt be attained.

For samples ITI and VIIL the specific gravity at
17.%5
175
viously determined by means of the pycnometer; for samples
IV, V, VI, and VIIL it was found by repeated readings
of one of the corrected areometers, whereas for sample
IL it was determined by ome reading only, The amount
of chlorine, too, in each sample was cavefully determined.
From these data may be computed the

. - caq.e_ Amount of Salt
Coefficient of Chlorine = oot o Ol

respectively 1.01739 and 1.02669, had been pre-

and the
Amount of Salt

Coefficient of Specific Gravity = Specific Gravily — 1

as set forth in the following Table.

Egenveegt | Chlor- Salt- I Egen- Chl
No. 1. | mengde | mengde | veegts- m.'-
ved = | . . e coefficient.
17% | % | icnefhclent.‘_
II| 1.02670 ! 1,047 3.521 131.9 1.808
I | 101739 1 r271 | 2301 132.3 ' 1.810
IV | 102573 | 1.868 | 3.386  131.6 | 1_813
V! 1.02676 1.956 | 3.532 | 132.0 | 1.306
VI | 1.02488 | 1809 | 3.278 | 1318 . 1812
VII 1.02669 | 1.047 | 3.515 131.7 i'_-l._805_
VIII ! 1.02655 : 1.938 | 3.503 l 131.9 | 1.808

Som det heraf fremgaar, er baade Chlor- og Egen-
veegtscoefficienterne tiltrods for Saltgehalternes Forskjellig-
hed overalt meget nwr constante, saa at Variationerne

Den norske Nordhavsexpedition. Tornee: Chemi.

I Spee. Grav, EPcreontagc!.Pcl'ceutageTCoefﬁcient Coefficient

No. | at 17.% ! of of of of
17.%5 Chlorine. | Salt. Spec.va.l Chlorine.
11 1.02670 l 1.947 | 3.521 | 1319 1.808
IIIi; 1.01739 1 1.271 ' 2301 | 132.3 1.810
:_ I\".Ii 102573 | t.86f3_' 3.386 131.6 | 1.813
V| 102676 | 1.956 = 3.532 132.0 ! 1.806
VI 1.02488 | 1.809 | 3278 | 1318 | 1.812
VII 1.02669 1.947 | 3.515 | 1317 1.805
VIII 1.02655  1.938 } 3.503 131.9 1.808

It thus appears, that the coefficients both of chlo-
rine and specific gravity, notwithstanding the difference in
the percentage of salt, are always very nearly constant;

8



rimeligst bliver at tilskrive Observationsfeil. Som Chlor-

coefficient kan heraf opstilles

1.809 + 0.00076

med en sandsynlig Feil af en enkelt Bestemmelse af + 0.002
og som Egenvegtscoefficient

131.9 + 0.058

med en sandsynlig Feil af en enkelt Bestemmelse af' + 0.15.

Disse Vierdier stemme iswer for Chlorcoefficientens
Vedkommende ganske vel overens med tidligere fundue
Vewerdier, sanledes har baade Forchhammer og Ekman i
Middel fundet 1.811, medens de af Andre opstillede Egen-
vegtscoefficienter overalt ere noget mindre end den af mig
fundne.

Ved Hjwlp af disse Coefficienter har jeg af de paa
Expeditionens Togter udforte Chlor- og Egenvagtsbestem-
melser beregnet Vandprovernes Saltgehalt og sammen med
Originalobscrvationerne opfgrt dem i nedenstaaende Tabel.

Egenviegterne ere i Regelen kun afleste med 4 Deci-
maler, det dte er kun opfort. hvor det havde en Veerdi ner
9, saa at det kunde vere Tvivl underkastet. om der ved
Afrunding skulde formindskes eller forhoies. I de reduce-
rede Egenvierter findes ligeledes kun opfort 4 Decimaler.
hvor det uden Tvivl kunde afgjores. til hvilken Side
Afrundingen skulde finde Sted, hvorimod der i modsat
Fald ogsan der er tilfpiet ot dte. De med * betegnede
Egenvaegter cre afluste paa Avwometre. hvis Correction
ikke er bleven bestemt. Til Optagelse at de til Under-
sogelse af Naltholdigheden bestemte Vandprover er foruden
det tidligerce beskrevne., af Wille construevede. Apparat og-
saa paa grundere Vand ofte benyttet den af Ekman an-
givne fortrinlize Vandhenter, som imidlertid ifolge den Frem-
gangsmaade, lhvorefter Dyblodninger paa den norske Ex-
pedition foretoges, ikke egnede sig til Brug ved stovre Dyb.

Ved Velvillie af Professor Molm  har jeg fanet op-
givet de undersogte Vandprovers Temperatur i Havet, hvor-
ved det er Dleven muligt ogsaa at tilfoie en Rubrik for
deres Egenvwgter ved demne Temperatur i Forhold til
rent Vand af 4°.* Af de i Tabellen gjengivne Observa-
tioner ere alle indtil No. 149 udfporte paa Iste Togt af
Svendsen, alle fra 149 til 225 paa 2det Togt af mig, de
gvrige ere udforte paa sidste Togt af Schmelck og mig i
Fellesskab, saaledes at det storste Antal skyldes Schmelek,
der dette Aar medfulgte Expeditionen.

! Rent Vand af 4° er ved denne Reduction valgt som Enhed,
fordi den allerede tidligere er anvendt af J. Y. Buchanan (Proe.
Roy. Soc. 24—597). Ved Beregning af Egenvegternes Verdi
ved Havets Temperatur i Forhold til Vand af 4° er Forhol-
det mellem Volumet af rent Vand ved 4° og 17.% sat == 0.098768,

and hence the variation in the results should most prob-
ably be ascribed to errors of observation. The coefficient
of chlorine may accordingly be taken at —

1.809 + 0.00076

with a probable error in a single determination of + 0.002,
and the coefficient of specific gravity, at —

131.9 + 0.058

with a probable error in a single determination of + 0,15,

These values agree closely, in particular as regards
the coefficient of chlorine, with those previously found.
Thus, for instance, the mean value found both by Forch-
hammer and Ekman was 1.811, whercas the coefficient of
specific gravity given by former observers is somewhat
lower than mine.

By means of these coefficients I have computed from
the determinations of chlorine and specific gravity the
amount of salt in the samples of water collected on the
Expedition, and have set down the observations and their
results in the accompanying Table. which calls for a brief
explanation.

The specific gravities are as a rule not read to more
than 4 decimals. a fifth being added only in the event of
its having a value of 5, in which case it is often doubtful
whether. when rounding off the figures, there should be
increase or diminishment. The reduced specitic gravities, too,
are expresed with 4 decimals only. wherever it was mani-
fest in which direction the rounding off had to be made;
when such is not the case. a fifth has been added. An
asterisk at the side of a specific gravity denotes that the
latter determined with an arcometer for which no
correction had been found. Besides the instrument devised
by Wille. of which a description has been given. Ekman's
excellent apparatus was likewise made use of, in compara-
tively shallow localities. for collecting the samples of sea-
water in which to determine the amount of salt: the mode
of sounding practised on the Norwegian North-Atlantic
Expedition would not admit of its adoption for greater depths.

Professor Molm has kindly fwnished me with the
temperatures of the samples of water #n sifiu. which has
enabled me to give an aditional column for the specific
gravities at those temperatures as compared with pure
water of 4" ' Of the observations «iven in the Table,
those extending from No. 1 to No. 149 were performed
on the first voyage, by Mr. Svendsen; those extending from
No. 149 to No. 225, on the second voyage, by myself; the
remainder were taken on the last voyage, by Mr. Schmelck
and myself conjointly, the greater number, however, by Mr.
Schmelck, who that year accompanied the Expedition.

was

! Pure water of 4° was chosen as the unit of reduction, J. Y. Bu-
chanan having previously adopted it as such (Proc. of Roy.
Soc. 24, p. 797). When computing the specific gravities at the
temperature of the sea, as compared with water of 49 the
ratio existing between the volume of pure water at 4° and 17.%
was assumed to be 0.008TG8,
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Dy bsgnhgggigihﬁ' | Temperatur. Egenvagter. i:]t;::*?:;g;l?;
31} 1 - rafure. ecific Gravity. 2 e
v | R PIUTTNS it | o | Aoy || RS
Stat.| Bredde Green- il 7 Te mengde, .

No. wich, veegter. Under Ef ed Ved gue Efter Efter
No. (North ) Engelske (Specific | Aflsesnin- I 17.°5 ‘E_' (Amount of | Ario- Chlor-

Latitude.) (Llj;;:;:'mk Fawme | Meter, (;:n;t;;y gen, Havet, 1795 40 Ohtorine) | moter, | muengde,

! ‘reenwich. cnali Metres. 2o y At

Gireemwich) I(f'ﬁ:;ff::) etres) ( When read.) (In .S;:‘"‘) I;:I\lté ¢ | Jiﬁﬁii!:?:l'.) zli(vfjo!iuﬂmof

¢ 170 5 rry : Chlorine.)
57| — | 62° 37" | 2° 377 E. o} o | 1.0277 | 13.1 11.5 il.ozéé 1.0266 —_ 3.51 =
58| — |62 405 |1 58 o o | 1.0276 13.7 11.4 | 1.0266 |1.026065 — 351 —_
59| — | 62 45 1 13 o o | 1.0277 14.6 11.4 |1.0269 |1.0269 — 335 —
6o| — | 63 2 1 12 WL ) o | 10275 | 159 11.1 | 1.026Q5] 1.0270 — 3-55 —
61| — |63 3 I 14 o o | 1.0275 13.4 10.8 | 1.0265 |1.0266 — 3.50 —
62| — | 63 4 1 19 0 o | 1.0277 13.2 10.8 |1.02665|1.1268 — 3.52 —_
63| — |63 6 1 24 0 o | 1.0279 12.5 10.4 |[1.0267 |1.0269 — 3.52 —_
64| — | 63 8 1 26 0 o | 1.0279 12.9 10.8 |1.0268 |1.0269 —_ 3.53 —
65| — | 63 12 1 26 0 o | 1.0279 | 12.8 10.4 |1.0268 |1.0270 — 3:53 —
66| — | 63 14 1 27 0 o | 1.0278 | 12.8 10.5 [1.0267 |1.02685 — 352 | —
67 | — | 63 17 1 28 o o | 1.0279 | 13.3 10.8 | 1.02685|1.0270 — 354 | —
68| — | 63 18 I 23 0 o | 1.0280 11.9 10.8 {1.0207 | 1.02685 = | Bsd | =
6g| — | 63 45 0 57 o o | 1.o277 | 15.2 10.7 |1.0270 | 1.0272 — 356 | —
70| — | 63 46 1 o 0 o | 1.o277 15.2 10.2 |1.0270 |1.02725% e 3.56 —
71| — | 63 26 1 28 o} o | 1.0274 | 16.5 108 | 1.026095  1.0271 — 355 & =
72| — | 63 18 1 38 o o | 1.0275 16.2 10.4 1.0270 |1.0272 — 3.50 -
73| — | 63 8 1 58 o} o | 1.o279 | 13.8 10.4 '1.02605|1.02715 — 3.55 —
74 | — | 62 58 2 3 o o | 1.o279 14.0 10.2 ' 1.0270 [1.0272 | — | 3.56 —
75 | — | 62 46 3 33 o o | 1.0277 14.0 9.8 :1.0268 !'1.0271 | — ' 3.53 —
76 | — | 62 34 4 28 o o | 1.0283| 11.9 9.4 1.0270 |1.0274 — 3:56 —-
77| — | 62 20 5 28 o] o | 1.0282 12.3 10.0 :1.0270 |1.02725 — | 3.56 —
78| — | 62 5 6 22 o o | 1.0278 | 13.8 10.6 1.02685 1.0270 — | 354 | —
79 | — Thorshavn. o o | 1.0280| 13.4 9-4? ;1.0270 |1.02735| — | 3.50 —
80| — Do. o o | 1.0266 | 10.2 0.4 {1.0251 !'1.0254 — 3.31 —
81| — Do. o o | 1.0275 | 15.8 9.4 '1.0269 :1.0273 — 3-55 -
82 1 — | (Noutnern Txtremity of Nantse.) o o | 1.0276 | 150 9.4 |1.0269 |1.02725 «—— 3-55 —
83| — Deo. ! 0 o | 1.o277 | 150 9.4 '1.0270 |1.02735 — 3.56 —
84| 37 | 62° 28".3] 2° 29'W.l 309 565 | 1.0276 | 15.3 0.1 [1.0269 |1.0283 — 355 | —
85| 37 | 62 2832 29 ' 6go 1262 | 1.0276 | 158 | —r1.1 |1.0270 |1.028j5 — 3560 | —
86| — | 62 13 4 32 0 o | 1.0274| 158 9.3 |1.0268 |1.0272 — 3-53 —
87| — |62 23 3 26 0 o | 1.0274 | 15.5 9.6 |[1.0268 |1.0271 — 3-53 |' —
88| — | 62 28 2 29 o] 0 | 1.0274 | 157 10.4 |1.0268 |1.0270 — 353 —
8g! — | 62 37 2 52 o o | 1.0275 15.7 10.2 1.026Q |1.027I ! — 3.55 ‘ —
go | — ! 62 50 3 30 o} o | 10276 | 15.3 | 105 [ 1.02069 |r.0271 | — 3-35 —
Q1 | — | 62 357 3 47 o o | 1.0275 14.8 10.3 |1.02675 1.0270 — 3.53 —
92 | — | 63 12 4 39 o o0 | 1.0274 | 15.7 9.7 | 1.0268 |1.0271 — 3.53 -
Q3| — | 63 22 5 20 o] o | L.o277 14.0 Q.4 ‘1.0268 1.0272 — 3.53 —
94| 40 | 63 =22.5 | 5 29 | 515 942 | 1.0277 13.6 | —o0.4 |1.0267 1.0281 — 3.52 =
95| 40 1 63 22.5 |5 29 : o o | roz77! 138 9.7 |1.02675]|1.0271 — 3.53 —
96 | 40 63 22.5 |5 29 ; o o | 1.0277! 13.8 9.7 i 1.02675 | 1.0271 2 3.53 —
97 | 40 @ 63 22,5 |5 29 i o 0 | 1,0277 : 15.4 10.3 | 1.02705 1.0273 — 3.57 —
98 | — | Reikjavik. 0 0 | 1.0272 II.1I 0.8 !1.0258 |1.0261 — 3-40 -
99| — | (Tue Mrddie of Fore Bag.) o o ! 1.0267  16.3 10.0? | 1.0262 | 1.0265 — | 3.46 ==
100 — 63" 49" l22° 52 o 0 | 1.0273 | 14.5 8.8 |1.0265 |1.0269 — i 3.50 —
o1 | — | 63 37 21 58 o o | 1.0274 | 14.2 9.7 |1.0265% | 1.0268 — | 3.50 —
102| — | 63 42 22 25 o o | 10278 | 11.7 9.5 |1.0265 !1.0268 i — | 330 =5
103 — |63 25 21 o ! 0 o | 1.0271 | 15.6 10.0 |1.0265 1.02675 — | 350 —
104{ — | 63 13 19 54 | o o | 1.0273 | 15.6 10.4 |1.0267 il.026g | — 3.52 —
1o — |63 6 18 43 ! o o | 1.0273 | 16.8 10.6 |1.026Q9 .1.0271 — | 355 —
06| — |63 7 17 31 i o o | 1.0273 15.3 10.2 |1.0266 |1.02685 — | 3.51 —
107 | — | 63 7 (16 20 l o] o | 1.0273 15.6 11.0 |1.0267 |1.0268 — | 3.52 —_
108 — |63 8 |15 g 1 o | o | 1.0276 15.2 11.0 |1.0269 |[1.0270 — | 3.55 —
109, — | 63 8 13 359 o | o | 1.0279 13.0 10.7 {1.0268 [1.02605 — | 3.53 —
10| — | 63 20 |13 22 o o | r.o272 | 16.0 10.7 |1.02665|1.0268 — | 3.52 .
IIT | 45 | 63 28 |12 358 0 0 | 1.0273 16.9 10.4 |1.02695!1.02715 — | 3.55 =
112 | — | 63 38 12 35 o 0 1.0279 13.6 10.0 |1.026Q9 |1.0272 — | 355 —_

! Sterk Regn. (Heavy Rain.)
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|
Ir Dybdv:nh]:;rf::tl’m- Temperatur. Egenveegter. Saltmamngde.
< . (Amount of Salt
— Im:_;gde (p,.ﬂ:{m which the a}:n- Ktiegin (Temperature.) (Specific Gravity.) measured.)
. | Stat.| Bredde. Green- Egen- = il
No. ' ool orm wich | vegter. | guger | Fed | Vel mengde. | prer | Efter
2 D! . .7 3 " Amon .
Latitude.) !’ﬁ;; g Ff\'ue. Meter. f?r;?:i:;; Aﬂ:’::m' Havet, 1795 46 ‘Kmf:,jf ‘:‘;:; mi]:nl(g)';e.
Greenwicl.) (English (Metres.) T 5 (In Sitn) At At (Hy the (By the
Fathoms.) (When read.) ¢v % ;_o Areometer.) Ac:me
113 — | 63° 57 |11° 52" W, o} o |1.0277 13.6 10.2 |1.0267 |1.0269 —_ 3.52 —
14| — | 64 14 |11 12 0 o ;L0277 14.0 | 9.5 |1.0268 |r1.0271 —_ 3-53 —
115 | 48 | 64 36 |10 21.5 o 0 |1.0279 1.5 ' 53 |r1.02655 1.0275 - 3.50 —
116 | — | 64 44 |10 4 o o |1.0270 175 | 70 1.0268 |1.0275 = 353 —
117 | — |65 o 9 24 o o |1.0269 18.0 7.4 |1.0268 |1.0275 — 3.53 —
118, — | 65 =21 8 36 o 0 |1.0271 16.8 ’ 7.8 |1.0267 |1.0273 = 3.52 —
1g, — | 65 39 7 53 o 0 |1.0271 | 150 | 7.2 |[1.0264 r1.02705| — 3-48 —
120 51 | 65 53 7 18 o o |1.0272 | 150 | 8.0 | 1.0265 | 1.02705 — 3.50 ==
121 | 51 | 65 53 7 18 515 942 |1.0272 160 = —o0.6 | 1.02665 1.0281 == 3.52 —
122 | 51 | 65 53 7 18 1163 2127 !1.0272 16.0 | —1.1 !1.02665 1.0281 — 3.52 —
123| — | 65 51 5 36 | o | o |1.02069 18.2 | 8.4 |1.0268 |1.02735 — 3.53 —
124{ — | 65 49 4 18 o o [ro270 | 17.6 | 9.3 |1.0268  1.0272 = 3-53 —
125 | 52 [ 65 475 |3 7 o o |1.0270 | 17.6 9.7 | 1.0268 i1.0271 == 353 s
126 | 52 | 65 47.5 |3 7 515 | 942 |1.0270 | 17.4 | —0.4 |1.02675 1.0282 . 3-53 =
127 | 52 |65 47.5'3 7 ! 1861 ; 3403 |1.0280 | 12.0 | —1.2 |1.0267 |1.0282 — 3-52 —_—
128 | — 614 147 4 24 E& o o |1.0273 13.09 11.0 |1.02645]1.02655 = 3-49 —
12, — | 64 47 4 24 o | o |1.0264 10.5 11.0 | 1.0266 |1.0267 == 3.51 m—
130 — | 64 49 4 46 [} 0 |1.0263 19.0 10.8 | 1.0263 |1.0265 E— 3.48 -
131 | — |63 46 's5 38 o 0 | 1.0270 18.0 11.2 | 1.0269 |1.026Q5 = 3-55 —
132| — |62 42 6 47 o o |1.0265 10.0 10.6 | 1.0266 |1.0268 — 3.51 e
133| — | 64 37 '8 o o o |1.0265 19.0 10.8 |1.0266 | 1.0267 = 3.51 =—
134 | — | 64 27 | 8 36 o o |r.0253 19.2 10.5 |1.02545| 1.0256 = 3.36 —
135 | == | ntrac aodnent cor s 0 o [1.0220%| 15.8 — |no217 | — — 2.86 =
136 | 63 | 64° 41.3 | 9° o o o |1.0278 13.4 11.6 | 1.0268 |1.02675 = 3-53 —
137 | 68 | 64 441 | 8 g o] o | 1.0277 13.0 11.6 | 1.0266 |1.0266 - 3-51 —
138 73 | 64 46.5 |7 =28 o o |1.0276 13.0 11.3 |10265 |1.0265 == 3.50 —
139 — | 64 48 6 45 o o |1.0277 13.0 11.5 |1.0266 |1.0266 == 3.51 —
140 | — | 64 48 6 26 o 0o |1.0281 12.2 1.6 |1.02685! 1.0268 e— 3-54 =
141 f — | 64 33 5 31 0 0 |1.0278 142 | 11.8 |1.0269 |1.0269 = 3-55 =
142 — | 612 4 5 35 o 0 | 1.0277 13.8 1.7 | 1.02675|1.0267 o 3-53 —
133, — |62 2 |5 g2 o o |1.0277 | 13.8 120 | 1.02675|1.0267 . 3-53 —
134 | 89 | 614 1 | 6 7.5 o o | 1.0277 13.8 12.2 | 1.02675:1.0266 | — 3.53 —
145| — (63 o 6 42 o 0 |1.0279 120 | 11.4 |1.0266 | 1026065 == 3.51 ==
146 | — |63 48 |6 42 o o 1.0268 12.8 128 |1r.0257 [1.0263 | — 3-39 -
147 — | 63 22 | 6 47 o 0 1.0259 | 128 — | 1.0248 - | = 3-27 —
148 | — Stadt. o 0o 1.0250 142 | — |no2y15| — | — 3-19 e
139 94 | 50° 8,2 ' a° 38 o 0 |1.025Q 120 | 0.8 1.0245 |1.0218 == 3.23 —
1so| 94 |59 824 38 145 265 |1.0263 120 | 5.0 |1.0249 |1.0258 =s 3.28 =
151 | 95 |60 42.5 | 4 13.7 o | o |1.0254 12.9 Q.4 11.0232 |1.02}5 = 3.18 —
152 | 95 | 60 42.5 | 4 13.7 175 320 1.0278 | 119 5.8 |1.0263 |1.0272 = 3-48 =
153| — | 64 47 2 50 o | o |1.0276 12.7 9.4 !1.0263 |1 0267 = 3.47 —
154 g6 |66 85!3 o o | o |1.0278 | 13.5 8.2 1.0266 '1.0272 = 3.51 =
155| g6 |66 85 |3 o 805 1472 |1.0275 | 139 | —I1.1 |1.0266 |1.0280 - 3.51 -
156 | g7 | 66 2 4 21 683 1249 [1.0284 109 | —I.1 |1.0268 1.0283 - 353 =
157 | 98 | 65 356 5 21 388 710 {1.0278 13.0 | —1.0 |1.020655 1.0280 ; — 3.50 —
158 { 99 | 65 51.5 | 6 25 213 390 |1.0277 | 13.5 6.1 [1.0265 |1.0274 i 3.50 =
159 | 101 | 65 36 8 32 s} 0 |1.0276 12.6 9.4 |1.0263 |1.02665 = 3.47 o=
160 | 101 | 65 36 8 32 223 4208 | 1.0283 10.3 6.0 |1.0266 | 1.0275% = 3.51 =
161 | 104 | 65 28 9 56 162 296 |1.0282 1.4 6.5 | 1.0267 |1.0275 == 3-52 —
162 | 124 | 66 41 6 59 o 0 [1.02735| 14.5 8.4 |1.0264 |[1.02069 - 3.48
163 (125 | 67 52.5 | 5 12 o o |1.0282 101 7.0 |1.0265 |r1.0272 | 1.957 3.50 3.54
164 | 125 | 67 52.5 |5 12 700 1280 |[r1.0280 10.4 | —1.1 [1.02635|1.0278 | 1.951 3.48 3.53
165 137 | 67 21 8 358 0 0 |1.02745 9.9 8.2 |1.0257 |1.0263 — 3.39 —_—
166 {137 | 67 24 |8 58 400 732 |1.0281 11.7 | —1.0 |1.0266 |[1.0281 — 3.51 —
167 {143 | 66 58 |10 33 o 0o 1.0273 10.7 8.2 |1.0257 |1.0262 1.899 3.39 3-44
168 | 143 | 66 358 10 33 189 346 |1.0279 12.0 6.2 |1.0265 |1.0273 1.956 3.50 3.54
Den unorske Nordhavsexpedition, Tornoe: Chemi 0
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Dyb%gnh\];r;rg';:t Prg- Temperatur, Egenvaegter. | Saltmengde.
Lsengile {(Depth from which the Sam- (Temperature.) (Specific Gravity.) (.-Im’:‘r:::l:;‘f:{jau
Nordlig fra .I ples were collected.) %%ﬁ:EG Chlor- i R
No. Stat. | Bredde. (i‘l:ie;if' | veegter. | {rder : Ved Ved |mengde.; pp Eftor
No. (North . Engelske (Specific | Afleesnin- | I 1725 e¥ (Amount of | Arvo- Chlor-
Latitude.) [Yfra;; i Favne. Meter. G‘Im‘v!ity ] gen. f Havet., 795 10 Chlorine. AkaD. m‘:engde.
| Greenwich.) I(jEr;er‘aA (Metres.) ; read.) t (In Sienj | j;:‘_s ;#s (ly the _{lgﬁf':u':":e
i ‘athaims.) | | ( When ;'cad.)I Lo s — ! Areometer.) C?me'fncj-
169 | — IR iy ) ! o |1.0091*| 11.7 | — [1.0083 — — | 1:09 —_
170 | 152 | 67° 18" [12° 36’ E. ) o |1.0266 14.3 .2 |1.0256 |1.0261 - ’ 3.38 =
171 | 152 | 67 18 12 46 [ 70 128 |1.0270 13.5 | 1.1 | 102585 1.0209 — 341
172 | 152 | 67 18 12 46 125 229 |1.0274 13.5 | 3.1 {1.0262 | 1.0273 — ‘ 3-46
173 | 162 | 68 23 |10 20 705 1454 |1.0270 | 17.2 —1.2 | 1.0266 | 1.0280 1.943 3.51 3.51
174 | = | (enenaceto the Hesedt Flort) o | o |1.0260 | 145 | 88 |10259 |1.0264 — ‘ g | -
175 | 171 | 60° 18 |14° 29 | 0 o |1.0272 11.9 | 9.0 |1.0258 |1.0262 | — | 340 —
176 | 171 | 6g 18 |14 29 642 1174 |1.0282 9.9 | —r1.0 |1.,0263 |1.0279 - | 3350 —
177 | 176 | 69 18 |14 32.7 0 0 :1.0270 13.3 8.0 |1.0258 |1.0264 — | 340 -
178 | 179 | 69 32 i1 10 o o [1.0280 10.Q 8.8 |1.0264 !'1.0269 1.043 3-48 3.52
179 | 179 | 69 32 11 10 1607 2039 | 1.0282 97 —1.2 | 1.0264 |1.0279 1.935 3.48 3.50
180 | 183 | 69 59.5 | 6 15 o o |1.0279 13.3 8.6 |1.0267 |1.0272 1.052 3.52 353
181 | 184 | 70 14 9 50 0 o |r.o280 12.6 7.6 |1.0267 [1.0273 1.943 | 3-52 3.51
182 | 184 | 70 4 9 50 600 1097 | 1.0279Q 12.8 0.0 1.0266 |1.0280 | 1.928 | 3-51 349
1831 184 | 70 4 g 50 1547 2829 | 1L.02765 13.4 —1.3 |1.0265 |1.0279 1.035 3.50 3-50
184! 187 | 69 51.5 |14 41 1335 2441 1.0276 | 15.2 —1.1 ;[ 1.02675]1.0282 1.033 | 3-53 3.50
185 | 188 | 69 43 |15 29 o] 0 |1.0278 13.2 9.0 |1.0266 |1.0270 1.939 | 351 3.51
186 | 18g | 69 41 |15 42 -1 o 0 | 1.0275 13.2 9.6 [1.0263 |1.02606 1.923 1 347 3-48
187 | 189 | 69 41 15 42 860 1573 |1.0279 12.9 —1.1 | 1.0266 |1.0281 1.931 351 3:49
188 | 200 | 71 25 (15 40.5 o | 0 | 1.0282 9.9 7.8 [1.0265 | 1.0271 — 3.50 —
189 | 200 | 71 25 |15 40.5 620 1134 [1.0285 9.4 | —1.0 |I 0267 |1.0281 1.949 3.52 3.53
1go | 206 | 70 45 14 36 0 0 i1.0282 95 8.2 |1.0264 |1.0270 | 1.945 . 3.48 3.52
191 | 206 | 70 45 |14 36 700 | 1280 |1.0285 87 | —o0.7 |1.0266 |1.0280 1.045 | 3-51 3.52
gz | 206 | 70 45 |14 36 1248 | 2282 [1.0283 9.2 —1.1 | 1.0265 | 1.0279 1.945 | 3.50 3.52
103 | = | (Raiense t the Matenges, Fiord 0 o — — = — | £344 | — 3.15
194 | 212 | 70° 12.5 |17° 41’ o | o} .11.0255 21.7 7-2 ‘1 0261 '1.026?5I 1.893 344 343
195 | 212 | 70 12.5 |17 41 142 | 260 |1.0272 17.6 5.8 |1.026851.02775| 1.940 - 3.5 3.51
196 | 213 | 70 23 2 30 | o | o |1.0277 14.2 8.2 |1.0267 |1.0272 1.956 ¢ 3.32 3-54
197 | 213 | 70 23 2 30 1760 1 3219 1.0271 15.5 —1.2 |1.0260 |1.02805 1.951 ! 3.5I 3-53
198 | 215 | 70 353 2 o W, o) 0 1.0276 14.9 8.0 |1.0267 2.0273 | 1.015 . 3.52 3.52
199 | 215 | 70 53 2 o 200 366 |1.02755| 15.2 2.8 |1.0267 |1.0279 1.945 3-32 3:52
200 | 215 | 70 53 2 0 700 1280 1.0276 13:3 —o0.6 | 1.0266 |1.0280 1.935 | 3-51 3.50
201 | 215 | 70 53 2 0 | 1665 3045 1.0275 14.3 —1.2 |1.0265 |1.02705| 1.939 | 3.50 351
202 | 217 | 71 © 5 8.5 o 0 1.0283 6.5 4.6 |1.0262 |1.0272 | — 3-16 =
203 | = | (Hustern Fxiremity of Jur Mayen) o 0o 1.0280 4.0 3.0 {1.02505|1.0268 | — 3.38 =
204 | 225 | 70° 58’ 8° 3 0 o ;1.0278 Q.2 3.4 | 1.0260 ' 1.0271 — . 3.343 —-
205 | 226 | 70 59 7 51 o] o 1.0277 10.5 3.0 |1.0261 |1.0272 1.893 3-44 3-42
206 | 226 | 70 59 7 51 340 622 '1.0282 9.1 —o0.6 |1.02635|1.0278 1.936 3.48 3.50
207 | — | 6g 20 |11 18 o o  1.0276 12.8 4.3 |1.0263 |1.02735| 1.925 3.47 3.48
208| — | 68 33 7 25 o | o | — — 6.0 | — — 1.936 | — 3.50
209 | 243 | 68 32.5 | 6 26 o | o 1.0280 12.8 | 7.8 | 1.0267 |1.0273 1.045 | 3.52 3.52
210 | 243, 68 32.5 | 6 26 { 600 | 1097 '1.02715] 16.7 | —0.8 |1.0266 ' 1.0280 1.927 3.5.1 3.49
211 | 243 68 32.5 | 6 26 [ 1385 | 2533 1.0286 57 | —I1.3 |1.0264 |1.0278 1.940 | 3.48 3.51
212 | 245 | 68 21 2 5 ) o 1.0280 | 13.4 9.0 |1.0268 |1.02725| — . 4.53 —
213 | 247 | 68 55 | 2 24 E. ) o 10278 | 138 | 0.4 |1.0267 |1.0271 | 1.951 , 3.52 3:53
214 | 247 | 68 5.5 | 2 24 500 914 1.0278 | 13.1 --0.4 |1.0266 |1.0280 1.927 ! 3.51 3-49
215 | 247 | 68 5.5 | 2 24 1120 2048 1.0275 ‘ 14.5 —1.2 | 1.0265 |1.027Q95| r.929 | 3.50 3.49
216 | 249 | 68 12 6 35 1063 1944 @ 1.0274 15.4 —1.3 | 1.0260 |1.0280 1.937 ! 3.51 3.50
217 [ 2511 68 6.5 | 9 44 o | 0o 1.0276 13.9 13.2 |1.0265 |1.0262 | 1.927 3-50 3-49
218 | 252 b g e o o |1.0254 19.2 14.07 |1.0254 |1.0249 | 1.820 | 3.35 3.2
219 | 253 Skjerstadfjord. ) o !1.0178%| 14.4 13.0 |1.0173 |1.0168 1.261 2.28 2.28
220 | 253 Do. 263 481 [ 1.02755| 11.2 3.2 |1.0260 |1.02715| 1.887 | 3.43 3.41
221 | 254 | 67° 27" |13° 25 0 o |1.0266 12.6 10.0 [1.0253 |1.0255 | 1.843 | 3.34 3-33
222 | 254 | 67 27 (13 25 70 128 (1.0278 I1.2 4.8 | 1.02625|1.0272 1.929 3.46 349
223 | 254 | 67 27 |13 25 140 256 |1.0281 12.1 5.8 | 1.0267 |1.0276 1.931 3.52 3.49
224 | — Frohavet. o 0 |1.0262 12.0 — | 1.0248 — 1.822 3.27 3-29
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Dy bs:nh;:;{:_m Temperatur. Egenvegter. Saltmengde.
(Amount of Salt
Nordlig ol e TN ke St i meaaured.)
Stat. Bredde. Green- Eg‘en- - “hlor-
No. o e | wich, Bngelske vegter. | a0 I‘T %da \::.(1 meengde. | e Efter
PO | atde) ! U‘?’!‘i; tde | Favne. | Meter. tf;?.i;;; AH:;T 7| Havet. | 1593 i’ I{.:':;':-::c_‘;r :‘;?; mﬁﬂ;:e_
Greenwick.) (5,,2& (Metres.) (In Sit) At ;l: . by the | (By the
.‘ Fathams.) | i(m“ mel,}j e ::;; | = _{W,J% .1(;.;::;‘:{
225 | 255 | 68° 12./3i15° 40’ E. o | 0 |1.0262 14.3 10.7 |1.0252 |1.0253 | = 3.32 -
226 | 255 | 68 12.3 15 40 3o0 J 549 |[1.0280 12.9 6.5 |1.0267 !1.0275 | — 3.52 —
227 1 256 | 70 8.5 |23 4 o | o - | = —_ — — rn.118 — 2.02
228 | 256 70 8.5 |23 4 | 225 | 411 ;10280 ! 109 | 4.0 10263 1.0275 | 1.930 | 3.48 {349
229 | 258 | 70 12,6 123 2.5 o | o |1.0276 | 8.3 | 11. 1.0257 10256 . 1.865 @ 3.39 3-37
230 | 258 | 70 12.6 23 2.5 230 : 421 |1.0282 | 6.9 | 40 10261 1.0272 | 1.g07 3.3 l 3.45
231 259 | 70 48.9 25 59 80 | 146 |1.0286 6.7 | 41 1.02635 1.0275 . 1.042 3-49 3.51
232 | 261 | 70 47.5 |28 30 o | 0 |1.0248 11.9 | 7.4 1.0234 1.0240 | L.713 | 3.09 3.10
2331 261 | 70 47.5 28 30 127 232 |1.0280 10.9 | 2.8 1.0264 1.0276 | 1.920 3.48 347
234 262 | 70 36 132 35 o o [1.0282 85 | 56 1.0265 1.0272 | 1.021 | 3.47 3.47
235 1 262 70 36 (32 35 148 271 |1.0284 8.9 ‘ 1.g 1.0265 1.0278 ° 1.032 | 3.50 3-49
236 | 263 | 70  44.5 133 14 Lo121 221 l1.1:@86 6.9 ! 1.9 1.0265 1.02775 1.927 | 3.50 3-49
237 | 2631 70 56 35 37 i o '| 0o |1.0279 | 11.3 5.2 1.0263 1.0273 1.929 3-48 3-40
238 1 264 70 356 135 37 86 157 |1.0281 l 1y Lo 1.0266 1.02785: 1.934 | 3.51 3.50
230 | 268 | 71 36.5 '36 18 0 o |1.0281 8.7 ‘ 4.4 [1.0265 ;1.02755; 1.025 | 3.50 2.48
240 | 268 | 71 36.5 36 18 130 238 |1.0285 8.9 | —1.0 [1.0266 !1.0281 1.938 } 3.51 1.51
231 ’ 270 | 72 27.5 .35 I o 0 |1.0284 Q.0 ‘ 3.6 |1.02655 1.0277 1.037 3.50 1.50
242! 270 | 72 27.5 '35 1 | 136 249 |1.0286 8.9 oo 1.0267 |1.0281 1.037 | 3-52 3-50
243727273 108 33 3 ' 113 207 |1.0283 89 1.5 1.0266 |1.0279 | 1.937 | 351 | 3.50
233! 273 |73 25 3t 30 ! o | 0 1.0285 8.7 4.0 1.0266 |1.0276 | 1.938 | 3.51 1 3-51
215 ‘ 273|173 25 31 30 197 | 360 |1.0285 8.5 2.2 [1.0266 |1.0278 | 1.043 3.51 | 3.51
246 {2751 74 8 131 12 o | o |1.0287 50 | 2.9 | 1.0263 !1.0277 | 1935 3.50 I 3.50
247 ’ 275 [ 74 8 |31 12 147 269 |1.028¢ 5.5 | —0.4 | 1.02665 | 1.02805 1.036 3.52 350
2)8| 278 | 74 L5 |22 27 0 o !1.0286 5.0 ‘ 4.2 11.026} |1.02745 = 3.48 —
219 | 278 i 74 1.5 [zz 27 | 230 421 | 1.0287 53 | 0.9 1026} |1.0278 | — 3.48 —
250, 280 | 74 105 18 51 ' o 0o | 1.0282 93 ' 1.2 |1o0263 10277 | — 3-48 I =
251 | 280 | 74 105 18 51 I 35 | 64 1.0283 [ 94 | 1.1 1.0265 |1.0278 | — 3.50 —_
2352 | 281 t 74 3 ‘17 18 ' 0 o 11.0285 | 89 | 4.6 [1.0206 51.02*65[ 1.967 | 3.51 i 3.56
253 | 281 | 74 3 |17 18 ; 115 210 :1.0287 | 88 | 22 10268 1.0281  1.939 3-53 | 3-5¢
2541 283 | 73 47-5 114 21 o o] ‘1.0282 | 11.3 2 1.0267 [1.0274 1.938 3.52 | 3.51
255 | 28473 1 12 58 ‘ o o '1.0283 11.2 6.8 ‘1.02675 1.0275 1.940 353 3.51
256 | 286 | 72 357 14 32 | 447 817 | 1.0284 ' 9.5 | —0.8 1.0266 |1.02805 — 3.51 [ —
257 | 289 | 72 41.5 20 18 i o | o '1.o28z | 11.1 7.6 11.026063 1.0273 — | 352 | —
258 | 289 | 72 41.5 20 18 | 219 | 400 1.0282 I1.1 2.0 (1.02665 1.0279 — | 3582 | —
250 291 | 71 54 21 57 | o | o 1.0280 | 120 | 7.4 |1.0266 102725 1.936 ! 3.51 | 3.50
260 | 291 | 71 54 21 57 | 194 355 1.0283 10.5 | 3.0 [1.02675 1.02795. 1.944 3.53 | 3.52
261 | 293 | 71 7 21 11 : o | 0 1.0272 ! 5.0 — 1102495/ — | 1.909? 3.29 3-45
262 | 203171 7 21 Il 95 | 174 (1.0276 5.3 — | L0254 ] — 1.943 3-35 3.51
263 | 294 | 71 35 .15 II 0 l 0 1.0272 4.9 — 102495/ — | 1.018 3.29 3.47
261 | 204 | 71 35 15 11 637 | 1165 [ 1.0284 7.1 —1.2 ' 1.0263 [1.027751 1.934 3.47 3.50
265 | 295 | 71 59 11 4o o | o [1.0278 13.5 7.0 !1.02665)1.02735! 1.g42 | 3.52 3.51
266 205 71 55 |11 30 . 100 i 183 ;10283 ! 101 ! 3.2 '1.02606 1.0278 1.942 | 3.51  3.51
267 | 2051 71 55 ‘11 30 | 6oo | 1097 10281 | 10.7 | —o0.8 1.0265 '1.0279 1.036 | 3.50 3-30
268 | 205 | 71 59 11 40 1110 | 2030 [1.0278 | 133 | —1.3 10266 1.02805 1.934 | 3.51 . 350
269 | 206 | 72 155 1 8 9 100 183 |1.0286 { 7.1 | 31 ‘10265 .1.0277 1.044 3.50 | 3.52
270 | 206 | 72 15.5 | 8 ¢ 6oo 1097  1.0287 v.% —0.5 1.0266 ' 1.0280 - 1.039 3.51 | 3.51
271 | 297 | 72 36.5 | 5 12 o 0 |1.0284 5.0 4.8 1.0262 1.0272 1.028 346 | 349
272 | 297 | 72 36.5 | 5 12 1280 2341 1.0286 50 | —1.4 10263 1.02775 1.926 | 3.47 | 3.48
273 | 208 | 72 52 I 50.5 ) o 'roz7z2 | 151 }.0 |1.0263 1.0274 | LQI17 347 | 347
274, 298 | 72 52 1 50.5 1500 2743 | 1.0271 | 168 | —15 1.0266 | 1.0280 | 1.915 2] 3.51 | —
275 | 209 | 73 10 2 14 W o 0o 10269 | 137 3.6 [1.0258 |1.02609 -: 1.888 3.40 | 3-42
276 | 300 | 73 10 3 22 o 0 i1.0255 | 15.2 1.7 |1.0247 |1.0250 1.810 3.26 | 327
2771 301 |74 1 1 20 o 0 1.0263 14.3 2.2 | 1.0253 |1.0265 1.837 3.34 3.32
278 | 302 | 75 16 0 54 o o |1.0285 7.9 3.0 [1.0265 [1.0277 1.920 3.50 I 347
279 | 303 | 75 12 3 2 E 0 o |1.0283 6.5 3.3 \1.02615 1.0273 1.914 3-45 3.46
280! 30375 12 |3 =2 150 274 11.0288 | 4.4 | —r11 !1.02645|1.0279 | 1.929 | 3.49 | 3.49
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Dybde hvorfra Prg- Temperatur. Egenveegter, Saltmengde.
i ven hentat. (Amount of Sait
engde  |(Depth from which the Sam- Afloost (Temperature.) (Specific Gravity.) measwred)
J fra ples were collected.) este Chlor- o
Stat. g ordlig Green- :.Egan- a

No. redde. wich. B viegter, Duder er’%'d'! \:ga:'l Tﬂdlieng‘ e.|  Bfter Efter
. A mount o 0= "~

e Lﬁ.‘;‘;:’;?,‘, (Rongitmde ngne. Meter. ';MMEEE: Aﬂ;‘: M Havet. 17545 jo Cotorine. :::[t:{:* m?el:};tl -
reemwich. (Metres. e i 2 At | s

G ) ;ﬁ:ﬂ:ﬁp ; ) — {Iar?m.) .‘;; s e mﬂ} é{; .{f..;

! | \ Iin s 'y loriie.)

281 304! 75" 3 4° 51" E| 300 , 549 :1.02?3 ’ 14.9  —o0.8 |1.0204 !1.0278 l 1.920Q 3.48 3-19
282|304, 75 3 |4 st 1735 | 3173 (1.0273 | 145 | —1.5 |1.0263 [1.02775| 1.940 | 3.47 | 3.51
283 | 305 | 75 .5 , 7 56 o o |1.0272 11.8 5.3 | 1.0263 |1.0272 1.947 3-47 3-52
284 | 306 | 75 o |10 27 o 0 |1.0275 14.1 5.4 ,1.02645|1.0274 1.929 | 3.49 3-49
285 306! 75 o (10 27 1334 2440 |1.0272 | 149 | —I1.3 |[1.0263 |1.0277 1.920 | 3.47 3-47
286 | 310 74 56 13 50 0 0 |1.0274 | 147 |, 5.5 |[1.02645|1.0274 1.936 | 3.49 3.50
287 | 310 } 74 56 |13 30 1006 1840 |1.0275 13.8 | —1.4 |1.0264 |1.0278 1.932 ’ 3.48 3.49
288 | 316 1 74 56 116 29 o] o |r1.0269 147 3.6 |1.025095|1.02705| 1.903 3.42 3.13
28g | 316 | 74 56 ilb 29 129 236 , 1.0275 14.6 | 1.9 |1.02655 1.0278 1.930 | 3.50 3.49
200 | 321 | 74 56.5 19 30 25 46  1.0275 | Q.7 0.2 [1.02575 1.0271 o ‘ 3.40 —_
291 | 323 | 72 535 21 51 0 0 |1.0283 | 97 | 7.8 | 1.02655|1.0272 1.047 | 3.50 3.52
202 | 323! 72 535 21 51 223 408 |[1.0284 | 8.9 1.5 |1.0265 ! 1.0278 1.933 I} 3.50 3.50
293 | 326 ; 75 31.5 17 50 0 o |1.0276 | 8.9 4.8 |1.02575 1.0267 1.904 | 3.40 3.43
2041 326 | 75 31.5 17 50 123 225 |1.0284 i 8.7 1.6 1.0265 1.0278 | 1.930 3.50 3-49
205 328 75 42 |15 39 o o |1.0279 | 9qg9 4.7 Ir.ozbz 1.0272 | 1.go8 b 3.46 3-45
206 | 328 75 42 15 39 200 | 366 [1.0282 | 98 | —1.3 |1.02615 1.0279Q 1.932 l 3-49 3-51
297 | 331 75 S5t |13 5 o i o — — - = = 1.935 — 3-50
208 | 332 .75 56 |11 36 ‘ 1149 2101 | 1.0286 6.3 | —1.5 |r.o264 1.0279 ! — | 3.48 —
299 { 334 . 76 12,514 o 0 o |1.0275 13.7 6.0 |1.0263 1.0272 1.923 : 3.48 3-48
300 | 334 76 12.5 |13 o 403 | 737 |r.0277 13.7 1.0 | 1.0266 :1.0279 1.935 @ 3-51 3.50
301|335 76 16.5 14 39 o o | 1.0270 15.5 5.4 | 1.0262 :1.0271 1.914 | 3.46 3.6
302 | 335 76 16.5 134 39 170 327 ' 1.0276 13.4 1.0 |[1.0261 |1.0277 | 1.940 3.48 3.51
303 339,76 30 |15 39 0 o |1.0267 12.7 2.6 |[10254 1.0206 ' 1.867 3.35 3.38
304 | 339, 76 30 |15 39 37 68 |1.0273 13.6 0.0 |1.02615 1.0275  1.02} 345 3.48
305 | 342 | 76 33 |13 18 0 0 [1.0277 | 12 4 6.2 11.02635 1.0272 | 1.936 3-48 3.50
306 | 342 | 76 33 |13 18 523 956 | 1.0277 12.2 | —1.0 |1.0263 1.0277 | 1.933 347 3:50
307 | 344 | 76 42 11 16 o] o '1.0283 6.2 5.2 |1.0261 |1.0271 | — 3.44 —
308 | 347 76 30.5 | 7 47 0 o |1.0277 I3 | 44 [1.0262 |1.0272 1.924 3.46 ! 3.48
309 | 347 176 405 | 7 47 1429 | 2613 |1.0278 | 11.6 | —13 [1.0263 |1.02775 1.935 =@ 347 3-50
310 349 | 76 30 2 57 o] 0 |1.0273 1.z | 3.8 | 1.02585,1.0269 | 1.898 3-41 3-313
311 | 340 76 30 2 57 | 1487 2719 }1.02;7 1.3 | —1L.5§ :1‘0362 11.0276 ; 1.936 3-46 3.52
312 | 350! 76 26 o 29 W. o 0 | 1.0270 109 | 30 !1.0254 [1.0266 | 1.872 3-35 3-39
3131350 76 26 | o 29 300 549 1.0279 | 109 | —i1.1 |1.0263 1.02775 1.922 | 3.47 3-48
314 | 350 | 76 26 | o0 29 1686 | 3083 ,1.0276 | 108 | —1.5 |1.0260 |1.0274 | 1.916 | 3.43 3.47
315135277 56 |3 29 E. o o (10272 | 128 | 3.9 |1.0259 [1.0270 | 1.908 | 3.41 345
316 | 352 | 77 56 3 29 300 540 |1.0274 130 ;| —0.8 1.0263 {1.02775! 1.928 | 3.47 3-49
317035578 o |8 32 o 0 {10275 | 103 | 4.9 |1.0238 |1.0268 | 1.890 | 3.40 3-42
3181 355,78 o 8 32 948 1734 | 1.0280 99 | —1.3 1.0263 |1.0277 1.927 | 347 3-49
319 357178 3 |11 18 0 0 |1.0261 109 | 5.0 [1.02455|1.02545| 1.707 3.24 3.25
320|350, 78 2 9 25 o o |r1.0280 53 | 4.3 1.025751.0268 | — ‘ 3.40 —
321135978 2 |g 25 416 761 |1.0276 | 137 | 08 !1.0265 1.0278 | 1.925 | 3.50 | 3.18
322 361 79 8.5 |5 28 o o |1.0278 1.5 , 4.2 '1.0263 1.02735 1.906 | 347 3-43
323 | 361 % 79 8.5 1 5 =28 Qo5 1655 |1.0272 129 | —I2 1.02595 1.02705, 1.928 342 3-19
324 | 362 | 79 59 5 4o o o |1.0274 ' 130 | 5.2 1.02615 1.0271 1.917 | 3.45 3-47
325 - 362 | 79 39 5 40 459 839 Il-0275 | 128 | —1.0 |1.0262 1.0276 1.922 346 | 3.128
326 363!/ 80 o '8 15 o o |1.0276 l 10.9 4.6 (1.o260 1.0270 | — | 343 | —
3271363, 80 o 8 15 260 475 |10284 | 7.7 | 11 il.OZﬁ.{. r.0277 | 1.045 ! 3.48 3-52

Ved Norskerrue |

328 | — (e Xorsh Toimusi=) 0 o 10283 | 41 | 27 [1.02595|1.0271 — 342 | —
329 | — Magdalenebay o o [1.0268 | 12.3 2.2 |1.02535;1.0266 | — 336 | —
330 | 368 | 78" 43" 8° 20’ o o |1.0266 13.0 4.6 |1.0254 [1.02635 —— 3.35 =
331 | 368 78 43 8 20 315 576 |1.0286 8.5 1.6 |1.0267 |1.0280 1.936 3.52 3.50
332 | — |78 34 9 22 o 0 [1.0262 | 11.9 4.5 |1.0248 |1.0258 — | 327 —
333 | 37278 9 14 12 o o |1.0258 5.0 4.1 |1.0236 |1.0246 - 3.1 —
334|373 78 10 14 26 0 0 |1.0250 | 12.5 4.0 |1.0237 |1.0247 — 313 —
335 | — (Entrance to Advent Bas) o 0 |1.0250 5.3 4.7 |1.02285|1.0237 — 3.01 —




Af demne Tabel fremgaar det, at Differentserne mel-
lem de ved Hjelp af Egenviegt og Chlormangde beregnede
Saltmengder i Regelen ere meget smaa, kun de 3 samtidig
udfgrte Bestemmelser i Vandprgverne No. 261, 262 og
263 danme i sna Henseende en TUndtagelse. De store
her optreedende Differentser skyldes uden Tvivl en Feil
ved Afleesningen af Egenvegterne, som for disse Vandpre-
vers Vedkommende ere fundne altfor lave, til at de
kunne bringes i Harmoni med andre paa Steder i Neerhe-
den udforte Observationer. Det er saaledes i hoi Grad
paafaldende for Vandprgven No. 262, optagen fra et Dyb
af 95 Favne (174 Meter) i ca. 8 Miles Afstand fra Land,
at finde Egenviegten 1.0254. medens man i de indenfor
liggende Fjovde, hvor Saltgehalten ellers overalt er mindre
end paa Havet, i lignende Dyb finder en meget storre
Egenviegt.  Selv i den indelukkede Skjerstadfjord. hvor
Overfladevandet er swrdeles fattigt paa Salte. er dog Egen-
viegten paa Bunden funden at veeve 1.026, kort sagt. Egen-
viegter som de i de omtalte Tilficlde observerede staa paa
dette Strog af Kysten fuldstiendig uden Sidestykke. Natur-
lizst lade disse Urimeligheder sig forklare ved at antage
Egenvegterne afleste med 0.001 for lavt. da de ved denne
Antagelse paa det Nwrmeste kan bringes 1 Overensstem-
melse saavel med de i de samme Vandprover udforte Chlor-
bestemmelser som med de andre Observationer fra nwrlig-
gzende Puncter.

Bortser man fra disse 3 nweynte Observationer og af
de gvrige beregner den gjennemsnitlige halve Differents
mellem to paa samme Vandprove ved Hjelp af Chilortitrering
og Arwmometer udforte Saltbestemmelser, vesulterer som
Udtryk for denne 0.00904. eller man erholder under For-
udseetning af, at Feilene i lige hei Grad skyldes Chlor- som
Egenvaegtsbestemmelserne, for den gjennemsnitlige Feil af
en Egenvaegtsbestemmelse Veerdien 0.000069 og af en Chlor-
bestemmelse 0.005. Differentserne falde. som man ser,
snart til den ene snart til den anden Side, idet det dog
maa bemerkes, at Chlormengden gjenmemsnitlig giver lidt
over 0.008 Y/, hgiere Saltgehalt end Egenveegterne, hvad
der neesten udelukkende skyldes de nordenfor den Tde
Breddegrad udforte Observationer,

Forend jeg nu gaar over til at give en Oversigt over
de Resultater, som af disse Observationer lader sig udlede,
vil det veere ngdvendigt paventhetisk at indskyde nogle Be-
merkninger om Dybde- og Temperaturforholdene i det
norske Hav i sine groveste Treek. Hvad der til den Ende
her meddeles, er hovedsageliz hentet fra en af Professor
Dr. Moln forfattet Afhandling, som findes trykt 4 C. F.
Schiibelers “Vaxtlivet i Norge.”

Dybden i det af den norske Expedition undersogte
Hav, forsaavidt det lizger vestenfor en Linie fra Spitsber-
gen til det nordlige Norge, er i stgrre Afstand fra Land
overalt over 1000 Favne (1829 Meter) og gaar i Regelen
op til mellem 1500 og 2000 Favne (2743 og 3658 Meter)
eller endog derover. Paa Strgget mellem Beeren Eiland
og Jan Mayen heever sig en Ryg, hvor Dybden ikke naar
1500 Favne (2743 Meter), medens der saavel spndenfor
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This Table shows the differences in the amount of
salt computed from specific gravity and the proportion of
chlorine to be, as a rule. exceedingly small, the 3 determ-
inations performed successively with samples Nos, 261, 262,
and 203 constituting the sole exception. The great dif-
ferences observed here must unquestionably avise from er-
roneous readings of the specific gravity, which. as found for
these samples. is mueh too low when compared with that
determined. for others obtained from adjacent localities.
Thus. for instance. the specitic gravity of sample No. 262,
drawn at a depth of 95 fathoms {174 metres). about 8
geographical miles from land. is stated to be 1.0254,
whereas that determined for the water of the neighbouring
fjords. in whieh the amount of salt at equal depths is
invariably less than in the open sea. was much greater,
Even for a frith locked in as is the Skjrerstadijord,
where the surtace-water is vemarkably deficient in  salts,
the specific gravity of bottom-samples was found to be
1.0260: in short. such execeptional specific gravities
are without a parallel on this line of coast. The most
natural explanation of these inconvruities. is afforded by
assuming the speeific gravity in each case to have been read
0.001 too low: the results could then be made to agree
pretty closely both with the ehlorine-determinations performed
with the same samples of water and with observations taken
in adjacent localities.

Now, if we disregard the 3 exceptional observations,
and for the others compute the average hali-difference be-
tween two salt-determinations performed with the same
sample of water by meauns of the areometer and titrating
with chlorine. this will be expressed by 0.00904; or, as-
suming the errors to lic cqually in the chlorine and the
specific gravity determinations, the mean ervor of a spec-
ific grayity determination is 0.00006Y, and of a chlorine-
determination 0.005,  As will be seen, the differences be-
tween the 2 right-hand ecolunms of the Table are sometimes
positive. sometimes negative: but the amount of salt ind-
icated by the proportion of chlorine exceeds on an average
that denoted by the speeitic gravity by a trifle over 0.0108
per cent, which must be referred almost exclusively to the
observations taken novth of the Toth parallel of latitude.

Before proceeding to veview the vesults deducible
from these observations, it will be necessary to interpolate
a fow general vemarks on the depth and temperature of
the Norwegian Sea. To this end. I shall merely recapit-
ulate what Professor Molm has stated on the subject
in a Memoir printed in C. F. Schitbeler’s “Vextlivet i
Norge,”

The depth of the Sea investizated by the Norwegian
North-Atlantic Expedition was found to be as follows: —
Throughout the tract extending west of an imaginary line
drawn from Spitzbergen to the northern extremity of Nor-
way, it is never less than 1000 fathoms (1829 metres)
some considerable distance from land, and generally ranges
from 1500 to 2000 fathoms (2743—3658 metres); nay,
in some places it is even greater. Between Beeren Ei-
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som nordenfor findes betydelig stgrre Dyb paa indtil over
2000 Favne (3658 Meter). @sthavet, det vil sige Havet
gstenfor en Linie fra Spitsbergen til det nordlige Norge,
er overalt meget grundt, da Dybden der paa faa Steder
overskrider 200 Favne (366 Meter).

De talvige udforte Temperaturobservationer vise, at
Vandet i den af Expeditionen undersogte Del af Osthavet
med Undtagelse af den gstligste og nordligste Strickning
holder Varmegrader ligefra Overfladen til Bunden, sanledes
som dette ogsaa er Milfrelde med Vandet paa de norske
Banker, som paa enkelte Steder strwkker sig ud til en
ikke ubetydelig Afstand fra Kysten. Helt anderledes er
Forholdet i1 det vestenfor liggende dybere Hav, som med
Hensyn paa Temperaturforholdene naturlic kan inddeles i
2 Hovedstrog, den i den gstlice Del nordover gaaende sha-
kaldte Golfstrom og den i den vestlige Del sydover gaaende
gstgronlandske Polarstrom. Grandsen mellem disse gaar
nordenom Island op til Jan Mayen, bgier i en Bue sonden-
om og gstenom denne og overskrider paa omkring 3° vestlig
Langde med mnordostlig Retning den Tlde Breddegrad.
Herfra gaar den mod @st til henimod 7 gstlig Liengde og
fortseetter derfra i nordlig og lidt vestlic Retning til nor-
denom den 80de Breddegrad.

I den gstenfor demne Grendse beliggende Del af
Havet besidder Overfladevandet en forholdsvis hgi Tempe-
ratur, der endog overskrider Luftens midt om Sommeren,
hvorhos ogsaa Vandet i de nermest under Overfladen he-
liggende Liag holder Varmegrader, saaledes at 0° forst fore-
findes i et Dyb af omkring 500 Favne (Y14 Meter), hvor-
fra Temperaturen jevnt og langsomt synker til omkring
—1.°3 ved Havbunden.

I den gsteronlandske Koldvandsstrom er derimod Tem-
peraturen 1 selve Overfladen meget lav men om Sommeren
1 isfrit Vand dog overalt over 0, medens den allerede fra
faa Favnes Dyb og nedover lige til Bunden holder sig
under 0°,

Med Hensyn paa Saltgehalten i Overtladevandet hen-
vises til Nartet No. L. hvori findes indteenet en storre
Del af de Tal, der fremgaa som Middel af de efter Chlor-
og Egenvagtshestemmelserne beregnede Vievdier for Salt-
mengden.  Efter disse Observationer findes ogsaa optruk-
ket Greendserne for 3.55, 3.50. 3.4D og 3.40 Y/, Salt. saa-
ledes som deres Form maa antages at viere i Sommermaa-
nederne. Nartet viser, at den i Syd ind i det novske Hav
strommende Varmvandsstrom forer Vand af temmelig stor
Saltgehalt, som i de sydligste Egne paa begge Sider af
Feergerne gaar op til 3.55 9%, eller endog derover. Herfra
gaar Strgmmen videre i nordostlig Retning med noget
lavere Saltgehalt (omkring 3.525 °/,) indtil henimod Beeren
Eiland, hvor den deler sig og sender en Arm mod @st ind
i Psthavet og en anden i nordlig og noget vestlig Retning

land and Jan Mayen there is a vast ridge, and here the
depth does not reach 1500 fathoms (2743 metres); but
south and north of that ridge it is much greater, in some
localities more than 2000 fathoms (3658 metres). Barents
Sea, or the tract of ocean stretching between Novaja
Zemlja and an imaginary line drawn from Spitzbergen
to the northern extremity of Norway, is everywhere exceed-
ingly shallow, the depth in but few places reaching above
200 fathoms (306 metres).

The extensive series of observations shows that the
temperature of the water throughout the part of Bavents'
Sea investigated by the Expedition, saving the most eastexly
and northerly tracts, exhibits everywhere a temperature above
zevo, from the surface to the bottom, as is also the case
with the water on the great Norwegian banks. which. in
certain localities, extend to a considerable distance from the
coast. A very different relation rules in the deep western
section. which, as regards temperature, may be divided into
two principal tracts. an eastern, with the Gulf Stream, as
it is called. flowing north, and a western, with the Arctic
current, Howing south, along the shores ot East Greenland.
The boundary-line between these two currents extends
north of Iceland to the island of Jan Mayen, where it
makes a bend southward and eastward. crossing. in long-
itude about 3°W., with a north-casterly direction, the 7lst
parallel of latitude. From thence it runs east. and, when
in longitude about 7* E.. takes a mortherly and somewhat
westerly direction, continning on past the S0th parallel of
latitude.

In the tract of ocean stretching to the east of this
boundary, the temperature of the surface-water is compara-
tively high, exceeding even that of the atmospliere in the
middle of summer; the water, too. some distance below the
surface exhibits a temperature above zero, the depth at
which 0> is reached being about 500 fathoms (914 metres),
from which the temperature sinks slowly and gradually to
about —1.°3, at the bottom.

In the cold East Greenland current, the temperature
at the surface is on the other hand exceedingly low, though
in summer above zero wheve the water is free from ice:
0° however is reached at the depth of a few fathoms.

As regards the amount of salt in the surface-water,
the reader is referved to Plate I, in which will be found
most of the figures representing the mean values. deduced
from the chlorine and specific gravity-determinations, for
the proportion of salt. In PL I, too, are laid down curves
constructed from these results, to show the limits of dis-
tribution for the following percentages of salt: 3.55, 3.50,
3,45, and 3.40, as they may he assumed to extend in the
summer months, The warm current, flowing from the south
into the Norwegian Sea, brings with it, as shown by the
Plate, an indraught of water containing a comparatively large
amount of salt, the maximum percentage., upwards of 3.9,
being reached in the most southerly tracts, along the eastern
and western shores of the Ferve Islands, TFrom thence,
with a slightly reduced amount of salt (about 3.523), the



forbi Spitsbergens Vestkyst. I den mod @st gaaende Gren
synker Saltgehalten meget langsomt og jevnt. indtil den
ved Grendsen af det af Expeditionen undersggte Felt har
naaet 3.50 °/;, medens den i den nordover flydende Arm
meget hurtigt synker til endog under 3.45 9, for atter ved
Spitsbergens Nordvestkyst at heve sig til lidt over 3.45 7).

Denne i Vest for Spitsbergen forefundne ringe Salt-
holdighed i Overfladen er dog sandsynligvis kun eiendom-
melig for den varmere Aarstid, da der fra Spitsbergens
megtige Is- og Snebrazer flyder store Mmngder Ferskvand
ned i det tilstodende Harv.

Indflydelsen af saadant fra Kysterne udezaaende Fersk-
vand indskrenker sig dog hovedsagelig kun til meget smaa
Dyb. da det saavel af disse som tidlizere publicerede Un-
derspgelser af samme Art fremeanr. at et over saltere Vand
fiydende ferskere Overfladelag besidder en merkelizc Evne
til meget lienge at holde sig forholdsvis ublandet. saaledes
at den fra IKysterne hidvprende Fortynding i Overfladen
ofte kan spores 30 til 40 Mile tilhavs, medens man ved
Bunden i Newrheden af Land ja endog i Fjordene kan finde
meget saltholdigt Vand. Denne Eiendommelighed traeder
meget skarpt frem i Observationsrekken No. 1 til 8.t da
Saltgehalten her fra Overfladen til 1 Favns (2 Meters) Dyb
tiltager med over 1 Y/, medens den siden temmelig jevnt
voxer med kun 0.06 9/, for hver Favns Tilvext af Dybden.
De paa Spitsbergens Banker tagne Observationer viser da
ogsaa ganske rigtigt, at Vandet der paa Bunden i nogen
Afstand fra Land besidder en Saltstyrke, som paa sine
Steder endog gaar op til over 3.50 /.

Paa begge Sider af den midt efter det norske Har
fiydende salte Overfladestrom synker Saltgehalten paa den
ene Side mod den norske Kyst oz paa den anden Side
mod den pstgronlandske Polarstrom. en Synkning. som paa
Grund af de herskende Stromforholde hverken er jevn
eller regelmewssig. Saaledes flyder der fra Nordsoen langs
Norges Vestkyst 1 nordlig Retning en lidet saltholdiz Over-
fladestrom, som ved den 62de Breddegrad. hvor Kysten boiexr
nordostover, forlader denne. og fortswiter fremdeles i nord-
lig Retning, indtil demns Virkninger i omtrent 40 Miles
Afstand fra Land efterhaanden taber siz. En mindre ud-
praeget lignende Kyststrom gaar fra Vestfjorden udover i
sydvestlig Retning og naar ligeledes temmelig langt tilhavs,
forend dens Indflydelse paa Saltgehalten i Overfladevandet
fuldsteendig forsvinder. Mellem disse Kyststromme kaster
der sig en smal Arm af det saltere Atlanterbavsvand for-
holdsvis neer ind under Land, hvor den meget skarpt

! Disse Observationer kunne desuden ogsaa tjene som Bevis for
Fortrinligheden af den af Ekman angivne Vandhenter, som ved denne
Leilighed benyttedes.
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current flows in a north-easterly direction. as far north
almost as Beeren Eiland. where it divides into two arms,
one running east into Barents’ Sea, and the other in a
north-westerly direction past the west coast of Spitzbergen.
In the branch flowing ecast. the amount of salt diminishes
very slowly and gradually down to 3.50 per cent. at the
limit of the region explored by the Expedition. whereas in
that running north it rapidly sinks even below 3.45 per
cent. rising. however. on the north-western coast of Spitz-
bergen a little above 3.45 per cent.

This low percentagze of salt in the surface-water west
of Spitzbergen is. however. in all probability the result of
summer heat vast quantities of freshwater pouring down
to the sea at that season of the year from the immense
glaciers and snow-fields of that group of islands.

The effect of such an intlux of fresh water from the
coast is. however. mostly confined to a very trifling depth.
the result of the observations taken on the Expedition. and
of others in commexion with the same subject previously
published. being to show. /nfer alia. that freshwater possesses
the remarkable property of tloating on salt water for some
considerable time in a comparatively unmixed state, so
that its influence may he frequently traced at a distance
of from 30 to 40 geographical miles off shore. whereas the
bottom-water close in shore, nay that of friths and estu-
aries even. often contains a very large proportion of salt.
This peculiar feature was strikingly instanced in the series
of observations from No. L to 8.' the amount of salt at
the depth of 1 fathom (2 metres) exceeding that at the
surface by 1 per cent. whereas the subsequent increase
with the depth did not amount to more than 0.06 per cent
for every fathom. The observations taken on the banks
of Spitzbergen show that the maximum percentage of salt
i the bottom-water some distauce from land. in certain
loealities, reaches 3.50.

On either side of the salt surface-current Howing through
the medial portion of the Norwegian Sea. the amount of salt
diminishes. eastward in the diveetion of the Norwegian coast
and westward in the divection of the Avctic current off
East Greenland: but this diminution. owing to the cffect
of ocean currents. is however anything but rezular and
eradual.  Thus. for instance. a surface-current, with a low
percentage of salt. flows from the North Sea in a north-
erly direction along the west coast of Norway, from which
it diverges near the 62nd parallel of latitude. continuing
on. still in a northerly direction. till, about 40 geograph-
ical miles from land, its influence gradually ceases to
be felt. Another coastal current. more limited in extent,
flows from the Vestfjord in a south-westerly direction,
its influence on the amount of salt in the surface-
water being likewise perceptible comparatively far out at
sea  Between these coastal currents runs a narrow arm

! These observations likewise attest the excellence of Ekman's
apparatus for collecting sea-water, which was used on this occasion.
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afgreendser sig mod det indenfor flydende meget ferskere
Vand. Forgvrigt holder Graendsen for det saltere Over-
fladevand sig meget langt tilhavs med Undtagelse af, at
den ved den 70de Breddegrad paa en ganske kort Strek-
ning kaster sig tet ind under Kysten.

Denne Fortynding af Overfladevandet, som overalt
ytrer sig ved den norske Kyst, er intetsteds ledsaget af
nogen veesentliz Forrykkelse af Overfladetemperaturen. Salt-
gchaltens Formindskelse skyldes her aabenbart det fra Kys-
terne udstrommende Rlodvand. der om Sommeren besidder
en ikke ringe Varmegrad, saaledes at man i den mest
fremtraedende Kyststrom langs Norges Vestkyst endog fin-
der en mnoget hoiere Overfladetemperatur end paa nerlig-
gende Puncter.  Ganske anderledes stiller Sagen sig paa
den mod den gsteronlanske Polavstrom  vendende Side,
hvor Overfladevandet fortyndes ikke ved Flodvand men
ved det ved Havisens Smeltning dannede. stierkt atkjolede
Ferskvand, og det viser sig derfor, at en Synken 1 Saltge-
halten her bestandig er ledsaget af en tilsvarende Kormind-
skelse af Overfladetemperaturen. Graendsen for det saltere
Vand i Overfladen folger derfor pan denne Side ofte Po-
larstrgmmens Grendse, hvor den forlader
denne, optrivder der dog samtidig med Overgangen fra
saltere til ferskere Vand altid meget tydelige Vaviationer
i Temperaturen, der gaa i samme Retning som Saltgehal-
tens, At Overfladetemperaturen synker. naar man enten
nermer sig eller overskrider Grendsen for 3.50 9/, Salt,
vise Observationerne No, 115 til 120 og No. 207 til 209,

og selv der,

I selve Polavstrommen er Naltgehalten i Overfladen i
nogen Afstand fra Griendsen oftest fundet meget lav, kun
paa et Sted optraeder i san Henseende en Undtagelse fra
den almindelive Regel. idet der omtrent paa den Tbde
Breddegrad skyder sig en smal Tunge med Vand af heiere
Saltstyrke ind over Polarstommen, wden at der dog derved
bevirkes nogen viesentlig Forhoielse af Overtladetempera-
turen. En Mrkelighed, som fortjener at omtales, er den,
at Professor Dr. (. O. Savs. som pan Expeditionens Tog-
ter jevnlig undersogte Dyvelivet i Overtladen, netop paa
dette Punct langt inde i Polarstrommen har gjenfundet de
for det varmere Atlanterhavsvand eiendommelige Dyrefor-
mer, der forresten intetsteds cllers ere fundne i den ost-
grgnlandske Koldvandsstram,

Med Hensyn paa Saltmangderne i de storve Dyb
henvises til Kartet No. IL. hvori paa samme Maade som
ovenfor findes indtegnet Saltechalten ved Havbunden samt
1 de intermediare Dyb, forsaavidt Observationerne refererer
sig til Puncter saa dybt under Overfladen, at Temperatu-
ren der ligger under 0°.  Hvor en Observation hidrgrer
fra et intermedizert Dyb, er Tallet i Kartet understroget.

