
Surface seawater samples were taken for carbon dioxide par-
tial pressure and total carbon dioxide while the Polar Star was
underway southbound and northbound between Seattle and
McMurdo. This work was carried out by U.S. Coast Guard
marine science technicians aboard Polar Star on behalf of a
geochemistry program at Lamont-Doherty Geological
Observatory.

Reduction, analysis, and reporting of these data and related
observations are continuing at Oregon State University and
Lamont-Doherty Geological Observatory (e.g., Pillsbury et al.
in press; Jacobs, Haines, and Ardai in preparation). The 1985
field program was carried out by R.D. Pillsbury, R. Still, J.
Simpkins, and D. Root for Oregon State University and by I.
Szelag and D. Woodroffe under the guidance of J.L. Ardai, Jr.
for Lamont-Doherty Geological Observatory. The assistance of
the U.S. Coast Guard marine science technicians aboard the
Polar Star and L. DeGalan of ITT/Antarctic Services, Inc. is grate-
fully acknowledged. This work is supported by National Sci-
ence Foundation grants DPP 81-20677 (to Oregon State Univer-
sity) and DPP 81-19863 (to Lamont-Doherty Geological Obser-
vatory), with supplemental support provided by the Depart-
ment of Energy through Interagency Agreement DE-
AI01-84ER60201.
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Oceanic inclusions in the
J-9 sea-ice core
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plate structure of the crystals and distributed unevenly along
the length of the core (figure 1). Several ice samples containing
these inclusions were selected by A. Gow from a section of the
ice core stored at the U.S. Army Cold Regions Research and
Engineering Laboratory (CRREL) in Hanover, New Hampshire.
Slides of the melted ice and its contents were prepared at La-
mont-Doherty Geological Observatory by L. Burckle and are
being studied to determine probable origin of the debris and its
significance to the sub-ice shelf circulation.

METERS ABOVE BOTTOM

S.S. JACOBS

Lamont-Doherty Geological Observatory
Palisades, New York 10964

In 1978- 1979 a 416-meter ice core was obtained from the Ross
Ice Shelf in the vicinity of J-9 (82°21'S 168°42'W) (Zotikov 1979).
The upper 410 meters of this core consists of bubbly glacier ice
(Grootes and Stuiver 1983) and includes microparticles trans-
ported by or through the atmosphere to the deposition sites
(Mosley-Thompson and Thompson 1982). We know, from sali-
nity measurements, oxygen isotope data (Grootes and Stuiver,
Antarctic Journal, this issue) and thin sections studied in polar-
ized light, that the lower 6 meters of the core consists of sea ice
with long, mostly vertical crystals formed by freezing seawater
at the ice shelf base (Zotikov, Zagorodnov, and Raikovsky 1980),.
Visual analysis of a portion of the sea-ice core stored at the State
University of New York at Buffalo revealed a considerable
number of brownish, plate-like inclusions, on the order of 0.5
entimeter wide and less than 0.5 millimeter thick. They ap-

peared to be aggregations of finer particles incorporated into the
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Figure 1. Number of oceanic inclusions per unit length of the J-9
sea-ice core. The timescale corresponds to a constant freezing rate
of 1 centimeter per year between the grounding line and J-9 (82'21'S
168°42'W). ("B.P." denotes "before present:')

A preliminary evaluation of the sea-ice inclusions indicates a
variety of detrital aggregates typical of the sea-floor sediments
at J-9 (Webb et al. 1979). In some samples, this resuspended
material includes diatom fragments of extinct species, while
other samples also include species that exist today but are un-
common in the cold waters south of 60°S (Burckle personal
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communication). A third group, as yet represented by only a
single small sample, consists of brownish ovoids, perhaps the
cysts of a dinoflagellate (Caron personal communication).

The Ross Ice Shelf at J-9 has traveled about 200 kilometers
from its grounding line over a period of about 600 years, given
flow rates on the order of 300 meters per year (figure 2). If ice-
shelf movement and bottom freezing rates were constant at
about 1 centimeter per year over that time, then the variable
distribution of inclusions might indicate that water-column tur-
bidity varies with distance or time along the flowline. This
might occur through the action of tidal currents (MacAyeal
1984) acting on the bottom sediments in a water column of
variable thickness (figure 3) and by grounding of the ice shelf on
submarine rises. Alternatively, the freezing rate may not be
constant between the grounding line and J-9. Evidence from a
discontinuity in the ice crystals near bottom (figure 40 in Weeks
and Ackley 1982) and from an ultrasonic device suspended
beneath the ice indicates that the freezing rate near J-9 may be 2
to 4 centimeters per year. The salinity of the sea-ice core is
higher near its base, and both the retained brine and inclusions
may be related to the freezing rate or subsequent drainage from
the ice.

its constituents and of circulation beneath the Ross Ice Shelf
over the past several hundred years.

