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Fig. 3. Variation of glacier area and net balance with elevation.
The shaded area shows total balance (negative on left side of

elevation scale).

tion area, the ash had been extensively reworked by
running water.

The mean equilibrium line was determined by stra-
tigraphy to be about 250 m above sea level. Snow-
temperature measurements to a depth of 4 m and cli-
matic evaluations indicate that the glacier is temperate.

The net balance curve (Fig. 3) is fairly regular
except near the top, where considerable deflation
takes place.

The total positive balance for the accumulation
area was 14.1 >< 104 m3, while the negative balance for
the ablation area was —8.7 >< 10' m 3 . The total bal-
ance, when evenly distributed over the glacier surface,
corresponds to a mean areal net balance of + 0.10 in
(all values expressed as water equivalents). The sub-
glacial ablation is not included in the above figures.

The influence of the 1967 ash on the mass bal-
ance of the glacier was not very significant. In the
accumulation area, the ash is generally quickly buried,
and the only effect is to increase the absorption of
short-wave radiation at shallow depths. In the abla-
tion area, the ash influences the heat balance only
where the washing has caused local secondary accu-
mulations of ash; these occur as small ridges.

The glacier surface is dominated by five steps,
30-50 m high and 100-200 m apart, increasing in
steepness downglacier. For a better understanding of
the formation and movement of the steps, a detailed
strain net of 42 stakes was established.

Klay found, through glacial-geology investigations,
that more than half of Deception Island is ice cov-
ered; the remainder, except for some bedrock out-
crops and recent lava flows, is blanketed with ash
and debris. The ash and debris also mantle the lower
portions of some glaciers, and seem to control the
landform development on Deception Island. Because
of its small clay-sized fraction, water passes through
the ash and debris and drains off along the bedrock/
debris or ice/debris interface. In addition, features
formed by this loose material remain stable. The low
thermal conductivity of the ash and debris layer has
an insulating effect on the underlying ice. Dead-ice
masses were interpreted as glaciers severed by subgla-
cial eruptions that covered the glacier remnants with
thermally insulating volcanic debris.

The 2-rn-thick layer of ash and debris that covers
the lower portions of some glaciers originated in erup-
tions like the one of 1967. This layer is incorporated
in the ice in the accumulation zone of a glacier and
washed off by meltwater in the ablation, zone. The
covering accumulates again on the lower portions of
some glaciers, forming a thermally insulating layer.
When meltwater streams, heavily loaded with ash and
debris, flow on snow, mudflow-like features form.

Investigation made on "Black Glacier" (Fig. 1)
showed that surface undulations were ice-cored and
reached a height of more than 5 m from the debris/
ice boundary. They resembled the ridges in front of
glaciers G 1 and G 2. The surface slope on "Black
Glacier" is about the same as that of glacier G 1.

Several hypotheses could explain the formation of
these features: (1) bedrock control, (2) glacier re-
treat, (3) variation in thickness of deposited ash and
debris, or (4) Thule-Baffin type moraines, as described
by Bishop (1957).

Undoubtedly, the debris and ash cover blanketing
the lower parts of some glaciers is, to some extent,
responsible for the existence of surface undulations.

Reference
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Structural Glaciology of Meserve Glacier
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From the results of dimensional and deformational
measurements (Holdsworth, 1966; 1967) on the
ice tongue of Meserve Glacier, it is possible to recog-
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nize characteristics of the surface-velocity distribution,
the principal strain-rate orientations, and the geo-
metrical form of the snout. The characteristics are
directly analogous to the flow line and stress solutions
for the classic parallel plate problem (Geiringer,
1937) for a perfectly plastic substance (Fig. 1).
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Fig. 1. (a) Classic parallel plate problem for a perfectly plastic
substance (all directions reversed); (b) model derived from (a)
showing flow lines and orientations of the principal stresses; (c)

Meserve Glacier tongue.

The important boundary condition of the base (i.e.,
no sliding), which is a consequence of the low basal
temperatures (-17.5 0 to —18 0 C.), combined with
low internal temperatures (minimum —19.7°C.) and
the thinness of the ice tongue (about 50 to 70 m on the
centerline), ensures slow deformations (0.9 to 1.8 cm
day ' on the surface) and the maintenance of a
cliffed margin. This latter structure derives its exis-
tence from the marked change in rheology of ice at
thicknesses of about 20 m combined with natural ab-
lation processes, including dry calving. In the per-
fectly plastic model, the cliff height would be 2K/

22 m, for a yield stress K = 1 bar and a mean
density iT = 0.9 g cm'.

