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A‘BSTRACT

Concurrent CTD sahmty, 02, nutnents, pH, calcium, total alkalinity, total CO, and pCO4 were
obtained in the Weddell Sea in the late austral winter of 1981 as part of the Weddell Polynya Expendition

" ‘aboard the Soviet 1cebreaker SOMGOV. Thése data represent the initial concentrations of chemicals in the

most important source - Tegion of- woild ocean bottom waters at the time they were formed. These winter
Weddell:Sea datarweresanalyzed along withisummer data reported in the literature, and the results indicate
that: -~ large:variations:in chemical.concentrations oceur across the Polar Front; pCO4, in the Weddell Sea
surface water is only shghtly Iower than the atmcosphenc vahie; mlxmg dominates the distribution of chemi-
cal properties; pH, 04, total CO: and pCOz are useful in identifying the sources of waters in the Weddell

" Sea,” whereas calcium and alkalmlty are not; deep waters are not homogeneous but show dlscontmumes,

- the upwelied Weiddell Ses:Dep Water makes up.approximately 1/3 of the surface layer.
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Introduc_tid_n

The three major ‘oceans, the Atlantic, Pacific and -

Indian : are. linked by the Southern QOcean, where  free
interocean: cirgulation tends to equalize the physical and

chemical. characteristics of-the major oceans. In essence,.
“deep: waters from: the: thitee-oceans flow.to the Southern

Ocean and mix ‘there: The-resultant: relatively. homo-
geneous water becornes the-major.seurce-of:the Antarctic
Bottom. Water (AABW); wI‘uch sp[eads back-out ‘into the
deep,world .oceans,

~The Weddell Sea. is-considered: the major source. of '

the AABW; we.must know:the -chemical. constituents . of

the Weddell Sea water, therefore, in order to understand

their biogeochemical cycles from the global point of view.
Unfortunately, few extensive geochemical sampling pro-
grams:have been made in the. Weddell Sea (Weiss erf al,

chemlcal ‘properties of miany elements in the deep oceans

_ is difficult,- because we do- not know the characteristic

properties of the.water near its origin, Furthermore, the
scant geochemical data in the Weddell Sea were.all collect-
ed in summer, and .whether the summer data are repre-

sentative of the mainly winter-formed deep waters is un-

certain (Chen and Pytkowicz, 1979;.Chen, 1982a;1988;
Chen et al., 1990).

“This work was undertaken as part of the Weddell
Polynya Expedition (WEPOLEX) in the late austral winter
of 1981: The pH and total alkalinity (TA) of seawater

- samples were measured aboard ship and seawater samples

were collected for shore-based measurements of calcium.

- ‘The pH and.TA data were used to calculate total CO,

(TCO,) and CO, partial. pressure: (pCO,). These data
are-here! combined. with CTD, salinity, O, nutrients, and
C-13.data réported elsewhere. (Huber et al., 1983; Kroop-
nick, 1985). to describe water mass’ charactenstlcs in the
Weddell Sea and nearby regmns

