
calcite and gypsum. The moderate Eh has the effect of
stabilizing transition metals in solution.

(3) The salts that crystallized from this water con-
stitute a quantitatively minor amount of the valley fill,
but appreciable thicknesses may occur locally, such as
under Don Juan Pond.

(4) Seawater could not have been a significant con-
tributor of elements to the basin forming Don Juan
Pond.

This model indicates that thin beds of sulfate-bearing
salts may occur under Don Juan Pond. However, the
predominant lithology is probably porous sand and silt
with interstitial saline, sulfate-bearing water.

Evaluation of our data, model studies, and relation-
ships of other lake basins in the dry valleys (Vanda,
Vida, Fryxell, and glacial streams) will be presented
in a later publication.
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McMurdo Sound-a key to the
Cenozoic of Antarctica

L. D. MCGINNIS

Department of Geology
Northern Illinois University

The bottom of McMurdo Sound (fig. 1), a natural
trap for terrestrial and marine sediments, will be drilled
in one or more locations in 1974-1975 as part of the
Dry Valley Drilling Project. The drill rig, on a plat-
form on sea ice, can core sediment through 300 meters
of water to depths in the order of 1,500 meters below
sea level.

On the basis of seismic refraction profiles and Bouguer
gravity anomalies, Robinson (1963) suggests McMurdo
Sound is underlain by volcanic ash and tufaceous de-
posits, or altered basalt, ranging in thickness from 0.5
kilometer near the southern tip of Hut Point Peninsula to
2.0 kilometers in the vicinity of the proposed borehole
site in McMurdo Sound (fig. 1). The sedimentary layer
has an average p-wave velocity of 3.1 kilometers per
second and is underlain by a high velocity basement hav-
ing a mean velocity of 4.79 kilometers per second. Rob-
inson did not observe a lower velocity sediment above
the 3.1 kilometers per second material, but this could
have been masked because the refraction profiles were
made from floating ice, which has a velocity of about 3.7
kilometers per second.

Surficial sediments collected in four grab samples for
the present study indicate that the bottom in the vicinity
of the proposed drill site consists mainly of very fine-
grained sand. Some clay sized particles were present in
addition to granitic and basaltic pebbles 1 to 2 centi-
meters in diameter.

In preparation for the drilling, a fathometer study of
western McMurdo Sound was made from USCGC North-
wind during the 1972-1973 field season. Three north-
south profiles were made, beginning 8.3 kilometers east
of the northern end of the Strand Moraine on the south
and extending northward to the northwest off Gneiss
Point. A profile, on a one-to-one scale, is shown in fig.
2. A fathorneter chart crossing two submarine valleys is
shown in fig. 3. Although the valleys appear sharp and
V-shaped on the chart, when drawn to scale they appear
broad and well rounded. The valleys are cut 183 to 274
meters (100 to 150 fathoms) below adjacent uplands
and are interpreted here as being glacially scoured, the
southerly one being due to an expanded Ferrar Glacier,
with the more northerly and much deeper and broader
valley being caused by an expanded Taylor Glacier. Low
rises flanking the south sides of both valleys are inter-
preted as being lateral moraines deposited when the sub-
marine valleys were being cut. Both valleys, especially
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Figure 1. McMurdo Sound, showing the location of the proposed site for drilling early in the 1974-1975 season.
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Taylor Submarine Valley, are diverted rather sharply
northward in response to the pushing of an ancient,
more vigorous Ross Ice Shelf. Based on the maximum
depth (about 550 meters) at which Taylor Submarine
Valley has any expression, the ancient Taylor Glacier
reached thicknesses of about 610 meters near its terminus.
The calculation of thickness presumes (1) the glaciers
were efficiently cutting their valleys to a maximum possi-
ble depth, (2) there has not been postglacial sedimenta-
tion in the valleys, (3) there has been no vertical crustal
movement since deglaciation, and (4) sea level when
the valleys were cut was the same as it is now. If sea
level had been 100 meters lower, Taylor Glacier would
have been about 500 meters thick.

Although the present study was not conducted north
of Taylor Submarine Valley, deep soundings on H.O.
chart 6666 indicate the presence of a Wright Submarine
Valley. Wright and Taylor Valleys merge about 25 kil-
ometers northeast of Gneiss and Marble Points.

In addition to submarine valleys, McMurdo Sound is
characterized by a depression west and north of Ross
Island. The depression descends to as much as 275 me-
ters below mean sound depths. The development of de-
pressions encircling volcanic islands is common and is
due to isostatic loading of the sea floor by a volcanic
pile. The steep submarine slopes west of the island are
reflected by the high magnetic gradients noted by Wong
(1973). A southerly, submarine extension of Hut Point
Peninsula is apparent on fig. 1. It is also apparent that
Ross Island and Beaufort Island are connected by a sub-
marine volcanic neck. The Hut Point extension was noted
in an aeromagnetic study by McGinnis and Montgomery
(1972).

A topographic profile, extending from the west, near
Bull Pass in the dry valleys, to the east side of Ross Is-
land, along latitude 77 0 30' S., is shown in fig. 4. A grav-
ity profile from a map in Smithson (1972) and an aero-
magnetic profile from unpublished data collected by G. E.