Naar man bortser fra enkelte i Nearheden af Kys-
terne og paa grundt Vand optagne Vandprever, varvierer
Saltgehalten paa de store Dyb mellem 3.59 og 3.45 %,
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of the salt ocean-water of the Atlantic, distant but a few
miles from land, its boundary being distinctly marked by
the limits of the brackish water flowing along the shore,
Except in this region, and a locality bordering the 70th
parallel of latitude, where, for a short distance, it runs
close to the coast, the boundavy of the salt surface-water
Hes far out at sea.

This dilution of the surface-water on all parts of the
Norwegian coast is not anywhere found to exert a material
influénce on the surface-temperature. The decrease in the
amount of salt must be obviously ascribed to the influx of
rviver-water, the temperature of which during the summer
months is velatively high, — so high indeed, that the
principal coastal current, flowing along the western shores
of Norway, has a somewhat higher surface-temperature than
that observed in its immediate vicinity.
reverse of these prevail in the tract of ocean exposed to
the influence of the Axctic. or East Greenland. current.
There, the surtace-water is not diluted by an influx of river-
water, but with freshwater of a low temperatuve, produced
by the melting of drift-ice; and hence a decrease in the
percentage of salt is invariably attended with a correspond-
ing reduction of the swface-temperature. The salt surface-
water borders, thervetore, not infrequently the Arctic emrrent;
and even where its boundary diverges from it, the transi-
tion from salt to comparatively fresh water is always ac-
compained by a very considerable variation in temperature,
proportionate to the varviation in the amount of salt. That
the surface-temperature becomes gradually lower on ap-
proaching the limits of the section in which the proportion
of salt is 3.50 per cent. will be seen from the series of
observations Nos. 115—120 and Nos, 207—209,

In the Avetic current, some distance from its extreme
boundavy, the proportion of salt at the surface was found
to be very small, except in one locality, near the T5th
pavallel of latitude, where a narrow strip of salter water
flows into the current. without. however, causing an appreci-
able vise in the surface-temperature. It is a remarkable
fact. which must not be passed by unmnoticed, that Profes-
sor (. O. Sars, naturalist to the Expedition, found herve
in the surface-water, which he examined from day to day,
forms of animal life peculiar to the warm area of the
Atlantic water, which he never met with in any other part
of the cold East Greenland current.

Phenomena  the

As regards the amount of salt observed at great
depths, the reader is rveferred to Pl II, in which, as in
PL I, will be found the percentage both at the bottom
and at intermediate depths, provided the observations were
taken with samples of water the temperature of which
sitw was below 0°.  Observations with water from interme-
diate depths are denoted by underlining the figures ex-
pressing their results.

Disregarding a few samples of water collected near
the coast and in shallow spots, the proportion of salt,
where the depth is great, ranges from 3.59 to 3.45 per



og Differentserne ere saaledes ogsaa her vel paaviselige om
end mindre end i Overfladen. For tydeligt at kunne mar-
kere disse optredende Differentser paa en let overskuelig
Maade, har jeg benyttet forskjellige Farver. Saaledes ere
de Strog, hvor Saltgehalten belober sig til 3.50 %, eller
derunder, betegnede med blaa Farve, de Strog. livor Salt-
gehalten Ligger mellem 3.50 og 3.5 Y. med rod Karve,
medens de Vandmasser, der ifolge Observationerne besidde
en Saltmengde af over 3.55 )y, ere tegnede med en noget
kraftigere red Farve. I Newrheden at Kysterne er Kartet
overalt ufarvet uden Hensyn til, om Vandet der henhorer
under den ene eller den anden af de tre Hovedgrupper.

Den uregelmessige Fordeling af Saltgehalten i de
storre Dyb, som det saaledes tegnede Kart udviser. maa
unegteliz betegnes som meget paafaldende. At Saltmzeng-
derne paa Bankerne og i den sydlige Del af @sthavet paa
det Nmrmeste findes at svare til den, som det i Overtladen
svommende varme Atlanterhavsvand Dbesidder. kan ikke
synes overrvaskende. Havet er her meget grundt, oy det
deri Hydende Vand besidder overalt en Temperatur af over
0" og maa saaledes nwrmest henfores til den nordover fly-
dende Atlanterhavsstrom., med hvilken det da ogsan helt
naturligt har Saltgehalt tilfzelles. Ligeoverfor de store Dyb
maatte man derimod paa Forhaand vente et andet Resul-
tat. Temperaturen ligger her uden Undtagelse under 0°
ja pan de fleste Steder endog under —1", og det kunde
dexfor synes rimeligst at tilskrive det der flydende Vand
polar Oprindelse. Det fremgaar imidlertid med Bestemt-
hed af alle mig bekjendte Underspgelser over Saltmeeng-
derne 1 de forskjellige Have, at de fra arktiske Egne ud-
gnaende Stromme uden Undtagelse forer Vand af lavere
Saitgehalt end de fra de mere tempererede Himmelstrog
udeaaende Varmvandsstromme, og man skulde dexfor i de
dybere og koldere Lag af det her underspate Hav vente
at finde en Vandmasse med adskilligt lavere Saltzehalt end
den. der er funden i det 1 Overfladen og nwmrmest under
den flydende Vand. som aabenbart skriver sig fra varmere
Eene.  Hvad der virkelig finder Sted er desuagtet dette,
at det i de dybere liggende Lag flydende, iskolde Vand
paa store Strekninger viser sig at have en Salteehalt, der
temmelig ngie svarer til den, der er funden i den atlan-
tiske Overtladestrom.

Saavel af denne Grund som ogsaa af andre Grunde,
som jeg senere skal fremfore, finder jeg det rimeligt at
vjore den Antagelse, at Vandet paa de storre Dyb paa de
Steder, som 1 Kartet findes aflagte med rod Farve, enten
wdelukkende skriver sig fra varmere Egne eller under en-
hver Omstendighed er saa opblandet med saadant Vand,
at det Hele derved antager en tydelig atlantisk Karakter,
medens Vandet i de med blaa Farve betegnede Stracknin-
zer mere eller mindre skarpt udpreger sig som hidrerende
fra polar Oprindelse.

Hvor det gjelder at besvare Spergsmaalet om, hvor-
ledes de gvre Lag finder Vei ned til Bunden, da synes
dette ikke at kunne besvares paa anden Maade, end at det
atlantiske Vand under stadig Afkjoling maa synke gjen-
nem det iskolde og fordrive dette, under enhver Omsten-
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cent; and there too, accordingly. the differences are appre-
ciable, though smaller than at the surface. For the better
apprehension of these differences, the sections in which
they occur have been differently coloured in the Plate:
blue indicates a percentage of 3.50, and under; red, a per-
centage ranging from 3.50 to 3.55: and a somewhat deeper
red, a higher percentage than 3.55. Along the coasts, the
Plate is left uncoloured, no matter to which of the three
prinecipal groups the water there belongs.

This irregular distribution of the amount of salt at
great depths. as shown in the Plate, is certainly a most
remarkable phenomenon.  That the proportion of salt on
the banks and in the southern portion of Barvents' Sea
should agree pretty eclosely with that contained in the warm
surtace-water of the Atlantic. is not indeed surprising: the
depth is in both loealitics comparatively trifling, and the
water, having everywhere a temperature above 0 must
be referred to the warm Atlantic current; its percentage
of salt is thercfore naturally the same as that of the Gulf
Stream.  For the great depths, on the other hand,
there was reason to expect a very different vesult. Here,
the temperature is without exeeption below 07, nay in most
places below —17: and hence, as regavrds the origin of
such water, there seems much to urge in favour of an in-
dranght from the Polar Sea.  Of the observations undertaken
to determine the amount of salt in sea-water, all with
which T am acquainted furnish incontestible proof that the
water of the currents flowing from the Avetic Ocean has
a lower percentage of salt than that of the warm currents
flowing from more temperate regions: and the proportion
of salt in the deeper and colder strata of the tract of
ocean explored by the Expedition was expected, thercfore,
to prove comsiderably lower than that observed at the sur-
face or a short distance beneath it. where the water is ob-
viously an influx from warmer climes.  But such was not
the case. for the amount of salt found in the water of the
cold area, where the temperature is below zero, agrees,
in some localities. pretty elosely with that in the water of
the Atlanic surface-current.

This phenomenon. i conjunction with reasons that
will afterwards be explained, has led me to assume, that
the water met with at great depths in the sections coloured
red in the Plate. is either exclusively the result of an in-
flux from warmer rvegious. or is, at least, so mixed with
such water as to have distinetly acquired Atlantic charac-
teristies; whereas the water in the blue-coloured sections
would scem to indicate more or less determinately a Polar
origin.

As to the question involved in the descent of the
upper strata to the bottom, the only way in which this
can take place seems to be by the Atlantic surface-water,
as it parts with its excess of heat, gradually sinking through
the water of the cold area, and displacing it; at all events,



dighed synes det sikkert. at man for det afgreendsede gsten-
for Jan Mayen beliggende Strog ikke kan antage nogen
anden Vei. Men at den varmere Vandmasse saaledes
skulde synke gjennem den koldere, kunde jo ved forste
Qiekast synes stridende mod vel kjendte Naturlove da man
nermest maatte tro. at det i Narheden af Overfladen fly-
dende atlantiske Vand paa Grund af sin hpiere Tempera-
tur skulde vare specifisk lettere end det ifolge sin lave
Temperatur starkt fortettede Bundvand.  Nwrmest for at
fierne enhver Tvivl i saa Henseende er der i den forhen
gjengivne Tabel opfort en Rubrik for Vandprovernes Egen-
veegter ved den i Havet observerede Temperatur i Forhold
til rent Vand af 4°. Ved Hjelp af de der beregnede Tal
kan man med Lethed studeve den specifiske Viegts Varia-
tion med Dyhden, saaledes som den finder Sted 1 Havet.
bortseet fra den ved Vandets Sammentrykkelighed foraar-
sagede Forteetning i de storre Dyh.

Den Region. som i denne Henscende mest interesse-
rer os, er den. hvori der i Overfladen og nwrmest under
den findes en bestemt udpraeget atlantisk Varmvandsstrom,
en Region som paa det Narmeste falder sammen med den
sgndenfor en Linie fra Island til Beeren Eiland lizgende
Del af Havet dog saaledes at det nwrmest Norge liggende
Parti paa Grund af den fra Kysterne udgasende Fortyn-
ding maa bortskjeres. Grupperer man de i denne Egn
tagne Observationer over Saltzelialt og den specifiske Vaagt
reduceret til Havets Temperatar og en Atmospheres Tryk
efter Dybden. fremeaar som Resultat heral Fplgende.

Dybdeinterval. Midlere Dyhde. Midlere tggr?if;:g

—- : Stiit;.mlmlt Havets

Engelske | poter. | Epeelke  yeoter, o | Tempo-
o — —'0—- ol o il 3.526 { 1.0265_35
0-—"300 0—5_49 167_':_ 305_ 3-51% [ 1.02782
500—600_i 54;—-:;;; __5;32 . 91_8_' _3_.,5;_ -;-;3381;
hf;()_—Tooo :097%£8§; #‘ég; 1.2_45_. -;5 13_ .m
1000—1500 1_8-21;:75 1 :3-;}:_ _-z_z_oo_ 3.506 - l.ozli_i;:;
:n:le; 1-500' under 27:,; _i688 _'_ 3087 3.507 1.0‘3806

Det i denne Tabel erholdte Tal for Saltzehalten paa
Streget mellem 0 og 300 Favnes (0 og 544 Meters) Dyb
er imidlertid uden Tvivl for Livt. da en uforholdsmeessiz
stor Del af Observationerne i dette Dyb hidvore fra Ost-
havet, hvor Saltgchalten overalt er mindre end i de cen-
trale og sydlige Dele af Feltet. De Observationer. som
skrive sig fra dette Dyb i storre Afstand fra Kysten, tyde
hen paa, at Saltgehalten der meget nar svaver til den, der
er funden i Overfladen paa de samme Steder. Denne Mis-
lighed ved den geografiske Fordeling af Observationerne
fra de mindre Dyb faar derimod ingen vwsentliz Indfivdelse
paa det som Middel af de specifiske Viwegter erholdte Tal.
da den i de nordligere Egne ved Saltgehaltens Synkning
foraarsagede Formindskelse af Egenvaegterne paa det Ner-

it is certain that no other plausible explanation ecan be
given of the phenomenon for the region east of Jan Mayen,
But, that water of a higher temperature should sink in
this manner through water of a Jower, appears at first sight
to be at variance with well-known physical laws; for the
water from the Atlantic current having a higher temperature,
one would imagine it to be specifically lighter than the cold
and dense bottom-water., With the object of dispelling
every doubt that might arise in connexion with this sub-
ject. a column has been added to the Table given above
for the specific gravity of the samples of water at their
temperature 7n situ, as compared with that of pure water
of 4°. By means of* the fizures set down in the column,
the variation of the specific gravity with the depth, as it
occurs in the sea irvespective of increased deusity from the
compressibility of water at great depths, may be readily
imvestigated.

The tract of ocean which in this respect it will be
most desirable to investigate, is that through which fHows,
on or near the surface. a warm current. setting from the
Atlantic, — a tract which nearly coincides with the region
streteching south of an imaginavy line drawn from Teeland
to Beeven Eiland, but from which, owing to the influx of
freshwater, must be cut off the section extending along
the Norwegian coast. Now. if we group together the ob-
servations taken in this part of the North-Atlantic to
determine the percentage of salt and the specific gravity
reduced to the temperature of the sea and a pressure of
one atmosphere. the rvesult will be as follows: —

Intervals of Depth. Mean Depth. Mean !I\I(?"“Si'-
Futhoms, | Metres. | FUEIL | Metros, | or eont | g Seq
0 { o o | o 3.526 r.ozf;és
“o;s?o-'? o—s19 [ 167 i 305 | 3.514 | 1.02782
300—600 549—10} 502 _ g:B_ 3.521 ]:;2-&-}12
—660-—-1000‘.1097—1829 __681. i_lz:; _3.513 i;.zgz-
1000—1500 1829—2743| 1203 2200 | 3.506 | 1.02800
helow 1500; below 2743 16-83* 3087 -3_.507 . r.ozé_m;

The figures in this Table expressing the amount of
salt at depths ranging from 0 to 300 fathoms (0—H49
metres) are. however, unquestionably too low. secing thata
disproportionate number of the observations at this depth
were taken in Bavents’ Sea. where the amount of salt
is everywhere smaller than in the central and southern
sections of the tract investigated, The observations refer-
ring to this depth at a considerable distance from land,
show that the percentage of salt is very nearly the same
as that at the surface. The said defect in the geographical
distribution of the observations taken at a comparatively
trifling depth, does not however materially affect the cor-
rectuess of the figures expressing the mean specific gravity;
for the fall in specific gravity occasioned in northern regions
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meste opveies af den Forpgelse af samme, der skyldes de
der herskende lavere Temperaturer.

Det fremgaar altsaa, at Differentserne mellem Salt-
gehalten i de atlantiske Overfladelag og de paa Bunden
hvilende iskolde Vandmasser gjennemsnitliz kun ere meget
smaa, om de end paa de Puncter, livor Vandet i de dybere
Lag besidder en overveiende polar Karakter, turde vare
adskilligt mere fremtriedende. Disse Differentser af hen-
imod 0029, ere dog mere end tilstrekkelig store til i de
nederste mere atkjolede Lag at det atlantiske Vand at
fremkalde et, som det vil sees af Tabellen, meget tydeligt
om end svagt Maximum af den specifiske Viegt. hvad der
nermest bevirkes derved, at Sovandet ved Afkjoling under
0° mermer sig sit Twthedsmaximum og derfor i Neerheden
af’ dette for mindre Temperaturvariationer kun forandrer
sit Volum med westen umarkelig smaa Vierdier, saaledes
at en selv meget ringe Forpgelse af Saltgehalten under
disse Owmstiendigheder fanr en overveiende Indflydelse lige-
overfor en Grads Forandring af’ Temperaturen.

Det er saaledes san langt fra Tillelde, at der i de
specifiske Viegter af de forskjellige Vandlag ligger nogen
Hindring for Antagelsen af, at det atlantiske Vand skulde
synke gjennem det koldere Polarvand, at man tvertom af
disse maa slutte, at saa maa vare Tilfielde. dersom ikke
andre 1 Havet herskende Stromme virke hemmende paa en
saadan Beviegelse. Man tienke sig . Ex. ved Siden af
hinanden 1 Havet to Vandspiler af 2000 Favnes (3638
Meters) Dybde, hvori Temperaturens Variation med Dybden
for Simpelheds Skyld kom antages at viere den samme,
hvorimod Saltgchalten i den lste helt igjenmem swttes il
3.52"/,. medens den i den 2den paa Stroget fra Overfladen
til 500 Favnes (914 Meters) Dyb gives Veardien 3.52%,
og fra HU0 til 2000 (V14 til 3658) Vardien 3.50%,, saa-
ledes som Forholdet ifolge Observationerne virkelig synes
at stille sig paa enkelte Steder 1 det underspgte Hav. Det
er da umiddelbart indlysende, at en saadan Fordeling af
Saltgehalten vil have en Synkning i den Iste Sgile til Folge,
saaledes at Vandet i denne vil soge at udbrede sig langs
Bunden og fordrive det omliggende specifisk lettere Vand.
Den Hastighed. hvormed en saadan Bevewegelse foregaar,
vil naturligvis rette sig efter Differentsen mellem Trykkene
i samme Niveau 1 begge Sgiler. en Differents. som ved
Bunden i 2000 Favnes (3658 Meters) Dyb efter Beregning
belgber sig til henimod 32" Kyiksolvsoile.

For nermere at begrunde den forhen fremsatte Hypo-
these, om at det paa Bunden hyilende iskolde Vand paa
de i Kartet med rod Farve betegnede Steder skulde have
atlantisk Oprindelse, vil jeg benytte mig af de i en tidligere
Afhandling? beskrevne Observationer over de i Sgvandet
indeholdte Kvelstofmengder, hvis Anvendelse i saadant
@iemed allerede paa det Sted lpselig er bleven antydet.

Som bekjendt herskede der i mldre Tider den An-
skuelse, at de i Spvandet i de storre Dyb indeholdte Luft-
mengder paa Grund af det der herskende Tryk maatte

! “Om Luften i Sgvandet.”

by a decrease in the amount of salt, is almost compensated
by the rise resulting from the low temperatures prevailing
there.

It appears, therefore that the differences between the
amount of salt in the warm upper strata and that in the
cold water at the bottom. are. on an average, exceedingly
small, though more striking perhaps in localities where the
water of the deeper strata to a very great extent is Polar
in origin.  These differences — about (.02 per cent — ave,
however, as will be scen from the Table, more than suffi-
cient in the deepest and coldest strata of Atlantic water
to occasion an appreciable. though a low, maximum of
specific gravity, which is explained by the fact. that sea-
water below 0 has very nearly reached its maximum of
density. and the merease in volume then rvesulting from
triflimg vaviations in temperature. is o well nigh mappreci-
able magnitude: hence  under such eiveumstances, the in-
fluence of a very slicht addition to the amount of salt
with but one degree’s difference in temperature will be ex-
ceedingly grent.

Such being the case. there is nothing in the specitic
gravities observed in the diffevent strata of water to dis-
favour the assumption that the comparatively warm At
lantic water should sink through the cold water of Polar
origin: may, from these specific gravities we may infer its
correctness, provided only that such descending motion
be not counteracted hy the cffcet of ocean currents. To
give an illustration,  Let us imagine two columms of
water, 2000 fathoms (3658 wmetres) deep, in both of
which. for convenience’ sake. the variation in temperature
with the depth is assumed to be equal: the amount of salt
on the other hand. being put at 3.52 per cent throughout
the whole of the first. but in the seeond, at 3.52 per cent
from the surface to a depth of H00 fathoms (914 metres),
at 350 per cent from D0 to 2000 fathoms (V14-—3658
metres) — a vatio of distribution actually observed in some
localities, This given, it is obvious that such a distribution
must cause the water in the fivst columnn to sink, and spread
itself over the bottom, displaciye as it does so the speci-
fically lighter. The rapidity of this downward motion will
of course be proportionate with the difference in pressure
at the same level in the two columns, a difference which,
at the depth of 2000 fathoms (3655 metres), has been
computed cqual to that of a column of mercury 32™ in
height.

With a view to furnish additional confirmation of
the hypothesis brought forward above, which assumes the
cold Dbottom-water i the red-coloured sections of the
Plate to be of Atlantic orvigin. I shall have recourse to
my observations on the ammount of nitrogen in sea-water,
published in a former paper,) where their application to
such a purpose was briefly alluded to.

The opinion formerly entertained, that the quantity
of air contained in sea-water at great depths must be ex-
ceedingly great, by reason of the immense pressure pre-

1 4Qn the Air in Sea-Water."”




vere uforholdsmaessiz store, en Anskuelse. som ved de
senere Underspgelser fuldsteendig er bleven modbevist. Rig-
tignok er det paa den engelske Challengerexpedition iagt-
taget, at de i den hede Zone fra Havbunden optagne Vand-
prover ved at henstaa nogen Tid vise Overmetningsphaeno-
mener. men dette vil jo ikke viere vanskeligt at forklave.
naar man erindrer, at Vandet i de store Dyb selv i Hqva-
toregnene er meget nwr iskoldt. Det folger nemlig af sig
selv, at de til en saa lav Temperatur svarende Luftmaeng-
der ikke kunne holdes oplpste, naar Vandproverne ved len-
gere Tids Henstand antager de tropiske Egnes hgie Luft-
temperatur. Stirkest taler de pan den norske Expedition
udforte Luftbestemmelser for. at Tryktilviexten med Dyb-
den ikke kan have nogzen Indflvdelse paa Mangden af den
i Sevandet oploste Luft. Tager man nemlig Middelet af
Dybder, Temperaturer og Kyvielstofmamgder for alle de fra
Puncter under Overfladen stammende Vandprover. hvori
der paa denne Expedition er toretaget Lufthestemmelser.
erholder man til et Middeldyh 693 Fayne (1267 Meter) en
Middeltemperatur — 0.°05 og en midlere Kveelstofgehalt
18.99 CC. per Litre, det vil sige, Vandet i Dybet indehol-
der gjennemsnitlig nasten 0.5 CC. Kyvwlstof mindre, end
det ved sin Temperatur vilde kunne holde oplost under en
Atmosphires Tryk.

Naar man erindrver. at Trykket i Havdybene ikke
dreier sig om Atmosphwrer men om Hundreder af Atmo-
spheerer, saa maatte man dog vente, at dets Indfiydelse
(om det havde nogen) vilde give sig tilkjende ved Uregel-
messigheder af paaviselig Storrelse. og man er. da  dette
ikke 1 mindste Maade er Tilfieldet, berettiget til den Slut-
ning, at Trykket ikke besidder nogen Evne til i meerkbar
Grad at ophobe Luftmiengderne i de store Dyb., Paa den
anden Side maa det fornuftievis antages, at Vandet 1 de
dybere liggende Lag ikke kan afgive noget af sin Luft. da
det jo paa Grund af det der herskende Tryk vil kunne
holde oplpst overveiende stgrre Mamgder end de. der nogen-
sinde ere forefundue.

Den vimeligste Slutning af’ de senere Tiders Obser-
vationer over disse Gjenstande vil saaledes vare den. at en
Vandprove., saalenge den befinder sig under Overfladen.
uforandret vil belholde den samme Luftmeengde eller rvig-
tigere Kvielstofmiengde! som den havde absorberet. da den
sidste Gang befandt sig i Overfladen ndsat for Luftens frie
Indvirkning.

Nu or den Luftmanede, som Spvandet absorberver af
Atmosphuren, hovedsagelig athingig af Vandets Temperatur,
idet Barometerstandens Vaviationer ligeoverfor storre Tem-
peraturdifferentser kun har en underordnet Betydning, Heraf
folger, at de Vandmasser der have absorberet sin Luft-
méengde under varmere Himmelstrpe, maa vere forholdsvis

! Den absorberede Surstofniengde er mnemlig i nogen Grad af-

heengig af Dyrelivet og andre Tilficldigheder, saaledes at det her lige-
som i den tidligere Afhandling vil vere det Ristigste at anvende
Kveelstofmengden som Maal for den samlede Luftmangde.
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vailing there, has been wholly refuted by the results of
later observations, True, the samples of water obtained
at great depths within the tropics on the ‘Challenger
Expedition were found to exhibit the phenomena of super-
saturation when allowed to stand over some fime: this,
however. is easily explained, if we call to mind that the
water at great depths. even in equatorial vegions has a
temperature but little above zero. Hence it naturally fol-
lows, that the quantity of air corresponding to so low a
temperature cannot be retained on the samples of water
havine stood over sufficiently long to acquire the high tem-
perature of the atmosphere in tropical climates. The air-
determinations performed on the Norwegian Expedition
afford the strongest proof of the fact. that the increase of
pressure with the depth does mnot exert any appreciable
influence on the proportion of air in sea-water. Now. if
we compute the mean depth. temperature, and amount of
nitrogen for all the samples of water from below the sur-
face examined for air-determinations, the vesult will he as
follows: mean depth 693 fathoms (1267 metres): mean
temperature — 0.°05; mean amount of nitrogen 13.99¢
per litre. which shows that in the depths of the ocean the
proportion of nitrogen averages 0.5 less than could be
absorbed by sea-water of the temperature prevailing there
with the pressure of one atmosphere.

If we call to mind that the pressure in the depths
of the sea is not computed even by tens. but by hundreds
of atmospheres, its influence. it any. must surely. one would
imagine. occasion irregulavities of appreciable magnitude; and
we may therefore safely conclude, since no such disturbance
can be detected, that pressure does not perceptibly inerease
the amount of air at great depths, On the other hand, there
is every reason to infer, that the water in the lowex strata,
owing to the immense pressure, cannot part with any of
its aiv. the quantity actually absoxbed mnever being even
approximately so great as such a pressure would enable it
to vetain.

From the latest observations throwing light on this
question. we may therefore reasonably infer, that all sea-
water below the surface retains undiminished the quantity
of air. or rather of nitrogen.! which it absorbed when last
at the surface. in dirvect contact with the atmosphere.

Now. the quantity of air absorbed by sea-water is
mainly dependent on the temperature of the latter, the
rise or fall of the barometer. as compared with consider-
able differences in temperature, being in this case of but
little moment. Hence it follows, that the proportion of air
absorbed by sea-water in warm climates is small comparved

! The amount of oxygen absorbed by seca-water depending to a

certain extent on the presence of animal life and other accidental
causes, the amount of nitrogen may, with greater precision, be as-
sumed to represent the total amount of air — a standard of measure-
ment adopted in the preceeding: Memoir.
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lidet luftholdige, medens de, der have absorberet sin Luft-
mengde i de arktiske Egne, maa indeholde meget storre
Mengder, og man vil derfor netop i de paa Expeditionen
udforte Gasanalyser have et fortrinligt Middel til at con-
trollere den forhen opstillede Hypothese, ifolge hvilken en-
kelte Regioner af det iskolde Dyb skulde vere opfyldt af
Vandmasser, der ialfald delvis havde atlantisk Oprindelse.

Forat vise Udfaldet af en saadan Control har jeg teg-
net Kartet No. III, hvorpaa efter samme Princip som det
ved Tegning af Kartet No. II befulgte findes afsat de i
Dybet fundne Kvalstofmengder udtrykte i CC. pr. Litre
reducerede til 0° og 760™ Tryk, ligesom der ogsaa ved Si-
den af disse Tal findes opfort den Temperatur. hvorved
Sgvandet absorberer demne Krvelstofmengde., beregnet til
nermeste hel Grad efter den af de tidlizere bskrevne For-

g udledede Formel

N =144 — 0.23%.

Det siger sig selv, at disse Temperaturer- ikke kunne
gjore Fordring paa nogen stor Grad af Ngiagtighed. da en
forholdsvis liden Feil i Kvelstofbestemmelsen bevirker en
meget stor Feil i den deraf beregnede Temperatur, Der
findes saaledes flere Observationer, der give Temperaturen
— 4°, en Temperatur, der mig bekjendt ikke er observeret
i Havet. Dette vil dog ikke forekomme saa urimeligt,
naar man tager Hensyn til, at Sgvand af —2° ved T80
Barometerstand absorberer er Kvelstofmengde, der paa
det Nwrmeste gaar op til, hvad der i Ydertilfreldene er
fundet.

Farveleegningen er her foretagen saaledes, at de Strog,
hvor Kvelstofmmngden er funden at vere 14.4 CC, eller
derover, ere betegnede med blaa Farve. de Strog. hvor
Kyveelstofmengden ligger mellem 14.4 og 12,5 CC.. med en
svag rgd Farve, medens et mindre Parti. hvor Kvewelstof-
mengden er funden at ligge under 12,5 CC., er betegnet
med en noget kraftigere rod Farve. Betydningen af disse
Farver bliver ligesom i Kartet No. IT den. at de rgde Far-
ver bedmkke de Streekninger, hvor Vandet i mere eller
mindre Grad besidder atlantisk Karakter. medens den blaa
Farve tilhorer de Vandmasser, der have absorberet sin
Kyazlstofmengde ved en Temperatur af under 0. og som
altsan nwrmest synes at hidrore fra de arktiske Egne.

Ved at sammenligne Kartene No. IT og IIT vil man
strax se, at Farvelwegningen i disse i alt Viesentlict viser
en serdeles stor Overensstemmelse, som paa mange Puncter
endog nmrmer sig til Congruents, om man end ved ner-
mere Betragtning vil finde. at disse Ligheder ikke gaa
igjen 1 alle Detailler, hvad man heller ikke paa nogen
Maade kunde vente. Grwmndserne bliver nemlig paa Kartet
No. I paa Grund af Observationernes Faatallighed meget
vanskelige at bestemme, ja der findes endog her paa om-
kring den 6dde Breddegrad et sterre Strog. hvorom man
intet med Bestemthed kan slutte, da der under Analysen
tabtes en mindre Del af de Luftprever. der vare bestemte
til at udfylde dette Hul, snaledes at den samlede Luft-
mengde desveerre ikke kunde maales. Desuden ere ogsaa
Observationsfeilene baade for Salt- og Krvalstofbestemmel-
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with that absorbed in the Arctic regioms, wherefore the
analyses of gas performed on the Expedition furnish an
excellent means of testing the value of the hypothesis ac-
cording to which certain sections of the cold area are
assumed to be made up of water part of which at least
wauld seem to be of Atlantic origin.

To show the result of such a test. I have annexed a
third Plate (drawn on the same principle as Pl II). in
which are given the different amounts of nitrogen present
in deep water. expressed in c.centim per litre. reduced to
0* and a pressure of T60™=. Along with these fizures will
be found, too, the temperature at which sea-water absorbs
such an amount of nitrogen. computed. in whole degrees,
by means of the formula deduced from the observations pre-
viously deseribed. viz: —

N=144—0.23¢

These temperatures cannot of course pretend to any
high degree of accuracy. a comparatively small error in a
nitrogen-determination involving a very considerable error
in the temperature. Thus, for instance, several of the ob-
servations indicate — 4°. a temperature which, so far as
I am aware, was not anywhere observed in the sen. This,
however, will not appear so strange. if regard be had to
the fact, that sea-water of — 2, at a pressure correspond-
ing to 780™", absorbs an amount of nitrogen which agrees
very closely with the highest found on the Expedition.

The sections in this Plate are coloured as follows:
those in which the amount of nitrogen was found to equal
or to exceed 14,4+, blue; those in which it ranged from 14.4
to 12.56<, light red; a somewhat deeper red serves to indi-
cate a small tract in which the amount of nitrogen did
not reach 12.5. Moreover, as in Plate IL the red colour
indicates water more or less distinguished by Atlantic
characteristics: the blue. water in which the nitrogen was
absorbed at a temperature helow 07, and which, therefore,

would seem to have derived its origin from some part of
the Polar Seas,

A comparison of Plates II and IIT will at once
show considerable agreement in the distribution of colour,
many of the sections almost coinciding; though, on closer
inspection this approach to congruity is not found to char-
acterise all details, which indeed there was no reason to
expeet. In PL IIL the limits proved exceedingly difficult
to define, owing to the limited number of observations;
nay, respecting an extensive fract near the 65th parallel
of latitude nothing definite can be inferred, part of several
samples of air, the anmalysis of which would have served
to fill up the blank. having been unfortunately lost. and
the total amount of air could not, therefore, be measured.
Besides, the errors of observation both in the salt and the
nitrogen determinations, are so comsiderable, when com-
pared with the minute differences in amount. that. in some

11



sernes Vedkommende af saadan Stgrrelse, at de i Sammen-
ligning med de smaa Differentser, som det her gjelder at
paavise, lettelig paa sine Steder kunne gjore sig gjeldende
og frembringe Uoverensstemmelser, hvor de i Tilfeelde af
absolut ngiagtige Observationer ikke vilde findes,

Hyvilken Viegt man nu end vil tilleegge disse faa For-
skjelligheder mellem de to Karter, saa meget er dog sikkert,
at de kun optriede som Undtagelser, medens den langt steer-
kere fremtraedende Regel er Overensstemmelser al saadan
Art, at de ikke uden videre kumne tilskrives Tilfaeldigheder.
Der existerer uimodsigeligf en paa mange Puncter nwmsten
til Proportionalitet graendsende lovmewssig Forbindelse mel-
lem Saltgelinlten og Kvawlstofmaengderne. som mulivens ikke
turde lade siz forklave paa anden Maade end netop gjen-
nem den for omtalte Hypothese, som sanledes maa ansees
for at indeholde ialfald en stor Del Sandhed, idet den
samtidig bestyrkes af to af hininden fuldstiendig uathrengige,
uensartede Observationsrickker, der 1 alt Viesentliet give
det samme Resultat.

Den, som det synes, storste Vanskelighed ved denne
Hypothese bestaar i at forklare, hvorledes det i de stove
Dyb flydende atlantiske Vand skulde have antaget en saa
lav Temperatur, som det ifolge Observationerne viser sig
at besidde. Dette turde dog maaske ikke synes saa urime-
ligt, naar man betwenker, at den varme, sgndenfra konnmende
Atlanterhavsstrom ved at flyde henover det underliggende
meget kolde Vand pan de nwrmest til dette griendsende
Lag maa blive udsat for en meget steerk Atkjoling neden-
fra, og at det forst gjennem en saadan Afkjoling til om-
kring 0° opnaav den hgie specifiske Veegt, der er den nod-
vendige Betingelse for, at det skal kunne synke tilbunds.
Det atlantiske Vand hay altsan, allerede torend det begyn-
der at synke, antaget e¢n meget lay Temperatur og vil
desforuden under selve Synkuingen, idet det da kanske i
et meget langt Tidsrum befinder sig paa alle Sider omgivet
af polart Vand, end yderligere blive Gjenstand for Afkjo-
ling, forend det naar Bunden. Det fremgaar forgvrigt
ogsaa af de endnu ikke offentlizgjorte Temperaturobserva-
tioner, som jeg desuagtet ved Velvillie af Professor Moln
har faset Anledning til at gjore mig Dbekjendt med, at
Temperaturen i de store Dyb paa de med rod Farve be-
tegnede Particr er noget hoieve end der, hvor Kartet er
farvet blaat, saaledes at i Virkeligheden ogsaa Temperatur-
forholdene tale for den opstillede Hypothese,

Det vilde dog viere paa wrette Sted paan dette Sta-
dium at forsoge udvedet alle Vanskeligheder. saalenge de
paa Expeditionen udforte talrige Temperaturbestemmelser
endnu ikke cre forelagte Offentligheden, da man alene ved
at tage tilbgrligt Hensyn til det hele forelizgende Materiale
af Observationer vil kunne vente at faa det bedst mulige
Indblik i de mere indviklede Spergsmaal om Strgmforhol-
dene. Det er dog meget sandsynligt, at man senerchen
ved at combinere alle Data vil kunne kaste Lys over me-
get som nu maa synes dunkelt,

Uheldigvis var det ved Expeditionens Udreise ikke
muligt at forudse, at de chemiske Observationer skulde
kunne fere til Slutninger af saadan Art som de her paa-
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of the computations, they might easily affect the result,
and give rise to discrepancies which, with perfectly aceurate
observations, there would be no fear of.

Whatever weight may be attached to these differences,
they must unquestionably be regavded as exceptional; the
rule is agreement, and of a character precluding the possi-
bility of aseribing it to chance. Many of the observations
prove incontestibly the existence of a detinite, well nigh
proportional connexion between the amount of salt and
that of nitrogen, a connexion difficult, perhaps. to explain
without having recourse to the aforesaid hypothesis, which
cannot but come near the truth, contirmed as it is by
two widely different series of observations, leading, each
independently of the other, in all essential points, to the
same rvesult.

The greatest apparent difficulty involved in this hypo-
thesis consists in explaining the low temperature of the
Atlantic water in the deeper strata. We must. however,
bear in mind that the warm Atlantic curvent, in flowing
over the cold water of the lower strata, is necessarily
made to part with a very considerable amount of heat;
and that the high specitic gravity, without which it could
not sink to the Dbottom, involves a temperature of about
0". Hence, the Atlantic water will have acquired a very
low temperature before beginning to sink, and moreover,
being smrounded during its downward passage, possibly
for a considerable period. by Polar water, give off a further
amount of heat ere it reaches the bottom. For the vest,
it appears from the independent series of temperature
observations, not yet in print, with which Professor Mohn
has kindly made me acquainted, that the temperature at
great depths in the sections coloured red in the Plate,
is somewhat higher than in those coloured blue; and hence
the Liypothesis adopted here derives additional support from
the variation in temperature.

Meanwhile, it would be premature to attempt dis-
posing of all difficulties, till the numerous temperature
determinations performed on the Expedition shall have
been made public, since to elucidate fully the more intri-
cate questions connected with ocean currents, the whole
stock of materials must be dealt with. We may however
venture to hope, that, at a later stage of this interesting
inquiry, a general combination of data will throw light
upon much that is at present involved in obscurity.

Unfortunately, it was not possible to foresee on the
departure of the Expedition, that such inferences as those
here pointed out would be drawn from the chemical ob



pegede, og det er derfor helt naturligt, naar Undersggel-
serne ikke i Henseende til Studiet af tidligere ukjendte
Eiendommeligheder ved Havet kunde fgre til saa fyldige
Resultater, som gnskeligt kunde vere. Men om end disse
Underspgelser paa Grund heraf nwermest faa Karakteren af
forberedende Arbeider, saa vil det dog, som jeg haaber,
indrgmmes, at de desuagtet kunne have sine maaske ikke
uvigtige Fglger, idet de vise, at man gjennem de chemiske
Observationer, der tidligere i Sammenligning med Tempe-
ratur og Dybdebestemmelser har spillet en mindre frem-
treedende Rolle ved Studiet at Havets Physik, vil kunne
skaffe Oplysninger om merkelige Forholde 1 Havet, som
man ad anden Vei vanskelig skulde falde paa at sgge op-
klarede. Man vil ved Hjwelp af de her erholdte Resultater
med Lethed 1 Fremtiden kunne udkaste en detailleret Plan
for en fornyet Underspgelse af det norske Hav, der i mine
Oine stiller sig som swerdeles gnskelig, da man ved at gjore
et hidindtil ukjendt Hav il Gjenstand for Bearbeidelse
vanskelig turde gjore Regning paa at traeffe et, der 1 Hen-
seende til Studiet af Strgmforholdene er saa instructivt
som det norske Hav.

Ved saadanne fremtidige Undersggelser kunne de paa
den norske Expedition benyttede Arvbeidsmethoder ikke i
alle Retninger blive optagne 1 uforandret Iform, og det vil
dertor ikke veere ubefeiet til Slutning med faa Ord at paa-
pege de Mangler, der klabe ved disse.

De til Saltbestemmelserne tidligere benyttede Metho-
der, ifplge hvilke alle herhien hgrende Observationer an-
stilles ombord, bgr utvivlsomt for Fremtiden ikke komme
til Anvendelse, da man ad den Vei tiltrods for al anvendt
Mgie ikke vil kunne opnaa den Ngiagtiched, som tiltrenges
for med gnskelig Sikkerhed at kuune paavise de 1 Havet
forekommende ofte meget smaa Differentser. Paa den
norske Expedition blev denne Fremgangsmaade benyttet,
fordi man med :wldre Iagttageres Udtalelser for (Jie maatte
befrygte, at Sgvand ikke lod sig opbevare i lengere Tids-
rum uden at undergaa forskjellige Forandringer, en Frygt,
der imidlertid efter min Erfaring kun forsaavidt er be-
grandet, som man til Opbevaring af Vandet benytter Kar,
der ere forsynede med Korkeprop. Jeg har nemlig under-
spet flere Vandprever, der have veret opbevarede paa
denne Maade i omkring 2 Aar og fundet, at de alle uden
Undtagelse have undergaaet IFovandringer af saadan Art,
at man turde veere berettiget til at anse dem uskikkede
til Egenveegtsbestemmelse, hvorimod jeg hos Vandprgver,
der i lignende Midsrum havde henstaaet paa Flasker for-
synede med isleben Glasprop, ikke kunde opdage nogen-
somhelst Eiendommeligheder, der kunde adskille dem fra
friskt gste Vandprover.  Ved denne Opbevaringsmaade
rvisikerer man dog ganske sikkert Fordunstning af en Del
af Vandet, og man maa derfor beskytte sig mod denne
Feilkilde ved at hjemfgre det til Saltbestemmelser be-
stemte Vand paa tilsmeltede Glasrer.

I de saaledes conserverede Vandprgver vil man senere-
hen efter Hjemkomsten kunne bestemme Egenveegten ved
Sprengels Pyknometer og Chlorgehalten ved Hjzlp af Vei-
ningsanalyser med saadan Skarphed, som man ved Arbeide
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servations, and hence the results of the work done, em-
bracing as it did the investigation of phenomena unknown
before, were naturally less comprehensive than might other-
wise have been attained. But, though such labours must
to a certain extent, be regarded as preliminary, they will,
I trust, prove of considerable importance, showing as they
do, that chemical observations, which. as compared with
determinations of temperature and depth, previously held
quite a subordinate rank among the means employed for
studying the physical conditions of the ocean, will serve to
throw light upon many remarkable phenomena, that without
such data would bhe extremely difficult to explain. On
the basis of the results here set forth, a detailed plan
might be easily laid down for the further exploration of
the Norwegian Sea, — in my opinion a most desirable un-
dertaking, since of ocean tracts as yet unknown, there are
probably few that, in regard to the study of ocean cur-
rents, would so well vepay investigation as that section of
the North-Atlantic.

As several of the methods of investigation practised
on the Norwegian Expedition, will not admit of being
adopted on future occasions in a wholly unmodified form,
it will not be out of place in conclusion briefly to point
out their defects.

The methods previously devised for determining the
amount of salt in sea-water, by which all observations with
this object in view were taken on board, should unquestion-
ably cease to be adopted, since they will not suffice, with
the greasest care even, to attain the high degree of acecu-
racy requisite for detecting such minute differences as ave
frequently found to occur. These defective modes of- op-
eration were, however, adopted on the Norwegian Expedi-
tion, there being reason to Dbelieve from the statements of
earlier observers, that sea-water could not be preserved
for any length of time without undergoing chemical change,
a supposition which, so far as my experience goes, is con-
firmed only in the event of its heing kept in corked vessels.
T have examined, for instance, various samples of sea-water
that had been preserved for about 2 years in corked bottles,
and found all without exception to have undergone a change
sufficient to render them unfit for specific gravity determ-
inations; whereas, on the other hand, sea-water which had
been allowed to stand over for the same space of time in
bottles furnished with ground glass stoppers, was not to be
distinguished from freshly drawn samples. There is, how-
ever, a risk of loss from evaporation, the stoppers being
seldom, if ever, tightfitting; and to guard against this
source of error, the water for salt-determinations must be
brought home in hermetically sealed glass tubes.

With water thus preserved, the specific gravity may
be determined by means of Sprengels pycnometer, and the
amount of chlorine by weighing, on the return of the Ex-
pedition, far more accurately than would be possible on
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ombord ikke i fjerneste Maade vil kunne gjore Regning
paa at opnaa, hvorhos man tillige vil have den Fordel at
kunne benytte directe Saltbestemmelser som Controlmiddel.

Mod de paa Expeditionen udforte Luftbestemmelser
vil ikke kunne gjores mnogen vicsentlig Indvending, med
mindre man skulde anke over, at de benyttede Vandprgver
ere optagne ved Hjwlp af Apparater. der ikke vare om-
givne med slette Varmeledere, saaledes at de ved An-
komsten til Overfladen vilde have havt Anledning til at
antage en i Forhold til sin Luftmmngde noget for hgi
Temperatur. Denne Feilkilde kan dog ikke antages at
have fanet nogen veesentlig Indiydelse 1 et Hav som det
her underspgte, hvor kun et meget tyndt Lag nermest
Overfladen Dbesidder en Temperatur af over 57, iswer da
Vand, der kun er svagt overmittet med Luft. meget lang-
somt giver Slip paa den overskydende Del.

Det ved Udkogningen benyttede, af Jacobsen beskrevne
Apparat er i alt Vesentligt fundet swrdeles bekvemt, kun
vilde det maaske viere hensigtsmewssigt at give Luftopsam-
lingsrgret en noget forandret Form, hvorved man lettelig
vilde undgaa den Vanskelighed. hvormed det nu er for-
bundet at overfylde Luftmmngden i Eudiometret uden Tab.

Ovenstaaende Afhandlinger ere indsendte til Redac-
tionscomiteen for den norske Nordhavsexpeditions General-
beretning, No. I og IT i April 1879 og No. IIL i Decem-
ber samme Aar,

De i disse 3 Afhandlinger beskrevne Observationer
ere, forsnavidt de ikke ere udferte ombord, anstillede i
Professor Waages Afdeling af Universitetets chemiske La-
boratorium i Christiania,

Sluttelig henytter jeg Anledningen til at udtale min
Tak til D'Hir Professorerne Waage og Mohn for den Bi-
stand, de under mit Arbeide med disse Gjenstande paa
flere Puncter har ydet mig.
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board; moreover, there is the additional advantage of being
able to test the results by direct salt-determinations.

As regards the air-determinations performed on the
Expedition, their general accuracy can hardly be impugned.
True. the apparatus with which the samples of water were
collected not having been surrounded by a non-conducting
medium. they may possibly in their passage to the surface
have assumed a temperature somewhat too high as com-
pared with the amount of air contained in them; but the
error arvising from this source cannot have exerted any
material influence, since the tract of ocean investigated
has but a thin stratum of water in which the temperature
rises above D"; besides, water slightly surcharged with air
is found to part very slowly with the surplus portion.

The boiling-apparatus devised by Jacobsen proved
very convenient; possibly, however, the tube for collecting
air might be given a somewhat different form, to obviate
the difficulty now experienced in transferring the air to
the eudiometer without loss.

These Memoirs were sent in to the Editorial Com-
mittee for the Norwegian North-Atlantic Expedition as
follows: — Nos I and IT in April 1879 and No. III in
December.

The observations set forth in the foregoing Memoirs
were, when not taken on board, instituted in Professor
Waage's department of the Chemical Laboratory of the
University of Christiania.

In conclusion, I must not omit to thank Professors
Waage and Mohn for the assistance they kindly rendered
me, in certain respects, when engaged on the investigation
of the subjects treated of in these papers,

Errata.

Page 3, line 26, from top of page, for 35.4 to 32.4 — 33.6 per cent, being’ read ‘35.4 to 32.4, 33.6 per cent bheing.
— 0, line 20, from top of page, for ‘the extent to which the results based on that hyppothesis,’ etc. read ‘the slight

extent to which Jacobsen's results.’ etc.

— 28, line 22, from top of page, for ‘soda was added, and the whole compound’ rcad ‘carbonate of soda was

added, and the whole mixture,’

— 38, line 3, from foot of page, for ‘soda’ vead ‘carbonate of soda.’
— 30, line 13, from foot of page, for ‘soda’ read ‘carbonate of soda.’

Translated into English by John Hageland.
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Om Sevandets faste Bestanddele.

Den temmelig rige Literatur, der handler om Sevands-
undersggelser, gaar helt tilbage til Slutningen af det
forrige Aarhundrede. De Kemikere, der fra Begyndelsen
af tog dette Emne under Behandling, lagde naturligvis forst
og fremst Veegten paa at bestemme Vandets samlede Salt-
méengde eller dets tilsvarende Egenvegt 1 de
Dele af Oceanet.

De forste Underspgelser 1 denne Retning
til den Slutning, at Havets Snltholdighed ikke
kastet andre Forvandringer, som ved Datidens
Midler kunde paavises, end slige, der var en

forskjellige

forte snart
var under-
analytiske
ngdvendig
Folge af swregne forud bekjendte Naturtorhold, {. Ex. For-
tynduningen i de polare Kgne ved store Ismassers Smeltning,
Denne Havets Ensartethed med Hensyn til dets samlede
Saltgehalt sandsynliggjorde naturligvis ogsaa den Antagelse,
at Forholdet mellem dets enkelte Bestanddele var af en
lignende uforanderlic Beskaffenhed. Skjont de forste For-
spgg paa at Dbestemme Sgsaltets Sammenswetning ikke forte
til saadanne Resultater, der fra Kemiens nuverende Stand-
punkt vilde betegnes som overensstemmende. ser vi dog, at
allerede Marcet (Phil. trans. 1822) drager den Slutning af
sine Sgvandsundersggelser, at der kun er meget liden Va-
riation i Forholdet mellem Kalk, Magnesia, Klor og Svovl-
syre 1 Havvandet. At Havet er en ensartet Blanding, eller
at Variationerne 1 dets Sammensetning kun kan dreie sig
om smaa Stgrrelser. er senere bekrweftet ved talrige Under-
sggelser, men den stprste Del af de Analyser, der ere ud-
forte i denne Retning, ere dog — lige indtil den Tid, da
Forchhammer offentliggjorde sin Afhandling om Sgvandet
— temmelig veerdilgse. da de ialmindelighed er behewftede
med altfor store Feil til at kunne have nogen Betydning
fra et nyere Standpunkt betragtet. De talrige og fortrin-
lige Undersggelser, Forchhammer har udfert for at komme
til Klarhed i denne Sag viser tydelig, at man skal arbeide
med stor Omhyggelighed, hvis ikke Feilene ved Analysen
skal blive stgrre end de smaa Variationer i Havets Sam-
mensetning.  Denne udmarkede Forsker har undersggt
180 Vandprgver fra de forskjellige Dele af Verdenshavet
og udfert sine Analyser med en Grundighed og Ngiagtig-

Den norske Nordhavsexpedition. Schmelck: Chemi.

On the Solid Matter in Sea-Water.

he first of the numerous works on ocean-water date from

the close of the last century; and the branch of the
subject which, to the eavlier authors. would appear of para-
mount importance, was naturally the determination of the
total amount of salt in sea-water. or the equivalent specific
gravity of the latter, in all parts of the globe.

On instituting observations with this object in view,
it soon became apparent — to the extent at least for which
the limited means of analysis then kuown sufficed — that
the proportion of salt in ocean-water was not subjected to
other disturbing influenees than such as could be readily
traced to physical causes: tor instance, dilution, in the
Arctic regions, from the melting of enormous masses of
ice. And the remarkable uniformity prevailing in the pro-
portion of the total amount of salt, was plainly in favour
of the hypothesis. that a like unvarying relation should
subsist between the diffevent constituents. The first exper-
iments to determine the nature of sea-water, did not indeed
give results that would mnow be held to exhibit close
agreement; and yet Marcet (Phil. trans. 1822) was led to
infer, that the variation in sea-water between lime, mag-
nesia. chlorine, and sulphuric acid is relatively very trifling.
That the ocean. so to speak is a homogeneous fluid, or,
that the varviations exhibited in ifs composition represent
magnitudes comparatively minute -— this view has since
been repeatedly confirmed; but the greater part by far of
the analyses performed to test it — previous to the date
at which Forchhammer published his treatise on ocean-
water -— are of very questionable value, being most of them
beset with errors, which. when viewed in the light of mod-
ern science, must be rvegarded as far too considerable to
admit of our attaching any real importance to their results.
The series of numerous and most successful experiments
instituted by Forchhammer, sufficiently attest the care that
is needed to keep the errors of analysis from exceeding
in magnitude the inconsiderable variations occurring in the
composition of sea-water. That distinguished observer
examined no less than 180 samples of sea~water, collected
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hed, der giver dem en ganske anden Betydning end de
foregaaende.

Imidlertid kan der efter Forchhammers eget Udsagn
gjores nogle Indvendinger med Hensyn til Indsamlingen af
disse Vandpregver, der for den stgrste Del blev medbragt
af forskjellige Sefarende, hvorved man ikke altid kunde
have den ngdvendige Garanti for deres omhyggelige Opta-
gelse og Opbevaring, De Feilkilder, der paa denne Maade
kunde opstaa, er maaske for en Del Skyld i de 1 overens-
stemmelser, der hist og her foreckommer i Forchhammers
Tabeller, hvor den overveiende Del af Tallene kun viser
smaa og ialmindelighed let forstaaclige Difterentser.

Forat skaffe Vand op fra Dybet har Forchhammer
betjent sig af en tilproppet tom Flaske, som fivedes ned til
det bestemte Dyb. hvorved Vindet trykkede Proppen ind
og fyldte Flasken. Ved Opbringelsen bragtes paa Grund
af den tiltagende Varme og det aftagende Tryk Proppen
atter paa sin Plads i Flaskens Munding. Man kan indse,
at denne Fremgangsmaade ikke yder nogen tilstriekkelig
Garanti for, at det optagne Vand virkelig stammer fra de
bestemte Dybder; og Forchhammer mdrgmmer ogsaa villig
dens Mangelfuldhed. De Dybvandsiagttagelser, Forchham-
mer paa denne Maade har anstillet, er ogsaa temmelig faa-
tallige og indskrienker sig ialmindelighed til de heierelig-
gende Vandskikter san at man ikke derat kan drage nogen
Slutning med Hensyn til det Vand, der befinder sig 1 nwer-
mere Bergrelse med Havbunden. Der var jo en Mulighed
for, at der her kunde gjove sig andre Krefter gjeldende,
f. Ex. Dyrelivet eller Havbundens Beskaffenhed, som kunde
frembringe Forandringer 1 Havets Sammenswetning,

Andre Kemikere har vistnok i den senere Tid be-
handlet dette Emne. og cnkelte har ogsaa tfundet, at Vau-
det fra Bunden har en noget anden Sammensietning end
Vandet fra Overfladen, men  disse Iagttagelser ere dog i
flere Retninger saa ufuldstiendige. at noiere Undersogelser
maa veere af Interesse.

Da den norske Nordhavsexpedition i Aarvene 1876,
1877 og 1878 udgik paa sine forskjellise Togter forat
undersgge Havet mellem Norge,
Mayen og Spidsbhergen i fysisk, zoologisk og kemisk Retning,
var den rigelig udrustet med Redskaber til Indsamlingen
af det respektive videnskabelige Materiale.

Fwrgerne, Island, .Jan

Til Opbevaring af Vandprover var medtaget omkring
100 med Glasproppe forsynede Ilasker (hvoraf de fleste
rummede 2, nogle d Liter). Proverne bleve dels tagne fra
Overfladen, dels hentede fra Bunden og de mellemliggende
Dyb ved Hjelp af en af Hr. Kaptain Wille konstrueret
Vandhenter!. Ved Optagelsen af Vandet, saavelsom ved

! Tegning og Beskrivelse af dette Apparat findes i Tornge's Af-
hendling om den i Sgvandet oplgste Luft.

in different parts of the ocean, performing his analyses with
a thoroughness and rigorous precision that entitle them, as
scientific results, to a far higher rank than can be claimed
for any preceding observations.

Meanwhile, as Forchhammer himself admits, objections
may be urged to the mode in which these samples of sea-
water were drawn, the greater part having been brought
home by seamen; and hence it was not always possible to
obtain the necessary assurance, that due care had been
taken in collecting and preserving them. To errvors that
may possibly have arisen from this source, we must, per-
haps, partly ascribe the want of agreement met with here
and there throughout Forchhammer's Tables, in which the
figures generally exhibit but small difterences easily ac-
counted for.

To obtain deep-sea water, Forchhammer made use ot
a corked bottle, which was sunk to a depth at which the
water, by veason of its greater pressure, forced in the cork
and filled the bottle. On hauling in the line, the increased
temperature and diminished pressure brought back the cork
to its oviginal position in the neck of the bottle. Now it
is obvious, that. with this mode of drawing sea-water, there
can be no absolute certainty of the sample obtained origin-
ating at the required depth; and Forchhammer readily
grants its defectivencss. Indeed. the observations he has
instituted with water drawn in this manuner are compara-
and chietly confined to the higher of the deep-
sea strata: and hence nothing ecan be mferrved from them
respecting the water which is in eclose proximity to the
bottom. Possibly, other agencies may be at work there:
such, for instance, as depend on the presence of animal
lite or on the nature of the bottom, and which, in some
way or other, might intfluence the composition ot ocean-water.

Othér chemists, too, have of late years investigated
this subject; and, according to some, water from the
bottom does differ slightly in composition trom surtace-
water. Meanwhile, their results are in many respects so
defective, that a record of more trustworthy observations,
adapted to the present state of chemical science. will, it
is believed. be found specially opportune.

The Norwegian North-Atlantic Expedition despatched
in the years 1876, 1877, and 1878, for the physical, zoo-
logical, and chemical investigation of the tracts of ocean
stretehing between Norway, the Farde Islands, Ieceland,
Jan Mayen, and Spitzbergen, was fitted out with the great-
est care, being furnished with every aid and appliance
deemed even remotely requisite for the attainment of the

tively few,

end proposed.

Among the chemical desiderata  were comprised
about 100 phials, with ground glass stoppers (some contain-
ing 2, and some 5 litres), in which to preserve samples of
sea-water. The samples collected on the Expedition were
obtained partly from the surface, partly from intermediate
depths, and partly from the bottom, in an instrument! de-

! This apparatus is figured and deseribed in Tornge’s Memoir on

the air in sea-water,
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Paafyldningen af Flaskerne, blev der anvendt den storste
Omhyggelighed, idet disse Operationer enten foregik under
Opsigt af Hr. Tornge, der fra 1877 var ansat som Expe-
ditionens Kemiker, eller af mig. der i det fplgende Aar
deltog i Expeditionen, da Hr. Tornge ikke alene kunde
overkomme alle de kemiske Arbeider. som vare npgdvendige
under Reisen. De af os medbragte Vandprgver ere hen-
tede nordenfor den nordlige Polarkreds; de gvrige, der ere
tagne sgndenfor denne, ere paa samme Vis indsamlede og
opbevarede af Hr. Svendsen, der var Expeditionens Kemi-
ker paa dens forste Udflugt i 1876,

Alle de Arbeider, der ere udfprte ombord, saasom
Luftudkogninger, Bestemmelser af Kulsyren, Klormaengden
og den specifiske Viegt ere senere bearbeidede og diskute-
rede af min Ven Hr. Tornge, der har overtaget den fysisk-
kemiske Del af Avbeidet, medens det for mig stod tilbage
at underkaste de medbragte Vandprover en kemisk Analyse
med Heusyn til de gvrige faste Bestanddele.

Ved disse Undersggelser har jeg nu sat mig som
Formaal at udfinde, hyvorvidt Forholdet mellem Sovandets
Bestanddele er udsat for saa store Forandringer, at de
lader sig paavise ved de npiagtigste analytiske Methoder,
og om man af de fundne Tal kan uddrage nogen Regel
med Hensyn til de mulige Forskjelligheder i Sgvandets
Sammensetning. I dette Piemed har jeg udelukkende lagt
Vieegten pan de af Havets Bestanddele. der for det fprste
lader sig bestemme med den stprste Lethed og Sikkerhed,
og for det andet — efter al Erfaring og Sandsynlighed —
maa veere de Stoffer, som fortrinsvis kan paavirkes af andre
i Havet forekommende Krefter, Med dette Formaal for
Piet maa man nermest henvende sin Opmeerksomhed paa
Kalk, Magnesia. Svovlsyre og Klor. Natron. Kali og de
1 mindre Meengde Baser og Syrer har
med Hensyn til det foreliggende Sporgsmaal liden eller
ingen Interesse, da de ikke kan bestemmes med den ngd-
vendige Ngiagtighed. Hellerikke kan man for Alkalicrnes
Vedkommende tenke sig, at de skulde viere synderlig af-
heengige af fremmede Paavirkninger. uden forsaavidt som
en Variation i Klornatrummengden. der jo udgjor den
overveiende Del af Havsaltet. vilde veere ensbetydende med
en tilsvarende Forandring i Vandets Egenviegt. Da der
imidlertid er stor Uoverensstemmelse mellem de Tal, der
af forskjellige Kemikere er fundne for Kalimengden i Sg-
vandet, har jeg for Sammenlignings Skyld bestemt denne
Bestanddel i nogle Vandprever fra forskjellige Punkter af
Havet,.

forekommende

Blandt de Salte, der forekomme i mindre Mengde i
Sevandet, har iserdeleshed den kulsure Kalk veeret Gjen-
stand for Kemikernes Opmeerksomhed. Mange har bestemt
denne Forbindelse ved at koge en vis Portion af Sgvandet
i lengere Tid — under stadig Erstatning af det fordam-
pede Vand — og derpaa veie det udskilte Bundfald. Ved
at analysere dette har jeg imidlertid ikke fundet Spor af

vised by Captain Wille, R. N.  When drawing the water
and filling the phials, the greatest care was taken, these
simple but delicate operations having been invariably per-
formed in the presence either of Mr. Tornge (since 1877
chemist to the Expedition) or of myself, who the following
year went out as assistant-chemist. Mr. Tornge not being
equal to all the chemical work that had to be done on the
last cruise. The samples of sea-water brought home by us
on the return of the Expedition, were all collected north
of the Arctic circle; those from the first cruise in 1876,
having been similarly obtained and preserved by Mr. Svend-
sen. the gentleman originally appointed chemist to the
Expedition.

All chemical work done on board, viz. determinations
of air. carbonic acid, chlovine. and specitic gravity. has been
since critically reviewed and tested Dby my friend M.
Tornge, who undertook to work up the physico-chemical
details. while T have analvsed the varvious samples of
sea-water with a view to determine their seolid constit-
uents.

My object with this investigation. has been to ascer-
tain, if possible. whether the relation subsisting between
the component parts of sea-water varies sufficiently to admit
of determining its fluctuations by the most exact analytical
methods; and whether. in that casc. it were not possible
from the results attained to deduce some definite rule reg-
ulating such assumptive differences in the composition of
sea-water. To this end. T have exclusively laid weight on
those constituents of ocean-water which, fivst, admit of being
determined with the greatest accuracy and facility, and
whicli, secondly, — as is indicated alike by experience and
probability, — must be the substances specially acted upon
by the forces operating in sea-water. And those substances
ave chiefly lime, magnesia, sulphuric acid, and chlorine.
Noda. potash. and the bases and acids occurring in (uan-
tities comparvatively small, have. as affecting this question,
little or no imterest since they cannot be determined with
sufficient exactness. Nor is it likely that the proportion
of alkalies is dependent i any considerable degree upon
extraneous influence. save inasmuch as a variation in the
amount of chloride of sodium. which constitutes. we know,
by far the greater part of the salts in sea-water, would
imply a corresponding change in the specific gravity of
the water, Meanwhile. as the figures computed by divers
chemists for the proportion of potash in sea-water, exhibit
a remarkable want of agreement. I have determined that
substance in several of the samples of water collected from
different parts of the ocean.

Among the salts which sea-water contains in small
quantities only, carbonate of lime is that which has most
attracted the attention of chemists. Its relative proportion
has been repeatedly determined. by boiling for a consider-

able time a given quantity of sea-water, — the loss from
evaporation being supplied as it arises, — and then weigh-

ing the precipitate. On analysing this deposit, I have
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Kalk!. Dette Bundfald viste sig at bestaa af Magnesia
foruden en Smule Jern og Fosforsyre og neppe merkelige
Spor af Kulsyre. Inddamper man derimod en Liter Sg-
vand til dens halve Volum, saa danner der sig et Bundfald,
som bestaar af kulsur Kalk og Gibs og kun indeholder
smaa M@ngder Magnesia. Men hvorvidt den kulsure Kalk,
som i dette Tilfrelde udskiller sig, virkeliz fra Begyndelsen
af har veret oplest som saadan i Spvandet. kan naturligvis
ikke afgjores ved dette Forsgg. Tvertimod synes det med
megen Rimelighed at fremgaa al He. Tornge's Undersggel-
ser over Rulsyren 1 Sgvandet, at denmme fortrinsvis maa
viere bundet til Natron som dobbelt kulsurt Salt.

Ved videre Inddampning af Sovandet udskilles (rips
og Klornatrium. Endnu efterat Hovedmassen af Kogsaltet
har afsat sig, indeholder Moderluden alle de Kali- og Mag-
nesiasalte, der fra Begyndelsen af har vieret tilstede i
Vandet. I en saadan Moderlud fra 20 Liter Sovand lyk-
kedes det mig at paavise Jod efter den af Koetstorfer=
angivne Methode. Ved Afkjoling under 0* udskilte den
Krystaller af svovlsurt Natron, ved hgiere Temperatur
svovlsur Magmesia,

Forchhammer angiver i sin Afhandling om Sgvandet,
at han flere Gange har fundet Svovlvandstof i de hjem-
sendte Prover. Han tilfoier imidlertid, at denne Forbin-
delse muligens kan viere opstanet ved en mindre omhygge-
lig Rensning af Flaskerne; men i enkelte Tilfselde foler
han sig dog forvisset om. at den maa have dannet sig af
Sevandets ezne Bestanddele. .Jeg har aldrig kunnet op-
dage den karakteristiske Lugt af denne Gas ved Aabningen
af de fra Expeditionen medbragte Vandprover. Selv nogle
af disse, der undtagelsesvis vare blevne opbevarede i almin-
delige, med Korkpropper forsynede, Ilasker og forst aab-
nedes efter et Par Aars Forlob, befandtes at viere fuld-
kommen lugtfric.

Efter Forchhammer's Mening skulde Svovlvandstoffet
have dannet sig ved Oxydation af de organiske Stoffe paa de
svovlsure Saltes Bekostning. Forat bestemme Sgvandets
organiske Bestanddele benyttede Forchhiammer Koguning med
Kamaeleon, og indforte derved en Methode, der som be-
kjendt sencre har faact en udstrakt Anvendelse med Hen-
syn til Drikkevand.

Han tilsatte Sovandet saameget af en bekjendt Op-
losning af overmangansur Kali, at det efter et Opkog og
Henstand i 12 Timer beholdt en rodlie Farve. Den i
Overskud tilsatte Kamwleon fandtes ved at bestemme den
Mzangde af denne. der var nmdvendig forat trembringe
samme Farve i det samme Volumen reut Vand, Ved at
anvende demme Methode har jeg fundet, at 100 Kc. Sgvand
ialmindelighed affarver 0.0005. Gr. overmangansur Kali,
hvad der omtrent skulde svare til 0.0025 pCt. organiske

! Sammenlign Tornge’s Afhandling om Kulsyren i Sgvandet.
? Zeitschrift fiir anal. Chemie, 1878, S. 305.

failed however to detect the slightest trace of lime! The
said deposit was found to consist of magnesia. along with a
little iron and phosphoric acid, and hardly appreciable traces
of carbonic acid. If, on the other hand, a litre of sea-
water be reduced by boiling to half its volume, the precip-
itate will consist of carbonate of lime and gypsum, the
proportion of magnesia being comparatively small. But
whether the carbonate of lime precipitated in this case was
oviginally present as such in the water, is a question which
camot be decided by this experiment. .Judging, however,
from the results of Mr. Tornge's observations on the car-
bonic acid present in sea-water, that gas may with good
reason be inferred to occur chiefly in combination with
soda as a bicarbonate.

On further evaporation of the sea-water, gypsum and
chloride of sodium are deposited; and even after the bulk
of the chloride of sodium has been precipitated, the mother-
liquor contains all the salts of potash and magnesia
originally present in the water. In motherliquor of
this description, obtained from 20 litres of sea-water. I
succeeded in detecting iodine. by the process described
by Koetstorfer.? On reducing the temperature. sul-
phate of soda was deposited; on raising it. sulphate of
magnesia.

In the treatise on ocean-water. Forchhammer records
his having frequently met with hydrosulphuric acid in the
samples of sea-water sent him: and this compound may, he
thinks, in most cases, be traced to impurities in the bottles;
though in some he feels convinced it had formed from the
constituent parts of the sea-water itself. I did not low-
ever in any case detect the fwtid smell characteristic of
that gas, when opening the numerous phials brought home
with the Expedition. Certain of the samples even excep-
tionally preserved m common corked bottles, and allowed
to stand over for the space of two years, proved to be
quite inodorous.

According to Forchhammer, hydrosulphuric acid is
formed by the oxidation of orgamic matter, at the cost of
the sulphates. In order to determine the organic elements
of sea-water, Forchhammer boiled the latter with perman-
ganate of potash, thus devising a process which has since
been extensively adopted for the determination of organic
matter in drinking-water.

He added to the sea-water a solution of permangan-
ate of potash, of known strength, sufficient to give it, on
being boiled and suffered to stand over for the space of
12 hours, a reddish colour. The excess of permanganate
of potash was found by determining the proportion of that
substance necessary to produce the same colour in an equal
volume of pure water. Adopting this method, I found
that 100« generally sufficed to discolour 0.0005#" of per-
manganate of potash, which nearly corresponds to 0.0025¢"

' Tide Tornge's Memoir “On the Carbonic Acid in Sea-Water.”
* Zeitschrift fiir anal. Chemie, 1878, S, 305,



Stoffe. Dette er mindre end Halvdelen af, hvad Forch-
hammer har fundet som Middeltal for Havets organiske
Bestanddele, men stemmer ganske godt overens med nogle
Bestemmelser, der i den senere Tid er udfort af Professor
Almén' i endel Vandprgver fra Omegnen af Spidsbergen.
Almén anvender hertil den samme Methode som ved Drikke-
vand, idet han tilswetter Sgvandet Svovlsyre og ved gjen-
tagne Kogninger med IKameleon oxyderer de organiske
Stoffe. Forat forhindre den skadelice Virkning af Klor-
metallerne fortynder han det iforveien med destilleret Vand.
Paa denne Maade finder han, at 100 Ke. Ishavsvand inde-
holder 0.0018—0.0038 Gr. organiske Substantser, Nord-
sgen, Skagerak og Kattegat skulde efter hans Undersggelser
indeholde en storre Mewngde organiske Bestanddele, men
dog ikke saameget som det ferske Vand fra Floder og Ind-
sger, hvilket viser, at Sgvandet ikke fremfor dette er be-
gavet med nogen sweregen reducerende Eyne. Paa mange
af de fra Expeditionen medbragte Flasker havde der i
Tidens Lob udskilt sig et ubetydeligt fnokket Bundfald af
organiske Stoffe, der under Mikrvoskopet viste sig at inde-
holde Diatomeer. Filtratet forholdt sig imidlertid ganske
ordinzert ligeoverfor den overmangansure Kali.

