Eltanin physical oceanography,
Cruises 44, 45, and 47
ARNOLD L. GORDON
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From June 1970 to April 1971 our group participated in Eltanin Cruises 44, 45, and 47. The data collected were similar in nature to those of previous
cruises with the important addition on Cruise 47 of
current measurements near the sea floor and approximately 100 m above the sea floor. The table indicates the type and quantity of data collected. Hydrographic data, typical bottom photographs, and average short-period bottom current measurements for
Cruises 32 to 36 were published (Jacobs et al.,
1970a), and data on Cruises 37 to 45 will be published in 1971.
Cruise 44 was designed to study the interaction of
the Macquarie Ridge and the Antarctic Circumpolar
Current. A brief discussion of the cruise has been given
by Gordon (1971a), and a detailed report is forthcoming (Gordon, in press b). A rather large southward deflection of the bulk of the current and its abrupt return northward after outflanking the ridge is
indicated by the density field. This deflection allows
relatively warm water to flow southward over the
ridge crest, where contact with the cold antarctic atmosphere results in large heat flux to the atmosphere. It is suggested that this warm water body sheds
eddies at its southern end, which may maintain their
identity far into the Pacific Ocean, giving rise to the
double polar front zone discussed by Gordon (1971b).
During Cruise 45, which was basically a geological
study, two hydrographic profiles were obtained south of
Western Australia. The crossings of the Antarctic Convergence (48°S. 108°E.; 49°S. 114°E.) showed it to
be about 200 km north of the Mackintosh position.
The crossing at 120°E. (Eltanin Cruise 44) was also
about 200 km further north, as were the oblique crossings east of Kerguelen Island during Cruise 47.
Eltanin Cruise 47 was the first of a series of expedi-

tions deep into the Indian Ocean sector of antarcti
waters. This area has been only sparsely covered i
the past, and little is known of the behavior of th
Antarctic Circumpolar Current and the convergence
zone. The Cruise 47 hydrographic data were take
mainly over the Kerguelen Plateau and about it
flanks. The deep water east of the Plateau is colde
than that to the west, suggesting a possible counter.
clockwise deep circulation about the plateau. Dunn
the cruise a chemical program was carried out b
John Edmond of the Massachusetts Institute of Tech
nology in close correlation with our hydrographic pro
gram (see table).
The six bottom current stations obtained on Cruise
47 were made with a Savonious rotor meter at 2 an
100 in the sea floor (the first two stations had
only the 2-m measurement) for an average period o
10 hours. One current meter station, at a depth o
3,637 in and situated at 64°05 1S. 80°34'E., was main
tamed for 8 days. It shows an average flow Of les
than 5 cm per sec with similar-amplitude semidiur
nal tidal oscillation. The flow is generally towarc
the southeast.
The data analysis at Lamont-Doherty led to the
recent completion of two studies, one dealing with
bottom water spreading in the region south of 40°S.
between 130°W. and 110°E. (Gordon, in press a) and
the other with the production of Antarctic Bottom
Water at the continental margins off the Adélie Coast
(Gordon and Tchernia, in press). These papers
clearly indicate a contribution of high salinity bottom
water from the Ross Sea and a low salinity variety
from the Adélie Coast. The Ross Sea oceanography
was dealt with in detail in a report by Jacobs et al.
(1970b).
At present we are further investigating the meridional volume transport of antarctic water masses.
The magnitude of this transport indicates the strong
dominance of the Antarctic on determining the character of the world ocean abyssal waters. A study of the
volumes associated with each of the water masses in
the Atlantic sector show the Antarctic Bottom Water
to be the largest single water mass.

Hydrographic data obtained on three Eltanin cruises.

