
2 weeks before leg 3, and returned during the
middle of leg 3 for another 2-week survey. A note
on the frontal eddy formation and structure is in
preparation. During leg 3 we were able to measure
the transfer process at the Polar Front Zone on
scales from 50 kilometers horizontal, 2.5 kilometers
vertical (cold ring), to 20 centimeters vertical, a
dynamic range of over 104.

This research was supported by National Science
Foundation grant OCE 75-14056. Optical measure-
ments were supported by the Danish Natural Sci-
ence Council and the Marine Science Panel of the
NATO Science Committee. We acknowledge the
skill and cooperation of the captain and crew of
the RIV Thompson. Leg 3 participants were: T.
Joyce, N. Bauchmann, J . Dean, M. McCartney, R.
Millard, D. Moller, J . Toole, A. Voorhis, and H.
Whittemore, all of Woods Hole Oceanographic
Institution; W. Zenk, Institut für Meereskunde;
G. Kullenberg and H. Hundahl, University of
Copenhagen; J. Gallo, Instituto Antártico Argen-
tino; N. Zuleta, Instituto Hidrográfico de la
Armada de Chile; D. Georgi, Lamont-Doherty
Geological Observatory; C. Dahm, Oregon State
University; J . Jolly, Seattle, Washington.

Contributions of AGS Yelcho
to FDRAKE, 1976

STEVEN L. PATTERSON
Department of Oceanography

Texas A&M (Tversity
College Station, 7'as 77843

HELLMUTH A. SIEVERS
Instituto Hidrograjico de la Armada de Chile

Casilla 324
Valparaiso, Chile

On 27 February 1976 the Chilean naval ship AGS
Yelcho departed Punta Arenas, Chile, to begin its
participation in the second phase of the First
Dynamic Response and Kinematics Experiment
(FDRAKE 1976) of the International Southern Ocean
Ocean Studies. The mission of Yelcho was to con-
duct an expendable bathythermograph (xBT) sur-
vey to describe the large-scale thermal structure of
the waters in the vicinity of the Polar Front Zone
(PFz) in Drake Passage. This work was done in sup-
port of, and in cooperation with, a study of the

65°	 600
560	111 111 I ii 111 1 it IIIh II II u IL.LLIU.LLLLLI I t 	ILL III LI Iii I LU_Lu. Li Lii liIII ILLLI Iii J.LLL_1.1LJ	 56'S

0,0	10

57

580

59°

60°

00	0	
0

000	•	
0	8	0	 0

o	 0o	 8	0
0 a

4)
	 00	 00000

ot, 00	00,	00 0 0 0

	

0	0 §0	:	:oG	0.	0 0	0	00 000	0 000	0
000	8,0% 00 0 0 00	0

	

0	0 on	 0 000
o0	0	00 00	0 0 00

	

!___	--__- 	0
0 0 00 8 8 ,° 000 0 0 0 0

	

0 08 : 

0	
0 00 0	 0; 0

0 ex 00	 •	00	%	0	000	 0

	

% '0000 e 0	:, 0

	

0 %	
0	0000 G0I

	

%	 0

% e
: 

0	

•	

:	
. :

0,	

0

ea
000

65°W	 60°W

57°

58°

59°

60'S Positions of the 571 ex-
pendable bathythermo-
graph observations of AGS
yelcho obtained during
FDRAKE, 1976, in Drake

Passage.

0	0
'0	0

0
8, ,%
	0

8

FDRAKE 76
A. G. S. YELCHO
XBT POSITIONS

1iIii!IiIII1i!iIiT1Ii1T1T111Iff!f11

158	 ANTARCTIC JOURNAL



small-scale structure of the PFZ done aboard RJV
Thomas G. Thompson of the University of Washing-
ton between 13 March and 9 April (Joyce, 1976).