: I Outhne of the WEPOLEX Expedltlon

Concurrent pH, calcmm and TA samples were col-

_lected on the research ' vessel, Mikhail Somov, of the

Arctic-Antarctic Research Institute (AARI) of Leningrad,
USSR. The expedition started in Montevideo, Uruguay,
on 9 October 1981, reaching the ice edge near 5°E at
56°30'S on 20 October. The southernmost point was
reached at 62°20'S on 3 November. The ship left the ice
edge at 57°30°S near the Greenwich Meridian on 14
November and returned to Montevideo on 24 November,
The station locations are shown on Fig. 1, Details of the
expedition and vertical station locations are given in
Chen (1984).
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10°W 5° 0° 5° 10°E Table 1. Standardization of the pH Electrode gng the Inter-
T ‘-\'\\ - A il calibration of the NBS and Soviet Buffers
el -“T‘.:- __________ . 1 Q@ :
35t Y . 55 Buffers . Measured pH Difference
Y ey, 4.004 (NBS) 4:004 (standard)
ver . JanovOCT. 4.01 (Soviet) 3.998 -0.012
I ! E 6.86" (Soviet) 6.860 0.000
! £ 3631 13 6.863 (NBS) 6.864 0.001
o_’ ;33345 6:‘495__11,2 1,0 7418 (1}{38) 7415 (standard) -
60 [ GSST_Q 6‘3321 :‘:7,8 - 3 60: 9.18 .§S,ey1§t) 9.187 0.007
- 99,309 19 .
A $27,287" matic difference was found between these two sets of
- 263.,_ : T © data, All samples were stored in amber plastic bottles,
I 22,25 _ “’.13'1_5 ’_1_?’21 ] Vivand the alka1m1ty _measurements were  accomplished
i ' within 12 hours after samples were aboard.
! IE Stored calcium sarmples wer: determined using the
- 1 . . method of Tsuncgai et. (1968).and 01son and Chen
PE . L A 5 65° (1981). “The precision of the measurements is § ¢ mol/kg
10w - 5 o L5 16:E - "bu"clthe",b;_rg:all Pprecision of' the Ca data js # 15 4 molfkg,

LEX vertical s_téi?iohﬁ.
locate thé ice-edge.

Fig. 1.. Location of the WEPQ
-8t 20 Oct. and 14 Nowv.

I, Experimental‘Tédhﬂ’i'qtie“ :
Underway - surface samples - were collected with a’
bucket, The temperature was immediately measured to
+ 0.01°C with a mercury thermometer. Salinity was .
. measured. with a Guﬂdﬂine.-_Salino_ﬂie:fer{,sps'_ual_ly_ '“}:ithin:‘24 .
_hours. Vertical samples were -coll‘ec.tad="f,with_ a twelve-
" bottle 17-iter Reosette sampler Accompanying the €TD,
~ The pH samples were all ede’ferfnﬁhé‘dz‘at'2$_'_#'.0,.022C)
clectrode within 30 minutes. NBS .
4004 (0.05 molal KHC, H04) and 7:415 (0,008695 e
molal KH, PO, .and: 0:03043 siiolal N 2sHPO,) * buffers
~were used to calibrate the electrode. Imaddition,

‘ ! ion, a NBS .
6.863 (0.025 molal each. of KH,PO, and Na,HPO,)

. buffer plus three buffers prepared- by: V.- Fedoroy of .
AART, 4.01 (0,05 M KHC,Hy0,),6.86 (0.025 M each of

Na,HPO, and KH,P0,) and 9.18 (0.01 M Na,B,0,
H,0), were measured. and the-results agree: well With the '
Prepared values (Table 1). The reproducii ility of the.pH
measurements . is- better: than +.0:003: ~for |

samples. The electrode drift

Iy every two ‘weeks. -
'0.001 unit/day, and. ¢
values, o L
‘ Alkalinity was determined at 25 +'0°02°C ‘with 4 _
‘Radiometer TTT61 Digital :Titratog Witl'" 4 ‘reproduci-
bility of better.than + 4 H-eq/kg for replicate samples.”
Some samples were also measured using ‘the method of -
Culberson e g/, (1970} with similar precision. No syste-

orrection was:made to the measi
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-ed:be ,
A8 temperaturesdecreass
.pack. ice; ‘the . pHewal

" Ottober rem

Jemained. essentially ‘const
. asurements within - the .
o “of 7.851 (10 =
C-1.82°C (15:=:0.091°C); ‘The-§urface' Hivlues, however,
increased sharply g

.. on.14 Novem

frozen and irreversibly altered

ecause some samples were

ion ?fAla'ka_lfifhity, Total CO, ,
| ",:Nutrier!i»t“s and CO, Partial Pressure

i the Surface Water |

The values ‘of pH'(at 25°C)in surface waters obtain.
ween. 1 2:Qctoberand 19°October seemed to decrease
: As ‘the ship moved into the -
tes ‘decreased sharply by roughly
0:03 : units: (Poisson “and Chen, 1987). "No diurnal pH
variability was-observed: - the PH values of several samples
collected. ;at asmall:pelynya |(20°E, 60.0°S) on 27
Ot ained. essentially constant for - over thirty
houss, (Fig,2).. ThepH value iféf‘%("'s”tﬁre'da'Samgl;t} (stored
in amber p stiecbottles atrosm tém erature) also varied
ittle . for, four. heugs: {(Fig.=2), iridiy ng low bacterial
activity:. The biological-activity for Water: ‘below the pack
ice. was : also-found “to* be- [ow’ (Marra’ and’ Boardman,
... The. surface.water

