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Introduction

Glacial geomorphic studies undertaken in Wright
Valley before 1967 were either of a reconnaissance
nature (Gunn and Warren, 1962; Péwé, 1960; Bull
et al., 1962; Calkin, 1964) or were detailed investiga-
tions of only part of the valley (Nichols, 1961;
Nichols, in press; Everett and Behling, 1968). The
present short report is based mainly on field work
during the 1967-1968 and 1968-1969 austral summer
seasons, supplemented by unpublished observations
made during the previous decade. It attempts to
review the glacial history of the whole valley, relating
the axial glacial invasions from the inland ice of East
Antarctica at the west end of the valley and from
the area now occupied by the Ross Sea at the east,
with variations of the alpine glaciers that now
descend towards the valley floor from névé fields in
the mountain ranges to the north and south.

Of the areas of southern Victoria Land that have
been investigated so far, Wright Valley appears to
show the most complete sequences both of axial
glaciations from the Ross Sea area and of alpine
glacier variations on the valley walls. In part, at least,
this is a consequence of the presence of high, resistant
bedrock sills at the western end of the valley that
isolate it almost completely from the inland ice
plateau. At present, very little ice flows over this
threshold, so that the Wright Upper Glacier extends,
at more than 1000-rn elevation, for only 8 km east-
wards along the 5-km wide valley. At the inland
ends of most of the other east-west valleys through
the Transantarctic Mountains, the thresholds are
lower or absent, so that the outlet glaciers, although
less extensive than formerly, still cover most of the
valley floors. Adequate descriptions of the 50-km
deglaciated Wright Valley, of the 1500-in ranges to
the north and south with their small alpine glaciers,

1 Permanently affiliated with the Department of Geologi-
cal Sciences, State University of New York at Buffalo,
Buffalo, New York.

'Also Department of Geology, The Ohio State University.

and of the low-lying Wright Lower and Wilson Pied-
mont Glaciers that separate the valley from McMurdo
Sound have been given by various investigators in-
cluding Bull and others (1962).

The glacial chronology outlined here is based
mainly on geometric relationships among the deposits
of the axial and the alpine glaciers. Detailed studies
of soil-profile development and of physical-chemical
weathering are still in progress (Everett and Behling,
1968; Behling and Calkin, 1969), but they have
already clarified age relationships and regional cor-
relations among the deposits. Such weathering studies
in Wright Valley and in Taylor Valley, 20 km to the
south, together with the similarities of the glacial
sequences and of the lithologies in the two valleys,
have allowed us to develop for Wright Valley a ten-
tative glacial sequence, with absolute ages (Fig. 1),
that is related to the sequence in Taylor Valley
described by Denton and others in this issue of the
Antarctic Journal (p. 15-21).

Initiation and Early Glacial Episodes

The sequence of glacial events described here was
initiated by alpine glaciation following uplift of the
Transantarctic Mountains during the Tertiary (Gunn
and Warren, 1962). The time of this uplift and gla-
ciation may be determined from potassium-argon dat-
ing of volcanic rocks erupted along the high-angle
faults associated with the uplift (Minshew and Mer-
cer, in press), from the absence of Tertiary glacia-
tions in Australia, and from the time of separation of
Australia and East Antarctica deduced from sea-floor
spreading (D. Christoffel, oral communication, 1969).

This initial period of glaciation, which included
several cycles of cirque-cutting in the Olympus and
Asgard Ranges (Calkin, 1964), was probably followed
by the development of glaciers flowing inland, the
accumulation of a thick ice sheet over East Antarc-
tica, and the flooding of the Wright Valley area by
outlet glaciers from the ice sheet. The multiple
erosion surfaces bordering the valley (Bull et al.,
1964) suggest that this outlet-glacier period probably
comprised several glaciations during which the ice
from the inland plateau flowed through the valley to
McMurdo Sound. Glacial erosion was intense, new
terrace surfaces were produced, spurs on the valley
walls were cut off, and the cirque glaciers werE
stunted by truncation. These outlet glaciers sculp-
tured the deep U-shaped valley with its high bedrod
threshold and deeper headward portions almost ti
the degree in which it appears today. The asymmetri
cal transverse profile of the valley, with its very steel
northern wall, the prominent northward bend in th
valley, and the rock bastions projecting from th
alpine valley lips at the eastern end of the valle'
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GLACIATIONS IN WRIGHT VALLEY
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Figure 1. Sketch map and tentative correlation table of glaciations in Wright Valley, Antarctica.

