
and bedrocks of Antarctica, and that there was con-
siderable scientific justification for undertaking a
number of deep-drilling projects in Antarctica in
the years to come.

Analysis of permafrost cores
from antarctic dry valleys

A. LINCOLN WASHBURN
Quaternary Research Center

University of Washington
Seattle, Washington 98195

Multidisciplinary laboratory investigations of dry
valley permafrost cores reported in Washburn
(1975) were continued this last year, and further
studies are projected. The principal dry valley
studies at the Quaternary Research Center concern
long cores from lower Taylor Valley, involving an
interstratified sequence of marine and terrestrial
sediments. This work includes (1) paleontology of
siliceous microfossils by H. Y. Ling, (2) sedimen-
tology and stratigraphy of sediments by S. C. Porter
and James Beget, (3) oxygen-isotope and radio-
metric analyses by Minze Stuiver and Albert Young,
and (4) chemical investigations by Fiorenzo Ugo-
lini. The emphasis during this past year has been
on cores from Dry Valley Drilling Project holes
8 to 12 as reported below by the above investigators.

Holes 8, 9, and 10: New Harbor (micropaleontology).
Investigation of 37 samples from hole 10 revealed
silicoflagellates at a depth of 137 meters and radio-
larian fragments at depths of 142 meters (lower
part of diamicton unit 4) and 149 meters (sandy
unit 5). In the cores studied to date from holes 8
to 10, radiolarians and silicoflagellates are rare and
species diversity is low. Nevertheless, occurrences
and age indications are generally consistent with
the oxygen-isotope analyses.

Holes 8, 9, and 10: New Harbor (sedimentology and
stratigraphy). Study of cores from holes 8 and 10 has
included analysis of lithic composition and micro-
fabrics. The results indicate the sediments are
dominated by rock types that crop out in lower Tay-
lor Valley. Mafic dike rocks are a recognizable com-

ponent (up to 20 percent) below a depth of about
150 meters, but are rare above that level. McMurdo
volcanics constitute a significant component of the
sediment above the 150-meter depth, but were not
found below that depth. These observations make
it likely that a significant change in provenance,
and possibly also in depositional environment,
occurs at approximately the 150-meter depth.
Microfabric analysis of diamicton layers shows that
two layers, at 70 to 74 meters and at 114 to 124
meters, are characterized by strong fabrics, whereas
the other diamictons apparently lack a fabric. The
two layers with fabric are compositionally and tex-
turally similar to those without. The presence of a
strong fabric is regarded as indicating deposition
by grounded ice, the resulting diamicton being
interpreted as a basal till. Diamictons lacking a fab-
ric probably were deposited either beneath an ice
shelf or from floating bergs and are interpreted as
glacial marine drift. Probably significantly, the
lower and thicker of the two basal tills is also char-
acterized by low 6 oxygen-18 values indicative of
a freshwater depositional environment (Stuiver,
Yang, and Denton, 1976).

Holes 8, 9, and 10: New Harbor (oxygen-isotopes).
Results of the work on permafrost waters in cores
8, 9, and 10 were reported in Stuiver, Yang, and
Denton (1976). In summary, the data indicate fully
marine or almost fully marine conditions to a depth
of 85 meters. From 85 to 100 meters there is a
transition zone to a much less saline environment.
From 100 to 125 meters freshwater conditions pre-
vail with possibly some addition of seawater, the
lowest 6 values being about —23 per mill. From 125
to 130 meters there is a transition zone from fresh
to brackish water, the brackish having 6 values
ranging from —7 to —14 per mill from 130 to 155
meters. From 150 to 184 meters the evidence indi-
cates return to nearly freshwater conditions, the
lowest 6 values being about —20 per mill.