PH- vilues ‘in the ice field
ant: .2 total of 82 surface me-
pack “ice' yielded an average pH
+:0.009).

at an-dverage temperature of

gain- by ‘approximitely 0.03 units
ber:wheni:thé“ship left the ‘pack ice, In the

. 61333; L-0cean . the. pH values -also ircreased steadily with

temperature (Poisson‘and' Chen, 198
PH values are indistinguishable from
south of the Polar Front, possibly b

7). The November
the October values
ecause the primary
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@ sa]inity) values seemed to increase steadily with decreasing
_ temperature (Chen and Millero, 1979; Chen and
79t : ' 1 Pytkowice, 1979), although there seemed to he a smaller
DY PR . : N change south of the Polar Front, No significant change
pH 791 S N - -1 was detected in and out of the ice field, or between
7' 6l o, . 1 October and November (Poisson and Chen, 1987).
o ' . , , ; This author calculated the TCO; and pCO, values
4000 6000 8900 using the measured pH and TA values. The contributions
min . of species such as phosphate (PO,) and silicate (8i0,)
T to the alkalinity correction were accounted for, The

-~
[=-]
T

L

(b) measured phosphate. and silicate values were used when

o ; j ! ! ' available (Huber et ai,, 1983); otherwise, these concen-

.. 188 Co e trations were calculated according to the following equa-

pH787F - ' tions based mainly on the GEQSECS and the Islas Orcadas

: ;’3356 - . . - (Huber et af, 1981) data in the South Atlantic (Chen,
0800 1200 1800 2400 - oeng 1200 1984; Figs. 3.4),

Tim -

_ . +me NPO, = PO, x 35 0/salinity
Fig. 2. (a) Variation of pH with time fo: a stored surface sample;
(b) pH values for samples collected from the same site

but at different hours of the day. . ;‘“;; ﬂ.(;nlo:i/kg‘l Uk N T<4°C .
productivity observed in the eastern Weddell Sea is too ;0'] ;-Jrr'ml /1%:\# mol/kg 4C< ;f 116605
low (Balech ez a, 1968; Marra et al, 1982) to cause a , ok £

significant change in pH in the fast moving and vertically

well-mixed water. The pH values increase at a faster rate. ) ) L
with increasing temperature in November north of the NSO, = 8i0,.x 35 0 salinity
Polar Front (2°¢), Perhaps the primary preductivity in ' . |

late October and-early November. was hjghfenaugl"t_g,‘pspgcj:-. - =80 .iz;'-;r’ﬁol‘/:ké:1‘. oo _7 : jrv<_2°c

ally on and near ths Argentine shelf, to decrease the total - =99.4-19.7 T mbi[kg °CL T < 5°C
CO; concentration of the water, resulting in higher pH =1 ,u mol/k-g ' T> 5%
values in the vertically stratified water (Chen,  1984), ' '
The normalized surface TA (NTA = TA x 350/
>
200 02 4
e : X GEOSECS
".}? . 9 Islas Orcadas 12
LI
gisp U } "
il L
E A
3 et
g
S} . .
Z
>
9—( x
5f v 1
oL . : I . L loa LI
0 5 10 15 20 25 kli]
T,°C
Fig. 3. Surface NPOy values vs, Seawater temperature inthe South Atlantic Qcean,
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rate in November, pussibly-as a result of primary produc-

