





























THE DARWIN MOUNTAINS
A High-level Landscape

Pyramids of denudation, accompanied by small, residual sill dolerite-capped
mesas, in the Darwin Mountains frigid-arid ice-free area (at nearly 80°S.) have
been developed with respect to a base level some 400 m higher than the present
level of the ice of the Darwin Glacier and its distributaries (about 1300 m),
which furnishes another local base level for a salt-weathering-and-removal cycle
of erosion now in progress (Figs. 7, 8).

The pyramids and related forms appear to rise from a basal platform at the
level of, and perhaps in some way related to, a nearly-level land surface forming
a conspicuous bench some 400 m above the surrounding glaciers. Though prob-
ably veneered with superficial deposits, this bench has the appearance of being
structural, being at the top of the resistant Hatherton Sandstone of the horizontally-
bedded Beacon Group (Haskell et al., 1965). Whether it be a structural surface
or one planed by cyclic erosion, however, its hypothetical stripping or planation,
either of which implies the work of running water, must have taken place before
the frigid-arid conditions of climate set in. Unless this is the origin of the plane
horizontal surface of the bench and it is dated very far back, perhaps in a
pre-glacierisation period of rain-and-river erosion (infra), it would seem necessary
to explain it by invoking the crude and questionable theory of regional planation
under a thick and fast-moving ice sheet, which was advocated by James Park
(1925: pp.51-2) and has been appealed to more recently by Grindley (1967).

Hypothesis of Alternate High and Low Ice Levels

The development of Richter slopes bordering glaciers at their present level is
in only a very early stage, but at the higher level the denudation pyramids are
isolated forms, fully 200 m high — for example, The Sphinx and another close
to it, as figured by Wilson (in Cotton and Wilson, 1971, photo 3), and,
in line with these, a short length of tent-roof ridge with half pyramid terminations
forming an elongated peak called The Camel (Fig. 8, left). These have appar-
ently all been isolated from a single elongated mesa continuous with the surviving
one that has been called the Colloseum Ridge (Haskell et al., 1965, geol. map
of Darwin Mountains). The peaks have reached the pyramidal penultimate stage
of development termed “‘mature” by Wilson. As pyramids may be expected to
become lower and dwindle in size only very slowly (Wilson, in Cotton and Wilson,
1971), it would seem that the cycle in which this group of pyramids developed
had run almost its full course — though individual pyramids are of almost moun-
tainous dimensions — and that the pyramids are senile rather than merely mature
forms. The stage here exemplified, being a product of evidently very long con-
tinued development, seems, notwithstanding the rather steeply inclined flanks of
the pyramids and their strong relief, to be the. penultimate stage of this cycle,
just as the peneplain is in the Davisian theory of the “normal” cycle. It is diffi-
cult, indeed, to imagine any further development other than very slow dwindling
in size of the pyramids without change of form, together with some loss of relief
that would result if the spaces between them were built up by accumulation of
aeolian deposits.

The old-age development of the landscape with pyramids, together with the
fact that the development of Richter slopes adjacent to the existing glaciers (elther
they or the floors on which they lie being local base levels for such slopes) is
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as yet not far advanced, suggests a theory of two cycles of salt weathering erosional
development, the former cycle having been interrupted by a lowering of the
local base level by about 400 m. This seems, however, to be an over-simplifica-
tion, for probably there have been movements of the glacier-ice level alternately
down and up, the higher levels corresponding to the Pleistocene glacial ages and
the low levels, including that of the present day, to interglacial episodes (infra).
Though the cycle that culminated here in pyramid development appears to have
been initiated under the control of an early high ice level as base level, the
extension of its Richter slopes would continue after that unaffected by later
changes of ice level.

The more advanced stage of development of the Richter slope cycle at the
higher, as compared with that at the lower (or existing), ice level suggests that
the higher level has been occupied for considerably longer periods than the lower
one so as to produce a perhaps misleading appearance as though a postmature or
senile upper land surface (with denudation pyramids) is undergoing rejuvenation
by development in another cycle of slope formation, though the stage that this
later cycle has attained is only that of partial replacement of salt weathering pre-
cipitous slopes by narrow Richter slopes at their foot (Figs. 7, 8). The true
explanation of the juvenility of the landscape at the low level may be different,
however; it may result from inconstancy and fluctuation of the lower ice level
and hence of the lower local base level of ercsion. Alternatively, when the ice
level has been high some glacier-trough excavation by adjacent glaciers may have
been going on that would destroy early-formed low-level Richter slopes, so that
the process of formation of these must begin anew.

Figure 7. Hypothetical Pleistocene history of the Darwin Mountains, adopting
the theory of alternating high and low ice levels. A: inherited initial form of the
Jand surface (the mesa, which is capped by sill dolerite, may be a pre-glacierisation
feature); E: forms of the present-day landscape; B, C, D: three (among many)
intermediate stages between A and E; HH: high glacier-ice level; LL: low glacier-
ice level (as at present). Oscillation of ice level between HH and LL (perhaps
throughout the Pleistocene) is assumed. The ice when at the high level is assumed
to have been largely protective of the low level features. Denudation pyramids
(P), mesas (M), and a bench that resembles a structural terrace (T) are the
principal elements of the upland lanscape. The bench T is possibly inherited from
pre-glacierisation times. Some features resembling cirques, e.g. Misthound Cirque
(Haskell et al., 1965) may have been formed in an ancient episode of active
glaciation or may have -originated as embayments in the retreating escarpments
of mesas.
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Figure 8. Features of the Darwin Mountains. Key to photograph (Haskell et al.,
1965, photo 5).

