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Provisional cotidal charts for the
southern Ross Sea

E.S. ROBINSON, H.A.C. NEUBURG, R.T. WILLIAMS,
B.B. WHITEHURST, and G. E. Moss

Department of Geological Sciences
Virginia Polytechnic Institute and State University

Blacksburg, Virginia 24061

We measured the ocean tide at the three sites F-9, J-9, and
C-16 on the floating Ross Ice Shelf during the 1976-1977
antarctic field season. Locations of these and six previously
occupied sites are given in the table and are indicated in the
figure. This survey of the Ross Sea tide has been done in con-
junction with the Ross Ice Shelf Project and the Ross Ice
Shelf Geophysical and Glaciological Survey.

Characteristics of the constituents P1K1, 01, M2, S2, and
N2 of the ocean tide were calculated from tidal fluctuations
of gravity measured on the floating ice shelf surface. Field
operations and methods of data preparation and harmonic
analysis are described by Robinson et al. (1975; in press),
who also present preliminary values for amplitudes and
phase angles at six sites in the southern Ross Sea.

Phase angles for the tidal constituents at nine sites are in
the table. These data have been used to compile the provi-
sional diurnal cotidal charts in the figure. The cotidal lines,
which are loci of points of simultaneous high tide at dif-
ferent times (expressed in degrees rather than hours), in-

Phase angles of the principal constituents of the Ross Sea tide.

Observation site	Record
(position in	length

degrees)	(days)	P1K1 01 M2 S2 N2

C-13(79.3S. 189.7W.)	29	200	190 296 131 153
C-16(81.2S. 189.5W.)	45	200	190 299 173 142
F-9(84.3S. 171.3W.)	58	206	190 258 142 143
J-9(82.4S. 168.6W.)	30	191	172 205 106 60
B(82.5S. 166.0W.)	46	186	174 213 110 87
C-36(79.8S. 160.1W.)	34	160	153 65 29 10
RI(80.25. 161.6W.)	36	162	145 165 334 339
LAS(78.2S. 162.3W.)	30	154	141 35 342 344
McM(77.9S. 193.4W.)	 212	195 242 327 263

dicate the movement of diurnal tidal waves in the southern
Ross Sea.

We have refrained from presenting specific amplitude
data until completion of instrument calibration tests now in
progress. However, some general features of the tidal range
(double amplitude) can be described. The P1KI range
along the Ross Ice Shelf front increases from approximately
60 centimeters near McMurdo Sound to over 90 centimeters
in the region of Little America, and rises to more than 110
centimeters in the southern extremity of the Ross Sea. The
range of the 01 constituent almost everywhere along the ice
front is between 40 and 50 centimeters and increases to over
80 centimeters in the southern extremity of the Ross Sea.
The semi-diurnal constituents M2, S2, and N2 all have
ranges of less than 20 centimeters.

The P1K! and 01 constituents are nearly in phase
(figure, opp.216) and combine to impose a dominant diur-
nal character on the Ross Sea tide. The diurnal and
semidurnal constituents together cause a spring tide range
of between 100 to 150 centimeters along the ice front,
which increases to approximately 200 centimeters in the
region farther south than 84°S. The spring tide range is
more than five times larger than the neap tide range.

This research was supported by National Science Founda-
tion grant DPP 73-05873.
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FDRAKE77

T. WHITWORTH

Department of Oceanography
Texas A &M University

College Station, Texas 77843

From 10 January to 12 February 1977 scientists aboard
R/V Melville conducted the third field phase of the First
Dynamic Response and Kinematics Experiment (FDRAKE) in
Drake Passage. The objectives were to recover moored in-
struments deployed during FDRAKE 76 (Nowlin et al., 1976),
to install a third year-long array, and to make a closely-
spaced hydrographic survey in the central passage.

The scientific party, under the direction of Worth D.
Nowlin, Jr. (Texas A&M University) and R. Dale Pillsbury
(Oregon State University) joined Melville in Valparaiso,
Chile, and departed for Cape Horn on 10 January. Routine
weather observations and bathymetric and magnetic
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measurements were started during the transit to Drake
Passage while other equipment was set up and tested.

On the southward crossing of the passage, the current
meter group from Oregon State University recovered the
FDRAKE 76 array. Six moorings consisting of nine Aanderaa
current and temperature recorders were recovered. A
seventh mooring near 58°S. could not be located, and at-
tempts to grapple for it were unsuccessful. Tide gages were
recovered from each end of the passage. Three deep
pressure recorder moorings deployed by a University of
Washington team during 1976 were recovered, and two
replacement pressure recorders were installed. Eight
hydrographic stations were made on the first crossing by a
team from Texas A&M University, Scripps Institution of
Oceanography, the Chilean Naval Hydrographic Institute,
and the Argentine Antarctic Institute.

Data return from the array was excellent; only two of the
current meters operated for less than 10 months, and five
returned a full year's data. The two meters that failed early
had been positioned 500 meters from the surface and were
equipped with pressure sensors to monitor the vertical
migrations of the moorings. Shortly after deployment, high-
speed currents apparently caused the moorings to lean,
pulling the pressure sensors below their design depth. The
resulting leakage was minimal, but sufficient to damage the
data recording electronics. The southern pressure gage
operated for the entire year and the northern gage for 5 1/2
months, yielding 5 1/2 months of pressure difference data at
500 meters. The northern pressure gage at 1700 meters
returned about 1 month of data. Both tide gages operated
for the entire year, but instrument encoding problems on
the northern gage make data recovery uncertain to date.