(Nichols, in press) all suggest that, at this time of
major valley cutting, many of the alpine valleys
carried large glaciers. Silty, till-like deposits between
Bull Pass and Lake Vanda, now completely reorgan -
ized by solifluction, may be the only depositional rem-
nants of this time.

During the retreat of these outlet glaciers, torren-
tial outpourings of meltwater cut deep potholes and
bedrock channels, up to 30 m deep and 90 m wide,
tt the inland ends of the Victoria Valley, 15 km to
the north (Calkin, 1964) and, quite possibly, at the
iead of Wright Valley (Smith, 1965), where the
rosional feature is called Labyrinth.

Potassium-argon datings of small basaltic cones on
;he floor of Wright Valley give a minimum age of

about 3.7 million years for the valley cutting by these
outlet glaciers (Nichols, in press; Denton et al., 1970).
From the distribution of these cones and their debris,
it is inferred that no outlet glaciers have flowed
through the valley to the sea since the cones' erup-
tion, and that no significant erosion of the valley
floors has occurred, although there have been several
later episodes of axial glacierization. Probably the
outlet glaciers during the valley-cutting period were
wet-based, while the ice-tongues of the later invasions
were frozen to the underlying material (and produced
little erosion (Holdsworth and Bull, in press)), be-
cause they were thinner or because the mean annual
air temperature was lower than at the valley-cutting
stage (Ugolini and Bull, 1965).
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Variations of the Wright Upper Glacier

Since the major valley-cutting period, the Wright
Upper Glacier has invaded the west end of Wright
Valley at least three times before the present advance
(Fig. 1). The earliest of these advances, Wright Up-
per Glaciation IV, was the most extensive: the ice
extended 23 km east of the present terminus to the
east end of the depression now occupied by Lake
Vanda. That this Wright Upper Glaciation IV was
a true readvance following the valley-cutting period,
and that it caused little erosion, is shown by features
on the valley wall south-southeast of Dais. Here, on
an alluvial fan that was overridden by Wright Upper
Glaciation IV, the ice-marginal meltwater channels
formed during this advance are still faintly visible. If
this advance is correlative with the advance of the
Taylor Glacier, called Taylor Glaciation IV (Denton
et al., 1970), it occurred between 2 and 3 m.y. ago.

Ice stagnation and recession from the maximum of
Wright Upper Glaciation IV was accompanied and
followed by extensive , talus and solifluction movement
of boulders of fine-grained Ferrar dolerite . on the
walls of the North and South Forks. The second re-
advance of the Wright UpperGlacier—Wright Upper
Glaciation ITT—was less extensive than Glaciation IV
(Fig. 1). The terminal deposits are poorly marked,
but remnants are outlined by ice-transported dolerite
boulders.

In a third and much more recent readvance
(Wright Upper Glaciation II), the glacier extended
only 2 km east of its present terminus. The terminal
position of this advance is marked by a line of very
large, cavernously weathered boulders of Beacon
sandstone, and of fine-grained diabase blocks that
still retain their columnar form.

Immediately in front of the southern portion of the
present Wright Upper Glacier are cavernously weath-
ered, coarse-grained Ferrar, dolerite boulders, indicat-
ing that the glacier is as far advanced now as it has
been at any time since Wright Upper Glaciation II.
The present advance is termed Wright Upper Glacia-
tion I.

Denton and others (1970) consider that Taylor
Glacier is also more extensive now than it has been
for a very long time, but it is not certain whether
these advances reflect an overall rise in the level of
the ice sheet of East Antarctica. Fresh ice-cored and
bouldery moraines in the Victoria Valley system
(Calkin, 1964) may indicate recent recessions, so
that the advances further south may be quite local-
ized.

The causes of variations in the level of the ice sheet
are not fully known. Measurements of snow accumu-
lation and ablation are not yet sufficiently accurate to
allow assessment of the mass balance of, distinct

drainage basins, although indications are that the
overall balance of East Antarctica is positive (Bull,
in press). Variations in sea level have a great indirect
effect on the ice-sheet surface level inland from the
ice-free valleys (Hollin, 1962; Bull, 1962), and glacial
surges may occur periodically that could affect either
only small areas or a major part of the ice sheet.

Variations in the Wright Lower Glacier

At present, the Wright Lower Glacier is a relatively
inactive distributary lobe extending westwards a few
kilometers into Wright Valley from Wilson Piedmont
Glacier. The ice-free valleys of southern Victoria
Land including Wright Valley have, however, experi-
enced three—and possibly four—west-flowing glacial
invasions from the Ross Sea and McMurdo Sound
areas.

