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Large, steplike temperature and salinity structures observed in
the central Weddell Sea

THEODORE D. FOSTER, Institute of Marine Sciences, University of California, Santa Cruz, California 95064

As part of a project to study the formation of Antarctic Bot-
tom Water in the Weddell Sea, three oceanographic expe-

ditions have been carried out in the northwestern sector of
the Weddell Sea. On each of these expeditions, we carried out
time series of CTD (conductivity-temperature-depth) stations
to investigate the very large, up to about 500 meters thick,
steplike structures in the temperature and salinity vertical
profiles we have observed in the central regions of the Wed-
deli Sea since 1973 (Foster and Carmack 1976). In 1987, we

did not observe these structures, possibly since our investiga-
tion that year never reached the central part of the Weddell
Sea. In 1991 and 1992, we did observe the large, steplike struc-
tures and carried out a series of 64 CTD stations at 30-minute
intervals from about 50 to 650 meters depth in 1991 and a
series of 32 CTD stations in 1992. After we had analyzed these
so-called yo-yo CTD series and corrected all the salinity pro-
files, we found that the series showed a surprising amount of

Time series of temperature (C) and salinity (psu) vs. pressure (decibars) at 30-minute intervals in the central Weddell Sea (approximately at 650S
470W) on 24 to 25 February 1991. Each temperature profile is displaced successively to the right by 0.2°C and each salinity by 0.02 psu.
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variability. The figure shows the 64 CTD station time series
that we took in 1991 at about 65 0S 470W.

In 1973, we thought that the large, steplike structures
were due to a combination of the diffusive instability (this
occurs when the fresher layer is on top due to the greater dif-
fusivity of heat than salt) and the cabbeling instability (this is
due to the nonlinearity of the equation of sea water). From
the evidence that the density ratio (the ratio of the density
due to salinity changes to that due to temperature changes) in
the large steps had an average of 1.03 whereas in the small
steps in the upper region it had an average of 1.39, we hypoth-
esized that the main cause of the large steps was probably the
cabbeling instability. This was further justified by the fact that
the transition between these two regions decreased in depth
(pressure level) as one proceeded toward the center of the
Weddell Gyre due to the changes in the equation of state that
occur due to pressure.

The 1991 time series showed that internal waves with
approximately semidiurnal frequency (that is, internal tides)
move the principal interlaces up and down to different pres-
sure levels. The pressure changes at the largest interface by
about 80 decibars and, thus, may trigger an instability due to
the pressure effect on the equation of state. Casts numbered

about 57 to 60 show a near disappearance of the large steps in
the 1991 series. Although it should be pointed out that the
pressure effect is slightly out of phase with this event, perhaps
this is due to the time it would take for the cabbeling instabili -
ty to initiate convection.

We are presently conducting both numerical and labora-
tory experiments in an attempt to sort out the effects of both
the double-diffusion of heat and salt and the nonlinearity of
the equation of state of sea water. We have seen that as the
layer thickness is increased (and thus the Rayleigh number)
the convection intensifies but that the relative penetration of
the lighter, warmer water decreases. The nonlinearity of the
equation of state should affect the convection quite different-
ly since, in this case, there is no reason that the convection
would be confined to a relatively thin layer.

This research was supported by National Science Foun-
dation grant OPP 89-15730.
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Photochemistry of antarctic waters during the
1993 austral spring

DAVID J. KIEBER, Department of Chemistry, State University of New York, College of Environmental Science and Forestry,
Syracuse, New York 13210

T
he dramatic springtime decrease in stratospheric ozone
over the Antarctic results in an increase in the ultravio-

let-B (UV-B) flux penetrating the surface of the ocean. The
higher levels of UV-B radiation magnify photochemical
transformations in the euphotic zone, which, in turn, may
have negative and positive effects on antarctic organisms. In
particular, cellular damage can occur, although very little is
known about the extent of this damage to marine organisms.
It is reasonable to assume this damage will partly be due to
the photochemistry of the surrounding sea water through
the production of reactive species [e.g., hydroxyl radical
(OH) and hydrogen peroxide]. Increased UV-B fluxes may
have subtle positive impacts on the marine ecosystem as
well. The UV-B photolysis of dissolved organic matter
(DOM), much of which is presumably biologically refractory,
will yield biological substrates (e.g., pyruvate). Higher pro-
duction rates of these substrates should increase secondary
productivity in carbon-limited antarctic waters (Kirchman
1990).

The importance of photochemical transformations on
the health and growth of marine plankton under enhanced
UV-B conditions has not been evaluated because virtually
nothing is known about the photochemistry of antarctic

waters. This prompted us to initiate a laboratory and field
study to examine the photochemistry of antarctic waters in
response to changing UV-B fluxes. The initial results of this
research are reported here.

We participated in an oceanographic cruise aboard the
R/V Nathaniel B. Palmer from 10 October to 10 November
1993, occupying several stations in the confluence of the Sco-
tia and Weddell Sea. Analytes were determined onboard
according to published procedures: OH radical (Mopper and
Zhou 1990), hydrogen peroxide (Miller and Kester 1988),
flavins (Vastano et al. 1987), and formaldehyde (Kieber, Zhou,
and Mopper 1990).

Filtered sea-water samples [0.2 micrometer (rim)] for
photochemical experiments were placed in stoppered quartz
tubes. Deckboard irradiations were performed by placing
quartz tubes in a surface sea-water bath located on the heli-
copter deck. The UV-B flux was determined by valerophenone
actinometry (Zepp et al. 1992, pp. 282-285), and the total light
flux was determined with an ILC model 1700 research
radiometer. Laboratory irradiations were conducted using a
merry-go-round (MGR) system with a 450-watt medium pres-
sure mercury lamp in a borosiicate immersion well (Mopper
and Zhou 1990).
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