sof L . R "] tion in late October and early November. The general J
' . ‘ circulation around Antarctica is such that the southward: i
sol | flowing deep waters upwell near the continent, bnngmg ‘
. X GEOSECS with them high concentrations of alkalinity, total CO} i
0b . ¢ : " & 1glas Orcadas 13 and nutrients, A’ Jportion of the Antarctic surface water §
;e - : then spreads northward away from Antarctica. In the !
sol ," mean time, the surface water being warmed loses alkali- {
. . nity, total CO, and nutrients as a result of biologicat ,‘
% o i productivity, Higher temperatures may also enhance the ;
g 50 formation of CaCO,, either biologically or mcrgamcally,
:351 further reducing TA and TCO,. The breaks between 2°C
% 4of : and 4°C in the nutrients/temperature correlations corre-
z spond roughly. to the- xegion of the Polar Front. Why pH,
30y NTA, NTCO, ‘and nuttents should correlate with tem-
: perature, however, “is not clear. The normalized
207 GEOSECS nitrate values correlate with temperature as
10} ] foliows (Fig. 5): | | |
. g . . e NNofNoax35‘.o/saJﬁmy
0 5 10 15 20 25 30 - _23”m0}/kg T 40c
T,°C —307 193, T,u,molikg 4£°C <'T < 16°C
Fig. 4. Surface NSiO; values vs, seawater temperature in the 0 ,umol/kg i . T > 16°C

South Atlantic Ocean.
The normalized TCO, values (NTCO, = TCO,_

X 35.0/salinity) increase almost linearly with decreasing - -
temperature (Poisson and Chen, 1987), but at a faster."

The calculated pC02 in open ocean, surface waters
ranged from 256 to 365 1 ‘atm. The October values seem

25 g

NNO3, 4 molfkg

Shmton st giin. o

15 T

20

25

30

T.°C
Fig. 5. Surface NNO3 values vs. seawater temperature in the South Atlantic Ocean. !
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to fall within 326 = 7 g atm north of the Polar Front.
The values are distinguishably lower (311 £ 7 p atm)
near the Polar Front but again higher (319 £ 8 y atm)
south of the front., The November values seem to -de-
crease steadily with increasing tempetature (from 320 u
atm near ice edge)-at the rate of 1.6% per °C. The valiies
under the ice ranged from 332 to 365 u atm, with*an
average of 354 = 9 (lg) p atm (Chen, 1984, 1988).
‘Theoretically, pCO, should increase with increasing
temperature (Copin-Montegut, 1988')'. Qur data inditate
biological consuription.

Takahashi an@ €hipman (1982) also meastred

pCO, during the WEPOLEX expedition. They reported
pCO, between 307 and-340 g atm in the open oéean
surface waters. The surface values under ice ranged be-
tween 313 and 340 p atm with an average of 325 £ 7 p
atm, The €O, part1a1 pressure in the atmosphere was
3413
than the seawater values in the open ocean but sirmilar to
values in the ice field. The open water values obtaified
during the WEPOLEX expedition in the austral wmtex of
1981 are generally similar to these of previous expedi-
tions, such as the GEOSEES: {Geochemical Ocedn Section
' Studies) Atlantic Expedition in January, 1973, the
GEOSECS Pucific Expedifion in Febriuary — March, 1974,
and the GEOSECS Indian Ocean Expedition in February,
1978. These observations indicate that the surface waters
of the Antarctic Ocean are not a strong ‘sink“for
* atmospheric CO3, in spite of their low temperatures;dnd
are only slightly undersaturated during the late austral
‘winter and most likely throughout the year. Waters

beneath ice can not exchange freely with the atmosphere.

V. pH in the Subsurface Waters

The vertical pH distributions (Fig. 6} generally show
a pronounced minimum near the broad maximum tem-
perature (7, .} and salinity layer S, (Fig: 7). “The
Sy gy 1AYEL 1s usually only 150 m below the T, maxs A
large portion of the F, - and S, . water at a typical
station such as Stn 34 comes from modified Circumpolar

Deep Water (CDW). By the time the CDW signal is

incorporated into the Weddell Gyre from the Circumpolar .
Ocean and becomes Weddell Deep Water .(WDW), it is

characterized by high - Apparent Oxygen Ut:l_xzatxon
{(AOU) but low pH values. _
are modified by the Antarctic Bottom Water (AABW),
and temperature, salinity and AOU decrease with depth,
whereas pH values increase monotonically ¢(Chen, 1982c;
Gordon et al,, 1984; Chen, 1984).