Equipment constraints required that most of the current
meters be redeployed in the 1977 array, so data tapes from
the recovered instruments were translated and analyzed on
board to determine whether the recorders had operated
satisfactorily. The current meter team, assisted by an
Aanderaa representative, carefully refurbished the meters
for the new array. Compass calibration, the final stage of
the current meter renovation, was completed on Desolation
Island in Hero Bay at the southern end of Drake Passage.

Previous FDRAKE results show that the Antarctic Cir-
cumpolar Current (ACC) flows east through the passage in
three bands of relatively high speed, separated by regions of
slower eastward or even westward flow (Nowlin et at., in
press). Current meter recorders from FDRAKE 75 moorings
show high correlations for periods of a few months, but little
correlation over the course of a year for currents measured
80 kilometers apart. The purpose of the 1977 array is to
determine the spatial scale of variability of the currents in
the Drake Passage. The array (figure 1) is a cluster of in-
struments in the central passage that will measure the
variability of currents and temperatures on space scales of
from 10 to 40 kilometers.

Hydrographic and salinity- temperature- depth surveys
(figure 2) were done before and after array deployment to
define the density field. The second survey consisted of five
northwest-southeast lines with 25 kilometers station separa -
tion in the vicinity of the cluster. The hydrographic stations
provide a three-dimensional data base that is essential for
the interpretation of current meter temperature and velocity
measurements. Preliminary results of the hydrographic
survey show that the 1977 array was located near the
southern boundary of the Polar Frontal Zone. Previous

Figure 1. FDRAKE 77 current meter array. Nominal instru-
ment depths are: 300 m (except W), 500 m, 1000 m, 2000 m,

and 3500 m (C and S only).
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Figure 2. FDRAKE 77 station positions.

FDRAKE studies have shown that the zone is characterized by
large temperature and velocity fluctuations, and the cluster
should provide important information on the spatial
coherence of these fluctuations.

FDRAKE 77 was conducted as part of the International
Southern Ocean Studies sponsored by the National Science
Foundation under grants OCE 76-80410, OCE 74-12558,
and OCE 76-83904. We appreciate the cooperation of the
crew of the Melville and are especially grateful to the ship's
engineering force under Bob Fish, whose skill minimized
delays caused by main engine difficulties.
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During the 1976 phase of the First Dynamic Response and
Kinematic Experiment (FDRAKE) of the International
Southern Ocean Studies (Isos) project, we measured the
temporal variations of the temperature field in the depth in-
terval from 200 to 350 meters for a 1-month period. The
mooring was deployed by RV Thomas G. Thompson in the
central Drake Passage at 59'08'S. 63°56 'W. from 17
February to 17 March 1976. Temperature measurements
were obtained from AMF vector-averaging current meters at
200-, 255-, and 350-meters depths and from two 11-element
Aanderaa thermistor chains which spanned the depths be-
tween 200 and 300 meters with 5 meters between sensors.
The mooring, instrumentation, and preliminary results are
described in Hayes and Zenk (in press).

The position of the mooring was chosen so that the array
would be near the Antarctic Polar Front Zone (APFZ). This
zone marks the transition region between subantarctic and
antarctic water masses (Gordon, 1967). Upper ocean waters
to the north of the frontal zone are relatively warm and
weakly stratified. To the south, the water is cold and
stratified. A common index of the polar front position is the
location of 2°C isotherm at the 200-meters level (Mackin-
tosh, 1946).

Several expendable bathythermograph sections were
taken across the APFZ (Joyce et al., 1976; Patterson and
Sievers, 1976) while the mooring was in place. Figure 1
shows the approximate position of the front on two occa-
sions. Large lateral excursions (of order 50 kilometers) of the
front are noted in these sections and in the studies of Joyce
and Patterson (1977). These excursions are reflected in the
data from the moored array. Figure 2 shows the time series

of isotherm depths constructed from the thermistor chain
measurements. The data can be divided into three time
periods, depending on the location of the 2°C isotherm and
the stratification. From 21 February until 2 March (with the
exception of brief interruptions on 25 and 26 February), the
water between 200 and 300 meters was warmer than 2°C.
During this period the isotherms were predominantly ver-
tical, indicating weak stratification. The warm tempera-
tures and vertical homogeneity are consistent with the moor-
ing being in subantarctic water. The period from 2 March
to 12 March was characterized by colder water, increased
stratification, and apparent intrusions of lenses of warmer
water. These features are consistent with the mooring being
located within the APFZ. Finally, the last period indicated
very low temperatures, which would place the mooring
within a cold-water eddy (e.g., Joyce and Patterson, 1977)
or well to the south of the APFZ.

These data show that the APFZ is particularly suitable for
dynamical observations by means of closely spaced moored
temperature sensors. Characteristic water masses can be
distinguished by the temperature and thermal stratification.
Further measurements and longer time series are required to
resolve the spatial and temporal scales of the fluctuations in
the APFZ and the importance of these structures in the cross-
frontal mass and heat transports.

This work is part of the International Southern Ocean
Studies (isos) program of the International Decade of
Ocean Exploration office of the National Science Founda-
tion. Financial support came from National Science Foun-
dation interagency agreement OCE 76-06485 (Hayes) and
OCE 75-14056 (Zenk) and from the Environmental Research
Laboratories of the National Oceanic and Atmospheric Ad-
ministration.
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