I. Zotikov was a U.S.S.R.-U.S. Exchange Scientist at Lamont-
Doherty Geological Observatory at the time this report was
prepared. This work is supported in part by the National Sci-
ence Foundation under grant DPP 81-19863.
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Figure 2. The Ross Ice Shelf and related features, after Bentley
(1985). Ice shelf velocity vectors were used to construct the stream-
line and time scale for the ice at J-9. Dark shading shows the areas of
grounded ice, and hatched shading shows where the seawater layer
beneath the ice shelf is less than 50 meters thick. ("M/YR" denotes
"meters per year:')

The number of inclusions also increases near the base of the
core, which was presumably formed while above the thickest
water column. Some material frozen in the sea ice could be
advected beneath the barrier by steady, southward currents
(Pillsbury and Jacobs 1985), or as a result of vertical convection
in crevasses (Barrett 1975). Both mechanisms could be factors in
supporting the life that exists beneath the ice shelf (e.g., Azam
et al. 1979).

The J-9 sea-ice core was formed several hundred meters be-
low the sea surface at pressures of 35 to 70 atmospheres. It
provides a potentially valuable proxy record of the seawater and
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Figure 3. The seafloor and ice shelf base along the glacial ice
stream-line to J-9 shown in figure 2. Water thickness and bottom
topography relative to sea level are from Bentley (1985). The 6-meter
sea-ice layer at J-9 is exaggerated in the vertical and drawn to
illustrate nearly constant accretion between the grounding line and
J-9. ("M" denotes "meter." "Km" denotes "kilometer:')
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Use of acid-balance values to trace
water-mass in the Weddell Sea

C-TA. CHEN* and M.R. RODMAN

College of Oceanography
Oregon State University
Corvallis, Oregon 97331

Acid-balance (pH) data were obtained in the eastern Weddell
Sea in the late austral winter of 1981 as part of the U.S. -U.S.S.R.
Weddell Polynya Expedition aboard the Soviet icebreaker So,nov
(Chen 1982, 1984; Huber et al. 1983). The data are plotted vs.
potential temperature (0) in figure 1. There is a distinct break in
the slope near 0 0.08°C and 94 = 46.06. (r4 is the density
referenced to 4,000 decibar surface, Reid and Lynn 1971.)

A less pronounced break in slope occurs at 0	0.6°C and
= 46.16. The deeper discontinuity is more distinctly shown

in the silicate/pH diagram (figure 2). Table 1 gives the charac-
teristics of the two discontinuities determined from the com-
plete Somov data set. The depth (z), the (72 (density reference to
2,000 decibar surface) and the (T0 surface associated with the
appropriate (7., surface are average values computed from the
composite Somov data.
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Figure 1. Composite Somov potential temperature vs. acid balance
(H) diagram; crosses and open circles are, respectively, data above
and below the salinity maximum layer.
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It is not unexpected that the deep Weddell Sea waters possess
distinct regimes. We believe that the breaks in the pH slopes
result from, and can be used to study, the lateral spreading of
deep- and bottom-water masses (Reid, Nowlin, and Patzert
1977; Schlemmer 1978; Foster and Middleton 1979; Gordon
1982). Significant dilution of these deep-water masses has oc-
curred in transit to the basins near Antarctica, probably with a
complex mixing history (Callahan 1972). The Circumpolar Deep
Water (cDw) entering the southwestern Atlantic has a low-
oxygen and high-nutrient content (derived from the Pacific
Deep Water, PDW). It encounters in the same density range the
higher oxygen, lower nutrient, and markedly higher salinity
North Atlantic Deep Water (NADW) (Reid et al. 1977). The incor-
poration of the NADW into the CDW results in a low-oxygen
component above a broader high-salinity component which
becomes decreasingly separated vertically upon approaching
the antarctic continent (see for example plates 110, 111, and 113
in Gordon, Molinelli, and Baker 1982).. The CDW undergoes
further modification in the Weddell Sea by the input of antarctic
components, becoming considerably colder, fresher, and more
oxygenated.
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Figure 2. Composite Somov silicate vs. acid balance (pH) diagram.
("Si" denotes "silicate." "ol/kg" denotes 'micromole per
kilogram:')

The CDW is now essentially a new deep-water mass frequently
referred to as Weddell Deep Water (wDw) (Gordon 1978; Gor-

* Written while on sabbatical leave at the National Sun Yat-Sen Univer-
sity, Kaohsiung, Taiwan, Republic of China.
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