
Annual average surface air temperatures along the parallels 600 and 65°S., between 110°W. and 30°E.

	

110°W.	900W.	700W.	500W.	300W.	100W.	100E.	300E.

At 6008. (°C.)	 +2.2	+2.2	+2.6	-2.4	-3.9	-3.6	-3.3	-3.0

	

At 65 0 S. (°C.) ........-2.8	-2.7	-3.2	-8.6	-8.3	-7.5	-6.8	-6.4

perature of these southwesterlies (in the same period)
was -22.2°C., almost 4° lower than the mean
temperature at calm conditions.

Over the western Weddell Sea along the Antarctic
Peninsula's coast the prevailing southerly and south-
westerly surface winds are the principal driving wheel
for the transport of pack ice and icebergs north and
northeastward. In this way the ice masses are carried
into the belt of strongly predominating westerlies.
The result is a broad belt of pack ice fields and cold-
water that extends far eastward, certainly beyond
the 0° meridian. The data in the table, taken from
Taljaard et al. (1969), as well as maps of the ice
cover around the antarctic continent obtained from
satellite information, confirm this distribution. Warm,
maritime air masses moving south or southeastward
must cross the cold belt before they reach the eastern
part of the Weddell Sea. Any such warm advection
consequently is weakened. This must be considered
the main reason for the comparatively low mean
temperature found at the antarctic stations Sanae
(South Africa), Halley Bay (United Kingdom), and
even Belgrano (Argentina).

To conclude, the mountainous Antarctic Peninsula
acts as a barrier to motions in the lower atmosphere.
The resulting surface winds create the necessary con-
ditions for a feedback between ice fields that extend
far northward into the subpolar latitudes and ab-
normally low temperatures farther south. These are
the principal factors that make the Weddell Sea the
main ice and coldwater producing area of the South-
ern Hemisphere.

This research was supported by National Science
Foundation grant Gv-28810.
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R/V Conrad cruises 17-04 and 17-05,
southwest Indian Ocean:
physical oceanography

STANLEY S. JACOBS
Lamont-Doherty Geological Observatory

Columbia University
Palisades, New York 10964

Between January 5 and April 11, 1974, Lamont-
Doherty Geological Observatory operated two 5-day
reconnaissance cruises (fig. 1) aboard R/V Robert D.
Conrad in the southwest Indian Ocean sector of the
antarctic oceans. The purpose of the cruises N as to
investigate outstanding problems in the physical
oceanography and geophysics of this region The
antarctic oceans between the Kerguelen Plateau and
20°W. were not covered by USNS Eltanin efore
the ship was taken out of service in 1972. Thesd were
unusually long cruises for Conrad and the ship
bettered its previous records for kilometers traveled
during one leg and for southerly penetration.

Oceanographic salinity-temperature-depth (STD)
stations were concentrated along sections been
Capetown and Marion islands, Marion and rozet
Islands, Crozet and Kerguelen Islands, Crozet sland
and Antarctica, and Marion Island and Ant4ctica.
The transects thus crossed the Antarctic Circunipolax
Current, Agulhas Current, and East Wind Drift, and
intersected the flow of Antarctic Bottom iWatel
(AABW), North Atlantic Deep Water (NADW), and
Antarctic Intermediate Water (AAIw). Ge4erally
moderate weather and minimal pack ice allow4d the
completion of most planned station work, witI sta-
tions extending onto the continental shelf at6646'S
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Figure 1. R/V Robert D. Con-
rad cri4is. tracks in the south-
west lidian/antarctk oceans,
from .anuary 5 through April	6

11, 1974.

62 0 19'E., and to 1,870 meters on the continental
slope lat 68 0 20'S. 38034'E.