Til Bestemmelsen at Kalk, Magnesia og Svovlsyre i
Havvandet har jeg betjent mig af de almindelige velbe-
kjendte Methoder; men de forberedende Underssgelser, jeg
har gjort forat forsikre mig om Paalidelicheden af disse,
har vist mig, at de ikke altid giver saa ngiagtige og over-
ensstemmende Resultater, som ere ngdvendige for et Ar-
beide som det foreliggende, hvis man ikke i enkelte Ret-
ninger tager nogle Forsigtighedsregler, der eve altfor lgst
omtalte 1 de analytiske Haandbgger. Jeg vil derfor i det
folgende gaa lidt nwrmere ind paa de Fremgangsmaader,
jeg har brugt forat erholde de noiagtigste Bestemmelser.

Kalk og Magnesia.

Til disse Bestemmelser afveiedes '/, Liter Sevand.
Efterat Magnesiaen ved Tilscetning af omtrent 25 Ke. kon-
centrevet Saltsyre og derpaa folgende Neutralisation med
koncentreret Ammoniakoplgsning indtil et ubetydeligt Over-
skud var forhindret fra at falde ud, blev Kalken i Kulden
bundfieldt med et Overskud af oxalsur Ammoniak. Efter
en Nats Henstand frafiltreredes Bundfaldet, oplestes 1 varm
Saltsyre og udfmldtes atter i Koghede med Ammoniak og
nogle Draaber oxalsur Ammoniak. Efter 12 Timers For-
lgb blev Bundfaldet bragt paa Filtrum og bestemt som
Atskalk. Tilstedeveerelsen af Klornatrium har ingen ska-
delig Indfiydelse paa Kalkbestemmelsen, men synes tvert-
mod at bidrage til en smuk krystallinsk Udfeeldning at den
oxalsure Kalk, Fglgende Kontrolbestemmelser viser Ana-
Iysernes Paalidelighed:

! Svenska likaresilskapets nya handlingar. Ser. II, del IlI,

Stockholm 1871,

organic matter. This is less indeed than halt the propor-
tion Forchhammer gives as the mean for the organic ele-
ments of ocean-water; it agrees, however, pretty closely
with certain determinations performed some time since by
Professor Almen! with samples of sea-water collected in the
region of Spitzbergen. Almén resorts to the method adopted
for drinking-water, mixing sulphuric acid with the water,
in which, atter rvepeated boiling with permanganate of pot-
ash, the organic matter will be oxidized. To counteract
the injurious eftfect of the chlorvides. he dilutes the samples
beforehand with distilled water. In manner he finds
that 100« from 0.00184" to
000334 of organic matter. According to his observations,
the proportion is somewhat greater i the North Sea. the
Nkagerak, and the Cattegat, though not equal to that in
the water of vivers and lakes. which shows that sea-water,
compared to the latter. cannot be possessed of any special
reductive: property. In some of the phials brought home
with the Expedition, had formed a thin precipitate of or-
ganic matter, which, when viewed under a microscope was
found to contain Diatoms. The filtered solution, however,
behaved as treated  with  permanganate of
potash.

For determining the potash, magunesia, and sulphurie
acid in ocean-water, 1 have adopted the ordinary, well-
known methods; but the series of preliminary experiments
which I instituted with o view to test their trustworthiness,
has convinced me that they do not always give results suf-
ficiently accurate and congruous to warrant their adoption
here, unless indeed accompanied by certain precautions too
briefly dismissed in analytical class-books. I shall there-
fore in the context dwell more at large on the several
modes of operation by which 1 have sought to obtain the
most accurate determinations.

this
of Arctic sea-water contain

usual  when

Lime and Magnesia.

For determining these substances, a quarter of a
litre of sea-water was frst weighed, After guarding against
the precipitation of the magnesia, by adding about 25¢
of concentrated hydrochloric acid, and then neutralising
with a concentrated solution of ammonia, in slight surplus,
the lime was precipitated cold, by means of oxalate of am-
monia
tered off, dissolved in warm hydrochloric acid, and again
precipitated, at the boiling point, with ammonia and a few
drops of oxalate of wmmonia, After 12 hours, the solution
was filtered, and the precipitate weighed, as caustic lime.
The presence of chloride of sodium has no disturbing effect
on the lime-determinations; nay, it apparently contributes
towards the beautiful crystalline precipitation of the oxalate
of lime. The {following test-determinations vouch for the
accuracy of the analyses: —

in excess. Next morning the precipitate was fil-

1 Svenska likaresilskapets nya handlingar.
Stockholm 1871.
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I No. 1 fandtes 0.0595 og 0.0602 pCt. CaO.

I . 11 — 0.030 , 0.0590 ., v

I . 26 — 005 , 0053596 ., #

I . 33 — 0058 , 00595 , ”

I . 34 — 00350 . 00593 . .

I , 3 — 00588 . 00588 . "

I ., 3 — 00577 . 00579 ., ,,

I . 49 — 00578 . 0.0582 =

I . 50 — 003883 . 00688 -

Den storste Differents mellem Bestemmelserne 1 et

og samme Vand er altsaa 0.001 pCt.

Til Bestemmelsen af Magnesia inddampedes de to
Filtrater fra Kalkfreldingerne 1 en Platinskaal til omfrent
150 CC. og bundfeldtes derpaa med fosforsurt Natron og
en saa stor Mwengde koncentreret Ammoniakoplesning. at
denne kom til at udgjere omtrent 'j; af Viedskens Volum.
Iagttager man ikke den Forsigtighedsregel at tilsmtte et
saadant Overskud af Ammoniak. vil man let faa uoverens-
stemmende Resultater. Ved at anvende forskjellige Ammo-
niakmengder fandt jeg i et og samme Vand folgende Tal
for Magnesia.

Med 9 Dele Viedske og 1 Del kone. Amm. 0.2044 pCt. MgO.
.5 . - .1, 02061 . .
. F . = L1, 02140 . .

T et andet Vand fandtes paa samme Maade:

Med 9 Dele Viedske og 1 Del kone. Amm. 0.2054 pC't. MgO.
i B - i E 02112 . .

Nadvendigheden af at tilsette et saadant Overskud af
Ammoniak for at fan en npingtig Bestemmelse af Magnesia
efter denne Methode er altfor lidet fremhievet i de analy-
tiske Leereboger. Rimeligvis er denne mindre paaagtede
Feilkilde Grunden til. at flere Kemikere har fundet meget
uoverensstemmende og lave Tal for Magnesin 1 Sovandet.
Forchhammer. hvis Resultater med Hensvn til Kalk- og
Magnesiamangden stemmer godt overens med mine Ana-
Iyser. inddamper Filtratet fra den fosforsure Ammoniak-
magnesia til Torhed og faar ved Oplosning af Residuet 1
Ammoniak altid en liden Rest af det fosforsure Salt.
En saadan Inddampning er imidlertid ikke nodvendig,
naar man blot for Faldningen koncentrerer Viedsken til
det mindst mulige Volum og tilswtter det nodvendige Over-
skud af Ammoniak. Naar Bundfaldet derpaa efter 24
Timers Henstand frafiltreres. giver Filtratet ved Inddamp-
ning ingen Rest af fosforsur Ammoniakmagnesia,

Men ungtet disse Forholdsregler kan Magnesia ikke
bestemmes med samme Sikkerhed i Havvandet, som Kalk
og Svovlsyre. Nedenstaaende Tal viser Differentserne mel-
lem Kontrolbestemmelserne:

I No. 33 fandtes 0.2160 og 0.2200 pCt. MgO.
I, 3 0.2180 , 0.2207 ., -
I . 36 02173 ,. 0.2180 »
Sterste Differents = 0.004 pCt.

6

In Sample 1 the proportion was 0.0595 and 0.0602 p.ct. CaO.

I — 11 . . 00580 , 00390 .
In — 26, . . 0.0590 , 00596 ,
In — 33, . . 00585 . 00595 ,
In — 34, . . 00590 . 00593 .
In — 35, . . 0.05% . 00388 ,
In — 36, . . 00577 . 00379 ,
In — 49, . . 00578 . 00382 .
In — 50, . . 00583 . 00588 ,

Hence the greatest difference between any two de-
terminations with the same sample of water is 0,001 per cent,

For determining the magnesia, the two solutions from
which the lime-precipitates had been filtered off were evap-
orated in a platinum dish to about 150+, and then treated.
for precipitation, with phosphate of soda. and with a con-
centrated solution of ammonia measuring one-third of the
volume of the fluid. Unless ammonia be added in such
excess, there is a risk of obtaining incongruous results,
On treating different quantities of the fluid with the same
proportion of ammonia. I found the following figuves for
magnesia,
With 9 parts of fluid and 1 partof cone.amm. 0.2044 p.ct. M2O.

5 02061 . .
0.2140

In another sample of water, the percentage thus found
was —

va-.-.-r"lr*."

5
r-)'ver-r rlr-.r_

With 9 parts of fluid and 1 part of cone.amm. 0.2054p.ct. MgO.

2w oo ox I 0.2112

The necessity. with this method. of adding anunonia
i so great excess. to ensure a satisfactory determination
of magnesia, has not been sufficiently emphasized in ana-
Iytical class-books; and to this comparatively disregarded
source of error. may no doubt be attributed the fact of
divers chemists having obtained for magnesia. in their ana-
lyses of sea-water. results alike incongruous and low.
Forchhammer. whose lime and magnesia determinations
exhibit close agreement with my own. evaporates to dryness
the solution from which the double phosphate of ammonia
and magnesia has been filtered, and can. on dissolving the
residue in ammonia, invariably detect traces of the phos-
phate. Meanwhile. evaporation does not constitute a necessary
phase of the process. provided the fluid. previous to precip-
itation. be concentrated to the least possible volume, and
then treated with ammonia in due excess; for. on the pre-
cipitate, after 24 hours. being filtered off. the solution. if
evaporated to dryness. will not leave a trace of double
phosphate of ammonia and magnesia.

But. even assuming every precaution, the magnesia in
sea-water does not admit of being determined with the same
degree of accuracy as do lime and sulphuric acid. The
annexed figures show the extent to which the test-deter-
minations were found to differ.

In Sample 33 the proportion was 0.2160 and 0.2200p.ct. MgO.

In 35 . " » 02180 . 02207 , ,

In 36 ,, . 02173 . 02180 , .,
Greatest difference : 0.004 per cent.



Svovlsyre.

Til denne Bestemmelse har jeg afveiet omtrent 100
Gr. Sgvand, som tilfgiedes 8—10 Draaber koncentreret
Saltsyre og i Koghede bundfzeldtes med en Klorbarium-
oplgsning. der tilsattes af en Biirette for at forhindre et
skadeligt Overskud.  Flasken med Bundfaldet hensattes
derpaa 1 Kulden, og Filtreringen foretoges fgrst efter 12
Timers Forlgh.

Paa denne Maade erholdtes ved Kontrolbestemmelserne
fglgende Tal:

I No. 6 fandtes 0.2226 og 0.2236 pCt. SO,
I, 11 — 02145 . 0218 ,
T, 12 — 02209 , 02221 ,
I . 40 — 02176 , 0219% ,
I, 42 — 02136 , 02165 ,

Sterste Differents = 0.0019 pCt.

Hvis man lader Bundfaldet afsette sig i Varmen og
derpaa frafiltrerer det ved den samme Temperatur, taber
man altid en Del af den svovisure Baryt, da dette Salt er
noget oplgseligt 1 varmt Sevand, og Filtratet udskiller der-
for ved Afkjgling og Henstand et krystallinsk Bundfald af
Denne Oplgselighed skyldes det tilstedeverende
Klornatrium. Jeg har overbevist mig om dette ved sammeii-
lignende Forsgg med en Kogsaltoplgsning atf en Koncen-
tration, der omtrentlig svarede til Sgvandets. Tilswttes en
Smule Svovlsyre eller svovlsur Kali til et vist Kvantum af
denne Oplgsning, vil der trienges mere af en fortyndet
Klorbariumoplgsning for deri at frembringe Bundfald, end
der er npdvendig til samme Volwmen rent Vand, hvortil er
tilsat den lige Mengde Svovlsyre. De Feil, der kan opstaa
i Bestemmelserne, hvis man frafiltrerer Bundfaldet ved al-
mindelic Vandbadtemperatur (80°—90°) er vistnok ikke
betydelige, men giver sig dog klart tilkjende, da de ialmin-
delighed er flere Gange stgrre end Differentserne mellem
de ovennwevnte Kontrolbestemmelser .

Tungspath,

1 Som Exempler kan anferes fglgende Analyser:

I Varmen: I Kulden:

I No. 20 fandtes ved Filtrering 0.2172 0.2204
I, 87 — — 02140 0.2104
1, 3% — — 02144 0.2183
I, 4 — — 0.2087 0.2120
T, 46 — — 02140 0.2205
I, 48 — — 02110 0.2150
I, 49 — —  0.2207 0.2215

Ved ikke at tage Hensyn til den svovlsure Baryts Oplgselighed
i varmt Sgvand vil man altsaa faa en Feil, der ialmindelighed belgber
sig til omtrent 0.004 pCt. R. Fresenius har (Zeitschrift fir anal
Chemie 9, S. 72) undersggt forskjellige Saltes oplgsende eller for-
wensende Hvne ligeoverfor den svovisure Baryt og fundet, at Klor-
natrium ikke har nogen skadelig Indflydelse paa Svovlsyrebestemmel-
sen. Ved Analyser, der kraever en speciel Ngiagtighed, har altsaa
dette blot sin Rigtighed under Forudsstning af, at Bundfaldet faar
Anledning til at afssette sig i Kulden. Hvorvidt Fresenius ved sine
Forsge har iagttaget denne Forsigtighedsregel, fremgaar ikke af hans
Athandling, men Differentsen mellem to Bestemmelser, han har ud-
fort med eller uden Indvirkning af Klornatrium, falder ialtfald til

Sulphuric Acid.

For determining this constituent, I weighed 100 ¢ of
sea-water, and treated the Hluid with 8—10 drops of con-

centrated hydrochloric acid, precipitation — at the boiling-
point — being then effected with a solution of chloride of

barium, which was gradually added from a burette, with a
view {o prevent injurious excess. The phial containing the
solution was now removed to a cold room, where, after the
lapse of 12 hours, the precipitate was filtered off.

The following are the results of the test-determina-

tions: —

In Sample 6 the proportion was 0.2226 and 0.2236 p.ct. S0
m - 11, 02145, 02155 . .
In — 12, 02219, 02221 . .
In — 40, D.2176 ,, 0219
In — 42, 02156, 0.2165 .,

Greatest difference : 0.001Y per cent.

By allowing the precipitate to form at about the boil-
ing-point, and then filtering it off at the same temperature,
some of the sulphate of baryta — a salt partially soluble
in warm sea-water -— will be invariably lost; and hénce
a crystalline deposit of sulphate of Dbaryta is observed in
the filtered solution some time after its cooling. The solu-
bility of the salt is due to the presence of chloride of
sodiuni: of this I am convinced trom comparative experi-
ments with a solution of common salt, corrvesponding in
Now, it to
a given quantity of this solution be added a little sulphurie
acid or sulphate of potash. it will requive more of a diluted
solution of chloride of barium to cffect precipitation than
is necessary for the same volume of pure water treated
with the same proportion of sulphuric acid. True, the
errors in determination that can result from filtering off
the precipitate at the ordinary water-bath temperature (80°
— 90°), are not great, — but they are quite appreciable,
being many times greater indeed than the differences be-
tween the test-determinations alluded to above.!

concentration as near as may be to sea-water.

! This will appear from the following results: —
Iiltered warm. Filteved cold.
In Sample 20 the proportion was 0.2172 0.2204 p.ct. SO,

In — 37 N » 02140 0.2194 »
In — 38 , N . 02144 02183,
In — 44 , . 0.2087 02120 ,
In — 46 . 02140 02205 ,
In — 48 . , 0.2110 02150 Y
In — 49 L 02207 02215,

Hence, the error that arises from disregarding the solubility of
sulphate of baryta in warin sea-water, will generally amount to 0.004
per cent. R. Fresenius has examined (Zeitschrift fiir anal. Chemie ¢,
S. 2) divers salts, with a view to ascertain their dissolving or con-
taminating properties in relation to sulphate of baryta, and has found
chloride of sodium to have no disturbing influence on sulphuric acid
determinations. This, then, in analyses craving exceptional accuracy
will be found to hold good only in the event of the precipitate being
allowed to form at a low temperature. Whether Fresenius had regard
to this precaution, does not appear from his treatise; but the difference
between two determinations he has performed, one with and one without
the presence of chloride of sodium, is certainly in favour of sulphate



Kali.

Denne Bestemmelse, der krever lang Tid og om-
steendeligt Arbeide, har jeg som for nevnt kun udfert i
nogle faa Vandprever. Hertil har jeg anvendt omtrent H0
Gram Sevand og fraskilt Kalk og Magnesia efter den af
Classen angivie Methode! med oxalsur Ammoniak, Alkohol
og Eddikesyre. Filtratet blev inddampet til Torhed, Am-
moniaksalterne bortjagede og den tilbageblevne Saltmasse
befriet fra Svovlsyre ved gjentagne Glodninger med et Over-
skud af Salmiak, De samlede Klorider blev derpaa opleste
i Vand, overtgrte i Platindobbeltsalte og derpaa behandlede
efter den Methode, der af Fresenius foreskrives til Bestem-
melsen af Kali og Natron i Mincralvand.
tid meget vanskeligt at faa al Svovlsyve fjernet ved Af-
dampning med Salmink. og det fremstillede Kaliumplatin-
klorid indeholdt derfor altid Spor af svovlsure Salte. Der
er saaledes en Mulighed for, at de fundne Kalimengder er
noget for hgic, skjont Bestemmelserne 1 de forskjellige
Vandprever stemmer nogenlunde godt overens med hin-
anden.

Hyvis man iforveien veicr de samlede Klovider og dex-
fra trekker den evholdte Klovkaliummiengde, skulde man
altsan kunne finde Sgvandets Klornatriwmgehalt. Men da
Kloriderne inlmindelighed ere forurensede med smaa Mang-
der Svovlsyre og Magnesia, der ikke er blevet fuldstrendig
fiernede ved de foregaaende Operationer, og Kulrester fra
Ammoniaksaltenes Afdampning. vil man ved denne indirekte
Bestemmelse faa altfor hoie og uwoverensstemmende Tal for
Klornatrium. Man vil pan denne Maade ialmindelighed
finde omkring 2.8 pCt. af dette Salt. medens man efter en
anden Beregning, som senere skal omtales, neppe faar et
Tal der overskrider 2.7 pCt.

Det er imidler-

Klor.

Med Hensyn til disse Bestemmelser. der er udforte
ombord ved Titrering, henviser jeg til Hr, Tornpe's Af-
handling om Saltmiengden i Havet. For at bestemme
Vandets samlede Saltgehalt har Hyr. Tornge inddampet en
vis Portion dervaf til Tarhed, glpdet Residuet i nogle Mi-
nuter over en Bunsen’s Lampe og derpaa ved Titrering
korrigeret for den tabte Saltsyre. Efterat have ndfert disse
Bestemmelser i nogle Vandprover. har han paa Grandlag

Fordel for den svovlsure Barvts Oploselighed, om den end er for nbe-
tydelig til at kunne tages med 1 Betragtning, naar den kun refererer
sigr til to Forsow,

Den svovisure Baryts Oploselighed i koldt Sovand er neppe
paaviselig.  Ved Tilsatning af en fortyndet Klorbarinmoplosning frem-
kommer her Bundfaldet ligesaa hurtig som i en Oplgsning af svovlsur
Kali i rent Vand.

Klormagnesium forekommer i Spvandet i altfor ringe Mangde
til at kunne have nogen skadelig Indflydelse paa Svovlsyrebestemmel-
sen. Jeg har desnden ved Forsge overbevist mig om, at selv en
mere koncentreret Oplgsning af dette Salt ikke har nogen merkelig
Indvirkning paa Udfweldningen af den svovlsure Baryt.

! Zeitschrift fiir anal. Chemie 1879, B, 4, S. 374,

Potash.

To determine this compound is a long and laborious
task, and, as previonsly stated, I have performed it in only a
few of the samples of sea-water. For this purpose, I pre-
cipitated, by Classen’s method,! with oxalate of ammonia,
alcohol. and acetic acid, the lime and magnesia in b0 of
sea-water. The filtered solution was evaporated to dryness
the ammonia compounds volatilized. and the sulphuric acid
in the residue got rid of by repeatedly heating to redness,
with sal-ammoniac in excess. The several chlorides were
then dissolved in water, transformed into double chloride
of platinwm, and then treated according to the method
devised by Fresenius for determining potash and soda in
mineral waters. Meanwhile. it is exceedingly difficult to
get rid of all the sulphuric acid by evaporation with sal-
ammoniac; and hence the double chlovide of potassium and
platinum invarviably exhibited traces of sulphates. The
amounts found tor potash may therefore be a little too
high, though the determinations performed with different
samples of water agree pretty closely mfer se.

Now by weighing beforehand the several chlorides,
and then subtracting the total amount of chloride of
potassium. the proportion of chlovide of sodium present in
sea-water might accordingly be found. But. unfortunately,
the chlorides are as a rule contaminated with small quan-
tities of sulphuric acid and magnesia, that were not got
rid of in the foregoing operations. along with a residue of
carbonized organic matter resulting from the volatilization of
the sal-ammoniac; and hence the figures thus indivectly com-
puted for chloride of sodium will be alike incongruous and
too high. This method will generally give about 2.8 per
cent of the salt, whereas the amount by another mode of
computation — to be afterwards noticed — does not ex-
ceed 2.7 per cent,

Chlorine.

As regards these determinations. which were per-
formed on board by titration. the reader is referrved to
Mr. Tornge's Memoir on the amount of salt in sea-
water. To determine the total amount of salt in ocean-
water. Tornge evaporated a given quantity to dryness,
kept the residue for a few minutes at a red-heat over one
of Bunsen’s lamps, and then determined by titration the
loss of hydrochloric acid. After performing these deter-

of baryta's solubility, though too ineonsiderable to be takeu into ac-
count, referring as it docs to only two determinations,

That sulphate of barvta is also soluble in colil sea-water, will
hardly admit of proof. On adding a diluted solution of chloride of
barium, the precipitate forms as rapidly as in a solution of sulphate
of potash prepared with pure water.

Chloride of magnesium oceurs far too sparingly in sea-water
to admit of its disturbing the accuracy of sulphurie acid determina-
tions. Besides, experiments have convinced me, that a comparatively
concentrated solution of that salt does not appreciably aftoct the pre-
cipitation of sulphate of baryta.

! Zeitschrift fir anal. Chemie 1579, B. 4, pag. 374



deraf beregnet Saltgehalten i de gvrige ved Hjelp af Klor-
maengden og den specifiske Vegt.

I den folgeude Tabel har jeg ordnet Bestemmelserne
efter Nummeret af de Stationer, hvor Vandprgverne er op-
tagne. Bestanddelene er 1 Tabel I beregnede som Pro-
center af Sgvandet. I Tabel IT har jeg i Lighed med
Forchhammer udregnet Bestanddelenes Forhold til Klor-
mengden, naar denne settes = 100,

Egenveegten af Sgvandet er i Tabellen udtrykt ved
17°5 C., sammenlignet med Vand af samme Temperatur.

De Tal, der er satte 1 Parventhes, er enten fundne
ved Beregniug eller udledede af Bestemmelser fra nerlig-
gende Vandprgver.

Den norske Nordhavsexpedition. Schmelek: Chemi,

minations with divers samples of sea-water, he computed
from the results obtained the proportion of salt in the
others, by means of the amount of chiorine and the spe-
cific gravity.

In the accompanying Table the numbers of the de-
terminations arve arranged to correspond with those of the
Stations at which the samples of sea-water were collected.
In Table I. the amounts are computed as percentages of
the sea-water examined. In Table II. I have, in common
with IForchhammer, computed the amounts as percentages
of the proportion of chlorine, taking the latter at 100.

The specific gravities of the samples are reduced in
the Table to 17°.5 C., as compared with pure water of
the same temperature.

The figures parenthetically enclosed were either found
by computation or deduced from determinations with sam-
ples drawn in some adjacent locality.
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Table TI.
; ' Leengde : i !
| Nonliig fra ! P)bg;a 'Estm'lth l Samlet
N Stat. Bredde. Green- ]F::-ln"e' |;e",o i [ | s i
No. vl s wich. - 153% | 040, | Mg0. K. | SO, | ¢ |mengde.| Ammerkninger.
(Depth | (Specific | | |
. | Latitude.) (Langitud in English Gm:-‘q ! | o L
| G"{r:;&) Fathoms.) ' at 17.50.) | ! : i -:{m&r:‘t)
I T . T = '. T
o 22’ | €% 15 2 ; 110.0595
I 3: Zt 5: | 5 :5.3\?. 218 : 1.0266 lo.005 | 92214 }o.zzoz 3.51 | Sognefjorden,
2 2 283 2 29 90 , 1.0270 | 0.0573 | 0.2260 0.2242 .56
3 g; 25 53 l 7 18 ‘ 1163 . 1.02665| 0.0575 | 0.2197 i0.2192 ggz
4 i 65 47.5 ' 3 7 o 1.0268 | 0.0585 | 0.2249 ' 0.2273 3-53
5 5 4753 7 ‘ 515" | 1.02675| 0.0566 | 0.2190 | 0.2243 3.53
6| 52165 47.5 | 3 7 | 1861 1.0267 | 0.0572 | 0.2202 :gggjgg ;:gj;gg 3.52
1 ) Snﬂljlylln af Naalsr. \ ' Lo
g : 6;.:..;.:.3:“..;;3:;:;.’... l g I :gigg _g'.gg?g 0.2177 | ' 0.2190 (ggg) e e gl
9 i“s;? g.; 2 5 35 . 308 i(l.OZﬁﬁ)é 0.0504 | 0.2210 0.2220 I
10 |107| 65 21 |10 34 172 | !o.osg4 0.2180 | 0.2197 (3.51)
11 [143{ 66 58 |10 3 o 0257 110:05%0 ({02134 \0-2145 | 1,
3 | | L0257 {lo.0590 |i0.2134 lo.2155 1-899 F42 ;
12 143 66 358 |10 33 | 189 | 1.0265 | 0.0572 | 0.2230 :gff:? 1.956 3.52 |
13 |183| 69 50.5 | 6 15 0 ! 1.0267 00504  0.22j0 0.2221 | 1 |
B { .22 22 -g52 . I
14 |183| 69 50.5 | 6 15 i 1600™ (1.0267) 0.0560 | 0.2260 ! o I
15 1184| 70 3 9 350 : 1547 ]I 1.0265  0.0572 | 0.2219 :g'figg 1.935 3-50 i
18 d { 2 = T |
i PRl R e =g
[ L 0.0587 i 1.931 3.50 |
:3 z:g 70 53 2 o W. o 1.0267 | 0.0561 | 0.2290 (0.2183)! 1.945 352 |
o o 70 53 2z o 200" | 1.0267 | 0.0586 | 0.2175 0.2230 | 1.945 | 3.52 !
A [t 71 0 |75 | © 10261 00575 |0.2159 0.2204 | 1.893 | 3.3 |3arlendeyen
pif e gl o (70 55 340 : 1.02635/ 0.0598 | 0.2202 . 0.0479 0.2226 1.936 3-49 e
e 63 zf 1; 26 0 i(l.ong,) 0.0570 | 0.2240 0.2205 (3-48)
el o - 2§ E o | 1.0268 0.0589 | 0.2206 0.2197 353
w4 - 4 3 o* I 1.0267 | 0.0582 | 0.2250 0.2215 | 1.954 353
55 2 24 500" | 1.0266 | 0.0586 | 0.2160 | 0.2226 | 1.927 3:53
26 |254| 67 27 [13 25 1j0 | 1.0267 ;g:gggg 0.2240 ' 0.2221 | 1.931 3.51 | Vestfjorden.
27 {256| 70 8.5 |23 4 o 1 0.0312 | 0.121 ) :
| 25¢ | o. .121Q - 0.1246 | 1.118 2.02
ig :2: 72 52 35 37 0 1.0264 [ 0.0583 | 0.2184 | 0.0451 | 0.2187 | 1.920 | 3.49
g o ;4 58 351, _EZ 86 :.026? 0.0587 | 0.2218 | 0.0492 0.2187 | 1.034 3.51 |
i [ il gl 2 2 1.0263 g.gsgs | 0.2170 0.2230 (1-935) 3.50 |
| | ; | 0.0581 1.909 .
32 203 71 7 21 11 : 05 ' 1‘0‘05;0 1.943 (g.gf)
33 1295/ 71 R— | 1.0266<| 100595 l0.2160 !
! | 71 50 4 o 10'665!'0.0585 jlo.2200 0.2235 | 1.042 3.52 |
341295] 71 59 |11 40 100* | 1.0266 i:ggggg 0.2232 | 0.2212 | 1.942 3.51 l
35 12 y . * | _ 110.0588 [{0.2180 | i
95! 71 59 I jo 600* | 1.0263 10.0585 |lo.2207 0.2220 | 1.936 3.50
. | [y0.05 '
36 1205| 71 59 |11 30 .| 1110 1.0266 j}gigg;g }g:;:;g | 0.0482 lo.zzoo 1.934 3.51
37 1297) 72 365 | 5 12 o | 1.0262 | 0.0580 | 0.220 '
. ! ; 2203 0.2194 | 1.928 .48
gg ;gz 72 fg.s 5 12 - 1280 | 1.0263 i0.0593, 0.2215 l0.2183 | 1.926 223
73 3 22 o 1.0247 | 0.0552 ! 0.2037 | 0.2051 | 1.810 3:258 | L
40(303| 75 12 |3 2 B. 0 | 1.02615] 0.0576 | 0.2153 :gz:;g 1.914 | 3.46
41 [304] 75 3 4 51 1735 | 2.0263 [ 0.0577 | 0.2230 1 0.2218 | 1.040 3-49
421306/ 75 o |10 27 1334 | 1.0263 | 0.0587 | 0.2178 ':g‘jlgﬁ 1.920 3.47
43 1323| 72 5 21 51 2 3 : o
11 {3391 76 3:4; 15 29 | - :gzﬁs 2050 [o2rmm | e | e || 58
210 %5 2wl j 10254 | 0.0554 | 0.2102 102120 | 1.867 | 3.37 | Shuthers Excromily of spitsh
36 (350 76 26 o zg 1 -og* 1.0224 e Y s Boplis 387 |y v
47 (350 76 26 |o 29 500" | raatd | eo59s jotigy | 02205 | 1.922 | 3.48 |
48351177 50 ;o0 : | 00573 | 02324 | 10.2193 | 1.916 | 3.45
. 9 . o 0.0573 0.2120 0.2150 | (3.40) [
‘ 2 : l0.0
49 |362| 79 59 5 40 }i".;.1 o | r.oz61s }o.oggz 0.2156 | 0.2215 | 1.917 32223 I
50 | 362 79 10 Ww.0588 | .
51 |373] 68 f: rj :6 i 459 | 10262 |1 g3 | 02165 |0.0454 {02104 | 1922 | 347
o .
12 1.0260 | 0.0575 | 0.2230 | 0.2213 Isfjorden.

% . g
Dette Mewrke betegner de intermedire Dybder. — The Asterisk denotes Intermediate Depths.



Tabel II. Ix Tabel IL
(ClL. == 100). : (CL. = 100).
I

No. | Ca0. | MgO. " 80, | No. | 0a0.| MeO. SO, | No. 1 Ca0. | Mg0. | SO, | No.|ca0.| Mg0. | s,
11 E3.081 11.237 | 11.322 | 33 3.038! 11.225 | 11.509 | 11 }3.081! 11.237 | 11.322 | 33 :3.038 11.225 ] I1.50Q
12 12.024 T1.401  11.355 | 34 3.046' 11.493 | 11.390 | 12 [2.924' 11.401 | 11.355 [ 34 13.046. 11.493 | 11.390
13 |3.043 11.475\ 11.378 | 35 !3.029 11.330 | 11.467 ! 13 3.043] 11.475 1 11.378 | 35 :3.029 11.330 i 11.467
15 12.956; 11.416 | 11.136 | 36 |2.988 11.254 | 11.479 ‘ 15 2.056 11.416  11.136 | 36 12.988 11.254 | 11.479
16 3.0001 37 |3.008 11.426 | 11.379 | 16 ;3000‘; ! 37 $3.008 11.426 | 11.379
17 | 3.040° ‘ 38 13.079 11.500 | 11.334 I 17 ;3.04oi | 38 3.079 11.500 | 11.334
18 |2.884] 11.773 | 39 |3.048; 11.254 | 11.365 | 18 2.884 11.773 . 39 3.038 11.254  11.305
19 3.013! 11.182 | 11.465 | 40 |3.009 11.249 | 11.418 : 19 3.013 11.182 . 11.465] 40 3.000 11.249‘1 11.418
20 3.037i 11.405 | 11.643 | 41 [2.974 11.546 | 11.434 | 20 3.037 11.405 & 11.613 | 41 32.9741 11.546 1 11.434
21 13.088 11.374 | 11.498 | 42 |3.057 I1.344 | 11.253 21 3.088 11.374 11.408 | 42 13.0571 11.341 | 11.253
24 |2.978 11.515 | 11.336 | 43 |3.032' 11.376 ! 11.640 | 24 2.978 r11.515 11.336| 33 ‘3.0321 11.376 ' 11.610
25 13.041% 11.209 ' 11.551 | 44 [2.967 11.259 ¢ II1.157 | 25 3.041! 11.209 I11.551 { 14 2.067j 11.259  1I1.157
26 i3.071 11.600 : 11.502 | 45 |2.9064 1 I1.453 ! 26 3.071l 11.600 11.502 | 15 2.6 ' I1.453
27 12.790 10.903 | 11.145 | 46 |2.923 11.410 | I1.472 1 27 2790 10.g03 I1L.145 | 16 2.923 11.}10 11.372
28 3.027 11.326 | 11.337 | 47 |2.091 11.608 | 11.446 | 28 3.027 11.326  11.337 | 47 2.991. 11.608 | 11.446
29 }3.035‘ 11.468 | 11.308 | 49 |3.026! 11.257 I 11.555 ; 29 3035 11.168 11.308 | 49 3.026 11.257 ' 11.555
30 !2.920| 11.214 | 11.473 | 50 13.044 11.264 11.251 | 30 i2.920 11.214 1I1.373| 50 3.044 11.204 ! 11.524
32 |2.033 | \ | ‘ 32 2933 t 1 1

Som der vil sees af Tabel I. er Kalkgehalten i de As will be seen from Table I. the amount of lime

Sgvandsprover, som er medbragte fra det store Hav og har
en Egenveegt af 1.0260—1.0270, aldrig fundet hoiere end
0.0698 pCt. eller lavere end 0,0560 pCt. Forvgvrigt er der
1 42 Stationer kun 11 Kalkbestemmelser, som ikke ligger
mellem Tallene 0.0590 og 0.0570. men dels falder over.
dels under disse Greendser, og ved hvilke Differentserne
altsaa overskrider 0.002 pCt.  Skjgnt altsaa den storste
Del af de fundne Tal afviger saalidet fra hinanden at Dif-
ferentserne mellem dem ikke er synderlig storre end Fei-
lene ved de enkelte Analyser og forsaavidt kan swettes ude
af Betragtning, viser dog de forud anferte Kontrolbestem-
melser. at en Forskjel af 0.003—0.004 pCt. ikke tilfreds-
stillende kan forklarves paa demne Maade., Men disse Uover-
ensstemmelser er for det forste saa ubetydelige og for det
andet fundne paa saa forskjellige Steder og under saa
uligeartede Vilkaar, at det ikke er muligt at uddrage nogen
Regel. som kan forklare eller sandsynliggjore dem. De
Vandprover, der er tagne med [ Betragtning ved Afgjgrel-
sen af disse Spgrgsmaal, er allesammen hentede fra det
aabne ufortyndede Hav, og Variationerne i Kgenvegten
(1.0260—1.0270) er derfor altfor smaa til at kunne have
nogen merkelig Indflydelse paa Kalkbestemmelsen. At
dgmme efter de fortyndede Vandprover (39, 44 og 45) falder
Kalkmengden forst under 0.0560 pCt.. naar Egenvegten
ngermer sig 1.0250,

Magnesia kan vistnok ikke bestemmes med samme
Ngiagtighed som Kalken, men da den forekommer i om-
trent den firedobbelte Mengde vil Forskjellighederne i Sp-
vandets Egenvegt her blive mere merkbare. Sammenligner
man Sgvandets midlere Magnesiagehalt med de Tal, der
angiver Mengden af den samme Bestanddel i de mere for-
tyndede Vandprgver (No. 11, 39 og 44) vil man finde, at
en Formindskelse i den specifiske Veegt af 1 i tredie Deci-
mal svaver til en Forskjel i Magnesiamengden af 0.008—
0.010 pCt. Skjont denne Beregning naturligvis ikke kan

in the various samples of water collected in the open sea
with a specitic gravity ranging from 1.0260 to 1.0270, was
never greater than 0.0598 per cent or less than 0.0560
per cent. For the rest. of the lime-determinations per-
formed with samples from 42 Stations, there are only 11
that do not lie between the figures 0.0590 and 0.0570, hut
which either exceed or do not reach those limits, exhibit-
ing accordingly differences of more than 0.002 per cent.
By far the greater part of the vesults differ indeed so in-
considerably #uter se, that the differences are found to
little than the ervors in the several
analyses, and may therefore be safely disregarded: but
a difference of 0003 or 0.004 per cent, as appears
from the test-determinations alluded to above., will not ad-
mit of being thus explained. Meanwhile, the want of agree-
ment is in itself so slight. and refers to samples of water
collected in such widely different loealities, and under
conditions so essentially dissimilar. that no rule can be
deduced by which to explain or render probable such errors
as these.  The samples in question were all of them col-
lected from the undiluted water of the open sea; and hence
the vaviation in specific gravity is much too slight to have
had any appreciable effect on the amount of lime. .Judg-
g from the diluted samples. the amount of lime does
not fall below 0.0560 per cent till the specific gravity ap-
proaches 1.0250.

he very greatey

The magnesia cannot indeed he determined with the same
degree of accuracy as the lime: but. oceurring as it does in a
proportion four times as great, the cffect of the differences
in specific gravity will naturally be more appreciable. On
comparing the mean amount of magnesia in ordinary sea-
water with the figures indicating the proportion of that
constituent in the more diluted samples (Nos. 11, 39, and
44), a reduction in the specific gravity of 0.001 will be
found to represent a difference of from 0.008 to 0.010 per
cent in the amount of magnesia. This computation, though

D%



gjore Fordring paa nogen Ngiagtighed, viser den ialfald, at
Forskjellighederne 1 Vandets specifiske Viegt i Forening
med Feilene ved de enkelte Analyser er tilstrakkelige til
at forklare de fleste Afvigelser i de fundne Magnesiameaeng-
der. De Uoverensstemmelser, der ikke kan udtydes paa
denne Maade, er (ligesom ved Kalken) saa smaa og uregel-
meessige, at der ikke kan tilliegges dem nogen afgjorende
Beviskraft.

Forat bedgmme de Tal. der er fundne for Svovlsyren,
maa man tage de samme Hensyn til Vandets specifiske
Vgt som ved Magnesia.  Men der maa tillige bemierkes,
at Svovlsyrebestemmelserne er 1 Besiddelse af en langt
storre Paalidelighed, da Feilene ved de enkelte Amnalyser,
saaledes som Kontrolforsggene viser neppe overstiger 0.002
pCt.  De storste Afvigelser i de fundne Svovlsyremwengder
er 0.2160 og 0.2273 pCt. 1 to Vandprover, hvis specitiske
Vgt var 10263 og 1.0208. Omend disse Differentser for
en Del kan skyldes de tilsvarende Forskjelligheder i Egen-
veegten, er de dog for betydelige til, at denune IForklarving
kan vare tilstriekkeliz.  Desuden findes der ogsan mogle
Vandprover at samme specifiske Veegt, der i1 Svovlsyrege-
halten differerer 0.005—0.006 pCt., hvilket er formeget til
at kunne betragtes som Feil i Analysen. Skjont disse
Uoverensssemmelser, der kun forekommer paa nogle faa
Punkter, er endnu ubetydeligere end ved Magnesia, Dbliver
de dog vanskeligere at forklare paa Grund af Bestemmel-
sernes stgrre Paalidelighed.

Forat betragte dette og de foregaaende Spergsmaal
fra forskjellige Sider har jeg i den folgende Tabel opstillet
Middeltallene for ISalk, Magnesia, Svovlsyre og Klor i
Overfladen, Bunden og de mellemliggende Dyb. Jeg har
tillige udregnet disse Bestanddeles Forhold til hinanden
ved at sette Klor eller Svovlsyre = 100,

(Gjenuem-

|
|3 A x
I ;;‘;121; Bunden. | I?%Erllle :gci:{li%:ibl.
|[ ‘ | Havet.
| |
Middeltal for Cl. . .. 1.930 | 1.033 1.934 | 1.932
— - Egenviegt | 1.0265| 1.0265' 1.0266 1.0265
— - Ca0 .. 0.0576| 0.05811 0.0577 0.0578
— - MgO . .| o.2205 0.2207! 0.2200| 0.2203
— - 803. .. 02211| 0.2208 0.2223| 0.2214
Ca0:Cl (Cl1=100). .| 2.98 3.01 l 2.98 2.99
MegQ: 0Lz . o avmeans 1142|1142 1137 |1 1.30
SO:CL. .. ... ... 11.46 1142 11.39 |11.46
Ca0:80y (SO3=100) 26.05 |26.32 |25.95 |26.11
MgO:80;5....... 19973 {9995 | 98.96 |99.55

Som der vil sees af den sidste Tabel, afviger Middel-
tallene for Kalk og Magnesia saa yderst ubetydelig fra hin-
anden, at disse Variationer ganske kan settes ud af Be-
tragtning.
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with no pretensions to accuracy, will at all events show,
that differences in specific gravity and errors of amalysis
generally suffice to account for the want of agreement in
the computed amounts of magnesia; and when, as is the
case with the lime, this cannot be so explained. the varia-
tion is alike too slight and too irvegular to admit of its
possessing any real demonstrative power,

When estimating the accuracy of the figures found
for the sulphuric acid. no less regard must be had to the
specific gravity of the water than with magnesia. It must
also, however, be borne in mind, that the sulphurie acid
determinations ave distinguished by a far higher degree of
accuracy, the errors of analysis scarcely exceeding 0.002
per cent. The most considerable differences i the results
for sulphuric acid — computed from two samples of water,
specific gravity vespectively 1.0263 and 1.0268 — amount
to 0.2160 and 0.2273 per cent. True, this diversity can
be partly ascribed to a corresponding deviation in specific
gravity; but they are muech too considerable to be thus
accounted for. Besides, some of the samples with the
same specific gravity differ in their proportion of sulphuric
acid to the extent of 0.005, or 0.006 per cent. — too con-
siderably, therefore, for the discrepancy to be regarded as
a mere ervor of analysis. This want of agreement, though
referring to water from a few localities only, and less
considerable even than that in magnesia, is nevertheless
difficult to explain, by reason of the greater accuracy of
the determinations.

With a view to the better apprehension of this and
the foregoing questions, I have tabulated the mean amounts
of lime, magnesia, sulphuric acid, and chlorine in water from
the surface, from intermediate depths, and from the bot-
tom. I have likewise estimated the relative proportion of
these compounds, with 100 equivalents of chlorine or sul-
phuric acid as the standard of computation.

Swface. | Bottom. | puter | Qo
. . a

Mean Value Chlorine | 1.930 I 1.933 | 1.034 : 1.932

i » Sp.Gravity 1.0265| 1.0265 | 1.0266| 1.0265

. s LAl ., 0.0576i 0.0581| 0.0577iI 0.0578

,  MgO . .| 0.2205' 0.2207! 0.2200| 0.2203

i s S0y.. . 0.2211! o.zzosi 0.2223 0.2214
Ca0:Cl (C1=100). .| 2.98 | 3.01 | 2.98 ‘ 2.99
MgO:Cl........ 11.42 !11.42 '11.37 E11.40
= | T 11.46 1142 [ 11.49 11.46
Ca0:80; (SO;=100) | 26.05 |26.32 |25.05 26.11
MgO 805 « o « w s 9973 99-95 !98.96 19955

As appears from the Table, the mean values for lime
and magnesia vary so inconsiderably nter se that we may
safely disregard these differences.



En nermere Bergrelse med Havbunden og dens dy-
riske Liv har altsaa ingen merkbar Indflydelse paa Havets
Sammensetning med Hensyn til disse Bestanddele. Mid-
deltallene for Svovlsyre viser stgive Afvigelser end de til-
svarende for Magnesia, skjgnt man skulde have ventet, at
det Modsatte havde fundet Sted. Fouskjellichederne er dog
i dette Tilfielde ligesom i de foreganende for ubetydelige
til at kunne afgive noget bestemt Bevis for. at der virkelig
existerer nogen tilsvarende Eiendommelighed i Havet. At
Svovlsyregehalten 1 de mellemliggende Dyb skulde veere
hgiere end ved Bunden og Overfladen, er en Antagelse,
der a prior: ikke har nogen Sandsynliched for sig.

Jeg kommer senere muligens tilbage til disse Spergs-
maal angaaende Havets Beskaffenhed i Dybet, da jeg for
Oieblikket er ifrerd med at undersoge de Prgver, som un-
der Expeditionens Dybdemaalinger optoges af Havbunden.
Efter de forelgbige Resultater i denne Retning anser jeg
mig imidlertid berettiget til at antage, at dette Dybvands-
slam er af en temmelig ensartet Beskaffenhed.

Forat betragte de her foreliggende Bestemmelser fra
et andet Synspunkt, har jeg i efterfglgende Tabel ordnet
Middel- og Forholdstallene for Sgvandets Bestanddele efter
de Breddegrader, mellem hvilke Vandprgverne er optagne.
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Hence, close proximity to the bottom and the ani-
mal life prevailing there, is found to have no appreciable
influence on the composition of ocean-water, — as regards,
at least, this division of its constituents. The mean values
for sulphuric acid exhibit greater variation than the figures
computed for magnesia, though there was reason to expect
the But here also, as in the case previously
noticed, the differences are much too small to admit of
their furnishing conclusive proot of some corresponding pecu-
liarity actually distinguishing the water of the ocean. That
the proportion of sulphurie acid should be greater at inter-
mediate depths than at the bottom and the surface, is,
reasoning @ priori, an improbable assumption.

reverse,

Possibly 1 shall have occasion to resume the discus-
sion of questions relating to the composition of the ocean
at great depths, being at present engaged on the examina-
tion of the samples of the bottom brought up on the Ex-
pedition when deep-sea soundings were taken. Judging
from the tirst vesults in that direction, this deep-sea ooze
would appear to be comparatively uniform in composition.

With the object of presenting the determinations here
deseribed from another point of view, I have, in the fol-
lowing Table, arranged the mean and proportional values
of the constituent parts of the sea-water according to the
parallels of latitude within which the samples of bottom-
water were collected.

|
80°—71°|71°—66°/66"—62" } ‘80'—71° l 71°—66°66°—62°
1 ‘ ]
Middeltal for C1. . ... .. .. ! 1.029 | I1.937 i Mean Value Chlorine . . . . .. 1.92g | 1.937
— - Bgenvagt. . . . ., 1.0264 1.0265| 1.0268 ! ” » Specific Gravity . .| 1.0264 1.0265! 1.0268
— - CaO. ... ..., | 0.0580 0.0579| 0.0577 i Y , CaO .. ... ... 0.0580! 0.0579| 0.0577
— - MgO ....... ‘ o.zrgo@ 0.221g| 0.2205 | " s MgO . ....... 0.2190| 0.221Q| 0.220§
— - SOz ... ... ' 0.2208 0.2210| 0.2223 ‘ " w SOy ... | 0.2208| 0.2210| 0.2223
CaO:Cl (C1=100) . ... ... 3.0 2.99 - Ca0:Cl (Cl=100) . . ... .. 3.01 2.99
MgO:Cl............. 11.35 | 11.45 ‘ MgO:Cl............. 11.35 |11.45
SO;:CL. .o o0 oo oo 11.45  11.41 | {’ SO3:CL. .. oo oo L 11.45 | I1.41
Ca0 : 80, (8O0, =100) . .. .. 26.27 ,26.20 ‘\25.95 1 Ca0:80; (SO;=100) . .. .. ‘326.27 26.20 |25.95
MgO:S0; . ........... 199.18 1100.4 ;C)Q.Ig I MgO:80; ... ’;99.18 100.4 |9Q.1Q

Middeltallene for Kalkmengden viser i denne Tabel
den samme Uforanderlighed som i den foregaaende. TFor-
skjellighederne ved Magnesia er derimod sterre, men i Be-
tragtning af Analysens mindre Sikkerhed berettiger de ikke
til nogen Slutning med Hensyn til et tilsvarende Forhold
1 Havet. Svovlsyren har sit Maximum segndenfor den nord-
lige Polarkreds, hvor Middeltallet er 0.2223 pCt. Vandets
hgiere Egenveegt i denne Del af Havet staar maaske 1 Sam-
klang med denne Forggelse af Svovlsyremesngden, skjont
man ved Sammenligning med Forchhammers Analyser af
nazrliggende Vandprgver, hvoraf ingen er hentede nordenfor
den 62de Breddegrad, skulde tro, at Havet virkelig 1 disse
sydligere Egne var i Besiddelse af en stgrre Svovlsyrege-
halt. Forchhammer finder nemlig som Middeltal for Svovl-
syren mellem den 60de og 62de Breddegrad 0.230 pCt.
Men efter al Rimelighed skriver denne Uoverensstemmelse

The mean values here computed for lime exhibit the
same uniformity as those in the preceding Table, whereas
the differences in the proportion of magnesia are greater.
But, it regard be had to the fact, that the analyses from
which they were deduced ave to a certain extent defective,
their results, though comparatively incongruous, will not war-
rant inferring a similar peculiarity in the water of the ocean.
The amount of sulphuric acid reaches its maximum south of the
Arctic Circle, where the mean amount is 0.2223 per cent
The greater specific gravity of the water in this tract of
the ocean may possibly be connected with this increase in
the proportion. of sulphuric acid, though a comparison with
Forchhammer’s analyses of samples collected in adjacent
localities, none of which, however, lay north of the 62nd
parallel of latitude, would seem to favour the assumption,
that the ocean, in those southern regions, does really con-



sig fra en stadig Feil i hans Analyser, da han nemlig til
Udfeldning af Svovlsyren har benyttet sig af den salpeter-
sure Baryt, hvorved man — som senere er bevist — faar
et sterkt forurenset Bundfald.

Af den sidste og de foregaaende Tabeller fremgaar
det, at fra hvilken Side man eund ser alle disse Bestem-
melser af Kalk., Magnesia og Svovisyre, kan de ikke med
Bestemthed bevise nogen Foranderlighed i Sgvandets Sam-
mens@tning; men det ber tillige bemwmrkes, at de Afvigel-
ser, der er vanskeligst at forklave, iseerdeleshed fremkommer
ved Svovlsyrebestemmelserne.

Den Antagelse. at Havet 1 hele sin Dybde er en ens-
artet Blanding. hvori den ngiagtigste kemiske Analyse neppe
kan paavise nogen Forskjellighed. bekreftes ved de her
foreliggende Undersogelser 1 endnu hoiere Grad end ved
de tidligere. Jeg hav nemlig ikke nogensinde fundet saa
store Uovercnsstemmelser som de. der paa enkelte Steder
er fremkommne andre  Kemikeres
Analyser.

ved Fovehhammers og

Retter man nu Opmarksomheden paa de fortyndede
Vandprgver. hvis Egenviegt er under 1.0260, vil man hel-
ler ikke lher finde nogen Forandring i det konstante T or-
hold mellem Bestanddelene.  Station 300. 339 og 350,
hvor Egenvaut og Klorgehalt er formindskede ved nwerlie-
gende Ismassers Smeltning. viser en ngiagtie tilsvarende
Forskjellighed {or de gvrice Bestanddeles Vedkommende.
I Station 143 der er belicgende i Niwvheden af den norske
Kyst, og hvis Overfladevand som folge heraf er noget for-
tyndet, har jeg ved to Bestemmelser fundet en temmelig
hpi Kalkgehalt, medens derimod Magnesia og Svovlsyre
fuldkommen vetter sig efter Klormamgden,  Dette fortjener
maaske en Smule Opmarksomhed. da der jo er Omstoon-
digheder, som taler for en Tiltagen af Kalkmangden ved
Kysterne.

I Station 256. hvor Overfladevandets Saltstyrke e
reduceret til 2.02 p('t. viser dog Forholdet mellem Be-
standdelene saa smaa  Afvigelser fra det almindelige. at
disse fuldstiendig kau forklares som Feil i Bestemmelserne,
der ved Vandets Fortynding natwrligvis taber i Npiag-
tighed.

Kjender man Sovandets Klorgehalt, vil man af de i
Tabellerne angivne Forholdstal kunne beregue de pvrige
Bestanddele med saa stor Noiagtighed. at de fundne Tal
for Kalk, Magnesia og Svovlsyre kun undtagelsesvis  vil
differere mere end 0.002, 0.005 og 0.003 pCt. fra de direkte
Bestemmelser i Tabel 1.

Forat lette Sammenligningen med de tidligere Ana-
lyser har jeg i efterfolgende Tabel paa samme Vis som
Forchhammer forbundet Klor og Svovlsyre med Kalk og
Magnesia til de Salte. som 1 Almindelighed antages at
forekomme i Spvandet. Al Kalk er regnet til Svovlsyre,

tain a larger guantity of sulphuric acid, since he found the
proportion of that constituent between the 60th and 62nd
parallels of latitude to be 0.230 per cent. But, in all
probability, this incongruous result must be ascribed to a
constant ervor in his analyses. precipitating as he did the
sulphuric acid with nitrate of baryta. which — as will be
afterwards shown — gives a much contaminated deposit.

From the last Table, it is sufficiently clear that how-
soever these determinations be regarded., they caumot bhe
assumed to furnish absolute proof of a vaviable relation
subsisting between the constituent parts of sea-water; and
we must bear in mind. that of such diffevences as have
hitherto defied the penetration of observers. the most strik-
ing vefer to sulphuric acid determinations.

The hypothesis which assumes the Ocean to consist
throughout its entive depth of one homogeneous fluid. in which
the most accurate of chemical analyses shall fail to detect dis-
similavity of composition, has received from the experiments
Lere described probably stronger confirmation than from
any that have gone Dbefore them. Indeed none of my own
results exhibit a want of agreement so considerable as that
met with in some of Forchhammer's and other chemists
analyses.

Again, passing to the diluted samples (with a spe-
citic gravity under 1.0260), no disturbance will be appavent
in the constant velation subsisting between the component
parts of the water, At Stations 300, 339. and 350, where
the specitic gravity and the proportion of chlorine are
reduced by the melting. in the immediate vicinity. of large
masses of ice, the other constituents exhibit a correspond-
ing difference in amount. In two samples drawn at Sta-
tion 143, in close proximity to the Norwegian coast. where
the surface-water is accordingly somewhat diluted, T determin-
ed a comparatively large amount of lime. whereas the
proportion of magnesia and sulphuric acid was in strict
proportion to that of the chlorine. 'I'his result is. perhaps.
deserving of notice. inasmuch as there are grounds for
assuming the amount of lime to inerease near the coast.

At Station 2506. where the proportion of salt in the
surface-water is rveduced to 2.02 per cent. the disturbance
in the normal relation subsisting between the several con-
stituents was so slight. that it could be wholly accounted
for in each case as an ervor of analysis. the determinations
being by rveasou of the dilution of the water proportion-
ately less accurate.

Griven the amount of chlorine in sea-water. the other
constituents may be calculated from the proportional values
given in the Tables with such accuracy. that the figures
found for lime. magnesia, and sulphuric acid will ravely
differ more than 0.002, 0.005. and 0.003 per cent from the
direct determinations set forth in Table T.

With a view to facilitate comparison with the earlier
analyses, I have in the annexed Table, following the exam-
ple of Forchhammer, combined chlorine and sulphuric acid
with lime and magnesia, to form the salts which are gener-

ally assumed to occur in sea-water. Thus. all lime is



den tiloversblevne Svovlsyre til Magnesia, Resten af Mag-
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i

nesia og den hele Mzngde Kali til Klor.

I

combined with sulphuric acid; the surplus of sulphuric acid,

with

magnesia;

amount of potash, with chlorine.

the surplus of magnesin and the whole

No.l CaS0, MgS0,. M,r:(}lg.l KCL [No. (aS0,. [MgSO,. MpC'l. KL ' No. CaS0,. :E\IgS(L. MpCl. N, (faS0,, E\IgSO..! }IgCl,.! KCL
' [ - [ | -
I 0.1454:o.zozlio.3651 2610.14400.2059 0.36g0 {1 0.14540.20210.3651 26 0.14400.20590.3600
20.1391'0.2136/0.3676, 27 0.0757'0.1201 0.1945 2 0.1391 0:2136 0.3676 27 0.0757 0.1201 0.1945
3/0.13960.2056'0.3501" 280.14180.20290.3581 0.0716 3 0.1396 0.2056 0.3501 280.1418 0.2029 0.3581 00716
4l0.13200.21570.3645 29'0.1421/0.2025 0.3667 0.0781 " 4 0.13200.21570.3635 200 1424 0.2025 0.3667 0.0781
5.0.13740.21520.34G7, 300.13720.21340.3465 5 0.13740.21520.3497 300.13720.21340.3465
6,0.13890.2121(0.3550:0.0751| 31/0.1418 | 60.13800.21210.35500.0751|310.14:i8
7 (0-1408 32.0.1384 i 7 0.1308 320.1384
8 io.1396;0.2053_0.3546 330.14320.20890.3524, i; 8 0.1306 0.20530.3546 330.1432.0.20890.3521
§.0.1432,0.2058 0.3619 340.14360.20500.3678 . 9 0.14420.2058 0.3619 340. 1436020300 3678
10 0.13940.2005 0.3543' 350.14240.2073 0.3507, 110 0.13040.2065 0.3543 350.14240.2073/0.3567
1:-0.14350196:|03515 ;«;601403020620053800764 11 01433010610 515 36014030206’0353800?64
12.0.13890.2104'0.3629 37 0.1308'0.20490.3610 112 0.13890,21040.3629, 37 0.140810.2049/0.3610
13/0.1442 0. 205(; 0. 36fgo 380.14400.20040.367 13 0.1.442 0.2059 0.3600 38 0.14400.2004/0. 3674
14;lo.r360 390. 13380x905033°q 14.0.1360 i ; 390.1338/0.1005:0.3320,
15 [0.138910 2082 0. 3622' 400.1309 0.20430.3196' |! 15,0.13890.2082 0.3622i 10 0.1300,0.2043 0. 3106
16 0.1401! 4:0140107.09”03664' 116 o.1401 Jro; :4010200103664:
17 0-1424 420.14250.1984 0.3602 117 0.142} 42 0.1425/0. 19840. 3602-
18 0.1364 430.13230.21190.3545 118 '0.1364 | 330. 14’30211903545
19.0.14230.20830.3512' 44/0.13450.10030.3420 {19 0.14230.20830.3512 14°0.1345/0.1903 0.3320!
20 ,0.1396/0.2074/0.3386 450.13720.20500.3524 :20 0.1396 0.20740.3186 150.13720.20590. 3524{
21 0.1152 0.2058 0.3600 0.0755| 46/0.1367 0.2101 0.3545, 21 0.14520.2058 0.3600 0.0755| 46 0.1367 0.2101/0.3545
22 0.138410.2086 0.3669 47 0.1391 0.2062 0.3650] 122 0.13840.2086 0.3669 17 0.1391 0.2062 0.3650
23 0.1430/0. 2034.0.3629 48 0.13840.2001 o.3448l 23 0.13300.20340.3629 180.13840.2004.0.3418|
24 0. 141.,|o .2076/0.3700 390.1408 0.2081 0.3472! "z.i. 0.14130.2076'0.3700 1400.1408 0.2081,0.3472;
25 0.1423/0.20830.3481 500.1422 0.2007 9330500720”95 0.14230.20830.3481 500.1322 0.2067/0.3505/0.0720
- i 51.0.1306 0.2088 0.3643| 510.1300 0.20880.3643

Beregmer man efter den sidste T'abel Klornatrinmge-
halten af den Klormmngde, der er blevet tilovers fra Kali
og Mamesia, og adderes derpaa Salterne sammen, vil man

finde. at Summen bliver noget lavere end de Tal, der i
Tubel I angiver Vandets samlede Saltmeangde. Den Na-

triumgehalt, der erholdes ved denne Beregning bliver nem-
lig for liden. da der ikke er taget noget Hensyn til de i
mindre Mwngde forekommende Syrer.

Den vigtigste af disse skunlde ifolge Hr. Tornges 1'n-
dersogelser vare den af Baserne bundne Kulsyre. Da
Tornoe bestemt  denne Bestanddel i samme
Vandprover, hvori jeg semere har udfort mine Analyser,
har jee medtaget de af ham fundne Kulsyremwengder ved
folgende Beregning of Sovandets Bestanddele, ved hvilken
jeg tillize har opfort den Klornatrinmsgehalt, der svarver
til det tilovershlevne Klor. I Overensstemmelse med, hvad
der forud er sagt, har jeg forenet den surtbundne Kulsyre
med Natron til dobbelt kulsurt Salt. Den tiloversblevne
ringe Mzwngde neutraltbundne Kulsyre har jeg regmet til
Kalk. Ved Siden af den Sum, der erholdes ved Addition
af samtlize Bestanddele, har jeg opfort den Saltgehalt, der
er fundet ved Inddampning af Spvandet efter den forud
beskrevne Methode.

har de

Now. on computing by the last Table the amount of
chloride of sodium from the surplus proportion of chlorine,
uncombined with potash and magnesia, and then adding
together the results. the total will be somewhat less than
the whole amount of salt in sea-water as given in Table I
— and for this reason, that the proportion of sodium thus
computed is too small. no regard having been had to the
acids ocewrring in small quantities in sea-water.

The most important of these, according to M.
Tornge’s observations, is carbonic acid united to bases.
M. Tornpe having determined this constituent in the same
samples that T subsequently examined, I have taken his
carbonic acid values for the following computation of the
constituent parts of sea-water. among which I have given
the amount of chloride of sodium corvesponding to the
surplus of chlorine. In conformity with what has been
previously stated, I have combined the carbonic acid oc-
curring in bicarbonates with soda, to form bicarbonate of
soda. The small surplus of carbonic acid occurring in bi-
carbonates, I have combined with lime. Along with the total
amount found by adding together the several constituents,
I bave given the proportion of salt obtained after evapo-
rating sea-water by the method previously described.
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|

MgCl, | KOl Salt-

|
NaCl .ISum.

.| CaCO,

| NaH
CaSO4| MaS0, CO, ‘

| lgehalt.

No.

{ i Prop.
Na(ll Totall of
Salt,

Mg Cl, I | N

CaCOy | CaSO, | MgSO, KC1 co
| 3
i i

o
0.0020 o.1423f0.2083'0.358130.0755?().01755 2.691, 3.49.
0.0021 0.1389-0.2074!0.3558 0.0716 0.0157 2.670 3.46
29(0.0021'0.1396 0.20490.3645'0.0781 0.0165'2.678 3.48
36|0.0024§o.|3700.209150.350950.0;640.0164 2.604 3.49 3.
50 |0.0016§0.1399:0.205650.3515;0.0720-0.0170i2.678 3.46,

21
28

1 I |

Som Fglge af den hoiere Svovlsyregehalt. Forchham-
finder 1 Sgvandet. bliver hans Tal for Klornatrium ogsaa
noget forgget. I Vandprover af samme Egenviegt og Salt-
gehalt, som de af mig underspgte. erholder han som Mid-
deltal 2.75 pCt. Klornatrium.

Efter Tabel IIT har det norvdlige Ishav gjennemsnit-
lig en specifisk Viegt af 1.0265. og 100 Dele af Vandet
indeholder:

CaO MgO K.O Cl SO,
0.0578 0.2203 0.0472 1.932 0.2214.

Som Middeltal for de i Havet forekommende Salte er-

holdes ifplge den sidste Tabel:

CaCi)y; CaSO; MgSO; MgCl, KCI NaHCO; NaCl
0002  0.1395 0.2071 0.3561 0.0747 0.0166 2.682
100 Dele af det faste Sgsalt indeholder altsaa:
CaCO; CaSO; MgSO, MgCl, KCl NaCO; NaCl
0.057 4.00 5.93 10,20 214 0.475 76.84.

Til Slutning vil jeg udtale min hjerteligste Tak til
Hr. Professor Waage for den Hjelp, han paa flere Steder
i mine Underspgelser har ydet mig.

Kristiania, den l4de Februar 1880,

2I!,O-OOZO_O.I423.0.2083;0.3581"0.0755;0.0175 2.691
{28 0.0021/0.1389,0.2074/0.3558/0.0716/0.0157 2.670
129'0.0021,0.1396/0.2049,0.36450.0781/0.0165 2.678
136,0.0024/0.1370;0.2091
|i 50'0.00-16;0.139920.2056 0.3515.0.07200.0170 2.678

| | !
| | ]

3-49; 3.49

3:46! 3.49
3.48' 3.51
349 3.51
3.461 3.47

0.35090.0764/0.0164 2.694

' | i

By reason of the greater proportion of sulphuric acid
Forchhammer found in sea-water, his figures for chloride
of sodium are neccessarily somewhat higher. In samples
of water with precisely the same amount of salt as those
examined by myself, he determined the mean proportion
of chloride of sodium to be 2.75 per cent.

According to Table III. the specific gravity of the
Norwegian Sea is 1.0265: and 100 parts of the water
contain —

CaO MgO K,0 Cl S0y
0.0577 0.2203 0.0472 1.932 0.2214

The mean values. as computed by the last Table. for

the salts occurring in ocean-water, arve as follows: —

CaCO; CaSO; MgSO, MgCl, KClI NaHCO, NCI

0.002 01395 0.2071 0.3561 0.0747 0.0166 2.682
Hence, 100 parts of drvy sea-salt contain —

CaCO; CaSO; MgSO; MgCl, KCI NaCO; Na(l

0.057 4.00 5.93 1020 2,14 0475 76.84.

In conclusion, I beg to return Professor Waage my
most sincere thanks for the assistance he kindly rendered
me when instituting the observations recorded in this
Memoir.

Christiania, Febr. 14th 1880.




Om Havbundens Afleiringer.

landt de mange videnskabelige Undersggelser. der be-

handler Havets forskjellige Naturforhold, findes der kun
faa, som har skaffet os nogen Kundskab om den kemisk-
geologiske Beskaffenhed af de Afleivinger, der bedekker
Bunden i de store Havbasiner.

Det kan neppe viekke nogen Forundring, at vore Er-
faringer i denne Retning endnu er meget begreendsede,
naar vi erindrer, hvilke betydelige Hjxlpemidler der er
ngdvendige for at gjgre Havbunden paa de dybere Steder
tilgjeengelig for den videnskabelige Forskning.

Der er vistnok i Tidernes Lgb samlet mange Bidrag
til Leven om de Sedimenter, der har afleivet sig langs
Kysterne i de grundere Dele af Havet,) men ved Mangel
paa Materiale har vi veeret forhindvede fra at gjg»» os
noget klart Begreb om de lignende Dannelser i Oceanets
store Dyb.

De mange videnskabelige Expeditioner, der har under-
spgt Havet 1 forskjellige Retninger, har tildels ogsaa hentet
Prover op af Havbunden, men Observationerne dreier sig
veesentliz om deres zoologiske Forhold.?

En planmessig og alsidig Underspgelse af Havbunden
er forst blevet iveerksat af den britiske “Challenger”-Hxpe-
dition (1872 —1876). Det rige Materiale af Bundprever, der
ved denne Anledning er indsamlet, er endnu ikke paa langt
ner bearbeidet. men Expeditionens forelgbige Meddelelser
— ved Nir Wywille Thomson og Mr. John Muwrray? —
har allerede vist os store og overraskende Resultater.

! Det mest omfattende Vierk i denne Retning er: . Lithologie
du fond des mers* par M. Delesse,

2 Dr. Wallich: The North-Atlantic Sea-Bed. Preliminary Re-
port of the Scientific Exploration of the Deep Sea in H. M. Surveying
Vessel “Porcupine'. 1869, (Being No. 121 of the Proceedings of the
Royal Society). The “Valorous” Expedition. Reports by Dr. Gwyn
Jeffreys and Dr. Carpenter. (From the Proceedings of the Royal
Saciety, Vol. XXV, No. 173).

8 Reports from the “Challenger”. (From the Proceedings of the
Royal Society, No. 107, 1868).  “The Atlantic” by Sir Wyville
Thomson.

Den norske Nordhavsexpedition. Schmelek: Chemi.

On Oceanic Deposits,

f the numerous scientific investigations undertaken to

determine the physical conditions of the sea, very few
have furnished us with trustworthy data concerning the
chemico-geological nature of the deposits in the great ocean
basius.

Nor is it surprising that our experience in that direc-
tion should as vet be very limited if we call to mind by
what elaborate and costly means the bed of the ocean
can alone be rendered acecessible to scientific research.

True, many valuable additions have from time to time
been made to our knowledge of the sea-bottom and its sur-
face-stratum of sedimentary matter in coastal localities
where the water is comparatively shallow! but no clear
idea could, for want of samples be formed of the deposits
in the great depths of the ocean.

On one or two of the many scientitic Expeditions
despatched to investigate the sea in different parts of the
world, smmples of the bottom were indeed collected. though
chiefly as a help towards determining, from the character
of any organisms they might contain. the general biological
features of the region explored.?

A systematic and comprehensive investigation of the
ocean-bed was first attempted on the *Challenger” Expedi-
tion (1872—76). Much still remains to be done in working
out its rich collection of samples; but the Preliminary Re-
ports of Sir Wyville Thomson and Mr. John Mwray? sufti-
ciently attest that great and surprising rvesults have been
attained.

! The most comprehensive work on this subject is “Lithologie

du fond des mers,” by M. Delesse.

% Dr. Wallich: The North-Atlantic Sea-Bed. Preliminary Re-
port of the Scientific Exploration of the Deep Sea in H. M. Surveying
Vessel “Porcupine,” 1869, (Being No. 121 of the Proceedings of the
Royal Society). The “Valorous” Expedition. Reports by Dr. Gwyn
Jeffreys and Dr. Carpenter. (From the Proceedings of the Royal
Society, Vol. XXV, No. 173.)

8. Reports from the “Challenger.” (From the Proceedings of the
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Det europwmiske Nordhav, der 1876, 1877 og 1878
var (jenstand for den norske Expeditions Underspgelser,
kan i Udstrekning ikke maale sig med de store Verdens-
have, men det frembyder ved sin Beliggenhed en i flere
Retninger seregen Interesse.

Dette gjelder ikke mindst om dets geologiske For-
hold. Naar vi tager disse 1 Betragtning, maa vi kunne
gjore os et Begreb om enkelte af de Betingelser. der er
givne for Dannelsen af Bundens Afleivinger i dette Hav.