Holes 8, 9, and 10: New Harbor (chemistry). Eleven
samples from hole 10 were studied for relative salt
concentration and composition of water extracts
from the frozen core. Measured were electrical con-
ductivity (EC), pH, and the following ions: NH4t
NO3 , PO43 , SO4 -2, Cl-, Nat K, and Mg2t

The results indicate freshwater conditions at a
depth of 37 meters as shown by EC (800 pmhos per
centimeter) and low concentrations of chloride (270
parts per million) and other ions. This finding is
inconsistent with the 6 oxygen-18 values, which
indicate marine conditions to a depth of 85 meters.
The existence of marine conditions at a depth of 46
meters is supported by high EC (2,500 pmhos per
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centimeter) and high chloride (710 parts per mil-
lion) and high sulfate (159 parts per million) con-
tents. A transition zone to a less saline environment
is indicated for depths of 68, 82, and 87 meters by
low chloride concentrations (238, 298, and 426
parts per million, respectively) and by sulfate con-
centrations (45, 39, and 132 parts per million) and
EC values. This interpretation agrees with 5 oxy-
gen-18 values at the depth of 87 meters but not
with the 5 oxygen-18 values for the two lesser
depths (68 and 82 meters), which argue for fully
marine conditions. Determinations at depths of
108, 111, and 113 meters indicate brackish condi-
tions with the total ionic content, including chlor-
ide, increasing, whereas 8 oxygen-18 values show
essentially freshwater conditions, as is also shown by
the chemistry at a depth of 119 meters. Finally,
marine conditions are indicated for depths of 113
and 155 meters as revealed by high EC values (3,500
and 5,500 pmhos per centimeter, respectively) and
high chloride and sulfate concentrations. This in-
terpretation is consistent with 8 oxygen-18 values
except at the 155-meter depth for which the 8 oxy-
gen- 18 values support essentially freshwater con-
ditions.

The reason for the discrepancies is not known
but may be due in part to leaching, which would
affect the ion concentrations but not the oxygen- 18/
oxygen- 16 ratios, and in part may be apparent only
and related to the need to establish a better defini-
tion of the limits between freshwater, brackish, and
marine conditions as determined by the different
approaches. These questions are under study.

Hole 11: Commonwealth Glacier, Taylor Valley
(micropaleontology). A study of the siliceous micro-
fossils of 139 samples from hole 11 is under way.

Hole 12: Lake Leon (micropaleontology). Of 29
samples from hole 12, none showed silicoflagellates
or radiolarians, although some unusual microfos-
sils were observed below the depth of 163 meters
in the sandy mud of a diamicton; these are being
examined with respect to their botanical or zoologi-
cal affinities.

This research was supported by National Science
Foundation grant opp 75-23075.
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Analysis of Ross Ice Shelf
geophysics

CHARLES R. BENTLEY
Department of Geology and Geophysics
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Analysis of the geophysical survey of the eastern
half of the Ross Ice Shelf carried out during the
1973-1974 and 1974-1975 austral summers contin-
ued during the last year. The survey measurements
included seismic determination of sea floor depth
and gravity observations at 75 to 90 stations on a
50-kilometer grid spacing, and four seismic refrac-
tion profiles.

The sea bottom beneath the shelf is characterized
by a pair of broad ridges of about 200-meter relief
trending east-west normal to the boundary between
floating and grounded ice. A layer of sediment 0.5
to 2 kilometers thick lies on the sea floor; its upper
part, at least, is probably unconsolidated marine
till. Crystalline basement appears to underlie the
sediment directly except under and near Roosevelt
Island, where an intermediate layer exists. The iso-
static gravity field consists of alternating bands of
positive and negative anomalies roughly correlat-
ing with the submarine ridges and troughs, respec-
tively, suggesting that tectonic structure and not
glaciation is the fundamental determinant of ocean
bottom topography.

When the isostatic gravity anomalies are aver-
aged on 10 by 10 squares, the correlation with sub-
marine topography is essentially removed. The
smoothed anomaly field is consistently 15 to 20
milligals negative along the boundary between the
floating ice and the grounded ice sheet of West Ant-
arctica, increasing westward to zero along the cen-
tral axis of the ice shelf. The anomaly pattern is
consistent with the retreat at the end of the Pleisto-
cene of a grounded ice sheet extending from West
Antarctica to the center of the present shelf, but
not farther. It is completely inconsistent with the
existence of a grounded ice sheet across the entire
area of the present ice shelf as recently as 5,000
years ago, as has been inferred from glacial geologi-
cal evidence, unless that ice sheet was very thin and/
or advanced such a short time before its retreat
that it never became isostatically compensated. A
surging ice sheet might satisfy the requirements.

Electrical resistivity measurements have been
analyzed using a computer program that models a
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