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Geophysical investigations of the
Pensacola Mountains and adjacent

glacierized areas

JOHN C. BEHRENDT, JOHN R. HENDERSON, and
WILLIAM RAMBO

U.S. Geological Survey

LAURENT MEISTER

Geophysical Service International

Recent analyses of aeromagnetic, gravity, and seismic
reflection measurements made in 1965-1966, in the Pen-
sacola Mountains of Antarctica, have extended knowl-
edge of the geology beneath areas covered by thick ice.
There is a broad regional Bouguer anomaly with grad-
ients parallel to the northwest edge of the Pensacola
Mountains block. Bouguer anomaly values decrease from
82 milligals to —90 milligals across this transition from
West to East Antarctica. Theoretical profiles fitted to the
gravity data indicate the presence of either an abnormally
thin crust on the west antarctic side, or a normal crust
on the west antarctic side with a steep step-like transi-
tion from West to East Antarctica. This transition sug-
gests that a fault extends from the crust-mantle boundary
to near the surface in the vicinity of Schmidt Hills.
Gravity, magnetic, and seismic data suggest the existence
of a thick section of low-velocity, low-density, nonmag-
netic, presumably sedimentary rock beneath the ice north-
west of the Pensacola Mountains.

A least square regression of the Bouguer anomalies,
compared with elevation in the Pensacola Mountains
area, suggests that the amplitude of the gravity anomaly
associated with the Dufek layered gabbroic intrusion is
about 85 milligals. This corresponds to about 8.8 to 6.2
kilometers thickness for the intrusion, assuming reason-
able density contrasts. Magnetic anomalies approaching
2,000 gammas in amplitude are associated with the in-
trusion. The decrease in amplitudes of one to two orders
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of magnitude from the northern Forrestal Range to the
southern Dufek Massif is consistent with measured
magnetic properties (including normal and reversed
remanent magnetization). This interpretation is sup-
ported by theoretical magnetic models that suggest the
presence of a 4-kilometer fault across the front of the
Dufek Massif, down to the northwest. Models fitted
to 100 to 200 gamma anomalies over the southern Dufek
Massif require either a basal section 1 to 2 kilometers
thick, of higher magnetization than that measured from
rocks in the lowest exposed part of the section, or in-
finitely thick bodies of the low magnetization actually
observed. The first hypothesis is most reasonable and
suggests a possible basal ultramafic layer.

Magnetic and gravity data suggest a great extension
beneath the ice of the Dufek intrusion. The magnetic
data indicate a minimum areal extent of about 24,000
square kilometers and gravity data outside the magnetic
survey suggest an additional 10,000 square kilometers.
This gives a total minimum estimate of 34,000 square
kilometers, at least half of the area of the Bushveld
complex. Other magnetic data suggest that the Dufek
intrusion possibly continues as far north as Berkner
Island.

A number of magnetic and gravity anomalies of lim-
ited areal extent are associated with small scale geologic
sources within the Pensacola Mountains and beneath the
ice sheet. Precambrian diabase intrusions in the Schmidt
Hills area are inferred to be the sources of 50 gamma
amplitude magnetic anomalies. A —200 gamma mag-
netic anomaly and a positive Bouguer anomaly in the
Weber Ridge area at the north end of the Patuxent Range
are thought to be caused by a mafic intrusion. There is
a negative anomaly of at least —30 milligals amplitude
over the Median granite and Beacon(?) sedimentary
rocks in the Torbert Escarpment area relative to the
Patuxent Formation in the Neptune Range.

The free air anomaly data and the Bouguer anomaly-
elevation regression calculation suggest that the area is
in regional isostatic equilibrium.