Ov r 90 casts were made with a Plessey model
9006 STD, most to within a few meters of bottom.
Data were recorded on analog chart and at 0.25-
secon intervals on magnetic tape. A prototype Inner-
space Technology rosette (fig. 2) for use with STD
syste i received extensive tests and use during these
cruiss. Dubbed the SAMS-3, it includes a pressure
relea*; system and thermometer frame on each bottle,
nonsequential tripping, protection from contamina -
tion, and the option of expanding the array to 24
botths. Several hundred samples were taken with the
SAMS-3 and some design changes are being imple-
mented to improve its overall durability.

Water samples were processed aboard ship for
salinit '., dissolved oxygen, silicate and phosphate.
sAMs/sTD comparisons showed slight STD salinity
and depth errors with pressure (e.g., up to 0.025 per
mil difference between STD output and water sample
salinity at 5,000 meters). Conrad silicate values
averaged about 30 percent higher than Discovery
silicate observations in the same region. We have
noted a similar discrepancy between Eltanin and
Discovery silicate data east of the Kerguelen Plateau
(Jacobs et al., in preparation).

Savonius rotor current meters were set 500 meters
above bottom midway between Antarctica and
Marion Island, Antarctica and Crozet Island, and
between the Crozet and Kerguelen islands. An array
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opposite case has been noted earlier (e.g., Gordon
et al., 1974).

While the hydrographic/sTD data have not been
fully reduced, several preliminary observatiois are
possible. The strong Aguihas Current, at tirres ex-
ceeding 4 knots at the surface from navigational
information, was well defined by several parameters.
The Agulhas Current was separated from the con-
tinental slope by a narrow band of lower salinity
water. AAIW generally is thought to originate at or
near the Polar Front Zone (Antarctic Convergence,
AAC), although its characteristic low salinity fre-
quently is not evident until much farther north
where surface water salinities are higher. This was
apparent on the Capetown to Kerguelen sections,
all north of the AAC, where the low salinity core was
not evident east of Marion Island and appeared
beneath the Subtropical Convergence (sTc) west of
Marion Island. Here a strong phosphate maximum
is developed about 400 meters below the AAiw.

A cyclonic circulation pattern exists in the deep

*

Figure 2. An Innerspace Technology SAMS-3 rosette can be mated
with a Plessey 9006 or 9040 salinity-temperature-depth (STD)

recorder.

of inclinometer current meters was set in the lower
hundred meters southeast of Aguihas Plateau. All
four moorings, with acoustic releases, were made on
cruise 17-04 and three were recovered on 17-05. The
longest record, 72 days, from the meter between
Crozet and Kerguelen showed velocities around 3
centimeters per second with occasional pulses to 10
centimeters per second. Directions were doubtful due
to a malfunctioning vane. Bottom photographs were
taken and light scattering measurements made at 25
locations.

Over 400 expendable bathythermograph (xBT)

casts were made, and surface temperature was re-
corded continuously along most of the ship's track.
Surface samples taken at XBT locations were proc-
essed for salinity, silicate, and phosphate. Silicate is
a particularly good tracer for surface water and
revealed at least six distinct surface water masses
between Africa and Antarctica. Surface salinity was
higher by about 0.15 per mil within the Polar Front
Zone than immediately north or south of it. The

-

'N

J.

1.0 2.5 0/cl	I 1.0°C I
Figure 3. An STD analog record near the Crozet lslands,1 which
shows near-bottom thermohaline gradients in Antarctic Bottom

Water.
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Figure 4 Temperature vertical	 Jtinen-al	margin.	Location
shown in fig. 1.

cul-qie-sac between Africa and the Aguihas Plateau.
Northward-flowing AABW was apparent from the
property distributions and from a preliminary evalua-
tion of the inclinometer current meter information
on the southeast flank of the Aguihas Plateau. North-
ward bottom water flow also occurs on the southeast
flank of the Mozambique Rise and on the western
side of the Crozet-Kerguelen passage. A sharp de-
crease in near-bottom temperature was recorded at
several stations well north of Antarctica (e.g., fig. 3).
Sili(ate and phosphate maxima were observed in the
AABW and nutrient minima in the NADW. A precursor
Of &BW was observed up against the continental
slope of Antarctica on both north-south sections (figs.
4, 5), with evidence for either intermittent flow down-
slope or a source to the east. A downwarping of all

CONRAD 17-04
TEMPERATURE (CO)
66 046'S,62°10'E &6

near-surface isopleths occurs over the antarctic con-
tinental slope.