Scientific operations aboard Yelcho were under
the direction of Heilmuth A. Sievers, Instituto
Hidrográfico de la Armada de Chile, and Steven L.
Patterson, Texas A&M University. The remainder
of the scientific party consisted of six from the
Instituto and two from Texas A&M. Repeated sur-
veys of the PFZ were made during each of two legs
aboard Yelcho. The first leg lasted from 27 February
to 13 March, and the second from 22 March to 8
April. Each began and ended in Punta Arenas.

Preliminary information obtained during leg 1
about the PFZ was passed to scientists aboard
Thompson before they departed Punta Arenas on 13
March. While at sea the two ships communicated
regularly via the Applied Technology Satellite (ATs-
3), which is in geostationary orbit over the equator
at 70°W.

The figure shows positions of the 571 XBT sta-
tions occupied by Yelcho. These stations are mostly
along and to the east of a line 15 nautical miles
northeast of the current meter moorings that were
deployed during the first leg of Thompson activi-
ties (Nowlin et al., 1976). Both T-4 and T-7 type
XBT probes, which profile the water temperature to
a nominal depth of 450 and 750 meters, respective-
ly, were used in the surveys. The profiles were re-
corded on a standard Sippican analog recorder and
were calibrated with thermometer-determined sea
surface temperatures. At most stations surface water
samples were collected to be analyzed for salinity
and silicate concentration. Standard meteorological
observations were made hourly, and bathymetry
was continuously montored using an EDO model
185 echo-sounder. Na'igation was by Magnavox
model 702A satellite navigation system:

During the 10 days of leg 1 that Yelcho was in the
survey area, the PFZ remained relatively stationary.
It had a west-southwest to east-northeast orienta-
tion (centered about an average latitude of 57°40'S.)
except for a sharp deflection to the southeast at
about 57 050'S. 62°30'W. Between legs 1 and 2 Yel-
cho was absent from the survey area for about 15
days. The initial survey of leg 2 revealed that the
deflection, or meander, had grown considerably in
size. Subsequently, Thompson reported that a cyclo-
nic ring had been shed to the north of the Front.
Yelcho's first survey of this ring showed that its
radius, measured from the cold water (below 0°C)
core, located at 57°26'S. 63 038'W., to the 2°C iso-
therm, ranged from 13 to 22 nautical miles. The
feature extended deeper than 750 meters. A survey
3 days later indicated that the ring had grown in
size and had become more deformed in shape, with
its radius now ranging from 15 to 38 nautical miles.
The center had drifted to the north-northeast at

September 1976

approximately 0.2 knots. South of the ring the Front
had resumed its west-southwest to east-northeast
orientation and was passing within 20 nautical
miles to the north of the cluster of three current
meter moorings deployed by Thompson near 59°
06'S. 63043'W. These moorings appear to be ideally
located to monitor current velocities associated with
PFZ.

This research was supported by National Science
Foundation grant OCE 74-14941 and the Instituto
Hidrográfico de la Armada de Chile. The Yelcho
and ship support were provided by the Chilean
navy. We thank Commander Gaston Droguett and
his crew aboard Yelcho for their enthusiastic sup-
port and cooperation—instrumental in bringing
FDRAKE, 1976, operations to a successful conclusion.
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Tidal currents in the sea
beneath the Ross Ice Shelf

RICHARD T. WILLIAMS and EDWIN S. ROBINSON
Department of Geological Sciences

Virginia Polytechnic Institute and State University
Blacksburg, Virginia 24061

We studied the ocean tide beneath the Ross Ice
Shelf in conjunction with the Ross Ice Shelf Project.
Robinson et al. (1975) report tidal water level fluc-
tuations in the southern part of the Ross Sea for the
six locations indicated in figure 1. Interpolated co-
tidal and corange lines indicate the nature of the
principal diurnal constituents 01 and K 1 P1 of the
ocean tide beneath the Ross Ice Shelf.

The association of tidal water level fluctuation
and horizontal components of the tidal current for
a particular harmonic constituent is expressed in
the Laplace tidal equations (Doodson, 1958). If the
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