New data for a Cenozoic history of
Wright Valley, southern Victoria Land

M. J . MCSAVENEY

The Institute of Polar Studies
The Ohio State University

Recent reinterpretations of the pecten locality in
Wright Valley, south Victoria Land (Webb, 1972a,
1972b; McSaveney and McSaveney, 1972; Brooks, 1972;
Vucetich and Topping, 1972), investigations of high-
level till deposits at Shapeless Mountain and Mount
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Feather (Mayewski, 1972, 1973), and recovery of long
sediment cores from the Ross Sea (Hayes et al., 1973)
have suggested several new chapters for a Cenozoic his-
tory of Wright Valley. Now we add a probable trachyte
ashfall to the valley's Cenozoic history.

Anomalous silty deposit

McSaveney and McSaveney (1972) pointed out the
apparent continuity and widespread occurrence of silty
deposits in Wright Valley, and suggested that these de-
posits were glacial-marine and of similar age to the
well-known pecten deposit that they enclosed (the
pecten foraminiferal assemblage possibly is late Miocene
or early Piocene in age, by comparison with faunas
recovered from leg 28 of the Deep Sea Drilling Project)
(P. N. Webb, personal communication). A possibility
that several silt units might be present, each of a different
origin, was considered likely but no evidence was noted
for this. Continued analysis of silts collected in Wright
Valley, between Lake Vanda and Hart Glacier, supports
a contention that there is one widespread silty unit (or
many identical units) of remarkably uniform composi-
tion and of glacial origin. But one sample from directly
in front of Meserve Glacier is unique in composition and
origin. It contains no obvious glacial material and is
distinguished from all other samples in containing just
two populations of sand and silt grains; one population
of extraordinarily well-rounded frosted sand grains
(these also are present to a lesser extent in all other
samples), and another population of silt and fine-sand
sized pale buff translucent hyaloclastic volcanic clasts that
are very well sorted and slightly abraded by wind trans-
port. The ash is apparently altered and readily leached
of a small amount of "iron staining" by dilute hydro-
chloric acid. The leached grains are translucent white.
This population of clasts was not seen in any other
sample. The fragments are believed to be of trachyte.

Other ash deposits

This is not a lone occurrence of fine-grained volcanic
ash in the McMurdo Sound region. Linkletter (1971)
reported the presence of volcanic ash in Taylor Valley.
Berg and Black (1966) reported the presence of fine-
grained yellow ash in "Windy Crater' at McMurdo Sta-
tion. Harrington (1969) refers to pale gray to white
vitric tuff fragments in moraine at Minna Bluffs. Coarse
black basaltic ash was recognized in a stratigraphy of
lateral moraine deposits and volcanic debris along the
western margin of Meserve Glacier. Isolated grains of
black volcanic glass occur in about half of the examined
Wright Valley silt samples (none was seen in the Me-
serve Glacier silty samples).

Age of the ash

An age determination is available for only one of the
fine ash deposits. Harrington (1969) reports that the
Minna Bluff tuff is Paleocene to Eocene in age, as deter-
mined from its associated microfauna. The "Windy
Crater" ash is at least younger than the crater, but it is
not possible to tell from Berg and Black's passing refer-
ence to this material whether it is verified ash and not
ash by association . Yellow silt is the almost ubiquitous
marine deposit of McMurdo Sound and perhaps could
have been misidentified in "Windy Crater." Linkletter's
Taylor Valley ash and the Meserve Glacier tuff are air-
fall deposits of volcanic origin. Although the present
sites of the deposits may not be the original sites of
deposition, the materials arrived at their present sites
after the episode of major valley cutting in the McMurdo
Sound region. That this had occurred by early Pliocene
time (for deposition of the pecten fauna in Wright
Valley) is not surprising in light of the evidence for
extensive glacial erosion in Antarctica through Oligocene
and Miocene times (Hayes et al., 1973).

This leaves a long time span in which the ash may
have fallen. It may have fallen in a standing body of
water. This places some restrictions on time of deposi-
tion. Additionally it was not deposited while ice of
Alpine III or ice of Alpine II age (Calkin et al. ,, 1970)
stood over the site.

