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In the 1966-1967 austral summer, a detailed
survey was carried out of large-scale folds and
associated structures in the upper Taylor Glacier
area of Arena Valley, about 8 km south of Beacon
Heights and 120 km west of McMurdo Station.
These folds were discovered by one of the authors in
the 1964-1965 season during a stratigraphic study
of the Beacon Group of the surrounding area,
where the sequence is approximately 2,100 m thick
and ranges in age from at least Devonian to
Jurassic.

Although the topography of Arena Valley is not
unique, it is interesting in that it includes large de-
pressions which may have been formed by glacial
scouring and wind erosion. Fig. 1 shows the loca-
tion of the area with respect to McMurdo Station
and a detailed plan of a small part of the area
illustrating the types of folds that were surveyed.
The cross section in the figure gives a possible inter-
pretation of the geometry of the fold system. Fig. 2
is a photograph of a small area of Fig. 1.

The survey was based on telescopic alidade and
plane-table traverses, supported by detailed tape
work in selected localities. Compasses were of
limited value because of the weak horizontal com-
ponent of the magnetic field in Arena Valley. The
total area surveyed was approximately 5 km 2, but the
sample given here covers less than 0.05 km 2 . En-
largements of U.S. Geological Survey aerial photo-
graphs provided a convenient frame of reference
for the work. The use of oblique aerial photographs,
for which ground control had been established by
means of alidade stations, facilitated the study; these
photographs were taken especially for us by Air
Development Squadron Six while the study was in
progress.
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The sequence of the entire Beacon Group in
Antarctica has been recorded as being either es-
sentially flat-lying or, especially in the vicinity of
dolerite intrusions, as dipping at low angles. In
Arena Valley, however, there are at least five zones,
each 3-60 m thick, in which the strata have been
deformed without disturbing the beds immediately
above or below; these zones, which are distributed
through 610 m of the sequence, occur in the lower
part of the Beacon Group, the lowest one being
about 152 m above the base of the group. Fig. 3 is
a photograph of the highest and possibly the thickest
zone, which is located at the west side of "Arena
Saddle" at the head of the valley. The deformation is
expressed in a variety of ways, ranging from gentle
dips to open, cylindrical and overturned, closely
appressed folds (Fig. 4). In addition, there are
blocks of sandstone up to 3.5 m across which have
been rotated to all attitudes of dip, including vertical,
and which are underlain and overlain by essentially
horizontal, undisturbed beds. In such areas are
diversely oriented, planar fractures along which slid-
ing movement appears to have taken place while the
rocks were in a semiconsoli dated condition. Small,
overturned folds and small-scale thrusting are
clearly displayed in association with the fractures
(Fig. 5).

Detailed examination of undisturbed strata in the
valley sides permitted precise correlation with in-
dividual beds to an accuracy of 10 cm or better.
Key features in the correlation were several dis-
tinctive bands of rocks from about 6 cm to about
1.6 m thick, consisting of a sequence of purple and
green mottled beds in which vertical "worm burrow-
ings" filled with coarse pink sand were observed.
From certain of these undisturbed beds, precise
angles of depression were measured to their de-
formed correlatives; the angles ranged from 1°40'
to 2°50' over distances varying from 0.8 to 1.6 km,
the regional dip being much less than these angles.
The implications of these angles are important in
considering a mode of origin for the deformation.

Extraordinary relationships were observed in an
area where a vertical dolerite dike 4.7 m wide in-
trudes the folded sequence over a distance of 0.8
km. It was possible to match positively the inter-
rupted individual folded beds on each side of sec-
tions of the dike and thus demonstrate that the dike
was intruded after the folding. Narrow zones of
contact metamorphism occur in the sediments at
many places along the margins of the dike. The
orientation of the dike is somewhat complicated
because the structure, although generally rectilinear,
consists of a number of large, elongate blocks, from
30 to 90 m or more in length, each of which is
slightly out of alignment in one of the following
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Figure 1. Area selected to show folded sandstone units of Arena Valley. The folds in the cross section are speculative in
places, but they demonstrate the authors' idea of the true nature of the deformation.
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Figure 2. Vie ii , of folded rocks in central portion of Arena Valley. The
direction in which the photograph was taken is indicated in Fig. 1.

242

4	 4
Vn

1 i.,'u,c 3. 1 i it of iiiouiilaiii on west side of
Arena Valley, showing the highest exposure

of the folded Beacon Group.

ANTARCTIC JOURNAL



Figure 4. Folded sandstone in the southern part of Arena
Valley.

Figure 5. Small-scale folding slightly east of area mapped
on Fig. 1.

ways: (1) deviates from the mean direction by as
much as 100; (2) is displaced horizontally by as
much as about 9 m; (3) is more or less in line but
separated from the next block in line by up to 9 m
of folded sediments. The closures of some appressed
folds actually transgress the gap between adjoining
blocks of the dike.

In a remarkable, almost hemispherical basin
about 0.8 km in diameter that has been eroded by
the wind in its passage from upper Ferrar Glacier
down Arena Valley to Taylor Glacier, the beds may
be unmistakably traced visually around the rim and
walls of the basin in approximately horizontal atti-
tude. However, toward the floor of the basin stands
a small hill about 60 m in diameter and 6 m high
consisting of folded sediments that are underlain
and surrounded on all sides by horizontal strata.
These sediments are essentially similar to those of a
folded area which lies a few meters beyond and
higher than the rim of the erosion basin. The general
impression is that the small hill is an allochthonous
block that slid down the slope of the basin wall to its
present position.