The sequence in the eastern part of Wright Valley
has been studied and described in detail by Nichols
(1961; in press). Nichols included in his sequence
three glaciations, termed (from oldest to youngest)
the Pecten, Loop, and Trilogy Glaciations. Although
we disagree with Nichols' interpretation of some fea.
tures—and shall discuss them at length elsewhere—
the main details of his scheme appear to be well estab.
lished. When correlations are firmly established with
glaciations in neighboring valleys, it may be desirabk
to propose alternative names, but at present Nichols
terms will be used.

In the earliest and most extensive westward ad
vance that has been recognized—the Pecten Glacia
tion—ice extended 26 km westwards from the presen
Wright Lower Glacier terminus, and carried Pectet
shells and basalt volcanic debris into Wright Valle,,
from the Ross Sea. The shells occur in outwash, mud
of which has been covered by mudflows that carrie
material fronr Bull Pass, probably in a nonglacial in
terval following recession of Pecten ice. That th
mudflow is very old is shown by the complete absenc
of upstanding boulders. Radium-uranium measurc
ments show that Pecten shells are more than 200,00
years old (W. Broecker, personal communicatior
1969) and possibly more than 800,000 years (Nichol
in press). These figures give the best estimate so f
available for the age of the Pecten Glaciation. Dento
and others (1970) suggest that, in the Taylor Valle'
all the recognizable glacial invasions from the ea
have occurred within the last 1.2 m.y.

On the north wall of the valley, 12 km east of tI
Pecten deposits, and adjacent to a major end morair
of the next (Loop) glaciation is a large, compoun
alluvial fan that probably formed after the ice reced
from the maximum of the Pecten Glaciation. The ft
is cut by ice-marginal meltwater channels related
the maximum extent of the Loop Glaciation, wh
the ice terminus was 7 km farther west.
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The most westerly deposits of the succeeding Tril-
ogy Glaciation, 9 km west of the present terminus,
are distinctly better preserved than the Loop deposits
(Nichols, in press). Although Nichols did not define
a glaciation more recent than his Trilogy, he recog-
nized that an ice-cored moraine located only 2 km in
front of the present glacier probably did represent a
distinct readvance. This advance and the subsequent
recession are here tentatively recognized as the most
recent, Wright Lower Glaciation.

The mechanism for the westward glacial invasions
of the Pecten, Loop, and probably the Trilogy Glacia-
tions in Wright Valley, and related invasions in neigh-
boring valleys, is almost certainly related to lowering
of the sea level in the Ross Sea, the grounding of the
Ross Ice Shelf, and the development of ice sheets
that may have extended 100 km or more north from
the entrance to Wright Valley (Hollin, 1962; Bull,
1962; Bennett, 1964; Denton et al., 1970). East of
the Wright Valley mouth, the elevation of the surface
of each of these ice sheets was probably more than
1000 m.

Hollin (1962) considered that a eustatic fall in sea
level of 150 rn—sufficient toground major parts of
the Ross Ice Shelf—would be Produced by a major
glaciation in the Northern Hemisphere, so that the
westward invasions may be controlled by, and be
synchronous with, the Northern Hemisphere glacia-
tions.

The same lowering of sea level that produced ice
sheets in the Ross Sea area, and the westward glacial
invasions of Wright and adjacent valleys, should ex-
tend and thicken the ice sheet of East Antarctica, and
thence lead to significant extensions of the Wright
Upper Glacier. Bull (1962) has estimated that the
ice sheet west of Wright Valley was 200 m thicker
than at present when an ice sheet, 1200 in thick, stood
at the eastern end of the valley. However, considera -
tion must also be given to the idea proposed by Wilson
(1964) that the Northern Hemisphere glaciations are
induced by major surges of the antarctic ice sheets.
If this mechanism is possible, and the part of the East
Antarctic ice sheet inland from the ice-free valleys
was lowered in the surges, glacial advances at the
east and west ends of Wright Valley may be com-
pletely out of phase. Closer considerations of the con-
temporaneity of the westward invasions and the
Wright Upper Glaciations should provide valuable
information on this point.

Variations of the Alpine Glaciers

The small alpine glaciers in the Wright Valley
rea obviously respond more completely and quickly

:o changes in the local climate than do the axial
laciers considered above. In general, the advances

of the alpine glaciers on the eastern part of the south
side of Wright Valley appear to be out of phase with
the westward-moving glaciations from the Wright
Lower Glacier. This may be readily explained. Moist,
easterly winds from the Ross Sea area provide most
of the nourishment for the alpine glaciers, so that
their activity is directly related to evaporation from
open water in that area. The accumulation is small
at present (Bull and Carnein, in press) and would be
further reduced by the presence of an ice sheet cover-
ing McMurdo Sound and the western part of Ross
Sea.