Vi finder det fra forskjellige Sider begrendset af @er
og Kontinenter, hvor glaciale og vulkauske Krwmfter har
vieret og endnu er i Virksomhed. Norge er vel et af de
Lande, der fortrinsvis har vieret udsat for Istidens furende
r afgnavende Evne, og Spidshergen og Gronland befinder

0’:
sig endnu 1 den glaciale Tilstand,

Medens vi altsaa 1 disse Liande kan iagttage Isens
Vivkninger i den nuvierende og 1 den forbigangne Tid. hax
vi paa Perne Island og Jan Mayen de vidkanske Krwetter
vepriesenterede 1 et lignende historisk Forhold. Jan Mayen
er et nedlagt Vierksted, hvor der ikke pan mange hundrede
Anr har tundet noget storre Udbrud Sted. men Islands
Vulkaner fortsictter fremdeles sin Virksomhed,

Skjent vi nu vanskelig kan gjore os nogen Ide om, i
hvor hei Grad de ovennmvnte Naturkvaefter kan bidrage til
Havets Afleivinger. ved vi dog. at de begge spiller en med-
virkende Rolle. Det er saaledes almindelig bekjendt, hvor-
ledes Isen -— understottet af Breelvene -— formaar at baeve
det Materiale, den har evobret fra det faste Land, ud i
Havet. Her naar den som Drivis ud til de fjerneste Egne,
Det er ogsan en Nodvendighed. at der ved Vulkanernes
Virksomhed maa samle sig mange mineralske Stoffe paa
Havbunden. At disse kan vere af vesentlig Betydning for
dens Afleivinger er — for de store Verdenshaves Vedkom-
mende — godtgjort ved Mr. Murrays Undersggelser,

Foruden de oveunwevnte Kywefter har vi i Nordhavet
ogsaa andre. der 1 fremtrivdende Grad virker i den samme
Retning. Beeren Eiland er saaledes et mearkelig Exempel
paa, hvorledes Bolgerne til Fordel for Havets Sedimenter
formaar at udgrave og afslide det faste Land.

Ved Betragtning af disse mest iginefaldende Natur-
forhold kan vi gjore os et Begreb om, hvorledes der uden-
fra kan tilfores Havet Materiale. men paa den anden Side
ved vi ogsaa, at Dyrelivet ved sine kemiske Virkninger kan
give meegtige Bidrag til de sedimentiere Nydannelser. Hvor-
ledes nu de forskjellige Krefter virker i Forening, hvem
der har en storre og hvem der har en mindre Betydning,
og hvad der er det endelige Resultat af deres Samvirken —-
er Sporgsmaal, som vi ikke kan besvare, forend vi har hentet
Materialet til vor Underspgelse op fra selve Havbunden.

Ifolge Planen for den norske Nordhavsexpedition var
der bestemt, at der paa alle de Stationer, hvor Dybde-
maalinger foretoges, tillige skulde optages Prover fra Bun-
den. For at anskueliggjore de Redskaber, der tjente til

The Seas of Northern Europe scientifically investiga-
ted on the Norwegian Expedition in 18706, 1877, and 1878,
though in point of extent they cannot compare with the
great oceans of the globe, are yet, by reason of their geo-
araphical position, in many respects peculiarly attractive as
a field of exploratory research.

And not least does this apply to their geological cha-
racter, which, if vightly apprehended, cannot hut afford a
clew to some of the conditions determining the formation
of sedimentary deposit over the bed of the North Atlantic.

The tract in question is bounded on several sides by
islands and continents where glacial and voleanic agency
has been and still continues in opevation. Few regions of
our planet can in like degree with Norway have been ex-
posed to the furrowing and grinding action of glaciers
during the great ice age: and Spitzbergen and Greenland
are even now in a glacial state.

Thus. whilst the past and present effects of glacial
action may be observed in those regions, the islands of Jan
Mayen and Iceland exhibit a similar historic relation as
regards voleanic agency. The former is. so to speak, a
long since abandoned workshop, in which for hundreds of
years there has been no considerable eruption, whereas the
voleanoes of Iceland continue as active as ever.

Now, though we can hardly determine in what degree
the said forces tend to increase oceanic deposits. we know
that both play a co-operative part in their formation. Thus,
for instance, it is a well-known fact. that the ice. in con-
junction with glacier torrents. bears down all manner of débris
From heve it find its way as drift-ice to the
most distant regions. Moreover, it is obvious that to voleanic
agency must be aseribed the occurrence of many mineral
substances present in oceanic deposit, of which they are
shown by the results of Mr. Murray's investications — as
regards at least the great ocean basins — to constifute an
important feature.

to the ocean,

But, apart from the action of glaciers and voleanoes,
we have other potent forces operating with like effect
the North Atlantic. Thus. Beeren Eiland signally exem-
plifies the remarkable instrumentality of the waves in
accumulating sedimentary deposit over the ocean-bed by
excavating and wearing away the rocks of the shore.

A glance at these salient physical conditions will
sutfice to show from what extraneous sources oceanic de-
posit can be derived; and on the other hand. we know that
animal life, so abundant in the waters of the sea, must
largely contribute to such new formations. But how the
several forces act in conjunction, what is the product of
each, and what the joint vesult of their co-operation, —
these are questions the bearing of which we cannot venture
to infer till such time as samples of deposit shall have been
brought up from the sea-bed itself.

Pursuant to the Scheme of Work for the Norwegian
North-Atlantic Expedition, a sample of the bottom was, if
possible, to be obtained at every sounding-station. The fol-
lowing extracts from “The Apparatus, and how used,” one



Indsamlingen af Bundprgverne, hidswetter jeg folgende Ud-
drag af Hr. Kaptein Willes Beretning om Apparaterne og
deres Brug:

»Naar Dybden ikke antoges at vere over 1000 Favne
anvendtes det saakaldte Rgrlod. Til Lodning paa stgrre
Dyb brugtes Baillie-Maskinen.

Rorloddet er af Bly (0.77™ langt og 0.078" i Dia-
meter) og veier H6 Kgr. Det har i den nedre Ende et i
en Messingmuffe indskruet Jernrgr (0.23™ langt og 0.04m
i indre Diameter) til Optagelse af Prgver fra Bunden.
Dette Ror har i den gvre Ende nogle Huller, for at Van-
det kan slippe ud, naar Bundprgven trenger ind nedenfra,
og i den nedre Ende en Butterfly-Ventil, der aabner sig
opad, og som hindrer Bundprgven fra at skylles ud under
Ophalingen. Naar Rgret er afskruet, kan et Sidestykke
tages ud, hvorved Bundprgven kommer tilsyne med sine
naturlige Lag og kan undersgges forelgbig, forend den brin-
ges paa de dertil bestemte Opbevaringskar.

Til Oplodning paa over 1000 Favne brugtes Baillie-
Maskinen, der var forsynet med den samme Indretning til
Optagelse at Bundprgverne som Rgrloddet; men Jernrgret
var her betydelig stgrre (0.43™ langt og 0.057" indre
Diameter) og kunde derfor skaffe rigeligere Portioner op
af Havbunden+,

Hvor Slamlagene var mewgtige nok til at fylde Jern-
rgrene 1 hele deres Liengde, kunde Rgrloddet og Baillie-
Maskinen optage 200—700 Gr.! af Havbundens lgse Ma-
teriale.

Ombord blev der ikke foretaget mnogen grundigere
Undersggelse af Bundpreverne. Man indskrenkede sig til
korte Notitser i Loddejournalen om deres Udseende og Art,
hvorpaa de opbevaredes paa (Hlaskrukker til videre Bear-
beidelse efter Hjemkomsten. De Benmvnelser, der ombord
blev tildelt de forskjellige Slags Sedimenter, er vwesentlig
hydrografiske; de nye Udtryk, der er komne til, skyldes
Zioologerne. Ved den kortfattede Beskrivelse i Loddejour-
nalen bar der imidlertid indsneget sig enkelte Misforstaaelser
og Feil, som ved denne Afhandling vil blive Gjenstand for
en Revision.

Det fremgik som et umiddelbart Resultat af Observa-
tionerne ombord, at de Slamdannelser, der bedwlkker Bun-
den i Nordhavet, er af en uligeartet Beskaffenhed.

Vi fandt imidlertid som en Lovmessighed. at Bund-
proverne kunde inddeles i forskjellige Grupper, hvis seeregne
Kjendemerker rettede sig efter Forekomststedet. T Over-
ensstemmelse med hvad der er forud bekjendt om lignende
Forhold, viste det sig, at Dybden var den veesentligste :Be-
tingelse for Sedimenternes Udseende og Axrt.

Jeg finder det hensigtsmessigt, fgrend jeg gaar over
til den nermere Beskrivelse af Bundprgverne, at give en

! Vegten af Slammet i tgrret Tilstand.

of Captain Wille's contributions to the General Report,
are given to explain the character of the apparatus with
which the samples were brought up.

“When the depth was supposed not to exceed 1000
fathoms, we used the tube-lead. as it is called. For soun-
ding in greater depths the Baillie machine was employed.

The tube-lead (2 feet G'/, inches long by 3 inches in
diameter) is of lead. and weighs 112 pounds. At the lower
end it has a brass box. into which is screwed an ivon tube,
9 inches long and 2 inches in diameter, for bringing up
samples of the bottom. This tube has the upper end per-
forated with a number of holes to allow of the water pas-
sing out on the sample of the bottom pressing in from
beneath, and is furnished at the lower end with a butterfly
valve, opening inwards, to prevent the washing out of the
sample on its journey to the swface. The tube screwed
off. the sample within may, by removing a slip from the
side, be disclosed as it lies /n situ for preliminary examina-
tion, before being taken to the receptacles in which it is
stored.

The Baillie machine, used tor depths exceeding 1000
fathoms. had the same =arrangement as the tube-lead for
bringing up samples of the bottom; but the tube being of
much greater dimensions (17 in.long by 2.2 in. in diameter),
a proportionally larger quantum of deposit could be obtained
with this instrument.”

‘When the surface-layer was sufficiently extensive in
a vertical direction to admit of the tubes being filled
throughout their entire length. the tube-lead and the Baillie
machine brought up respectively 200 grammes -and 700
grammes! of the bottom.

On board. the samples were not submitted to.analysis,
but. after noting their nature and general appearance. care-
fully removed to glass jars for subsequent examination.
The characteristic terms given in the sounding-journal to
the various descriptions ot clay. are chiefly hydrographic;
for the various appellative expressions of zoological origin
occurring in this Memoir I am indebted to the suggestions
of Professor Sars and the other naturalists to the Expedi-
tion. Owing to the compendious form, a few minor errors
and misconceptions have slipped into the brief descriptive
statement in the sounding-journal. which has accordingly
been submitted to a caveful revision.

As a direct result of the cursory inspection on board,
it was appavent that the layers of sedimentary deposit
covering the bed of the North Atlantic differ considerably
i character.

Meanwhile, a marked regularity of occurrence admitted
of arranging the samples in definite groups, with distinctive
features exclusively referrable to locality. In accordance
with analogous phenomena previously investigated, depth
proved the main condition determining the nature and ap-
pearance of the deposits.

Before proceeding to give a detailed description of
the samples of the bottom collected on the Norwegian North-

! Weight of the clay when dried.
1*



kortfattet Oversigt over de forskjellige Sedimenters For-
deling i Havet — stottet til Iagttagelserne ombord og mine
senere Undersggelser,

Jeg maa her forudskikke den Bemwrkning, at jeg i1
Mangel af andre Udtryk har valgt Beneevnelsen -Ler™ for
alle de Slamdannelser, der efter Torring opnaaede en vis
Fasthed og Sammenhengskraft. Beskrivelsen af Bundpre-
vernes ydre Kjendetegn vefererver sig veesentlig til deres
Udseende i den torrede Tilstand, saaledes som jeg ved
mine Underspeelser har havt dem. Det viere forelgbig
sagt, at det mest karakteristiske Marke for de forskjellige
Sedimenter cr Farven, der vasentlig er betinget af den
Oxydationsgrad, hvori de befinder sig.

I de grundere Dele af Havbunden langs Norges og
Spidsbergens Kyster finder vi Bunden bedickket af et mere
eller mindre plastisk Ler, der nwsten altid er af en graa
Farve. Blandingsdelenes Finhed og Biblandingen af grovere
Materiale — 1 Form af Sand, Dyreskaller og lignende —
er meget forskjellige i de talvige Prover, der er indsamlede
fra disse Egne af Havbunden. Dette Kystler gaar sjelden
dybere ned end til 400—500 Fayne (T00—900 Meter).

Ved dette Dyb stoder man ialmindelighed paa et brunt
Ler, der bebuder Overgangen til det egentlige Oceansedi-
ment. I Begyndelsen af sin Optraeden er dette brune Lex
ofte temmelig sandholdigt og grovkornigt og indeholder kun
faa Foraminiferer (Overgangsler): lengere ud i Havet bliver
det mere fint og ensartet, mdtil det gaar over i det saa-
kaldte “Biloculinlex™. som findes paa nwsten alle Dybder,
der er stgrre end 1UOD Favne.

Dette e¢r et eiendommeligt, fint Sediment af en lys-
brun til morkbrun Farve og udmierker sig ved sin stgrre
eller mindre Rigdom paa smaa Foraminiferer. Fremtriw-
dende for det blottede @ie er iswerdeleshed Slegten Bilo-
culing. med sine smaa hvide Skaller, af Stexrelse og Form
som et Knappenaalshoved. spredte rundt omkring i Slammet.
Dette er dertor af Zoologerne opkaldt efter disse smaa Dyr,
der giver det et karakteristisk og let kjendeligt Udseende.

Vi skal senere tale om de ovrige i Lieret forekom-
mende Foraminiferer, som paa Grund af sit Udseende eller
sin ringe Storrelse er mindre iginetaldende end Biloculinerne,
om de end i Antal er langt overveiende,

I den gstlige Del af Nordhavet mellem Spidsbergen,
Beeren Eiland, Norge og Novaja Semlja har vi fundet
Bunden bedxkket med et gron-graat paa Dyrelevninger
fattigt Ler. Dets gronlige IFarve og gvrige karakteristiske
Egenskaber er iserdeleshed udpregede i Bundprgverne fra
de gstligste Stationer. Zoologerne har kaldt dette Sediment

Atlantic Expedition, I will briefly state the results of the
preliminary inspection and my own subsequent examination
in so far as they bear on the distribution of the deposits
over the bed of the ocean-tract explored.

To begin with, T must observe that for want of some
other, more precise expression, I have closen the term
“clay” by which to designate all sedimentary deposits that,
when free from moisture, still retain a certain degree of
firmness and cohesive power. My description of the exter-
nal characteristics of the samples vefers chiefly to their
appearance when dry, in which state they were submitted
to analysis. I may observe here. that colour, mainly depen-
dent on the degree of oxidation, constitutes the most salient
distinetive feature of oceanic deposits.

In the shallower parts of the sea along the coasts of
Norway and Spitzbergen we find the surface of the bottom
covered with a more or less plastic clay, almost invariably
grey in colour. The fineness of the substance composing
it and the admixture of coarser particles, such as sand,
pebbles, caleareous shells. varies very considerably in the
numerous samples brought up from the sea-led in those
This coastal clay is ravely met with farther down
500 fathoms (TOO—900 metres).

localities.
than 400

At that depth the surface-layer of the bottom is
generally found to consist of a brown clay. which announ-
ces transition to the true oceanic deposit. Where it first
occurs, this brown clay, containing but few Foraminifera
(transition clay). is often more or less sabulous and coarsely
granulated; Dbut farther down it gets more
homogeneous in substance. till it is ultimately merged into
that sedimentary deposit to which onr naturalists have given
the name of -Biloculina clay,” met with at nlmost all depths
exceeding 1000 fathoms,

finer and

Biloculina clay is a fine deposit varving in colour from
licht to dark brown, and distinguished by a greater or less
abundance of minute Foraminifera. Of those perceptible
to the naked eye, by far the greater part belong to the
genus DBiloculing, with its minute white shells, resembling
a pin's head in size and shape, dispersed throughout the
sedimentary substance, to which these small animals give
a characteristic and easily recognisable appearance; —
whence the appropriate name suggested by the naturalists
to the Expedition.

We shall afterwards speak of the other Foraminifera
that occur in this clay, but which, owing either to their
appearance or minute size, are less conspicuous than the
Biloculine, though those animals in
number.

areatly  exceeding

In the eastern tract of the Arctic ocean between
Spitzbergen, Beeren Eiland, and Novaja Zemlja, we found
the bottom covered with a greenish-grey clay, containing
but few animal remains. Its green colour and other di-
stinctive features are particularly prominent in the samples
collected at the most easterly of the observing-stations.



»Rhabdammina-Ler” efter en Foraminifer, som ofte fore-
kommer paa denne Del af Havbunden.

Rundt omkring den vulkanske & Jan Mayen bestaar
Bundens Afleiringer af et graasort fint Sand eller Sandler,
der indeholder talrige Brudstykker af den basaltiske Lavas
Mineraler.

Expeditionens Dybdemaalinger langs Islands Ostkyst
viste, at Bunden her var af en noget uligeartet Beskaffen-
hed. Selv paa de sterre Dyb (indtil 844 Favne) stodte
Loddet flere (Gange mod Sten og kom op uden nogen Bund-
prove. Ved de nordlige Stationer paa denne Rute fandtes
et morkgraat Ler, paa de sydlige syntes Sand og Sten at
viere fremherskende.

BEfter disse forelgbige Meddelelser vil jeg nu give en
ordnet Fortegnelse over det foreliggende Materiale, i hvil-
ken man vil finde en kortfattet Beskrivelse af Bundprover-
nes Udseende og Art. Hvad der i det foregaaende er sagt
om Slamarternes Udbredelse belyses ngiere af det vedfoiede
Kart, som i det folgende skal nermere forklaves  Slam-
arterne er paq dette Kart betegnet hver med sin naturlige
Fuarve. Forat faa disse i Overensstemmelse med Virkelig-
heden har jeg ladet dem kopiere efter et Originalkart,
malet med pulveriserede Bundprgver, udrgrte 1 Gummivand,

De Stene, der fandtes i Bundprgverne hvilke ligeledes
er medtaget i folgende Forteguelse, kunde naturligvis blot
vere af en ringe Stgrrelse. Hvor der paa Havbunden laa
Stene, der var storre end Aabningen af Jernroret, hvormed
Bundprgverne optoges, maatte dette ialmindelighed komme
tomt op, og i Loddejournalen noteredes i saadanne Tilfrelde:
haard Bund, eller: Fjeld. Den sidste Benwevnelse er dog
ved senere Overveiclse blevet afskaffet, da den lettelig kan
lede til en Begrebsforvirring, forsaavidt som
Tanken hen paa stgrre sammenhangende Stenmasser, hvis
Nearvarelse naturligvis ikke kan bevises derved, at Jern-
rgret kommer tomt op. Jeg har i dette Tilfwelde benyttet
Udtrykket: Stenbund.

den forer

De fleste af de Bundprgver, der er optagne paa Kyst-
bankerne indenfor det graa Liers Omraade, indeholder Stene
i vexlende Mengde og af forskjellig Storrelse. Mangengang
udgjorde disse en veesentlig Del af Bundprpven, saaat denne
i torret Tilstand lignede et Konglomerat.

I Bundprgverne fra Biloculinleret fandtes ogsaa af
og til enkelte Stene. is@r i den nordlige Del af Havet.

De stgrre Stene, der optoges med Skraben eller Traw-
len, blev ialmindelighed bestemte ombord af Hr. Professor
Mohn, der velvillig har overladt mig sine Optegnelser; en
Del blev forst efter Hjemkomsten undersegt.

Jeg vil her paa Forhaand gjere opmerksom paa, at

This deposit our maturalists have termed “Rhabdammina
Clay,” after a genus of Foraminifera which often abounds
v o

m that part of the ocean-bed.

Off the volcanic island of Jan Mayen the surface-
layer of the bottom consists of a fine, dark-grey sand, or

) fd v b

sabulous elay, containing numerous particles of basaltic lava.

The soundings taken along the east coast ot Iceland
show the bottom to be somewhat variable in character
throughout that locality. Even in the greater depths (as
far down as 844 fathoms. for instance) the leaa repeatedly
struck against rock or stone and came up with the tube
empty. At the northern Stations in this tract we found a
bottom of dark-grey eclay, whereas at the southern, sand
and stone would scem to predominate.

I will now after the above preliminary observations,
give a List of the smmples collected on the North-Atlantic
Expedition, along with a brief’ deseription of their nature
and appearance. What has alveady been stated concerning
the distribution of the oceanic deposits treated of in this
Menioir, the aecompanying map. of which a detailed expla-
nation will afterwards be given, more fully elucidates. In
this Map each section has the colowr actually distinguishing
the deposit it represents. That the different colours might
be as true as possible to nature, [ had them copied from
an original map coloured with pulverized samples of the
bottom dissolved in gum-water,

The pebbles found in the samples of the bottom
and included in the following List, could be naturally
but of trifling magnitude. If. in the locality where a
sounding was taken, the sea-bed was covered with stones
larger than the opening of the iron tube with which the
samples of the bottom were collected, the apparatus would
as a general rule come up cmpty, in which ecase *hard
bottom™ or “rock™ was cntered i the -sounding-journal.
The term rock. however. 1 have scen fit, after mature con-
sideration, to reject, since it might very naturally give vise
to misunderstanding, and be taken to signify a counected
mass of stone, whose cxistence there is of course nothing
whatever to prove i the fact of the tube coming up with-
out a sample of the bottom. The expression “bottom stony”
is therefore substituted for “vock” as less liable to mis-
coustruction.

Most of the samples collected on the coastal banks,
where a grey clay predominates, contained pebbles varying
in number and magnitude. Frequently indeed they con-
stituted the principal part of the sumple, which, when dry,
resembled conglomerate in appearance.

A few pebbles occurred too in the samples of Bilo-
culina clay, more especially those from the northern part
of the ocean-tract explored.

The larger stones brought up in the dredge or trawl
were as a rule determined on board by Professor Mohn,
who has kindly placed his memoranda at my service; some
few however were not examined till after the return of the
Expedition.

With regard to my determination of the pebbles
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Bestemmelsen af de smaa Stene, der blev fundne i Bund-
proverne. er udfgrt ganske overfladisk uden ngiere mikro-
skopiske Undersggelser og derfor ngdvendigvis maa betrag-
tes med et vist Forbehold. Det vil saaledes forstaaes, at
man ved Betragtning af disse smaa Brudstykker vanskelig
skal kunne skjelne mellem de nmrbeslegtede Bergarter (f.
Ex. de forskjellige krystallinske Skifere). og endnu mindre
lader det sig paa denne Maade afgjere, hvor deres oprin-
delige Forekomststed har veret. En ngiere Undersggelse
med Hensyn til det sidste Spergsmaal vilde visselig veere
af Interesse, men paa Grund af det omstendelige Arbeide,
som hertil kreves, har jeg forelgbig maattet seette den tilside.

Bundprever fra 1876.

Station 3. Nordlig Bredde 61° 5, @stlig Lengde
fra Greenwich 5° 15’. Sognefjorden. Dybde 618 Favne
(1180 Meter). Bundtemperatur 6.6°. En liden Prgve af
blaagraat og brungraat, sandholdigt Lier med nogle smaa
Kvartskorn. Faa uorganiske. Dyrelevninger.

Station 4. N. B. 61° 5", @. L. 5° 14". 566 Fvn.
(1085 M.). 6.6° Graat, sandholdigt Lier med mange ganske
smaa Stene (veiende indtil (0.5 Gr.). vwesentlig bestaaende
af Kvarts.

Station 5. N. B. 61 6, @. L. 5° 12" 504 Fwn.
(922 M.). 6.6° Graat sandholdigt Ler.

Station 6. N. B. 61° ¢, @. L. 5° ¢, 211 Fvn.
(386 M.). 6.6° Stenbund.

Station 7. N. B. 61° ¢’, @. L. 3° 11. 206 Fvn.
(377 M.). 6.6° Stenbund.

Station 9. N. B. 61° 30, @. L. 3° 37", 206 Fvn.

(8377 M.). 5.8°% [Ensartet. lysgraat Ler. Ingen Stene.
Mange uorganiske Dyrelevninger (iser af Slegten Uvige-
ring).

Station 10. N. B. 61° 41, @. L. 3° 19, 220 Fvn.

(402 M.). 6.0°% Fint, ensartet, brunliggraat Ler. Ingen
Stene. Faa uorganiske Dyrelevninger.
Station II. N. B. 61° 47, 9. L. 3° 9. 232 Fvn.

(424 M.). 6.10, Fint, graat Ler.

met with in the specimens of the bottom. I will state
at once, that, having been roughly performed without the
aid of the microscope. it does not pretend to more than
comparative accuracy. and some reservation should accor-
dingly be shown in receiving the vesults. It is no easy
matter to distinguish at sight, when examining such small
fragments, between different but closely resembling descrip-
tions of rock (for instance the numerous crystalline schists),
while the difficulty of thus determining their origin must
be far greater., not to say insuperable. A closer examina-
tion with those objects in view would no doubt be well
worth undertaking; but owing to the labour it would in-
volve, I must await a more favourable opportunity for
further investigations.

Samples of the Bottom (1876).

Station 3 (the Sognefjord). — Lat. 61° 5" N., long.
50 15" BE.; depth 618 fathoms (1130 metres); bottom-tem-
perature 6.6°% A small sample of bluish-grey and brownish-
grey sabulous clay containing granular fragments of quartz
and a few inorganic animal remains.

Station 4. — Lat. 61° 5 N., long. 5° 14" E.; d.
566 fms. (1035 m.); b.t. 6.69 A grey sabulous clay con-
taining numbers of very small pebbles, chiefly quartz. the
biggest weighing 0.5,

Station 5. — Lat. G61° 6’ N., long. 5° 12 E.; d.
504 fms. (922 m.); b.-t. 6.6°% A grey. sabulous clay.

Station 6. — Lat. 61° 6" N., long. 3° 9 E.; d.
211 fms (386 m.); b.-t. 6.6°. Bottom stony.

Station 7. — Lat. 61° 6’ N., long. 5° 11’ E.; d.
206 fms. (377 m.); b.-t. 6.6° Bottom stony.

Station 9. — Lat. 61° 30’ N,, long. 3¢ 37" H.; d.
206 fms. (377 m.); b.-t. 5.8° A uniform, light-grey clay
containing numerous inorganic animal remains (particularly
of the genus Uwigering). No pebbles,

Station 10. — Lat. 61° 41’ N., long. 3° 19" E.; d.
220 fms. (402 m.); b.t. 6.0°%. A uniformly fine. brownish-
grey clay containing a few inorganic animal remains. No
pebbles.

Station Il. — Lat. 61° 47" N., long. 3° 9 E; d
232 fms. (424 m.); b.-t. 6.1° A fine, grey clay.



Station 12. N. B. 61° 53", @. L. 3¢ ¢'. 223 Fvn,

(408 M.). 6.3°% Fint, graat Ler.
Station 13. N. B. 61° 58, @. L. 2° b4". 223 Fvn.
(417 M.). 6.1° Lysgraat, ensartet, finkornigt og fast Ler.

Faa Kalkskaller.

Ingen Stene.

Station 14. N. B. 62° 4, @. L. 2° 45, 226 Fvn.
(413 M.). 6.le. Graat, ensartet, grovkornigt Ler. Et lidet
Stykke Jern, som muligens er afslidt Lioddet. Ingen Stene.
Mange Kalkskaller (Urigerinag).

Station 15. N. B. 62 10", 9. L. 2% 36’. 221 Fvn.
(404 M.). 6.1% Graat. fint Ler.

Station 16. N. B. 62¢ 24’ 0. L. 2 17'. 221 Fvn.
(404 M.). 4.69 Stenbund.

Station 17. N. B. 62 33, ©. L. 2° 4. 288 Fvn.
(527 M.). 2.4% Stenbund.

Station 18. N. B. 62° 44, @. L. 1 48’. 412 Fvn.

(753 M.). -— 1.0%. Blanding af lysgraat Sandler og brun-
ligeraat, fast og finkornigt Ler. I Bundprgven fandtes
mange smaa Glimmerblade og afrundede Kvartskorn. men
forgvrigt kun faa og ganske smaa Stene Med Skraben
optoges paa denne Station en stor, rund Sten, der viste
sig at vare en Breccie, en fin, graa Sandsten og en af-
rundet Marmorblok (0.25 M. lang og 0.15 M. bred). Efterat
et Stykke var slaaet af den sidstnwvnte Sten, flod der Vand
ud af et Hul i dens Indre.

Station 19. N.B. 620 23, 0. L. 2¢ 5.0". 226 Fvn.
(413 M.). 6.0° Graat, sandholdigt Ler.
Station 20. N. B. 62° 16’, @. L. 8° 8. 219 Fvn.

(400 M.).  6.2¢.
Ler tilligemed noget af en mgrkere Slags.
En Mazngde Skaller af Uvigering.

Graat, grovkornigt og usammenhengende
Ingen Stene.

Station 2I. N. B. 62° 14, @. L. 3° 28. 188
Fvn. (344 M)). 5.8% Graat, sandholdigt Ler.

Station 24. N. B. 63° 10, . L. 5° 58'. 90 Fvn,
(165 M.). 6.9° Graat, sandholdigt Ler.

Station 26a. N. B. 63¢ 10, @. L. 5% 16". 237
Fvn. (433 M.). 17.1% Graat, sandholdigt Ler.

Station 26b. N. B. 63° 7, @. L. 5° 17. 90 Fvn.
(165 M.). 7.8°. Stenbund.

Station 27. N. B. 63° 6, @. L. 5¢ 18’. 90 Fvn.

(165 M.). 7.8°, Stenbund.
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Station 12. — Lat. 61° 33" N..
223 fms. (408 m.); b.-t. 6.3°

long. 3° " E,;; d.

A fine, grey clay,

Station 13. — Lat. 61° 58’ N., long. 2° 54’ E,; d.
228 fms. (417 m.); b.-t. 6.1% A firm, finely granulous,
light-grey clay containing a few caléareous shells. No
pebbles.

Station 14. — Lat. 62° 4" N.. long. 29 45" E.; d.
226 fms. (413 m.); b-t. 6 Ie. A grey, coarsely granulous
clay containing numbers of calcareous shells ( Urvigerina)
and a particle of iron. possibly broken off one of the sin-
kers. No pebbles.

Station 156. — Lat. 62° 10" N..
221 fms. (404 m.); b.-t. 6.1°

long. 29 3¢’ E.; d.
A fine, grey clay.

Station 16. — Lat. 62¢ 24" N.,
221 fms. (404 m.); b.-t. .69

long. 2° 17" E.; d.
Bottom stony.

Station 17. — Lat. 62 33 N., long, 2° 4 E.; d.
288 fms. (527 m.); b.-t. 2.4° Bottom stony.

Station 18. — Lat. 62° 44 N, long. 1° 48 E.; d.
412 fms. (793 m.); b-t. — 1.0°. A mixture of light-grey
sabulous clay and brownish-grey, firm and finely granulated
clay containing numerous delicate lamine of mica and glo-
bular granules of quartz, as also a few very small pebbles.
The dredge brought up a big, round stone, which proved
on mspection to be a breccie, together with a block of
marble (0.25 m. long and 0.15m. broad). On breaking off
a pilece of the latter, water was seen to well forth from an
aperture in the side.

Station 19. — Lat. 62® 23° N., long. 2¢ 5.0’ E.; d.
226 fins. (413 m.); b.-t. 6.0% A grey, sabulous clay.

Station 20. — Lat. 629 16’ N., long. 3° 8 E.; d.
219 fms. (400 m.); b.-t. 6.2% A grey coarsely granulous
loose clay, along with a little of a darker tint containing
countless shells of Urigerina. No pebbles.

Station 2I. — Lat. 62° 14" N., long. 3% 28’ E.; d.
219 fms. (344 m.); b.-t. 5.8% A grey, sabulous clay.

Station
90 fms. (165

24, — Lat. 63° 10’ N,, long. 5¢ 58’ E.; d.
m.); bt 6.9% A grey, sabulous clay.

Station 26a. — Lat. 639 10’ N., long. 5¢ 16’ K.; d.
237 fms. (433 m.); b.-t. 7.1° A grey, sabulous clay.

Station 26b. — Lat. 63° 7" N., long. 5° 17" E,; d.
90 fms. (165 m.); b.-t. 7.8° Bottom stony.

Station
9¢ fms. (165

27. — Lat. 63° 6’ N., long. 5° 18 BE,; d.
m.); b-t. 7.8°. Bottom stony.



Station 28. N. B. 63° 10, @. L. 5° 11’. 396
Fvn. (724 M.). — 0.5° Graat, sandholdigt Ler.

Station 29. N. B. 63° 10/, @.L. 5° 7. 396 Fvn,
(724 M.). — 0.2°% Graat, sandholdigt Ler.

Station 30. N.B. 63" 10", @. L. 5° 4. 401 Fvn.
(733 M.). — 0.4° Fint. ensartet. lysgraat Ler. Ingen
Stene. Faa Kalkskaller.

Station 31. N. B. 63° 10. @. L. 5% (/. 417 Fvn.
(763 M.). — 0.9° Graat. sandholdigt Ler.

Station 32. N.B. 63" 10, 9. L. 4° 51’. 430 Fvn.

(786 M.. —0.6° Guraat. fint Ler. Mange Stene i
Bundpreven (veiende indtil 2.5 Gr.), bestaaende af Kvarts-
skifer, Gneis, I Skraben fandtes: Rod Sandsten, gren Ler-
skifer, Granit, Pimpsten (5 X 5 X 5 Cm.) og endel ubestem-
melige forvitrende Stene. Faa Kalkskaller.

Station 33. N. B. 63° 5. 0. L. 3° 0. 525 Fvn.
(960 M.). — 1.1°% Graat Ler.

Station 34. N. B. 63° 5", @. L. 0° 53'. 587 Fvn.
(1073 M.). — LO0°% Graat, fint Ler (Slik).

Station 35. N.B. 63° 7. V.L. 1° 26". 1081 Fvn.
(1977 M.). — 1.0°% Biloculinler.

Station 36. N. B. 62° 15", V. L. 4° 34’. 148 Fyn.
(271 M.). 7.9“ Stenbund.

Station 37. N. B. 62° 28, V. L. 2° 29°. 690 Fyn.
(1226 M.). — L.1". Brunt. sandholdigt Ler. Nogle smaa
Stene. Mange fine Glimmerblade,

Station 38. N. B. 63° 1I'. V. L. 3% 58"
(373 M.). 0.7°% Stenbund.

204 Fvn.

Station 40. N. B. 63° 22, V., L. b9 29. 121H
Fyn, (2222 M.). — 1.2°. Ensartet Biloculinler med mange
Biloculiner. I Bundproven ingen Stene. 1 Skraben fand-
tes: Et Stykke af en twt Gneis. Klumper og Knoller af
forskjellix Form. Storrelse og Farve og nogle Pimpsten-
stykker.

Station 41. N. B. 63" 37". V. L.
(1275 M.). — Lo~
Stene.

70 10, 697 Fvn.
Fint. graat. ensartet Ler. Ingen

Station 42. N.
Fvn. (483 M.). 1.3,

B. 63° 2, V. L. 10° 17",
Stenbund.

264

Station 43. N.
Fvn. (967 M.). 2.9°.

B. 630 11, V. L, 13° 32",
Lerholdigt Sand.

529

Station 28. — Lat. 63° 10’ N.. long. 5° 11" E;
d. 396 fims. (724 m.); b.-t. — 0.5% A grey, sabulous clay.

Station 29. — Lat. 63° 10’ N., long. 5° 7" E.; d.
396 fms. (724 m.); b.-t. —0.2°% A grey. sabulous clay.

Station 30. — Lat. 63° 10’ N., long. 5° 4’ E.; d.
401 fms. (733 m.); b-t. —04° A fine, uniform, light-grey
clay containing a few calcareous shells. No pebbles.

Station 3l. — Lat. 63° 10° N, long. 5° 0" E.; d.
417 fms. (763 m.); b-t. —0.9°% A grey. sabulous clay.

Station 32. — Lat. 63° 10" N.. long. 4° 51’ E; d.
430 fms. (786 m.); b.-t. —0.6°. A fine. grey clay con-
taining: — Numerous pebbles of silicious schist and gneiss;
fragments of red sandstone, green argillaceous slate, gra-
nite, prmice (5 X 5 X H); divers indeterminable disinte-
grated particles of stone:; a few calcareous shells.

Station 33. — Lat. 63° 5 N.. long. 3° 0" E.; d
525 fms. (960 m.); b-t. — 1.1°% A grey clay.

Station 34. — Lat. 63° 5" N.. long. 0° 53" E.; d.
587 fms. (1073 m): b-t. — 1.0% A grey mud.

Station 35. — Lat. 63° 7" N., long. 1° 26’ W.; d.
1081 fms. (1977 m.); b-t. — 1.0% Biloculina clay.

Station 36. — Lat. 62° 15’ N.. long. 4° 34’ W.; d.
148 fms. (271 m.): b.-t. 7.9°. Bottom stony.

Station 37. — Lat. 62° 28" N.. long. 2° 29" W; d.
690 fms. (1226 m.); b-t. — 1.1° A Dbrown. sabulous clay
containing a few small pebbles and numerouns delicate mi-
caceous laming.

Station 38. — Lat. 63° 1’ N.. long. 3° 58" W.; d.
204 fms. (373 m.); b.-t. 0.7° Bottom stony.

Station 40. — Lat. 63° 22° N.. long. 5° 29° W.;
d. 1215 fins. (2222 m.): bt. - 1.2°% A uniform biloculina
clay containing many Biloculine. No pebbles. The dredge
brought up a fragment of compact gneiss. together with
numerous nodules, or concretions, varying in form, magni-
tude. and colour, and a few pieces of pumice.

Station 4. — Lat. 63" 37" N.. long. 7° 10" W_; d.
697 fms. (1275 m.): b-t. — 1.0°% A fine. grey. uniform
clay. No pebbles.

Station 42. — Lat. 63° 25’ N., long. 10° 17" W,;
d. 264 fms. (483 m.); b.t. 1.3% Bottom stony.

Station 43. — Lat. 63° 11’ N., long. 13° 32" W.
d. 529 fis. (967 m.); bt. 2.9% Axgillaceous sand.



Station 44. N. B. 63° 8. V. L. 14° (. 844 Fwn.
(1543 M.). 2.7° Stenbund.

Station 45. N.B. 63° 28’, V.L.12° 58’. 381 Fn.
(997 M.). 4.3°% Stenbund: blot en liden Prove af brunt,
lerholdigt Sand. Mange ganske smaa Stene: Kalkspath.

Station 46. N.Br. 63° 51°. V. L. 12° 3. 257 Fvn.

(470 M.). 3.9°% Sten og graat Ler.

Station 47. N. B. 64° 135, V. L. 11° 14 190
Fvn. (347 M.). 6.0°% Stenbund.

Station 48. N. B. 64° 3¢". V. L. 100 22, 299
Fvn. (547 M.). — 0.3". Ensartet. morkgraat, lost Ler.

Nogle Stene i Bundproven: Kvarts. Granit (veiende indtil
0.1 Gr.). Faa Kalkskaller.

Station 49.
(799 M.). — 0.8°,

N. B. 630 0, V. L. 9° 25". 437 Fyn.

Sandholdigt Ler.

Station 50.
(1044 M.).
Stene.

N. B. 656° 26’, V.L. 8° 24", 571 Fvn.
— 0.9°  Morkt. blaaliggraat Ler. Ingen

Station 5i. N. B. 63° 53, V. L. 7% 18"
Fvn, (2127 M.). — 1.1% Biloculinler.

1163
Ingen Stene.

Station 52. N. B.
Fvn, (3403 M.). — 1.29

650 47, V.
Biloculinler.

L. 3° 7. 1861
Ingen Stene,

Station 53. N. B. 65° 13, @. L. 0° 33". 1539
Fvn. (2814 M.). — 1.3 Biloculinler. Paa hver (JCm.
af den torrede Bundprove 2—3 Biloculiner. Ingen Stene.

Station 54. N. B. 64° 47", 0. L. 4° 24', 601 Fvn,
(1099 M.). — 1.2°% Biloculinler. En Mewengde (ilobige-
riner. Ingen Stene.

Station 55. N. B. 64° 38°. 0. L. 10° 22",
(170 M.). 7.2° Stenbund.

43 Fvn.

Station 56. N. B. 64° 39, 9. L. 10" 11 178
Fvn. (326 M.). T7.2° Graat, finkornigt. sandholdigt. lost
Ler. Temmelig faa vorganiske Dyrelevninger.

Station 57. N. B. 64° 39", 9. L. 9° 59". 161 Fvn.
(284 M.). 7.0° Blaaliggraat. fint, fast Ler. Mange Stene
(veiende indtil 1.5 Gr.). bestaaende af krystallinske Skifere.
Ingen Kalkskaller.

Station 58. N. B. 64° 39, @.L. 9° 49’. 221 Fvn.

Den norske Nordhavsexpedition. Schmelck: Chemi.

L

Station 44. — Lat. 63° 8" N..
844 fms. (1543 m.); b.-t. 2.7°,

long. 14° 0 W; d.
Bottom stony.

Station 45. — Lat. 63° 28" N., long. 12° 58 W,
d. 381 fms. (997 m.); b-t. 43°% Bottom stony: only a
small sample of brown argillaceous sand. A great many
pebbles of calcareous spar.

Station 46. — Lat. 63° 51" X., long. 12° 5" \V; d.
257 fms. (470 m.): b-t. 3.9 Pebbles and a grey clay.

Station 47.
d. 190 fms. (347

— Lat. 64" 135" XN.. long. 11° 14" W,;
m.): b-t. 6.0°. Bottom stony.

Station 48. — Lat. 64° 36" N., long. 10° 22" W,;
d. 299 fms. (347 m.): bt. —0.3°% A dark-grey. porous
clay containing a few pebbles of quartz and granite (the
largest weighing 1¢7) and a few calcareous shells,

Station 49. — Lat. 63°® " N.. long. 9° 25" W.; d.
437 fms. (799 m.); b-t. — 0.8% A sabulous clay.

Station 50. — Lat. 65° 26° X.. long. 8° 24’ W.; d.
DTL fms. (1044 m.): b-t. — 0.9°% A dark, bluish-grey clay.
No pebbles.

Station 5. — Lat. 63° 53’ N., long. 7° 18" W,; d.
1163 fms. (2127 m.); b-t. — 1.1°% Biloculina clay. No
pebbles.

Station 52. — Lat. 65° 47" N., long. 3° 7 W,
d. 1861 fms, (3403 m.); b.-t. —1.2% Biloculina clay.
No pebbles.

Station 53. — Lat. 63 13' N., long. 0° 33’ E,;
d. 1539 fms. (2814 m.): b-t. — 1.3% Biloculina clay; to
every ['em. of the dried sample 2 or 3 Biloculine. No
pebbles.

Station 54. — Lat. 64° 47" N, long. 4° 24’ E.; d.
601 fms. (1099 m.): b-t. —1.2° Biloculina clay. con-
taining a great many Globigerine. No pebbles.

Station 55. — Lat. 649 38" N, long. 10° 22" E.; d.
93 fms. (170 m.): b-t. 7.2° Bottom stony.

Station 56. — Lat. 64° 39" X, long. 10° 11"E.; d.
178 fms. (326 m.); b-t. 7.2°. A grey. porous, finely gra-
nulated. sandy clay containing but few inorganic animal
remains.

Station 57. — Lat. 64° 39" N., long. 9° 59" E.; d.
161 fms. (284 m.): b.-t. 7.0°% A finely granulous, bluish-
grey, compact clay containing numerous pebbles of crystal-
line schists. the largest weighing 1.5#". No calcareous shells.

Station 58. — Lat. 64° 39’ N., long. 9° 49’ E.; d.
2



(404 M.). 6.9°.
Glimmerblade, men forresten ingen Stene.
ganiske Dyrelevninger.

Blaagraat, fint, fast Ler. Mange fine
Yderst faa uor-

167
Nogle

Station 59. N. B. 64° 39, @. L. 9¢ 38"
Fvn. (305 M.). 6.9°% Graat, grovkornigt Ler.
smaa Stene. Faa uorganiske Dyrelevninger.

Station 60. N. B. 64¢ 40", @. L. 9 30". 118 Fvn.
(216 M.). 7.0% En liden Prove af graat, uensartet, sand-
holdigt Lier. Mange Stene (veiende indtil 0.3 Gr.), be-

staaende af vpd Granit og krystallinske Skifere. Yderst
faa Kalkskaller.

Station 61. N. B. 64° 40, 9. L. 9° 19, 118 I'vn.
(216 M.). 7.0% En liden Prove af graat, fint, ensartet

Ler.

En liden Sten: glindsende Lerskifer (veiende 0.1 Gr.).

Station 62. N. B. 64° 41’, @. L. 9¢ 10°. 108 Fvn.

(198 M.). 7.0% Blaaliggraat, fint Ler. Nogle meget smaa
Stene.

Station 63. N. B. 64° 41", @. L. 99 (¥, 93 Fvn.
(170 M.). 7.0° Stenbund.

Station 64. N. B. 64¢ 42, @. L. 8° 50’. 58 Fvn.
(106 M.). 7.7° Stenbund.

Station 65. N. B. 64° 42, 0. L. 8¢ 39, 62 IKvn.
(113 M.). 7.4° Stenbund.

Station 66. N. B. 64¢ 43, 9. L. 8° 30’, 88 Fvn,

(161 M.). 7.1°% En liden Prove af graat, sandholdigt,
fast Ler. Ingen Stene.

Station 67. N. B. 64° 44, @. L. 8° 19", 119
Fvn. (218 M.). 6.9° Blaagraat Ler. Mange smaa Stene
(veiende indtil 0.3 Gr.), bestaaende af Kvarts, Kvartsit.
Yderst faa Kalkskaller.

Station 68. N. B. (64° 44, 0. L. 8° 9",
(241 M.). 6.9° Graat, fint, ensartet Ler.

132 Kvn.
Ingen Stene.

Station 69. N. B. 64° 45, 0. L. 8v 2,
(234 M.). 7.0°% Graat, meget sandholdigt Ler.

128 Fvn.

Station 79.! N.B. 64° 48, @. L. 6 36". 155 Fvn.

! Fra de imellem 6% og 79 liggende Stationer er ingen Praver
medbragte hjem. Ifglge Loddejournalen fandtes paa alle disse Sta-
tioner et graat, sandholdigt Ler. Da disse Stationer fglger meget teet
paa hinanden, har jeg fundet det ungdvendigt at medtage dem i Fort.
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221 fms. (404 m.); b.-t. 6.9° A fine, bluish-grey, compact
clay containing numerous delicate laminwe of mica, but no
pebbles, and very few inorganic animal remains.

Station 59. — Lat. 64° 39" N., long. 99 38 K.
d. 167 fms. (305 m.); b-t. 6.99 A grey, coarsely granu-
lated clay containing pebbles and a few inorganic animal
remains.

Station 60. — Lat. 64° 40’ N,, long. 9* 30" E.; d.
118 fms. (216 m.); b.-t. 7.0% A small sample of grey,
sabulous clay containing numerous pebbles (the largest weigh-
ing 0.3¢7) of red granite and crystalline schists, and a very
few calcareous shells.

Station 61. — Lat. 64¢ 40" N., long. 9 19’ E.; d.
118 fms. (216 m.); b-t. 7.0% A little fine. grey. homo-
geneous clay containing a small pebble of glittering argil-
laceous state (weight 0.1,

Station 62. — Lat. G4° 41’ N, long. 9" [0° E.; d.
108 fms. (198 m.); bet. 7.0% A bluish-grey clay contain-
ing a few very small pebbles.

Station 63. — Lat. 64 41" N.. long. 9° ¢ E.; d.
93 fms. (170 m.); b-t. 7.0°% Bottom stony.

Station 64. — Lat. 64° 42’ N, long., 89 50" E.; d.
58 fms. (106 m.); b-t. 7.7% Bottom stony.

Station 65. — Lat. (4% 42
d. 62 fms, (113 m.); b.-t. 7.4°

N.. long. 8° 39" E;
Bottom stony.

Station 66. — Lat. 64° 43’ N., long. 8" 30! E.; d.
88 fms. (161 m.); b-t. 7.1% A small sample of grey,
compact, sabulous clay. No pebbles.

Station 67. — Lat. 64" 44" N, long. 8° 19 E.;
d. 119 fms. (218 m.); b.-t. 6.9%. A Dbluish-grey clay con-
taining many small pebbles (the largest weighing 377 of
quartz, quartzite. and a very few calcareous shells.

Station 68. — Lat. 649 44° N., long. 8" 9 E.; d.
132 fms. (241 m.); bt 6.9% A fine, grey, homogeneous
clay. No pebbles,

Station 69. — Lat. 64° 48’ N., long. 8° 2" E,; d.
128 fms, (234 m.); b-t. 7.09% A grey, exceedingly sabu-
lous clay.

Station 79.' — Lat. 64° 48’ N, long. 6 36’ E.; d.

' From the 8 Stations between 9 and 79 no samples were col-
lected. According to the sounding-journal, a grey, sabulous clay oc-
curred at each; and being all so near together, I have not included
them in the List,



(283 M.). 6.9 Graat, sandholdigt, fast Ler med noget
af en lgsere Slags. Mange Stene (veiende indtil 0.3 Gr.),
bestaaende af Kvarts, Glimmer, forvitrende Horblende (?),
Marmor, krystallinske Skifere. Mange Skaller af Slmgten
Uvigerina.

Station 80. N.B. 640 48’ @, L. 6v 26'. 144 Fyn.

(263 M.). 6.8°% Graat, fint Ler.
Station 8. N. B. 64° 49’, @. L. 6" 17". (55 Fyn.
(283 M.). 6.9° Guraat, fint Ler. Nogle Stene (veiende

mdtil 1 Gr.), bestaaende af Granit og krystallinske Skifere.

Station 84. N. B. 64¢ 49", 0. L. 5° 49’. 221 Fvn.
(404 M). 6.5° Graat, fint Ler.

Station 85. N. B. 64° 50’, @. L. 5° 39", 303 Fvn.
(554 m.). 3.9° Brunt Sandler,

Station 86. N.B. 64" 50’, @. L. 5° 30". 381 Fvn.
(697 M.). — 1.0% Graat Ler.

Station 87. N. B. 64v 2, ¥. L. 50 35". 498 Fvn.
(W11 M.), — 1.1o. Graat Ler.

Station 88. N.B. 640 I, @. L. 50 53'. 355 Fvn.
(649 M.). 2.70. Graat Ler.

Station 89. N. B. 640 1, @. L. 6» 8. 190 Fyn.
(347 M.). 6.70. Stenbund.

Station 90. N.B. 640 1, @. L. 60 21’. 205 Fvn,

(375 M.). 6.6° Graat, sandholdigt Ler.

Station 91. N. B. 640 0', @. L. 60 32, 190 Fvn,
(347 M.). T.20, Guaat, fint Ler.

Station 92. N. B. 640 0, &. L. 60 42’. 178 Fvn.

(826 M.). 7.20, Graat, sandholdigt Ler.
Mange fine Glimmerblade.

Station 93. N. B. 620 41’, @, L. 70 &,
(289 M.). 6.40. Romsdalsfjord. Lgst, graat Ler.

Nogle faa Stene.

158 Fvn.
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155 fms. (283 m.); b-t. 69 A grey, sabulous clay, part
compact and part comparatively porous, containing many
small pebbles (the largest weighing 0.3¢") of quartz, mica,
disintegrated hornblende (?), marble. and crystalline schists,
together with numbers of shells of the genus Urigerina.

Station 80. — Lat. 64" 48 N, long. 6" 26’ E;
d. 144 fins, (263 m.): b -t. 6.8% A finely granulous, grey clay.

Station 81. -— Lat. 64" 4% N.. long. 6° 17" E.: d.
155 fms. (283 m.); b-t. .99 A finely granulous, grey clay
containing a few very small pebbles (the largest weighing
147, of granite and crystalline schists.

Station 84. — Lat. (4" 4" N., long: 5° 49" E: d.
221 fms. (404 m.); b-t. 6.5" A finely granulous, grev clay.

Station 85. — Lat. 64" 50’ N., long. 3° 39’ E;
d. 303 fms. (554 m.): b.-t. 3.9 A brown, sabulous clay.

Station 86. — Lat. G4¢ 50’ N., long. 5° 30’ B.; d.
381 fms. (697 m.); b.-t. — 1.0% A arey clay.

Station 87. — Lat. 64" 2’ N.. long. 5% 35 E.; d.
498 fms. (Y11 m.); bt. — L1% A grey clay.

Station 88. — Lat. 64" 1" N., long. 5° 53’ E.; d.
355 fms. (649 m.): b-t. 2.7 A grey clay.

Station 89. — Lat. G4°
fms. (347 m.); bt 6.7

1" N., long. 6* 8 E.; d.

190 Bottom stony.

Station 90. — Lat. G4Y
fms. (375 m.); b.-t. 6.6

1” N.. long. 6Y 21" E.; d.

205 A grey, sabulous clay.

Station 9. — Lat. 64° 0’ N., long. 6° 32' E.; d.
190 fms. (847 m.); b.-t. 7.2%. A finely granulous, grey clay.

Station 92. — Lat. 64° " N.. long. 6° 42" E.; d.
178 fms. (326 m.); b.-t. 7.2°. A grey, sabulous clay con-
taining a few pebbles and many delicate lamina of
mica.

Station 93 (the Romsdal Fjord). — Lat. 62° 41'N.,
long. 7* 8 E.; d. 158 fms. (289 m.); b.-t. 6.4%. A grey,

porous clay.



Bundprever fra 1877

Station 94. N.
(265 M.). 5.0° En
Ler.

B. 590 8", 9. L. 4° 38". 145 Fwn.
liden Prpve af graat. grovkornigt

Station 95. N. B. 60° 42, @. L. 4° 14, 175
Fyn, (320 M.). 5.8°. Brungraat Ler med mange Brud-
stykker af Kalkskaller. Koraller og andre Dyrelevninger.
Nogle smaa Kvartskorn.

Station 96. N. B. 66" 8. @. L. 3° (', 805 Fvn,
(1472 DM.). — 1.1°. Bundproven bestod af to Lag.  @verst
et brant Ler. hvori der ikke kunde opdages Biloculiner og
kun faa Globigerimer. men temmelig mange af Slegten
Litwola. Man kan vere i Tvivl om. hvorvidt dette Ler
skal betragtes som Overgangsler eller Biloculinler. .Jeg har
imidlertid fundet det rettest at henregne det til det sidste
(som dannende Begyndelsen til Biloculinleret). Det under-
liggende Lag af Bundprpven bestod af et graat, fint Ler.
I Bundpreven ingen Stene. T Skraben fandtes 3 mindre
Stene (den storste 3 3 X 3 Cm.), bestaaende af blaa Kvarts,
Nandsten, krystallinske Skifere.

Station 97. N. B. 66" 2/, @. L. 4* 21’. 0683 Fvn.
(1249 M.). — 1.1°%. To Lag i Bundproven. Det gverste
bestod af brunt Overgangsler, det underste af graat. fint
Ler. Ingen Stene.

Station 98. N. B. 65Y 56", ©. L. 5° 21", 383 Fyn.
(710 M.). — 1.0% To Lag i Bundproven. Det gverste
brunt Overgangsler, det underste graat Ler. Ingen Stene.

213
Giraabrunt, finkornigt. sandholdigt

Station 99. N. B. 63° 51, @. L. 6° 25
Fvu. (390 M.). 6.1°

Ler. En liden Sten: Kvarts.
Station 100. N.B. G5° 43", 0. L. 7° 29’. 194 Fyn.
(355 M.). 6.0v. Blanding af brunt Sandler og eraat Ler.

Mange Stene. Et lidet Stykke af en Belemmnit.

Station 10l. N. B. 65" 36’. @. L. 8" 32, 223 Fyn.
(408 DM.). 6.0, Graat. grovkornigt Sandler. Mange Stene
(veiende indtil 1.5 Gr.. bestaaende af Kvarts. krystallinske
Skifere, Horublende (7). T Skraben fandtes ¢ smaa Stene:
Flint, Kridt, Sandsten og krystallinske Skifere.

Station 102,
Fvn. (386 M.).
Sandler.

N. B. 65° 32, @. L. 9° 10"
6.29,
Ingen Stene.

211
Liysgraat Ler, tilblandet noget brunt

Station 103. N. B. 65° 30, 9. L. 9° 37". 193

Samples of the Bottom (1877).

Station 94. — Lat. 59° 8’ N,, long. 4° 38 E: d.
145 fms. (260 m.); b.-t. 5.0°% A small sample of grey.
coarsely granulated clay.

Station 95. — Lat. 60° 42’ N., long. 4° 14’ E.
d. 170 fms. (320 m.); b.-t. 58°% A brownish-grey clay
containing many fragments of calcareous shells, coral, and
other animal remains; also a few quartz pebbles.

Station 96. — Lat. 66" 8 N.,
805 fms. (1472 m.): b.-t. — 1.1" The sample consisted
of two layers, In the upper — a brown clay — no Bilo-
culine could be detected. and but very few Globigerine:
it contained however a good many shells of the genus
Lituola. 1t is difficult to decide whether this clay be a
transition or a true Biloculina clay. Meanwhile, I have re-
garded it as the latter (as constituting the first bottom-layer
of Biloculina clay). The under layer was a finely granulous,
No pebbles in this sample.  The dredee brought
up 3 pebbles (the largest 3 X 3 X 3 ), consisting of blue
quartz. sandstone. and crystalline schists.

long. 3" ¢ E.; d.

grey clay.

Station 97. — Lat. 66Y 2’ N., long. 4° 21" E; d.
683 fms. (1249 m.): b-t. 1.1°% Two layers in this sample;
the upper cousisting of a brown transition clay, the under
of a finely granulous. grey clay. No pebbles.

Station 98. — Lat. 65" 56" N., long. Y 21" E.;
388 fms. (T10 m.); b.-t. — 1.0% Two layers; the upper
a brown transition clay. the under a grey clay. No

pebbles.

Station 99. — Lat. 65° 51" N..
d. 213 fms. (390 m.): b.-t. 6.1
granulous, sandy clay containing

long. 6° 256" E.;
A greyish-brown, finely

a quartz pebble.

Station 100. — Lat. 6 43’ N., long. T7° 29" E.;

d. 194 fms. (355 m.): b-t. 6.0°% A mixture of brown

sabulous clay and grey clay containing many pebbles and

a small fragment of a belemnite.

Station 10l. — Lat. 65° 36’ N., long. 8¢ 32" E.; d.
223 fims. (408 m.); b-t. 6.0% A grey. coarsely granulated,
sabulous clay containing a good many pebbles (the lare-
est weighing 1.5#7) of quartz. ecrystalline schists. horn-
blende (7). The dredge brought up 6 small stones. con-
sisting of flint, chalk, sandstone, and crystalline schists.

Station 102. — Lat. 65° 32" N., long. 9° 10’ E;

d. 211 fms. (386 m.); b.t. 6.2° A light-evey clay. slightly
mixed with a brown, sabulous clay. No pebbles.

Station 103. — Lat. 65° 30’ N, long. 9° 37" E.; d.



Fvn. (353 M.). 06.4° Graat, grovkornigt Ler. Mange
Stene (veiende indtil 3 Gr.), bestaaende af krystallinske
Skifere.

Station 104. N. B. 65° 28, @. L. 9° 56’. 162
Fvn. (206.M.). 6.5° Graat, grovkornigt, sandholdigt Ler.
Mange Stene (veiende indtil 0.5 Gr.), bestaaende af Kvarts,
krystallinske Skifere, forvitret Hornblende (?).

Station 105. N. B. 656° 26', @. L. 10° 13". 145
Fwn. (265 M.). 6.6°% Graat. sandholdigt Ler. Faa Kalk-
skaller.

Station 106. N. B. 65° 24’, @. L. 10° 3%". 177

Fvn, (324 M.). 6.5°
Miengde Glimmerblade.

Graat Ler, indsprengt med en

Station 107. N. B. 65° 21’, 0. L. 10° 44", 172
Fyn. (315 M.). 6.2°. Ensartet, graat Ler. Mange Stene
(veiende indtil 0.6 Gr.). bestaaende af fin, hvid Kvarts.

Station 108. N. B. 66° 6, @. L. 11° 1. 127
Fvn. (232 M.). 6.0°% Graat. sandholdigt Ler.

Station 109. N. B. 66° 10, 9. L. 10° 41", 180
Fvn. (329 M.). 6.2° Graat. sandholdigt Ler.

Station 110. N. B. 66° 12, 0. L. 10° 30". 159

Fvn, (291 M.). 6.20. Graat, ensartet Ler. Ingen Stene,

Station Il
Fvn. (287 M.).
det gverste Lag.

N. B. 66° 15, 9. L. 10° 21’. 157
6.2% Brunliggraat Ler med lidt Sand i
Ingen Stene. Faa Kalkskaller.

Station 112. N. B. 66° 16. ©. L. 10° 10. 138
Fvn. (252 M.). 6.3°% Gronliggraat Ler (ligner Rhabdam-
mina-Ler). Et Stykke Kvarts af Storrelse og Form som
en Nod; forresten ingen Stene,

Station 113. N. B. 66° 18, @. L. 10° 0". 123 Fvn.
(225 M.). 6.2° Blanding af brunt Sandler med talrige
worganiske Dyrelevninger og graat Ler. Nogle smaa Kvarts-
stykker: forresten ingen Stene.

Station 114. N. B. 66° 18, @. L. 9° 51'. 120
Fvn. (219 M.). 6.2°% Graat, grovkornigt Ler. Mange
Stene (veiende indtil 6 Gr.), bestaaende af Kvarts, Feld-
spath med Hornblende, Granit. I Skraben fandtes mange
Kvartsstykker, Faa Kalkskaller,
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193 fms. (353 m.); b.-t. 6.4°%. A grey. coarse clay con-
taining a good many pebbles (the largest weighing 377) of
crystalline schists.

Station 104. — Lat. 65° 28" N., long. 9° 56’ E.; d.
162 fms. (296 m.); b-t. 6.5°% A grey, coarse sandy clay
containing a good many pebbles (the largest weighing
0.577) of quartz. crystalline schists, disintegrated horn-
blende (?).

Station 105. — Lat. 65° 26" N\.,
d. 145 fms. (265 m.): b.-t. 0G.6"
containing a few caleareous shells,

long. 10° 13° E,;
A grey. sabulous clay

Station 106. — Lat. 65° 24° N.. Jong. 10° 33’ E.;
d. 177 fms. (324 m.); b-t. U.5% A grey clay containing
a great many laminwe of mica.

Station 107. — Lat. 65° 21’ N., long. 10° 44’ E.;
d. 172 fms. (315 m.): b.-t. 6.2°. A grey, homogeneous
clay containing a good many pebbles (the largest weighing
0.677) of white quartz.

Station 108. — T.at. 66" 6" N.,
127 fms. (232 m.); b-t. 6.0%

long. 11° 1’ E.: d.
A grey, sabulous clay.

Station 109. — Lat. 66° 10" N., long. 10° 41" E;
d. 180 fms., (329 m.); b.-t. 6.2°. A grey, sabulous clay.

Station 110. — Lat. 669 12° N., long. 10° 30" E,;
d, 159 fms. (291 m.); b.-t. 6.2°% A grey. homogeneous
clay. No pebbles,

Station I1l. — Lat. 66° 15" N., long. 10° 21’ E,; d.
157 fms. (287 m.); b-t. 6.2°. A brownish-grey clay. along
with a little sand in the upper layer. containing a few cal-
careous shells. No pebbles.

Station 112. — Lat. 66° 16" N., long. 10° 10" E;
d. 138 fms. (252 m.); b.-t. 6.3°% A greenish-grey clay
(very similar in appearance to Rhabdammina clay) contain-
ing a small fragment of quartz. of the size and shape of a
hazel-nut. No other pebbles.

Station 113. — Lat. 66° 18" N.. long. 10° 0" E,;
d. 123 fms. (225 m.): b.-t. 6.2°% A mixture of brown,
sabulous clay, with numerous morganic animal remains. and
grey clay containing a few small fragments of quartz. but
no other pebbles,

Station 114. — Lat. 66° 18 N., long. 9° 51’ E.;
d. 120 fms. (219 m.); b.-t. 6.2°% A grey, coarse clay
containing a good many pebbles (the largest weighing
67) of quartz, feldspat, hornblende, granite, and a few
calcareous shells. Numerous fragments of quartz came up
in the dredge.
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Station 115. N. B. 66° 20, @. L. 9° 41’. 132 Fyn.
(241 M.). 6.2° Graat Ler med talrige Glimmerblade.
Mange Stene (veiende indtil 1 Gr.), bestaaende af Kvarts,
Glimmerskifer o. fl.

Station 116. N.B. 669 21/, @. L. 99 30’. 12( Fvn.
(221 M.). 6.2% Gronliggraat., grovkornigt Ler. Mange
smaa Stene.

Station 117. N.B. 66°¢ 23, @.L. 9* 20’. 141 Fvn,

(258 M.). 6.2°.
Ingen Stene.

Brunliggraat, ensartet Ler (lig Stat. 111).

Station 118. N.B. 66° 26'. @. L. 8° 59". 141 Fvn.
(258 M.). 6.2 Graat, grovkornigt Ler. Mange Stene
(veiende indtil 1 Gr.), bestaaende af Kvarts, Glimmerskifer,
lys Granit.

Station 119. N.B. 66° 28, @. L. 8¢ 40’. 168 Fvn.
(807 M.). 6.2°. Graat, ensartet Ler. Nogle smaa Stene
(veiende indtil 0.1 Gu.), bestanende af Kvarts og krystal-
linske Skifere.

Station 120. N.B. 66Y 30°, @. L. 8° 20°. 190 Fvn.
(347 M.). 6.2° DBrunliggraat Ler. Nogle Stene (veiende
indtil 3 Gr.), bestaaende af Kvarts, Gneis, Granit.

Station 12I.
Fvn. (351 M.).
Ingen Stene.

N. B. 66% 33, @. L. 7° 5%. 192
4.8%  Graat Ler med mange Kalkskaller.

Station 122. N.B. 66° 36", ©. L. 7° 40’. 201 Fvn.
(368 M.). 4.9%. Graat, ensartet Ler, Mange Stene (vei-
ende mdtil 4 Gr.).

Station 123. N. B. 66¢ 39, 0. L. 7° 19. 246
Fyn. (450 M.). 5.6° En liden Prove af graat. uensartet,
grovkornigt, klumpet Ler med mange Stene (veiende indtil
1.5 Gr.) bestaaende at: Kvarts, Granit og krystallinske

Skifere.

Station 124. N. B. 66° 41’, @. L. 6" 5Y’. 350 Fvyn.
(640 M.). — 0.9 Bundproven bestod af noget graat Ler
med en Mangde Stene, visentlig bestanende af Flint og
krystallinske Skifere. Skrabens Indhold bestod overveiende
af Stene (den storste 8 X 14 X 8 (m.), der blev bestemt
som: Finkornig rod Granit, grovkornig Ganggranit, hvid
Granit med Ortit. Gneisgranit (med Hornblende, Plagiok-
las, Ortoklas), Hornblendeskifer, mgrke krystallinske Skifere
(med Kvarts, Glimmer, Granat), Glimmerskifer med Kis,
Sandsten, gronlig Kvarts og gron Feldspath. Disse Berg-
arter forekom i navestore Stykker, Desuden fandtes en
Mengde Flint- og Kridstykker, de sidste ialmindelighed
runde (indtil 4 Cm. i Diameter).

Station 115. — Lat. 66° 20’ N., long. 9° 41’ B,;
d. 132 fms. (241 m.); b.-t. 6.2° A grey clay containing
numerous lamine of mica and many pebbles (the largest
weighing 1#7) of quartz, mica, schist, &c.

Station 116. — Lat. 66° 11" N., long. 9° 30" E,;
d. 121 fms. (221 m.); b.-t. 6.2°% A greenish-grey, coarse
clay containing many pebbles.

Station 117. — Lat. 66° 23’ N., long. 90 20" E.; d.
141 fms. (258 m.); b.t:6.2%. A brownish-grey, homogene-
ous clay resembling that brought up at Stat. 111. No
pebbles.

Station 118. — Lat. 66° 26" N., long. 8° 59" E.: d.
141 fms. (258 m.); b-t. 6.2°. A grey, coarse clay con-
taining numerous pebbles (the largest weighing 1) of
quartz. mica, schist, granite.

Station 119. — Lat. 069 28" N., long. 39 40’ E.; d.
168 fms. (307 m.); b.-t. 6.2°. A grey. homogeneous clay
containing a few pebbles (the largest weighing [#7) of
quartz and crystalline schists.

Station 120. — Lat. 66° 30’ N., long. 8° 20’ E.: d.
190 fms. (347 m.): b-t. 6.2°. A brownish-grey clay con-
taining a few pebbles (the largest weighing 3¢) of quartz,
gneiss, granite,

Station 121. — Lat. 669 35 N., long. 7° 39 E;
d. 192 fms. (301 m.): b.-t. 4.8% A grey clay containing
many calcareous shells. No pebbles,

Station 122. — Lat. 66° 36" N., long. 7% 40’ E.; d.
201 fms. (368 m.): b-t. 4.9% A grey homogeneous clay
containing many pebbles (the largest weighing 4v7).

Station 123. — Lat. 66° 39" N., long. 7° 19" E.
d. 246 fms. (400 m.); b.t. 5.60. A small sample of grey,
coarse, lumpy clay containing many pebbles (the largest
weighing 1.547) of quartz, granite, and crystalline schists.

Station 124. — Lat. 66° 41" N., long. G° 39" E.; d.
350 fms. (640 m.): b-t. -¢9°% A grey clay containing
a great many pebbles. chiefly of fint and crystalline
schists. The dredge brought up a freight consisting almost
exclusively of stones and pebbles (the lavgest 8 x 14 x 8m),
determined as follows: — Finely granulated red granite,
coarsely granulous vein-granite, white granite and ortite,
gneiss-granite (containing hornblende, plagioklas, ortoklas),
hornblende slate, dark crystalline schists (containing quartz,
mica, granite), mica slate with pyrites, greenish quartz,
and green feldspat. These fragments were as big as a
man's fist. Moreover, the dredge-bag contained a great
many pebbles of flint and chalk, most of the latter round,
and the largest measuring 4" in diameter.



Station 125. N. B. 67° 32, @. L. 3* 12. 700
Fvn. (1280 M.). — 1.1°% Brunt Overgangsler. Nogle
Stene.

Station 126. N. B. 67 49, @. L. 5° 33. 1730

Fvn. (1335 M.). — 1.1
culiner og Globigeriner.

Brunt Qvergangsler uden Bilo-

Station 127. N. B. 67° 47’, ©. L. 5" 54. T1b
Fvn. (1308 M.). — 1.10. Brunt Overgangsler. Ingen
Biloculiner eller (Hlobigeriner. Ingen Stene.

Station 128. N. B. 67° 43", 9. L. 6° 21’. (88
Fvn. (1258 M.). — 1.2°% Biloculinler, noget uensartet i

Farven, Ingen Stene.

Station 129. N. B. 67° 40, @. L. 6 42°. 709
Fwn. (1206 M). — 1.2°% Blanding af Biloculinler og
mere graaligt Ler. I Leret opdagedes blot Globigeriner,
ingen Biloculiner!. Nogle Stene (veiende indtil 0.2 Gr.),
bestaaende af Kvarts, Kvartsit, Glimmerskifer. Sandsten (?).

Station 130. N. B. (7° 38, @. L. 7° 3’. (89 Fvn.
(1260 M.). — L.1°. Bundpreven mangler; i Loddejour-
nalen er blot noteret: Ler.

Station I131. N. B. 67° 35", @. L. 7° 26'. 795 Fvn.

