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ARA Islas Orcadas cruises 17 and 19 were carried out from
2 September to 14 October 1978 and from 22 February to 9
April 1979 in the Drake Passage and the Scotia Sea. The two
cruise tracks nearly overlapped (Biggs and Bidigare 1981).
Physical oceanography of cruise 17 is discussed elsewhere
(Ichiye and Inoue 1980; Inoue and Ichiye 1980).

Comparison of temperature and salinity determined with
salinity-temperature-depth (sm) sensors for the two cruises
indicates that the major seasonal differences within the same
water mass occurred in the upper 50 meters of the water col-
umn. However, the seasonal displacement of water masses,
particularly of fronts, caused some drastic changes in temper-
ature and salinity down to 1,000 meters (the lower limit of STD
in cruise 19) at almost the same geographic location.

In the Drake Passage area, the upper temperature was 2° to
5°C higher in austral summer (cruise 19) than in winter (cruise
17) (the larger differences occurred in the southern section).
The summer increase in temperature was less than 1°C below
200 meters. In the Scotia Sea and South Georgia Basin, the
summer temperature increase in the upper 50 meters was 2° to
3°C, but almost less than 0.5°C below 200 meters. Salinity
change seemed to be almost negligible except at stations near
the islands, where surface salinity decreased by 0.3 to 0.6%o
in austral summer.

Vertical profiles of sm in cruise 17 indicate interleaving
structures with predominant vertical wave numbers of 5 to 10
per kilometer in the Polar Front Zone between 200 and 800
meters (Inoue and Ichiye 1980). The cause of such structures

most likely is the baroclinic instability generated by the ver-
tical shear having stable stratification but accompanied by
horizontal shear in a frontal zone such as the Polar Front (Ichiye
in preparation). The conspicuous interleaving phenomenon
observed during cruise 17, but not during cruise 19 and other
summer cruises of the International Southern Ocean Study,
may have been caused by the strong horizontal shear, mani-
fested in the large geostrophic velocity in the Drake Passage
(62 centimeters per second) during cruise 17.

Temperature and salinity microstructures were observed
during cruise 17 with predominant vertical wave numbers in
the range of 0.1 to 1 per meter. It is not clear whether such
structures were results of double diffusivity instability (Hup-
pert and Turner 1981; Ichiye 1973) or of fossil turbulence (Gib-
son 1980).

This work is supported by National Science Foundation
grant DPP 79-09258.

References

Biggs, D. C., and Bidigare, R. R. 1981. Oceanographic studies of epi-
pelagic ammonium dynamics in the Scotia Sea, Islas Orcadas cruises 17
and 19 (Technical Report 81-1-T). College Station: Texas A&M Uni-
versity, Department of Oceanography.

Gibson, C. H. 1980. Fossil temperature, salinity, and vorticity tur-
bulence. In J. C. J. Nihoul (Ed.), Marine turbulence. Amsterdam:
Elsevier.

Huppert, H. H., and Turner, J. S. 1981. Double-diffusive convection.
Journal of Fluid Mechanics, 106, 299-330.

Ichiye, T. 1973. Ocean microstructure due to instability of different
heat-salt diffusivity. Mémoires de la Société Royale des Sciences de
Liege (Liege, Belgium), 6th Series, 4, 69-80.

Ichiye, T. In preparation. Frontal eddy waves and oceanographic exam-
ples.

Ichiye, T., and Inoue, M. 1980. Physical oceanography data from ARA

Islas Orcadas cruise 17-78. Antarctic Journal of the U.S., 15(5), 90-91.
Inoue, M., and Ichiye, T. 1980. Report on physical oceanography of ARA

Islas Orcadas cruise 17-78 (Technical Report 80-6-T). College Station:
Texas A&M University, Department of Oceanography.

Winter hydrographic observations
from the southwestern Atlantic, the
northwestern Scotia Sea, and the

Drake Passage

DANIEL T. GE0RGI* and ALBERTO R. PIOLA**

Woods Hole Oceanographic Institution
Woods Hole, Massachusetts 02543

*present address: Exxon Production Research Company, Houston,
Texas 77001.

**On leave from Servicio de Hidrografia Naval, Buenos Aires, Argen-
tina.

In the austral winter of 1980, the p./v Atlantis sailed from Mar
del Plata, Argentina, to collect hydrographic data in the vicin-
ity of the Patagonian Shelf, the southwestern Argentine Basin,
near the Malvinas (Falkland) Islands, and in the northern
Drake Passage. After 33 days at sea, the ship returned to Punta
Arenas, Chile, via the Beagle Channel. After a brief port stop,
the Atlantis II departed (M. McCartney, chief scientist) to col-
lect winter hydrographic data in the southeast Pacific and the
northern Drake Passage. These cruises were part of an Inter-
national Southern Ocean Studies (Isos) experiment designed
to evaluate various antarctic intermediate water formation and
circulation schemes (Georgi 1979; McCartney 1977; Molinelli
1981).

