
The CO2—CaCO3 System in the Antarctic
as Related to the Atlantic

and Pacific Oceans
Y. H. Li

Department of Geological Sciences
Harvard University

T.L.Ku
Department of Geological Sciences
University of Southern California

and

G. G. MATHIEU
Lamont-Doherty Geological Observatory

of Columbia University

CO2 (the total dissolved inorganic carbon) and
alkalinity data in regions to the south of Australia
show that the waters of the antarctic seas are mainly
of North Atlantic Deep Water origin. The dissolution
of CaCO3 accounts for 35 ± 5% of the CO2 incre-
ment in the Deep Atlantic and 45-k 5% in the Deep
Pacific. Bacterial oxidation of organic carbon ac-
counts for the rest of the YICO2 increment and is
reflected by an equivalent amount of 0 2 decrement
in the Deep Atlantic and the Deep Pacific, assuming
a respiration quotient of 138/106. Material balance
calculations show that the relatively high oxidation
process of organic carbon in the Antarctic requires
about 1.5 cm3 of 02 uptake from the atmosphere
for each liter of antarctic water. The crossover from
supersaturation to saturation or undersaturation oc-
curs at a water depth of 2,000 m to 3,000 m for
calcite and 200 m for aragonite south of the Antarctic
Convergence. The extent of CaCO 3 dissolution is
controlled by the net production of H+ ions in the
saturated water and by the degree of saturation in
the undersaturated water.
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program aboard USNS Eltanin. Several hundred
60-liter samples of water have been collected from
various depths to 4,000 m on Eltanin Cruises 36, 38,
39, and 43. CO2 is stripped from the water on board
ship and absorbed on molecular sieve for later return
to our laboratory for '4C assay.

USNS Eltanin is used quite frequently by marine
biologists for productivity studies using 14C tracer,
and since we are measuring minute amounts of 14C,

our program is vulnerable to contamination from
the tracer programs. We discovered that a number of
samples from Cruise 36, including the first few which
were reported last year (Fairhall et al., 1969), were
contaminated. We took the precaution on Cruise 38,
when no less than three different productivity studies
were on board, of doing our work in the balloon-
inflation shed at the stern of the ship. By remaining
aloof from the biology program and taking extra
precautions to avoid contact with the tracer 14C

studies while our collections are being made, we
believe we have circumvented the contamination
problem.

As evidence of this, some 14C profiles are shown
in Fig. 1. All the deep samples show the same levels
of 14C within the experimental errors of ± lOo/oo.
Since the samples from Eltanin Cruise 39 were col-
lected when no 14C tracer studies were on board,
these can scarcely have been contaminated. (The
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Atmospheric testing of nuclear weapons has pro-
duced a large increase in 14 C levels of atmospheric
CO,,: tropospheric CO 2 is currently about 1.5 times
the natural level. The sea is becoming enriched in
14C also as a result of air-sea exchange of CO 2 . We
are studying this transfer by a total CO2 sampling
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Figure 1. Some '4C profiles from water samples collected on EUanin
Cruises 36, 38, and 39, and on Scripps' Piquero Expedition. The
dashed line is representative of ' 4 C levels in the Northeast Pacific

Ocean.
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tracer 14C is extremely labile and is expected to dis-
appear very quickly after the productivity programs
are discontinued.) The good agreement between the
deep samples from Cruises 38 and 39 lends confidence
that the contamination problem was successfully
avoided. The samples from Cruise 36, which are
shown in Fig. 1, were all processed at a time when
no productivity studies were in progress, and there
is no evidence of 14C contamination in this partic-
ular suite of samples either.

In the upper few hundred meters there is evidence
of bomb 14 C in the water, the variability from place
to place presumably reflecting differences in rate of
uptake of 14C, owing to differences in wind speed
over the sea surface as well as complexities of mixing
and advective processes at the different stations. The
few data at intermediate depths, 500-1,000 m, near
40°S. are associated with Subantarctic Intermediate
Water and are presumably unaffected as yet by bomb
14C. As the surface layers of the sea become increas-
ingly enriched in bomb 14C, it is expected that it will
provide a useful tracer for oceanographic studies.
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Our study of systematics and biogeography of
southern ocean benthic Ostracoda was initiated this
year with Eltanin Cruise 39 (Boström, 1970) (Fig. 1)
and Hero Cruise 69-5 (Kaesler, 1970). Forty-five
grab and dredge samples were collected on the Hero
cruise, and 15 samples from 13 stations were collected
on the Eltanin cruise.

Samples from the Strait of Magellan yielded several
species of Ostracoda that are restricted to the abyssal
environment in many parts of the world. Initial
phases of the research are directed toward the species
Krithe producta and Bradleya dictyon, both of which
are abundant in the Strait of Magellan and occur
in the abyssal environment in the area of Eltanin
Cruise 39. K. producta is a poorly understood species
or species complex that Brady (1880) described as
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Figure 1. Locations of 13 localities sampled on Elfanin Cruise 39.

• . either a cosmopolitan one, and very variable in
shape • . ." or belonging to more than one species.
He attributed the variability to differences in age,
sex, and race. We have noted apparent trimorphism
in populations of K. producta in all samples in which
it occurs at depths from 25 m to 5,590 m. Study of
the ratios of the various morphs and of their inter-
gradation is now under way in an attempt to deter-
mine if they represent three different species, two
species with one sex of each highly similar, or intra-
specific variation such as phenotypic expression of
multiple alleles or differences due to one of the causes
suggested by Brady (1880).

Furthermore, specimens of Krithe producta col-
lected off Punta Arenas, Chile, from depths of 25 to
250 m at intervals of 25 in shown positive re-
gression of size with depth for a number of characters.
If this trend continues into very deep water, the size
of K. producta could be a useful means of estimating
depths at which ancient sediments were deposited.

The view has often been expressed that assemblages
of Ostracoda from deep water are ". . . mainly thin
shelled, translucent, mostly unornamented species. .
(Van Morkhoven, 1962, p. 149). In the area south
of Australia where samples were collected, smooth
or pitted forms showed a somewhat greater species
diversity than either spinose or ribbed forms, but the
ratios of diversities of the three types remained nearly
constant at all depths from 1,500 to 5,590 m. More-
over, populations of Bradleya dictyon from the area
comprise larger, much more robust individuals than
do populations from the Strait of Magellan. These
tentative results suggest not only that abyssal faunas
are not by any means limited to smooth forms, but
also that heavily ornamented species may actually
become more robust with depth.
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