Significance of the Meserve Glacier ash deposit

The presence of trachyte ash in Wright Valley is not
surprising. Meserve Glacier lies in the western extremity
of the McMurdo Volcanic Province and trachyte is a
prominent eruptive element in this province (Mount
Discovery is a trachyte dome). It is surprising that this
is only the second reported occurrence of fine ash in
the dry valleys area, and even more surprising is the
absence of materials of glacial origin in a deposit close
to a local alpine glacier in an area with a long history
of glaciation.

The abundance of rounded, frosted grains immediately
suggests reworked material from the Beacon sequence of
rocks in this region. The local geology dominantly is
metamorphic and igneous rock, however, and Beacon
rocks apparently no longer crop out around the basin of
Meserve Glacier. Any mechanism that might bring
Beacon sediments also might be expected to bring grains
from dolerite, hornfels, marble, gneiss, and granite; but
grains from the first three are absent and the latter two
can be Beacon components, anyway. There seems to be
no ready source for the rounded component of this
unique, silty deposit.

That transport was by wind seems indisputable. Depo-
sition probably was accomplished by airfall onto an ice-
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free body of water at a time when even the basin of
Meserve Glacier was ice free, perhaps even arid and
windswept. The Wright Valley system may have been
entirely deglaciated at some post-Miocene time.

This ash is indistinguishable in casual examination
from other Wright Valley silts and was not differentiated
in the field. As a consequence, we do not know the
extent of the deposit and its relationship to the local
stratigraphy. Further investigation of the deposit will be
made in 1974. Perhaps work of the Dry Valley Project
will shed some light on this ashfall's age. This work was
carried out under National Science Foundation grant
GV-28804.
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Origin of the Jurassic dolerites and
basalts of southern Victoria Land
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Mesozoic basalt and dolerite occur extensively in Ant-
arctica. Compston ci al. (1968) analyzed a dolerite
suite from the Transantarctic Mountains and the "Vanda
Sill" in Wright Valley and found that they are geo-
chemically similar to the Tasmanian dolerites of Jurassic
age studied earlier by McDougall (1962) and Heier
ci al. (1965). In addition, Compston et al. (1968)
found that the initial 117Sr/Sr ratio of 0.7116 for these
antarctic dolerites essentially was identical to the initial
ratio, ( M 75r/MUSr) ,, = 0.7 115, for the Tasmanian doler-
ites (Heier ci al., 1965). Hill (1969) reported similar
anomalously high initial 7 Sr/'"Sr ratios for suites for
Kirkpatrick basalt and Ferrar dolerite from northern
Victoria Land and the Queen Alexandra Range. From
these analyses, Hill (1969) concluded the existence of a
genetic relationship between Kirkpatrick basalt and Fer-
rar dolerite.

On the other hand, Faure and Elliot ( 1971 ) analyzed
suites of Jurassic basalt and dolerite samples from Queen
Maud Land. They reported a bimodal distribution of
initial M7Sr/Sr ratios with mean values of 0.7037 and
0.7072. These initial ratios are significantly lower than
for the Jurassic Ferrar dolerite and Kirkpatrick basalt.
Also, rocks from Queen Maud Land are chemically dis-
similar to the Jurassic Ferrar-Kirkpatrick rocks (Faure
and Elliot, 1971; Jukes, 1968).

We are reporting present day and initial 87Sr/86Sr
ratios and concentrations of rubidium and strontium for
Jurassic basalt and dolerite samples (table) from south-
ern Victoria Land. The isotopic composition of strontium
in samples 105, 155, 160, 310, and 368, from Wright
and Taylor Valleys, was determined on a single-filament,
solid-source mass spectrometer (Nuclide model 6-60-S),
at Ohio State University. A minimum of 60 sweeps of
the mass range were made in each ratio determination.
The rubidium and strontium concentrations of these five
samples were determined by isotope dihition using iso-
tope spikes enriched in 57Rb and 86Sr, respectively. Four
samples were collected from Allan Hills and Battlements
and Carapace Nunataks, which are located north of
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