Most of the investigations carried out so far have
been near Meserve and neighboring glaciers. The
relationships between alpine advances at the west end
of the valley (where most of the cirques are now
almost ice-free) and the eastward advances from the
inland ice are less well known, but deserve attention,
as such studies may indicate relationships between
the east and west axial invasions.

The oldest recognizable advance of the alpine gla-
ciers at the east end of the valley, Alpine Glaciation
III, has been correlated with deposits in Taylor Val -
ley that are between 2.2 and 3.6 rn.y. old (Denton
et al., 1970). In Wright Valley, Alpine Glaciation
III deposits are well displayed around the Goodspeed,
Hart, Meserve, and Bartley Glaciers, and the un-
named glacier west of Bartley Glacier. The end
moraines of this glaciation reach to the bottom of the
valley, showing that large axial glaciers were absent
at the time of their formation. These Alpine III
deposits are crossed and partly covered by moraines
of the Pecten Glaciation and, with the possible excep-
tion of the Alpine III deposits from the unnamed
glacier west of Bartley Glacier, by deposits from the
Loop Glaciation. The interrelationships of axial and
alpine deposits around Meserve Glacier are shown in
Fig. 2.

The age relationship of Alpine III to the Wright
Upper Glaciations is not well established. From the
large cirque south-southeast of Dais, a poorly exposed
end moraine rests on (and hence post-dates) a lateral
moraine of Wright Upper Glaciation IV. Tenta-
tively, this end moraine is considered to be an Alpine
III deposit, but further work is needed to confirm
this identification and hence to establish a relative
chronology between the Alpine and Wright Upper
sequences.

Following the Pecten Glaciation, but preceding the
Loop Glaciation, an interval occurred that was much
moister than at present in Wright Valley, as shown
by the mudflows and alluvial fans of this age. The
moister conditions may have produced a glacier ad-
vance, but no deposits of this age are recognized. If
they existed, they were probably reoriented by the
greater advances of Alpine II.
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The alpine glaciers during Alpine Glaciation II
were nearly as long as during Alpine III, but the
moraines are in general much less massive. On the
steep south wall of Wright Valley, many of the end
moraines show two distinct phases (Fig. 2). In the
earlier of the two-termed Alpine IIa-the glaciers
were wider and shorter than in the later phase. The
moraines of Alpine II cross (hence are younger than)
the moraines of the Loop and Pecten Glaciations, but
deposits in front of Clark Glacier that appear to be
correlative with the Alpine II deposits are truncated
by (hence are younger than) moraines of the Trilogy
Glaciation. The only direct estimates yet available for
the age of the Alpine II deposits are obtained from
studies, still in progress, of the mechanisms of salt
accumulations in the soil developed on the glacial
deposits in Wright Valley. With various assumptions,
not yet fully substantiated, it is concluded that Alpine
II deposits are one-fifth as old as Alpine III deposits,
say half a million years.

Since the Trilogy, all of the alpine glaciers have
shown a slight expansion and a subsequent minor re-
treat. Most of the small, fresh bouldery marginal
moraines of this Alpine Glaciation I are 5-50 m
from the margins of the present glaciers, and are
ice-cored. No direct age determinations of Alpine I
are available yet, but movements of the Hobbs
(alpine) Glacier, 70 km to the southeast, may be
correlative. Algae incorporated in the present basal
shear moraine at the terminus of this glacier have
been dated as 12,200 yrs. B.P. (Black and Bowser,
1968), suggesting an alpine advance since that time.

Since the maximum of Alpine Glaciation I, most
of the cirque glaciers have retreated slightly and, in
the Victoria Valley system, a few small ice masses
present at the maximum have disappeared. On the
south wall of Wright Valley, however, the Goodspeed
Glacier has advanced over its terminal ice-cored
moraine but is retreating at the sides, so that it ap-
pears to be repeating the Pattern of the early and
late phases of Alpine II deposits.

The great antiquity of many of the glacial deposits
in Wright Valley was apparent to many of the early
investigators, but with the absence of carbonaceous
material in the deposits, it was not possible to estab-
lish an absolute chronology. Potassium-argon dating
of volcanic rocks associated with the deposits, and
new pedclogical methods, have permitted the estab-
lishment of a framework of an absolute chronology.
Further studies in the Wright and neighboring valleys,
coupled with examinations of long cores from the
Ross Sea and under the Ross Ice Shelf, hold the best
promise of relating glaciations in the Antarctic to
those in the Northern Hemisphere.
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