(1454 M.). — 1.2°% Blanding af brunt, lysgraat og merk-
grnat Ler. Ingen Biloculiner eller Globigeriner. Ingen
Stene,

Station 132. N.B. 67Y 33", . L. 7 48". 954 Fvn.
(1745 M.). — 1.2o. To Lag i Bundpreven. @verst brunt
Overgangsler, underst graat Ler.

Station 133. N.B. 67° 307, 9.L. 8° 10. 890 Fvu.
(1628 M.). — 1.3°. Brunt Overgangsler med noget mork-
brunt Ler. En liden Sten: Kvarts.

Station 134. N.B. 67° 29’, 9. L. 8° 20". 878 Fvn.
(1606 M). — 1.20, Uensartet, graat, grovkornigt Ler.
Mange Stene (veiende indtil 0.5 Gr.), bestaaende af Kvarts,
Feldspath (?), krystallinske Skifere, Granit.

Station 135. N.B. 67°¢ 27, @. L. 8¢ 31’. 860 Fvn.
(1573 M.). — 1.2°% Brunt Overgangsler. Nogle Globige-
riner kunde opdages. Ingen Stene.

Station 136. N.B. 67° 25’, 9. L. 8° 47". 610 Fvn.

! Sml. Stat. 96.
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Station 125. — Lat. 67° 52" X, long. 5° 12’ E.; d.
700 fms. (1280 m.); b-t. — 1.1°% A brown transition clay
containing a few pebbles.

Station 126. — Lat. 67° 49" N., long. 5° 33’ E,; d.
730 fms. (1335 m.): b-t. — 1.1°. A brown transition clay
without either Biloculine or Globigerine.

Station 127. — Lat. 67" 47" N., long. 5* 34’ E.; d.
715 fms. (1308 m.): b-t. — L1°% A brown transi-

tion clay without either Biloculine or Globigerine. No
pebbles.

Station 128. — Lat. 67" 43’ N, long. 6" 21’ E,; d.
688 fms. (1258 m.): b-t. — 1.2+ Biloculina clay. differ-
ing slightly in colour. No pebbles.

Station 129. — Lat. 67° 40 N.. long. 6" 42’ E;; d.
709 fms. (1296 m.): b-t. — 1.2°. A mixture of Biloculina
clay and a clay of a greyer tint containing Globigerine (no
Biloculine could be detected?) and a few pebbles (the
largest weighing 0.2#) of quartz. quartzite. mica schist,
sandstone (?).

Station 130. — Lat. 67° 38° N., long. 7° 3’ E.; d.
689 fms. (1260 m.): b.-t. —1.1% No sample from this
Station. The entry in the sounding-journal is simply “clay.”

Station 131. — Lat. 67° 33" N.. long 7" 26" E.; d.
795 fms. (1454 m.): b-t. — 1.2% A mixture of brown,
light-grey., and dark-grey clay. No Biloculine or Globige-
rine; and no pebbles.

Station 132. — Lat. 67° 33" N.. long. 7° 48" E.; d.
954 fms. (1745 m.); b-t. — 1.2°. Two layers in this sam-
ple: the upper a brown transition. the under a grey clay.

Station 133. — Lat. 67° 30" N., long. 8 10" E;
d. 890 fms. (1628 m.): b-t. — 1.3° A brown transition
clay. along with a little dark-brown clay. containing a small
fragment of quartz.

Station 134. — Lat. 67° 29’ N,, long. 8° 20’ E.; d.
878 fms. (1606 m.); b-t. —1.20. A grey, coarse clay
containing many pebbles (the largest weighing 0.597) of
quartz, feldspat (?), crystalline schists, granite,

Station 135. — Lat. 67° 27° N, long. 8° 31" E,; d.
860 fms. (1573 m.): b-t. —1.2° A brown transition
clay in which a few Globigerine could be detected. No
pebbles.

Station 136. — Lat. 67° 25° N., long. 8° 47" E,;

1 See Stat. 06,



(1116 M.). — 1.1°. Brunt Overgangsler. meget uensartet
i Farve. Mange Stene (veiende indtil 0.2 Gr.). bestaaende
af Kvarts, Granit o. fL

Station 137. N.B. 670 24, @.L. 80 58, 452 Fvn.
(827 M.). — 1.0° Blaaliggraat Ler. Mange og forholds-
vis store Stene (veiende indtil 8 Gr.). bestaaende af Kvarts,
Asbest, Glimmerskifer. Gneis med Granit. I Skraben
fandtes ligeledes mange Stene, nogle med tydelige Skur-
striber og glattede Overflader, store som Barnehoveder.
Graa Gneis, hvid stribet Granit, red stribet Granit. graa
teet Kvartsporfyr. finkornig Glimmerskifer. rod Kvarts,

Station 138. N.B. 670 18, 9. L. 90 9"
(336 M.). 6.0°% Grovt Sand og Sten.

184 Fvn.

Station 139. N.B. 670 14", 9. L. 90 25", 175 Fvn.
(320 M.). 6.2° (raa. grovkornigt Ler. Mange og for-
holdsvis store Stene (veiende indtil 1.5 Gr.), bestaaende af
krystallinske Skifere. Feldspath o. fl. )

Station 140. N.B. 670 10", 0. L. 90 42, 197 Fvn.
(360 M.). 6.2". Graat Ler med mange Stene.
Station 141. N. B. 670 6, @. L. 90 59, 192 Fyn,

(351 M.). 6.2% Graat grovkornigt Sandler, Mange smaa
Stene (veiende indtil 0.5 Gr.). bestaaende af Kvarts. hvid
Granit, krystallinske Skifere,

Station 142. N.B. 670 2. 9. L. 100 17", 178 Fvn.
(326 M.) 6.2". Gronliggraat Ler. gjennemvevet af Kisel-
spikuler af Svampe. Mange Stene (veiende indtil 2 Gr.).
bestaaende af rod Granit og krystallinske Skifere.

Station 143. N. B. 660 58, 9. L. 100 33'. 189
Fyn. (346 M.). 06.2° Graat. klumpet Ler med mange
Stene (veiende indtil 3 Gr.). bestaaende af Kvarts og krv-
stallinske Skifere.

Station 144. N. B. 66° 53, @. L. 10° H0’. 183
Fvn. (335 M.). 6.29 Graat. grovkornigt, meget sandhol-
digt, usammenhzengende Ler. Mange smaa Stene (veiende
indtil 0.1 Gr.). bestaaende af Kvarts og krystallinske
Skifere. Mange Kalkskaller (iscer Slaegten Discorbina).

Station 145. N.B. 66" 49", @. L. 11° 7, 198 Fvn.
(362 M.). 5.9° En liden Prove af graat, grovkornigt
Ler. Mange Stene (veiende indtil 0.5 Gr.). bestaaende af
Kvarts, Gneis o. fl.

Station 146. N. B. 6i° 45,

9. L. 11° 22, 180
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d. 610 fms. (1116 m.); b.-t. — 1.10,
clay varying considerably in colour.
pebbles (the largest weighing 0.297)
nite. &c.

A brown transition
It contained many
of quartz, gra-

Station 137. — Lat. 67° 24" N., long. 8° 58 E.; d.
452 fms. (827 m.); b-t. — 1.0% A Dbluish-grey clay con-
taining many and comparatively large pebbles (weighing
up to 8¢) of quartz, asbestos, mica schist, gneiss with
granite, The dredge brought up at this Station numenr-
ous pebbles and stones, consisting of grey gneiss, white la-
mellar granite, ved lamellar granite, grey. compact quartz-
porphyry. finely granulated mica schist. and red quartz.
Some of these stones. as big as a child's head, had the
surface polished with distinctly perceptible strice.

Station 138. — Lat. 67° 18" N.. long. 9° 9" E.: d.
184 fms. (336 m.): b.-t. 6.0% Coarse sand and stones.

Station 139. — Lat. 67° 14" N.. long. 9" 25" E.; d.
175 fms. (320 m.): b-t. 6.2°. A grey. coarse clay con-
taining many pebbles (the largest weighing 1.5#7) of cry-
stalline schists. feldspat. &c.

Station 140. — Lat. 67° 11’ N.. long. 9" 42’ E.; d.
197 fms. (360 m.): b.-t. 6.2° A grey clay containing many
pebbles.

Station 141. — TLat. G7° 6" N.. long. 99 59 E.: d.
192 fms. (361 m.): b-t. 6.2°% A grey., coarse. sandy clay
containing many pebbles (weighing up to 1.547) of quartz,
white granite, erystalline schists.

Station 142. — Lat. 67° 2° N.. lonz. 107 17" E.; d.
178 fms. (326 m.); b-t. 6.2". A greenish-grey clay inter-
woven with the siliceous spicules of sponges. and containing
many pebbles (weighing up to 277) of red gramnite and cry-
stalline schists.

Station 143. — Lat. 66° 58" N.. long. 10° 33’ E.;
d. 189 fms. (346 m.): b-t. 6.2°. A grev. lumpy clay con-
taining many pebbles (the largest weighing 377) of quartz
and crystalline schists.

Station 144. — Lat. 66° 53’ N.. long. 10* 50° E.;
d. 183 fms. (335 m.); b-t. 6.20. A grey coarse. exceed-
ingly sabulous, friable clay containing many pebbles (the
largest weighing 0.197) of quartz and crystalline schists:
also a great many calcareous shells (in particular of the
genus Discorbina).

Station 145. — Lat. 66° 49’ N, long. 11° 7' E.; d.
198 fms. (362 m.); b-t. 59°% A small sample of grey.
coarse clay containing many pebbles (weighing up to 0.57)
of quartz., gneiss. &ec.

Station 146. — Lat. 66° 45’ N., long. 11° 22’ E;
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Fvn. (329 M.). 6.2° En liden Prove af graat, grov-
kornigt Ler. Mange Stene (veiende indtil 0.6 Gr.). De-
staaende af Kvarts og krystallinske Skifere,

Station 147. N. B. 66° 49", @.1. 12° 8. 142 Fvn,
(260 M.). 6.2°% Guraat, grovkornigt Ler. Faa og ganske
smaa Stene (veiende indtil 0.1 Gr.), bestaaende af krystal-
linske Skifere. I Skraben fandtes mange Stene: Krvarts,
Kvartsskifer, Glimmerskifer, merk Lerskifer, Hornblende-
skifer, rgd Granit og stribet Granit. De stprste Stene
var tilrundede paa Hjsrnerne, men ellers temmelig ujevne;
de mindre var tilrundede paa alle Kanter.

Station 148. N. B. 67° 27. @. L. 13° 25. 150
Fwn. (274 M.). 5.0% Graat, bledt Ler.
Station 149. N. B. 67° 52, @. L. 13° 58'. 135

Fvn. (247 M.). Guraat. lyst. porgst, sandholdigt Ler med
noget af en mprkere Slags. En liden Sten: Gmueis.

Station 150. N. B. 67° 11, 4. L. 13° 21", 189
Fvn. (340 M.). Graat Ler,

Station 151. N. B. 67° 15’, @. L. 13" 4. 127
Fvn. (232 M.). Stenbund.-

Station 152. N. B. 67° 18'. 9. L. 12¢ 46", 125

Fvn. (229 M.). Haardt, graat, grovkornigt. ensartet Ler

med noget af en lgsere Slags. Talrige Glimmerblade. En
liden Sten: Granit (veiende 0.2 Gr.).
Station 1563. N. B. 67° 22, @, L. 12° 29’, 122

Fvn. (223 M.). Graat. grovkornigt, uensartet Ler med tal-
rige Glimmerblade. Nogle Stene (veiende indtil 0.2 Gr.),
bestaaende af krystallinske Skifere.

Station 154. N.B. 67° 26', 9. L. 12° 14’. 78 Fvn.
(143 M.). Stenbund.

Station 155. N.B. 67° 30’, @, L. 11° 46’. 72 Fvn.

(132 M.). 4.4°% Stenbund.

Station 156. N. B. 67° 40’, ©. L. 11° 26". 90
Fyn. (165 M.). 4.7° Stenbund.

Station 157. N.B. 67° 45', 9. L. 11° 7’. 106 Fvn.
(194 M.). 4.8° Stenbund.

Station 158. N. B. 67° 49’, @. L. 10° 49'. 102

Den norske Nordhavsexpedition, Schmelek: Chemi.

!

d. 180 fms. (329 m.); b-t. 6.2° A small sample of grey,
coarse clay containing many pebbles (the largest weighing
0.677) of quartz and crystalline schists.

Station 147. — Lat. 66° 49° N, long. 12° 8’ E.: d.
142 fms. (260 m.); b.-t. 6.2°. A grey, coarse clay con-
taining only a few small pebbles (the largest weighing
0.1#7) of crystalline schists. The dredge brought up
numerous stones and pebbles, counsisting of quartz, quartz-
schist, mica-schist. dark clay-slate. hornblende-schist, red
granite. and striped granite. The large stones were
rounded at the corners. but otherwise comparatively irre-

gular in form, whereas the small ones had all the sides
rounded.

Station 148. — Lat. 67 27" N., long. 13" 25 E,;
d. 150 fms. (274 m.); b-t. 5.0% A grey, soft clay.

Station 149. — Lat. 67° 52' N,, long. 13° 58" E.;
d. 135 fms. (247 m.). A light-grey, porous, sandy clay
mixed with a little of a darker kind; it contained a small
fragment of gneiss.

Station 150. — Lat. 67° 11" N,,
d. 189 fms. (346 m.). A grey clay.

long. 13° 21’ E.;

Station 151. — Lat. 67° 15" N., long. 13° 4’ E,; d.
127 fms. (232 m.). Bottom stony.

Station 152. — Lat. 67" 18" N., long. 12° 46’ E;
d. 125 fms. (229 m.). A hard. coarse, homogeneous, grey
clay mixed with some comparatively porous; it contained
numerous scales of mica, and a small fragment of granite
weighing .24,

Station 153. — Lat. 67° 22" N., long. 12° 29" E;
d. 122 fms. (223 m.). A grey, coarse clay containing
numerous scales of mica and a few pebbles (the largest
weighing 0.227) of crystalline schists.

Station 154. — Lat. 67° 26" N,,
d. 78 fms. (143 m.). Bottom stony.

long. 12° 14’ E;

Station 155. — Lat. 67 35" D
d. 72 fims. (132 m.); b.-t. 4.4°

\., long. 11° 46’ E.;
Bottom stony.

Station 156. — Lat. 67° 40’ N., long. 11° 26" E;
d. 90 fms. (165 m.); b.-t..4.7° Bottom stony.

Station 157. — Lat. 67° 45" N., long. 11° 7' E,; d.
106 fms. (194 m.); b.-t. 4.8° Bottom stony.

Station 158. — Lat. 67° 49’ N.,, long. 10° 49’ E,;

8



Fyn. (187 M.). 4.60. Graat, grovkornigt Ler. En Sten:

hvid, forvitrende Granit (veiende 3 Gr.).

Station 159. N. B. 67° 54’, ©. L. 10° 30", 118
Fwn. (216 M.). 4.6° Uensartet Blanding af Sand og
graat Ler. Mange Stene (veiende indtil 1 Gr.), bestaaende
af Granit, blod Lerskifer.

Station 160. N. B. 67° 58, @. L. 10° 11, 280
Fyn. (512 M.). 5.9°. Morkgraat, sandholdigt Ler. Nogle
Stene: Lerskifere.

Station 161. N. B. 682 3, @. L. 9° 53". 592 Fvn.
(1083 M.). — 1.1°. Graat Ler med noget fint Sand.

Station 162. N. B. 68" 23, 0. L. 10° 20", 79
Fyn. (1454 M.). — 1.2° Brunt Overgangsler. Nogle

Stene (veiende indtil 3 Gr.), bestaaende af Kvartsit, Gneis.

Station 163. N. B. 68° 22, 0. L. 10° 30. 690
Fvn. (1262 M.). — 1.2°% Brunt, grovkornigt, sandholdigt
Overgangsler med noget graat Underler. Mange Stene,
bestaaende af Kvarts, Feldspath, Granit, Gneis.

Station 164. N. B. 68° 21", @. L. 10v 30'. 437
Fwn, (836 M.). —0.7% Graat, sandholdig Ler. Mange
Stene.

Station 165. XN. B. 68° 46’, @. L. 10° 51", 1470
Fvn. (2688 M.). — 1.2, Biloculinler.

Station 166. N. B. 68" 40", @. L. 11° 40. 406
Fvn. (742 M.). 0.1°. Graat. grovkornigt Ler. Mange

Stene (veiende indtil 4 Gr.), bestaaende af krystallinske
Skifere.

Station 167. N. B. 68° 37, @. L. 12° 2. 179
Fvn. (144 M.). 6.4% Stenbund.

Station 168. N. B. 689 39", @. L. 11° 51". 444
Fvn. (812 M.). 2.3c. Bruut Overgangsler.

Station 169. N. B. 68" 36", @. L. 12° 53" 72
Fvn, (132 M.). 5.4°% Stenbund.

Station 170. N. Br. 68° 32", 0. L. 13° 18. 67
Fwm. (123 M.). 5.2° Stenbund.

Station 171. N. B. 69° 18, 9. L. 14° 29". 642
Fwn. (1174 M.). —1.0° To Lag i Bundpreven. @verst
brungraat Overgangsler, underst graat Ler. Ingen Stene.
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d. 102 fms. (187 m.); b-t. 4.6°. A grey, coarse clay
containing a fragment of white disintegrated granite,
weight 397:

Station 159. — Lat. 67° 54° N., long. 10° 30" E;
d. 118 fms, (216 m.); b.-t. 4.6° A mixture of sand and
grey clay containing many pebbles (the largest weighing
1#7) of granite and soft clay-slate.

Station 160. — Lat. 67° 58 N.., long. 10° 11" E,;
d. 280 fms. (512 m.); b-t. 5.9°% A dark-grey, sabulous
clay containing a few pebbles (clay-slate).

Station 161. — Lat. 68° 3" N.,
592 fms. (1083 m.); b.-t. — L1°
with fine sand.

long. 9° 33’ E.; d.
A grey clay mixed

Station 162. — Lat. 68" 23’ N., long. 10° 20" E;
d. 795 fms. (1404 m.): b.-t. — 1.2°% A brown transition
clay containing a few pebbles (the largest weighing 347) of
quartzite and gneiss.

Station 163. — Lat. 68° 22° X, long. 10Y 30" E.;
d. 690 fms. (1262 m.): b-t. —1.2° A brown, coarse,
sabulous tramsition clay mixed with a little grey clay;
it contained many pebbles of quartz, feldspat, granite,
gneiss.

Station 164. — Lat. 653° 21/ N., long. 109 40" E.;
d. 457 fms. (836 m.); b.-t. —0.7". A grey, sabulous clay
containing many pebbles.

Station 165. — Lat. 68° 46" N.. long. 10° 31’ E;
d. 1470 fms. (2688 m.); b-t. — 1.2°% Biloculina clay.

Station 166. — Lat. 68° 40’ N., long. 11V 40" E.
d. 406 fms. (742 m.); b.-t. 0.1°% A grey, coarse clay
containing many pebbles (the largest weighing 447) of cry-
stalline schists.

Station 167. — Lat. 68°
d. 79 fms. (144 m.); b.-t. 6.4°

37 N., long. 120 2 E;
Bottom stony.

Station 168. — Lat. 68° 39" N, long. 11° 31" E;
d. 444 fms. (812 m.); b-t. 2.3% A brown transition clay.

Station 169. — Lat. 68° 36’ N.,
d. 72 fms. (132 m.); b.-t. 5.4

long. 129 53" E.;
Bottom stony.

Station 170. — Lat. 68° 32 N,, long. 13 18" E.;
d. 67 fms. (123 m.); b.-t. 5.2° Bottom stony.

Station 171. — Lat. 69° 18’ N., long. 14° 29" E;
d. 642 fms. (1174 m.); b-t. — 1.0°. Two layers in this
sample, — the upper layer a brownish-grey transition and
the under a grey clay. No pebbles.



Station 172. N. B. 69° 12, @. L. 14° 47", 81
Fvn. (148 M.). 5.3° Stenbund.

Station 173. N. B. 69° 14, @. L. 149 43", 240
Fvn. (439 M.). 5.3° Stenbund.

Station 174. N. B. 69° 16, 9. L. 14° 38, 337

Fvn. (616 M.). 4.2°. En liden Prgve af graat, uensartet,
grovkornigt Ler. Mange Stene (veiende indtil 3 Gu.). be-
staaende af Kvarts med Glimmer, krystallinske Skifere.

Station 175. N. B. 69° 17", ©. L. 14° 35. 415
Fvn. (759 M.). 3.0°0 Markgraat Ler. Mange Stene
(veiende indtil 8 Gr.), bestaaende af Feldspath, Granit.
Imellem Stationerne 175 og 176 fandtes i Skraben mange
Stene: Kvarts, (Gmeis, Gneisgranit, Granit, Hornblende-
skifer, Gabbro, Sandsten, Glimmerskiter. Lerskifer. De
fleste af disse Stene var afrundede, nogle skarpkantede.

Station 176. N. B. 69° 18, 0. L. 14° 33. 536
Fvn. (980 M.). —0.2° To Lag i Bundproven. @verst
brunt, sandholdigt Overgangsler med mange guldglindsende,
fine Glimmerblade. Nogle Globigeriner; en Del af Slegten
Litwola. Dette brune Ler var gjennemveevet af Kiselspi-
kuler af Svampe. Det underste Lag af Bundproven bestod
af graat Ler. Ingen Stene,

Station 177. N. B. 69° 25, 0. L. 13" 49", 1443
Fvn. (2639 M.). — 12° Graabrunt Overgangsler.
Station 178. N. B. 69° 20", @. L. 12° 26". 1578

Fvu. (2886 M.). — 1.3% Biloculinler med mange Fora-
miniferer (Globigerina, Lituola, Nonionina).

Station 179. N. B. 69° 32, 0. L. 11° 10, 1607
Fvn. (2939 M.). — 1.2° Biloculinler.

Station 180. N. B. 69° 39, @. L. 99 55'. 1594
Fvn. (2915 M.). — 1.4% Biloculinler.

Station I18l. N. B. 69° 45, 9. L. 8" 43'. 1595
Fvn. (2017 M.). — 1.2°. En liden Prove af smukt ens-

artet Biloculinler. 6—7 Biloculiner paa hver [C-Cm. af
den torrede Bundprove. Ingen Stene.

Station 182. N. B. 69° 51, @. L. 7° 30°. 1684
Fvn. (3080 M.). — 1.2°. Smukt ensartet Biloculinler.

Station 183. N. B. 69 59, @. L. 6 1. 1710
Fyn. (3127 M.). — 1.3°% En liden Prgve af ensartet
Biloculinler.

Station 184. N.B. 70° 4/, @. L. 9° 50". 1547 Fvn.
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Station 172. — Lat. 690 12' X,
d. 81 fms (148 m.); b.-t. 5.3°

long. 14° 47" E.;
Bottom stony.

Station 173. — Lat. 69° 14" N., long. 14° 43’ B,;
d. 240 fms. (439 m.); b-t. 5.3° Bottom stony.

Station 174. — Lat. 69° 16" N., long. 140 38 E;
d. 337 fms. (616 m.): b-t. 42° A small sample of grey,
coarse clay containing many pebbles (the largest weighing
377) of quartz and mica. and crystalline schists.

Station 175. — Lat. 69° 17" N.. long. 14° 35" E,;
d. 415 fms. (759 m.); b-t. 3.0% A dak-grey clay con-
taining many pebbles (the largest weighing 8#) of feld-
spat, granite. - Between Statious 175 and 176, the dredge
brought up numerous pebbles of quarts, gneiss, gneiss-gra-
nite, granite, hornblende-schist. wabbro, sandstone, mica-
schist, clay-slate.  Most of these pebbles were rounded,
a few sharp-edged.

Station 176. - Lat. 69° 18! N., long. 14° 33 E;
536 tms. (US0 m.): b.t. —02°% Two layers, — above,
a brown, sabulous. transition clay containing many delicate
scales of mica and a few Globigerina’, some belonging to
the genus Lituola. This brown clay was interwoven with
the siliceous spicules of sponges. The under layer con-
sisted of grey clay. No pebbles.

Station 177. — Lat. 69° 25’ N., long. 13" 49" E;

d. 1443 fms. (2639 m.); b-t. —1.2°% A greyish-brown
transition clay.
Station 178. — Lat. 69* 29’ N., long. 12° 26’ E,;

d. 1578 fms. (2886 m.); b-t. — L.3° Biloculina clay con-
taining many Foraminifera (Globigerina, Lituola, Nonionina ).

Station 179. — Lat. 69° 32" N., long. 11° 10’ E;
d. 1607 fms. (2939 m.): b-t. — 1.2°. Biloculina clay.

Station 180. — Lat. 69* 39" N, long. 9° 55 E.;
d. 1894 fms. (2915 m.); b.-t. — 1.4%  Biloculina clay.

Station 18l. — Lat. 69° 43’ N., long. 8° 43’ E.;
d. 1595 fms. (2917 m.); b-t. — 1.2°% A small sample of
homogeneous Biloculina clay, with 6 or 7 Biloculine to
every (0 of the dried sample. No pebbles.

Station 182. — Lat. 69° 51’ N, long. 7° 30" E;
d. 1684 fms. (3080 m.);. b-t. — 1.2°. A fine sample of
homogeneous Biloculina clay.

Station 183. — Lat. 69° 39’ N., long. 6° 15’ E.; d.
1716 fms. (3127 m.); b.-t. — 1.3% A small sample of
homogeneous Biloculina clay.

Station 184. — Lat. 70° 4’ N., long. 9° 30’ E,; d.
- ol



En liden Prgve af Biloculinler med
Ingen Stene.

(2829 M.). — 1.3°
noget lysgraat Ler.

Station 185. N. B. 70° 3. @. L. 13° 37". 1485
Fvn. (2716 M.). — 1.4c. En liden Prove af Biloculinler.
Ingen Stene.

Station 186. N. B. 69° 56, @. L. 14° 18", 1418

Fvyn. (2593 M.). — 1.3°. En liden Prove af Biloculinler.
Station 187. N. B. 69" 51’. @. L. 14° 41’. 1335
Fvn. (2441 M.). — 1.1°. To Lag i Bundproven. @verst
brunt Overgangsler. underst graat Ler.
Station 188. N. B. 69° 43", @. L. 15° 29’. 1185

(2167-M.).
Farve.

— L.3%  Brunt Overzangsler. ikke ensartet i

Station 189. N. B. 69° 41’. 9. L. 15° 42'. 860
Fvn. (1543 M.). — 1.1°. To Lag i Bundpreven, overst
brunt Overgangsler. underst graat Ler. Ingen Stene,

Station 190. N. B. 69* 41°, @. L. 15° 51'. 870
Fvn. (1591 M), — 1.2°% Grovkornigt, sandholdigt, brunt
Ler. Mange uorganiske Dyrelevninger. Mange smaa Stene
(veiende indtil 0.2 Gr.), bestaaende af Kvarts, krystallinske
Skifere.

Station 191. N. B. 69° 44, 0. L. 16" 26'. 249
Fyn. (450 M.). 5.2°. Uensartet. graat. klumpet Ler.
Nogle Stene.

Station 192. N. B. 69° 40, 0. L. 16" 15". 649
Fyn, (1187 M)). — 0.70., Bundproven bestaar veesentlig
af worganiske Dyrelevninger. sammenkittede ved brunt Ler.
Ingen Stene,

Station 193. N. B. 69° 44’. 9. L. 16* 54’. 46
Fvn. (84 DML). 5.5° Stenbund.

Station 194. N. B. 69° 43. 0. L. 17° 16". 29
Fvn. (33 M.). 54" Stenbund.

Station 195. N. .B. 70° 55'. @. L. 18° 38", 107

Fyn. (196 M.). 5.1 Brungraat Ler med mange Dyre-
levninger (ligner Station 192). Mange Stene (veiende ind-
til 3 Gr.). bestaaende af Kvarts. Kvartsit. Gneis. I Skra-
ben fandtes: Gabbro. Granit med blaa Kvarts, Kvartsskifer,
Hornblendeskifer. Glimmerskifer.

Station 196. N. B. 71° 2", @. L. 18° 3'. 122 Fn,
(223 M.). 5.1°. Brunt Sandler med noget graat Ler,
gjennemvevet af Kiselspikuler Svampe. Ingen Stene.

1547 fms. (2829 m.); b.-t. — 1.3% A small sample of
Biloculina clay along with a little light-grey clay. No
pebbles.

Station 185. — Lat. 70° 3’ N,, long. 13° 37" E,;
d. 1485 fms. (2716 m.): b-t. — 1.4°% A small sample of
Biloculina clay. No pebbles.

Station 186. — Lat. 69° 56" N..
d. 1418 fms. (2593 m.): b.-t. — 1.30.
Biloculina clay.

long. 14° 18" E,;
A small sample of

Station 187. — Lat. 69° 51° N.. long. 14° 41" E;
d. 1335 fms. (2441 m.); b-t. — 1.1°% Two layers, — the
upper layer a brown transition the under a grey clay.

Station 188. — Lat. G9° 43" N..
d. 1185 fms. (2167 m.); b.-t. — 1.3°.
clay varying in colour.

long. 15° 29" E;
A brown transition

Station 189. — Lat. 69° 41’ N... long. 15° 42" E,;
d. 860 fms. (1573 m.); b-t. — 1.2° Two layers, — the
upper layer a brown transition clay, the under a grey clay.
No pebbles.

Station 190. — Lat. 69° 41" N., long. 15° 51" E,;
d. 870 fms. (1391 m.); b.-t. — 1.20, A Dbrown, coarse,
sabulous eclay containing numerous inorganic animal re-
mains and many pebbles (the largest weighing 0.247) of
quartz, crystalline schists.

Station 191. — Lat. 69" 44'. N., long., 16° 26" E.;
d. 249 fms. (455 m.); b.-t. 5.2°% A grey. lumpy., mixed
clay. No pebbles.

Station 192. — Lat. 69" 46" N., long. 16° 15" E,;
d. 649 fms. (1187 m.): b.-t. —0.70. This sample con-
sisted almost exclusively of inorganic animal remains cemen-
ted together by means of a little brown clay. No pebbles.

Station 193. — Lat. G9° 44’ N.. long.
d. 46 fms. (84 m.); b-t. 55° Bottom stony.

16° 54’ E,;

Station 194. — Lat. 69° 43" N.. long.
d. 29 fms. (33 m.): b-t. 5.4°. Bottom stony.

17° 16" E.;

Station 195. — Lat. 70° 55’ N., long. 18 38’ E.;
d. 107 fms. (196 m.); b-t. 519 A brownish-grey clay
containing numerous inorganic animal remains, similar to
those brought up at Station 192, and many pebbles (the
largest weighing 377) of quartz. quartzite, gneiss. The
dredge brought up fragments of gabbro, granite with blue
quartz, quartz-schist, hornblende-schist. and mica-schist.

Station 196. — Lat. 71° 2 N.. long. 18° 3’ E.; d.
122 fms. (223 m.): b-t. 5.1°. A brown, sabulous clay
along with a little grey clay, interwoven with siliceous spi-
cules of sponges. No pebbles.



Station 197. N.B. 71° 7", @. L. 17° 28’. 138 Fvn.

(252 M.). 5.2°% Stenbund.

Station 198. N. B. 71° 13, 9. L. 16° 52". 226
Fvn. (413 M.). 3.80, Stenbund.

Station 199. N. B. 71° 18, @. L. 14° 17. 52b
Fvn. (960 M.). — 0.6° Stenbund.

Station 200. N. B. 71° 25, @. L. 15" 41". 620

Fvn. (1134 M.). — 1.0°. Brunt, sandholdigt Overgangs-
ler med et Underlag af merkgraat Ler. Nogle smaa Stene.
bestanende af krystallinske Skifere.

Station 201. N. B. 71° 31, @. L. 15° 28'. (47
Fvn. (1183 M.). — 1.1, Brunt. sandholdigt Overgangs-
ler med noget blaagraat Underler. En Sten: Kvarts,

Station 202. N. B. 71° 31", @. L. 14° 40", 803
Fvn. (1468 M.). — 1.1e. Ler (?).
Station 203. N. B. 71° 31, 0. L. 13° 54'. 90l

Fvn, (1648 M.). — 1.5% En liden Prgve af graabrunt, fint
Overgangsler, uensartet med Hensyn til Farven. Mange
Stene (veiende indtil 3 Gr.). bestaaende af Kvarts. Gueis.
Granit.

Station 204. N. B. 700 57, 0. L. 13» 34",
Fvn, (2315 M.). — 1.1°
brunt Ler. Ingen Stene,

1266
Biloculinler med noget morkere

Station 205. N. B. 70° 51", 9. L. 13° 3.
Fvn. (2354 M.). —1.2°% Smukt Biloculinler.
Biloculiner paa hver (J-Cm. af den tgrrede Bundprove.
Mange af Slegten Litwola og Globigerina, enkelte af Nowio-
nina. Ingen Stene. En Del af Bundprgven var stwerkt
oxyderet.

1287
1—2

Station 206. N. B. 70¢ 45", 0. L. 14¢ 36"
Fyn. (2282 M.). — L.1°% Biloculinler.
oz Globigeriner. Ingen Stene.

1248

Faa Biloculiner

Station 207. N. B. 700 33, 9. L. 150 50’. 1111
Fvn, (2032 M., — 1.1°% Biloculinler. Nogle Stene
(veiende indtil 0.2 Gr.), bestaaende af krystallinske Skifere.

Station 208. N. B. 700 21, @. L. 160 57". 675
Fvn. (1234 M.). — 1.0°% Brunt porest. sandholdigt Over-
gangsler. Mange Stene (veiende indtil 0.5 Gr.), bestaaende
af Kvarts, krystallinske Skifere, Hornblende (?) og Feld-
spath.

Station 209. N. B. 700 19", 9. L. 170 9"
Fvn. (230 M.). 5.2° Stenbund
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Station 197. — Lat.
d. 138 fms. (252 m.); b.-t.

71° 7° N.. long. 17° 28’ E;
5.2°. Bottom stony.

Station 198. — Lat.
d. 226 fms. (413 m.): b.-t.

71° 13’ N.. long. 16° 52" E..
3.8°% Bottom stony.

Station 199. — Lat.
d. 525 fms. (960 m.): b.-t.

71° 18 N.. long. 16° 17" E.:
— 0.6". Bottom stony.

Station 200. — Lat. 71° 25° N., long. 15° 41’ E.;
d. 620 fms. (1134 m.): b-t. —1.0° A brown. sabulous
transition clay with an under layer of dark-grey clay; it
contained a few pebbles (crystalline schists).

Station 201. — Lat. 71° 31" N.. long. 1H° 28 E,;
d. 647 fms. (1183 m.): b-t. — 1.10. A brown. sabulous
transition clay with a thin under layer of blue clay: it
contained a small fragment of quartz.

Station 202. — Lat. 71" 31" X..
d. 803 fms. (1468 m.): b-t. — 1.1

long. 14° 40" E,;
Clay (?).

Station 203. — Lat. 71" 31" N., long. 13° b4’ E,;
d. 901 fms. (1648 m.): b-t. — 1.5% A small sample of
a fine, greyish-brown transition clay, varying in colour; it
contained many pebbles (weighing up to 377) of quartz,
gneiss. granite.

Station 204. — Lat. 70° 57 N.. long. 13° 34’ E,;
d. 1266 fms. (2315 m.): b.-t. — 1.1°% Biloculina clay along
with a little dark-brown clay. No pebbles,

Station 205. — Lat. 70" 51’ N.. long. 13* 3’ E.;
d. 1287 fms. (2354 m.): b-t. — 1.2 A fine sample of
Biloculina clay (1 or 2 Biloculine to every 0 cm. of the
dried sample) containing many shells of the genera Lituola
and Globigerina, and a tew of the genus Nowionina. No
pebbles. A portion of this sample had undergone oxidation.

Station 206. — Lat. 70" 45" N.. long. 14° 36" E.;
d. 1248 fms. (2282 m.); b.-t. — 1.1° Biloculina clay con-
taining but few Biloculine and Globigerine. No pebbles.

Station 207. — Lat. 70° 33’ N.. long. 15° 50" E.;
d. 1111 fms. (2032 m.): b-t. — 1.1°. Biloculina clay con-
taining a few pebbles (weighing up to 0.277) of crystalline
schists.

Station 208. — Lat. 70° 21’ N.. long. 16" 57" E.;
d. 675 fms. (1234 m.): b-t. —1.0°% A brown. porous,
sandy transition clay containing many pebbles (weighing
up to 0.597)., of quartz, crystalline schists, hornblende (?),
and feldspar.

Station 209. — Lat. 70° 19" N,
d. 126 fms. (230 m.): b.-t. 5.2°

long. 17° 9’ E;
Bottom stony.



Station 210. N. B. 700 17, 4. L. 170 20". 137
Fvn. (251 M.). 6.0°% Stenbund.
Station 2I. N. B. 700 13, @. L. 170 31". 129

Fvn, (236 M.). 6.0°% En liden Progve af grongraat Ler,
giennemvevet af Kiselspikuler af Svampe. Mange Skal-
brudstykker og hele Skaller af kalkafsondrende Dyr. Ingen
Stene.

B. 70v 12, @. L. 179 41°. 142

Sand og Ler (?).

Station 2i2. N.
Fvn. (260 M.). 5.8¢

Station 213. N. B. 70 23, @. L. 2v 3. 1760
Fyn. (3219 M.). — 1.2°. Kun Spor af Biloculinler, over-
veiende graat fint, meget plastisk Ler (underliggende Lag).

Station 214. N. B. 70° 39, 9. L. 0° 0. 1750
Fvn. (3200 M.). — 1.2°. To Lag i Bundproven. ©Overst
Biloculinler. underst graat fint, meget plastisk Ler. En
Sten: krystallinsk Skifer (veiende 0.3 Gr.).

Station 215. N. B. 70° 33, V. L. 2° (0. 1665
Fvn. (3045 M.) — 1.2°. Biloculinler med graat Underler,

Station 216. N. B. 70° 53, @. L. 3° 40’. 1231
Fvn. (2251 M.). — 1.39 Biloculinler med graat Underler.

Station 217. N. B. 7(° 0’ V. L. 3° 9. 829 Fvn.
(1516 M.). — L.3v  Sandholdigt Biloculinler med nogle
faa Biloculiner. Nogle Stene.

Station 2(8. N. B. 71° I'. V. L. 6° 0. 968 Fvn.
(LTT0 M.). — 1.3% Eiendommeligt. uensartet, sandholdigt
Biloculinler med nogle faa Biloculiner, men temmelig mange
Globigeriner. Et lidet Stykke Stenkul (?).

Station 219. N.B. 71° 2, V. L. 6V 51". 796 Fvn.
(1466 M.). — 1.2° Biloculinler med mange Foramini-
ferer, vwsentlig Globigeriner.

Station 220. N. B. 71° 2, V. L. 7° 26". 1275
Fvn. (2332 M.). — 1.5°% Stenbund (?).

Station 22]. N.B. 71° 2, V.L. 7° 35". 1060 Fvn.
(1938 M.). — 1.3°. Stenbund.

Station 222. N. B. 71° 2", V. L. 7° 46’. 654 Fvn.
(1196 M.). — 1.0°% Stenbund.

Station 222a. N. B. 71° 3, V. L. 7° 54",
Fvn, (263 M.). Graasort vulkansk Sandler.
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Station 222b. N. B. 71° 0/, V. L. 8° 29", 20
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Station 210. — Lat. 70° 17" N., long. 17° 20’ E;
d. 137 fms. (251 m.); b.-t. 6.0°% Bottom stony.

Station 21l. — Lat. 70° 15" N., long. 17° 31’ E.;
d. 129 fms, (236 m.); b-t. 6.0°. A small sample of
greenish-grey clay interwoven with the siliceons spicules of
sponges, and containing besides many fragments of calcare-
ous shells and whole shells of lime-secreting animals. No
pebbles.

Station 212. — Lat.
d. 142 fms. (260 m.); b.-t.

70° 12" N., long. 17% 41" E.;
5.8° Sand and clay (?).

Station 213. — Lat. 70° 23’ N., long. 2° 30" E.; d.
1760 fms. (3219 m.); b.-t. — 1.2°% A very little Bilocu-
lina clay. the remainder of the sample consisting of a fine,
grey, exceedingly plastic clay (the under layer).

Station 214. — Lat. 70° 39" N., long. 0° 0 d.
1750 fms. (3200 m.); b.t. — 1.2°% Two layers; the upper
Biloculina clay, the under a fine, grey, exceedingly plastic
clay; the sample contained a small fragment of crystal-
line schist. weighing 0.3+".

Station 215. — Lat. 70° 53’ N, long. 2° 0" W.; d.
1665 fms. (3045 m.): b.-t. — 1.20. Biloculina clay with a
grey under layer.

Station 216. — Lat. 70° 58" N., long. 3" 40" W.;
d. 1231 fms. (2251 m.); b.-t. — 1.3¢0. Biloculina clay with
a grey under layer.

Station 217. — Lat. 71° 0’ N, long. 5" 9" W.; d.
829 fms. (1516 m.); b-t. — 1.32. A brown. sabulous clay
containing a few Biloculine and a few pebbles.

Station 218. — Lat. 71° 1" N., long. 6" 0" W.; d.
968 fms. (1770 m.); b-t. — 1.3°. A peculiar, heterogene-
ous, brown, sandy clay containing a few Biloculine and a
good many Globigerine; also a small fragment of coal (?).

Station 219. — Lat. 719 2 N,, long. 6° 51" W.; d.
796 fms. (1456 m.); b.-t. — 1.2% Biloculina clay con-
taining many Foraminifera, chiefly Globigerinc.

Station 220. — Lat. 71° 2° N,
d. 1275 fms. (2332 m.); b.-t. — 1.5°,

long. 7° 26" W_;
Bottom stony.

Station 221. — Lat. 71° 2' N, long. 7° 35’ W.: d.
1060 fms. (1938 m.); b-t. — 1.32. Bottom stony.

Station 222. — Lat. 71° 2 N, long. 7° 46° W;
d. 654 fms. (1196 m.); b-t. —1.09. Bottom stony.

Station 222a. — Lat. 71° 3’ N., long. 7° 54’ W.;
d. 144 fms. (263 m.). A greyish-black, volcanic, sabulous clay.

Station 222b. — Lat. 719 0’ N.,, long. 8° 29" W;



Fvn. (37 M.). 1.2°% Graasort vulkansk Sandler.

Station 223. N. B. 70° 54’, V. L. 8° 24’, 70 Fvn.
(128 M.). —0.6°  Graasort, lgst Ler. Nogle Stene,
vaesentlig bestaaende af basaltisk Lava.

Station 224. N. B. 70° 51, V. L. 8° 20. 95
Fvn. (174 M.). —0.60. Graasort, vulkansk Sand og Sandler.
Faa Stene. Mange smaa Brudstykker af lysgrgnt Olivin.

Station 225. N. B. 70° 3%, V. L. 8° 4. 195
Fvn. (357 M.). — 0.6°. Graasort vulkansk Sandler (lig det

foregaaende). Ingen Stene.

Station 226. N. B. 70° 59, V. L. 7° 51", 340
Fvn. (622 M.). — 0.6° Graasort, vulkansk Nandler.

Station 227. N. B. 71° 13, V. L. 7° 33". 1040
Fvn, (1902 M.). — 1.5% Mgrkbrunt Ler.

Station 228. N. B. 71° 12, V. L. 8° 9. 933
Fvn. (1706 M.). — 1.5% Stenbund.

Station 229. N. B. 71° 12, V. L. 8° 9%, 1732
Fvan, (1339 M.). — 1.3° Mgrkbrunt Ler. Ingen Bilo-

culiner og faa andre Foraminiferer. Nogle smaa Stene,
viesentlic bestaaende af vulkanske Slakker med Olivin.

Station 230. N.B. 71° 16", V. L.9° 10’. 854 Fvn,
(1562 M.). — 1.3, Mgrkbrunt Ler. Et Par Stene
(veiende indtil 1.5 Gr.), bestaaende af basaltisk Lava.

Station 231. N.B.71° 21", V.L.9° 23’. 1032 Fvn.
(1887 M.). — 1.3°. Haardt, lysbrunt, uensartet Ler.
Faa Biloculiner, nogle Globigeriner. Ingen af Slegten
Lituola, Flere smaa Stene (veiende indtil 0.3 Gr.), be-
staaende af Kvarts, Sandsten (?).

Station 232. N. B. 71° 10/, V. L. 8° 48. 780
Fvn. (1426 M,). — 1.3°% Blanding af brunt og graat Ler.
Ingen Stene.

Station 233. N. B. 71¢ &, V. L. 89 46’. 580 Fvn.

(1061 M.). — 1.4° Gulbrunt Ler.
Station 234. N. B. 71° ¢, V. L. 8° 38. 239
Fvn. (474 M.). — 1.0% Graasort, tung Sandler. Flere

Stene (veiende indtil 0.3 Gr.), bestaaende af vulkanske
Slakker, porgs, basaltisk Lava.

Station 235. N.B. 70° 59’, V.L. 8° 55’. 98 Fvn.

(179 M.). 0.0°. Stenbund.

d. 20 fms. (37 m.); b.-t. 1.2°
sabulous. clay.

A greyish-black, voleanic

Station 223. — Lat. 70° 54’ N, long. 8% 24" W.;
d. 70 fms. (128 m.): b.-t. —0.60 A greyish-black, fri-
able clay containing a few pebbles, chiefly of basaltic lava.

Station 224. — Lat. 709 51’ N., long. 8° 20’ W,
d. 95 fms. (174 m.); b.-t. —0.6°% Greyish-black, volcanic
sand and sandy clay containing many small fragments of
olivine, but very few other pebbles.

Station 225. — Lat. 70¢ 58 N., long. 8° 4 W
d. 195 fms. (357 m.}; b.-t. —0.6°. A greyish-black, volcanic
sabulous clay similar to the foregoing. No pebbles.

Station 226. — Lat. 70° 5% N.. long. 7° 51’ W
d. 340 fms. (622 m.): b.-t. —0.6% A greyish-black, vol-
canic, sabulous clay.

Station 227. — Lat. 71° 13’ N.,
d. 1040 fms. (1902 m.); b.-t. — 1.5V

long. 7¢ 33" W,
A dark-brown clay.

Station 228. — Lat. 71Y 12" N., long. 8° 9" W,
d. 933 fms. (1706 m.); b.-t. — 1.5°. Bottom stony.

Station 229, — Lat. 71° 12" N., long. 8" 5% W,
d. 732 fms. (1339 m.); b.-t. — 1.3°. A dark-brown clay
containing a very few Foraminifera (no Biloculine) and a
few pebbles, chiefly of scoriee with olivine.

Station 230. — Lat. 719 16" N., long. 9° 10" W,;
d. 854 fms. (1662 m.); b.-t. — 1.3". A dark-brown clay
containing one or two small fragments (weighing 1.547) of
basaltic lava.

Station 23l. — Lat. 71° 21" N., long. 9° 23’ W,
d. 1032 fms. (1887 m.): b.-t. — [.3°% A hard, light-brown,
heterogeneous clay coutaining: — Very few Biloculine; a
few Globigerinee (none of the genus Lituola), divers pebbles
(the largest weighing 0.3¢7) of quartz, sandstone (?).

Station 232. — Lat. 71° 10" N, long. 8° 48" W,
d. 780 fms. (1426 m.); b.-t. — 1.30. A mixture of brown
and grey clay. No pebbles.

Station 233. -— Lat. 71° 8 N,, long. 89 46" W_; d.
580 fms. (1061 m.); b.-t. — 1.4°% A yellowish-brown clay.

Station 234. — Lat. 71° ¢’ N., long. 8¢ 38 W,
d. 259 fms. (474 m.); b.-t. — 1.0% A greyish-black, heavy,
sabulous clay containing divers pebbles (the largest weigh-
ing 0.3¢"). of scorize, and porous, basaltic lava.

Station 235. — Lat. 70° 59’ N, long. 8° 55" W.; d.
98 fms. (179 m.); b.-t. 0.0° Bottom stony.



Station 236. N. B. 70° 58, V. L. 9° 2. 156
Fvn. (285 M.). Graasort vulkansk Sandler (lig 234).
Ingen Stene.

Station 237. N. B. 70° 41', V. L. 10° 10", 263
Fvn. (481 M.. —03° Brunt, lpst. sandholdigt Ler.
Mange Stene. bestaaende af Olivin, Lava og smukke Kry-
staller af Augit. I Skraben fandtes en Mmngde Stene:
Kvarts, Glimmerskifer med Lav paa Overfladen, sort Lava
med Feldspath-Krystaller, do. do. med smaa, runde, tomme
Bliererum (denne Sten var rund). gren kloritisk Skifer med
Kispunkter, Lava med Olivin. Anorthit (?). Augit og Horn-
blende; sort. tet Lava med Punkter af Magnetjern, brun,
tet Lava. Mandelsten. brun Lava med Rustpunkter. grov-
kornig Granit og krystallinske Skifere. Desforuden fandtes
i Skraben mange smukke Krystaller af Augit. Hornblende
og Olivin.

Station 238. N. B. 70° 13, V. L. 10° 54’, 845
Fvn. (1540 M.). — 1.1°  Biloculinler (?).

Station 239. N. B. 69°¢ 35, V. L. 11° 13", 1050
Fvn. (1920 M.). — 1.0°% Lysbrunt Biloculinler.

Station 240. N. B. 69° 2, V. L. 11° 2¢". 1004

Fvn. (1836 M.). — 1.1° Lysbrunt Biloculinler med en
Mengde forskjellige Foraminiferer. vmsentlig Globigeriner.
Et Par ganske smaa Stene, bestaaende af mark Kvarts
(veiende indtil 0.1 Gr.).

N. B. 68° 41’
— 1.4°

Station 241.
Fvn. (2046 M),

V. L. 10° 54'. 1119
Smukt. lysbrunt Biloculinler

(lig det foreganende) med en M:ngde Foraminiferer. En
ganske liden Sten (veiende omtrent (.02 Gr.).
Station 242. N. B. 68" 36’. V. L. 8° 40°, 1033

Fvn. (1889 M.). — L.3". Biloculinler, noget grovkornigt,
faa Biloculiner, men mange Globigeriner. Ingen af Slegten
Lituola, mange Nonionina.

Station 243. N. B. 63° 32/,
Fvn. (2633 M.). — 1.3°,

miniferer.

V. L. 6° 26". 1385
Biloculinler med mange Fora-

Station 244. N. B. 68° 28, V., L. 4V 17". 1951
Fvn. (3568 M.). — 1.3% Biloculinler. lig det foregaaende.
Af Foraminiferer fandtes vesentliz Globigeriner.

Station 245. N. B. 658° 21", V. L. 2° 5. 2005
Fvn. (3667 M.). — 1.40. I Biloculinler fra denne Sta-
tion fandtes en Lagdannelse; det gverste Lag af Bundprg-
ven var et yderst fint, plastisk, brunt Ler uden Foramini-
ferer. Det underste Lag bestod af lysere brunt, porgst
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Station 236. — Lat. 70° 58’ N., long. 9" 2 W
d. 156 fms. (285 m.). A greyish-black, voleanic, sabulous
clay similar to that brought up at Station 234. No
pebbles.

Station 237. — Lat. 70° 41’ N., long. 10° 10" W;
263 fms. (451 m.): b-t. —0.3% A brown, sabulous, fri-
able clay containing many particles of olivine and beautiful
crystals of augite. The dredge brought up great numbers
of pebbles. as quartz. mica-schist coated over with lichen
black lava with crystals of feldspar, black lava with small
round. empty vesicles (this fragment was globular in
form). green chloritic schist with pyritic granules, lava with
olivine, anorthite (?). augite. hornblende. black compact
lava with grains of magnetite. brown compact lava. amyg-
daloid. brown lava with specks of rust. coarse-grained gra-
nite, and crystalline schists. Moreover, the dredge contained
many beautiful crystals of augite, hornblende, and olivine.

Station 238. — Lat. 70" 13" N,, long. 10" H4" W,
d. 845 fms. (1546 m.); b.-t. — 1.1% Biloculina clay (?).

Station 239. — Lat. 69° 35" N., long. 11° 13" W_;
d. 1050 fms. (1920 m.); b-t. — 1.0% A light-brown Bilo-
culina clay.

Station 240. — Lat. 69° 2" N., long. 119 26" W,
d. 1044 fms. (1836 m.); b.-t. — L.1% A light-brown Bilo-
culina clay containing great numbers of Foraminifera, chiefly
(Flobigerine, and one or two fine particles of quartz, the
largest weighing 0.1+¢7.

Station 241. — Lat. 68° 41" N.. long. 109 54" W.;
d. 1119 fms. (2046 m.); h-t. —1.4°% A fine sample of
light-brown Biloculina clay. similar to the foregoing. con-
taining great numbers of Foraminifera, and a small pebble,
weighing about 0.02s"

Station 242. — Lat. 68 36" N., long. 8" 40" W.;
d. 1033 fms. (1889 m.): b.-t. — 1.3% A somewhat coarsely
granulated Biloculina clay containing many Globigerine
and Nonionine, but very few Biloculine,; the genus Lituola
was not represented.

Station 243. — Lat. 68" 32' N.. long. 6° 26" W.;
d. 1385 fms. (2533 m.); b.-t. — 1.3% Biloculina clay con-
taining many Forammifera,

Station 244. — Lat. 68° 28 N,, long. 4° 17" W
d. 1951 fms. (3568 m.); b-t. — 1.3° Biloculina clay con-
taining many Foraminifera, chiefly Globigerine.

Station 245. — Lat. 68° 21’ N,, long. 2° 5 W.;
d. 2005 fms. (3667 m.); b.-t. — 1.4% The sample of Bilo-
culina clay that came up at this Station, was in two layers;
the upper a brown, exceedingly fine and plastic clay, without
any Foraminifera, the under a lighter brown, porous clay



Ler med en Mangde (Globigeriner, Biloculiner og andre
Foraminiferer.

Station 246. N. B. 68° 14, @. L. 0° ¢
Fvn. (2011 M.). — 1.3%
som det foregaaende.

1592
Biloculinler med to Lag, lige-
Ingen Stene.

Station 247. N. B. 68° 5, @. L. 2° 24'. 1120
Fvn. (2048 M.). — 1.20. Biloculinler.
Station 248. N. B. 67° 56, @. L. 4° 11'. 778

Fvn. (1423 M.). — 1.4°. Biloculin]er.
Station 249. N. B.
Fvn. (1944 M.). — L1.3°

brunt Ler.

68° 12", O. L. 6° 35". " 1063
Biloculinler med noget mgrkere

Station 250. N. B. 68° 10, @. L. 9° 20". 1150
Fvn. (2103 M.). — 1.4° To Lag i Bundpreven, gverst
lysbrunt Overgangsler, underst graat Ler. Ingen Bilocu~

liner. Mange Stene, vwesentlig bestaaende af krystallinske
Skifere.

Station 251. N. B. 68° 6, @. L. 9° 44". 634
Fyn. (1159 M.). — 1.3 To Lag i Bundprgven. Overst

sandholdigt, brunt Overgangsler med nogle Biloculiner og
Globigeriner. Mange Stene (veiende indtil 1 Gr.), be-
staaende af Gueis, Feldspath, Kvarts.

Station 253, Vestfjorden. 263 Fvn. (481 M.). 3.2°
Graagrenligt, fast og ensartet Ler. Ingen Stene.

Station 254. N. B. 67° 27", . L. 13° 25". 143
Fvn. (262 M.). 5.80. [Ensartet, graat Ler. Flere
Stene.

Bundprever fra 1878.
Station 255. N. B. 68° 12, @. L. 15° 40". 341

Fyn. (624 M.). 6.5° Blaagraat Ler med en Mangde
uorganiske Dyrelevninger. Ingen Stene.

Station 256. N. B. 70° &, @. L. 23° 4. 225
Fyn. (411 M.). 4.00. Graagrent, ensartet Ler. Faa Stene
(veiende indtil 0.2 Gr.), bestaaende af Kvarts og krystal-
linske Skifere.

Station 257. N. B. 70° 4, @. L. 23° 2.

Schmelek: Chemi.
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Den norske Nordhavsexpedition.
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containing great numbers of Globigerinee, Biloculine, and
other Foraminifera.

Station 246. — Lat. 68° 14’ N,, long. 0° 6’ E;
d. 1592 fms. (2911 m.); b.-t. ---1.3°%. A sample of Bilo-
culina clay in two layers, like the foregoing. No pebbles.

Station 247. — Lat. 68° 5’ N., long. 2° 4’ E.; d.
1120 fms. (2048 m.); b-t. — 1.2°. Biloculina clay.

Station 248. — Lat. 67° 56’ N, long. 4° 11’ E;
d. 778 fms. (1423 m.); b.-t. — 1.4° Biloculina clay.

Station 249. — Lat. 68° 12" N., long. 6° 35’ E;
d. 1063 fins. (1944 m.); b.-t. — 1.3% Biloculina clay along
with a little of a darker tint.

Station 250. — Lat. 68° 10’ N., long. 9° 20" E;
d. 1150 fms. (2103 m.); bt. — 1.4° Two layers, — the
upper a light-brown transition clay, the under a grey clay,
containing together many pebbles, chiefly of crystalline
schists. No Biloculine.

Station 25l. — Lat. 68° ¢° N., long. 9° 44’ E,; d.
634 fms. (1159 m.); b-t. — 1.3°. Two layers, — the upper
a brown, sabulous transition clay containing a few DBilocu-
line and Globigerine and many pebbles (the largest weigh-
ing 1¢7) of gneiss, feldspar, quartz.

Station 253 (Vestfjorden). — D. 263 fms. (481 m.);
b.-t. 3.2°. A firm, greyish-green, homogeneous clay. No
pebbles.

Station 254. — Lat. 67° 27° N,, long. 13° 25’ E;
d. 143 fms. (262 m.); b-t. D8o. A grey, homogeneous
clay containing divers pebbles.

Samples of the Bottom (1878).

Station 255. — Lat. 63° 12’ N., long. 15° 40’ E;
d. 341 fms. (624 m.); b.-t. 6.5% A grey clay containing

great numbers of inorganic animal remains. No pebbles.

Station 256. — Lat. 70° 8 N., long. 23° 4’ E.; d.
225 fms. (411 m.); b.-t. 400, A greyish-green homogene-
ous clay containing a few pebbles (the largest weighing
0.2¢7) of quartz and crystalline schists.

Station 257. — Lat. 70 4’ N., long. 23° 2' E;
4



Fyn. (293 M.). 3.9° [Ensartet, graat Ler. Ingen
Stene.

Station 258. N. B. 700 13, @. L. 23° 3. 230
Fyn. (421 M.). 409 Grongraat Ler.

Station 259. N. B. 70° 49, @. L. 25° 59. 80

Fyn. (146 M.). +.1°% En liden Prove af grgngraat Ler,
lignende Rhabdamminaleret. En Mengde Dyrelevninger:
Koraller, Skaller af Slegten Astarte og Rer af Annelider
(Spiochetopterus). Mange Stene, bestaaende af Kvartsit,
Glimmerskifer med Granat, Gueis, Granit.

Station 260. N. B. 70° 5%, @. L. 26° 11'. 127
Fvn, (232 M.). 3.5". Ler.

Station 261. N. B. 70° 47, 0. L. 28° 30, 127
Fvn. (232 M.). 2.8Y Ensartet, lysgraat Ler. Ingen
Stene.

Station 262. N. B. 70 36", ©. L. 32° 35". 148
Fvyn. (271 M.). 190, Brunt, ensartet Sandler. Ingen
Stene.

Station 263. N. B. 70° 44'. 9. L. 34° 14". 121

Fvn. (221 M.).
Ingen Stene.

1,90, Gronliggraat, temmelig fast Ler.

Station 264. N. B. 700 56, @. L. 35° 37. 86
Fvn. (157 M.). 1.9°% Lpgst, grongraat Rhabdamminaler
med noget fastere, graat Underler.

Station 266. N. B. 7L° 27, @. L. 35° 39, 130
Fvn. (238 M.). 0.6". Overst i Bundprgven et tyndt Lag
af grgngraat Rhabdamminaler, under graat, fastere Ler.
Mange Aunnelider (Spiochetopterus).

Station 267. N. B. 71° 42', @. L. 37° 1'. 148
Fwn. (271 M.). — L.4% Lgst Rhabdamminaler med noget
graat Underler. Mange Annelider og Skaller af Slegten
Astarte. Ingen Stene.

Station 268. N. B. 71° 36’, O. L. 36° 18. 130
Fvn. (238 M.). — 1.0°% Lost Rhabdamminaler.

Station 269. N. B. 72° 11, @. L. 36° 40’. 138

Fvn. (252 M.). — 1.2°. Rbabdamminaler (ligner 264).

Mange Annelider. Smaa Stykker af Stenkul. Ingen
Stene.

Station 270. N. B. 72° 27, 4. L. 35 1. 136
Fvn. (249 M.). 0.0° Ensartet, grongraat Rhabdammina-

ler.

Mange Annelider. Ingen Stene.
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A grey, homogeneous

d. 160 fms. (293 m.); b.t. 3.9°
clay. No pebbles.

Station 258. — Lat. 70° 13’ N, long. 23° 3’ E,;
d. 230 fms. (421 m.); b.-t. 4.0°. A greenish-grey clay.

Station 259. — Lat. 70° 49" N., long. 253° 59’ E.;
d. 80 fms. (146 m.); b.-t. £.1°% A small sample of green,
glistening Rhabdammina clay containing great numbers of
animal remains, as coral, shells of the genus Astarfe and
tubes of Annmelids (Spiochetopterus); also many pebbles, con-
sisting of quartzite, mica schist with garnets, gneiss, granite.

Station 260. — Lat. 70° 55" N., long. 26° 11" B
d. 127 fms. (232 m.); b-t. 3.5°% DBottom clay.

Station 261. — Lat. 70° 47" N., long. 280 30" E,;
d. 127 fms. (232 m.): b.-t. 2.8% A light-grey, homogene-
ous clay. No pebbles.

Station 262. — Lat. 7¢° 36" N., long. 32° 35" E.;
d. 148 fms. (271 m.); b.-t. 1.9% A brown. homogeneous,
sandy clay. No pebbles.

Station 263. — Lat. 70° 44’ N.,
d. 121 fms. (221 m.): b-t 190 A
paratively firm clay. No pebbles.

Jong. 34° 14" E.;
greenish-grey, com-

Station 264. — Lat. 70° 36’ N., long. 32" 37" E.;
d. 86 fms. (167 m.); b.-t. 1.9°% A friable, greenish-grey
Rhabdammina clay, with a thin under layer of a somewhat
firmer grey clay.

Station 266. — Lat. 71" 27" N., long. 35° 59’ B.;
d. 130 fms. (238 m.): b-t. 0.6°. Two layers, — the upper
consisting of a little greenish-grey Rhabdammina clay, the
under of a firmer grey clay; this sample contained many

Annelids (Spiochetopterus).

Station 267. — Lat. 71° 42" N,, long. 37° 1" E.;
d. 148 fms. (271 m.); b.-t. — 1.4°% A friable Rhabdam-
mina clay on a thin layer of grey clay, containing many
Annelids and shells of the genus Astarte. No pebbles.

Station 268, — Lat. 71° 36" N,, long. 36° 18 E.;
d. 130 fms, (238 m.); b.t. —1.0% A friable Rhabdam-

mina clay.

Station 269. — Lat. 72° 11’ N, long. 36° 40’ E.;
d. 138 fms. (252 m.); b-t. — 1.2°% Rhabdammina clay
(similar to the sample brought up at Station 264) con-
taining small fragments of coal, but no pebbles.

Station 270. — Lat. 729 27" N,, long. 15° 1’ E;
d. 136 fms. (249 m.); b.-t. 0.09. A greyish-green, homo-
geneous Rhabdammina clay containing many Annelids. No
pebbles.
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Station 271.
Fvn. (293 M.).
graat Ler.

N. B. 720 38, @. L. 33° 50'. 160
0.7, En liden Prgve af ensartet, gren-
Mange Annelider. Ingen Stene.

Station 272. N. B. 73° 11", @. L. 33° 3. 113
Fvn. (207 M.). 1.5° Grengraat Rhabdamminaler med
noget fastere graat Underler. Nogle Stene (veiende indtil
1.0 Gr.), bestaaende af mgrk Kalksten.

Station 273. N. B. 730 25, . L. 31¢ 30’. 197
Fvn. (360 M.). 2.2°% Grgnliggraat Rhabdammina-Ler,
Mange Skaller (Astarte). Mange ganske smaa Stene,

hovedsagelig bestaaende af Kvarts.

Station 274. N. B. 73° 46, ¢. L. 31° 16". 182
Fvn. (833 M.). 0.0°%  Graagront Rhabdammina-Ler.
Mange Stene (veiende indtil 0.5 Gr.), bestaaende af Sand-
sten.

Station 275. N. B. 74° &, . L. 31° 12, 147
Fyn. (269 M.). —0.4° Grengraat Rhabdammina-Ler.
Mange Stene (veiende indtil 3 Gr.), bestaaende af oxyderet
og forvitrende Sandsten, nogle smaa Stykker af Stenkul.
I Skraben fandtes: Haard sort Lerskifer, Stenkul, graa
Sandsten, Granit, Lerboller, Amfibolit, kornig Kalksten og
Kvartsit.

Station 276. N. B. 74° 5, @. L. 27° 39. 220
Fvyn. (402 M.). 0.9° Graat Ler. Ingen Stene.
Station 277. N. B. 74° 3, O. L. 25° 43. 225

Fvn. (411 M.). 1.0°% Grongraat Rhabdammina-Ler.
Nogle Stene.
Station 278. N. B. 74° 1’, @. L. 22° 27", 230
Fyn. (421 M). 0.9° Grengraat Rhabdammina-Ler.
Station 279. N. B. 74° 15, O. L. 20° 48, 179

Fvn. (144 M.). 1.0°% Gugngraat, uensartet Rhabdammina-
Ler. Mange Koraller og Skjel. Nogle Stene (veiende
indtil 0.5 Gr.), bestaaende af Kvarts, Sandsten.

Station 280. N.B. 749 10/, 0. L. 18% 51’. 35 Fvn.
(64 M.). 1.1° Bundprgven bestod hovedsagelig af Musling-
skaller med noget grgngraat Ler.

Station 281. N.B. 74° 3/, @.L. 17° 18. 115 Fvn.
(210 M.). 2.20. Brunt Sandler og graat Ler. Nogle
Stene (velende indtil 0.1 Gr.), bestaaende af Kvarts, Sand-
sten.

Station 282. N. B. 73° 53, @. L. 15° 36’. 457
Fvn. (836 M.). —0.9° Grgngraat Ler.

Station 27I. — Lat. 72° 38" N., long. 33° 50’ E;
d. 160 fms. (293 m.); b-t. 0.7% A small sample of

greenish-grey, homogeneous clay containing numerous Anne-
lids. No pebbles.

Station 272. — Lat. 73° 11’ N., long. 33° 3’ E;
d. 113 fms. (207 m.); b.-t. 1.5°% A greenish-grey Rhab-
dammina clay on a thin layer of firmer grey clay, con-
taining a few pebbles (the largest weighing 1.0¢7) of dark
limestone.

Station 273. — Lat. 73° 25’ N., long. 31° 30" E;
d. 197 fms. (360 m.); b.-t. 2.2°. A greenish-grey clay
containing many calcareous shells (Astarfe) and many ex-
ceedingly fine pebbles, chiefly quartz.

Station 274. — Lat. 73° 46" N., long. 31° 16" B,
d. 182 fms. (333 m.); b.-t. 0.0 A greyish-green Rhab-
dammina clay containing many pebbles (the largest weigh-
ing 0.577), exclusively sandstone.

Station 275. — Lat. 74° 8 N., long. 31° 12’ E;
d. 147 fms. (269 m.); b.-t. — 0.4% A greyish-green Rhab-
dammina clay containing many pebbles (the largest weigh-
ing 3¢7) of oxidized and disintegrated sandstone, and a few
small fragments of coal. The dredge brought up fragments
of a hard, black argillaceous schist. of coal, grey sandstone,
granite, amphibolite, granulated limestone, quartzite, and
lumps of clay.

Station 276. — Lat. 74° & XN, long. 27° 39’ E.;
d. 220 fms. (402 m.); b.-t. 0.9% A grey clay. No pebbles.

Station 277. — Lat. 74° 3’ N., long. 25° 43’ E.;
d. 226 fms. (411 m)); b-t. 1.0O% A greenish-grey clay.
No pebbles.

Station 278. — Lat. 74° t° N,, long. 22¢ 27’ E;
d. 230 fms. (421 m.); b-t. 0.9% A greenish-grey clay.

Station 279. — Lat. 74° 15’ N., long. 20° 48’ E;
79 fms. (144 m.); b-t. 1.0°% A greenish-grey clay con-
taining many shells and fragments of coral; likewise a
few pebbles (the largest weighing 0.597) of quartz, sand-
stone.

Station 280. — Lat. 74° 10’ N., long. 18° 51’ E.;
d. 35 fms. (64 m.); b.-t. 1.1°. This sample consisted
chiefly of muscle-shells along with a little greenish-grey clay.

Station 28l. — Lat. 74° 3’ N,, long. 17° 18 E;
d. 115 fms. (210 m.); b.-t. 2.20. A brown, sabulous clay
and a grey clay containing a few pebbles (the largest
weighing 0.197) of quartz, sandstone.

Station 282. — Lat. 73° 53’ N., long. 15° 36’ E.;
d. 457 fms. (836 m.); b.-t. —0.9% A greenish-grey clay.
4*



Station 283. N. B. 73° 47", 9. L. 14° 21", 767
Fvn. (1403 M.). —1.4° Brunt Overgangsler med lidt
graat Underler. Ingen Stene.

Station 284. N. B. 73° 1’, @. L. 12° 58'. 800
Fvn. (1463 M.). — 1.3°. Brunt Overgangsler med lidt
morkgraat Underler. Ingen Stene.

Station 285. N. B. 73° 6. @. L. 11° 56’. 1024
Fvn. (1873 M.). — 1.3°% Brunt Overgangsler med graat
Underler. I det graa Underler to Stene: Sandsten (veiende
indtil 4 Gr.).

Station 286. N. B. 72° 57". 0. L. 14° 32'. 447
Fvn. (817 M.). —0.8°% Graat Ler med mange Stene
(veiende indtil 2 Gr.). bestaaende af Kvarts, Feldspath,
Sandsten. I Skraben fandtes mange tilrundede Stene:
Hornblendeskifer, graa Kalksten. Gneisgranit, Gneis, La-
bradorsten.

Station 287. N. B. 72° 52, 0. L. 15° 19", 249
Fvyn. (455 M.). 2.90. Gronliggraat Ler med lidt brunt
Sandler. Mange Stene (veiende indtil 4 Gr.), bestaaende
af Sandsten, Granit, Kvartsit.

Station 288. N. B. 72¢ 46, @. L. 17 50". 215
Fvn. (393 M.). 2.40. Ensartet, brunt Overgangsler med
noget graat Underler. Nogle faa Stene (veiende indtil 0.5
Gr.), bestaaende af mgrke krystallinske Skifere.

Station 289. N. B. 72° 41’, @. L. 20° 18. 219
Fvn. (400 M.). 2.0°% Grongraat, haardt Ler. Ingen
Stene.

Station 290. N. B. 72¢ 27", @. L. 20° 51". 191

Fvn. (349 M.). 35° Ensartet, brunt Sandler med lidt
mgrkgraat Ler. Faa og ganske smaa Stene (veiende indtil
0.3 Gr.), bestanende af krystallinske Skifere.

Station 291. N. B. 71° 54, 9. L. 21° 57". 194
Fvn. (355 M.). 3.0°. Graat, sandholdigt Ler. Ingen
Stene.