Montgomery in 1971-1972 and H. K. Wong in 1972-
1973 permit a preliminary interpretation. High gravity
gradients near the coast (7 milligals per kilometer) on
the western side of McMurdo Sound are interpreted by
Smithson to indicate the junction between a West Ant-
arctic and East Antarctic crust. An interpretation com-
patible with both gravity and magnetic profiles is that
the post-Early Paleozoic crust of East Antarctica extends
eastward beyond Ross Island and that the high gravity
gradients are caused by the lithologic change from the
metasediments of the coastal Ross Supergroup rocks to
the Granite Harbor intrusives farther inland. Neither
of these lithologies has a particularly large magnetic sus-
ceptibility; hence the lack of magnetic relief. They do
have quite different densities, hence the high gravity
gradients. The geology-gravity relationship along the
eastern side of the Transantarctic Mountains is similar
to that observed along the east side of the Appalachians;
Best et al. (1972) have noted a 7 milligals per kilom-
eter gradient increasing to the southeast at the contact of
the Charlotte Belt Gneiss and the Slate Belt. This phe-
nomenon is probably common along ancient subduction
zones and the high gravity gradients perhaps represent
the emplacement of continental intrusives along the axes
of fold belts.

It may be inferred from the foregoing interpretation
that McMurdo Sound, in the vicinity of the proposed
drill site, is underlain by a rather thick (about 2 kilom-
eters) layer of sediments resting on a basement complex
composed of Ross Supergroup rocks. The sediments may
range in age from the early Devonian rocks of the Bea-
con Supergroup to modern day marine and glacio-ma-
rine deposits.

Scientists of leg 28 of Gloniar Challenger have illu-
strated the antiquity of antarctic continental glaciation
(20 million years ±) as deduced from marine core re-
trieved in the Ross Sea. Boreholes drilled near the con-
tinent in McMurdo Sound can refine this date and ex-
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pand knowledge of the complex onset of glaciation of
the continent. Morphological analyses established from
the fathometer profiles clearly establish the fact that gla-
cial and volcanic events altered the floor of McMurdo
Sound. Glacial sediments dropped directly on the sound
floor as moraine are obvious, and these must certainly
cover preglacial sediments that were deposited well back
in Tertiary time. Whether the Tertiary sediments rest on
Mesozoic or Paleozoic sediments is not known; however,
it is known that a rather rich stratigraphy will be en-
countered owing to the proximity to the dry valleys, the
Ross Ice Shelf, and Ross Island.

Data were collected by members of the crew of
USCGC Northu'ind, Mr. Rolf Bjornert of the Office of
Polar Programs, and the author. Drs. Mike Mudrey and
Stan Frost examined bottom samples and provided pre-
liminary sample descriptions. This work was supported
by National Science Foundation contract C-642.
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Deep sea drilling in the southern ocean, 1972-1973
Between December 20, 1972, and February 27, 1973,

16 holes in the southern ocean floor were drilled at 11
sites from aboard the Gloniar Challenger. This first of
five scheduled legs of the Deep Sea Drilling Project in
antarctic waters yielded 1,404 meters of sediment that
will help to explore the long-term glacial, climatic, bio-
stratigraphic, and geologic history of the region. Co-
chief scientists for this leg were Dennis E. Hayes,
Lamont-Doherty Geological Observatory, and Lawrence
A. Frakes, Florida State University, Tallahassee. Other
institutions represented in the scientific party were Vic-
toria University of Wellington, N.Z.; New Zealand
Oceanographic Institute, Wellington; U.S. Geological
Survey, Menlo Park, California; Scripps Institution of
Oceanography, La Jolla, California; Dalhousie Uni-
versity, Halifax, Nova Scotia; New Zealand Geological
Survey, Lower Hutt.

During Glomar's 7,400-nautical-mile voyage, several
holes were drilled in the Ross Sea continental shelf
(fig.) at relatively shallow depths of about 500 meters.
USCG icebreakers Northuind and Burton Island assisted
with ice reconnaissance support while the drilling ship
was in the Ross Sea (sites 270 to 274). At site 273,
Burton Island pushed away icebergs that were on col-
lision courses with Glornar, thus enabling the drilling
vessel to complete its operations at this valuable hole.

Preliminary conclusions, based on laboratory studies,
indicate the following:

(1) Extensive antarctic glaciation dates to at least the
early Miocene and locally perhaps to the early Oligocene.
Antarctic glacial history underwent dramatic changes
about 4 to 5 million years ago, as evidenced by a climax
in glacial advance followed by an abrupt melting and
retreat of ice to a configuration similar to today's. Subse-
quent fluctuations in antarctic continental ice probably
have been comparatively minor.

(2) Nannofossils and diatoms found in abyssal sedi-
ments from holes 256 to 268 (Wilkes Land continental
rise to near the Southeast Indian Rise crest) indicate that
the late Oligocene water was cool to temperate, gradually
growing cooler as the cold progressed northward.

(3) Existing high-latitude biostratigraphic zonations
should be improved with the project's fairly complete
assemblage of diatoms representing the Oligocene
through the Recent and intermixed with some nanno-
fossils, radiolarians, and forami nifera.

(4) The age of basaltic basement samples (sites 265,
266, 267, and 274) are in substantial agreement with
crustal ages predicted from magnetic lineations and sea-
floor spreading.

(5) Early Miocene and Oligocene cherts and cherti-
fled terrigenous sediments were found at widely separate
locations (sites 268, 269, and 274) in the Wilkes Land/
Ross Sea continental rise, although their significance
awaits further evaluation.

(6) The thick, pebbly, silty clays found throughout
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