In a few cases, such as at Stn 36/37, the core of
the warm water layer (250-1000 m) is warmer and saltier
than that observed at Stn 34 and represents fresh CDW
input from just north of the Weddéll Gyre. The AOU

1.4 (10) p atm on the average, slightly greater.

In deeper layers, the waters:

Depth, m

5000 . 1 1 1 = l 1 : - I ) 1
59°5 60° 61° 62

63" 62° 6’ 60° 59
Latitude

Fig. 6. Cross:section of the WEPQLEX pH data (at l25°C).

values, whose calculation was based on the oxygen solu-
bility given in Chen (1981); are lower, and a broad

‘maximum in pH is found below the near-surface minimum

(Fig. 7). This situation suggests-that mot as much decom-
position® of organic material has occurred in the circum-
polar § water at Stn 36/37 than has occurred within
the Wezlqdell Gyre, represented by Stn 34. A second pH
minimum is found at a much grefater depth (1200 m}) at
Stn 36/37, and pH again iricreasés moriotonically toward
the bottom.

A composite §/pH glot for all WEPQLEX station
samples is shown in Fig. 8.~ Waters within the Weddell
Gyre alt fall on approximately the same linear 6/pH cor-
relation line, and the ones above this line all have large
fresh input from CDW. The linearity of the 8 /pH re-
lation, a'mirror image of what was found for 6/AQU
correlatién suggests little in situ organic carbon produc-
tion or- decomposmon (Poisson and Chen, 1987; Chen,
1988).. There is a change in slope at about 0.1°C and g,
of 46.06, similar to what was observed on the 8/oxygen
plot (Gordon et al., 1984).. A 04-0f 46.06 may roughly
correspond with a stability maximum reported by Reid
et al, (¥977) and Reid (1989) and is close to the upper
bouridary for AABW as defined by Schlemmer (1978).
The waters less dense than’about 46.06 and 46.07 in 04
have entered from the Drake Passage and the waters
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(a) .
7CO  5(%o) AOU(umolfkg): pH
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Stn. 34

2000

‘-4-..___.

(b)
0

DEPTH (meters)

1000

Stn. 36/37

A — e Sy g . e
. ———

/

Fig. 7. (a) verncal distributions of temperature, sahruty, Appar-
ent Oxygen Utilization (ACU) and pH (25 C) fora typical
WEPOLEX station, 8tn 34 and (b) a non-typical station,
Stn 36/37. Data below 2000 m have been omitted (taken

. from Chen, 1982b).

20001

L - L L) . | .
1y " 1
0r b
6,°c
a1t ) 4
1.70 1.5 71.80 7.85
pH
Fig. 8. Composite WEPOLEX # data plotted vs. pH. Crosses and:

open circles represent, Tespectively, samples above and
below the Sy, layer. The arrows indicate slight changes
in slope.
denser than 46.06 in o4 are from along the shelf of the
Weddell Sea (Reid, 1989). Deep water colder than 0.1°C

possesses a. slightly steeper slopé, suggesting some con-
tribution from deep waters richer in CDW. Another
small break seems to be present at approximately -0.6°C
and -0q - of 46,16 with even steeper slope below.
Waters denser than a o4 of 46.16 call for an even larger
input from the CDW and, yet start t0.show an excess CO,
signal (Chen and Rodman, 1990). Gordon and Huber
(1984) reported that the warm cells of CDW are eroded
quickly in a single winter season. The excess heat brought
up by CDW is lost to the atmosphere through the ice, but

.the excess salt is not necessarily compensated for by

increased fresh water introduction. As a result, the
pycnocline is destablized the most with a greater than
normal injection of warm CDW, hence increasing the
chance of deep convection. In. the: mean time, the water
mixes with some surface water and picks up excess CO,.
This may explain why the bottom water contains a large
portion of warm CDW and some excess CO,.