Station 292. X, B. 71° 20, @. L. 22° 59, 216

Fvn. (395 M)
Foraminiferer.

3.7%. Brunliggraat Ler. Ingen synlige

Lrid

Station 293. N. B. 71° 7, @. L. 21° 11"
Fvn. (174 M.). 5.1° Sandholdigt, graat (?) Ler.

95

Station 294. N. B. 71° 35. @. L. 15° 11"
Fwn. (1165 M.).
ler. Ingen Stene,
ten Lituola.

637
— 1.2°% Ensartet, brungraat Overgangs-
Enkelte Globigeriner. Nogle af Sleg-
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Station 283. — Lat. 73° 47" N., long. 14° 21’ E;
d. 767 fms. (1403 m.); b-t. — 1.4°%. A brown transition
clay on a thin layer of grey clay. No pebbles.

Station 284. — Lat. 73° 1’ N., long. 12° 58 E.;
d. 800 fms. (1463 m.); b.-t. — 1.3°. A brown transition
clay on a thin layer of dark-grey clay. No pebbles.

Station 285. — Lat. 73° 6" N, long. 11° 56" E.; d.
1024 fms. (1873 m.); bt — 1.3°% A brown transition
clay on a layer of grey clay. the latter containing two
pebbles of sandstone (the largest weighing 47).

Station 286. — Lat. 72° 57° N., long. 14" 32 E.;
d. 447 fms. (817 m.): b-t. —0.8°% A grey clay contain-
ing many pebbles (the largest weighing 2¢7) of quartz, feld-
spar, sandstone. The dredge brought up numerous pebbles
of hornblende schist, grey limestone, gneiss-granite, gneiss,
labrador-stone.

Station 287. — Lat. 72° 52" N., long. 15° 19" E,;
d. 249 fms. (455 m.): b-t. 2.9°% A greenish-grey clay
along with a little brown, sabulous clay containing together
many pebbles (the largest weighing 4¢7) of sandstone, granite,
quartzite.

Station 288. — Lat. 72¢ 46’ N., long. 17 b0’ E,;
d. 215 fms. (393 m.); b-t. 2.4°. A brown, homogeneous,
transition clay on a thin layer of grey clay, containing a
few pebbles (the largest weighing 0.5¢") of dark crystalline
schists.

Station 289. — Lat. 72° 41’ N., long. 20° 18" E;
d. 219 fms. (400 m.); b-t. 2.0°% A havrd, greenish-grey
clay. No pebbles.

Station 290. — Lat. 72° 27" N., long. 20° 51' E,;
d. 191 fms. (349 m.); b-t. 3.5°. A brown, homogeneous,
sandy clay along with a little dark-grey clay, containing
together a few pebbles (the largest weighing 0.377) of cry-
stalline schists.

Station 291. — Lat. 71° 54 N,
d. 194 fms. (355 m.): b-t. 3.0°
No pebbles.

long. 21° 57" E;
A grey, sabulous clay.

Station 292. — Lat. 71° 20’ N., long. 22° 59" E.;
d. 216 fms. (395 m.): b-t.3.7% A brownish-grey clay. in
which no Foraminifera could be detected.

Station 293. — Lat. 71° 7" N., long. 21° 11’ E.;
d. 95 fms. (174 m.); b-t. 5.1°. Sabulous clay.

Station 294. — Lat. 71° 35° N, long. 15° 11’ E;
d. 637 fms. (1160 m.); b-t. — 1.2°% A brownish-grey,
homogeneous clay containing a few Globigerine and Lituola.
No pebbles.



Station 295. N. B. 71° 59', 9. L. 11° 40’. 1110
Fvyn, (2030 M.). — 1.3% Ensartet Biloculinler. Ingen
Stene.

Station 296. N. B. 72° 1%, 9. L. 8° 9. 1440

Fvn. (2633 M.). — l.4c. Biloculinler. 5—6 Biloculiner

paa hver O-Tomme af den tgrrede Bundprgve. Ingen
Stene.
Station 297. N. B. 72° 36, @. L. H5° 12'. 1280

Fvn. (2341 M.). — 1.4° Biloculinler. Faa Foramini-
ferer. Nogle Stene (veiende indtil 0.8 Gu.), bestaaende af
Kvarts, Gueis, Grgnsten, Sandsten, Feldspath, Glimmer.

Station 298. N. B. 72¢ 52, @. L. 19 51’. 1500
Fvyn. (2743 M.). — 1.5°. Ensartet Biloculinler. Omtrent
2 Biloculiner paa hver [)-Tomme af den tprrede Bundprove.
Nogle Stene, bestaaende af Kvarts og krystallinske Skifere.

Station 299. N. B.
Fvn. (2498 M.). — 1.6°.

730 10°, V. L. 2° 14", 136
Biloculinler. En Sten: Granit.

Station 301.
Fyn. (3080 M.).

underliggende Ler.

N. B. 74° 1", V. L. 1° 20'. 1684
— 1.6°% Biloculinler med noget graat
Nogle Stene (veiende indtil 0.3 Gu.),

bestaaende af Kvarts, krystallinske Skifere, Granit. Nogle
smaa Fliser af raaddent Tree.
Station 302. N. B. 75° 16, V. 1. 0° 54’. 1985

Fvn. (3630 M.). — 1.7°% En yderst liden Prpve af Bilo-
culinler. En Sten: Lerskifer (veiende 0.5 Gr.).

Station 303. N. B. 75° 12, @. L. 3° 2. 1200
Fvn. (2195 M.). — 1.6° ZEnsartet Biloculinler. 3—4

Biloculiner paa hver (l-Tomme af den terrede Bundprove.
Nogle Stene (veiende indtil 0.3 Gr.), hovedsagelig bestaaende
af rgd Granit.

Station 304. N. B. 750 3, ©. L. 4¢ 31". 1735
Fvn. (3173 M.). — 1.50. Bundprgven mangler.

Station 305. N. B. 75° 1, @. L. 7° 56". 1590
Fvn. (2908 M.). — 1.5°% Biloculinler med noget mgrke-
graat Underler I Biloculinleret fandtes to Liag — i Lig-
hed med Bundprgven fra Station 245. Nogle Stene: Ler-
skifere.

Station 306. N. B. 750 0/, @. L. 100 27"
Fvn, (2440 M.). — 1.3°% Biloculinler med mange Bilo-
culiner. En Sten: Lerskifer (veiende 1.5 Gr.), omgivet af
rgdt, sterkt oxyderet Ler.

Station 307. N. B. 740 58", J. L. 120 10,
Fvn. (2224 M.). — l.4¢. Biloculinler.

1216

1334 .
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Station 295. — Lat. 71° 39’ N,, long. 11° 40’ E;
d. 1110 fms. (2030 m.); b.-t. — 1.3°% A homogeneous
Biloculina clay. No pebbles.

Station 296. — Lat. 72° 13 N., long. 8° 9" E;
d. 1440 fms. (2633 m.); b.-t. — 1.4% Biloculina clay with

5 or 6 Biloculine to every squave inch of the dried sample.
No pebbles.

Station 297. — Lat. 72° 36’ N., long. 5° 12" E;
d. 1280 fms. (2341 m.); b.-t. — 1.4°. Biloculina clay con-
taining a few Foraminifera and divers pebbles (the largest
weighing 8¢7) of quartz. gneiss, sandstone, feldspar, mica.

Station 298. — Lat. 72° 52 N., long. 1° 51’ E;
d. 1500 fms. (2743 m.); b-t. — 1.5°% A homogeneous
Biloculina clay with about 2 Biloculine to every square
inch of the dried sample, and containing besides a few
pebbles of quartz and crystalline schist.

Station 299. — Lat. 73° 10’ N,, long. 2° 14" W,
d. 1360 fms. (2498 m.): b.-t. — 1.6, Biloculina clay con-
taining. a pebble of granite.

Station 301. — Lat. 74 1’ N, long. 1¢ 200 W
d. 1684 fms. (3080 m.); b.-t. — 1.6". Biloculina clay on
a thin layer of grey clay, containing a few pebbles (the
largest weighing 0.3¢7) of quartz, crystalline schist, granite,
and a few splinters of rotten wood.

'

Station 302. — Lat. 75 16" N, long. 09 H4’ W
d. 1985 fms. (3630. m.); b.-t. — 1.7% A very small sample
of Biloculina clay containing a pebble of argillaceous slate
(weighing 0.577).

Station 303. — Lat. 75¢Y 12° N,, long. 3° 2 E;
d. 1200 fms. (2195 n); b.-t. — 1.6°% A homogeneous
Biloculina clay with 3 or 4 Biloculine to every square inch
of the dried sample, and containing besides a few pebbles
(the largest weighing 0.3¢), chiefly of red granite.

Station 304. — Lat. 75° 3’ N., long. 4° 51’ E.;
d. 1735 fms. (3173 m.); b.t. — L.be. No bottom-sample.

Station 305. — Lat. 75° 1' N., long. 7" 6’ E;
d. 1590 fms. (2908 m.); b-t. — 1.5% Biloculina clay on
a thin layer of dark-grey clay, containing a few pebbles of
argillaceous schist. The Biloculina clay was in two layers,
like the sample from Station 245.

Station 306. — Lat. 75° 0’ N., long. 10° 27" E.;
d. 1334 fms. (2440 m.); b.t. — 1.3°% Biloculina clay con-
taining many Biloculine, and a pebble of argillaceous schist
(weighing 1.597) imbedded in red, highly oxidized clay.

Station 307. — Lat. 749 58 N,, long. 12° 10’ E;
d. 1216 fms. (2224 m.); b.-t. — 1.4°% Biloculina clay.



Station 308. N. B. 740 57/, @. L. 120 43’. 1136
Fyn, (2078 M.). — 1.3% Biloculinler med mange Bilocu-
liner, steerkt brunt (oxyderet) paa Overfladen. Ingen Stene.
Mange (lobigeriner, ligesaa af Slegten Lituola.

Station 309. N. B. 740 37", @. L. 130 18. 1065
Fvn. (1948 M.). — 1.3°% To Lag i Bundprgven. Overst
brungult Overgangsler, inderst graablaat Ler.

Station 310. N. B. 740 56, @. L. 13» 50’. 1006

Fyn. (1840 DM.).
artet Overgangsler.

— 1.4°, En liden Prgve af brunt, ens-
Faa Biloculiner. Ingen Stene.

Station 3Il. N. B.
Fvn, (1642 M) — 1.3°,
Underler. Ingen Stene.

740 5Y, @. L. 140 25'. 898
Brunt Overgangsler med graat

Station 312. N. B, 74¢ 54’, g. L. 14V 53’. 658
Fvo. (1203 M.). — 1.20, Graat., mgrkt Ler med Spor af

brunt Ler. Ingen Stene.

Station 313. N. B. 74° 5%, @. L. 15° 49", 204
Fvn. (373 M.). 2.40. Guraat Ler.

Station 314. N. B. 74° 55, @. L. 15° 21’. 509

Fyn. (931 M)
Sandler,

— (.6° Graat Ler med noget brunt

Station 315. N. B. 74° 53/, @. L. [5° 55 180
Fyn. (320 M.). 2.5°% En liden Prgve af graat Ler med
noget gronligt Ler (Rhabdamminaler).

Station 316. N. B. 74° 56', @. L. 16° 29". 129
Fvn, (236 M.). 1.9°. Blaagraat Ler med lidt grenligt
Ler. Mange Stene (veiende mdtil 3 Gr.), bestaaende af
Lerskifere, der ved Optagelsen var meget blade.

Station 317. N. B. 74° 56, @. L. 16° 52. 99
Fvn. (181 M.). 2.1° En liden Prove af mgrkt blaagraat
Ler. Ingen Stene.

Station 3i8. N. B. 74° 56, ©. L. 17° 39", 55

Fwn. (101 M.). 2.1°% En liden Prove af grengraat Ler
(Rhabdamminaler).

Station 319. XN. B. 74° 57, @. L. 18¢ 22, 45
Fvn. (82 M.). 2.2° Stenbund.

Station 320. N. B. 74° 57, @. L. 19° 8. 31
Fyn. (57 M.). 0.9° Stenbund.

Station 321. N. B. 74° 56', @. L. 19° 30. 25

Fvn. (46 M.). 0.2° Stenbund.
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Station 308. — Lat. 74° 57’ N,, long. 12° 43" E,;
d. 1136 fms, (2078 m.); b.-t. — 1.30. Biloculina clay with
a dark-brown surface (oxidized), containing many Globige-
rinee and other Foraminifera of the genus Léitwola. No
pebbles.

Station 309. — Lat. 74° 57" N., long. 13° 18" E,;
d. 1065 fms. (1948 m.); b.-t. — L.30o. Two layers, — the
upper a brownish-yellow Biloculina clay, the under a greyish-
blue clay.

Station 310. — Lat. 74° 56" N.,, long. 13° 50’ E,;
d. 1006 fms. (1840 m.); b.-t. — 1.4% A small sample of
brown, homogencous transition clay containing a few DBifo-
culince. No pebbles.

Station 3Il. — Lat. 74° 55" N., long. 149 25" E,;
d. 898 fms. (1642 m.); bt — 1.3% A brown transition
clay on a layer of grey clay. No pebbles.

Station 312. — Lat. 74° 54" N., long. 14° 53" E;
d. 658 fms. (1203 m.); b-t. — 1.2° A dark-grey clay
with traces of a brown clay. No pebbles.

-y

95" N., long. 15° 49" E.;
A arey clay.

Station 313. — Lat. 74°
d. 204 fms. (373 m.); b.-t. 2.4°

Station 314. — Lat. 74° 55" N., long. [5° 21" E,;
d. 509 fms. (931 m.)); b-t. —1.6% A grey clay along
with a little brown, sabulous clay.

Station 315. — Lat. 74° 53’ N., long. 15° 55" E.;
d. 180 fms. (329 m.); b.-t. 2.50. A small sample of grey
clay along with a little greenish clay (Rhabdammina).

Station 316. — Lat. 74° 56’ N., long. 16% 29’ E.;
d. 129 fms. (236 m.); b.-t. 1.90. A bluish-grey clay along
with a little greenish clay, containing together many peb-
bles (the largest weighing 347) of argillaceous schist. Previ-
ous to drying, the schist was exceedingly soft.

Station 317. — Lat. 74° 56’ N., long. 16° 52" E;
d. 99 fms. (181 m.); b.-t. 2.1° A small sample of dark
bluish-grey clay No pebbles.

Station 318. — Lat. 74° 56" N., long. 17° 39" E.;
d. 55 fms. (101 m.); b.-t. 2.1°% A small sample of green-
ish-grey clay (Rhabdammina).

Station 319. — Lat. 74° 57" N., long. 18° 22’ H.;
d. 450 fms. (82 m.); b.-t. 2.29. Bottom stony.

Station 320. — Lat. 74° 57" N,, long. 19° 8 E;
d. 31 fms. (57 m.); b.-t. 0.9%. Bottom stony.

Station 32I. — Lat. 74° 56" N., long. 19° 30’ E.;
d. 25 fms. (46 m.); b.-t. .20, Bottom stony.



Station 322. N. B. 74° 57, @. L. 19° 52, 21
Fvn. (38 M.). 0.2°% Stenbund.

Station 323. N. B. 720 53", @. L. 21° 51’ 223
Fvn. (408 M.). 1.5°% Graat Ler.

Station 324. N. B. 73° 47, @. L. 20° 48, 233

Fvn. (426 M.). 0.9° Grgngraat Rhabdammina-Ler med
blaagraat fastere Underler. Mange Stene (veiende indtil
12 Gr.), bestaaende af Kvarts og Lerskifere.

Station 325. N. B. 74° 2, @. L. 20° 30.
Fvn. (165 M.). 0.9¢.

90
Mgrkt, grengraat Ler (Rhabd.-Ler).

Station 326.
Fvn, (2250 M.). 1.6°
Stene.

N. B. ° 31, @. L. 17° 50", 123
Graagrgnt Rhabdammina-Ler, Ingen

Station 327. N. B. 75° 39", ©. L. 16° 33".
Fvn. (344 M.). 0.7°% KEnsartet, graat Ler.
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Ingen Stene.

Station 328. N. B. 750 42, @. L. 150 39", 200
Fyn. (366 M.). — 1.3% Graat Ler.

Station 329. N. B. 75° 45, 9. L. 149 45'. 199
Fvn, (364 M.). —0.6% Mprkt, graat Ler.

Station 330. N. B. 75° 48, @. L. 13° 54’. 444
Fwn. (822 M.). 0.4° FEiendommeligt, rgdligt Ler. med
noget graat Ler. Ingen Stene.

Station 33l. N. B. 7Y bl 9. L. 13° b. 79H
Fvn, (1454 M.). — 1.3°% Radligt Ler (?).

Station 332. N. B. 75° 56’, @. L. 110 36’. 1149

Fvn. (2101 M.). — 1.5°% Blanding af Biloculinler og
noget stwrkt oxyderet, rgdligt Ler. Faa Stene: Kvarts,
Glimmer.

Station 333. N. B. 76° 6, @. L. 13° 10’. 748
Fyn. (1368 M.). — 1.3°. Brunt Overgangsler med nogle
enkelte Biloculiner. Ingen Stene.

Station 334. N. B. 76° 12, . L. 14° 0. 403
Fvn. (737 M.). 1.0°% Brunt, sandholdigt Overgangsler med
mange Kiselspikuler af Svampe. Mange Stene (veiende
indtil 2 Gr.), bestaaende af Kvarts og Lerskifer,

Station 335. N. B. 76° 16, 0. L. 14° 39",
Fvn. (326 M.). 1.0° Graagrent. Ler med mange Stene
(veiende indtil 4 Gr.), bestaaende af: Kvarts, Flint, Sand-
sten, Lerskifer.

Station 336. N. B. 76° 1%, @. L. 150 42. 70

179,
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Station 322. — Lat. 74° 57" N., long. 19° 52’ E;
d. 21 fms. (38 m.): b.t. 0.2° Bottom stony.

Station 323. — Lat. 72° 53’ N., long. 21¢ 51’ E;
d. 223 fms. (408 m.); b.-t. 1.5°% A grey clay.

Station 324. — Lat. 73° 47" N., long. 20° 48 R,
d. 233 fms. (426 m.); b.-t. 0.9°%. A greenish-grey Rhab-
dammina clay on a layer of firmer, bluish-grey clay con-
taining together many pebbles (the largest weighing 129¢)
of quartz and argillaceous schist.

Station 325. — Lat. 74% 2° N,, long. 20° 30" E.;
d. 90 fms. (165 m.); b.-t. 0.9° A dark greenish-grey clay.

Station 326. — Lat. 75° 31’ N., long. 17° 50’ E;
d. 123 fms. (220 m.); b-t. 1.6°% A greyish-green Rhab-
dammina clay. No pebbles.

Station 327. — Lat. 75° 39’ N., long. 16° 33’ E;
d. 188 fms. (344 m.); b.-t. 0.7% A grey homogeneous clay.
No pebbles,

Station 328. — Lat. 75° 42’ N., long. 15° 39" BE;
d. 200 fms. (366 m.); b.-t. — 1.3°. A grey clay.

Station 329. — Lat. 75° 45’ N, long. 14° 45’ E;
d. 199 fms. (364 m.); b.t. — 0.6°% A dark-grey clay.

Station 330. — Lat. 75° 48 N., long. 13° 54’ E;
d.- 444 fms. (812 m.); b.-t. 0.4°% A peculiar reddish clay
along with a little grey clay. No pebbles.

Station 331. — Lat. 75° 51’ N., long. 130 & E;
d. 795 fms. (1454 m.): b.-t. — 1.3%. A reddish clay (?).

Station 332. — Lat. 75° 56" N., long. 119 36’ E.;
d. 1149 fms. (2101 m.); b.-t. — 1.5% A mixture of Biloc-
ulina clay and a little highly oxidized reddish clay, con-
taining together a few pebbles. of quartz, mica,

Station 333. — Lat. 76° ¢’ N., long. 13° 10’ E,;
d. 748 fms. (1368 m.); b.-t. — 1.3°%. A brown transition
clay containing a few isolated Biloculine. No pebbles.

Station 334. — Lat. 76° 12" N., long. 14° 0’ E,;
d. 403 fms. (787 m.); b.-t. 1.0% A brown, sabulous, tran-
sition clay containing many siliceous spicules of sponges
and many pebbles (the largest weighing 2¢7) of quartz, ar-
gillaceous schist.

Station 335. — Lat. 76° 16’ N., long. 14° 39" E.;
d. 179 fms. (326 m.); b.-t. 1.0°. A greyish-green clay con-
taining many pebbles (the largest weighing 497) of quartsz,
Jlint, sandstone, argillaceous slate.

Station 336. — Lat. 76° 19 N,, long: 15° 42’ E.;



Fvn. (128 M.). 0.4°. Graat Ler. Mange Stene (veiende
indtil 2 Gr.), bestaaende af forvitrende Granit og blad
Lerskifer.

Station 337. N. B. 76° 23, @. L. 16° 43. 20
Fvn. (37 M.). 1.4% Stenbund.

Station 338. N. B. 76° 19, 9. L. 18° 1'. 146
Fwn. (267 M.). — 1.1°. Stenbund.

Station 339. N. B. 76° 30°, @. L. 15" 39 37
Fvn. (68 M.). 0.9° Stenbund.

Station 340. N. B. 76° 31’, @. L. 14° 40’. 58
Fyn. (106 M.). 0.6° Graat, uensartet Ler. Mange Stene

(veiende indtil 1 Gr.), bestanende af Kvarts, Kvartsit, Ler-
skifer. Et lidet Stykke Stenkul.

Station 341. N. B. 76* 32", @. L. 13° 53’. 118
Fvn. (216 M.). 0.8% Yderst liden Prove af graat Ler.

Station 342. N. B. 76° 33’, 0. L. 13° 18". 523
Fyn, (956 M.). — 1.0°% Brunt Overgangsler med graat
Underler. Mange Stene (veiende indtil 3 Gr.), bestaaende
af Kvarts og bled Lerskifer.

Station 343. N. B. 76" 34, @. L. 12° 51", 743
Fvn. (1309 M.). — 1.2, Brunt Overgangsler med graat
Underler. Nogle Stene (veiende indtil 3 Gr.), bestaaende
af Kvarts, Glimmerskifer, Lerskifer.

Station 344. N. B. 769 42, @. L. 11° 16. 1017
Fvn. (1860 M.). — 1.3°. Brunt Overgangsler. Ingen
Globigeriner eller Biloculiner. Nogle faa Stene (veiende
indtil 0.5 Gr.).

Station 347. N. B. 76Y 40’, @. L. 79 47", 1429
Fvn. (2613 M.). — 1.3° Biloculinler.
Station 349. N. B. 76" 30, 9. L. 2° 57". 1487

Fyn. (2719 M.). — 1.5" Morkbrunt Biloculinler. Mange
Stene (veiende indtil 3 Gr.). bestaaende af merk Kvarts,
krystallinske Skifere, Lerskifer.

Station 350. N. B.
Fvn. (3083 M.). — 1.5°

760 26°, V. L. 0° 29,
Biloculinler.,

1686

Station 351. N.B. 77° 49". V. L. 0° 9,
(2999 M.). — 1.5° Biloculinler.

1640 F'vn,

Station 352. N. B. 77° 56’, 9. L. 3° 29'. 1686
Fvo. (3083 M.). — 1.5°% Biloculinler. Mange Stene
(veiende indtil 1.5 Gr.), bestaaende af Kvarts, Glimmer-
skifer, Granit, bled Lerskifer.
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d. 7C fms, (128 m.); b.-t. 0.4°% A grey clay containing
many pebbles (the largest weighing 277) of disintegrated
granite and soft argillaceous schist.

Station 337. — Lat. 76° 23’ N., long. 16° 43" E;
d. 20 fms. (37 m.); b-t. 1.4°% Bottom stony.

Station 338. — Lat. 76° 19’ N., long. 18" 1" E;
d. 146 fms. (267 m.); b-t. — 1.1% DBottom stony.

Station 339. — Lat. 76° 30’ N., long.
d. 37 fms. (68 m.); b-t. 0.9°. Bottom stony.

15° 39’ E;

Station 340. — Lat. 76° 31" N., long. 14° 40" E.;
d. 58 fms. (106 m.); b.-t. 0.6°% A grey clay containing
many pebbles (the largest weighing 1¢7) of quartz, quartzite,
argillaceous schist, and a small fragment of coal.

Station 341. — Lat. 76° 32’ N.. long. 13° 53’ E,;
118 fms. (216 m.); b.-t. 0.8° A very small sample of
grey clay.

Station 342. — Lat. 76° 33" N., long. 13" 18" E;
d. 523 fms. (956 m.); b-t. —1.0°. A brown transition
clay on a layer of grey clay containing many pebbles
(the largest weighing 377) of quartz and soft argillaceous
schist.

Station 343. — Lat. 76" 34’ N,, long. 12° 51" E,;
d. 743 fms. (1359 m.): b.-t. — 1.2% A Dbrown transition
clay on a layer of grey clay containing a few pebbles (the
largest weighing 3¢7) of quartz, mica, argillaceous schist.

Station 344. — Lat. 76° 42° N, long. 11° 16’ E,;
d. 1017 fms, (1860 m.); b.-t. — 1.3% A brown transition
clay containing a few pebbles (the largest weighing 0.577).
No Globigerine or Biloculine.

Station. 347. — Lat. 76° 40’ N, long. 7° 47" E.;
d. 1429 fms. (2613 m.); b.-t. — 1.3% Biloculina clay.

Station 349. — Lat. 76° 30" N., long. 2° 57" E.;
d. 1487 fms. (2719 m.); b-t. — 1.5°% A dark-brown Biloc-
ulina clay containing many pebbles (the largest weighing
397) of damk quartz, crystalline schist, argillaceous schist.

Station 350. — Lat. 76° 26" N.,
d. 1686 fms. (3083 m.); b.-t. — 1.5°

29’ W.;
clay.

long, 0°
Biloculina

Statioa 35l. — Lat. 77° 49 N., long. 0° 9 W.;
d. 1640 fms. (2999 m.); b.t. — 1.5% Biloculina clay.

Station 352. — Lat. 77° 56’ N., long. 39 29" W.;
d. 1686 fms. (3083 m.); b-t. — 1 5% Biloculina clay con-
taining many pebbles (the largest weighing 1.5¢7) of quartz,
mica, granite, soft argillaceous clay.



Station 353. N. B. 77° 58, @. L. 5° 10°. 1333
Fvn. (2438 M.). — 1.4° Biloculinler.
Station 354. N. B. 78° 1, @. L. 6° 54'. 1343

Fvn. (2451 M.). - 1.3°.
ler; det sidste overveiende.
liner.

Biloculinler med graat Under-
I det graa Ler nogle Bilocu-

Station 355. N. B. 78° (¢, @. L. 8¢ 32,
Fvn. (1734 M.). — 1.3%
graat Underler.

948
Brunt Overgangsler med blaa-

Station 356. N. B. 78° 2, @. L. 10° 19'. 110
Fyn, (204 M.). 2.1°% En liden Prove af graat Ler.
Mange Stene (veiende indtil 2 Gr.), bestaaende af Kvarts,
Flint, Sandsten, (3ranit.

Station 357. N. B. 78* &, . L. 11° 18, 125
Fyn. (229 M. 1.9% Nogenlunde ensartet, finkornigt,
graat Ler. Faa Stene (veiende indtil 0.5 Gr.), bestaaende
hovedsagelig af Lerskifer.

Station 358. N. B. 78° 2/ @ L. 9° 46’. 93
Fvn. (170 M.). 2.6° En liden Prgve af graat, uensartet
Ler. Mange Stene (veiende indtil 8 Gr.), bestaaende af
Kvarts, Sandsten, blgd og haard Lerskifer.

Station 359. N. B. 78" 2, @. L. 9° 25, 416
Fvn. (761 M.). 0.8% Brunt Overgangsler med graasort
Underler; det forste overveiende. Nogle Stene, bestaaende
af Glimmerskifer, Sandsten, Kvarts, Lerskifer, Asbest.

Station 360. N. B. 78° 47, @. L. 6° 58". 421
Fvn. (770 M.). 0.0% Stenbund.

Station 36l. N. B. 79° &, @. L. 5° 28. 905
Fvn. (1660 M.). — 1.2° Graat Ler. Ingen Stene.

Station 362. N. B. 79° 59, @. L. 50 40". 459
Fyn. (839 M.). — 1.0°% Blaagraat Ler.

Station 363. N. B. 80° ¢/, @. L. 8° 1. 260
Fvn. (475 M.). 1.1° Blaagraat Ler.

Station 364. N. B. 79° 48, @. L. 10° 50’. 195

Fvn. (357 M.). 2.3°.
Skjel.

Bundprgven bestod hovedsagelig af

Station 365. N. B. 790 34, @. L. 110 25, 74

Fvn. (1835 M.). — 1.8% Mgrkgraat Ler.

Station 366. Magdalena Bay. N, B. 79° 35, @.
L. 110 17, 61 Fvn. (112 M.). —2.1°% Graat Ler.

Station 367. N. B. 78° 44’, @. L. 7° 46’. 53b

Den norske Nordhavsexpedition. Schmelck: Chemi.
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Station 353. — Lat. 77° 58" N,, long. 5° 10’ W ;
d. 1333 fms. (2438 m.); b.-t. — 1.4° Biloculina clay.

Station 354, — Lat. 78° 1’ N,, long. 6° 54" E;
d, 1343 fms. (2456 m.); b.-t. — 1.3°% Biloculina clay on
a layer of grey clay, the latter constituting the greater
part of the sample. A few Biloculine in the grey clay.

Station 355. — Lat. 78° 0’ N, long. 8° 32’ K
d. 948 fms. (1734 m.); b-t. — 1.3% A brown transition
clay on a layer of bluish-grey clay.

Station 356. — Lat. 78° N., long. 10° 19" E.;
d. 110 fms. (201 m.); b.-t. 2.1°% A small sample of grey
clay containing many pebbles (the largest weighing 2¢7) of
quartz, flint, sandstone, granite.

2/

Station 357. — Lat. 78° 3 N., long. 11° 18 R
d. 125 fms. (229 m.); b-t. 1.9°% A fine, grey, comparati-
vely homogeneous clay containing a few pebbles (the largest
weighing 0.577), chiefly of argillaceous schist.

Station 358. — Lat. 78° 2’ N. long. 9° 46’ E;
d. 93 fms. (170 m.); b.-t. 2.6°. A small sample of .grey
clay containing many pebbles (the largest weighing 8¢7)
of quartz, sandstone. soft and hard argillaceous schist.

Station 359. — Lat. 78° 2° X.; long. 9° 25" E;
d. 416 fms. (761 m.); b.-t. 0.8° Biloculina clay on a thin
layer of greyish-black clay containing a few pebbles of mica
schist, sandstone, quartz, argillaceous schist, asbestos.

Station 360. — Lat. 78° 47'*N,, long. 6° 58’ E.;
d. 421 fms. (770 m.); b.-t. 0.0°. Bottom stony.

Station 36l. — Lat. 792 8 N., long. 5° 28’ E.; d.
905 fms. (1665 m.); b.-t. — 1.2% A grey clay. No pebbles.

Station 362. — Lat. 79° 59° N,, long. 5° 40’ E;
d. 459 fms. (839 m.); b-t. —1.0%. A bluish-grey clay.

Station 363. — Lat. 80° 0’ N, long. 8° 15" E.; d.
260 fms. (475 m.); b.-t. 1.1°% A bluish-grey clay.

Station 364. — Lat. 79° 48’ N., long. 10° 50’ E;
d. 195 fms. (357 m.); b.-t. 2.3% This sample cousisted
chiefly of calcareous shells.

Station 365. — Lat. 79° 34" N,, long. 11° 25’ E;
d. 74 fms. (135 m.); b.-t. — 1.8° A dark-grey clay.

Station 366 (Magdalena Bay). — Lat. 79° 35" N,,
long. 11° 17 B.; d. 61 fms. (112 m.); b-t. —2.10, A

grey clay.

Station 367. — Lat. 78° 44’ N,, long. 7° 46’ E.;

H



Fvn. (978 M.). — 0.7°. Graat Ler med lidt brunt Sand-
ler. Mange Stene (veiende indtil 0.5 Gr.), bestaaende af
krystallinske Skifere.

Station 368. N. B. 78° 43’, @. L. 8° 20". 315
Fvn. (576 M.). 1.6° Blaagraat, uensartet Ler. En
Mengde Stene (veiende indtil 2.5 Gr.), bestaaende af Kvarts,
Granit, haard Lerskifer.

Station 369. N. B. 78 42, 9. L. 8 53"
Fvn. (159 M.). 0.8° En liden Progve af graat Ler.
Sten: Sandsten (veiende 8 Gr.).

87
En

Station 370. N. B. 78° 48, @. L. 8° 37". 109
Fvn. (199 M.). 1.1°% Graat Ler. Mange Stene (veiende
indtil 3 Gr.). bestaaende af Kvarts, Kvartsit, Sandsten,
blgd Lerskifer.

Station 37I. N. B.
Fvn. (360 M.). — 0.5

Station 372. N. B. 78° 9, @. L. 149 7',
Fvn. (236 M.). 1.2°. Morkgraat Ler.

780 8, @. L. 13° 46"
Graat, fint Ler.

197

129

Station 373. N. B. 78° 10/, @. L. 14° 21’. 120
Fvn. (219 M.). 0.8°  Morkgraat Ler. Nogle Stene
(veiende indtil 1 Gr.), bestaaende af krystallinske Skifere.

Station 374. N. B. 78° 16’, @. L. 159 33". 60
Fvn, (110 M.). 0.7°. Mgrkgraat Ler.
Station 375. N. B. 73° 30, @. L. 15° 8. 204

Fyn. (8373 M.). — 0.4°. Isfjorden. Mgrkgraat Ler. Ingen
Stene.

34

d. 535 fms. (978 m.); b.-t. —0.7% A grey clay along
with a little brown, sabulous clay, containing together many
pebbles (the largest weighing 0.577) of crystalline schists.

Station 368. — Lat. 78° 43’ N., long. 8° 20" E;
d. 315 fms. (576 m.); b.-t. 1.6°. A bluish-grey clay con-
taining a great many pebbles (the largest weighing 2.597) of
quartz, granite, hard argillaceous schist.

Station 369. — Lat. 78° 42’ N., long. 8° 53’ E;
d. 87 fms. (159 m.); b.-t. 0.8%. A small sample of grey
clay containing a fragment of sandstone, weighing 877,

Station 370. — Lat. 78° 48' N., long. 8" 37" E,;
d. 109 fmms. (199 m.); b-t. 1.1°. A grey clay containing
many pebbles (the largest weighing 377) of quartz, quartz-
ite, sandstone, soft argillaceous schist.

Station 371. — Lat.
d. 197 fms. (360 m.); b.-t.

78° 8 N., long. 13° 46" E;
— 0.5% A fine, grey clay.

Station 372. — Lat.
d. 129 fms. (236 m.); b.-t.

78° 9" N, long. 14° 7" E;
1.2°, A dark-grey clay.

Station 373. — Lat. 78° 10’ N., long. 14° 21’ E;
d. 120 fms. (219 m.); b.-t. 0.8% A dark-grey clay con-
taining a few pebbles (the largest weighing 1¢7) of crystal-
line schists.

Station 374. — Lat. 78" 16" N., long. 15° 33" E.;
d. 60 fms. (110 m.); b-t. 0,7% A dark-grey clay.

Station 375 (Ice Sound). — Lat. 75° 30" N,,
long, 15° 3’ E,; d. 204 fms. (373 m.); b.-t. — 049 A
dark-grey clay. No pebbles.




‘V'ed nerverende Afhandling er Bundprgverne vasentlig
betragtede fra et kemisk Standpunkt. En grundig
mikroskopisk Undersggelse af Slammet med Hensyn til dets
forskjellige Bestanddele vilde visselig veere af Interesse, men
kommer for Oieblikket til at treede 1 Baggrunden, da jeg
endnu ikke har faaet Anledning til at gjgre det ngdvendige
Forstudium for defte specielle Emne. Men hvis Leilighed
dertil gives, kommer jeg maaske senere til at undersgge
Expeditionens righoldige Materiale ogsaa i denune Retning.
For der arbeides videre, vil det imidlertid vare tjenlig at
afvente Resultaterne af Bundprovernes zoologiske Behand-
ling ved Hr. Professor Sars, ligesom man maa vere beret-
tiget til at formode, at Hr. Prof. Molns Underspgelser af
Havets fysiske Forhold maa kunne kaste Lys over mangt
et Spergsmaal med Hensyn til Slamarternes Udbredelse.
Thi vi ved, at mange forskjellige Krwfter kan bidrage til
Sedimenternes Dannelse og Afleiring, og for at belyse dem
paa en alsidig Maade er det ngdvendigt at tage flere af
Naturvidenskaberne til Hjelp.  Det store Materiale af
Bundprgver fra Expeditionens 375 Stationer frembyder rig
Anledning til et fortsat Studium. For den kemiske Under-
spgelse har de Sedimenter, der forekommer i den fineste
og mest ensartede Tilstand, stgrst Interesse. Jeg lLar der-
for vewesentlic lagt Veegten paa det egentlige Dybvandsslam
— Biloculinleret —, der desuden ogsaa er det mest ube-
kjendte. Kysthankernes Afleiringer har jeg derimod taget
mindre Hensyn til, da allerede Udseendet viser, at deres
kemiske Sammenswetning maa vere altfor vexlende til, at
at det i Almindelighed skulde vaere Umagen verd at under-
kaste dem en fuldstzendig kemisk Analyse. I mineralogisk
Retning har de allerede tidligere veieret Gjenstand for tal-
rige Undersggelser.

Rhabdammina-Leret frembyder derimod paa Grund af
Forekomststedet og sit s@regne Udseende en stgrre Interesse.

For at udfgre en fuldsteendig kemisk Analyse af Bund-
proverne, er jeg gaaet frem paa fplgende Maade:

Paa forskjellige Punkter af Bundprgven udtoges nogle
Stykker, der pulveriseredes og udvadskedes med Vand for

In this Memoir, the samples of the bottom are regarded
chiefly from a chemical point of view. A microscopic
examination of the deposit — ooze, mud, or clay — to ascertain
the various .substances composing it, would unquestionably
be attended with interesting results, but cannot, for lack of
time and special acquaintance with the subject, be under-
taken here. Meanwhile. T may perhaps on some future
occasion so investigate the large amount of material col-
lected on the North-Atlantic Expedition. Before procced-
ing further in that dirvection it will however be best to
await the results of Professor Sars’s zoological treatment
of the samples of the bottom, as there is also good reason
to believe that Professor Mohn, in his observations to de-
termine the physical conditions of the sea, will throw light
on much that is now dubious respecting the distribution of
oceanic deposits. We know that divers widely different
forces contribute to form the surface-layers of the bottom,
and must, therefore, for a full explanation of the phenomena
have recourse to several branches of natural science. The
rich collection of material obtained on the Norwegian Ex-
pedition, at 375 observing-stations, atfords ample means for
studying the nature of the substances distributed over the
bed of the North-Atlantic. As regards the chemical in-
vestigation of the samples, it is the finest and compara-
tively homogeneous deposit that, when submitted to analysis,
may be expected to give the most interesting results. Hence, I
have laid especial stress upon the necessity of thoroughly investi-
gating the deep-sea or Biloculina clay, — which besides is the
least known of oceanic deposits. To the surface-layers of the
coastal banks, on the other hand, comparatively little at-
tention has been paid, their outward aspect being of itself
sufficient to show that, as a rule, they will not repay the
trouble of a rigorous analysis. by reason of the varying
character of their constituents. The mineralogical features
of these coastal deposits have been repeatedly determined.

Rhabdammina clay has a peculiar and easily recog-
nizable appearance, which gives it accordingly so far excep-
tional interest.

‘When submitting the samples of the bottom to rigor-
ous analysis, I went to work as follows: —

Portions of the sample were picked out at different
points, pulverized, and washed several times in distilled

5*



at fjerne det vedhengende Sgsalt. Ganske fuldsteendig sker
dette forst ved Kogning, men ved Analyserne er forresten
en Behandling med koldt Vand tilstreekkelig, da det kun
er forsvindende Mwengder af Salt, som bliver tilbage i Leret.

Bundprgverne tgrredes derpaa ved omtrent 1000 C.
Nogle Gram udtoges og glgdedes i en Platindigel i Perrot's
Ovn til konstant Vegt. for at bestemme Vand og organiske
Stoffe (Glgdningstab). Af den samme Prpve afveiedes b
eller 10 Gr. — alt efter Lerets Ensartethed — og kogtes
i en Kolbe med 80 eller 40 Ke. fortyndet Saltsyre (20
pCt.) i omtrent et Kvarter.

Ved ngiagtic at anvende denne samme Behandlings-
maade ved de forskjellige Analyser faar man nogenlunde
overensstemmende Resultater for den dekomponerbare Del
af Bundprgven, isier ved de finere Slamarter (Biloculinler).
Ved nogle Kontrolanalyser, jeg har udfprt for at forsikre
mig om Rigtigheden heraf, har jez ikke faaet nogen storre
Variation end 2--3 pCit.

Filtratet fra det saltsure Udtrazk fortyndedes til 500
eller 250 Ke. Med en Pipette udtoges af Oplgsningen 50
eller 25 Ke., hyori Jern, Lerjord, Kalk og Magnesia be-
stemtes ved de sedvanlige Faldningsmidler.

En foregaaende Inddampning for at fjerne den oplaste
Kiselsyre blev tildels udfort, men er forgvrigt ungdvendig,
da denne Bestanddel at Bundpreven kun forekommer spor-
vis 1 det saltsure Udtrek.

I en anden Portion bestemtes Jernoxydul ved Titre-
ring med Kam:leon; den samlede Jernmengde fandtes paa
samme Vis etter Reduktion med Zink.

Det i Saltsyre uoplgste Residuum udkogtes med en
Oplgsning af kulsurt Natron til Bestemmelsen af Kiselsyren
i de dekomponerede Silicater, blev derpaa glodet til kon-
stant Vegt i Perrot's Ovn og veiet. En Del deraf (0.8
til 0.9 Gr.) opsluttedes med kulsurt Kali-Natron, Kisel-
syren fraskiltes, og af Filtratet udfzeldtes Lerjord 4 Jern
og Magnesia paa almindelig Maade. Det forste Bundfald
oplastes efter Veiningen i koncentreret Saltsyre?, Jernet
bestemtes derpaa ved Feeldning med Ammoniak, efterat
Lerjorden var fjernet med Natronlud.

For med Hurtighed at kunne bestemme Meengden af

! Hvad enten man anvender 100° eller 110°, gjor ingen vesent-
lig Forskjel.

? Ved denne Behandling kan det vwere vanskeligt at faa Bund-
faldet fuldsteendig oplgst, men dette er heller ikke ngdvendigt, da det
tilbageblevne uoplgste veaesentlig bestaar af Lerjord; selv om denne
skulde indeholde smaa Mengder af Jern, er den ialfald ved Behand-
lingen med Saltsyre blevet skikket il at paavirkes af Natronlud,
hvorved Jernoxydet bliver uoplgst. Dette har jeg ved Forsgg over-
bevist mig om.

water, to get rid of the salts. This cannot however be
done entirely without boiling the mass; but for ordinary
chemical analyses, repeated washing in cold water is quite
sufficient, the residue of salt still remaining in the sub-
stance being hardly appreciable.

The portion of deposit was then dried at about 1000
C., after which a few grammes, placed in a platina crucible,
were thoroughly heated in one of Perrot’s furnaces. to de-
termine the proportion of water and organic substances
(loss by ignition). From the same portion, 5 or 10 grammes
according as the deposit was more or less homogeneous
in character — were next weighed off and boiled in a flask,
for about a quarter of an hour, along with 80« or 40¢ of
diluted hydrochloric acid (20 per cent).

By exclusively adopting this method, fairly congruous
results may he obtained for the decomposable part of the
substance analysed, especially as regards the finer deposits
(Biloculina clay). With divers test-analyses specially made
to substantiate the trustworthiness of the process in question,
the greatest difference did not exceed 2 or 3 per cent.

After dissolving the sediment filtered from the decoc-
tion with hydrochlorie acid, and diluting the fluid till its
volume had reached 500¢« or 250+« the iron, alumina,
lime, and magnesia in 50« or 25« of the solution —
drawn off with a pipette — were determined in the usual
manner.

Previous evaporation, to get rid of the silicic acid,
was had recowrse to for some of the analyses. though such
is not strictly necessary, traces only of that constituent oc-
curring in the decoction,

In another portion of the same sample, protoxide of
iron was determined by titrating with permanganate of
potash, and the total amount of iron in like manner
after desoxidation with zinec.

The residue insoluble in hydrochloric acid was boiled
along with a solution of carbonate of soda, to determine
the proportion of silicic acid present in the decomposed
silicates, and was then thoroughly heated in one of Per-
rot's furnaces, and weighed. Part of it (0.8—0.9 gramme)
was fused with carbonate of potash and soda, the silicic
acid got rid of, and alumina, iron, and magnesia pre-
cipitated in the usual manner. The first deposit was dis-
solved, after weighing, in concentrated hydrochloric acid,?
and the iron then present determined by precipitation with
ammonia, the alumina having been previously abstracted by
means of soda-lye.

To determine in a short space of time the proportion

! Whether at 100° or 110° makes very little difference.

? Thus treated, it may be difficult to dissolve the whole of the
deposit; but this is not necessary, the undissolved residue consisting
chiefly of alumina; and even if it should contain minute quantities
of iron, the treatment with hydrochloric acid will have rendered
it susceptible to the action of soda-lye, causing the oxide of iron
to remain undissolved. Of this I have satisfied myself by direct
experiment.



den kulsure Kalk i Leret har jeg benyttet et af S. W.
Johnson konstrueret Apparat (Zeitschrift fir anal. Chemie,
9, 8. 90). Dette er fortrinlig skikket til en hurtig og
sikker Bestemmelse af Kulsyren i de let dekomponerbare
Karbonater. Johnsons Apparat har den Fordel fremfor
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of carbonate of lime present in oceanic deposit, I made
use of an instrument devised by S. W, Johnson (Zeitschrift
fir anal. Chemie, 9, 8. 90), and admirably adapted for
speedy and accurate determination of the carbonic acid in
easily decomposable carbonates,

Johnson’s apparatus has

Bunsens og de gvrige, at det ikke ngdvendiggjor nogen
Udsugning og Udkogning for at fjerne den tilbageblevne
Kulsyre. Apparatet (se ovenstaaende Tegning) med den
afveiede Substans fyldes (gjennem @) med tor Kulsyre fra
et Udviklingsapparat og veies; derpaa holdes det paaskraa,
saa at Saltsyren fra det peereformige Reservoir vinder over
1 Kolben. Naar Karbonatet er fuldstendig dekomponeret,
ledes Kulsyre atter igjennem og Veiningen udfgres paany.
Bestemmelsen kraever neppe en halv Time.

Med Apparatet fandt jeg i kulsur Baryt ved to Be-
stemmelser: 22.27 pCt. og 22.20 pCt.; beregnet: 22.33 pCt.
I Bundpr. fra St. 300 fandtes ligesaa 2.46 pCt. og 2.55pCt. CO,
r — , , 53 12.70 12.81
Altsaa en Npiagtighed som ikke lader noget tilbage at
gnske.

this advantage over Bunsen's and other instruments of the
kind, that no absorptive, boiling-out process is necessary
to get rid of the residuary carbonic acid. The apparatus in
question (see Fig. ), containing a given quantity of the
substance, is filled (through a) with dry carbonic acid, and
duly weighed; it is then held obliquely, that the hydro-
chloric acid from the pyriform reservoir may flow into the
flask.  So soon as the carbonate of lime is completely
decomposed, the carbonic acid is again conducted through
the apparatus, and the weighing carried out as before.
Half an hour will amply suffice for the operation.

With this apparatus, I found in carbonate of baryta,
as the result of two determinations, respectively 22.27 per
cent and 22.20 per cent of carbonic acid (by computation
22.33 per cent). Again, in the sample of the bottom brought
up at Station 300, the proportion thus determined was
2.46 per cent and 2.55 per cent; in that from Station 53,
12.70 per cent and 12.81 per cent, — a degree of accu-
racy that leaves nothing to be desired.



Da Farven er et karakteristisk Kjendemarke for den
ydre Adskillelse af de forskjellige Sedimenter, maa det vere
af Interesse at kjende deres dermed sammenhwengende kemi-
ske Egenskaber. I denne Anledning maa vi rette vor Op-
merksomhed mod den Oxydationsgrad, hvori Lerets Jern-
mengder befinder sig.

For at faa saa mange Observationer som muligt i
denne Retning har jeg samtidig med Kalkbestemmelserne
tilberedt mig et saltsurt Udtrek (paa den forud omtalte
Maade) af den samme Prove, hvis Kulsyregehalt var fundet
ved Johnsons Apparat. Jernoxydul er titreret med Kamze-
leon og Jernoxyd med undersvovlsyrligt Natron og Jod-
oplgsning .

Som de senere Analyser vil vise, indeholder det
saltsure Udtrek den veesentligste Del af Lerets samlede
Jernmaengde.

Graat Ler.

Undersggelsen af de talrige Bundprever (over 150),
der er indsamlede paa Kystbankerne rundt det europwmiske
Nordhav, har godtgjort, at den graa (stundom blaagraa)
Farve i Almindelighed er en filles Egenskab for alle de
Slamdannelser, der bedickker disse grundere Dele af Hav-
bunden. I andre Retninger er imidlertid dette graa Ler
af en temmelig uligeartet Beskatfenhed.

Paa nogle Stationer finder vi det som en fin plastisk
Masse. der ved Torring trackker sig sterkt sammen og
danner en haard Klump af en saadan Fasthed., at man
ofte maa bruge cn Hammer for at slaa den istykker.
Andetsteds er Leret mere porost og grovkornigt: det kryber
kun lidet sammen ved Torving oz bliver blot lost sammen-
haengende.

Denne Uligeavtethed er athangig af Biblandingen af
grovere Materiale i Form af Sand (Kvartskorn) og uorga-
niske Dyrelevninger.

Naar vi underkaster Leret en Slemning for at under-
soge dets Blandingsforhold. faar vi et storre eller mindre
Residuum. der hovedsagelig indeholder Skaller eller Skal-
brudstykker af kalkafsondvende Dyr og grovere mineralske
Partikler. De sidste hestaar som oftest for en vaesentlig
Del af smaa Kvartskorn, der i Almindelighed er noget af-
rundede i Kanterne. T hvilken hoi Grad dette uforgjange-
lige Mineral or fremberskende fremfor de pvrige i Afleivin-
gerne pan de grundere Dele af Havbunden, er paavist af
Delesse i hans Vierk: =Lithologic du fond des mers”

En paalidelig kvantitativ Slemningsanalyse lader sig
vanskelig udfore i de torrede Bundprgver. Ved Kogning
med Vand kan man vistuok faa den faste Lermasse opbladt,

' Den sidste Methode kan vistnok ikke gjere Fordring paa nogen

stor Npiagtighed. men maa dog ansees for tilfredsstillende ved det
foreliggende Giemed.
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Colour being the chief external feature distinguishing
oceanic deposits, it must obviously be of interest to learn
whence that character is derived; and on investigating the
subject, we find chemical agency to constitute the origina-
ting cause, — viz. the more or less advanced stage of oxi-
dation in which the iron of the deposit occurs.

With a view to elucidate this question as fully as
possible, I prepared, when performing the carbonate of
lime determinations, a separate hydrochloric acid decoction
(in the manner previously described) of the same sample of
deposit in which the proportion of carbonic acid had been
found with Johnson's apparatus. The protoxide of iron in
this decoction was titrated with permanganate of potash
and the sesquioxide with hyposulfite of soda and solution
of iodine.!

From the subsequent analyses it will appear that the
hydrochloric acid decoction contains the greater part of
iron present in the deposit.

Grey Clays.

A comparative examination of the numerous samples
of the bottom (upwards of 150) collected on the coastal
banks of the North-Atlantic. has shown that, as a rule, the
grey or bluish-grey colour constitutes a distinctive feature
common to all sedimentary deposits covering the shallower
portions of the sea-bed. In other respects, however, this
clay differs very considerably.

At some of the observing-stations it was found to
occur as a fine, plastic substance. which. when dried, con-
tracts into a lumpy mass, so hard and compact that a hammer
has frequently to be used for breaking it. In other local-
ities. this coastal clay is more porous in character and
coarsely granulated; it shrinks very little on exposure to
heat. and has, when dry, but trifling colesive power.

This want of homogeneity arises from the presence
of coarser materials, such as sand (quartz) and inorganic
animal remains.

On thoroughly washing the clay. to determine the extent
of admixture, there will be found a greater or less residue,
composed chiefly of calearcous shells or fragments of such and
other mineral particles. Grains of quartz, as a rule rounded
at the edges, generally constitute the greater part of the
latter. The extent to which quartz predominates over other
mineral substances as a constituent of oceanic deposit in
the shallower parts of the sea-bed, has been shown by De-
lesse in his work “Lithologie du fond des mers.”

To obtain a trustworthy determination of the various me-
chanical constituents in the clay by washing, is hardly practi-
cable. The concrete substance of the deposit may, indeed,

! Titration by this method does not indeed give a high degree
of accuracy, but may for this purpose be regarded as yielding fairly
satisfactory results.



men det er neppe muligt at bringe dens amorfe Partikler
1 eun tilstaekkelig fint fordelt Tilstand.

Det kunde synes naturligt at antage, at den Grad af
Finhed, hvori Lerets mineralske Blandingsdele befinder sig,
maatte staa 1 et loviessigt Forhold til Afstanden fra Land.
I det store taget er dette ogsaa ganske rigtigt, nemlig naar
der er Tale om liengere Strackninger, eller hvis man altsaa
sammenligner Bundprgver, der er optagne tjernt fra hin-
anden og paa forskjellige Dyb (f. Ex. paa Kystbankerne
og i det egentlige Havbasin), men indenfor det graa, Lers
eget Omraade er den ovenanfgrte Regel neppe anvendelig.
Kystsedimenternes Foranderlighed og Ubestemthed i denne
Retning er tidligere paavist ved talrige Observationer, og
Bundprgverne fra den norske Expedition tjener til Bekreef-
telse lierpaa.

Jeg skal saaledes exempelvis nevne, at vi ved Expe-

ditionens sydligste Rute — fra Sognefjordens Munding til
Island -— paa Stationerne 8 og 9, der ligger 4—5 Mile

fra Land, finder en fin ensartet Prgve, der udelukkende
bestaar atf amorft Tier, medens derimod Stationerne 14 og
18 — omkring 7 og 18 Mile lengere ud i Havet — viser
et grovkornigt Ler, der ved NSlemning gav et betydeligt
Residium (30—40 pCt.) af grovere mineralske Partikler.

Det samme Forhold mgder os ved Betragtningen af
Bundprgverne fra Expeditionens nordligere Snit.  Paa Sta-
tionerne 110, 114, 116, 117, 118 og 123 (15—30 Mile fra
Land), har jeg saaledes ogsaa fundet fint- og grovkornigt
Ler i et vexlende Forhold, der ikke synes at rette sig efter
Afstanden fra Kysten. Denne Uregelmeessighed viser sig
i det Hele taget overalt paa Kysthankerne, hvor Expedi-
tionen har foretaget Dybdemaalinger fra Land og udover
mod Havet 1 planmessig Rakkefolge.

Af de Dyr, hvis uorganiske Rester forekommer i
Kystleret, gives der naturligvis en Mangfoldighed af Axrter,
ligesom de ogsaa optreder i vexlende Antal, men sjelden
udgjor de nogen veesentlig Del af Bundpreverne. Blandt
de almindeligste af de Foraminiferer, der fundne 1
Bundprgverne fra de norske Kystbanker, er Slegten Uvige-
rina'. Denne Foraminifer er sjeldnere i det graa Lier
langs Spidsbergens Kyst, der i det Hele taget synes at
veere fattigere paa Dyrelevninger. Det kan nwevnes, at jeg
her paa enkelte Stationer har fundet -Discorbing i et stort
Antal.

Proverne af graat Ler fra Fwerg-Islandsbanken viste
sig at veere newesten fuldkommen frie for Dyrelevninger.

I Havet nordenfor Norge er det vanskelig at bestemme
Grendserne for det graa Lers Udbredelse, da det her stp-
der sammen med og lidt efter lidt gaar over i det grgulige
Rhabdammina-Ler. Langs Nordkysten af Norge er der af
Expeditionen ikke foretaget nogen Dybdemaaling, men vi

er

1 Jeg maa oplyse om, at Hr. Prof. Sars har veret af den God-
hed at bestemme disse i Leret forekommende Dyr, der iswerdeleshed
har tiltrukket sig min Opmerksomhed.
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be macerated by boiling in water: but how reduce the
amorphous matter to the requisite degree of fineness.

It seems reasonable to assume that the magnitude of
the mineral constituents of the clay should be mainly de-
termined by the distance trom land.  And, taken in a broad
sense, this is found to be the case, viz. with regard to ex-
tensive tracts of the bottom, or. when comparing samples
from widely distant localities and ditterent depths (for ex-
ample, the coastal banks as contrasted with the true ocean-
basin); but within the limits of the grey clay formation the
rule will hardly apply. The variable and uncertain charae-
ter of shore-deposits in this rvespect, has previously been
shown by numerous observations, and the samples of the
bottom obtained on the Norwegian Expedition afford addi-
tional proot.

Thus, for instance, on the most southerly route of

the Expedition — trom the mouth of the Sognefjord to
Iceland -~ samples of a fine. homogencous deposit, con-

sisting exclusively of amorphous clayey matter, came up at
Stations 8 and 9, distant vespectively 4 and d geographical
miles from land, whereas at Stations 14 and 18, lying
about 7 and 18 geographical miles farther out, the bottom
was found to be covered with a coarsely granulated clay
that, on being thorougly washed, left a very considerable
residue (30 or 40 per cent) of coarse mineral particles.

A similar contrast is met with on comparing together
the samples of the bottom from-the novthern section of the
tract exploved. Thus, at Stations 110, 114, 116, 117, 118,
and 123 (from 15 to 30 geographical miles from land) I
found finely and coarsely granulated clays occurring under
conditions which are in no wise determined, it would seem,
by the distance from the coast. This striking want of
uniformity proved generally characteristic of coastal deposit
wheresoever systematic series of soundings were taken from
the shore to the banks.

The inorganic animal remains that oceur in the grey
coastal clay are referable to a great variety of species,
more or less numerously represented, but they rarely con-
stitute any considerable portion of the deposit. Among
the Foraminifera found in the samples of the bottom from
the Norwegian coastal banks, one of the genera of most
frequent occurrence is Uvigerina.! This animal is compar-
atively rare in the grey clay oft the coast of Spitzbergen,
which indeed would appear to. be less rich in animal re-
mains. Here, however. at a few Stations, I found the
deposit to contain great numbers of the shells of Discorbina.

The samples of grey clay from the Firoe-Iceland
bank exhibit scarce a trace of animal remains.

In the tract of ocean stretching north of Norway, it
is difficult to determine the exact limits for the distribution
of the grey clay, since it there borders on, and is gradually
merged into, the greenish-coloured Rhabdammina clay. Along
the north coast of Norway no soundings were taken, but

1 Professor G. O. Sars has had the kindness to determine such
of the animals occurring in the clay as particularly attracted my
attention.



har derimod flere Underspgelsesstationer i de store Fjorde,
der her skjerer sig ind i Landet.

I Altenfjorden fandtes et fint, lyst grongraat Ler, i
Porsangerfjorden et morkt gronligt. der ligner Rhabdammina-
Leret, og i Tanafjorden et ensartet. lysgraat Ler.

Den Del af @sthavets grunde Havbund, der i Syd
for Beeren Eiland begynder at skraane ned mod det vest-
lige Dyb, er vistnok i Almindelighed bedxkket af et graat
Ler, men dette er ofte biblandet et brunt Sandler, der
danner det gverste Lag af Sedimentet og stundom udgjor
den overveiende Del af Bundproven. Disse Uregelmessig-
heder bar jeg ved Tegningen af Kartet undladt at tage
Hensyn til. Som det vil sees af dette, har jeg lagt det
graa Ler som en Fortsettelse fra Norges Kystbanker op-
over mod Nord forbi Vestsiden af Beeren Eiland og videre
langs Spidsbergens Kyst. Efter hvad der i det nmrmest
foregaaende er sagt. vil det imidlertid veere indlysende, at
de Grendser, jeg har trukket for det mraa Lers Udbredelse
imellem Norge og Beeren Eiland, er af en noget ubestemt
Art eller ialfald maa Dbetragtes med et vist Forbehold.
Denne Usikkerhed ved Kartet indskrenker sig imidlertid
til denne Del af Havhunden: de ovrige Graendsers Paalide-
lighed er sikret ved talrigere Stationer og ved en storre
Grad af Regelmwssighed med Hensyn til Sedimenternes
Fordeling.

Det graa Ler langs Spidsbergen synes gjennemgaaende
at vere af en noget morkere Farve end Norges Kystler,
men hvad der forpvriet er sagt om det sidste, gjelder i
sin Almindelighed ogsin om hint.

De Bundprover. der udelukkende bestaar af graat Ler.
er sjelden optagne paa nogen storre Dybde end 400—450
Favne. Langs den nordlige Del af den norske Kyst findes
der blot nogle faa Stationer, som danner Undtagelser fra
denne Regel. De mest abnormale i denne Retning er Sta-
tionerne 134, 136 og 137! hvor vi finder det zraa Ler
indtil et Dyb af 844 Favue. Ved Betragtning af Dybde-
kartet over det norske Hav vil man se, at Havbunden. der
hvor disse Stationer forekommer, viser en meget eiendom-
melig Formation. Kystbaukerne. der langs Vesteraalen og
Lofoten har en temmelig snever Udstrwekning, udvider sig
nemlig paa dette Sted temmelig pludselig til et stprre Om-
raade. Omkring de nwevnte Stationer gjor Dybdekurven
for 800 Favne en skarp og trang Bugt og fortswettes i en
ny Retning, der nwsten danner en vet Vinkel med dens
foregaaende. Denne  eiendommelige og interessante Form
af Havbunden cr meget ngiagtig bestemt ved talvige Dybde-
maalinger. Som det sencre skal omtales, fandtes der ogsaa
i denne Bugt en Mngde Stene.

Paa de sydligere Dele af de norske Kystbanker synes
det graa Ler i Almindelighed at gaa ned til storre Dyb
end lengere Nord. I @st for Island fandtes det graa Ler

! Disse Stationer ligger imellem 67° og 6ix° N. B. 8° og 9° @. L.
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the Expedition had several observing-stations in the great
fjords of that region.

In the Alten Fjord, the surface-layer of the bottom
was found to conmsist of a fine, light-coloured. greenish-grey
clay: in the Porsanger Fjord, of a dark. greenish clay,
resembling Rhabdammina; and in the Tana Fjord, of a
light-grey homogeneous clay.

The shallow bed of the East Sea. which, south of
Beeren Eiland, begins to slope down towards the western
depths, is, indeed, in that locality chiefly covered with a grey
clay; but a brown, sabulous clay often occurs as the top
layer of the deposit. and sometimes constitutes the princi-
pal part of the sample. Meanwhile, I had no regard to
these exceptional characteristics when drawing the annexed
map, in which the grey clay is shown to extend from the
Norwegian coastal banks northward past the western shores
of Beeren Eiland, and thence along the coast of Spitzber-
gen. From what has been stated above, it will, however,
be apparent. that the limits I have traced for the distribu-
tion of the grey clay between Norway and Beeren Eiland
are to a certain extent problematical, or should at least
be regarded with some reservation. But this uncertainty
dees not extend to any other part of the sea-bed marked
off on the map; numerous observing-stations. together with
greater uniformity of distribution, vouch for accuracy as
regards the outline of the remaining sections.

The grey clay occurring along the coast of Spitzber-
gen would appear to be somewhat darker in colour than
the Norwegian shore-deposit; but for the rest, what has
been observed respecting the latter, will as a rule apply
with equal force to the former.

Samples of the bottom consisting exclusively of grey
clay were rarely obtained from a greater depth than 400
to 450 fathoms. In some few localities, however, off the
northern part of the Norwegian coast, this limit was con-
siderably exceeded. The most notable exceptions to the
rule occur at Stations 134, 136, and 137.! where the
arey clay reaches as far down as 844 fathoms. On
examining the Depth Chart, a very peculiar configuration
will be seen to characterize the basin of the North
Atlantic in the locality where those Stations are located.
Here the coastal banks, comparatively narrow off Vester-
aalen and Lofoten, suddenly expand. Round the afore-
said Stations, the curve of depth (800 fathoms) makes a
sudden bend. after which it strikes off in a new direction
well-nigh at right angles to that it had before. This sin-
gular and interesting feature in the contour of the ocean-
bed has been accurately determined by numerous trustworthy
soundings. Here, too, within the bend of the curve, the
deposit contained a great many pebbles.

At the southern extremity of the Norwegian coastal.
banks, the grey clay would as a rule appear to attain a
greater depth than at the northern. East of Iceland this

! Between lat. 67" N., long. 8° E. and lat. 68° N.. long. 0° E.



paa D71 Favne; ligeledes forekom det paa Vestkysten af
Spidsbergen i et usedvanligt Dyb (Stationerne 367 og 361,
535—905 Favne).

Som udgjgrende en Del af Bundprgverne eller altsaa
som det underliggende Lag af Sedimenterne er det graa
Ler fundet paa de stgrste Dybder. Dette skal nmrmere
omtales under Beskrivelsen af de gvrige Slamarter,

Stene fandtes ofte i Bundprgverne, iser paa de grun-
dere Steder. Beskrivelsen over deres Art og Udbredelse
paa Kystbankerne, saavelsom paa de gvrige Dele af Hav-
bunden, vil jeg gjore til et swrskilt Afsnit af denne Af-
handling.

T kemisk Retning frembyder det graa Ler paa Grund
af sin Uensartethed eller sit vexlende Blandingsforhold min-
dre Interesse end de finere Sedimenter. Lerets Kalkgehalt,
der nermest tiltreekker sig vor Opmerksomhed, retter sig
naturligvis til en vis Grad efter dets Forraad paa uorgani-
ske Dyrelevninger og udgjer derfor i Almindelighed ingen
veesentlic Mengde 1 Forhold til de gvrige mineralske Be-
standdele. Man finder- imidlertid ikke sjelden, at Leret i
sig selv har en ganske anseelig Kalkgehalt (indtil 20 pCt.),
der ikke kan tilskrives de synlige, mekanisk biblandede
Rester fra Dyrelivet.

I to forskjellige Bundprgver fra det graa Ler har jeg
udfprt fuldsteendige Analyser. Den ene Preve (362) er fra
Expeditionens nestnordligste Station og bestaar blot af graat
Ler; den anden (213) er optaget indenfor Biloculinlerets
Omraade fra dets underliggende Lag.

Station 362.

N.B. 79° 59, @. L. 5° 40",
Temperatur ved Bunden — 1.0¢. Blaaliggraat, nogenlunde
ensartet Lier. Nesten ingen uvorganiske Dyrelevninger.
Nogle smaa Stene.

459 Favne (839 Meter).

Glgdningstab 4.13

‘Jernoxydul . 2.98

Jernoxyd . 2.27

Dekomponeret Lerjord 7.66
af Kalk 0.28
Saltsyre Magnesia . 1.24
24.09 pCt. Kulsur Kalk 1.02
Fosforsyre Spor

Kiselsyre . 5.64

Udekomponeret Jernoxyd . 1.51
af Lerjord 9.92
Saltsyre Magnesia . Spor
72.50 pCt. Kiselsyre . . 61.07
Sum 100.72

Den norske Nordhavsexpedition. Schmelck: Chemi.
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deposit was met with as far down as 571 fathoms; and off
the west coast of Spitzbergen it also occurs unusually deep
(at Stations 367 and 361, 535—905 fathoms).

As constituting some portion of the samples, viz.
their bottom layer, the grey clay has been brought up from
the greatest depths. On this head I shall have more to
say when describing the other deposits.

Pebbles were frequently found in the samples of the
bottom, more especially in those from shallower localities.
For investigating the nature of these constituents and their
distribution alike on the coastal banks and elsewhere over
the bed of the oceaun-tract explored. a separate section of
this Memoir will be devoted.

As a subject of chemical analysis, the grey clay, by
reason of its want of homogeneity, or the extent to which
it differs mechanically, is less interesting than the finer
of the oceanic deposits. The amount of lime which, from
a chemical point of view, chiefly attracts attention. must
of course he more or less dependent on the proportion of
inorganic animal remains. and from that source, therefore,
as a rule, but trifling, as compared with the other mineral
constituents. Meanwhile, this clay is not infrequently found
to contain a very considerable portion of lime (as much
as 20 per cent) which cannot be derived from percep-
tible calcareous remains of animals mechanically mixed
with the deposit.

Of the grey clay, T have submitted two different
samples to rigorous analysis. Omne of these came up at
the most northerly Station (362). and consisted exclusively
of grey clay; the other was obtained at Station 213, from
the under layer of Biloculina clay.

Station 362.

Lat. 79° 59" N., long. 5° 40" E.; 459 fathoms (839
metres); bottom-temperature — 1.0°. A Dbluish-grey, com-
paratively homogeneous clay containing a few pebbles, but
hardly any inorganic animal remains.

Loss by ignition 4.13

Protoxide of iron . 2.98

Sesquioxide of iron 2.27

Decomposed Alumina . 7.66
by J Liime 0.28
Hydrochlorie Acid | Magnesia . . 1.24
24.09 per cent. 1} Carhonate of lime. 4.02
Phosphoric acid  Traces

Silica . 5.64

Undecomposed [ Sesquioxide of iron 1.51
by Alumina . 9.92
Hydrochloric Acid Magnesia . Traces
72.50 per cent. Silica . . 61.07
100.72
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Samlede Bestanddele:

FBO" FegO, AlgOs CaO MgO C&GOS P 205 SIOQ
298 378 1758 028 124 402 Spor 66.71
Glgdn.tab Sum
4.13 100.72
Station 213.

N. B. 70° 28, ©. L. 2° 30". 1760 Favne (3219
Meter). — 1.2°. Graat, yderst fint Ler, liggende under
Biloculinleret, hvoraf der paa denne Station kun fandtes

ganske smaa Mengder.
Lerets specifiske Vegt var 2.79.

Gledningstab 5.59
Jernoxydul . 3.06
Jernoxyd . 4.45
Dekomponeret | Letjord 6.32
af ) Kalk . 1.20
Saltsyre Magnesia . . 2.76
36.06 pCt - Kulsur Kalk 4.21
Fosforsyre . Spor
Kiselsyre . . 14.00
Udekomponeret Jernoxyd . . 272
af Lerjord L1177
Saltsyre Magnesia . . 159
AT.20 pCt. Kiselsyre. . . . 41.12
Sum 98.85

Samlede Bestanddele:

FeO FG:O'; A.leOa CaO MgO Ca.CUg P:O_r, SlOg
3.06 7.7 1809 120 435 427 Spor 55.12
Gladn.tab Sum

5.09 98.85

I den fglgende Tabel har jeg opstillet de Kalkbestem-
melser, der ved Hjelp af Johnsons Apparat er udforte i
Prgver fra det graa Ler, tilligemed Mmngderne af Jern-
oxydul og Jernoxyd, som samtidig er fundne ved Titrering
i det saltsure Udtreek. I de sidste Rubriker har jeg opfort
den samlede Jernmengde og Forholdet mellem Oxyderne,
hvilket altsaa er et Udtrvk for Lerets Oxydationsgrad.
For Tabellen er ogsaa medtaget Undersogelserne af det
graa Ler fra nogle af de Stationer, hvor det forekommer
som et underliggende Lag indenfor de andre Sedimenters
Omraade. Oplysning derom er tilfoiet under Anmerk-
ninger.

