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1966, the entire troposphere became fairly homogen-
eous in C14 content, the level at that time being
about 65 percent above pre-bomb levels.

Transfer of this C 14 to the sea is causing the level
of C 14 in the troposphere to decline slowly, while the
near-surface levels of the sea become enriched in this
tracer. The rate of air-sea exchange of CO 2 is ex-
pected to be proportional to the square of the wind
speed over the sea surface (Young and Fairhall,
1968). The large ocean areas and high wind speeds at
southern latitudes mean that the bulk of the bomb-re-
leased C 14 will probably be taken up by the oceans.
We are studying this uptake by a total-CO,,, sampling
program aboard USNS Eltanin. Sixty-liter samples of
water are being collected (Young et al., 1969) from
various depths to 4,000 m at a number of locations
south of Australia. Carbon dioxide is stripped from
the water aboard ship and absorbed in molecular
sieve which is later returned to our laboratory for C14

assay.
The accompanying figure shows some of the first

data obtained. The limited data that are available on
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C14 levels in the southern oceans from the time that
they were relatively uncontaminated by C' 4 from nu-
clear tests (Rafter, 1968), indicate that A C' 4 , the
isotope-corrected deviation from the pre-atomic con-
centration of the terrestrial biosphere, was as low as
—269. On this scale, the pre-atomic levels of most of
the surface ocean is generally taken to be —50. In
comparison with these numbers, the data in the figure
show that significant amounts of bomb-released C14

have been taken up by the ocean at high southern
latitudes. Although the data are as yet rather meager,
the bomb-released C 14 should serve as a useful tracer
for determining the rate of air-sea exchange of CO2
and for tracing the advection and mixing of the var-
ious ocean-water masses. For example, the Upper
Deep Water, with a A C 14 value of —60, corresponds
to a water mass originating in the North Atlantic
before the atomic era. The higher concentration of
C 14 in the water masses above and below show that
these have a fairly recent origin at the surface.

The National Science Foundation has provided lo-
gistic support for this project, which is supported by
the Atomic Energy Commission under contract
AT(45-1)-2091. The samples were collected and
processed by Dr. Burton T. Ostenson, whose assist-
ance is greatly appreciated.
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Salinity and C" profiles for Eitan,n station no. 35, Cruise 36, at
4945'S. 155 0 E., taken on November 25, 1968. The origins of the

various water masses are indicated.
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Rn222 in Antarctic Near-Surface Waters

Guy G. MATHIEU

Lamont-Doherty Geological Observatory
of Columbia University

The Lamont-Doherty Geological Observatory geo-
chemistry program on Cruise 37 of USNS Eltanin
included a study of the distribution of Radon-222
(Rn222 ) in near-surface waters.

Radium-226 (Ra226 ) in the ocean decays into
Rn222, which then partly escapes to the atmosphere.
resulting in a deficiency in Rn222 in near-surface
waters. Hence, by measuring both Rn 22' on board
and Ra226 later on in the laboratory, one can deter-
mine the Rn222 deficiency. As this deficiency in turn
depends on the rate of near-surface vertical mixing
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and the rate of gas exchange between the water and
the atmosphere, these measurements provide a perfect
tool for determining those rates of mixing and ex-
change.

The shipboard operations included sampling of the
water with 30-I Niskin bottles at the surface and at
depths of 50. 100. 200 and 400 m. The Rn 222 was
then extracted and counted in an alpha scintillation
counter.

As the Ra226 measurements have not yet been
iiiade, only preliminary conclusions can be drawn
here. All 18 profiles measured show an increase in
Rn222 with depth. The surface samples vary from 33
to 76 percent of the deeper values, the average being
60 percent. A general increase in 'Rn222 in near-sur-
face waters with increasing latitude was discovered,
probably reflecting an increase in Ra 226 concentra-
tion related to upweiiing of deep Pacific and Indian
water in the Antarctic.

Radium and Inorganic Carbon
in Antarctic Waters'
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The program summarized below involves simul-
taneous analyses of Ra 22 , P02, and U isotopes
in a number of profiles taken during Eltanin Cruises
35 to 37 along approximately a meridional trend
(between 125°E. and 145°E.) extending from the
antarctic continental shelf to the South Australian
Basin.

Our study of the radium distribution in the ant-
arctic region has the following objectives. (1) to es-
tablish the radium concentration level in this region
of deep-water formation, the knowledge of which is
essential to the understanding of the radium budget
(hence the total flux from sediments) in the World
Ocean: (2) to assess the role of biological transport of

Research supported by NSF grants GA-4239 and GA-13895.
Now at the Department of Geological Sciences, University
of Southern California.

radium in this region of relatively high surface pro-
ductivity; and (3) to collaborate with a program of
shipboard Rn222 analyses carried out by a Lamont-
Doherty group studying gas exchange across the air-
sea interface in the Antarctic.

Our measurements show that the Antarctic Con-
vergence (located around 52°S.-55°S. in the area
studied) forms a remarkable boundary for the distri-
bution of radium. South of the Convergence, the
radium profiles are uniform, concentrations near the
surface being close to 8 X 1014 g/l and those of the
deep waters 10 X 1014 g/l. North of the boundary,
surface concentrations drop to about 4 X 10-' g/l,
whereas bottom values remain near 10 X 10' g/l,
the transition being at a depth of 1,000 m or more.
The characteristic changes are shown in Fig. 1. The
data have several implications: (1) The advection
effect on the distribution of radium is strongly em-
phasized in this part of the ocean; (2) The sharp
contrast in the surface radium concentrations across
the Antarctic Convergence and the equality of surface
concentrations (i.e., 4 X 1014 g/l) north of it
with those of the Atlantic and Pacific Oceans
(Broecker et al., 1967) may well indicate that surface
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Figure 1. Radium distribution in two profiles taken from either
side of the Antarctic Convergence. AASW=Antarctic Surface
Water, SAASWSubantarctic Surface Water, AAlWAntarctic In-
termediate Water, CDWCircumpolar Deep Water, INDW=Indian

Ocean Deep Water, AABW=Antarctic Bottom Water.
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