
Two conventional potassium-argon (K-Ar) ages were deter-
mined on samples from 25.52 meters (a nepheline hawaiite)
and from 148.81 meters (a basanite). The ages are 1.21 ± 0.11
million years for the shallow sample and 1.32 ± 0.16 million
years for the deeper sample (Kyle, Sutter, and Treves 1979).
The ages are not statistically different from each other, indi-
cating that the flows were erupted relatively rapidly slightly
more than 1 million years ago.

This work was supported by National Science Foundation
grant 0PP 72-05800.
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AFM (alkalies, Iron oxide, and magnesium oxide) plots of chemical
analyses of rocks from DVDP 1 (this report) surface rocks from Ross
Island and vicinity (Goidich at al. 1975) showing general similarity
of the suites.

McMurdo Sound upper crustal
geophysics
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Gravity and seismic measurements were made from sea ice
2.8 meters thick during November and December of 1980 along
an east-west profile crossing McMurdo Sound. The profile is
in line with Cone Hill on Hut Point Peninsula on the east and
the Strand Moraine on the west along latitude 75°46.3'S (figure
1). Additional data were collected across the mouth of the
Ferrar Valley, north of the Strand Moraine. Instruments were
contained in a geophysics van mounted on skids and pulled
by a Spryte tracked vehicle. This article describes field oper-
ations and preliminary interpretations of collected data.

A damped LaCoste-Romberg gravity meter (model G) per-
mitted gravity observations from sea ice with an accuracy of
± 2 milligals. Sea-floor bathymetry was obtained using a Geo-
metrics/Nimbus 1210F signal enhancement seismograph and
three to five sledgehammer blows struck on the sea ice for the
reflected energy source. Water velocity is 1.44 kilometers per
second as determined from the direct wave arriving from long
refraction shots. The higher velocity wave propagating

through the sea ice quickly attenuates so that at shot-detector
distances of 2-3 kilometers it is no longer discernible. Depths
to the ocean floor were measured from seafloor reflections at
each gravity station; this permits construction of a Bouguer
gravity map with errors resulting primarily from sea-ice move-
ment. Reflection and refraction depths to the seafloor agreed
to within 5 meters.

Depths to acoustic layers below the seafloor were derived
from reversed refraction shooting at nine stations located at 5-
kilometer intervals across the Sound. An SIE-RS 4, 12-channel
refraction seismograph was used with 8.25- and 4-hertz geo-
phones connected to a 650-meter cable, with 50-meter sepa-
rations between geophones. In preceding years a standard
black cable with 30.49-meter geophone separations was used;
on warm, sunny days the cable melted its way into the sea ice,
refroze, and then had to be chopped out with an ice axe—a
situation not particularly conducive to long cable life. The 650-
meter cable has a white jacket and could be laid out on the ice
for many hours without freezing, saving much time and cable-
repair cost.

The procedure used in refraction shooting was such that the
recording system and cable were held stationary while the shot
point was moved out away from the spread at 1-kilometer
intervals. The maximum shot-detector distance was 42 kilo-
meters and the deepest refractor was found to lie at a depth of
7 kilometers. Charge size ranged from 1 kilogram for close-in
shots to 454 kilograms for those at greatest distance (see figure
2).

Excellent reflections from sledgehammer blows were ob-
tained from the seafloor, due to the high velocities and
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Figure 1. Location of refraction stations crossing McMurdo Sound. The study was conducted from sea ice In November and December
1981.

consequent large acoustic impedance of the seafloor sedi-
ments. Sediments at the ocean floor displayed an average
velocity of 2.53 kilometers per second which is normally found
at depths about 1 kilometer below the ocean floor. The cause
of the high seafloor velocity is not known; however, sediments
are known to be highly cemented and the Sound has been
subjected to glacial scour, with concomitant overconsolida-
tion. The large range in seafloor velocities, from 1.81 to 3.06
kilometers per second, indicates a variety of sediment char-
acteristics, possibly including differential overconsolidation,
cementation, or perhaps permafrost. The low temperature of
McMurdo Sound ocean water (-1.8'C) would result in per-
manent freezing if freshwater sediments were present. The
geologic unit lying immediately below the ocean floor averages
about 500 meters thick.

A sub-seafloor refractor having a P-wave velocity averaging
3.25 kilometers per second probably represents the top of the
oldest glaciomarine sequence in the McMurdo Basin. An
unusual characteristic of this sequence is the apparent lack of
a vertical velocity gradient normally present in clastic sedi-
ments. An explanation for this might be a high degree of
overconsolidation by a thick, overriding ice sheet. This unit
has an average thickness of 1.5 kilometers. The lack of a vertical
gradient agrees with the interpretation of Wong and Christof-
fel (in press) and contrasts with the Ross Sea data of Houtz and
Davey (1973), who suggest continuously increasing velocities
with depth.

The deepest layer of sediment characterized by average
velocities of 4.00 kilometers per second is interpreted as Beacon
sandstone. This contradicts the report of Wong and Christoffel,
who interpret the 4.00-kilometer-per-second unit as consisting
of metasediments, although they agree it could also indicate
Beacon sandstone. Because two higher velocity units, one
averaging 5.07 and the deeper averaging 6.55 kilometers per
second, lie beneath the 4.00-kilometer-per-second layer, we
interpret the 4.00-kilometer-per-second layer to be Beacon and
the 5.07-kilometer-per-second layer as basement, consisting
of metasediments or igneous, silicic intrusives. The Beacon
unit thickens toward the east and appears to be block-faulted
downward under Ross Island.

The 6.55-kilometer-per-second, intrabasement refractor,

first reported in Western McMurdo Sound by McGinnis, Wil-
son, and Burdelik (1981), extends to the east beneath Ross
Island. If the refractor is composed of Ferrar-like intrusives, of
Jurassic age and therefore younger than basement, the change
in elevation may not reflect structure; however, if it represents
a crustal unit similar to a granulite facies that may have formed
at a common depth on a regional scale, it could indicate a
graben associated with rifting beneath Ross Island. The latter
explanation is preferred because of the progressive and con-
tinuous deepening to the east and also because of the lack of
magnetic anomalies associated with relief on the unit. A geo-
logic cross section based on seismic refractors is shown in
figure 3.

This research was supported by National Science Founda-
tion grant DPP 78-21112-03. Field personnel were D. Wilson,
W. J . Burdelik, T. L. Fasnacht, P. Rebert, and L. D. McGinnis.
We were in the field from 13 November-12 December 1980.
Graphics are by Paula Rebert.

Figure 2. Geophysics van and field crew preparing 454 kilograms
of dynamite in 22.7-kilogram strings for a shot 42 kilometers from
the recording site. An electric blasting cap is inserted Into each
string; the strings then are lowered Into the water to depths of
about 30 meters and detonated simultaneously.
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UPPER CRUSTAL REFRACTION STUDY IN McMURDO SOUND
COLOR CODED CAMPS (RECORDING SITES)
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Figure 3. Profile illustrating an interpretation of seismic refraction data in McMurdo Sound. The section is suggestive of a rift-graben
structure centered beneath Ross Island.
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