
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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three current meter moorings in the Polar Front Zone and
36 hydrographic stations along 132°E. between 65° and
35°S. As part of the hydrographic work, a detailed com-
parison of Soviet and U.S. analytical techniques was
planned. An expendable bathythermograph (xBT) system
and a set of hydrographic and chemical instrumentation
were taken aboard by the U.S. group for this purpose.

The U.S. group, consisting of William Emery, a physical
oceanographer from Texas A&M University, and Steven
Hager and Stanley Moore, both chemical oceanographers
from Oregon State University, joined Professor Zubov in
Wellington, New Zealand. After loading the U.S. equip-
ment, the ship left Wellington on 20 January 1977 and
headed for 47°S. 132°E. where a search for the Polar Front
began (figure 2). Using XBTS, a temperature section was

CelL 1111	 *r	.e- *
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Figure 1. Soviet research ship Professor Zubov.

taken along 132°E. between 47° and 58.5 0S. The section
(figure 3) shows the Australasian Subantarctic Front at
51 °S. and the Polar Front Zone between 55 0 and 57°S. Also
interesting is the cold feature at 51.5°S., which later was
shown to be a cyclonic eddy.

Another XBT section taken going north showed the frontal
zones at the same positions. Since depths near the Polar
Front Zone were greater than anticipated, it was decided to
deploy the current meter moorings in the region of the
Australasian Front. Severe weather, however, prevented
deployment of the current-meter stations as planned, and
the time was used instead to conduct an XBT survey that con-
firmed the existence of a cold-core, cyclonic ring at 51.5°S.
Continued bad weather led to a second XBT survey of this
ring after which the three current meter stations were
deployed as indicated in figure 2.

After the current meters were deployed, a final XBT sec-
tion was made between 50° and 60°S. The important fron-
tal zones were located as in the first section. Starting at
65°S., an attempt was made to begin a line of at least 15
hydrographic stations. The reduction in stations was due to
the amount of time lost to storms and difficulties in current
meter deployment. Inclement weather continued to hamper
operations, and only six hydrographic stations were com-
pleted. These stations did, however, allow some comparison
of Soviet and U.S. techniques of chemical analysis. Also,
during the cruise an important intercalibration of chemical
standards was carried out.

On 11 February all data collection ceased and the ship
headed for port in Australia. In Geelong, Australia, the
U.S. group departed the ship and returned home. It was
agreed, however, that the Soviet scientists would return to
the area where the ring was observed and survey this feature
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Figure 2. Cruise track of joint Soviet-U.S. experiment.
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Figure 3. North-south
temperature section along
132 0 E. taken between 25
and 27 January 1977. At
the top are shown salinity
(s) and density ( t) at the
surface. The depth of the
bottom (H) is also shown
with the letters A, B, and C
indicating the positions of
the current meter moor-

ings.
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using hydrographic casts. Combined with the earlier XBT
data and the records of the moored current meters, these
data should provide a good opportunity for investigation of
the cyclonic ring.

The U.S. participation in this study was sponsored by Na-

tional Science Foundation grant OCE 76-00592. The
cooperation of Captain O.V. Andrzheevsky, his scientific
deputy Ura Menshov, and the crew is greatly appreciated.
We are also grateful to the Soviet Arctic and Antarctic
Research Institute for its support of this research.

Water mass renewal in the
subantarctic zone
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A circumpolar subantarctic front (sAF) can be defined
from the temperature field as the zone of maximum north-
south temperature gradient at, say, 200 meters. This
temperature front marks the northern boundary of the polar
frontal zone. To the north of the SAF lies the subantarctic
zone, which is below the seasonal thermocline, characterized
by small horizontal temperature gradients and weak cur-
rents.

Historical data from the subantarctic zone show a process
occurring there that is the Southern Hemisphere analog of
the water mass renewal process that occurs in the Northern
Hemisphere south of the Gulf Stream and the Kuroshio. The
Northern Hemisphere water masses have been called 18°
water for the North Atlantic variety (Worthington, 1959),
or subtropical mode water (sTMw) (Masuzawa, 1969; War-
ren, 1972) for the North Atlantic and North Pacific varieties
as a pair. Subtropical refers to the area of renewal; mode, to
the large contributions these waters make to the warm water
volumes of their respective oceans. For the Southern

Hemisphere analog, I have coined the name subantarctic
mode water, or SAMW (McCartney, 1977).

In figure 1 a typical summertime meridional section
across the subantarctic zone and front is shown, this par-
ticular one from south of Australia. The SAF is sharply de-
fined and lies between 48° and 49°S. North of the SAF is the
thick 8°C thermostad that marks the summer remnant of

- temperature section from El/anin 41, 1 32-E

340	360	380	400	420	44*	46* 48*	50*	52*	54*

Figure 1. A summertime section south of Australia along
132 0E from Eltanin cruise 41. The subantarctic front is be-
tween 48 0 and 49°S. The SAMW north of the SAF is overlain
by a seasonal thermocline above 200 meters, but persists
as a pronounced thermostad between 200 and 600 meters
North of 42 0S. the SAMW thermostad is still easily detect-
able, although not as pronounced as within the formation
zone between 43 0 and 48 0S. The Australian continental
shelf lies north of 35 0S. Data are from 20 December 1969 to

16 February 1970.
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