Cruise

Nansen casts

44
45
474

33
27
19

STD'

BT'

14
0
36

41
63
435

XBT'

Bottom
photographs

101
22
28

27
27
24

Long period
bottom
current

Nephelometer
30
21
24

1 Salinity-temperature-depth lowerings. Separate station numbers are assigned to up and down traces; occasionally only
down traces were obtained. Reversing thermometer and water samples are collected for STD calibration and chemical
analysis by a series of Niskin bottles surrounding the STD frame.
2 Bathythermograph.
Expendable bathythermograph.
Large-volume samples for trace elements, CO2, alkalinity, C", barium, tritium, and oxygen isotopes collected by Prof. Johs
Edmond, Department of Earth and Planetary Sciences, Massachusetts Institute of Technology.
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Lamont-Doherty geophysical program
On Eltanin Cruises 44, 45, 47, and 47A
R. E. HOUTZ

Lamont-Doherty Geological Observatory
Columbia University
The Lamont-Doherty geophysics group aboard Eltanin achieved 98 percent coverage of the total ship's
track with underway geophysical data. The data include seismic, magnetic, and gravity measurements.
The seismic system includes two heavy-duty Rix air
compressors to drive a Lamont-Doherty airgun
sound-source. The signal is received by a towed hydrophone array that is assembled aboard. The signal is
recorded on a Lamont-Doherty drum recorder and an
E PC Laboratories continuous recorder. Expendable
radio sonobuoys are launched to record wide-angle reflection and refraction data to measure sound speed
in the sediments and upper crustal layers. The sonobuoys are provided by the U.S. Navy as surplus items.
The signal is received with a Communications Electronics FM receiver and played out on the seismic recorder. The gravity system includes an Askania gravi meter mounted on an Anschutz gyro-table, a small
Lamont-Doherty analog computer, and recorders. The
magnetics data are sensed and recorded by Varian
equipment. The sensor is towed about 200 m astern.
Precession frequencies are counted and converted to
analog and digital tape punch recordings.
In addition to recording geophysical data, the geophysics group also has responsibility for digitizing topographic data, computing the ship's adjusted track,
and reconciling this information with the primary
gophysical data. These tasks are performed with a
shipboard IBM 1130 computing system.
September—October 1971

Cruise 44 was a hydrographic cruise with underway
geophysics data acquired between stations. The Macquarie Ridge and Solandcr Trough south of New Zealand were studied in detail. An east-west crossing of a
major fracture zone at 58°S. and a crossing of the
Southeast Indian Rise at 120°E. provided fundamental geophysical data relating to seafloor spreading
and plate tectonics.
Submarine geology and piston-coring were emphasized during Cruise 45, with underway geophysics data
being obtained between stations. Seismic data were
consulted frequently during the coring operations to
judge penetrability and to identify areas of geologic
interest. Additional crossings of the Southeast Indian
Rise, the Diarnantina Fracture Zone, and the Natural iste Plateau were completed.
Cruise 47, although multidisciplinary, was the first
comprehensive geophysical survey of the Kerguelen
Plateau south to the Antarctic Circle. Profiler data revealed complex tensional faulting and very thick sediments (1 to 2 km near the crest of the plateau). Sonobuoys achieved penetration through 4 km of sediment in the Enderby abyssal plain. A prominent sediment ridge and numerous slump features exist along
the eastern edge of the plateau.
A short geophysical cruise was carried out in the
south-central Tasman Sea. This part of the Tasman is
a problem area in terms of plate tectonics, and the numerous trans-Tasman crossings (one-half degree apart
in latitude) will provide geophysical data for at least a
partial solution.

Studies of Eltanin dredged rocks
N. D. WATKINS

Graduate School of Oceanography
University of Rhode Island
Examination of Eltanin-dredged rocks from the
collection up through Cruise 27 has now been completed. The following constitutes the results obtained:
Paleomagnetic, petrological, and geochemical properties. Watkins et al. (1970) used a large pillow basalt
fragment taken during Cruise 5 from a seamount in
the Drake Passage to demonstrate the effect of rapid
quenching on the magnetic and opaque mineralogical
properties of submarine basalts. Watkins and Paster
(1971) used basalt samples from Cruises 5, 15, 21, 24,
and 25 as part of an extensive investigation of the
magnetic and petrological properties of submarine igneous rocks. Watkins and Gunn (1971) have included
measurements of the magnetic properties in an analysis of dredged rocks from the Macquarie Ridge collected during Cruises 16, 26, and 27.
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