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Analysis of antarctic ice cores
ANTHONY J . Gow

U.S. Army Cold Regions Research and
Engineering Laboratory

Analysis of ice cores from the 2,164-m deep drill
hçile at Byrd Station continues at the U.S. Army Cold
Regions Research and Engineering Laboratory. Re-
c€nt research has focused on petrofabric analyses of
the ice and petrographic and mineralogical studies of
volcanic ash layers preserved in the cores.

Petrographic analyses of the ice. A comprehensive
investigation of the petrofabrics of the Byrd ice cores,
entailing measurements of c-axis orientations of more
than 10,000 crystals, has established definitely the exis-
tence of a structurally stratified ice sheet in West Ant-
arctica. As demonstrated in fig. 1, a slow but persist-
ent increase in c-axis orientation was observed between
the surface and 1,137 m depth. By 1,250 m the struc-
ture had transformed into a fine-grained mosaic of
crystals with their basal planes oriented substantially
parallel to the surface of the ice sheet. This fabric
(which persisted to 1,800 m depth) is attributed to
shar deformation. A rapid transformation to multi-
ple-maxima fabrics below 1,800 m is ascribed to the
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Figure 1. C-axis fabric profile through the ice sheet at Byrd
Station. Data obtained from horizontally sectioned cores. Contour
intervals are at 4, 3, 2, 1, and ½ percent for 100-rn profile; 5, 4,
3, 2, 1, and 1/2 percent for 638-rn profile; 10, 5, 4, 3, 2, and 1
percent for 1137-rn and 2151-54-rn profiles; 20, 15, 10, 5, 2, and
1 percent for 1259-rn profile; and 5, 4, 3, 2, and 1 percent for

1833-rn profile.

overriding effect of increasing temperatures in the ice
sheet rather than to any significant decrease in stress
level. Detailed fabric analysis of a number of fine-
grained, cloudy bands that occur abundantly in the
1,250 to 1,800 m zone indicates that these bands prob-
ably formed as a result of highly localized shear. The
sense of shear as inferred from the symmetry of folded
bands is compatible with the directions of ice move-
ment measured at the surface. The fact that fine-
grained cloudy bands are also present in the very
coarse grained ice below 1,800 in strengthens
the idea that these bands are actively involved with
shearing in the ice sheet.

Petrographic and mineralogical studies of volcanic
ash layers preserved in cores. Visible debris bands in
the ice cores have been identified positively as being of
direct volcanic origin, i.e., deposited as ash on the sur-
face of the ice sheet. These ash bands (fig. 2) are
composed predominantly of glass shards, but crystal
fragments and lithic chips (mainly of andesite) are
also present. It was subsequently discovered that
cloudy bands (provisionally identified as shear bands
on the basis of c-axis fabrics and related deforma-
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Figure 2. Glass shards from layers of volcanic ash in the ant-
arctic ice sheet. Refractive index measurements of glass indicate

that ashes range in composition from basalt to dacite.

tional characteristics) also contained volcanic dust,
composed mainly of glass fragments and crystals mea-
suring less than 5 microns in diameter. The mean size
of particles in the visible ash bands is generally much
larger—of the order 30 to 50 microns. The concentra-
tion of volcanic debris was found to vary from 10-3
grams per cubic centimeter in the coarser ash bands to
less than 10-5 grams per cubic centimeter in dust
bands. Ashes ranging in composition from basalt to
dacite were identified on the basis of mineralogical ex-

amination of the particles and refractive index meas-
urements of the glass shards. Crystals of plagioclase
feldspar and pyroxene, and opaque grains, were ob-
served in most samples. Less abundant minerals in-
clude hornblende, biotite, quartz, and cristobalite. A
consideration of such factors as particle size, petro-
graphic characteristics of the ash, and prevailing wind
direction points to the Executive Committee Range
and neighboring volcanoes in Marie Byrd Land, West
Antarctica, as the most likely sources of the ashes.

A total of 25 ash bands and an estimated 2,000 dust
bands are preserved in the Byrd ice cores. With the
exception of two solitary bands at 911 m and 788 m,
the ash-bearing bands are confined entirely to th
depth range 1,216 to 2,006 m, which corresponds tc
the estimated time interval 14,000 to 44,000 years be-
fore the present. A period of sustained ash fal
occurred during the interval 16,000 to 30,000 years
ago. Correlations with isotopic (paleotemperature)1
data obtained on the same cores imply that this period
of prolonged volcanic activity was accompanied by a
significant cooling of the troposphere over Antarctica.
This cooling trend did not terminate until virtual dis-
appearance of volcanic ash from the glaciological
record, which might possibly suggest a direct cause-
and-effect relationship between volcanic dust in the
stratosphere and temperature decrease in the lower at-
mosphere over Antarctica.

Glaciological investigations
on Deception Island,

December 1970—January 1971
L. S. GOVORUKHA

Arctic and Antarctic Scientific Research Institute
Leningrad

Deception Island is a new area for Soviet polar ex-
plorers. Glaciological observations made on the island
in 1970-197 1 were of great interest and were comple-
mented by similar observations of the 13th, 14th, and
15th Soviet Antarctic Expeditions on King George Is-
land. Noting problems that had arisen from earlier
studies on Deception Island, the author studied accu-
mulation conditions on G4, G5, and Barrier Glaciers,
never studied earlier. As a glaciological object Decep-
tion Island is of particular interest because its annular
form assures the existence of glaciers of different expo-
sures and thus different conditions of accumulation
and ablation.

Dr. Govorukha participated in the 1970-1971 Interna-
tional Deception Island Volcanological Expedition. His
article was unfortunately delayed in the mail and arrived
too late to be included in the series of articles on Deception
Island that appeared on pages 82 to 90 of the July-August
issue.

The author's investigations have provided addi-
tional mass-balance data which, taken with data ob-
tained earlier by 0. Orheim and J.-R. Kläy on Gi,
G2, "Black" and other glaciers, have made it possible
to determine the present conditions and regime of gla-
ciation of the island as a whole. A great variety of
accumulation conditions—depending upon the expo-
sure of glaciers, the morphology of the accumulation
area, and the elevation above sea level—was found on
Deception Island. The average multi-annual accumur
lation of a number of glaciers is 100 g per sq cm
(ranging from 45 to 110 g per sq cm). The average
equilibrium line (which coincides here with the firn
line) is much higher on Deception Island than on
other islands in the South Shetlands and is 100 m
higher than that of King George Island. On the gla-
ciers of various exposures the firn line is 200 to 280 m
above sea level. In the accumulation area of Decep-
tion Island, thicknesses typical of the warm firn zone
have been found. An alternation of firn layers with
densities from 0.45 to 0.65 with thin infiltration ice
layers (3 to 4 cm) is typical of the area. During the
period of ablation the temperature of the upper part of
the active layer is about 0°C., according to measure-
ments by 0. Orheim.

The influence of young volcanism is seen in the
regime of local glaciers, but it manifests itself only to a
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