It has been difficult o 1dent1fy water masses in the
Southern Ocean, because waters are relatively homo-
geneous, without clearly identifiable structures. The
breaks in the 8/pH corelations. may be useful in de-
fining water mass. ‘boundaries (Chen and Rodman 1985).

It should be noted that all pH values within the
linear range fall within an envelope approximately 0.014
pH units wide (Fig. 8). This spread includes both calibra-
tion and sampling errors, so the real station-to-station
difference is probably small. In addition, these data
clearly demonstrate that, contrary to some reports, pH
can be measured rather precisely. - Byrne ef al. (1988)
also demonstrated that . pH can be measured accurately.

V Tltratlon Alkalmlty and Calcium
in the Subsurface Waters

Both TA and calcium seem to behave conservative-
ly, as expected (Weiss ef al,, 1979), because polar marine
organisms are mainly sﬂlceous and little production or
dissolution of CaCOj occurs in the Weddell Sea. The
normalized TA (NTA) and calcium (NCa = Ca x 35.0/
salinity) concentrations remain essentially constant
(except for a very weak maximum in NTA near 0°C)
and show little variation with -depth or temperature
(Poisson and Chen, 1987). The spread of the composite
NTA values (average value 2386 u eq/kg) is approxima-
tely 10 p eq/kg, which includes sampling and measure-
ment errors. The station-to-station- difference, therefore,
is probably also small. :

Calcium measurements were made for only five
stations (9, 27, 28, 36 and 37) with stored samples, some
of which were frozen, unexpectedly, during transit.
Calcium carbonate precipitates could have formed when
the water froze, and some particles might not have redis-
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solved when the ice melted. Also, some seawater might
have been pushed out of the bottles when ice formed,
again changing the overall composition of the sample.
The composite NCa results, with an average value of
10240 u mol/kg, have a large scatter (* 15 u mol/kg vs.
the precision with unfrozen samples, + 5 u mol/kg).
Consequently, whether our calcium measurements repre-
sent real values is questionable. It is obvious, however,
that no deep water maximum in NTA and NCa is found in
the Weddell Sea, as is commonly found in the low and
mid-latitudes (Chen, 1982c; Chen er al., 1982). Because
the NTA and NCa values remain constant throughout
the water column, they cannot be used as a water tracer
-in the Weddell Sea (Chen, 1984; Poisson and Chen, 1987).

VIl. TCO, and pCO, in the Subsurface
Waters '

The TCO, of the Wdddell seawater also seems to
mix conservatively below the S layer (Poisson and
Chen, 1987; Chen, 1988). The normalized TCO, values
caleulated from pH and TA data for all WEPOLEX
stations below the 8,4y l12ver are plotted vs. & in Fig. 9.
A linear correlation 1s o‘oserved with a standard deviation
of 6 1 mol/kg. Since the standard deviation of the least-
squares fit is only slightly larger than our analytical preci-

'sion’ of * 5 u mol/kg, station-to-station variation is
L]
05 oy
* ]
b REX g
x XK
*
p.h
. ‘,l:?!:.
R
li?s‘l‘ r
a® Fo' A
00k A et
x "‘ x
o X
Bv C LI ) :;l
i
LT I
) :1: x L
L ]
0.5k vy
LI 3N L.
. g By ——
Xx X-
LI
ll" ) 1
L1 ¥4
—1.0be | I ) . L
- 2260 2280 . 2300
NTCO, ptmolfkg

Fig. 9. 9/NTC02 correlation’ for ail WEPOLEX smuples below
the maximum salinity layer, The arrow indicates a shght
change in slope.

minimal. A slight change in slope occurs at -0.6°C.

