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The ice sheet has once been considerably smaller; the
shear planes carry beach material, and even low
beaches (8 to 10 meters above sea level) disappear
under the ice front.

The main result of the Deception Island study has
been the establishment of the annual mass balance
variations of the island from about 1680 A.D. to the
present. Recent analyses of this record show that short-
term mass balance variations in the Northern and
Southern Hemispheres are negatively correlated (Or-
heim, 1972). The figure shows the Deception Island
record and a composite record made from the mass
balance data of all glaciers in the Northern Hemi-
sphere with long series of surface mass balance ob-
servations. The longest of these series is from 1946.
All together, records from six glaciers were used, of
which three are in the European Alps, two in Scandi-
navia, and one in the northwestern U.S.A. Annual
variations among the glaciers in the Alps and in
Scandinavia correlate strongly and positively, and
there is also good correlation between the three re-
gions when the records are averaged over several
years. The Northern Hemisphere curve shown in the
figure is thus believed to represent the mass balance
variations after 1946, in the latitudes 45 0 to 700N.,
within which these six glaciers are situated.

The Deception Island record has been confirmed in-
dependently for the period from 1946 to the present
(Orheim, in press) and is the only precise mass bal-
ance record from the Southern Hemisphere for this
period. Comparison between meterological data from
Deception Island and from other stations in middle
to high southern latitudes shows that the climatic
variations at Deception Island are representative of
the regional climatic variations of the southwestern
Atlantic Ocean. Both for these six Northern Hemi-
sphere glaciers and for the Deception Island glaciers,
the year-to-year variations in mass balance are con-
trolled mostly by summer temperature variations.
Thus the results suggest an anticorrelation between
summer temperatures in middle to high latitudes in
the two hemispheres.

No mass balance records based on surface measure-
ments extend to before 1964. The most precise of the
long records determined by other means is from Stor-
breen in Norway. This record extends to 1816, and
comparison of this record with the Deception Island
record shows a marked anticorrelation. Cross-spectral
analysis shows that the two records contain out-of-
phase cycles of about 11 and about 20 years. Thus
this result suggests that the anticorrelation between the
two hemispheres has persisted for the period 1816 to
the present, and that this anticorrelation is related to
a casual mechanism with periods of about 11 and
about 20 years.

This work was supported by National Science
Foundation grant GV-28895.

Net mass balance (m)

5-year running means (smoothed by the function: b	+ 4b
n-2	n—i

+ 6b + 4b	+ b 06) of the net mass balance record
n	n+i	n+2

from Deception Island (5), and a combined record of all long
series of surface mass balance observations in the Northern

Hemisphere W.
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Glaciological investigations
in Antarctica

ANTHONY J . Gow
U.S. Army Cold Regions Research and

Engineering Laboratory

During November 1971 the principal investigator
and an assistant, Mr. W. Sheehy, visited a number of
glaciers along the southern foothills of the Royal
Society Range. These studies were concerned primarily
with investigation of the debris patterns in the glaciers
and the mechanisms of their emplacement. Sites
visited included eight alpine glaciers—Walcott,
Adams, Miers, Joyce, Garwood, Hobbs, Blue, and
Commonwealth—and a single outlet glacier, Taylor.
Little direct evidence was obtained of any significant
incorporation of debris at the base of any of the nine
glaciers examined—with the possible exception of
Taylor Glacier. However, all the glaciers contained
laminations made up of fine sand and dust (fig. 1).
Such debris tended to be concentrated into zones up
to 3 meters thick, and as many as four laterally ex-
tensive zones were identified in several of the glaciers.
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Figure L South side of Hobbs Glacier, showing abundant lami-
nated debris composed mainly of dust particles and sand.

Figure 2. Close-up of contorted debris patterns in Garwood Glacier.
Scale: distance from side to side of photograph is 50 centimeters.

The existence of relatively dirt-free ice between zones
tends to indicate that the deposition of dust and sand
occurred on a. periodic basis. Most of the debris was
probably derived by wind from sources of exposed
rock in the Royal Society Range. Some of the debris
may be volcanic ash.

Additionally, the Garwood, Blue, and Taylor Gla-
ciers all contain thick sequences of sand and gravel
intercalated with bubbly glacial ice. Though ob-
viously distorted by englacial deformation, these de-
posits still possess such characteristic features of
water-laid deposits as size sorting, crossbedding, and
lensing (fig. 2). Further, the deposits occur at levels
within the ice that seem to preclude any possibility
of their having been incorporated at the glacier bed,
either by "freezing on" or by shearing. It is tenta-
tively concluded that this debris was originally de-
posited on top of the glaciers (in their accumulation
areas) by melt streams or by avalanching during
some period of ablation much more intensive than

the present. This period of ablation could con-
ceivably be correlated with the climatic optimum
of several thousand years ago.

During December 1971 the two 10-kilometer-long
lines of snow stakes at Byrd Station were remeasured,
and further measurements of deformation were made
in the drill hole at old Byrd Station. Nearly 10 years
of snow stake observations have shown that the large
surface depressions around Byrd Station are accumu-
lating 30 to 50 percent more snow than the exposed
crests. Snow accumulation within a 10-kilometer
radius of Byrd over the past 10 years has varied from
8.6 to 15.7 grams per square centimeter per year, with
a mean value of 11.7 grams per square centimeter
per year.

Only the top 170 meters of the 308-meter-deep hole
at old Byrd is still accessible for measurement with the
downhole probe. This part of the hole had been de-
forming very slowly, but the latest data, taken nearly
14 years after the hole was drilled, clearly show that
accelerating closure has set in at the lower stresses.

This work was supported by National Science Foun-
dation grant AG-258.

Ogive systems on polar alpine glaciers

MAURICE J . MCSAVENEY

Institute of Polar Studies
The Ohio State University

The inapplicability of the annual ablation-plastic
deformation model of surface wave, or wave ogive,
formation (Nye, 1958) to polar alpine glaciers whose
annual motion is small has led to the development of
two alternative mechanisms: a differential ablation-
longitudinal compression model (Hughes, 1971) and a
stress-induced buckling model (Holdsworth, 1969).
The differential ablation-longitudinal compression
model acts preferentially on equator-facing polar
alpine glaciers, while the buckling model has univer-
sal application, acting on all glaciers above a critical
stress value.

The purpose of the project, "Surface buckling on
Meserve Glacier and adjacent glaciers, Wright Valley,
Antarctica," is to test various models of ogive forma-
tion and to find out how wave ogives are formed and
modified under polar alpine conditions. To this pur-
pose, closely spaced surface strain networks were erec-
ted on the ogive train of Meserve Glacier, deep and
shallow boreholes were placed within these networks,
ice samples were taken for fabric studies, and areal
variation in ablation was studied. In addition, other
ogive systems in the McMurdo Sound region were ob-
served. Some of this work was initiated by Dr. Gerald
Holdsworth in 1964. The deep holes and the first of
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