
Figure 1. Location of
Polar Front axis as deter-
mined from XBT sections.
Temperature measure-
ments were made from

mooring A.
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Figure	2. Isotherm
depths as a function of
time. Temperatures less

than 2°C are shaded.
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conductivity- temperature-depth (CTD) recorder show that
most, if not all, of the water column was involved in the
equatorward ejection of the cyclonic ring. The surface
temperature field and ship drift information presented in
figure 1 illustrate the surface signature of the ring. We know
neither the ultimate fate nor the frequency of formation of
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An objective of the International Southern Ocean Studies
is to better understand the dynamics of the Polar Front Zone
(p il-z) or the Antarctic Convergence (National Academy of
Sciences, 1974). This zone of transition between antarctic
and subantarctic surface waters lies in the Antarctic Cir-
cumpolar Current.

Recent field studies of the zone (Gordon, 1975; Joyce,
1976; Patterson and Sievers, 1976) are not reviewed here.
Instead, we present some results now available from
measurements taken during the 1976 phase of the First
Dynamic Response and Kinematic Experiment (FDRAKE-
76), with attention to how the upper water masses are ex-
changed across the PFZ. Two modes of stirring, distinguished
by scale, have been identified: (1) mesoscale rings or eddies
and (2) small-scale, cross-frontal intrusions or interleaving.

For 5 weeks during FDRAKE-76, a large meander in the cir-
cumantarctic current was observed to grow and pinch off a
cyclonic ring of antarctic water to the north of the PFZ (Joyce
and Patterson, 1977). The ring then drifted northeast into
the Scotia Sea. Hydrographic measurements obtained with a
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Figure 1. Surface temperature distribution and vectors in-
dicating ship's drift during AGS Yelcho's first survey of the
cyclonic ring and the area to the south. Survey extended

from 31 March to 3 April 1976 (Patterson, 1977).
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such cyclonic rings and their anticyclonic counterparts.
Without this knowledge only low-confidence estimates of net
poleward heat or salt transfer can be made for the region.

The CTD data presented in figure 2 reveal the second
mode of transfer across the PFZ: small scale interleaving.
The temperature, salinity, and dissolved oxygen fields show
multiple inversions with vertical scales of 10 to 100 meters
while the density ( t) is comparatively monotonic with
depth. This indicates that the temperature and salinity
variations compensate each other in such a way that in-
stabilities in density are essentially absent.

Closely spaced stations are necessary to map out the larger
of these "leaves," and even then one can only analyze the
smaller intrusions statistically. The entire PFZ is filled with
these structures (Gordon et al., 1977), each of which has
some varying fraction of antarctic and subantarctic water
properties. One might imagine the intrusions acting as a
great "heat exchanger" increasing the surface area of con-
tact between different water masses and thereby enhancing
the smaller scale mixing. To maintain the interleaving in a
statistically steady-state, cross-frontal exchange is necessary
proportional to (a) the intensity of interleaving and (b) the

rate of destruction (by vertical exchange) W each "leaf." A
model describing this process has been proposed (Joyce, in
press), and is being enlisted to interpret the data from
FDRAKE-76.

The relative effectiveness of each of the above processes
and their importance to southern ocean dynamics as a whole
need further thought and experimentation. We have only
recently begun to know what questions to ask. Quantitative
answers to such questions as how Antarctic Intermediate
Water is formed and/or modified by stirring within the
Polar Front Zone lie in the future.

This research is supported by National Science Founda-
tion grant OCE 75-14056 (Joyce) and OCE 74-14941
(Patterson/ Nowlin).
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Figure 2. Continuous temperature, salinity, and oxygen
profiles of CTD station 88 (Joyce etal., 1976).
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As part of the International Southern Ocean Studies
(isos), three U.S. scientists joined the Soviet research ship
Professor Zubov (figure 1) for a month of study south of
Australia. The purpose of this cooperative research was to
study the oceanic frontal zones and the distribution of water
masses between Australia and the antarctic continent. It was
hoped that simultaneous examination of atmospheric and
oceanic processes would shed some light on the interaction
between them in this region.

An earlier section along 132°E. made in 1970 by USNS
Eltanin prompted the decision to collect data along this
same meridian. The cruise plan consisted of deployment of
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