! Jernoxydulmeengden refererer sig her — ligesom i de folgende
Analyser — blot til den af Saltsyre dekomponerede Del, da den ikke
er bestemt i den uoplaselige.

Foruden de ovenanfgrte Bestanddele fandtes i alle Bundpre-
verne Spor af Mangan i Residuet fra det saltsure Udtreek; dette inde-
holdt ogsaa i Almindelighed smaa Mengder af Kalk.
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Constituents of Sample: —

FeO? FBgOs A].gOs Ca0 MgO 03003 ) 5 205 SlOg
2.98 378 1758 028 1.24 402 Traces 66.71
Loss by Ignition.
4.13 = 100.72.
Station 213.

Lat. 70° 28’ N., long. 2° 30’ E.; 1760 fathoms (3219
metres); bottom-temperature — 1.2°. A grey, exceedingly
fine clay underlying the Biloculina clay that occurred very
sparingly at this Station.

Specific Gravity of Sample 2.79.

Loss by ignition 5.59

Protoxide of iron . 3.06

Sesquioxide of iron +4.45

Decomposed Alumina . 6.52
by J Lime . 1.20
Hydrochloric acid | Magnesia . . 276
36.06 per cent. | Carbonate of lime. +.27

Phosphoric acid Traces

Silica . . 14.00
Undecomposed | Sesquioxide of iron 2.72
by Alumina . L LLTT
Hydrochlorie acid | Magnesia . 1.59
57.20 per ol | Hilica . . 4112
988
Constituents of Sample: —
FeO Fes0; ALO; CaO MgO CaCO. P,O; SiO.
306 7.7 1809 120 435 427 Traces 55.12
Loss by Ignition.
5.59 = 98.85.

In the following Table I have given the amount of
lime determined with Johnson's apparatus in samples of
the grey clay, together with the proportion of protoxide
and sequioxide of ivon found by titration in the hydrochlo-
ric acid solntion. The four right hand columns show the
total amount of iron and relative proportion of each oxide,
thus expressing the degree of oxidation in which the clay
occurs. The results set forth in the Table also comprise
those obtained on analysing grey clay from some of the
localities where it constitutes an under layer of other
oceanic deposits. Such samples are specified in the last
colunm, headed “Remarks,”

! The protoxide of iron refers exclusively, both here and in all
subsequent analyses, to the amount decomposed by hydrochloric acid;
in that remaining insoluble it was not determined.

Exclusive of the constituents specified above, all the samples
of the bottom exhibited traces of manganese in the residuc from the
hydrochloric acid decoction, which also contained as a rule small quan-
tities of lime.
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Nordlig Leengde pybde i Saml i
Station.| Bredde. fra Greenw. | engl. Favne. (a0, Fe,0, FeO amlet Fe Fey O,: Anmerkninger.
(V. Lat) (Long..  (Depen (Total Fe.) FeO (Remarks.)
\ f. Greenw.) in Eng. Fath.)
10 61° 41’ 3% 19’ E. 220 20.41 .56 I. 72 2.2 Ingen synlige No perceptible Cal-
4 3:3 59 37 4 Kalkskaller, careous Shells.
41 63 37 7 10 W. 697 8.13 6.37 3.98 7.56 1.60
'Faal‘ﬂ—lslands- The Feroc-Iceland
49 65 o g 25 W. 437 6.50 5.09 3.47 6.26 1.47 Jbanken Ingen Bank. No Cal-
Kalkskaller, careous Shells.
50 65 26 8 24 W. 571 10.32 4.59 2.19 4.91 2.09
f Underliggende Under Layer;
98 65 356 5 21 E. 388 17.27 2.24 1.90 3.05 1.18 Lag (gverst  the Upper Brown
| brant Ler). Clay.
107 65 21 10 44 E. 172 9.41 2.23 2.02 3.13 1.10 6—7 Mile 6 or 7 Miles
fra Kysten. Srom the Coast,
213 | 70 23 2 30 B. 1760 4.2 . .06 ) 1. Undrl. Lag (gv. Under Layer; the
\ 7 7 445 3 549 45 Biloculinler). Upper Biloe, Clay.
266 71 27 |35 39 E. 130 Spor. 2. 2. 71 1.02 |Undrl Lag (¢v. Under Layer; the
(T1I‘:¢)zces.) 57 45 87 Rhabdam.-Ler). Upper Rhabd. Clay.
289 72 41 |20 18 E. 219 3.61 2.56 1.70 3.11 1.51
, Underliggende Under Layer; the
301 74 I 1 20 W, 1684 0.45 Lag (dverst  Upper Layer Bilo-
) Biloculinler). culina Clay.
323 72 53 |21 51 K. 223 2.15 3.38 2.28 4.14 1.48
362 79 59 5 40 E. 459 4.02 | 2.27 2.98 3.91 0.76
373 78 10 14 26 E. 120 6.13 2.43 3.00 4.49 | 0.68 Mgrkgraat Ler.  Dark-grey Clay.
t Isfjorden. Ice Sound.

Det vil sees af de ovenanfgrte Analyser, at Lerets
Kalkgehalt er meget variabel, men kun paa et Par Steder
opnaar nogen betydeligere Stgrrelse.

De Tal, der udtrykker K Lerets Oxydationsgrad, ligger
paa faa Undtagelser neer mellem 1 og 2. Vi kan forelgbig
betragte dette som et, med Farven sammenhengende, kemisk
Kjendemarke, der kan tjene til at adskille det graa Ler
fra de gvrige Sedimenter, hvis Forhold i den samme Ret-
ning senere skal belyses.

Grgnligt Ler.

tRhabdammina-Ler).

Nordhavets gstlige Del, der ligger imellem Norge,
Beeren Eiland, Spidsbergen og Novaja Semlja, er af en
meget ringe Dybde. En Hevning paa lidt over 400 Meter
vilde vaere tilstraekkelig for at lgfte dets Bund over Havets
Overflade og forvandle den til et stort Sletteland.

De betydelige Streekninger af denne jevne Havbund,
der af Expeditionen blev undersggte, fandtes bedekkede af
et Sediment — Rhabdammina-Ler —, som med Hensyn
til Udseende og kemisk Beskaffenhed er af en eiendommelig
Art. Mest karakteristisk finder vi det paa de gstligste Sta-

It will be seen from the above analyses that the pro-
portion of lime varies exceedingly in this clay; but its ab-
solute amount is not considerable save in one or two
localities.

The figures expressing the degree of oxidation lie,
with but few exceptions, between 1 and 2. This we may
regard for the present as a chemical feature intimately
connected with colour, that serves to distinguish all grey
clays from the other deposits whose similarly derived char-
acteristics I shall elucidate in turn,

Green Clays.
(Rhabdammina Clay).

The eastern section of the North Atlantic, between
Norway, Beeren Eiland, Spitzbergen, and Novaja Zemlja,
is exceedingly shallow. A rise of but little more than 400
metres would suffice to bring the whole of its bed above
the surface of the sea and transform the tract into a vast
plateau.

In the numerous localities of this extensive region,
explored by the Norwegian Expedition, its level floor was
found to be covered with a deposit — Rhabdammina clay
— peculiar alike in outward appearance and chemical com-
position. JIts characteristic features are most salient in the

6%



tioner (omkring den 38te Langdegrad), hvor det fremtre-
der som et ensartet, temmelig fint Slam af en eiendommelig
mgrkgren Farve. Efter Torring opnaar det kun en ube-
tydelig Fasthed eller Sammenhwengskraft og kan mellem
Fingrene knuses til ct Pulver, der er at fole paa som et
meget fint Sand.

Under Mikroskopet viser det sig for en veesentlig
Del at bestaa af smaa Kvartskorn. der i Almindelighed er
temmelig skarpkantede.

Af Dyrelevninger indeholder Slammet kun faa. Al-
mindeligst finder man Rer af Ammelider (udelukkende Spio-
chetopterus), Kiselspikuler af Nvampe og Skaller af Slegten
Astarte, foruden den omtalte Foraminifer Rhabdammina,
der synes at viere meget almindelig.

Det fremgaar af’ Bundprgverne tra Expeditionens gst-
ligste Stationer, at Rhabdammina-Levet her er af en ringe
Magtighed, da jeg nemlig paa flere Steder har fundet et
underliggende Lag af merkgraat, finkornigt og mindre sand-
holdigt Ler.

Paa de vestlizere Stationer taber Rhabdammina-Leret
lidt efter lidt sine karakteristiske Egenskaber: det bliver
mere plastisk og Farven mindre udpraeget gronlig, ligesom
heller ikke nogen Lagdannelse viser sig i Bundproverne —
indtil vi i Syd for Beeren Eiland (under 20—25° 9. L.)
gienfinder det graa Ler. Nordenom denne © gaar Rhab-
dammina-Leret lengere ud 1 Havet 1 vestlig Retning og
naar her op til Spidsbergens Sydkyst.’

I kemisk Retning udmierker dét gronlige Ler sig ved
sin store Kiselsyremwngde og ved den mindre oxyderte
Tilstand, hvori det betinder sig.  Jeg har troet at iagttage,
at tlere af Bundproverne. ved at henligge i Luften (paa
Laboratoriet), forandrer sit Udseende. og i en enkelt har
jeg ad kemisk Vei konstateret, at den i pulveriseret Til-
stand efter nogen Tids Forleb har tiltaget 1 Jernoxydgehalt,
idet Farven samtidig er blevet brunliz. 1 Bundproven fra
Station 264 fandt jeg nemlig i det saltsure Udtrek ved
den forste Analyse: 248 pCt. FeO og blot 0.24 pCt.
Fe,04* et halvt Aar senere erholdt jeg derimod: 1.00 pCt.
FeO og 1.39 pCt. Fe,0,;.

Da jeg har kontrolleret den sidste Bestemmelse og
heller ikke har nogen Grund til at tvivle paa Rigtigheden
af den ferste, synes dette mig at veere et Frenomen, der er
vel vaerd at legge Mewerke til.

I Rbabdammina-Leret har jegz udfort fuldsteendige
Analyser af to Bundprover fra Expeditionens pstligste Rute,

' Rundt om Beeren Eiland vil man paa Kortet finde et aabent
Rum. Her har Expeditionen foretaget flere Dybdemaalinger, der
viser, at Bunden ikke ligger dybere end 100 Favne. Da Loddet
nesten altid stgdte mod Sten, blev ingen Bundprgve optaget.

? Den samlede Jernmmngde er bestemt med Kamaleon efter
Reduktion med Zink.
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extreme eastern section of the tract (near the 38th parallel
of latitude), where this deposit occurs as a homogeneous,
comparatively fine mud of a peculiar dark-green colour.
Friable when dvied, it possesses very little cohesive power,
admitting of being crushed between the fingers to powder,
which has a gritty feel, like fine sand.

Examined under the microscope, it is minute, and, as a
rule, comparatively sharp-edged particles of quartz are found
to form its chief constituent.

Of animal remains this deposit contains but few.
Those most frequently met with are tubes of Annelids (ex-
clusively Spiochetopterus), siliceous spicules of sponges,
and shells of the genus Astarte, as also of the previously
mentioned Foraminifer Rhabdammina, which would appear
to be comparatively numerous.

The deposit brought up at the most easterly of the
observing-stations shows the surface-layer of Rhabdammina
clay in that locality to be of trifling thickness; several of
the samples had an under layer of dark-grey. finely granu-
lated, and somewhat sabulous clay.

Throughout the western part of the tract, the Rhab-
dammina clay gradually loses its distinctive features, be-
coming more plastic in substance and in colour less charac-
teristically green, with no appearance of stratification in
the samples, — till. south of Beeren Eiland (long. 20° to
25° E.) we again meet with the grey clay. North of that
island, the Rhabdammina clay extends farther seaward.
reaching up to the south coast of NSpitzbergen.!

Regarded chemically. the chief characteristics of this
greenish clay ave its large proportion of silica and the
slight extent to which it is oxidized. On exposure to
atmospheric influence (in the laboratory). several of the
samples underwent, [ feel pretty sure, a change of aspect;
and in one, which had been pulverized and allowed to
stand over for some time. I proved by direct analysis an
increase in the amount of oxide of iron: its colour, too,
had become brownish. Again. in the sample brought up
at Station 264, I found in the hydrochloric acid decoction
as the result of a first analysis, 2.48 per cent of Fe( and
only 0.24 per cent of Fe,0;.* but six months later the
proportion determined was .00 per cent of FeO and 1.39
per cent of Fe,0,.

Having tested the results of the latter amalysis and
seeing no reason to doubt the accuracy of the first, I call
attention to this phenomenon as one that should, I think,
by no means pass disregarded.

Of the Rhabdammina clay met with on the eastern
route of the Expedition, I have submitted to rigorous ana-

! Round the shores of Beeren Eiland a blank space has been
left in the map. From several soundings taken here at different
points, the depth was found not to cxceed 100 fathoms; and the lead
having almost invariably struck against rock or stone, no sample of
the bottom could of course be obtained.

* The total amount of iron was determined with permanganate
of potash, after desoxidation with zine.



nemlig paa den omtalte Station 264 og paa Station 267,
hvilke ligger omtrent 15 Mile fra hinanden.

Station 264.

N. B. 70° 56, @. L. 35° 37.
Meter). Temperatur ved Bunden 1.9°
Ler med noget mgrkgraat Underler.
(Spiochetopterus). Ingen Stene.

86 Favne (157
Grengraat, lgst
Talrige Annelider

Glgdningstab 1.85
Jernoxydul . 2.48
Jernoxyd . 0.24
Dekomponeret | Lerjord 1.72
. laf Kulsur Kalk 2.54
1;&258);&_ Kulsur Magnesia . 2.20
Fosforsyre Spor
Kiselsyre . 3.02
Udekomponeret | Jernoxyd. 0.12
af Lerjord 1.01
Saltsyre | Magnesia, . . 100
£.33 pCt. Kiselsyre . . 83.20
Sum 99.48

Samlede Bestanddele:

FeO F6203 A_].;)Og CaCO;; MgCOa P205 SlOg
248 036 2713 254 220  Spor 85.23
Glgdn.tab Sum

1.85 99.48

Den fglgende Analyse viser en forholdsvis ringe For-
skjellighed fra den fgrste. Bundprgven fra Station 267 er
imidlertid optaget paa et stgrre Dyb.

Station 267.

N. B. 71° 42, 9. L. 37° 1. 148 Favne (271
Meter). —1.4° Lest, grengraat Ler med noget mgrkgraat
Underler. I Bundprgven nogle Stene (veiende indtil 0.5
Gr.), bestaaende af Sandsten og Lerskifer. 1 Skraben
fandtes paa denne Station mange stgrre Stene: haard Ski-
fer, Kvartsskifer, en pibet mgrk Sten, Sten med Kisnyre,
mgrk graa Sandsten, rgd Granit, chokoladebrun Tuf (?),
mgrk Lerskifer.

Lerets spec. Vaegt var 2.59.
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lysis two different samples, one from the Station previously
mentioned, 264, and the other from Station 267, about 15
geographical miles apart.

Station 204.

Lat. 70° 56" N., long. 85° 37" E.; 86 fathoms (157
metres); bottom-temperature 1.9°. A greenish-grey, porous
clay on a thin layer of dark-grey clay, containing numerous
remains of tube-building Annelids (Spiochetopterus); no
pebbles.

Loss by ignition 1.85

Protoxide of iron . 2.48

Sesquioxide of iron 0.24

Decomposed Alumina . .. L2
by Carbonate of lime., 2.54

Hydrochloric acid

-— i o 1 2(
12.20 per cent. of magnesia 2.20

Phosphoric acid  Traces
Silica . 3.02

Undecomposed | Sesquioxide of iron 0.12

by Alumina . 1.01
Hydrochloric acid Magnesia . 1.00
85.33 per cent. Silica . . 838.20
199.48
Constituents of Sample: —
FeO F9203 AlgOg CilCO;—; MgCOs P205 8102
248 036 2773 2.54 2.20 Traces 85.23
Loss by Ignition
1.85 = 99.48,

Between this and the following analysis there is a
slight difference; the sample from Station 267 was however
brought up from a greater depth.

Station 207.

Lat. 71° 42" N., long. 37 1’ E.; 148 fathoms (271
metres) ; bottom-temperature —1.4% A porous, greenish-grey
clay containing a few pebbles (the largest weighing
0.59) of sandstone and argillaceous schist. The dredge
brought up at this Station numerous stones and pebbles,
consisting of hard slate, quartz-schist, dark-grey sandstone,
red granite, dark argillaceous schist, also fragments of tuff
(?), chocolate-brown in colour, and of a dark fluted stone,
as also of a stone containing nodules of pyrites.

Specific gravity of the clay 2.59.



(Glgdningstab 5.49

( Jernoxydul . 2.00

Jernoxyd . 1.00

Dekomponeret | Lierjord 0.25
af Kalk 0.20
Saltsyre Magnesia . 1.49
983 0t Kylsur Kalk 0.50
Fosforsyre Spor

| Kiselsyre . 4.34

Udekomponeret [ J €XROXY d. 1.97
af Lerjord 9.33
Saltsyre Magnesia . 1.42
83.2% pOt. | Kiselsyre . . 70.56

Sum 98.60
Samlede Bestanddele:

FeO TFe.0; ALO; CaO MgO C(CaCO; P.O; Si0;
2.06 297 958 020 29] 050  Spor 74.90
Glgdn.tal Sum
5.44 98.60

Bundproven fra Station 267 har ikke ligesom den
foregaaende undergaaet nogen Forandring ved at henligge
1 Luften; ved to Bestemmelser af dens Jernoxydul- og
Jernoxydmangde med lengere Tids Mellemrum er jeg kom-
met til de samme Resultater. Forholdet mellem Oxyderne
var 1 begge Tilfwelde 0.49. At Glodningstabet ved den
sidste Bundprove er betydeliz hpiere end ved den forste,
kan maaske viere begrundet af en storre Rigdom paa or-
ganiske Stoffe. Denne er muligens ogsaa forenet med en
stgrre Stabilitet lizeoverfor Luftens Paavirkning (?). Begge
Bundprgver udviklede ved Uphedning en sterk ammonia-
kalsk og empyrevmatisk Lugt.

Foruden de ovenanforte Analyser har jeg i Rhabdam-
mina-Leret udfprt en Del Kalk- og Jernbestemmelser, der
vil tjene til Oplysning om dets Dyreliv og eiendommelige
Oxydationsforhold. Mwengden af den kulsure Kalk er fundet
med Johnsons Apparat; Jernoxydul og Jernoxyd bestemt
ved Titrering med Kam:leon og undérsvovlsyrligt Natron,

Som det vil sees. er Kalkgehalten overordentlig ringe
paa alle de Stationer, som ligger gstenfor Beeren Eiland
og spndenfor demne @'s Breddegrad. Nogen tilsvarende
Fattigdom findes neppe 1 Novdhavets gvrige Sedimenter
eller er ialfald ikke paa saa store Strakninger udbredt med
nogen lignende Regelnuessighed.  Den samme Mangel paa
kulsur Kalk har jeg fundet ved med Saltsyre at forsgge
de gvrige Bundprpver, der er indsamlede fra denne Egn
af Havbunden. Overalt viser sig kun en ganske ringe
Kulsyreudvikling.

Paa Station 326, der licger i det lille Parti af Rhab-
dammina-Leret, som paa Kartet er antegnet mellem Beeren
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Loss by ignition 5.49
[ Protoxide of iron . 2.05
Sesquioxide of iron 1.00
Decomposed Alumina . 0.25
by Lime . 0.20
Hydrochloric acid | Maonesia . . 1.49
8 gk Carbonate of lime. 0.50
Phosphoric acid  Traces
Silica . 4.34
Undecomposed [ Sesquioxide of iron 1.97
by Alumina . 9.33
Hydrochloric acid | Magnesia . 1.42
fa.28 pCt- | Bilica. . . 7056
98.60
Constituents of Sample: —
FeO Fe,0;3 ALO; CaO MgO CaCO; P.O; Si0O,
2,05 297 958 020 291 050 Traces 74.90
Loss by Ignition
5.4Y = 98.60

Unlike the foregoing, the sample from Station 267
did not undergo any visible or substantial change on being
exposed to the air. Two determinations of the protoxide
and sesquioxide of iron. performed with a considerable
interval between, gave the same vesults. The ratio of the
oxides was in each case 0.49. That the loss by ignition on
determining the constituents of the latter sample should
have been considerably in excess of that resulting from the
analysis of the former, from Station 264. may perhaps be
ascribed to a greater abundance of organic remains, which
in turn will possibly account for the greater stability ex-
hibited in withstanding the influence of atmospherie air (7).
Both samples emitted on exposure to heat a strong ammo-
niacal and empryeumatic odour.

Exclusive of the above-mentioned analyses, I have
performed in Rhabdammina eclay divers determinations of
lime and iron. which will serve to throw light on the orga-
nisms present in that deposit and the characteristic results
of its oxidation. The amount of carbonate of lime was
found with Johnson's apparatus, that of protoxide and ses-
quioxide of iron by titration with permanganate of man-
ganese and hyposulfite of soda.

As will be seen from the Table, the proportion of
lime was remarkably small in all the samples collected at
Stations east and south of Beeren Eiland. A corresponding
characteristic as vegards this constituent will hardly be
found to occur in any other of the North-Atlantic deposits,
at least with equal uniformity throughout such extensive
tracts. The same comparative absence of carbonate of lime
I have determined, by treating with hydrochloric acid, in
the remaining samples brought up from that tract of the
ocean-bed. The quantity of carbonic acid thus generated
was without exception very trifling.

At Station 326, located between Beeren Eiland and
Spitzbergen, above the small section of the sea-bed shown



Eiland og Spidsbergen, er Kalkgehalten fundet betydelig
hgiere end i den sydvestligere Del af @sthavet.
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in the map to have a surface-layer of Rhabdammina clay,
the sample was found to contain a proportion of lime con-
siderably in excess of that distinguishing the same kind of
deposit from the south-western tract of the East Sea.

: . Leengde | Dybde i
Nordlig : ni
Station,| Bredde. fra Greenw. | engl. Favne. CaC0, | Fe,0, FeO Samlet Fe F;12 (())3' Anmerkninger.
ong. fro epth To ¢
(N. Latitude.) (C{re)ZwarIzT in Eif;‘pg'ath,) (Total Fe) (Remarks.)

i
264 l 70° 56 35° 377 86 2.54 0.24 2.48 2.09 0.09

Underliggende On an Under
266 | 71 27 35 39 130 Spor 2.57 2.45 3.70 1.02 Lag mgrkgraat, Layer of compact,

' 3

| (T'races.) fast Ler dark-grey Clay.!
267 | 71 42 37 1 148 0.50 1.00 2.05 2.29 0.49
268 71 36 36 18 130 0.48 1.21 1.52 2.03 0.78
270 72 27 35 1 136 | Spor 1.51 1.71 2.39 0.88

1 (Traces.)
275 |+ 74 8 31 12 147 1.59 1.32 3.23 343 0.41
326 75 32 17 50 123 16.82 1.19 2.51 2.78 0.47

Dette er rimeligvis at betragte som en Tilfweldighed,
da alle de nerliggende Bundprgver (Station 324, 326 og
327) kun bruser svagt for Syrer.

Med Hensyn til det grgnlige Lers Oxydationsgrad
viser det sig, at det gjennemgaaende indeholder betydelig
mere Jernoxydul i Forhold til Oxydet end de graa og de
brune Sedimenter. Her maa det tillige bemerkes, at hvor
vi ellers i Nordhavet traeffer et Ler med lignende Blan-
dingsforhold eller med en tilsvarende hgi Kiselsyregehalt,
er dette 1 Almindelighed af en brunlig Farve eller altsaa
steerkere oxyderet, men forekommer ftillige meget sjelden
paa saa ringe Dyb som Rhabdammina-Leret.

Nordhavets gstlige Del er imidlertid ogsaa en Kgn
for sig selv, hvis Swregenheder med Hensyn til Bundens
Formationer vanskeliggjgr enhver Sammenligning med dets
gvrige Partier.

Medens vi langs Norges Vestkyst finder en fra Landet
af mere eller mindre jevnt skraanende Havbund, har Ost-
havet selv paa de fjerneste Punkter omtrent den samme
Dybde som lige i Neerheden af Kysterne.

Sweregne Betingelser kan saaledes vare givne for Sedi-
menternes og Dyrelivets Fordeling i denne Egn af Havet,
hvor Dybderne paa mange Steder — i lang Afstand fra

! Dette gaar altsaa ikke ind under Benzvnelsen Rhabdammina-
Ler, men er ogsaa optaget 1 Tabellen paa Side 43 blandt Prgverne
af det graa Ler.

This, however, is probably a casual occurrence, all
the samples collected in adjacent localities (Stat. 324, 326,
and 327) effervescing but slightly with acids.

With regard to the degree of oxidation distinguishing
Rhabdammina clay, that greenish deposit generally contains
much more of the protoxide in proportion to the sesqui-
oxide of iron than do any of the grey or brown clays.
Here I must also observe, that wheresoever else on the
bed of the North Atlantic we meet with a clay similar in
composition, or characterized by an equal amount of silica
it will, as a rule, being more highly oxidized, have a
brownish colour, but rvavely occur at so moderate a depth
as Rhabdammina clay.

Meanwhile, the castern section of the North Atlantic
constitutes as regards the naturve of the deposits distributed
over its bed an exceptional locality, whose phenomenal
characteristics well-nigh preclude comparison with the other
parts of that ocean tract.

Along the west coast of Norway the bottom shelves
more or less gradually from the land, whereas in the East
Sea the depth even at the most distant points is almost
the same as in close proximity to the shore.

Hence, peculiar conditions may determine the distri-
bution of both sedimentary deposit and animal life in this
tract of the ocean, where the depth in numerous localities

1 This part of the sample, which accordingly is not regarded
as Rhabdammina clay, will be found in the Table given on page 43
among the samples of grey clay.



Kysten — ikke er stgrre, end at vi i Overensstemmelse
med tidligere Erfaringer kan tenke os, at Bglgernes Virk-
ninger forplanter sig helt ned til Bunden.

I Overensstemmelse med de foregaaende Analyser
synes det rimeligt at antage, at Rhabdammina-Leret —
saaledes som vi finder det paa de gstligste Stationer —- maa
have sin Oprindelse fra sterkt kvartsholdige Bergarter.
For at finde saadanne behgver vi ikke at lede lenge i de
omgivende Lande: vi mgder maegtige Sandstenlag paa Nord-
kysten af Norge. paa Beeren Eiland og Spidsbergen, lige-
som ogsaa talvige Brudstykker af den samme Bergart blev
fundne ved de fleste Dybdemaalinger og Skrabninger i @st-
havet.

Men selv om vi med nogen Grad af Sandsynlighed
kan tenke os, at denne Bergart har veeret den oprindelige
Kilde for Dannelsen at Rhabdammina-Leret, saaledes som
vi finder det paa de tvende ovennavnte Stationer, bliver
det imidlertid et audet oz vauskeligere Sporgsmaal at af-
gjore, fra hvilken Kant Matevialet er hentet, og hvorledes
dette er blevet fordelt over den jevne og grunde Havbund.

Jeg skal her blot indskranke mig til at nwevne, at
den omtalte lille ¢ Beerven Eiland har sweregne Betingelser
for at kunne forsyne den nwrliggende Havbund med stadig
nye Bidrag til dens Afleivinger. Beeren Eiland har alle-
rede i Lgbet af en Menneskealder undergaaet betydelige
Forandringer ved Isens og Bglgernes gdeleggende Virknin-
ger. De lgse itulrosne Bergslag, hvorat @en tildels bestaar,
ligger ved Kysterne blottede for Havet. hvis Kraft her ikke
bliver afdempet ved Holmer eller Skjer.  Geolozen Prof.
Keilhau! giver i sin Beskrivelse af denne @ fplgende Skil-
dring af, hvorledes @delivggelsen foregaar: “Ved saadaune
vertikale Revner og ved de ydre Stykkers derpaa fplgende
Fralgsning gaar @en lidt efter lidt sin fuldkomne Forsvin-
den imgde; allerede i Mands Minde er Kysternes Forandring
meerkelig, og at slutte efter de wldste Erfavinger, man alle-
rede betydelige Stykker veare undergangne”.

Vi maa saaledes vaere berettizede til at formode. at
Beeren Eiland stadig kan give Auledning til sedimentere
Nydannelser.  Hvis Rhabdammina-Leret kan henregnes
blandt saadanme, eller hvis det altsaa er et Depositum af
senere Oprindelse end Norvdhavets gvrige Sedimenter, kunde
dette maaske viere en Grund for den mindre oxyderte Til-
stand, hvori det befinder sig.

Hvor vi i den vestlive Del af Nordhavet traoffer et
lignende porgst og stierkt sandholdigt Ler. er dette som
oftest af en brun Farve, eller altsaa stmerkere oxyderet.
Man kunde altsaa tenke sig, at Slammets Oxydationsgrad
var afhengig af den Tid, i hvilken det har befundet sig i
Havet. Denne Antagelse bestyrkes, naar man ser hen til

' Reise til Vest og Ostfinmarken samt til Beeren Eiland og
Spidsbergen.

— at a considerable distance from the coast — is not greater
than will, we know, in conformity with experience, admit
of the influence of the waves being transmitted from the
surface to the bottom.

From the results of the foregoing analyses, it would
appear that the origin of Rhabdammina clay, as that depos-
it occurs in the most easterly localities of the North At-
lantie, may be traced to the disintegration of quarzitic
rocks, — an assumption borne out by the geological char-
acter of the surrcunding countries. Along the north coast
of Norway, and on Beeren Eiland and Spitzbergen, we meet
with vast masses of sandstone: and numerous fragments of
that rock came up when sounding and dredging in the
Fast Sea.

But even admitting that disintegrated sandstone has
chiefly contributed to the formation of Rhabdammina clay
as found at the two above-mentioned Stations, another and
more difficult question remains to decide from what quarter
the siliccous particles are derived, and how they are distri-
buted over the level and shallow bottom.

On this head I shall merely observe here, that Beeren
Eiland has peculiar facilities for constantly furnishing the
adjacent portions of the sea-bed with the material compos-
ing their surface-layer of deposit. Within the memory of
man, the combined action of the waves and glaciers have
caused that island to undergo very conmsiderable changes.
The porous. frost-riven rocks of which this island in great
part consists, are everywlere on the coast exposed to the
full sweep of the ocean, no islets or skerries being here to
break its force. The following extract from Professor Keil-
haw's description of Beeren Eiland! will show in what
manner the work of destruetion is proceeding: — “From
the repeated occurtence of such vertical fissures and the
subsequent dislocation of the outer fragments, the slow but
total demolition of the island may be surely foreseen; even
within the memory of man, a remarkable change has taken
place in the coastal outline, and to judge from the oldest
accoants considerable portions of the island must have
already disappeared.”

We have accordingly every reason to assume. that
Beeren Eiland, so long as it exists, will still continue the
source of sedimentary new formations. Now, regarding
Rhiabdammina clay as one of such layers, and therefore as
of later origin than any other of the deposits distributed
over the bed of the North-Atlantic, this may possibly serve
to account for the low degree of oxidation by which that
substance is distinguished,

A porous and highly sabulous elay is also met with
in the western tract of the North Atlantic, but its colour
is generally brown, indicating a more advanced stage of oxi-
dation. We might therefore not unreasonably infer that the
greater or less extent to which a deposit is oxidized mainly
depends on the length of the period during which it has

! Reise til Vest- og @stfinmarken samt til Beeren Eiland og
Spitzbergen.



det — rigtignok enestaaende — Tilfrelde. i hvilket jeg har
pnavist en Oxydation af Bundpreven ved dens Henliggen i
Luften. En saadan Forandring skulde altsaa foregaa med
stor Langsomhed i Havet,.

Jeg vil imidlertid langtfra paastaa. at den ovenstanende
Forklaring er den rigtige: jeg indremmer. at den staar
paa meget svage Foadder, og har derfor blot fremsat den
som en Gisning, for at henlede Opmzerksomheden paa Slam-
arternes eiendommelige Oxydationsforhold. Talrige andre
Omstendigheder maa ogsaa tages i Betragtning ved Afgjo-
relsen af dette Spergsmaal. Saaledes er det f. Ex. utvivl-
somt. at de i Slammet forekommende Dyr bidrager til dets
Oxydation. Iswer finder man ofte en Udskillelse af rodt
Jernoxyd paa de Punkter af Lervet, hvor Anmelider har
gravet sig (range. Mange Foraminiferer virker i den samme
Retning. idet de danner sig sterkt jernoxydholdige Skaller.
Som forud omtalt er Rhabdammina-Leret meget fattigt paa
Dyrelevninger.

En af de Stene. der bley fundne i @sthavet paa Stat
267. har jer nwmrmere undersegt. Det var en finkornig,
blaagraa Sandsten med steerkt kalkholdigt Bindemiddel (Kalk-
sandsten). 1 det saltsure Udtriek af denne Sten — til-
beredt paa samme Maade som i Bundpreverne — fandtes:

1.38 pCt. FeO og 0.059 pCt. Fes0,.
Altsaa et licnende Forhold som 1 Rhabdammina-Leret.

I Overensstemmelse med hvad der er sagt under Be-
skrivelsen af det graa Ler. vil det viere indlysende. at vi
ikke med Npgiagtiched kan bestemme Rhabdammina-Lerets
sydlize og vestlige Grendser. da vi mangler de nedvendige
Observationer fra denne Del af Havet. Den sidste holland-
ske Expedition i 1878 har foretaget endel Dybdemaalinger
i Retningen Varde —Beeren Eiland, men Bundens Beskai-
fenhed er ved denne Anledning ikke blevet nzrmere underspgt.

De paa Side 40 omtalte uregelmessige Afleiringer af
brunt Sand og Sandler. der forekommer i Syd og Sydvest
for Beeren Eiland. kan maaske ogsaa med Hensyn til sin
Dannelse staa i Forbindelse med denne 0.

Brunt Ler.

(Overgangsler og Biloculinler.

Ved Dybder. der er stgrre end 500 Favne, finder
man i Almindelighed Bunden bedskket af et bruntfarvet
Sediment. Dette er i Begyndelsen af sin Optraden mindre
fint og ensartet (sandholdigt) og af en mere graalig Farve
end lengere ud i Havet, hvor Biloculinerne forekommer.
De Graendser, indenfor hvilke disse Foraminiferer med
Regelmeessighed og i stgrre Antal optreder, ligger i Almin-
delighed et godt Stykke indenfor det brune Lers egentlige
Omraade. Den mere eller mindre brede Strimmel af brunt
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been lying at the bottom of the sea. Nay. this view will
appear still more plausible if we call to mind the case —
isolated, it is true — in which I succeeded in determining
the oxidation of oceanic deposit after exposure to atmo-
spheric influence. This change in chemical composition
must accordingly be very slow on the sea-bed.

Meanwhile. T would by no means venture to imply.
that the above explanation is correct: it has weak
points. I freely admit. and has therefore been advanced
suggestively, with the object of drawing attention to the
characteristic results of oxidation in the various deposits.
Many other conditions must be taken into account ere this
question can be decided. Thus. for instance, the living or-
ganisms that occur in the deposit contribute beyond a doubt
in some measure to its oxidation. In particular, red oxide
of iron is frequently found deposited on the clay where
Annelids have excavated their passages: and numerous spe-
cies of Foraminifern operate with a like result, their shells
being vich in oxide of iron. As previously stated, Rhab-
dammina clay contains very few animal remains,

One of the mineral fragments brought up in the East
Sea. at Station 267. I have submitted to analysis. Tt was
a piece of finely granulated. bluish-grey sandstone, with a
large admixtare of cementitious lime (calcareous sandstone).
In the hydrochloric acid decoction of this mineral substance
— prepared precisely as was that for analysing the samples
of the bottom — I determined: —

1.38 per cent of KFe() and 0.59 per cent of Fe.O,.
accordingly the same proportion as in Rhabdammina clay.

IFrom what has been stated in the description of the
green clay. it is obviously impossible to define with aceu-
racy the southern and western limits of the Rhabdammina
clay. the necessary observations not having been taken in
that part of the North Atlantic. The last Dutch Expedi-
tion. however. took a series of soundings between Varde
and Beeren Eiland. but those explorers did not pay any
particular attention to the nature of the sea-bed.

The exceptional surface-layers of brown sand and
sabulous clay mentioned on page 40, and occurring south
and south-west of Beeren Eiland, may possibly as regards
their formation be connected with that island.

Brown Clay.

(Transition Clay and Biloculina Clay.)

At depths exceeding 500 fathoms, a brown-coloured
clay is generally found to constitute the surface-layer of
the bottom. Where it first occurs, this deposit is
coarser and less homogeneous in substance (sabulous),
and of a greyer shade than farther from the coast,
where its chief characteristic consists in the presence of
Biloculinee. The limits for the occurrence of these Fora-
minifera as a constant feature and in greater numbers,
reach as a rule a good distance within the true province
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Ler, som ikke er noget almindeligt Forekomststed for hine
Foraminiferer, eller som altsaa ligger imellem Kystleret og
det saakaldte Biloculinler, har jeg paa Kartet afgreendset
for sig selv under Navn af Overgangsler.

Det forholder sig imidlertid ikke saaledes, at det graa
Ler opherer, hvor det brune begynder at forekomme. Tvert-
imod finder vi ofte. at det forstnevnte vedbliver at udgjere
det underste Lag ai Bundproven selv indenfor det egentlige
Biloculinlers Omraade. Det viser sig saaledes. at det brune
Sediment kun meget langsomt tiltager i Magtighed. Paa
flere af Expeditionens Tversnit fandtes det graa Ler som
en veesentlig Del af Bundproven indtil en Afstand af ca.
15 Mile fra den furste Station, hvor det hrune Ler havde
begyndt at vise sic. Et Par af de Bundprover, der var
optagne paa meget store Dyb (over 1700 Favne). bestod
udelukkende af graat Ler oz indeholdt kun ganske smaa
Mengder af det brune,  Disse Observationer tyder paa. at
Biloculinleret er en Daunelse af vinge Micgtighed, hyilende
paa et underliggende Lng af graat Ler. Dette stadfiestes
end yderligere ved Skrabningerne. under hyilke en Maingde
graat Ler optoges paa de storste Dybder.

I Overgangsleret forekommer Biloculiner og de ovrige
Dybvands-Foraminiferer blot spredt og enkeltvis. Skjont
det derfor i Almindelighed kun bruser svagt for Syver,
hender det dog stundom. at Kalkgehalten er temmelig be-
tydelig, selv om ingen Skaller kan iagttages hverken i det
oprindelige Ler cller i dets Residuum efter Slemning.

Indenfor de Gramdser. hivor de ovennievnte Foramini-
ferer optrieder med Regelmssighed og 1 storve Antal, er
det brune Ler meget tint og ensartet og synes selv under
en steerk Lupe kun at bestan af amorfe Partikler.

Biloculinlerets brune Farve kan vaere mere eller min-
dre udpreget. Nogle Bundprover er lyse gulbrune, andre
morkbrune, 1 fugtiz Tilstand westen chokoladefarvede. Tal-
rige smaa, hvide Foraminiferer bidrager naturlievis til at
give Leret en lysere Farve.

Ved Slemming af’ Biloculinleret erliolder man et storre
eller mindre Residuum, der viesentlic bestaar af Foramini-
ferer af forskjellig Storrelse, Form og Farve. TUnder Lupen
viser det sig dog. at nogle yderst smaa, runde Kalkskaller
med et tydeligt Kammersystem er langt overveiende i Antal
fremfor de ovrige. Professor G. 0. Sars har varet af den
Godhed at bestemme disse Dyr for mig. Han har fundet,
at de horer til de meget bekjendte “Globigeriner”, men at
de er meget mindre udviklede med Hensyn til Sterrelse
end de, der forekommer i de svdligere Have.

Da disse Dyr overalt i Nordhavet er Biloculinernes
uadskillelige Ledsagere, kunde maaske det her omhandlede
Sediment ogsaa gaa ind under Navnet “Globigerinler”, en
Betegnelse, der er blevet benyttet i de britiske Expeditioners
Rapporter. Ifglge John Murray skal dette Sediment, hvis
mest typiske Eiendommelighed er dets Rigdom paa Globi-
geriner, forekomme i stor Udstrazkning i det af Challenger-
expeditionen beseilede Hav, hvor det er fundet paa de fleste
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of the brown clay. The strip of brown clay, varying in
width, where that deposit does not regularly contain Bilo-
culine, I have marked off on the map as a separate forma-
tion, under the name of transition clay.

Meanwhile, it is by no means to be supposed that
the grey clay suddenly terminates where the brown begins
to occur. On the contravy. the former deposit was fre-
quently found to constitute the under layer of samples bronght
up from within the limits of the true biloculina formation.
Vertically, therefore. the increase of the brown deposit is
very slow. In several of the localities of the tract explored,
the grey clay was found to constitute a large part of every
sample, within a distance of 15 geographical miles from
the first Station at which the brown clay occurred. One
or two samples, obtained from great depths (upwards of
1700 fathoms), consisted almost exclusively of grey clay,
the admixture of brown deposit being very small. From
these data, Biloculina clay is shown to be a deposit of
trifling vertical extent, with an underlying layer of grey
clay. Moreover, a good deal of grey clay came up in the
dredge from the greatest depths.

In the transition clay, Biloculine and the other deep-
sea species of Foraminifera occur but oceasionally, and
scattered. Hence, though as a rule, therefore, that deposit
effervesces very slightly with acids. the proportion of lime
is sometimes considerable, even when no calcareous shells
can be detected either in the clay itself or the vesidue left
on washing it.

When regularly charnctevised by the presence of the
above-mentioned Foraminifera in considerable numbers, the
brown clay is an exceedingly fine and homogencous deposit,
and would appear, even if examined under a powerful
magnifier, to consist of amorphous matter.

The brown colour of Biloculina clay varies consider-
ably in depth and distinctness, Some of the samples were
light yellowish-brown, others dark-brown. — nay almost of
a chocolate shade in a damp state. Numbers of minute
white Foraminifera naturally contribute to give the clay a
whiter tint.

On washing Biloculina clay, there is a greater or less
vesidue, which chietly consists of divers species of Fora-
minifera, varying in magnitude, form, and colour. With
the aid of a lens, minute. round, calcareous shells having
a distinet system of chambers are found to exceed by far
in number the other animal remains. Professor (. O. Sars
has had the kindness to determine these animals. He
found them to be known Globigerine, though much less
developed in point of size than the species which occur in
the Southern Seas.

These animals invariably accompanying Biloculine in
the North Atlantic, the brown deposit here treated of might
be also termed “Globigerina clay,” a designation adopted
in the Reports from the various British Expeditions. Ac-
cording to Mr. John Murray, this sedimentary substance,
whose chief typical characteristic consists in the presence
of great numbers of Globigerine, occurs extensively through-
out the tracts of ocean investigated on the “Challenger”



Dybder imellem 1000 og 2500 Favne. Hvad der imidlertid
ved denne Anledning er blevet kaldt “Globigerina-Ooze”,
omfatter kun de Slamarter, som for en vasentlig Del be-
staar af hine Foraminiferer og altsaa har en meget hei
Kalkgehalt. Biloculinleret indeholder derimod paa mange
Steder — saaledes som de senere Analyser vil vise — kun
en ringe Mwengde Kalkskaller i Forhold til sine ovrige
mineralske Bestanddele. Lerets Forraad paa Globigeriner
differerer nemlig meget i de forskjellige Dele af Nordhavet.
Biloculinerne synes derimod at vzere temmelig jevnt fordelte
over Havbunden, men da de i Almindelighed forckommer i
ringe Antal (sjelden ser man mere end 2 Biloculiner paa
en Kvadratcentimeter af den tgrrede Bundprgve) kan de
ikke i nogen betydelig Grad bidrage til Lervets Kalkgehalt.
Paa Grund af disse Dyrs regelmsmssize Forekomst og Ud-
bredelse i Dybvandsslammet synes det mig. at Navnet
“Biloculinler” er heldig valgt.

For at kunne gjore os en Ide om, hvilken Betydning
hine Foraminiferer har for Dannelsen af de Afleiringer. i
hvilke de forekommer, maa vi tage deres zoologiske Forhold
i Betragtning.

Med Hensyn til Globigerinerne er Zoologerne i Uenig-
hed om. hvorvidt de blot er pelagiske Dyr, eller om de
ogsaa formaar at leve paa Havbunden®. De bekjendte bri-
tiske Naturforskere Sir Wyville Thomson, Jeffreys og John
Murray er af den Mening. at Globigerinerne blot lever som
fritsyommende. Dyr i Havet, og at de farst efter sin Dad
synker tilbunds. Dr. Carpenter forfegter imidlertid en
anden Anskuelse. hvori ogsaa Prof. Sars er enig med ham,
nemlig at Globigerinerne i sin forste Levetid er pelagiske,
men tilbringer den sidste Del af sin Tilverelse paa Hav-
bunden.

De gvrige 1 Slammet forekommende Foraminiferer
har man ikke fundet i de pvreliggende Vandlag, og de synes
derfor at veere henviste til blot at leve paa Bunden. Blandt
de almindeligste af disse maa nmvnes Slegten Lituola med
kuglerunde, af Jernfosfat bruntfarvede Skaller. og Nonionina,
hvis uorganiske Del bestaar af ren kulsur Kalk. Forpvrigt
findes der i Levet ogsaa andre Foraminiferer, der danner
sine Skaller paa veesentlig mekanisk Vis ved Sammenkitning
af Lerets forskjellize Partikler.

Levninger af kiselpantsrede Dyr er ikke synderlig
udbredte i Biloculinleret. Under Mikroskopet ser man i
de fleste Prover enkelte smaa fine Spikuler af Svampe,
men disse forekommer dog i meget stgrre Maalestok i

! Med Hensyn til den zoologiske Literatur om dette Emne kan
nevnes folgende Afhandlinger: Dr. Wallich: “The North-Atlantic sea-
bed.” Preliminary Report by Dr. Carpenter. (From the Proceedings
of the Royal Society No. 107, 1868). “Deep-sea exploration,” a lec-
ture by J. Gwyn Jefireys.
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Expedition, having been met with almost everywhere in
depths ranging from 1000 to 2500 fathoms. Meanwhile,
the surface-layers to which the name of “globigerina ooze”
has been given by British naturalists. comprises only such
deposits as consist in great part of those Foraminifera and
arve accordingly distinguished by a very large proportion of
lime. Biloculina clay. on the other hand. contains in many
localities — as will appear from the results of analyses
subsequently given — very few calcarcous shells compared
to its other mineral constituents. Thus. the number of
Globigerinee i this clay from the difierent parts of the
North Atlantic varies considerably. whereas the distribution
of Biloculinee would appear to be comparatively uniform;
but these animals occurring as a rule sparingly (more than
2 Biloeulinee ave seldom observed to a square centimetre
of dried deposit). they cammot of course materially contri-
bute to the proportion of lime in the elay. The uniformity
of occurrence characterising the distribution of these ani-
mals throughout the deep-sea deposit of the North Atlan-
tic. naturally suggested -Biloculina clay” as an appro-
priate name.

To form a just idea of the extent to which these
Foraminifera contribute to the formation of the deposits in
which they occur. we must also investizate their zoolozical
conditions.

With regard to Globigerine.. zoologists do not agree,
some regarding those Foraminifera as strictly pelagic and
others as animals whose habitat is the bed of the sea.!
The British naturalists Nir Wyville Thomson, J. Gwyn
Jeffrevs, and John Mwray. are of opinion that Globigerine
during life swim freely in the waters of the ocean and when
dead sink to the bottom. Dr. Carpenter entertains a diffe-
rent view, shared by Professor . (). Sars, according to
which Globigerine ave pelagic during the early stages of
their existence but pass the vemainder on the sea-bed.

The other species of Foraminifera present in deep-sea
deposit have not been met with in the upper strata of the
ocean. and would appear therefore cxclusively to inhabit
the bottom. Of these animals the genera most numerously
represented are Lituola, with globular shells, brown in
colour from the phosphate of iron they contain, and Nonionina,
of which the inorganic part comsists of pure carbonate of
lime. For the vest, North-Atlantic deposit contains divers
other Foraminifera, which build up their shells in greater
part mechanically. by cementing together minute particles
of the clay.

Siliceous remains of animals are not particularly abun-
dant in Biloculina clay. Examined under the microscope,
most of the samples were found to contain delicate spicules
of sponges, but such constituents occur in far greater num-

! The following are some of the chief works in which this
subject is treated: — Dr. Wallich: “The North-Atlantic Sea-Bed;"
“Preliminary Report by Dr. Carpenter (From the Proceedings of the
Royal Society, No. 107, 1868). “Deep-sea Exploration,” a Lecture by
J. Gwyn Jeffreys.
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Overgangsleret, der ofte er saa gjennemvevet af disse fine
Kiselnaale, at man ved at bergre den tgrrede Bundprove
faar Huden fuld af dem.

Vi er berettigede til at antage, at Havets fysiske For-
hold maa have en stor Betydning for Dyrelivets Udbredelse
eller Fordeling over Havbunden; iser gjelder dette om
Globigerinerne, der som pelagiske Foraminiferer maa vere
udsatte for de forskjellige Stremmningers Virkning — hvad
enten de nu i dod eller levende Tilstand synker ned i
Slammet. Ved mine kemiske Underspgelser af Biloculin-
leret har jeg, som sencre skal sees, taget Hensyn til disse
Spergsmaal.

Betragter man forskjellize Prover af Biloculinleret
under Mikroskopet. vil man finde. at Blandingsdelenes Fin-
hed ikke altid er den samme. Mangensteds kan man neppe
selv med en stark Forstorrelse adskille de enkelte Partik-
ler, men i Almindelighed ser man dog en Del krystallinske
Korn, der tildels er af forskjelliz Farve. De fleste af disse
er imidlertid farvelose og gjenmemsigtize og synes for den
storste Del at bestan af Kvarts. At dette Mineral kan
udgjore en vesentliz Bestanddel af Dybvandsslammet, har
allerede Elwenberg! paavist ved sine Undersggelser af tre
Prover fra Atlauterhavets Bund (Dybde: 10,800, 12,000
og 12,900 IFod).

Slammets fineste krystallinske Partikler er i Alminde-
lighed temmelig skarpkantede; grovere for det ubeviebnede
@ie synlige Korn forckommer nwesten aldrig 1 Biloculinleret,
men er dervimod ikke ualmindelige i Overgangsleret og hax
da som oftest en afrundet Form. I det sidstnievnte Ler
ser man ofte talvize Glimmerblade; disse forekommer ogsaa
i Biloculinleret, men er her saa yderst smaa, at de vanske-
lig kan opdages.

Pimpsten eller amorft, vulkansk Glas synes ikke at
udgjore nogen viesentlig Del af Biloculinlerets mikroskopi-
ske Bestanddele. I 10 -15 Prover fra torskjellige Partier
af Havbunden fandtes vulkansk (ilas blot paa et Par Sta-
tioner. Nogle storre Stykker (2 X 2 X 2 Cm.) blev op-
tagne paa Station 40). Her gjordes forovrigt et eiendomme-
ligt Fund, der fortjener nmrmere Omtale. Sammen med
Pimpstenstykkerne fandtes nemlig i Skraben en Mwmngde
faste Klumper eller Knoller, der var af forskjellig Udseende
og Art, liggende aldeles for sig selv, ligesom Stene i Ler-
massen. De storste af disse (6 X 6 X 6 Cm.) var af en
meget forskjellic og uregelmsessic Form; den haarde og
furede Overflade var tildels bedwekket af et tyndt sort Lag,
der vamsentlig var dannet af Manganoxyder. medens det
indvendige bestod af en brunrpd. poros Substans. der inde-
holdt en temmelig betydelix Mwngde vulkansk Glas.

Disse Klumper var temmelig faste, men tillige meget
sprede og kunde med Lethed brydes istykker; de havde en

! Berliner acad. Berichte von 1854, S, 54, 236, 305, von 1855
8.173. Nmrmere beskrevet i “Microgeologie” von Ehrenberg. Leip-
zig 1854,
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bers in transition clay, which is absolutely interwoven with
these minute siliceous needles, so that, on touching the
dried bottom-sample. the hand gets covered with them.

We have reason to believe that the physical condi-
tions of the sea exert very considerable influence on the
distribution of animal life over its bed; and in particular
as regards Globigerinee, which, as pelagic Foraminifera,
must be exposed to the action of cwrrents, in whichever
state they reach the bottom — living or dead. To these
questions, as will afterwards appear, I had due regard when
analysing samples of Biloculina clay.

On examining under the microscope Biloculina clay
from different localities, the fineness of its constituents is
not always found to be the same. In some samples, even
when highly magnified, it is hardly possible to distinguish
the individual particles of which they consist: a number of
crystalline granules, here and there varying in colour, may
however be generally detected with a powerful lens; but
the majority of such are colourless and translucent. con-
sisting apparently in greater part of quartz. a mineral the
oceurrence of which as one of the principal constituents of
deep-sea surface-layers has been already shown by Ehren-
berg,! who submitted to analysis three samples of such
deposit from the bed of the Atlantic, — depth. respectively
10,800, 12,000, and 12,900 feet.

The finest crystalline particles of deep-sea deposit are
as a rule comparatively sharp-edged; coarser granules occur
very ravely if ever in Biloculina clay. whereas in transition
clay such particles, of a rounded form, are not infrequently
met with. The latter deposit is often found to contain
numerous lamine of mica schist. which also occur in Bilo-
culina clay, but so delicate and minute as to be with diffi-
culty detected.

Pumice or scorize does not appear to be one of the
chiet microscopic constituents of Biloculina clay. Of 10 to
15 samples from different parts of the sea-bed. scorie oc-
curred in one or two only. A few larger pieces (2 X 2
X 29 came up at Station 40, where the deposit was found
to be characterized by a peculiar feature, which I must
not omit to record. Along with the fragments of pumice,
but lying apart and imbedded like stones or pebbles in the
clay, the dredge brought up a number of nodules or con-
cretions, varying in character and appearance. The lar-
gest, measuring 6 X 6 X 6, were very different and irre-
gular in form; the hard, furrowed surface had in some a
thin coating of black oxide of manganese, whereas the inner
portion consisted of a brownish-red, vesicular substance,
containing a considerable proportion of scorie.

These concretions are comparatively firm, but at the
same time exceedingly brittle; their weight too is very

! Berliner acad. Berichte von 1834: pp. 74, 236, 305, von 1859
p- 173. The subject is treated more at large in “Microgeologie” von
Ehbrenberg. Leipzig 1854,



meget ubetydeliz Vaxgt og flod (i torret Tilstand) paa Vand
ligesom Pimpsten.

Den indvendige rode Substans var at fele paa som
meget fint Mel og smuldrede let hen ved Berpring. Den
havde folgende Sammensmtning:

(Glodningstab 14.46
Jernoxyd 26.15
Lerjord . 14.14
Magnesia 1.38
Kiselsyre . . 40.45

Paa Grund af sin ujevne Form og ubetydelige Vgt
havde disse Klumper ved det fgrste @iekast megen Lighed
med Pimpstene, men den nwrmere Underspgelse viste dog,
at de forgvrigt var meget forskjellige fra disse. Intet
sammenhangende Kiselskelet kunde paavises, og hvad der
ved forste Blik kunde antages for Blererum. befandtes ved
Eftersyn kun at vere Huller efter Annelider, der iserdeles-
hed paa Overfladen havde gravet sig talrige Gange. Den
indre rgde Substans bestod vistnok for en Del af amorft,
vulkansk Glas. men dette forekom i friske Splinter eller
Stykker af et lignende Udseende, som det af Vulkanerne
udkastede Pimpstenspulver.

Jeg er dog tilbgielig il indtil videre at fastholde den
Tanke, at dissz Klumper kan have sin Oprindelse fra Pimp-
stene, der har gjennemganet betydelige Forandvinger paa
Havbunden, hvor de har virket som et Filtrum for det
giennemstrgmmende Vand. Det kan muligens tjene til Op-
lysning om denne Vandets Bevwgelse paa Havbunden, at
alle Furer eller Revner i de ovennievnte Klumper var del-
vis fyldte med Skaller af Gilobigeriner.

Paa Stat 40 fandtes som sagt ogsaa en Del Stykker
af’ umiskjendelig Pimpsten, der imidlertid var af en meget
los og usammenhwngende Konsistens.

Foruden de ovenomtalte Klumper optoges paa samme
Sted ogsaa andre, der var mindre end hine og forgvrigt af
et ganske forskjelligt Udseende. Nogle af disse bestod af
en hvid Substans, der havde megen Lighed med Kaolin.
En mikroskopisk Underspgelse viste, at den indeholdt en
Mangde Kiselskaller af Diatomeer. Andre havde Form af
flade Stykker og bestod af et merkgrent, fint Ler med en-
kelte gulhvide Baand. Den fjerde og sidste Slags var
dannet af en fin og fast, gulhvid Substans, der i Udseende
nwrmest kunde sammenlignes med haard, hvid Ost. I de
to sidstnawvnte Arter opdagede jeg under Mikroskopet nogle
enkelte Diatomeer og blot faa Splinter af vulkansk (las.

Det synes altsaa, som om vi her paa en af Expedi-
tionens sydligste Stationer har fundet Dannelser af lignende
Art som de, der omtales af John Murray i “Reports from
the Challenger”.

' Da deune rgde Substans ogsaa indeholdt noget Mangan, der
ikke blev bestemt, kan maaske Tabet ved Analysen hidrgre derfra.
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trifling. and they float (in a dry state) on the surface of
water, like pumice.

The red inner substance, which crumbled to the touch,
became impalpable as the finest flour on being reduced to

powder. Its chemical constituents were as follows:
Loss by ignition . 14.46
Oxide of iron ., 26.15
Alumina, 14.14
Magnesia 1.38
Silicie acid . 40,45
06,58

By reason of their irregular form and inconsiderable
weight, these concretions had apparently much in common
with pumice: but a closer examination showed them to be
essentially different from that substance. No siliceous skele-
ton could be detected, and what at the first glance might
have been taken for vesicular cavities, proved to be the
work of Amnelids. which, from the surface in particular,
had excavated many of their passages. The red-coloured
inner substance did not imdeed partly consist of scori, but
this constituent occurred m the form of minute splinters or
particles, similar in  appearance to the pumice-powder
ejected by voleanoes,

Meauwhile, I am most inclined to regard these con-
cretions, till further light shall have heen thrown on their
phenomenal occurrence, as the product of pumice, which,
from having acted as a percolating medium for water How-
ing over the sea-bed, has undergone partial transformation.
As a feature in some measure perhaps explanatory of the
conditions determining the motion of such water, I can add
that all furrows and crevices in the said concretions con-
tained shells of (+lobigerine.

At Station 40, as previously stated, the dredge brought
up a few pieces of unmistakeable pumice, exceedingly po-
rous however and friable,

Exclusive of the above-deseribed concretions, others
of a smaller size and widely different appearance came up
in the same locality. Some of these consisted of a white
substance presenting considerable resemblance to kaolin,
which, on being examined under the microscope. was found
to contain great numbers of the siliceous shells of Diatoms.
Others were lamellar in form. and consisted of a fine dark-
green clay marked with a few yellowish-white bands. A
fourth kind — the last — were formed of a fine and firm
yellowish-white substance. in appearance very like hard,
white cheese, The two last-mentioned kinds of concretions
exhibited under the microscope divers isolated shells of
Diatoms and a very few splinters of scorie,

Hence it would appear that the Norwegian Expedition,
at one of its most southerly observing-stations, met with
formations similar to those described by Mr. John Murray
im “Reports from the ‘Challenger’.”

! The red-coloured part of the concretions having also contained
manganese, this constituent is possibly comprised in the loss resulting
from the analysis.



Ved denne Expedition optoges nemlig fra Havbunden
en Mwengde Klumper og Knoller, hvoraf enkelte ifslge Be-
skrivelsen maa vere af en lignende Art som de ovennevnte
fra Station 40. Den betydelige Udfweldning af Mangan-
oxyder, der ved samme Anledning blev paavist i Havbun-
dens Afleivinger. synes derimod ikke at have noget Side-
stykke i det europmiske Nordhav.

Jeg har forud omtalt. at det brune Ler kun synes
at udgjere et tyndt Lag paa Havbunden. Hvor denne
begynder at skraane op mod Kysthankerne og nwerme sig
til det graa Lers Terrvitoriwm, finder vi i Swrdeleshed ofte
i Bundprgven et underliggende Lag af det sidstnwevnte
Sediment. Nedover mod Dybet tiltager det brune Ler i
Megtighed, og indenfor Biloculinlerets Omraade finder vi
de fleste Bundprover helt igjennem ensartede. De enkelte
Steder, hvor der ogsan her findes tvende forskjellige Lag i
Bundprgven og den Mmngde af @aat Ler. der optoges
med Skraben eller Trawlen. viser at Biloculinleret er af
en forskjelliz, men i det Hele taget ringe Tykkelse. Paa
den Del af Havbunden. der licger omkring Stationerne 213,
214 og 215 paa et Dyvh af over 1700 Favne synes Bilo-
culinleret i Sardeleshed at veere meget tyndt udbredt. Paa
Stat. 215 udgjorde det graa Ler den overveiende Del af
Bundpreven og paa Stat. 213 fandtes kun Spor af Bilocu-
linler. Dette graa Underler er meget fint. ensartet og
plastisk, og Dliver efter Torring meget fast og sammen-
hengende. Lerct indeholder ingen Dyrelevninger og Kalk-
gehalten er kun ubetydelie. Under Mikvoskopet viser det
yderst smaa krystallinske Partikler (Kvarts?)., der forst
treder tydeliz frem ved en Forstorvelse af 500—600 Gange.

De Bundprover. der blot bestaar af Biloculinler. er
i Almindelighed helt igjennem ensartede med Hensyn til
Udseende og Foraminiferernes Skaller san jevnt fordelte i
Lermassen. at ethvert Stykke af denne omtrent viser den
samme Kalkgehalt.

Paa enkelte Steder forekommer dog i selve Biloculin-
leret en Lagdamnclse, der giver sig tilkjende derved, at
Bundprevens gverste Del bestaar af et runt. fint Ler uden
Kalkskaller., medens der under dette findes et porost Ler
med en Mwingde Foraminiferer. Demne Lagdannelse er af
en lignende Art som den. man erbolder ved at slemme
Biloculinleret ud i Vand oz derpaa lade det afsmtte sig.
Ved denne Operation synker alle Kalkskaller tillicemed
andre grovere Partikler tilbunds. medens man overst faar
et fint kalkfatligt Ler. Det synes rimeligt at antage, at
en lignende Bundfrelding allerede kan foregaa i Havet og
bidrage til den ovenomtalte Lagdannelse. men i saa Fald
maa man fristes til at spprge. hvorfor den ikke altid fore-
kommer i Biloculinleret.

Vi mangler for @ieblikket Forudswtninger til at kunne
besvare dette Sporgsmaal, thi lertil kreves Kundskab om
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On that British Expedition numerous nodules and
concretions were brought up in divers localities from the
bed of the sea. some of which, to judge from the descrip-
tion, must have been similar in character to those that
came up on the Norwegian Expedition at Stat, 40. Mean-
while, the very considerable proportion of oxide of man-
ganese determined as a constituent of the deposit in which
the nodules lay imbedded, does not appear to accom-
pany the occurrence of such concretions in the North
Atlantic.

As previously stated. the brown clay would appear
to constitute a comparatively thin surface-layer. Where
the sea-bed. shelving up to the coastal banks. begins to
approach the province of the grey clay. samples of the bot-
tom have very frequently an under layer of that deposit.
Downward. in the direction of the depths. the brown clay
increases in vertical extent, and within the limits of Biloe-
ulina clay, most samples of the bottom are found to be
homogeneous throughout. From the few samples which
even lere consisted of two different layers. together with
the large quantity of grey clay brought up in the dredze
or trawl., Biloculina clay is however clearly shown to be a
deposit of trifling though variable extent in a vertical direc-
tion. Throughout the section of the sea-bed surrounding
Stations 213. 214, and 215. at a depth of more than 1700
fathoms. Biloculina clay would in particular appear to be
very thinly distributed. At Station 215, the sample con-
sisted in greater part of grey clay. and in that brought up
at Station 213, traces only of Biloculina clay were observed.
This grey underlying clay is fine, homogeneous. and plastic,
and becomes on being dried exceedingly firm and cohesive;
it contains no animal remains and the amount of carbonate
of lime is inconsiderable (I—2 per cent). With the aid
of the microscope. minute crystalline particles (possibly
quartz). may be detected. which do not become distinctly
visible till magnified five or six hundred times.

Samples of the bottom consisting exclusively of Bilo-
culina clay. are as a rule uniform in appearance throughout,
and the foraminiferous shells so regularly distributed in
the deposit. that every part of it has well-migh the same
proportion of lime.

In certain loealities. however. the surface-layer of
Biloculina clay was found to be exceptional in formation:
a fine brown clay without calcareous shells constituted the
upper part of the sample. whereas the under layer con-
sisted of a porous clay containing great numbers of IFora-
minifera. This formation is similar to that of the deposit
left on washing Biloculina clay, during which operation the
calcareous shells and other coarser particles sink to the
bottom. leaving a fine clay, containing very little lime, as
the upper layer. Some such precipitating process may not
improbably be going on in the waters of the ocean and
thus contribute to the formation described above; but if so,
the question naturally arvises why the latter is not an in-
variable characteristic of Biloculina clay.

For the full investigation of this subject we ave at
present in want of the requisite data. assuming as it does



forskjellige Forhold, der endnu er os fuldkon.men ubekjendte.
Vi har saaledes ingen Erfaring om de kvantitative og tem-
porere Betingelser, der er givne for (Globigerinernes Aflei-
ring paa Havbunden. Lige saa lidt kan vi af de i Bund-
praverne fundne Skaller af ikke-pelagiske Foraminiferer
slutte os til, hvor stwrkt de levende Dyr har vievet repree-
senterede 1 Slammet, eller hvorlenge de dgde Dyrs Nkaller
vil opbevares paa Havbunden — tvende Spprgsmaal, der
vel maa have sin Betydning for Slammets mekaniske Af-
leiring. Det er dog rimeligt at antage, at lang Tid kriweves,
for at Sgvandet skal kumne oplese disse Kalkskaller. Vi
ved af tidligere Forsge, at de paa Grund af sin Gehalt paa
organiske Stoffe ikke forholder sig som ren kulsur Kalk
ligeovertor Oplgsningsmidler, men at de angribes langt van-
skeligere.  Man har fremsat den Paastand, at den kulsure
Kalk lettere oplgses i Dybet paa Grund af den stprre
Miwngde Kulsyre, som her skulde findes i Sgvandet. Hxz.
Tornges Undersgeelser over Kulsyremangden i det af den
norske Expedition beseilede Hav modbeviser imidlertid denne
Antagelse. Han har fundet, at Ngvandet overalt reagerer
alkalisk og altsaa ikke kan indeliolde nogen tri, men blot
normalt- og surtbunden WKulsyre; Miwngden af denne er
muidlertid paa Dybet omtrent den samme som ved Over-
fladen. At Korholdet skulde ,viere anderledes 1 de gvrige
Dele af Oceanet synes ikke at have nogen Sandsynlighed
for sig, naar man ser hen til de talrige Underspgelser, der
stadfiester Sgvandets Ensartethed med Hensyn til dets
gvrige Bestanddele. Sgvandets oplesende Evne ligeoverfor
den kulsure Kalk skyldes altsaa ikke dets Gehalt paa fii
Kulsyre,

Den ovenomtalte Lagdaunelse i Biloculinleret kan
ogsaa twenkes fremkommet ved en Slemningsproces, hvis
Vandets Stregmninger paa Bunden er sterke nok tii at
siette Slammets fine Partikler i Beveegelse. Dette Sporgs-
maal er imidlertid lige saa ubesvaret som de foregaaende.
Det fortjener imidlertid at nwvnes, at alle de fra Bunden
optagne Vandprgver altid var ganske klare og uden Spor
at’ sveevende Partikler.

Betragter vi paa Kartet den gstlive Gureendselinie for
Biloculinleret, vil vi finde. at den 1 Almmdeliched gaar
imellem 900 og 1100 Favne. Imidlertid traeffer vi dog paa
flere Steder Biloculinleret paa mindre Dyb, ligesom det
ogsaa heender, at det forst begynder at vise sig under 1100
Favne. -Mellem 64° 68° N. B. gaar Biloculinlerets
vestlige Graendse op til et grundere Dyb end lengere Nord.
Pan Stationerne 4, 96 oz 248 mader vi det saaledes alle-
rede paa 600, 805 og 778 Favne. Udenom den sidstnavnte
Station, der ligger omtrent 50 Mile fra Land, gjor Dybde-
kurverne for 800—1000 Favne en skarp Bgining (sml. Side
40) indover mod Kysten indtil en Afstand fra denme af ca.
30 Mile; paa denne Strekning ligger Graendsen for Bilo-
culinleret imellem 700 og 800 Favne. Paa den brat skraa-
nende Havbund udenfor Lofoten og Vesteraalen finder vi
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an intimate acquaintance with divers conditions as yet
wholly unknown. Thus, for instance, we have everything
to learn respecting the causes that determine the quantita-
tive and temporary distribution of Globigerine over the
sea-bed. Nor can we from the proportion of non-pelagic
foraminiterous shells infer how numerously the living ani-
mals were represented in the deposit or the length of the
period during which their shells ave preserved from decom-
position at the bottom of the sea — questions-which cannot
but exert considerable influence when investigating the me-
chanical conditions that determine the character and extent
of the deposit. One thing is however tolerably certain,
that a long time must clapse ere the sea-water can dissolve
those caleareous shells.  As shown by experiment, they
differ from pure carbonate of lime in vielding much more
slowly to the action of solvents, by reason of their large
proportion of organic substances. Some ave disposed to
maintain that carbonate of lime is more readily soluble in
the depths of the ocean owing to the greater amount ot
carbonic acid which the water has been held to contain
there. My, Tornese, however, in his Memoir on the car-
bonic acid in the Seas explored by the Norwegian Expedi-
tion, has, I think. successtully vetuted that assumption.
Sea-water he invariably tfound to react as an alkali; and
hence its carbonic acid cannot occur free, but must ob-
viously be combined with oxygen: as regavds the proportion
of that constituent, it is about the same in the depths as
at the surface, and the general uniformity in composition
shown by numerous investigations to characterize sea-water,
precludes the probability of any deviation in this respect
oceurring throughout the intermediate strata. The power
possessed by sea-water of dissolving carbonate of lime can-
not therefore lie 1n a greater or less proportion of free
carbonic acid.

The exceptional formation mentioned above as distin-
guishing Biloculina elay in some localities, might also Dbe
aseribed to the action of bottom-currents, if sufficient to
intermingle and keep in motion the fine particles of the
deposit.  But this, like the foregoing, is a question which
for the present we cannot pretend to decide. Meanwhile,
all samples of water brought up from the bottom were per-
fectly clear, without a trace of floating particles.