Five broad flow zones of transitional character are
recognized within the region of the glacier tongue:

1. The surface compression zone, where the ice is
at least 15 to 20 m thick. The compression is
assumed to be maximum at the surface and
decays with depth, as has been demonstrated
elsewhere (Glen, 1956; Paterson, 1962; Hold-
sworth, 1969a).

2. The laminar flow zone, where the shear strain
rate is dominant and is related to the shear
stress in the form: =kr°, where k0.9 X 10-8
bar n .sec-1 and n 1.81 ±0.1 (Holdsworth,
1969a; Holdsworth and Bull, 1969); it is ap-
parent that n may be as low as 1.6±0.1.

3. A zone of enhanced laminar flow, where n is
expected to reach values of 3 or 4 at shear
stresses greater than 1 bar, corresponding to
depths greater than 45 m. The existence of this
zone is based on indirect evidence.

4. A basal zone of enhanced creep (at least 1 m
thick), which appears to be laminar flow to a
good approximation, except in regions very
close to the base around obstructions. Even
though shear stresses are less than 1 bar, n may
reach values of 5 or 6. The increased creep rate
is attributed to the presence of diffused salts and
finely dispersed debris in the basal ice. Salts
appear to have diffused upward 5.5 m, and ma-
croscopic debris has reached heights of 45 to 85
cm. The dispersion of this material is probably
governed by the theory of Weertman (1968)
with certain modifications (Holdsworth,
1969a).

5. A "semi-rigid" zone containing the cliff ice and
that portion a few meters back. Paradoxically,
this zone is generally an extremely constricting
boundary for the flow of the glacier tongue.

This last zone is important because it contributes
strongly to the maintenance of the surface compres-
sion, which starts in and continues below the icefall
as a result of bed curvature, thinning of the tongue,
and increased ablation down-glacier (Carnein, 1968).
The expression of this longitudinal compression,
which is estimated from surface strain rates to be
initially 4.8 to 5.1 bars, is deduced to be the series
of more than 13 buckles (or undulations) produced
as a result of surface instability (Fig. 2). These un-
dulations initially have wavelengths of 50 to 55 in
with a dominant value of 53 m. Amphtudes (up to
3 m) vary, resulting from continued compression
within the wave train and modification from ablation
and other effects.

Using the theory of Biot (1960), it is possible to
demonstrate (Holdsworth, 1969a) that under certain
conditions (1) ice fulfills the basic requirements of the
theory, and (2) the dominant evolving buckle wave-
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Fig. 2. Meserve Glacier tongue, showing surface buckles or
undulations.

length can be predicted from a knowledge of the den-
sity of ice, the surface compression, and its decay with
depth. The calculated value (Holdsworth, 1969a) of
about 55 to 60 m is close to the measured values.

It is hypothesized that the theory may also be ap-
plied to the case of longitudinal tension, and, thus,
be used to explain the spacings of transverse crevasses
(Holdsworth, 1965; 1969b). The theoretical results
and the measured values are given by I-Ioldsworth
(1969a).
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Chemical-Physical Weathering, Surficial
Geology, and Glacial History of the

Wright Valley, Victoria Land
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The major objectives of the past field season in-
cluded accumulation of data for a surficial geologic
map and a preliminary determination of the relative
ages of axial and alpine glacier advances throughout
the Wright Valley. Criteria such as relative position of
moraines, drift lithology, surficial boulder weathering,
shallow seismic profiles, and some isotopic data were
utilized to differentiate at least four major glacial
advances each from the Wright Upper Glacier
(inland ice plateau) and Wright Lower Glacier (Ross
Sea ice advances), and three major advances of the
alpine glaciers of Wright Valley. The three alpine
advances recognized were apparently out of phase
with the westward invasions from the Ross Sea. Hv-
ever, time relations of alpine and Ross ice advances
with the eastward movements of the Wright Up-
per Glacier and inland ice are less well defined.
Distributions of drift suggest that there has been no
through-valley movement of the inland ice since the
formation of basaltic volcanic cones on the valley
floor some 4 million years ago.

Observations made during the field season in the
adjacent Victoria Valley system to the north, and in
the Taylor Valley and Mount Discovery areas will
facilitate correlations of the Wright Valley sequence
with that of the whole McMurdo Sound region.

*Now at the State University of New York at Buffalo.
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