After departing Mar del Plata (5 August 1980), an intensive
hydrographic survey (figure 1) was started. In all, we made 99
conductivity-temperature-depth (cm) stations, took nearly
300 expendable bathythermographs (xBT's), and collected more
than 1,500 water samples. These water samples provided
salinity and dissolved oxygen samples for cm calibration and
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Figure 1. Position of conductivity-temperature-depth stations
taken during the winter 1980 hydrographic expedition aboard the
R/VAtIantIs II.

samples for nutrient analysis. Determinations of dissolved
silicate, phosphate, and nitrate were carried out under the
direction of J . Jennings of L. Gordon's chemistry group at
Oregon State University. In addition, 60 water samples (4.2
liters each) to be used for low-level tritium measurements and
230 water-filled copper tube samples to be used in helium-
tritium analysis were collected for W. J. Jenkins of the Woods
Hole Oceanographic Institution. Surface temperature and
salinity data also were collected along the 3,972 nautical miles
of track.

During the first phase of the cruise (stations 150-173), we
crossed the Brazil/Malvinas (Falkland) Confluence twice. Our
primary objective was to investigate the difference in prop-
erties between the antarctic intermediate waters farther off-
shore in the Brazil waters and those just seaward of the Argen-
tine continental slope, which are presumed to be of more
recent southern origin. At the confluence, the warmer/salty
waters of the Brazil current come into contact with the colder/
fresher circumpolar waters. This is evident in the large differ-
ences in potential temperature-salinity (9/s properties: there
are no central waters on station 150 (figure 2), and the inter-
mediate waters are nearly 0.1%o fresher than those on station
153. The contrast, albeit weaker, is still apparent further south
(figure 1; stations 158, 161, and 166). The 9/s diagrams also
reveal much thermohaline fine structure similar to that
observed by Georgi (1981) in older salinity-temperature-depth
data in the deep waters and intermediate waters.

During the second phase of the cruise (stations 173-249),
we concentrated mainly on determining the winter hydro-
graphic properties of waters in the subantarctic regions near
the Malvinas (Falkland) Islands, over the Falkland Plateau, and
in the northwestern Scotia Sea and the northern Drake Pas-
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Figure 2. Potential temperature/salinity diagram for selected stations from the Argentine Basin.
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sage. These data should supplement modern winter observa-
tions made somewhat farther to the east and south during ARA
Islas Orcadas cruises 13/14 and 17 (Ichiye and Inoue 1980; Parodi
1978) and summer data collected during the 5-year Isos field
programs.

It is in this region that the Antarctic Circumpolar Current
axis shifts north nearly 1,000 kilometers. On our fourth cross-
ing of the current, the axis was located near station 214, just
south of the Polar Front and north of the pack ice. At this
station, the antarctic surface waters were well mixed (temper-
ature approximately –1.73°C, salinity approximately 33.8%o)
to a depth of nearly 75 meters. Stations 213 and 215 are located
in the Polar Front Zone and exhibit thermohaline fine structure
to depths as great as 700 meters. Station 216 is transitional in
character; it appears to be located on the boundary between
the Polar Front and the subantarctic zone. The vertical tem-
perature and salinity stratification is similar to the isohaline
thermocline (Molinelli 1978) first observed in this region by
Gordon, Georgi, and Taylor (1977). A similar stratification is
observed on stations 217, 218, and 219 in the upper 750 meters,
except that a 75-meter-thick lens of low-salinity water (salinity
less than 34.00%o) caps the water column. The nearly isohaline
layer found between 100- and 600-meter depths on stations
216-218 has an extremely weak density gradient (pycnostad)
associated with it. However, the presence of a vertical tem-
perature gradient and a dissolved oxygen gradient rules out a
simple one-dimensional convective origin as has been attrib-
uted to subantarctic mode water (McCartney 1977). Only in
the vicinity of the Burdwood Bank (stations 220, 221, and 222)
did we observe deep (200-500 meters) mixed layers that can
be attributed to winter convection. It is interesting, however,
that the two deepest mixed layers were observed on stations
207 and 222 (figure 1) on the north flank of the Burdwood Bank;
this suggests that mixed layers are not just the result of a
simple one-dimensional process. Station 223 is again similar
to station 220 and 219 south of the Burdwood Bank. At station
224, the warmer (5.3°C) and lower salinity (33.75%o) Patagon-
ian Shelf waters are evident. These waters lie predominantly
to the north and west of the 200-meter isobath and our data
sets.

The two remaining hydrographic sections are similar to the
one described above, starting near the continental shelf and
ending north of the pack ice. Over the 75-kilometer separation
between CTD stations 235 and 236 the surface temperature
decreased by 1°C. However, between the two stations, we
traversed a small, intense surface feature. South of station 235,
minutes after XBT 379 was taken, the surface temperature
dropped abruptly 4°C (figure 3). Within a few kilometers, the
temperature started to rise again. On the basis of XBT data, we
judge that this anomalously cold feature was confined pri-
marily to the upper 60 meters of the water column and was
less than 16 kilometers in north-south extent.
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Figure 3. Surface temperature record across an intense cyclonic
eddy.
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