On referring to the map anuexed to this Memoir,
the eastern limit of Biloculina clay will be seen to lie at
a depth ranging trom Y00 to L1100 fathoms. In several
localities however Biloculina clay is met with nearer the
surface, and on the other hand, in some places it does not
begin to occur till the depth has reached 1100 fathoms,
Between lat. 64° and 68¢ N, the western limit of the
Biloculina clay extends over a shallower part of the sea-
bed than farther north. Thus, for instance, at Stations 54,
96, and 248 it lies at a depth of 600, 805, and 778
fathoms. Without the last of these Stations (about 50
geographical miles from land), the curves of depth for 800
to 1000 fathoms (see page 40) make a sudden bend in the
direction of the coast, which they approach within a distance
of 30 geographical miles, and throughout this tract the



det imellem 900 og 1100 Favne. I den Bugt af Havbunden,
der ligger Nord for Vesteraalen. optraeder Biloculinleret
forst paa et Dyb af mere end 1200 Favne. Graendselinien
herfra og nordover indtil den 80de Breddegrad ligger imel-
lem 1000 og 1100 Favne. Paa det samme Dyb begynder
Biloculinleret i den sydligere Del af Nordhavet, hvor dette
grunder op mod Frerg—Islandsbanken,

Jeg har tenkt mig. at den ovenstaaende Betragtning
af’ Biloculinlerets Udbredelse maaske senere kan blive en
Statte ved det fremadskridende Studium af Expeditionens
fysiske og zoologiske Materiale. Tildels med det samme
Hensyn for @iet. har jeg anlagt mine kemiske Underspgel-
ser af dette NSediment. til hvilke jeg nu vil gaa over,

Den kvalitative Underspeelse af Biloculinleret viser,
at det foruden Jern, Lerjord, Kalk. Magnesia, Kiselsyre
og Spor af Fosforsyre indeholder smaa Mmwengder af Man-
ganoxyder. De sidste forekommer dog ikke som synlige
Bestanddele af Lermassen i Lighed med de sman Korn
eller Klumper, der saa ofte blev fundne ved Challenger-
expeditionen, men synes at maatte viere meget fint fordelte
i Bundprgverne og udgjor i det Hele taget en saa ringe
Del af deres Bestanddele. at de vauskeliggjor en kvantita-
tiv Bestemmelse. Det er muligt. at Manganoxyderne kan
bidrage til at give Leret en stwerkere brun IFFarve. Ved
Ophedning udvikler Biloculinleret en temmelig stierk empy-
reumatisk Lugt,

For den kemiske Underspgelse af Biloculinleret hax
jeg forst og fremst udvalgt mig en Del Hovedstationer fra
forskjellige Punkter af Nordhavet og analyseret Bundpre-
verne fra disse fuldstendig med Hensyn til alle Bestanddele.,

I det folgende har jeg opstillet mine Analyser efter
Numeret af de Stationer. livor Bundprgverne er optagne.
Bestemmelserne er udfprt efter den paa Side 36 beskrevne
Methode.

Station 51.

N. B. 65° 33, V. L. 7° 18. 1163 Favne (2127

Meter). — 1.1°. Lysbrunt Biloculinler.
Glpdningstab 2.71
Jernoxydul . 1.14
Jernoxyd . 2.714
Dekomponeret Lerjord 6.49
af ¥ . e
Haltayie I\_f.[agnesm’. i ‘0.93
73.49 pCt. Kulsur Kalk . D2.82
Fosforsyre Spor
Kiselsyre . 9.37
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boundary for Biloculina clay follows a depth ranging
from 700 to 800 fathoms. Over the rapidly shelving bot-
tom off Lofoten and Vesteraalen. it extends between 900
and 1100 fathoms. In the bight of the sea-bed north of
Vesteraalen the first Biloculina clay occurs at a depth of
more than 1200 fathoms. The boundary-line extending
from this locality northwards to the 80th parallel of lati-
tude lies at a depth ranging from 1000 to 1100 fathoms,
This is the depth at which Biloculina clay first occurs in
the southern part of the North Atlantic. where its hed
shoals up towards the Fweroe-Iceland bank.

The above elucidative remarks on the distribution of
Biloculina clay. will, it is hoped, in some measure serve
to facilitate the progressive working out of the large
amount of physical and zoological material collected on the
Norwegian Expedition. Moreover, my chemical investiga-
tion of that deposit. to the results of which T shall now
pass on, has been moditied with the same object in view,

A qualitative analysis shows that Biloculina clay, along
with iron. alumma. lime, magnesia. silica, and traces of
phosphoric acid. also contains small quantities of oxide of
manganese, The last of these constituents does not how-
ever occur in a visible form, as small granules or concre-
tions, so frequently met with on the <Challenger” Expedi-
tion, but would appear to be most sparingly distributed
throughout the deposit. of which it constitutes so small a
proportion as hardly to admit of being quantitatively de-
termined. Possibly, this oxide of manganese gives a darker
colour to the deposit. On exposure to heat, Biloculina
clay emits a pungent empyreumatic odour.

For my chemical examination of Biloculina elay I
selected samples brought up at some of the principal ob-
serving-stations in different parts of the North Atlantic,
submitting portions of the deposit to a rigorous general
analysis embracing all its constituents.

The analyses are arranged according to the numbers
of the Stations at which the samples of deposit were col-
lected. The method of determination was that described
on page 36.

Station 51.

Lat. 65° 53" N., long. 7° 18 W.; 1163 fathoms

(2127 metres); bottom-temperature — 1.1°, Light-brown
Biloculina clay.
Loss by ignition 2.711
| Protoxide of iron . 1.14
Sesquioxide of iron 2.74
Decm}:{med Alumina . 6.49
Hydrochloric acid Magnesia , 0.93

Carbonate of lime. 52.82
Phosphoric acid Traces
Silica . 9.37

T3.44) per cent.




Jernoxyd . 1.9
Udekomponeret | Lerjord 452
. 1:f Kalk . 1.08
naltsyre . -
23,90 i)Ct. Magne31a. . 0.50
Kiselsyre . . . 15.65
Sum 99.49
~'amlede Bestanddele:

FeO FegOg, .A.]._ZOJ CaO MgO 03,003 P205 8102
1.14 433 11.01 1.03 143 52.82 Spor 25.02
Glgdn.tab Sum
2.71 99.49

Stat on 52.

N. B. 65° 47, V. L. 3% 7. 1861 Favne (3403
Meter). — 1.3°%  Lysbrunt Biloculinler. En Msaengde
Foraminiferer, veesentlig (Globigeriner.

Biloculinerne i denne Bundprgve var meget store,
indtil 2.2 i Diameter.

(1gdningstab 4.62
Jernoxydul . 0.88
Jernoxyd . 3.6
Dekomponeret Lerjord 3.38
af Kalk . 2 52
Saltsyre Magnesia, . . 0.80
(1.35 pOt | Kulsur Kalk . 43.80
Fosforsyre Spor
Kiselsyre . 4.32
Udekomponeret Jernoxyd . 1.52
af Lerjord 6.62
Saltsyre Magnesia . . Spor
3301 pCt, Kiselsyre . . 25.77
Sum 99.88

Samlede Bestanddele:

FeO Fe-_)‘O;; A.lgOs CaO MgO 03003 PQO5 8103
0.88 5.17 1000 252 080 4580 Spor 30.09
Glgdn.tab Sum

4.62 99.88

Station 178.

N. B. 69° 29, @. L. 12° 26’. 1578 Favne (2886
Meter). — 1.3° Liysbrunt Biloculinler.

Den norske Nordhavsexpedition. Schmelck: Chemi.
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Sesquioxide of iron 1.59
Undecomposed | Alumina . 4.52
e 1b1y- o | Lime 1.03
yarochone 24 | Magnesia 0.50
23.20 t. e )
P | Silicic acid . . . 15.65
©99.49
Constituents of Sample: —
FeO TFe;0; ALO; CaO MgO CaCO; P,0O; SiO,
1.14 4.33 11.01 103 1.43 58.82 Traces 25.02
Lioss by Ignition

2.11 = 99.49.

Station 52.

Lat. 65° 47" N, long. 3° 7" W.; 1861 fathoms (3403
metres); bottom-temperature — 1.3°%.  Light-brown Bilocu-
lina clay containing a great many Foraminifera, chiefly
Globigerine.

The Biloruline in this sample were very large, some
measuring 2.27" in diameter.

Loss by ignition 4.62

Protoxide of iron . 0.88

Sesquioxide of iron 3.6

Decomposed | Alumina . 3.38
by Lime . 2.52
Hydrochloric acid } Magnesia . 0.80

Carbonate of lime. 45.80
Phosphoric acid Traces

(1.3D per cent.

Silicic acid . 4.32

Undecomposed | Sesquioxide of iron 1.52

by Alumina . 6.62

Hydrochloric acid ] Magnesia . Traces

83.91 per cent. | Qjlicic acid . . . 25.77

99,88

Constituents of Sample:
FeO F6203 A1203 CaO l\L[gO CﬂCOs P205 SIOQ
0.88 5,17 1000 252 0.80 45.80 Traces 30.09.
Loss by Ignition

4.62 = 99.88.

Station 178.

Lat. 69° 29’ N,, long. 12° 26’ E.; 1578 fathoms
(2886 metres); bottom-temperature — 1.3°  Light-brown

Biloculina clay.
8



Gledningstab . 4.95
Jernoxydul . 1.59
Jernoxyd 2.85
Dekompone.rot Lerjord . 584
af Kalk . 0.21
Saltsyre Magnesia . 2.40
533> pCt- | Kulsur Kalk . . 32.35
Fosforsyre . Spor
Kiselsyre . 8.01
Udekomponeret af Saltsyre 41.70
Sum 100,00

Station 205.

N. B. 70° 51, @. L. 13° 3. 1287 Favne (2354
Meter). — 1.2°. Lysbrunt Biloculinler. Gjennemsnitlig
omtrent 2 Biloculiner paa hver Kvadratcentimeter af den
terrede Bundprgve. Talrige Globigeriner. Mange af Sleg-
ten Lituola og enkelte af Nonionina. Ingen Stene i Bund-
preven.

Glodningstab . 6.06

Jernoxydul . 1.44

Jernoxyd 4.97

Dekomponeret Lerjord . 4.08
af Kalk . 3.84
Saltsyre Magnesia . . . 2.82
48.17 pCt. Kulsur Kalk . . 21.00
Fosforsyre . Spor

Kiselsyre 10.02
Udekomponeret af Saltsyre 45.77
Sum 100.00

Station 214.

N. B. 70° 39, @. L. 0° 0". 1665 Favne (3045
Meter). — 1.2°. Moprkbrunt Biloculinler. (Den nederste
Del af Bundprgven bestod af graat Ler). En liden Sten,
der syntes at vmre et Stykke af en krystallinsk Skifer,
veiende omtrent 0.3 Gr.

Glgdningstab . 491

Jernoxydul. 1.61

Jernoxyd 4.05

Dekomponeret Lexjord . 4,32
af Kalk . 0.61
Saltsyre Magnesia . 299
5254 pCt. Kulsur Kalk . 29.93
Fosforsyre . Spor

Kiselsyre 9.73

Udekomponeret Jernoxyd 2.28
af Lerjord . 8.53
Saltsyre | Magnesia 0.94
43.00 0t | Kiselsyre 31.34
Sum 100.54
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Loss by ignition . 4.95

Protoxide of iron  1.59

Sesquioxide of iron 2.8

Decomposed | Alumina . D84
by Lime . 0.81
Hydrochloric acid | Magnesia . 240
53.85 per cent. | Carbonate of lime 32.35
Phosphoric acid Traces

Silica 8.01

Undecomposed by Hydrochloric acid 41.70
100.00

Station 205.

Lat. 70° 51"’ N, long. 13* 3’ E.; 1287 fathoms (2354
metres); bottom-temperature — [.2°. Light-brown Bilocu-
lina clay containing: — Biloculine, on an average 2 in
every square centimetre of the dried sample; numerous
Globigerine, a good many of the genus Lituola and a few

of the genus Nonionina; no pebbles.
Loss by ignition .  6.06
Protoxide of iron 1.44
Sesquioxideof iron ~ 4.97
Decomposed | Alumina 4.08
by Lime. 3.84
Hydrochloric acid M@nesia : 282
4RAT per cent. | Cayhonate of lime 21.00
Phosphoric acid  Traces
Nilica 10.02
Undecomposed by Hydrochlovie acid 45.77
100 0O

Station 214.

Lat. 70° 39" N,, long. 0° 0" E; 1665 fathoms (3045
metres); bottom-temperature — 1.2°. Dark-brown Bilocu-
lina clay (lower part of sample grey clay) containing a
small mineral fragment, apparently crystalline schist, weigh-
ing 0.3,

Loss by ignition . 4.91

Protoxide of iron 1.6l

Sesquioxideof iron  4.05

Decomposed | Alumina 4.32
by Lime . 0.61
Hydrochlorie acid ) Magnesia . 229
Al per cent. | Cayhonate of lime 29.93
Phosphoric acid Traces

Silica 9.73

Undecomposed | Oxide of iron. 2.28
by Alumina 8.53
Hydrochloric acid | Magnesia 0.94
43.00 per cent. | gilicn 31.34

100.54



Samlede Bestanddele:

FeO Fe, 05 AlLO; CaO MgO CaCO; P.O; SiO;
1.61 6.33 12.85 0.61 3.23 29.93 Spor 41.07
Gladn.tab Sum
491 100.54
Station 240.

N. B. 69 24 V. L. 11° 26"
Meter). — 1.1°%. Lysbrunt Biloculinler
aminiferer, overveiende (zlobigeriner.
veiende 0.1 Gr.

1004 Favne (1836
En Mzngde For-

To smaa Kvartskorn,

Glegdningstab 5.08

Jernoxydul . 0.79

Jernoxyd . 2.71

Dekomponeret Lerjord 3.01

af Kalk . 0.98

Saltsyre Magnesia . . 0.35

W4T POt Rulsur Kalk . . 54.64

Fosforsyre 0.22

Kiselsyre . 7.77

Udekomponeret Jernoxyd . L71

af Lerjord 4.75

Saltsyre Magnesia . . 025

23.11 pOt, Kiselsyre. . . . 16.40

Sum  98.66

Samlede Bestanddele:
FeQ TFe,0; ALO; Ca0 MgO CaCO; P.O; SiOg
092 724 1352 042 194 5464 Spor 24.17
Glgdn.tab Sum
5.08 98.76
Station 245.

N. B. 689 21, V. L. 2° 5. 2005 Favne (3667

Meter). — 1.4% To Lag i Bundpreven. Det overste
bestod af brunt, fint Ler med kun ubetydelig Kalkgehalt
og ingen Foraminiferer. Det underste Lag var et porgst,
lysbrunt Ler med en Mngde Foraminiferer, vesentlig Glo-
bigeriner, I det sidste er Analysen foretaget.

Lerets spec. Veegt var 2.72.

Gloduingstab 2.35
Jernoxydul . 0.92
Jernoxyd . 3.95
Dekomponeret Lerjord 4.71
af Kalk . 0.42
Saltsyre Magnesia . . 1.94
a3.12 pCt. Kulsur Kalk . 41138
Fosforsyre Spor

Kiselsyre. . . . ?
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Constituents of Sample: —

FBO F 6303 A]gOs CaO MgO C&COS P205 SiOs
1.61 633 1285 061 323 2993 Traces 41.07
Loss by Ignition

4.91 = 100.54

Station 240.

Lat. 69° 2’ N., long. 11° 26" W.; 1004 fathoms (1836
metres); bottom-temperature — 1.1°.  Light-brown Bilocu-
lina-clay containing great numbers of Foraminifera, prinei-
pally Globigerine, and two fine particles of quartz, weight
0.1,

Loss by ignition 5.08

Protoxide of iron . 0.79

Sesquioxide of iron 2.71

Decomposed Alumina . 3.01
by Lime . = 0.98
Hydrochloric acid | Magnesia . . . 0.35

T70.47 per cent.

Carbonate of lime. 54.64

Phosphorie acid 0.22
Silica . 7.7
Undecomposed | Sesquioxide of iron 1.71
by Alumina . 4,75
Hydrochloric acid Mag“esia . . 095
23.11 per cent. | Qilien . . 16.40
~ 98.66
Constituents of Sample: —
FGO FE«_IO:; A.lgO-J 030 LIgO Cﬂ.CO;; on_r, SiOg
079 442 7.6 098 0.60 5464 022 2417
Loss by Ignition
5.08 = 98.76

Station 245.

Lat. 68° 21’ N, long. 2° & W.; 2005 fathoms (3667
metres); bottom-temperature — 1.4% Two layers, — the
upper a fine brown clay with but a trifling amount of lime
and no Foraminifera; the under a light-brown porous clay
containing a great many Foraminifera, chiefly Globigerince.
The analysis is of the bottom part.

Specific Gravity of the Clay 2.72.

! Loss by ignition . 2.35
' Protoxide of iron . 0.92
| Sesquioxide of iron 3.95
Decomposed | Alumina . 4.71

by Lime . : 0.42

Hydrochloric acid )Magnesia. . . . 1.94

312 per cent.

Carbonate of lime. 41. 8
Phosphoric acid Traces
Silieca . . . . . ?

]*




Udekomponeret Jernoxyd . 3.29
af Lerjord 8.81
Saltsyre ) Magnesia . Spor
44.43 pCt. lKiselsyre (dek.ogudek) . 32.33
Sum  99.90
Samlede Bestanddele:

Feo Fe:_o'Oa A.]gOs CaO MgO 03003 PgOa SlOg
092 724 1352 042 194 41.18 Spor 32.33
Glgdn.tab Sum

2.3 99.90

Station 295,

N. B. 71° 39, @. L. 11° 40’. 1110 Favne (2030
Meter). — 1.3% Lysbrunt Biloculinler. Ingen Stene.
(Som det underste Lag af Bundprgven fandtes noget graat
Ler). Mange Foraminiferer, men forholdsvis faa Globige-
riner, veesentlig Lituola og Nonionina.

Glodningstab . 8.27
Jernoxydul . 1.26
Jernoxyd 3.57
Dekomponeret Lerjord . 9.19
af Kalk . (.92
Saltsyre Magnesia : 0.88
NETS plk Kulsur Kalk . 27.09
Fosforsyre . Spor
Kiselsyre 9.88
Udekomponeret Jernoxyd 1.91
af Lerjord . 10.33
Saltsyre Magnesia 0.80
42.96 pCt. Kiselsyre . . . 29.92
Sum 101.02

Samlede Bestanddele:

FeO F8203 AlgOs Oﬂo MgO CROOS Pgo,a 8102
1.26 548 1952 092 1.68 27.09 Spor 39.80
Glgdn.tab Sum
5.27 101,02

Station 301.

N. B. 74° ', V. L. 1° 20". 1684 Favne (3080
Meter). — 1.6°. Biloculinler, mgrkere brunt end det fore-
gaaende. (En ubetydelic Mengde graat Underler). For-
holdsvis faa Foraminiferer.
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Sesquioxide of iron 3.29

Undecomposed
by Alumina . 8.81
Hydrochloric acid | Magnesia . Traces
44.43 per cent. |Jilica (dec. and und.) . 32.33
99.90
Constituents of Sample: —
FeO TFe,0; ALO; CaO MgO CaCO; P.O; SiO,
092 724 1352 042 194 41.18 Traces 32.33
Loss by Ignition
i 2.35 = 99.90.

Station 295,

Lat. 71° 59" N., long. 11° 40’ E.; 1110 fathoms (2030
metres); bottom-temperature — 1.3% Light-brown Bilocu-
lina clay (on a thin under layer of grey clay) containing a
great many Foraminifera, but comparatively few Globige-
rine, belonging in greater part to the genera Lituola and
Nonionina.

Loss by ignition .  5.27
Protoxide of iron  1.26
Sesquioxide of iron  3.57
Decomposed Alumina . 919
by LIime. . . . . 092
Hydrochloric acid ) Magnesia . . . ().88
f2.70 per cent. | Carhonate of lime 27 09
Phosphoric acid  Traces
Silica, . 9.88
Undecomposed [ Sesquioxideofiron  1.91
by Alumina 10.33
Hydrochloric acid ) Magnesia 0.80
42,96 per cent. Silica. 29 92
10102
Constituents of Sample: —
FeO Fe,03 ALO; CaO MgO CaCO; P,O; SiO,
1.26 548 1952 092 1.68 27.09 Traces 39.80
Loss by Ignition
5.27 = 101.02.
Station 301.

Lat. 74° 1’ N, long. 1 20’ W.; 1684 fathoms (3080
metres); bottom-temperature — 1.6%. Biloculina clay of a
darker brown than the foregoing sample, with a little grey

clay in the under part; comparatively few Foraminifera.



SiO,
57.82

Glgdningstab 4.83

Jernoxydul . 1.28

Jernoxyd . 0.09

Dekomponeret Lerjord 3.88

af Kalk . 0.13

Saliayre Magnesia . 1.06

T 0k Kulsur Kalk . D.68
Fosforsyre . Spor

Kiselsyre . 5.11

Udekmnponemt J'ernox}'d " . 2,64

af Lerjord . 15.56

Saltsyre Magnesia . . 070

7161 pOt. Kiselsyre . . 8271

Sum  99.19

Samlede Bestanddele:
FeO Fe,0; ALO; CaO MgO CaCO; P.O;
1.28 7.73 1944 0.15 226 5.68  Spor
Glgdn.tab Sum
4.83 99.19
Station 302.

N. B. 75° 16/, V. L. 0° 54"

1985 Favne (3630

Meter). —1.7°% En meget liden Prgve af lysbrunt Bilo-
culinler,
Glgdningstab 3.78
Jernoxydul . 1.38
Jernoxyd . 2.94
Dekomponeret Lerjord 3.82
af Kalk . 0.81
Saltsyre Magnesia . 2.09
1995 pCt | Kulsur Kalk 8.91
Fosforsyre . Spor
Kiselsyre. . . . ?
Udekomponeret
af Uopl. Residuum —+
Saltsyre oplgsel. Kiselsyre 76.27
76.27 pCt.

Sum 100.00

Station 306.

N. B. 75° 0/, @. L. 100 27.

Meter).
foregaaende.

— 1.3

1334 Favne (2440

Biloculinler, mgrkere i Farve end det
Forholdsvis faa Foraminiferer; foruden Bilo-

culinler fandtes veesentlig Lituola og Nonionina.
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FGO F8503

1.28

Decomposed
by
Hydrochlorie acid
22,75 pCt.

Undecomposed
by
Hydrochloric acid
71.61 pCt.

Loss by ignition 4.83
Protoxide of iron . 1.28
Sesquioxide of iron 5.09
Alumina . 3.88.
Lime . 0.15
Magnesia . . L56
Carbonate of lime. 5.68
Phosphoric acid  Traces
Silica . 5.11

Sesquioxide of iron 2.64

Alumina . . 15.56
Magnesia . 0.70
Silica . < 02,01

99.19

Constituents of Sample: —
AlLO; CaO
19.44 0.15
Loss by Ignition

.73

MgO CaCO,
2.26

P,0; 810,

5,68 Traces 57.82

4.83

Lat. 75° 16" XN,

= 99.19

Station 302.

, long. 09 54" W.; 1985 fathoms

(3630 metres); bottom-temperature — 1.7°.

A very small

sample of light-brown Biloculina clay.

Decomposed
by
Hydrochlorie Acid
149,45 per cent.

Undecomposed
by
Hydrochloric Acid
76.27 per cent.

Loss by ignition 3.78
Protoxide of ivon . 1.38
Sesquioxide of iron 2.94
Aluming . 3.82
Lime . 0.81
Magnesia . .. 209
Carbonate of lime. 8.91
Phosphoric acid  Traces
Silica . . . . . ?
Insoluble residue -}
soluble Silica. . 76.27
100,00

Station 3006.

Lat. 75° 0’ N., long. 10° 27" E.; 1334 fathoms

(2440 metres); bottom-temperature — 1.3° Biloculina clay,
darker in colour than the preceding sample, containing
comparatively few Foraminifera; the genera most numer-
ously represented next to Biloculina were Lituola and

Nonionina.



Glgdningstab 2.48
Jernoxydul . 1.19
Jernoxyd . 4.92
Dekomponeret Lerjord 2.46
af Kalk . . 1.08
Saltsyre Magnesia . . 180
3040 pCt | Kulsur Kalk . . 12.20
Fosforsyre . Spor
Kiselsyre . 6.75
Udekomponeret Jernoxyd . . 234
af Lerjord . 1344
Saltsyre Magnesia . . 150
68.00 pCt. Kiselsyre . . 50.72
Sum 100.88

Samlede Bestanddele:

FeO Fe,0; ALO; CaO MgO CaCO. P05 SiO,
.19 726 1590 108 330 1220 Spor 57.47
Glodn.tab Sum
2.48 100.88

Station 351.

N. B. 77° 49, V. L. 0° 9. 1640 Favne (2999
Meter). — 1.5°. Mgrkbrunt Biloculinler. Mange Fora-
miniferer, overveiende Globigeriner, Kun faa af Slegten
Lituola.

Lerets specifiske Vgt var 2.77.

Glodningstab 4.506
Jernoxydul . 1.25
Jernoxyd . 4.06
Dekomponeret Lerjord 3.28
af J Kalk . . 0.12
Saltsyre Magnesia . . 205
41.72 pCt. Kulsur Kalk . 23.66
Fosforsyre . Spor
Kiselsyre . 1.30
Udekomponeret Jernoxyd . 2.46
af Lerjord . 13.33
Saltsyre Magnesia . . Spor
#4.20 pCt. Kiselsyre . . 38.41
Sum 100.48

Samlede Bestanddele:

FeO F 0303 AlgOg CaO MgO CEI.CO; P 205 SIOQ
125 652 16.61 012 202 2366 Spor 45.71
Gladn.tab Sum

4.56 100.48

Vesentlig som en Fglge af Biloculinlerets vexlende
Kalkgehalt viser det sig ved de foregaaende Analyser, at
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metres); bottom-temperature — 1.5°,
lina clay containing a great many Foraminifera, chiefly

Loss by ignition 2.48
Protoxide of iron . 1.19
Sesquioxide of iron 4.92
Decomposed | Alumina . 2.46
by Lime . 1.08
Hydrochlorie acid | Magnesia. . . . 1.80
30.40 per cent. | Carbonate of lime. 12.20
Phosphoric acid Traces
| Silica . 6.75
Undecomposed [ Sesquioxide of iron 2.34
by Alumina . . 13.44
Hydrochlorie acid ) Magnesia . . 1.50
0800 pericent Ifiliea . . . . 5072
10088
Constituents of Sample: —
FeO FE;O‘«; AlgOa CaO MgO CIICO;! PgO_:. SlO,
1.19 726 1590 1.08 330 1220 Traces DT.47
Loss by Ignition.
2.48 = 100.88.

Station 351,

Lat. 77° 49’ X., long. 0° 9" W.; 1640 fathoms (2999
Dark-brown Bilocu-

Globigerine; but very few belonging to the genus Lituola.
Specific Gravity of Clay 2.77.

Loss by ignition 4.56

Protoxide of iron . 1.25

Sesquioxide of iron 4.06

Decomposed Alumina . 3.28
by Lime . 0.12
Hydrochloric acid ) Magnesia . 2.05

Carbonate of lime. 23.66
Phosphoric acid Traces

41.72 per cent.

Silica . 7.30
Undecomposed [ Sesquioxide of iron 2.46
by Alumina . . 13.33
Hydrochloric acid ) Magnesia . Traces
34.20 per cent. | Gilica . . 38.41
10048
Constituents of Sample: —
FeO FEgO; AlgO; CaO Mgo CaCOJ P,O_, SlOg
125 652 16.61 0.12 202 23.66 Traces 45.7T1
Loss by Ienition.
4.56 = 100.48,

Principally by reason of the variable amount of lime
in Biloculina clay, the proportion of deposit decomposed



den af Saltsyre dekomponerbare Del er af en meget for-
skjellig Storrelse. For uhindret at kunne betragte de egent-
lige Ler-Bestanddeles Forhold ligeoverfor Saltsyre, undlader
jeg forelghig at tage Hensyn til den kulsure Kalk, og har
derfor i den folgende Tabel bragt denne Substans tillige-
med Glodningstabet i Fradrag og beregnet de ovrige op-
lpselige Bestanddele som Procenter af et kalkfrit Ler. I
den nederste Del af Tabellen har jeg opfort de paa samme
Maade tundne Vwmerdier for Lervets samlede Bestanddele.

Ved Betragtning af denne Tabel kan det synes paa-
faldende, at de forskjellize Bundprgver viser en saa stor
Uoverensstemmelse med Hensyn til den af Saltsyre dekom-
ponerbare Del. medens de Tal, der udtrykker Lerets sam-
lede Bestanddele, tyder paa en nogenlunde ensartet Sam-
mensxtuing,  Hertil maa imidlertid bemeerkes, at Behand-
lingen med Saltsyre ikke kan give noget synderlig verdi-
fuldt Resultat til Sammenligning af de forskjellige Slam-

in hydrochloric acid is scen to differ very considerably in
the foregoing analyses. With a view to investigate with
greater freedom the effect of hydrochloric acid on the con-
stituents of the true clay, no regard has now been had
to the carbonate of lime. and therefore that substance,
together with the loss by ignition. has accordingly in the
following Table been subtracted from the remaining decom-
posable parts, which are computed as percentages of a clay
exhibiting no trace of lime. The lower columns of the
Table show the values, found nmauner, the
united constituents of the deposit.

On examining this Table. it may seem strange that
the various samples should exhibit very considerable dis-
agreement as regards the proportion decomposable in hydro-
chloric acid, while the figures denoting the united consti-
tuents indicate a  comparatively homogeneous composi-
To this objection must however be replied, that the
treatment with hydrochloric acid cannot give a particu-
laxly valuable result for estimating the chemical composition

m like for

tion,

]

51 52 178 205 | 214 | 240 . 245 295 301 | 302 i 306 | 351
FeO 2.6 ! 1.g| 2.2 2.1 | 2.6; 2.0 | 1.6 1.9! vt 56| xg] g - .
Fe.0; | 6.3 7.7 3.9 7.2 | 6.3] 69 70! 53 57 34 59| 56|25 5%
ALO; | 1500 7.2 81| 59| 67| 7.7 85 138 4.3 44| 2.9' 46|z E 3
MgO 21, 7| 33| 40| 35| 09| 35 1.3 18 24| 22| 29 :...;3 £3
Si0. 21.6| 9.1 111|14.6] 15.1 ] 19.6 | 14.8] 3.7 8.0! 10.2 e gé
L oo R T (o SRS S e el e | Pty T e ]
| 1 ]
Sum 47.6 | 27.65 28.6| 33.8° 34.1 II 37.1 37-1 18.g| L 20.3; 25.0|"
FeO | 26| 1.9! ! 2.5 20| 1.6 1.0 1.4 1.4 1.3
FeO, | 10.0| 11.0 i i 9.8 11.3| 12.9| 8.2] 8.7 8.6 g.1 o _
ALO; | 25.4 21.0| i 200 19.7 | 24.1 | 20.3) 21.5| 18.9° 23.2 | £ 2 gg
MgO | 3.3| 11 ; 35| ns| 34| 25 25 ‘ 27; 28(E§ %
Si0. | 57.6| 63.7 | , ‘ 63.7 | 61.6 | 57.7 ‘ 50.1| 64.7 | 68.3 63.8 % g 3
Sum I 08.9 | 98.7 ! ! gg.s‘ g6.1 | 09.5 : 101.0 98.8| 99.9 100.6

provers kemiske Sammenseetning.  Saltsyrens oplesende Virk-
ning maa nemlig i hgi Grad vere athengig af den Finhed,
hvori Slammet befinder sig, og denne er, som forud nevnt,
ingenlunde den samme 1 de forskjellige Partier at Bilocu-
linleret. Denne Uensartethed treeder tydelig frem, naar
man betragter de forskjellige Prover under Mikroskopet,
or det Resultat man erholder ved Behandlingen med Salt-
syre kan nermest tjene til at belyse det samme For-
hold.!  Det viste sig saaledes, at Bundproverne fra
Stat. 301, 302 og 306, der i Swrdeleshed udmerker sig
ved lave Tal for de opleselige Bestanddele, ogsaa indeholdt
flere grovere Partikler end de gvrige. Som vi strax i det

! Finheden har ikke veeret afhsengig af Pulviseringen af de tgr-
rede Bundprever, da jeg altid bar sgrget for at ndfere denne Opera-
tion saaledes, at Lerets Partikler derved ikke kunde lide nogen For-
andving 1 sin oprindelige Stprrelse.

of the different samples of deposit. The decomposing cffect
of hydrochloric acid must then depend to a great ex-
tent on the relative fineness of the deposit, which, as previ-
ously stated, is anything but constant in Biloculina clay.
With the aid of the microscope, this want of uniformity is
distinctly perceptible. and the result obtained by ftreating
with hydrochloric acid is principally of value in illustra-
ting the same subject.! The samples from Stations 301,
302, and 306, distinguished in particular by their small
proportion of decomposable constituents, were found to
contain a greater number of coarse particles than the others.
Moreover, these samples, as will shortly appear, are in an-

! The fineness of the deposit was not the result of the tritura-
tion of the dried samples, since I invariably sought to perform this
operation in such manner as to preserve the particles of clay from
undergoing any change in magnitude.



glgende skal se. fortjener disse Bundprover ogsaa af andre
Grunde Opmeerksomhed. da de horer til det mest kalk-
fattige Parti af Biloculinleret.

Efter hvad der forud er sagt, vil det viere indlysende.
at Kjendskabet til Biloculinlerets Kalkgehalt frembyder en
seregen Interesse baade for det zoologiske og det fysiske
Studium af Havets Naturforhiold. Foruden de foregaaende
fuldsteendige Analyser af Biloculinleret har jeg derfor be-
stemt dets Kalkgehalt i de fleste af de Prover. der er op-
tagne indenfor dette Sediments Omraade. I den folgende
Tabel findes forgvrigt ogsaa nogle Analyser af Prover fra

other respect deserving of attention, consisting as they do
of Biloculina clay from the loeality in which that deposit
is found to contain the smallest wmount of lime.

From what has been previously stated, it must obvi-
ously be of special importance for the study of the physical
and biological conditions of the sea, to determine the pro-
portion of lime present in Biloculina clay; and I have,
therefore. exclusive of that given in the foregoing complete
analyses, also determined the amount of lime in most of
the samples brought up within the limits of the said deposit.
For the rest. a few analyses of tramsition clay will be

Overgangsleret. also found in the subjoined Table.
; Liengde Dyhde 1 ! | i .
Station, g,o,:i?f ' fra Greenw. {engl, Fm'ne-l — j i, 0% 200 . Samlet Fe Fe. 0. Anmeerkninger,
(N. Lat.) (Ziong. Mo i {Fanat T feo g Hsmite)
fo Greenw) | in Eng. Fati) | [ |

37 62" 28’ a0 zg' W, 6g0 Q.09 2.08 0.57 ‘ 1.0 3.65 Overgangsler. — Transition Clay.
40 63 22 5 29 W 1215 28.64 2.94 1.79 3-45 1.64
51 65 53 7 18 W/ 1163 52.82 2.74 Lig | 291 2.40
52 65 47 3 7 W, 181 | 4580 | 3.65 0.88 |  3.24 4.15
53 6s 13 |o 33 B: 1530 | 28.98 3.07 1.08 ‘ 3.62 3.52
54 64 47 3 21 B, 6or | 49.18 1.42 |
96 66 8 13 o E1 8os5 | 24.18 4.15 .36 | 3.7 3.05
08 65 56 5 =21 % 388 26.25 | 3.73 1.33 3.65 2.80 ;U(‘r'ﬁzgaggs;i;e: Py Ty
12 6 o 6 42 ! 70 30.1 . . . 4 [ 1 ¢ gl ]
lyg 6; :g 12 ;6 E: 1372 | ;2.4; jgg (1)23 gzq jgg I gfgtlgeeﬁagaf g;::;:’ v
18t | 69 45 8 43 E' 1595 | 27.63 | 3.55 | 1.74 383 2.04 |
183 69 359 6 15 E 1710 | 40.52 2.59 1.81 3.22 1.43
184 70 4 9 s0 E 1547 | 21.77 3.10 1.42 3.27 2.18
205 | 70 51 13 3 E 1287 | 21.00 1.97 1.44 | 4.60 345 |
214 70 39 o o E 1750 20.93 3.67 .6 | 3.82 2.28 |
215 70 53 2 o Wi 1665 40.88 | 4.13 1.79 | 4.28 2.31 | Meget tyndt Lag — Au exceedingly
217 71 o 5 9 W 85 9.2 312 | 1.03 2.98 3.03 i at Biloculinler. thin Layer of
231 71 21 .9 23 W 1032 6.05 | 3.70 | 1.76 ‘ 3.91 2.10 Biloculina Clay.
240 66 2 11 26 W 1004 54.64 2.71 0.79 |  2.51I 343
241 68 41 10 54 W 1119 56.2 3.12 1.28 | 3.18 | 2.144
242 68 36 8 40 W 1033 37.95 ! 3.60 1.59 | 3.76 l 2.27
243 68 32 6 26 W. 1385 31.25 i .’
244 68 28 4 17 W 1951 | 36.55 371 | 147 = 3.74 2.52 ‘
245 68 21 2 5 Wi 2005 . 41.18 395 0.92 | 3.8 4.30 |
245 ' 68 21 |2 5 W 2005 4.66 | 5.85 1.55 | 5.30 377 | @verste Lag af — Upper Layer con-
248 67 56 4 11 B 778 33.61 | { Biloculinleret, sisting of Biloc-
249 68 12 6 35 E, 1063 55.43 | 2.99 l 1.34 313 | 223 | ulina Clay.
285 | 73 6 |11 56 B, 102y 1.95 | 4.49 | 2.06 .  4.74 218 | »
294 [ 7t 35 5 11 B, 637 402 | 265 © 0.5 | 2.58 2.77 {Overgangsler. — ZTvansition Clay.
295 71 59 |11 j0 E 1110 27.09 . 3.57 | 1.26 ' 348 2.83 |
296 72 15 8 g9 E 11j0 33.88 3.60 1.30 | 3.50 2.814
297 72 36 |5 12 B! 1280 8.70 | a.37 1.42 | .16 3.08
208 72 52 |1 51 B 1500 552 | 4.48 'l .05 | 3.05 4.26
299 73 10 |2 14 W, 1366 070 465 | 141 435 3.30
301 74 1 1 20 W, 168 5.68 5009 | 1.28 | 4.56 3.08
302 75 16 o 54 W 1985 | 8.1 2.94 | 1.38 | 313 2,13
303 75 12 3 2 E 1200 1083 ' 3.56 | 1.16 3.32 3.07
300 75 o o 27 B 1334 12.20 | 4.92 | 119 4.37 4.13
308 74 57 |12 43 E: 1136 22.32 |
332 | 75 56 i1 36 B! 1149 25.23 | 3.63 | 1.62 3.81 2.24
gig 72 43 x; 16 % 10;; 3.50 | 4.00 1.91 4.29 2,09 | Overgangsler. — Tvansition Clay.

7 3 57 : 1487 10.23 | 4.00 1.15 3.70 348
351 77 49 (o 9 W' 1630 23.66 | 4.03 1.31 3.85 3.08
352 | 77 56 |3 29 E 1686 7:57 | 419 | 1.52 4.12 2.76
353 77 58 |5 10 E 1 1333 | 34.2 2.82 ; 0.90 2.67 3.13
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Jernoxydul og Jernoxyd er bestemt ligesom ved de
foregaaende Slamarter.

Det vil fremgaa af Tabellen, at Biloculinlerets Kalk-
gehalt differerer meget paa de forskjellige Punkter af Hay-
bunden. Ved paa Kartet at opstille Tallene for Kalk-
mengden vil man imidlertid finde, at en tydelig Lovmessig-
hed er raadende med Hensyn til Kalkens Fordeling i Bilo-
culinleret, idet visse Partier af dette skarpt adskiller sig
fra hinanden i denne Retning.

Vestenfor den Kurve, der paa Kartet er betegnet
med 15Y/, CaCO,. finder vi saaledes et meget kalkfattigt
Ler.

Her fandtes i 7 Bundprever fra 5.7 pCt. til 12.2 pCt.
kulsur Kalk og som Middeltal 8.8 pCt. I det store Parti
af Biloculinleret sgndenfor og pstenfor Kurven 15 9/,
CaCO; finder vi en langt hgiere Kalkgehalt. Denne fand-
tes her ved 22 Bestemmelser at ligge imellem 21 og 40
pCOt.; Middeltallet var 30 pCt.

Kurven 459/, CaCO; betegner den mest kalkrige Del
af Biloculinleret. Kalkgehalten i 4 Bundprgver var her
fra 45.8 pCt. til 56.2 pCt.. Middel 52.4 pCt.

Den merkelig ringe Kalkgehalt i Biloculinleret vesten-
for Kurven 15°/, CaCO, synes at staa i Samklang med de
zoologiske Observationer. At dgmme efter det forholdsvis
ringe Udbytte, der blev indvundet ved Skrabningerne paa
denne Del af Havbunden, skulde man tro, at Dyrelivet her
stod tilbage i kvantitativ Udvikling. Derimod syntes Slam-
met her at indeholde mange Stene. der vanskeliggjorde
Skrabningerne og paa et Sted (Stat. 350) rimeligvis var
Aarsag i. at Trawlen gik tabt.

Denne Afleiving af Stene maa skyldes den drivende
Is. hvis Virkninger vistnok i swerlig Grad er fremtredende
i dette udpreegede polare Parti af Havet. Maaske kan
denne Tilforsel af grovere Materiale veere Grunden til. at
de ovenomtalte Bundprgver fra Stat. 301, 302 og 306 ikke
befinder sig i den samme finkornige Tilstand som de gvrige
frn den sydligere Del af Biloculinleret.

De Tal, der undtrykker det brune Lers Oxydations-
grad. liggzer paa faa Undtagelser nwer imellem 3 og 4 (Middel
af samtlige Bestemmelser: 3.0). Til yderligere Karakteri-
stilk af det eiendommelige kalkfattige Parti af Biloculinleret
fortjener det imidlertid at neevnes, at Bundprgverne herfra
gjennemsnitlig syntes at viere noget heiere oxyderet end de
gvrige. 1 de 8 Bundpregver vestenfor Kurven 159/, CaCOy
fandtes nemlig som Middeltal for Lerets Oxydationsgrad:
3.4; i den pvrige Del af det brune Ler: 2.7.

Den norske Nordhavsexpedition. Schmelek: Chemi.

From this Table, the amount of lime present in Bilo-
culina clay appears to vary considerably in different parts
of the ocean-bed. If we set down on the map the figures
denoting the proportion of lime, a manifest regularity will,
however, be found to characterize the distribution of that
constituent in Biloculina clay, with regard to which certain
surface-layers of the deposit differ widely from one another.

Thus, for instance, west of the curve 15°, CaCO,
we meet with a clay in which the proportion of lime is
exceedingly small.

In 7 samples of the bottom brought up here, I de-
termined from 5.7 per cent to 12.2 per cent of carbonate
of lime, the average amount being 8.8 per cent. The ex-
tensive surface-layer of Biloculina clay stretching south and
east of the curve 159/, Ca’(); was found to contain a much
larger proportion of lime. The amount of this constituent, as
shown by 22 determinations, ranged from 21 per cent to
40 per cent, averaging 30 per cent.

The curve 45/, CaC’O; indicates the section of the sea-
bed within which the greatest quantity of lime has been found
in Biloculina eclay. The proportion in 4 samples varied
between 45.8 per cent and 56.2 per cent. the average amount
being 52.4 per cent.

The remarkably low amount of lime, present in Bilo-
culina clay west of the curve 15%, CaCQO; may in part,
it would seem. be explained by the results of the zoological
observations. To judge from the comparatively meagre
yield of dredgings in this part of the ocean-basin, the
quantitative development of animal life would not ap-
pear to be large. Meanwhile. numbers of large stones —
a serious impediment to successful dredging — were, on
the other hand. apparently imbedded in the deposit. and
the loss of the trawl — at Station 350 — must in all
probability be ascribed to their presence there.

This distribution of stones is obviously to a great ex-
tent the work of drift-ice in this peculiarly Polar tract of
the ocean. Maybe, this addition of coarser material will serve
to account for the deposit brought up at Stations 301, 302, and
306 having been much less finely granulated than were the
samples of Biloculina clay from more southerly localities.

The figures expressing the oxidation of the brown
clay lie, with very few exceptions. Detween 3 and 4 (the
mean for all such determinations was 3.0). As a further
characteristic of that deposit west of the curve 15/, CaCOs,
where it contains so small an amount of lime, I may mention
that, as a rule, the samples would appear to have been
more highly oxidized than was the case with those from
any other part of the sea-bed. For the 8 samples of brown
clay brought up west of the curve 159/, CaCOs, I found the
mean degree of oxidation to be 3.4; elsewhere it was 2.7.



Vulkansk Sand og Sandler.

@en Jan Mayen er som bekjendt af vulkansk Oprin-
delse. Den sterke lokale Hrwevning, der har foraarsaget
dens Dannelse, giver sig tydeligst tilkjende paa Nordkysten,
hvor det egentlige Hovedkrater — den 6000 Fod hgie
“Beerenberg” — findes. Her treffer vi et Braadyb af
1000 Favne i en Afstand af omtrent 2 Mile fra Dens
nordligste Punkt. Paa Ost- og Vestsiden af @en skraaner
Kysten mindre brat ned mod Dybet. Ved de talrige Dybde-
maalinger, som Expeditionen her har foretaget, befandtes
alle Bundprever, der var optagne paa mindre Dyb end GOO
Favne, at bestaa af ¢t graasort fint Sand eller Sandler, der
indeholdt talrige Brudstykker af den basaltiske Lavas Mine-
raler: Olivin, Augit, Hornblende. Disse forekom ofte med
vel uddannede og vel bevavede KrystalHader.

Det vulkanske Sandler viser sig under Mikroskopet
at indeholde en M:engde forskjelligiarvede krystallinske Korn,
der vesentlig bestaar af de ovennmvnte Mineraler, iser er
den gronne Olivin meget fremtriedende. Forovrigt ser man
ogsaa en Del sorte metalglindsende Korn, der ved Hjwlp
af Magneten lader sig udtreekke af Bundproverne. Disse
synes i det Hele taget at indeholde de samme Mineraler —
i fint fordelt Tilstand — som dem der forekommer i de rige
Sandleier langs Jan Mayens Kyster. Dette sorte Sand er
dannet af temmelig grove Korn af Lava, Tuf, Olivin, Feld-
spath, Augit, Hornblende og Magnetjern.

Af det sidstneevnte Mineral fandt jeg i Sandet ved to
Bestemmelser 26 pCt. og 29 pCt.!

Fra disse Sanddynger. der ligger ubeskyttede for Bol-
gerne langs @ens aabne Kyster, maa der stadig kunne fores
nyt Materiale ud til den narliggende Havbund.

I Syd for Jan Mayen synes der ifolge tidligere Lod-
skud at vere grundt Vand (100 Favne) indtil en Afstand
af omtrent 15 Mile fra Qen.

Her har den norske Expedition imidlertid ikke fore-
taget nogen Dybdemaaling. og jeg tor derfor ikke indestaa
for Rigtigheden af de Grwendser, jeg paa Kartet har op-
trukket for det vulkanske Lers Udbredelse sondenfor Jan
Mayen.

I Bundproverne fra Kysten af denne @ findes nwesten
ingen Dyrelevninger, og Leret indeholder kun Spor af kul-
sur Kalk.

! Professor Carl Vogt, der i 1863 gjestede Jan Mayen, har ogsaa
underkastet dette Sand en Undersggelse, ved hvilken han fandt 21.6
pCt. Magnetjern. (Nord-Fahrt entlang der Norwegischen Kiiste, nach
dem Nordeap, den Inseln .Jan Mayen und Island, unternommen von
Dr. Georg Berna 1863).
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Volecanic Sand and Sabulous Clay.

The island of Jan Mayen is, as well known, of vol-
canic origin. More especially on the north coast, have the
prodigous forces whereby the ocean-bed was upheaved in
this locality of the North Atlantic, left evidence of their
bygone action; there lies Mount Beerenberg, the princi-
pal crater — GOOO feet above the level of the sea. About
2 geographical miles from the most northerly extremity of
the island we meet with a depth of 1000 fathoms. Off
the eastern and western shores, the bottom is found to
shelve less rapidly down to the depths. All of the numer-
ous samples collected on the Expedition throughout this
tract from depths of less than GO0 fathoms, consisted ex-
clusively of a dark-grey sand or sabulous clay, containing
fragments of basaltic lava, as olivine, augite, hornblende.
Many of these had well developed and well preserved ery-
stal faces.

The volecanic sabulous clay, when examined under the
microscope, is found to contain a great many differently
coloured crystalline particles, consisting chiefly of the above-
mentioned minerals, in particular green olivine. For the
rest, numerous black granules of metallic lustre arve also
observed, which, with the aid of a magnet, may be extracted
from the clay, They would appear to consist in greater
part of the same minerals — in a state of minute sub-
division — that oceur in the sand forming extensive banks
on the coast of Jan Mayen. This black sand is composed
of comparatively coarse particles of lava, tuf, olivine, feld-
spar, augite, hornblende, and magnetite.

The last of these minerals T found, from two deter-
minations, to constitute respectively 26 per cent and 29
per cent of the sand.!

These sand-hills, stretching as they do along the ex-
posed shores of the island, must obviously at all times con-
tribute to the distribution of deposit over the adjacent
parts of the sea-bed.

South of Jan Mayen — as shown by the vesults of
former soundings — compavatively shallow water (100
fathoms) extends about 15 geographical miles from the coast.

On the Norwegian Expedition, the depth was not
measured in this locality, and I cannot therefore answer
for the accuracy of the limits I have traced on the map
to mark the distribution of the voleanic clay south of the
island.

Very few, if any, animal remains are found in samples
of the bottom from the coast of Jan Mayen, and the deposit
contains traces only of carbonate of lime.

! Professor Carl Vogt, who visited Jan Mayen in 1863, has also
submitted this sand to analysis: he found 21.6 per cent of magnetite.
(Nord-Fahrt entlang der Norwegischen Kiiste, nach dem Nordkap, den
Inseln Jan Mayen und Island, unternommen von Dr. Georg Berna
1863.)



Station 234.

N. B, 71° ¢, V. L. 8° 38". 259 Favne (474 Meter).
--1.0% Graasort, tungt, lgst sammenhzngende Sandler.
Flere Stene (veiende indtil 0.3 Gr.), bestaaende af porgs

basaltisk Lava og vulkanske Slakker med Olivin, Ingen
Dyrelevninger.
Glgdningstab 2.28
(Jernoxydul . 3.77
Jernoxyd . 3.64
Dekomponeret | Lerjord 7.51
& 181' Kalk . . 3.27
altsyre T Magnesia . 3.17
£40 pOt Kulsyre . Spor
Fosforsyre . Spor
Kiselsyre . 5.07
Udekomponeret Jernoxyd . 5.59
af | Lerjord . 15.63
Saltsyre Magnesia . . 5.06
69.36 pCt. Kiselsyre . . 43.08
Sum 98.07%
Samlede Bestanddele:

FeO FG;O; AlgOg CaO MgO 002 PgOs SiOg
377 923 2314 3.17 823 Spor Spor 48.13
Gledn.tab Sum

2.28 98.07

Det vulkanske Sandler har en forholdsvis hgi Mag-
nesiagehalt, der vel nmrmest maa skrive sig fra den til-
stedeverende Olivin.

Stene paa Havbunden.

De storste Stene som fandtes i Bundprgverne havde
en Vegt af 10—12 Gram. Sterrelsen og Antallet af de 1
en Prgve forekommende Stene stod. som man paa Forhaand
kunde vente, i et direkte Forhold til hinanden. De Bund-
prover, hvori de storste Stene fandtes, indeholdt i Alminde-
lighed ogsaa de fleste. Ved Betragtning af de Bundprover,
der er optagne efter hinanden i en Ramkkefplge fra Land
og ud over mod Dybet, har man Anledning til at iagttage,
hvorledes Stenene efterhaanden aftager 1 Storrelse og Antal.
I det folgende giver jeg en Fortegnelse over de Bundpraver,
i hvilke Stenene maa siges at udgjore en vasentlig (ikke
tilfeldig) Bestanddel. Alle disse Bundprgver er optagne

! Dette forholdsvis betydelige Tab er muligens fremkommet der-
ved, at jeg har undladt at bestemme Mangan, der i ovenstaaende
Prpve syntes at veere tilstede i noget stgrre Mengde end i de fore-
gaaende,
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Station 234.

Lat. 71° 6’ N., long. 8° 38 W, d. 259 fathoms
(474 m.); b-t. —1.0% A greyish-black, heavy, friable,
sabulous clay, containing divers pebbles (the largest weigh-
ing 0.3¢7) of porous basaltic lava, and scorie with olivine.
No animal remains,

Loss by ignition 2.28
( Protoxide of iron . 3.77
Sesquioxide of iron 3.64
Decomposed Alumina . . 751
by Lime . 3.27
Hydrochloric acid Magnesia . . 317
A0 per teuk Carbonic acid . Traces
Phosphoric acid Traces
Silica . . ., 5.07
Undecomposed | Sesquioxide of iron  5.59
by Alumina . . 15.63
Hydrochloric acid | Magnesia . . 5.06
69.36 per cent. | Silica . . 43.08
e80Tt
Counstituents of sample: —
FeO FeO; ALO; CaO MgO CO; P,O; 8SiOy
3.77T 923 23.14 3.17 8.23 Traces Traces 48.13
Loss by ignition
2.28 = 98.07.

The volcanic sabulous clay has comparatively a large
proportion of magnesia. most of which must in all probabi-
lity be attributed to the presence of olivine.

Stones on the Sea-Bottom,

The largest pebbles found in the bottom-samples had
a weight of from 10 to 12 grammes. The size and number of
the pebbles occurring in any such sample, stood, as might na-
turally be expected. in direct proportion to one another.
The bottom-samples in which the largest pebbles occurred,
as a rule generally contained the greatest number. On
examining the series of bottom-samples taken up from the
shore towards the deep water. there is excellent opportu-
nity to observe the gradual decrease of the pebbles in mag-
nitude and number. In the sequel. I have given a List
of the samples in which the pebbles must be said to form
a principal (not a partial) constituent; and these samples

! This comparatively considerable loss probably arises from my
having omitted to determine the manganese, which in the above
sample would seem to have been present in somewhat greater quan-
tities than in the foregoing.
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indenfor det Feldt, der paa Kartet er afgrendset som
graat Ler.

Station 32 417 Favne
— b7 161 —
— 100 194 —
— 101 223 —
— 103 193 —
— 114 120 —
— 115 132 —
— 118 141 —
— 120 190 —
— 123 246 —
— 124 . 30 —
— 1841, 818 —
— 187 452 —
— 139 175 —
— 142 . 178 —
— 143 . 189 —
— 147 142 —
— 164 47 —
— 174 . 337 —
— 175 . 415 —
— 195 . 107 —
— 237 . 263 —
— 286 . 47 —
— 290 191 —
— 316 120 —
— 324 233 —
— 334 403 —
— 835 179 —
= 1536 0 —
— 340 8 —
— 342 523 —
— 354 110 —
— 358 93 —
— 368 310 —
— 369 87T —
— 370 109 —

Forbinder man med en Linie de yderste og dybeste
af de ovennmvnte Stationer vil man kunne betragte denne
som Grendsen for Stenenes almindelige og regelmessige
Forekomst i Havbundens Afleiringer. Denne Linie vil
nordenfor den 65de Breddegrad omtrent falge Graendsen
for det graa Lers Udbredelse.

At dgmme efter de Bundprover, der er optagne sgn-
denfor den 65de Breddegrad, maa man drage den Slutning,
at Norges Kystbanker her er meget fattigere paa Stene
end lingere nord.

I Bundprgverne fra det brune Ler forekommer Stene
kun spredt og enkeltvis. Der er imidlertid i denne Hen-
seende en betydelig Forskjel mellem det nordlige og syd-
lige Parti af Havet. Medens vi i syd for den 72de Bredde-
grad kun ganske sjelden treffer Stene i Biloculinleret, er

! Se Side 40.

68

were brought up within the fract marked off on the Map
as grey clay.

Station 32 . 417 fathoms
— 57 . 161 —
— 100 , 194 —

- 101 223 —
— 103 193 —
— 114 120 —
— 115 182 —
— 118 141 —
— 120 190 —
— 123 . . 246 —
— 124 . . 30 —
— 1341, 8718 —
— 137 452 —
— 139 17 —
— 142 178 —
— 143 189 —
— 147 142 —
— 164 457 —
— 174 337 —
— 17 414 —
— 195 10T —
— 237 263 —
— 286 447 —

290 191 —
— 316 . 129 —
— 824 . 233 —
— 334 . 403  —
— 335 179 —
— 336 () R—
— 340 8 —
— 342 . 523 —
— 356 . 110 —
— 358 98 —
— 368 315 —
— 369 87T —
— 370 109 —

If we connect by means of a line the deepest and
outermost of the above-mentioned Stations, such line
may be regarded as the limit of the common and regular
occurrence of the pebbles in the surface-layer of the
ocean. The said line will, north of the 65th parallel of
latitude, very nearly coincide with the distribution of the
grey clay.

To judge from the bottom-samples brought up south
of the 65th parallel of latitude, we must draw the inference,
that the coastal banks of Norway in this locality have
their surface-layer far less abundantly supplied with pebbles
than is the case with the banks farther north.

In the samples from the brown clay, the pebbles do not
occur otherwise than isolated. In this respect, however,
there is a considerable difference between the northern and
the southern tracts of the ocean. Thus, whereas we, south
of the 72nd parallel of latitude, comparatively seldom meet

! See p. 40.



disse derimod temmelig almindelige 1 Dybet vest for Spids-
bergen og Beeren Eiland, hvor Drivisen i s@rlic Grad er
fremherskende. Blandt de Stene, som her blev fundne i
Bundpreverne, var smaa Stykker af Lerskifer ismrdeleshed
talrige. Disse var ofte, medens de endnu befandt sig i fug-
tig Tilstand, meget blode, stundom ikke synderlic haardere
end almindeligt fast Ler. Hvorvidt nogen Forandring af
Stenene 1 denne Retning kan begunstiges af KForholdene
paa Dybet, er et Sporgsmaal, som muligens fortjener nwr-
mere Overveielse.

Hvad der forpvrigt tiltraekker sig Opmawrksombed, er
de temmelig hyppige Fund af Flint- og Kridtstykker, der
endog forekommer nordenfor den 78de Breddegrad. Som
det vil sees, blev der ogsaa paa et Sted (Stat. 100) fundet
et i Kridtformationen hjemmehorende Fossil (Belemnites),
Kul fandtes i @sthavet (Stat. 266, 269, 275) og i Havet
vest for Spidsbergen (Stat. 340, 349, 351). Det kan have
sin Oprindelse fra Beeren Eiland og fra Spidsbergen.

De storre Stene, der blev optagne med Skraben eller
Travlen er nmrmere beskrevne i den foregaaende Forteg-
nelse over Stationerne. Blandt disse kan s@rlig fremhe-
ves folgende:

Station 18 (en Marmorblok 0.26 X 0.13 X 0.15", et
Stykke af en Breccie), 32 (Pimpsten etc.), 40 (Se Side 53),
101 (Flint, Kridt ete.), 124 (Flint, Kridt etc.), 137 (Stene
med Skurstriber), 147, 164 (Flint, Kridt, Porfyrmandelsten
med Skurstriber, lig Holmestrands eller Tgnsbergs), 195,
237 (vulkanske Mineraler og Bergarter), 260, 267, 275,
(Stenkul), 286, 290, 353 (en Marmorblok ca. 80 Kgr.)

Slutning,

Jeg har paa de forste Sider af denne Afhandling
kortelig henpeget paa de Krewfter, der paa Forhaand maa
antages at have varet medvirkende ved Dannelsen af Bun-
dens Afleiringer i Nordhavet.

Ldet jeg henviser til disse Slutninger a priori, vil jeg
nu forsoge paa i al Korthed at fremstille Resultaterne af
de foreliggende Undersogelser.

Det graa Ler er udbredt over hele Havbunden fra
Kysterne og ned til de storste Dybder. Fra 900 a 1100
Favne og videre nedover finder vi imidlertid det graa Ler
bedzkket af et brunfarvet Sediment (Biloculinler), der for-
uden ved sin Farve udmerker sig ved sit Indhold af visse
Foraminiferer, som ikke forekommer paa de hgiere liggende
Partier af Havbunden, hvor det graa Ler er ubedekket.
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with pebbles in Biloculina clay, they are rather common
in the deep water west of Spitzbergen and Beeren Eiland,
where drift-ice specially abounds. Among the pebbles
found here in the bottom-samples. were small fragments
of argillaceous schist, exceedingly numerous. Such frag-
ments were often, whilst still in a moist state, very soft,
sometimes but very little harder than common, firm eclay.
Whether any change in the consistence of the pebbles may
be produced in the deep layers of the sea, is a question
possibly deserving closer investigation.

A phenomenon that also attracts attention, ave the
numerous fragments of tint amd chalk that oceur even
north of the 78th parallel of latitude. As we have shown,
in one locality (St. 100) was found a fossil (belemnite) be-
longing to the chalk formation. Coal occurred in the Ba-
rent’s Sea (Stats. 266. 269, 275). mud in the ocean-tract
west of Spitzbergen (Stats. 340, 549, 351). Its origin may
possibly be traced to Beeren Eiland or Spitzbergen.

The larger stones brought up with the dredge or
trawl have been more accurately described in the fore-
going List of Stations. Amongst such, the following can
in particular be specified: —

Station I8 (a block of marble, measuring 0.25 X 0.1
X 0.1, a fragment of a breccia); Stat. 32 (pumice stone
ete.); Stat. 40 (see page 33); Stat. 101 (flint, chalk, etc.);
Stat. 124 (flint chalk, etc); Stat. 137 (stones with strie);
Stats. 147, 164 (flint, chalk, amygdaloidal porphyry with
strize, bearing a strong resemblance to that occurring
at Holmestrand and Tensberg); Stats. 195, 237 (volcanic
minerals and rocks); Stats. 200, 2067, 275 (coal); Stats.
286, 290, 3563 (a block of marble, weighing about 80
kilogrammes).

Concluding Remarks.

In the first pages of this Memoir, I have briefly
pointed out the concurrent forces that may be assumed to
have cooperated in forming the deposits covering the bot-
tom of the North Atlantic.

Referring to these @ priori conclusions, I will now
give a brief resumé of the results deduced from the in-
vestigations here set forth.

The grey clay is distributed over the whole sea-
bottom, from the shallowest coastal tracts down to the
greatest depths. At a depth of 900 to 1100 fathoms,
and still deeper, this grey clay is, however, covered
with a brown sediment (Biloculina clay), distinguished,
apart from its colour, by containing certain species of
Foraminifera that do not occur in the more elevated parts
of the sea-bottom, where the grey clay constitutes the sur-
face-layer.



De Bundprover, der er optagne paa disse mindre Dyb-
der (fra 1100 & 900 Favne og opover). bestaar altsaa ude-
lukkende af graat Ler. Kalkgehalten i disse Bundprover
er temmelig variabel, men opnaar sjelden nogen betydelig
Storrelse (Middel af Bestemmelserne ca. 9 pCt kulsur
Kalk).

Paa de storre Dybder, hvor altsaa det graa Ler kun
forekommer som det underliggende Lag bedakket af Bilo-
culinler, indeholder det nasten ingen Dyrelevninger og der-
for kun smaa Mengder af Kalk. Biloculinleret synes over-
alt at ligge som et hestemt adskilt Lag over det graa Ler
og gaar ikke gradvis over i dette. Biloculinlerets Kalkge-
halt er sterkt varierende. men en tydelig Lovmessighed
giver sig dog her tilkjende, saaledes som det vil fremgaa
af det denne Afhandling ledsagende Kart. Da kun et min-
dre Parti af Biloculinleret indeholder mere end 40 pCt.
kulsur Kalk og da alle Observationer stadfmester, at dette
Sediment kun danner et tyndt Liag pan Havbunden. kan
dette for Nordhavet karakteristiske Dybvandssediment med
Hensyn til Kalkrigdom i det store og hele taget ikke sam-
menlignes med det af de engelske Expeditioner fundne og
beskrevne ,.Globigerina ooze®. der ifolge Prof. Braziers
Analyser' hovedsagelig hestaar af kulsur Kalk, T Seerdeles-
hed bliver denne Forskjel fremtriedende, naar vi ser hen
til det mest kalkfattige Parti af Biloculinleret. Denne Fat-
tigdom paa kulsur Kalk og paa uworganiske Dyrelevninger
i det hele taget forer til den ikke uventede Slutning, at
Nordhavet med Hensyn til Dyvelivets kvantitative Udvik-
ling staar langt tilbage for de syvdligere, varmere Have.

De organiske Krzwefter har altsaa 1 det hele taget kun
spillet en underordnet Rolle ved Dannelsen af Nordhavets
Afleiringer. Disse synes torovrigt ogsaa kun at mdeholde
lidet af saadanne Mineraler, der tilfores Havbunden ved
Vulkanernes Udbrud.

De vigtigste Bidrag til disse Sedimenters Dannelse
maa vistnok skrive sig fra det Materiale. der gjennem
Isen oz Breelvene fores ud 1 Havet. Hvorledes Nord-
havet paa Grund af sine Omgivelser er swerlig gunstie stil-
let for en saadan Tilforsel harv jeg paapeget i den forste Del
af denme Afhandling. Fra Island. Gronland og Spidsher-
gen, hvor de glaciale Kiwfter er saa sterkt fremtreedende,
maa der nodvendigvis gjennem de slamrige Braelve 2 for-
flyttes store Masscer af Landjordens faste Materviale ud i
Havet (i det forstnievnte Land understottes Isens @Odelag-
gelsesvark ogsaa af’ den vulkanske Virksomhed). Vi har
Grund til at formode. at dette undskyllede Slam vil kunne
sprede sig over hele Nordhavets — forholdsvis indskren-
kede — Avreal forend det fuldstrendig hundfwldes.

' “The Atlantic™ Vol. IT Appendix A.

2 Med Hensyn til de islandske og srgnlandske Braeelves Virk-
somhed henviser jeg til Hr. Stipendiat Amund Hellands Afhandling
»Om Islands Jgkler og Hr. I. A. D. Jensens .Beretning om en
Underspgelse af Gronlands Vestkyst*, trykt i, Meddelelser om Gren-
land.* Kjgbenhavn 18=1.

® Ifglge en Meddelelse af Prof. Jonstrup skal man kunne op-
bevare Vandprgver fra de Grgnlandske Bracelve i maanedsvis, fgrend
de sveevende mineralske Partikler fuldkommen bundfsmldes,
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The samples of the bottom brought up from such lesser
depths (from 900 & 1100 fathoms and shallower localities)
consist therefore exclusively of grey clay. The amount of
lime in these samples varies not a little, but is rarely con-
siderable (mean determination about 9 per cent of car-
bonate of lime).

In the great depths, where the grey clay occurs ac-
cordingly as the under-layer. the surface-layer consisting
of Biloculina clay, it contains scarcely any organic remains,
and therefore but a small percentage of lime. The Biloc-
ulina clay would appear to extend almost everywhere as
a well-defined separate layer above the grey clay, and not
to pass into it gradually. The percentage of lime occur-
ring in Biloculina clay varies exceedingly, but follows a
manifest law. as appears from the chart accompanying
this Memoir. A small portion only of the Biloculina clay
containing move than 40 per cent of carbonate of lime,
and the observations all confirming the fact. that this sed-
iment constitutes but a thin layer, the said deep-water
layer occurring on the bottom of the North Ocean cannot, as
regards its amount of lime, be compared with that found
on the British Expeditions, and termed “Globigerina ooze,”
which, according to Professor Brazier's analyses,! is found
to consist chiefly of carbonate of lime. And this distine-
tion 1s specially obvious if we regard such layers of Bilocu-
lina clay as contain the least amount of lime, This small
percentage of carbonate of lime and of inorganic ani-
mal remains, leads to the warrantable inference, that the
North Ocean. with regard to the quantitative develop-
ment of animal life, cannot compare with the warm south-
ern seas.

Hence. organic agency must, on the whole, be regard-
ed as merely subordinate in the formation of the surface-
lavers of the North Ocean. Moreover, these layers would
appear to contain hut a small proportion of the mineral
substances spread over the sea-bottom by volcanie eruptions.

The chief portion of these sedimentary formations
must apparently consist of the solid matter carried out to
sea by drift-ice and glacier rivers, That the North At-
lantic, in this respect, by reason of its surroundings, must
be favourably situated. has Deen pointed out in the first
part of this Memoir. From Iceland, Greenland, and Spitz-
bergen, where glacial agency is so prominent, large masses
of solid matter detached from the land must, by the
glacier torrents,” specially rich as they are in ooze, be
borne out to sea (in TIceland the destructive action of
the ice is augmented by volcanic agency). There is reason
to assume, that this ooze must spread over the whole hot-
tom of the North Atlantic — comparatively limited as it is
in area — before heing thoroughly precipitated.?

' %The Atlantic.” Vol. II Appendix A.

? In regard to the Icelandic and Greenland torrents, the rea-
der is referred to Mr. Amund Helland's Memoir “Om Islands Jpkler;"
and to Mr. L. A.D.Jensen’s “Beretning om en Undersggelse af Grgnlands
Vestkyst,” published in “Meddelelser om Grgnland,” Kjghenhavn 1881,

® According to a communication from Professor Jonstrup,
samples of water from the Greenland glacier torrents, can be kept

for months before the suspended mineral particles are thoroughly
precipitated.



De kemiske Undersogelser af Biloculinleret viser, at
dets mineralske Blandingsdele er af en forholdsvis ensartet
Sammensetning. Nogen vaesentlic Forskjel i denne Ret-
ning finder man imidlertid hellerikke ved Sammenligning
af Biloculinleret med det graa underliggende Ler. Den
eneste bestemte Forskjel mellem disse Sedimenter er Oxy-
dationsgraden. Det synes ikke urimeligt at Biloculinlerets
steerkere Oxydation (der er Aarsag i1 dets brune Farve)
kan vare bevirket af Dyrelivet. En Modsigelse er det
imidlertid at Oxydationen tilsyneladende er sterkest i det
mest kalkfattizge Parti af Biloculinleret.

Jeg haaber senere efter en mikroskopisk Undersogelse
at Bundprevene at kunne belyse disse og de ovrige Sporgs-
maal om Slamarternes Dannelse nermere,

Til Slutning vil jeg udtale min Tak til DHrr. Pro-
fessorer Brogger, Mohn, Sars og Waage for den Bistand,
de velvillig har ydet mig,.

Disse Undersggelser er udferte paa Universitetets ke-
miske Laboratorium paa Hr. Prof. Waages Afdeling fra
Mai 1880 til April 1881.

Kristiania, Juli 1881,

From the chemical investigation of Biloculina clay,
it appears that the mineral constituents of this substance
are comparatively uniform. Meanwhile, there is noc onsid-
erable difference in this rvespect between Biloculina clay
and the grey underlying clay. The only essential dif-
ference distinguishing these sedimentary substances, consists
in the degree of oxidation. Tt is not improbable that the
higher degree of oxidation distinguishing Biloculina clay —
and to which its brown colour must be ascribed — may
arise from animal life. It would seem, however, to be in
direct opposition to this view that oxidation occurs in a
higher degree throughout that portion of the Biloculina
clay which contains the least amount of lime.

Later, after undertaking a microscopic examination
of the bottom-samples, I hope to throw further light on
these and the other questions attfecting the formation of
oceanic deposits.

In conclusion, I will thank Professors Brogger, Mohn,
Sars, and Waage for the assistance they have kindly af-
forded me,

The investigations set forth in this Memoir were
made in the Chemical Laboratory of the University, in
Professor Waage's department, and extended from May
1880 to April 1881,

Christiania, July 1881.

Translated into English by John Hazeland.
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