
together with the recent map of water thickness (Greischar
and Bentley, 1978) to guide the location of Ki and 01
coamplitude contours.

The southern Ross Sea tide is dominated by the diurnal
constituents, so it is different from most parts of the ocean
where the semi-diurnal constituents, are largest. Amplitudes
of the K 1, P1, and 01 constituents are much too large to be
explained simply in terms of equilibrium tide theory. Reso-
nance related to the shape of the embayment and water-layer
thickness variations amplify these constituents and control
their direction of propagation. Wavelengths of the diurnal
constituents are seen (figure 2) to be approximately 4 times
the length of the Ross Sea measured in the direction of
progressing tide from the edge of the continental shelf. This is
a condition for diurnal resonance.

Spatial variation of the M2 constituent is considerably
more complicated. There is no simple relationship between
amplitude and water-layer thickness. Different empirical
cotidal charts that could be compiled from our data (see ta-
ble) must also be consistent with the M2 tide in the south
Pacific that borders the Ross Sea. One pattern (figure 2) dis-
plays no actual amphidromes within the Ross Sea and merges
with the global M2 cotidal chart of Zahel (1970). Other pat-
terns requiring at least two amphidromes in the Ross Sea are
also consistent with the results of Zahel.

This research was supported by National Science Founda-
tion grant DPP 73-05873.
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Ocean wave measurements at the
RISP J-9 camp
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Waves having periods of between 1 minute and 15
minutes propagate in the ocean beneath the Ross Ice Shelf.
These waves produce gravity fluctuations on the ice shelf sur-
face that are related to changing elevation and water mass.
During November 1977 we operated three gravimeters near
the J-9 Camp (82.4°S. 168.6°W.) in a 5-kilometer triangular
array (see figure) to determine the velocity and direction of
these ocean waves. Gravimeter output was recorded at 4-sec-
ond intervals on magnetic tape cassettes using micro-
processor-based digital recording systems of our own design.
The three instruments operated simultaneously for a total of
58 hours.

We have completed a preliminary analysis of the three
wave groups indicated on the simultaneous record segments
in the figure. Vectors representing the velocity and propaga-
tion direction of these wave groups were determined from
time shifts of corresponding peaks and troughs along the
different sides of the triangular recording array. The
velocities of these three wave groups are reasonably close to
the value of 48 meters per second expected for a long gravity

wave in the water layer, which is 238 meters thick at J-9.
Their directions of propagation are consistent with the sup-
position that they have traveled from the northern Ross Sea
into the ocean beneath the ice shelf.
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Simultaneous gravimeter records from three sites in a
triangular array near J-9 display fluctuations produced by
ocean waves. (Vectors represent the velocity and direction of
the three separate wave groups that are marked on the gra-

vimeter records. M/S=meters per second.)
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The wave groups we have analyzed have wavelengths that
are more than an order of magnitude longer than the ice shelf
thickness. According to the theory of flexural waves that
propagate in a structure consisting of an ice layer over a water
layer (Ewing, ci al., 1957) the phase velocity (c) for long
wavelengths should depend only on gravity (g) and the water
layer thickness (h) in the formula: c JW The ice shelf.
should have no measurable effect on the phase velocity of
long waves. This conclusion is confirmed by our preliminary
results.

Waves in the ocean beneath theJ-9 Camp excite our grav-
imeters in their dynamic response range. Until dynamic
response calibration tests are complete, we cannot state pre-

cise amplitudes for the ocean waves. On the basis of
preliminary calibration results we estimate that the waves
beneath J-9 have amplitudes of a few centimeters.

This research was supported by National Science Founda-
tion grant DPP 73-05873.
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Marine geology and geophysics

Islas Orcadas cruise 16
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ARA Islas Orcadas departed Buenos Aires 5 April 1978 on a
54-day, 6,781-nautical-mile cruise to the southwest Atlantic
sector of the southern ocean for:

(1) marine geology: coring survey of older (pre-Pliocene)
strata on the Falkland (Malvinas) Plateau, Georgia Basin,
and the Islas Orcadas Rise to elucidate the older geologic
history of the region; coring east and northeast of the Scotia
Arc to trace Antarctic Deep Water flow.

(2) physical oceanography: hydrographic surveys east and
northeast of the Scotia Arc to trace Antarctic Deep Water
flow and the configuration of the Polar Front; hydrographic
transect across the Argentine Basin.

(3) marine geophysics: investigation of the northeast Georgia
Rise tectonics, the pre-Eocene spreading regime and fracture

zone trends east of the Scotia Arc on the South Atlantic tec-
tonic, plate, and a tie-in profile with cruise 15 over the young
crust southeast of the Scotia Arc.

A total of 120 ship stations were attempted, yielding 69
complete piston cores and 73 successful conductivity-tem-
perature-depth (CTD) stations. All major objectives were met,
at least in part, despite four moderately severe storms (winds
over 40 knots).

Placid winds during the first week of the cruise allowed
for an %ninterrupted 17-station CTD transect across the
Argentine Basin to the northern margin of the Maurice
Ewing Bank of the Falkland Plateau (figure) where an inten-
sive coring survey of older sediments was conducted in rough
weather during the second week.

A sonobuoy was recorded in the West Georgia Basin to
determine basement velocity while in transit to the north-
eastern Georgia Rise where intensive coring was resumed
briefly before proceeding to the Scotia Arc to begin the im-
portant transect to the Mid-Atlantic Ridge. We offset along
the ridge to begin a line of stations down to 61°S.20°W. Core
or CTD stations were taken every degree of latitude or less with
geophysical tracking in between. Extra time gained along the
track was invested in two geophysical excursions for mag-
netics and in a core and CTD traverse from the southernmost
turn point to the Scotia Trench to study antarctic deep water
flow.

A storm broke just as the rosette came on board at the last
CTD station of the section. For the next 3 days the ship was
driven north, but fortunately in the general direction of our
last major objectives in the area of the Islas Orcadas Rise (see
figure). A day of intensive coring on the Rise did yield older
sediments, the first ever recovered from this aseismic feature.
From there we ran the final traverse of CTD and core stations
across the Polar Front into the Argentine Basin, with a good
geophysics crossing of the shelf break.

Marine geology. A primary coring goal was to survey older
(pre-Pliocene) sediment outcrops indicated on seismic
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