A linear regression of the normalized total CO,
values of three GEOSECS (January, 1973) stations in the
vicinity yields a standard deviation of 15 ¢ molfkg. The
best fit of the GEOSECS data (Takahashi et al, 1980)
yields 2286.0 1 mol/kg at 0.2°C and 16.4 u mol/kg lower
at -0.8°C. The best fit of the WEPOLEX data yields
2281.5 at 0.2°C-but only 14.4 u mol/kg lower at -0.8°C.
The difference befteen these two sets of data is smaller
than the uncertainty in the analytical procedures and,
therefore, does not necessarily indicate temporal
variations occurring between 1973 and 1981. More and
more excess CO, is expected to penetrate into the AABW
before it is found in the warmer water originating largely
from the old CDW. It would be interesting to observe
in the future whether the NTCO, value at -0.8°C showed
an increase relative to the 0.2°C water.

The &/calculated pCO, correlation (Fig. 10) is a
mirror image of the A/pH correlation. There is a
maximum near the S, . layer. Below it, the pCO, de-
creases roughly linearly with decreasing temperature, but
a steeper slope is observed below -0.6°C. The measured
pCO, values (Fig. 11; Takzhashi, 1982) scatter badly
because of operatmnaﬂ d1fﬁcu1ty during WEPOLEX,
Nevertheléss, the Valués agree teasonably with. the cal-
culated values,

i 1 1) .
1k ' i
0_ ol -
8,°c
a1k . -
" ox
ll
) R i .
300 400 5000 600
pCO,, fatm

Fig. 10. 6/pCO4 correlation for all WEPOLEX samples, Crosses
and open circles denote, respectively, samples above and
below the maximum salinity layer. The arrow indicates

* a:slight change in slope, -

VIII. Carbon-13 in the Subsurface Waters
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Fig. 11. T/pCO, .co;relatlipn#.:belo@ the :max.imum salinity. layer
based on Takahashi’s.(1982) pCO, measurements.during

WEPOLEX,

The carbon-13 values (Kroopnick, 1985) again in-
dicate conservative mixing in the Weddell Sea, ‘For in-
stance, two linear segments representing data above and
below the S,,.ax 12yer, respectively, are observed on the
8§/6"C plot (Fig.-12). This plot is similar to the S/NO
plot (Broecker, 1974; Fig. 13).

348

347
34.6
34.5 |
. 34.4 |-
343
342 |-

341 L _ _ ot

34.0 L L
0 0.5 1.0 1.5

5130, 0/&]0'

Fig. 12. Salinity vs. 513C at GEOSECS Stn 89,

NO
500 550 600
i+ T T
1 .
0 -
o
0
-
—14"
-2}
349+
m
‘=
o 345
" Surface
341 L - S
500 550 600
NO
Fig.13. Potential temperature and salinity vs, NO at WEPOLEX
Stn 36/37. )

The 6/6'> C correlation is shown in Fig. 14. This
plot does not look like the 8/NO plot (Fig. 13) but is a
mirror image of the §/NTCQ, plot (Poisson and Chen,
1987). The water with .the minimum potential
temperature is the remnant winter water (Chen, 1988).
Assuming that this remnant winter water is.a mixture
of the surface water left over from summer and the up-
welled WDW, this author obtained a surface/WDW mixing
ratio of 63/37 based on.the §**C.data. This ratio agrees
well with the value 68/32 based on nitrate data (Chen,
1984; Poisson and Chen, 1987), 75/25. based on oxygen
data (Gordon ef al., 1984) and 69/31 based on *He data
(Schlosser et al,, 1987).

XI. Conclusion
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Fig. 14. Potential temperature vs, '*C at GEOSECS Stn 89.

The values of pH in surface waters of the southern
South' Atlantic Ocean and the Weddell Sea decrease with
decreasing. temperatﬁre but. NTA; NTCO,, NNOj,
NPO, and NSiO, increase with decreasing temperature.
The surface pCO, values remain constant in October but
increase with decreasing temperature in November.

The pH and &*C. correlate linearly with 6 for

subsurface waters-with higher pHand:5 ' Cvalues at lower. -

temperatures, NTCO,. and pCO;. also correlate. linearly
with 6 for subsurface waters but with higher values at
higher temperatures. NTA and NCa do not correlate with
temperature for subsurface waters. The §22C data suggest
a surface/WDW mixing ratio of 63/37.
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