The Subtropical Convergence (sTc) was crossed
at four locations between 42° and 43 0 .5 0 S., with
surface temperature and salinity gradients often over
6°C. and 1.0 per mil per 30 kilometers. Some of the
steep gradients likely were due to advection by the
Agulhas Current system. Thermohaline structure was
complex near the STC and the frontal position varied.
Surface temperatures and salinities of 15.6°C. and
35.2 per mu, near the launch position of one current
meter, were at recovery 10.8°C. and 34.3 per mu,
in fog.

The Polar Front (AAc) was diffuse by any classical
standard with temperature steps of 1.0 or 2.0 °C.
often separated by two or more degrees of latitude.
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Figure S. Silicate vertical sec-
tion over the antarctic con-
tinental	margin.	Location

shown in fig. L
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While these steps frequently occurred over topo-
graphic highs, strong thermal gradients in the hori-
zontal direction did not extend below a few hundred
meters. The complicated therrnohaline structure often
found north of the front was missing. The frontal
location (fig. 1) fell near 50°S. at longitudes 26°,
31.5 0 and 39°E., dipping south (if Continuous) to
52.5°S. 54°E. and then north to 61 0 E. 48°S. This

tends to confirm our Eltanin observations that the
c passes north of Kerguelen. The AAC is shown

either north or south of Kerguelen and the Crozet
Plateau in the literature, depending upon the source.
The relative lack of data, the different criteria used
to locate the zone, and the rather weak ACC in this
region, in combination with the better defined STC,
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may ecplain some of the widely separated frontal
positicris reported.

Thi research was supported partially by National
Sciene Foundation grant GA-41076.
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PFysical-chemical oceanography of
Arthur Harbor, Anvers Island

WILLIAM N. KREBS
Department of Geology
University of California
Davis, California 95616

This article reports the preliminary results of
physial-chemical oceanographic determinations made
in Aihur Harbor, Anvers Island, Antarctic Penin-
sula, from December 1971 to January 1974 (Krebs,
1973). It represents the combined efforts of the
author and Drs. Thomas A. Kauffman and Albert P.
Giannini. Some aspects of this study are being con-
tinued by the 1974 team at Palmer Station. Support
for this research was provided by National Science
Foundation grant Gv-3 1162 to the University of Cali-
fornia, Davis.

Because of the great importance of radiant energy
to biological and physical-chemical systems, solar
radiation measurements were taken every day at local
apparent noon with a portable direct reading pyra-
nometer. Maximum incident solar radiation was
attained in January 1973 and the minimum occurred
in June 1972 (fig. 1). The slight decline in December
1972 is attributable to a greater number of overcast
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days compared to November 1972. The high albedo
from August to November is due to the presence of
sea ice. Air temperatures (fig. 2) were recorded from
maximum-minimum thermometers that were read
every noon. The air temperature graph indicates an
austral summer beginning in October and lasting
until March or April. The colder winter of 1973
compared to 1972 is reflected in a greater degree of
fast ice formation. In 1972, fast ice existed in August,
while in 1973 it persisted from early June to mid-
October. These yearly differences in sea ice affect
both primary and secondary productivity because the
sea ice serves as an important habitat for phyto-
plankton and some marine animals (Andriashev,
1968; Allen, 1971; Krebs, 1973; Lipps et al., 1974).

Vertical seawater temperature to depths of 55
meters (175 feet) during the austral summer is more
stratified than during, the winter (fig. 3). From
January to April 1972, water temperature was cold-
est at the surface. Low surface salinities indicate that
this is attributable to cooling by glacial runoff and
brash ice. In addition, low air temperature sometimes
chills the surface layers. With the cessation of runoff
in April and a continued decrease in air temperature,

September-October 1974	 219