In order to throw further light on the possible
origins of all of these features, particular attention
was paid to sedimentary structures, especially to di-
rectional characteristics. The structures included
normal foreset beds, low-angle cross-lamination in
planar units, and trough bedding; symmetrical ripple
marks; washouts; vertical sand-filled tubes; poly-
gonal mudcracks; worm-like trails and remarkable
"backbone-like" problematica; and oriented, cone-
shaped concretions and other small, siliceous "ash-
tray" concretions.

The evidence provided by these sedimentary
structures leaves little doubt that the sequence is of
shallow-water origin, such as a deltaic region or
floodplain; some cross-laminations suggest that vari-
ous units in the sequence were deposited by currents
flowing from different directions, but the full signi-
ficance of these directional data has yet to be evalu-
ated.

The following possible origins of the deformation
have been considered:

(1) Differential stress resulting from unloading
by erosion of the enormous bulk of sediments oc-
cupying Arena Valley prior to its formation. This
would be analogous to the "valley bulging" recorded
in the Northampton Ironfields of England, the Blue
Mountains of New South Wales, Australia, and
elsewhere.

(2) Frost heave due to thawing and refreezing
in near-surface joints and bedding-plane partings.

(3) Glacial drag of unconsolidated sediments.
(4) Igneous intrusion.
(5) Subaerial mass movement that occurred re-

latively recently, essentially after the development of
the present general topography.

(6) Tectonics, including low-angle thrusting.
(7) Repeated subaqueous gravitational slump-

ing that occurred penecontemporaneously with sedi-
ment deposition.

There are good reasons for ruling out the first
six suggestions. The first three are quite inadequate
to produce the types of folds observed. The fourth
has no parallel in countless major intrusions studied
in and beyond the area. The fifth is not acceptable
because the degree and type of folding and the lack
of extensive fracturing, especially in hinge areas of
folds, is inconsistent with subaerial deformation of
consolidated sediments in this locality. The sixth
has been rejected because the intraformational
character of the deformed beds and the irregular
variation in trend of axial planes is inconsistent with
such an origin in the known tectonic environment
of the Beacon Group.

The preferred origin is clearly number seven-
penecontemporaneous subaqueous slumping, pre-
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sumably on a gently sloping depositional plane,
initiated either by tectonic disturbance or simple
overloading. It is envisaged that the sediments were
at the time only lightly consolidated and capable of
plastic deformation under mild gravitational stress.

A secondary factor in the development of the de-
formation, we believe, is relatively recent subaerial
movement en masse of the already folded ailoch-
thone down one of the sides of the hemispherical
basin. In all other cases, the primary depositional
mechanism of slumping alone explains the observed
characteristics of the unique structural features of
the basin.
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The United Kingdom 1as long been active in
Antarctica, beginning with Cook's first crossing of
the Antarctic Circle in 1773 and continuing through
two centuries of exploration by such men as Wed-
dell, Biscoe, Ross, Scott, Shackleton, and the pre-
sent Director of the British Antarctic Survey, Sir
Vivian Fuchs. Feats of exploration of the "White
Continent" by this succession of British heroes have
fired the enthusiasm and admiration of their
countrymen and have resulted in sustained public
support of British expeditions. Since 1943, the
British have been continuously active in the region.
From 1946 to 1961, scientific and exploratory activ-
ities were conducted by the Falkland Islands De-
pendencies Survey and since then by its successor,
the British Antarctic Survey (BAS).

In the 1966-1967 season, exchange representa-
tives from France and the United States accom-
panied the British resupply expedition. They were
M. Pierre Rolland, Governor of French Southern
and Antarctic Territories, and I, a fishery research
biologist. Sir Vivian Fuchs, famed for his trans-
antarctic traverse in 1957-1958 (during the IGY),
accompanied the resupply expedition for the first
time in several years. His thorough inspection of all
British activities and facilities presented a unique
opportunity to the foreign representatives to become
acquainted with all aspects of the British operation.

Our route and the locations of the bases visited are
shown in Fig. 1.

Early in 1967, the support of scientific agencies
by the British government underwent a reorganiza-
tion which affected BAS. Formerly, BAS was under
the Colonial Office, with the Governor of the Falk-
land Islands serving as its political head. The Gov-
ernor is also High Commissioner of British Antarctic
Territory. Now, BAS is under the National Environ-
mental Research Council (NERC). The actual
leadership of BAS remains centered in its Director,
Sir Vivian Fuchs.

The British method of operation in Antarctica
differs from that of the United States in two funda-
mental ways: It depends little on military services
for logistic support, and its leadership is strongly
centralized at each base through a director-com-
mander who has absolute authority in all matters.
The system has worked well over many years.

The British have no long-range aircraft in Ant-
arctica and, therefore, depend entirely on ships for
the transport of supplies and personnel to and from
the Continent. Two Royal Research Ships, John

Figure 1. Author's travel route and location of British
Antarctic Survey bases.
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