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As part of the U.S.-U.S.S.R. Weddell Polynya expedition
(wEPoLEx-81), my Soviet counterparts and I measured acidity
and alkalinity of seawater samples on board the ship. Library
seawater samples were collected for later measurements of total
carbon dioxide (CO,) and partial pressures of CO 2 (by T. Tak-
ahashi at Lamont-Doherty Geological Observatory) and for
density and calcium (at Oregon State University). Some melted
ice samples also were collected for measurements (at Oregon
State University) of conductivity, chlorinity, density, calcium,
and alkalinity. The objectives are (1) to use the calcium and
carbonate data as water tracers, (2) to estimate the effect of pack
ice on air-sea exchange of gases and on calcium and carbon
cycles, (3) to quantify the CO2 flux between atmosphere and the

polar water, (4) to estimate the penetration depth of the fossil
fuel CO2, and (5) to quantify the error in densities calculated
from the seawater equation of state.

Preliminary analysis indicates that acidity is useful in identi-
fying the source of waters. For instance, a large portion of the
water near the broad Smax (salinity maximum) layer at station 34
(see figure 3 of Gordon, Antarctic Journal, this issue) seems to
come from modified North Atlantic deep water (NADW). By the
time NADW signal is incorporated into the Weddell Gyre from
the circumpolar ocean, it is characterized by low acidity and
high apparent oxygen utilization (see figure 1). In contrast, the
warmer, saltier Smax layer at station 36, which represents circum -
polar water just north of the Weddell Gyre, has a broad max-
imum acidity within the Smax layer from approximately 250 to
1,000 meters and lower apparent oxygen utilization than that
observed in the 5max at station 34 (figure 1). This suggests that not
as much decomposition of organic material has occurred in the
circumpolar Smax water at station 36 as has occurred within the
Weddell Gyre, represented by station 34.
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Figure 1. The vertical distributions of temperature (T), salinity (s),
apparent oxygen utilization (Aou), and acidity (pH) at WEPOLEX sta-
tions 34 (59030'S 0030'E; 12 November 1981) and 36 (58°21'S 0°46'E;
13 November 1981). mol/kg = micromoles per kilogram.

Figure 2. A schematic diagram showing the water masses in the
southern ocean. The pack ice blocks the air-sea exchange of gases.
AAIW = antarctic intermediate water; ASW = antarctic surface water;
ww = winter surface water; wsw = western shelf water; NADW =
North Atlantic deep water; cw = circumpolar deep water; i'rw =
Pacific deep water; uw = Indian deep water; AABW = antarctic
bottom water.

Preliminary shipboard data indicate that the pack ice effec-
tively blocks the air-sea exchange of oxygen and CO 2 . Con-
sequently, the homogeneous surface layer, which has approx-
imately 30 percent deep water, is not in equilibrium with the
atmosphere and contains less fossil fuel CO 2 than expected.
Most of the winter surface water (identified as ww in figure 2)
eventually is exposed to the atmosphere as the ice melts, and
exchanges of gases with the atmosphere occur rapidly. Some of
the surface water may flow southward beneath the ice toward
the continental margin and thus undergo no air-sea gas ex-
change. There it mixes with western shelf water (WSW) and
circumpolar deep water (cDw) to form antarctic bottom water
(AABW) (Foster and Carmack 1976; Weiss, Ostlund, and Craig
1979). Since the circumpolar deep water was formed before the
industrial revolution and the winter surface water is also defi-
cient in the excess CO2, the newly formed antarctic bottom
water has little or no fossil fuel CO2 (Chen 1982).
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Laboratory analyses of library samples currently are being
performed. Complete data interpretation and reports should be
available by the summer of 1983.

I was assisted in the shipboard operations by V. Fedorov and
V. Hazitonov of the Arctic and Antarctic Research Institute,
U.S.S.R.; C. Metcalf and D. Woodroffe of the Lamont-Doherty
Geological Observatory; the expedition chief, E. Sarukhanyan;
U.S. chief scientist A. L. Gordon; and the Somov's captain and
crew. This work was supported by Department of Energy grant
81 EV 10611 and by National Science Foundation grant OCE

80-18770.
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Carbon dioxide partial pressure in
surface waters of the southern ocean
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Lamont-Doherty Geological Observatory
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Palisades, New York 10964

Measurements of the partial pressure of carbon dioxide (CO2)
in surface waters were carried out during the U.S.-U.S.S.R. Wed-
dell Polynya expedition (wEPOLEx-81) (Gordon, Antarctic Journal,
this issue). The direction of the net transfer of CO2 between the
atmosphere and the oceans via gas exchange may be charac-
terized in terms of the CO 2 partial pressures (pCO2) in the
surface ocean water and in the overlying atmosphere. If the
pCO2 in the atmosphere is greater than that in the surface water,
the net CO2 flux should be from air to sea, and thus the ocean
acts as a CO2 sink. If the partial pressures are equal, there
should be no net transfer flux of CO 2 across the air-sea interface.
Because seawater exerts a large temperature effect on pCO 2 (i.e.,
4.3 percent per degree Centigrade when alkalinity and total
CO2 concentration in seawater are constant), the warm, low-
latitude ocean waters are believed to have a greater pCO 2 than
the atmosphere, and thus to act as a source of CO 2; the cold,
high-latitude waters have a low pCO 2 and hence act as a CO2
sink.

In the equatorial oceans, the observed pCO 2 values in surface
water are much greater than anticipated for high temperatures
(Broecker et al. 1979). This anomaly has been attributed to the
upwelling of colder and CO2- rich subsurface waters (Broecker et
al. in press). In contrast, in the high-latitude northern oceans,
including the Norwegian-Greenland Sea, the observed pCO2
values are as low as one-half of the atmospheric value of about
340 microatmospheres, and these low values can be entirely
accounted for by the low temperatures. The results of the Geo-
chemical Ocean Sections Study (GE0SEcS) expeditions during
the austral summers of 1972, 1974, and 1978 (Broecker etal. 1979;
Takahashi and Azevedo 1982) indicate that the surface water
pCO2 values in the southern ocean are not as low as those in the
northern oceans but are nearly the same as those in the at-
mosphere, although the temperatures are as low as those in the
northern oceans. Since the vertical mixing of ocean water is

enhanced during the cold winter months, the CO 2 con-
centration in surface water in the southern ocean might be
increased due to mixing with CO,-rich subsurface waters, and
hence the effect of cooling on the CO2 partial pressure of seawa-
ter may be compensated by an increase in the total CO 2 con-
centration. Therefore, we hypothesized that the pCO 2 in the
southern ocean surface water might not be reduced even during
the period of a maximum cooling, and thus the ocean would not
become a strong CO2 sink.

The ship's track and the pCO2 data obtained during the expe-
dition are shown in figures 1 and 2. The pCO 2 contour lines in
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Figure 1. Distribution of partial pressure of CO 2 (pCO2 ; expressed in
10- 6 atmospheres) in surface waters of the southern ocean observed
during the GEOSECS Atlantic expedition in January 1973, the GEOSECS
Pacific expedition in February—March 1974, and the GEOSECS Indian
Ocean expedition in February 1978. The ship's track and the pCO2
data obtained during the WEPOLEX expedition in October—November
1981 also are indicated. The GEOSECS data are for the austral summer,
and the WEPOLEX data are for the austral spring.
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