FLUCTUATING ICE LEVEL (ICE FLOODS)

In Victoria Land marginal Antarctica has been inundated with excess of
ice from time to time, as is shown by evidence of very high ice levels. Taylor
(1914: p. 574) used the expression ‘“‘ice flood”, a designation introduced by
Andrews (1906) for the glacial period, to signify a supposedly single episode in
which glacial erosion had been more active than at present. Though in that sense
misleading, and better discarded, it may be used now for any one of perhaps
many ice inundations that have occurred, as is shown by discoveries of morainic
debris and till deposits at high altitudes (Péwé, 1960; Grindley, 1967). It has
not been shown that temperatures were different at times of such high ice levels
from those now prevailing, but it is highly probable that ice floods in Antarctica
were synchronous with world-wide glaciations in the glacial ages of the Pleistocene.

The question of ice levels much higher at times in the past than at present
has been discussed by Grindley (1967). Of the two most plausible suggested
causes of these which Grindley cites, namely vertical movements of the under-
lying land and eustatic effects (Voronov, 1960; Hollin, 1962) only the latter seem
capable of producing oscillation between positions of ice level several hundred
metres apart (cf. Grindley, 1967: p.575). Grounding of shelf ice as a result of
glacio-eustatic lowering of sea level in Pleistocene glacial ages has caused seaward
extension of parts of the Antarctic ice sheet, and as a consequence build-up of
ice, raising the level of those parts of the ice sheet, has been required to maintain
the seaward flow (Weertman, 1964). This must have raised the ice level
hundreds of metres, making it especially high at a moderate distance inland
(Grindley, 1967, Fig. 12). Such raising would naturally be followed by lowering
of the ice level — return to the former condition, approximately that of the
present day — in interglacial episodes.
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Oscillation of the ice level between glacial-age high and interglacial low posi-
tions seems to be the most probable cause of the successive ‘‘glaciations” in
Antarctica described by Péwé (1960). Differences, however, in the levels at
which high stranded moraines and till deposits occur — especially differences
from one glacial age to another — may possibly be correctly accounted for, at
least in part, by postulating vertical movements of the underlying crust (c¢f. Grind-
ley, 1967: pp. 561 -2), especially where rather ancient events are concerned.

It may be asked how the hypothesis of paring-down of large areas of land
surface by development and extension of Richter slopes, if this has been spread
over a long period, is affected by recognition of ice floods. The answer to this
question may be that ice would inundate some areas in which the process had
been operating, but that, the ice sheets temporarily flooding over these being of
no great thickness and the temperature very low, their effect would generally be
protective, even though glacial corrasion might be deepening adjacent glacier
troughs. The effect of a protective covering of ice would be merely to put an
end for a time to the salt-weathering-and-removal process, which would, however,
be renewed after the recession of each ice flood. After the next lowering of the
ice level shallow and nearly stagnant glaciers, like those of the present day, would
remain in the old glacial hollows, the size of the glaciers being determined by
equilibrium between alimentation and ablation by sublimation.

DATE OF ONCOMING OF THE FRIGID-ARID CLIMATE

Survival of Valley-head Cirques at High Altitudes

A glance at the Royal Society Range (78°S.), 3000 m to 4000 m high, which,
as shown in Figure 4, overlooks the Foothills Bench, reveals an alpine landscape in
which numerous valley-head cirques up to 5 km wide (Blank ez al, 1963, geol. map)
are developed, their walls towering at least 1000 m above the heads of glaciers
that accumulate in them. It seems beyond the bounds of possibility that the
formation of such features by sapping should be in progress at present, however.
Taylor (1914: p.369) has remarked: “Cirques are better developed in the Royal
Society Range than anywhere in the world, and this raises the interesting question
as to how long ago the conditions for cirque-cutting were more favourable than
at present”. Taylor (1914: p.564) has referred at another place to “a previous
glaciation . . . resembling that of warmer regions™.

Because of the formation of desert varnish salt weathering is less active above
than below the Antarctic “‘snowline” (separating a higher-level zone in which
glaciers grow in size by alimentation from a lower-level zone in which
they dwindle as a result of ablation by sublimation), and it is possible that in
some areas at high altitudes salt-weathering does not operate at all. If this
process of weathering, as well as all others, were inhibited, survival of landforms
for an indefinite period — survival even of the near-vertical slopes around the
cirques of the Royal Society Range — would be explained. At the foot of these
slopes the ground is protected by glaciers, so that Richter slopes that might work
back headward from lower levels could not encroach on the cirque-wall precipices.
Some glaciated high-mountain summit features may therefore be practically ever-
lasting, provided that the present frigid conditions are unchanged.

A Less Cold Episode in the Pleistocene ?

There does not seem to be any evidence of much warmer world-wide climates
in any of the interglacial episodes of the latter part of the Pleistocene. Because,
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however, of the presumable slowness of the process of non-glacial landscape
development now operating and the extent to which formerly-existing landscapes
have been pared down or destroyed by it, together with the (assumed) immunity
from destruction and possibly very long survival of glacial cirques at high altitudes,
the last date at which the temperature was high enough for active cirque-cutting
and the excavation of troughs by glaciers that have since shrunk to small dimen-
sions must be rather ancient.

CLIMATIC HISTORY

The following are suggested stages of the later climatic history of the
region:

(1) Pliocene cooling climate, accompanied by rain-and-river erosion.

(2) Late-Pliocene (?) to earliest Pleistocene glacierisations (> 3 million years
ago?) accompanied by an unknown amount of glacial erosion.

(3) Early to middle Pleistocene oncoming of frigid-arid conditions, probably
accompanied by destruction of some glaciated landforms by an early cycle
of Richter-slope development.

(4) Late-Pleistocene - Holocene frigid-arid climate, with Richter-slope develop-
ment.
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