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ABSTRACT
Experimental data from several Soviet

authors are used to investigate the importance
of relief-forming processes in a glacial
environment. Water discharge from glacial
rivers was found to be crucial for the evolu-
tion of frontal moraines versus pro-glacial
glaciofluvial deposits (sandar and valley
trains).
DISCUSSION

Insufficient attention has been paid to
assessing the relative roles of glaciers and
climate in glacial erosion and sedimentation.
The work of Litvin (unpublishe~and Machavariani
(unpublished), for example, demonstrates the
predominant effects of climatic factors over
lithology for the formation of certain morpho-
logical features in medium-high mountainous
areas.

In this brief report, the relative roles
of glaciers and associated melt-water run-off
(both controlled by precipitation in the glacier
basin) in the sediment budget of the immediate
pro-glacial zone are examined. Both tempera-
ture and solid precipitation on mountain glaci-
ers of temperate latitudes vary widely. Average
summer temperatures at the equilibrium line vary
from glacier to glacier but are between -5 and
+8°C. Similarly, precipitation varies greatly
between 0.1 and 5 m. Thus, a difference by a
factor of 50 may exist in the annual ablation
volume for two glaciers of equal area. Earlier
investigations in the Caucasus showed that
there was direct correlation between size of
corries and mass ice flux of occupying glaciers.
According to calculations (Krenke and
Khovanskiy 1973), ice discharge is directly
proportional to snow precipitation so that,
with increased atmospheric precipitation in a
glacier basin, glacial erosion becomes more
intense. Erosional ability of the river flow-
ing out from the glacier is similarly increased.
These relationships are clearly important for
assessing the glaciofluvial sediment budget of
the pro-glacial zone.

Soviet opinion supports the belief that a
negative or positive balance is affected by the
advance or retreat of the glacier. During glac-
ier advance, melt-water drainage is small, sedi-
ment discharge is also small, and deposition of
frontal moraine increases. When glaciers are
retreating, water discharge is usually high and
the river will wash out and remove much of the

frontal moraine. This conclusion, however, con-
flicts with data on oceanic sedimentation.
Degens and Ross (1972) show that bathypelagic
deposition in the Black Sea reached 1 mm a-I
during the WUrm glacial period but fell to
0.1 mm a-I during the post-WUrm period. Shumm
(1968) also noted a decrease by 2.4 in the
deposition rate on the Atlantic continental
shelf at the end of the last glacial.

The existence of considerable quantities of
non-consolidated sediments in the upper parts of
glacial river systems clearly demonstrates that
transport dominates over river erosion within
the time scale of hundreds of years. Observat-
ional data from glaciers in Central Asia (Table I)
provide verification of maximum deposition close
to the glacier terminus during periods of glacier
recession. The data were compiled by the author
from the results of field investigations of
Sadykov(unpublished), who related annual sediment
budget of moraines to pro-glacial river discharge.

The quantity of sediment removed by washing-
out is from 23 to 90% of sediment income. The
results demonstrate net accumulation of sediment
in the immediate pro-glacial zone even during
times of glacier recession during the 20th
century.

The volume of deposits for the largest
glacier is about two thousand times larger than
for the smallest whereas the corresponding volume
of eroded material differs by about three thous-
and times. Thus the volume of material deposited
at the end of the largest glacier is only 70 times
greater than that for the smallest. It appears
that glacial erosion by rivers at the termini of
glaciers with small discharge is so weak that
about 50% of the material brought down by the ice
remains at the snout. For glaciers with a high
melt-water discharge, up to 80 to 95% of ice-
transported materi a1 may be removed.

Morphologically these processes manifest
themselves in the creation of large frontal mor-
aines at the termini of glaciers discharging only
small quantities of water (Fig. 1). Furthermore,
as there is a strong positive relationship between
precipitation, glacier erosion, transporting
ability, and pro-glacial run-off, those glaciers
receiving most solid precipitation will not only
carry more debris to the snout but the removal of
this debris by pro-glacial rivers will also be the
largest. The process results in those glaciers
with most solid precipitation in their basins
transporting large quantities of debris to the
snout, but accumulation of sediment in the form
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Chernova: Mass-balance intensity and relief-forming activity

TABLE I. ANNUAL SEDIMENT BUDGET FOR SEVERAL GLACIERS IN CENTRAL ASIA (from Sadykov, unpublished)

(1 ) (2) (3) (4) (5) (6)
Glacier Glacier Unconsolidated Increase Sediments Balance Glacial

area sediments in moraine removed by between river
transported volume glacial river 2 and 3 discharge
to glacier
terminus

km2 106 kg a-1 106 kg a-1 106 kg a-1 (%) 106 m3 a-1

Fedchenko 662 8 300 500 7 800 94 1 000
(1925-1959
average)

Zaravshanskiy 134 2 200 400 800 82 476
(1850-1932)

RGO (1911-1935) 109 100 260 940 87 306
IMAT (1963-1968) 3.8 15.4 6.9 8.5 55 12
Ajutor-3 3.4 9.6 7.4 2.2 22 10

(1935-1970)
Karabatkak 4.7 13.6 8.8 4.8 35 8

(1935-1949)

Fig.1. Glaciofluvial plain at the terminus of
lednik Dzhankuat. The small frontal moraine
was evidently not subjected to washing out and
is strongly pronounced. High lateral moraines
may be seen.

of moraine is prevented by the equally high
discharge of melt-water streams.

This type of dependence suggests that the
advance of glaciers caused by general climate
cooling will lead to the creation of high frontal
moraines. Glaciofluvial outwash plains, how-
ever, will form when glacier advance is triggered
by increase in precipitation.
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