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The Genesis of Englacial Till Along the Shear Planes
of Urumgi No.3 Glacier, Tian Shan

—— Indicated by Grain Size Distributions
andQuart:z-Grain Surface Features
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Abstract

No. 3 Glacier has 4 main shear planes in its lower ablation area, which are ac-
companied by debris-laden ice 5-40 cm thick. Englacial till was sampled from each
area of debris-laden ice to examine its characteristics and genesis.

Boulder shapes of englacial till are extremely angular and the amount of silt
and clay is lower than that of till produced by the abrasion process in  temperate
glaciers, Quartz-grain surface features examined by Scanning Electron Microscope
showed that o ' . ’

T) All grains have typical GLACIAL" features.

) 5—20%of grains show silica pretipitation-solution features superimposed on
"GLACIAL’ features.

M) Signs of subagueous mechanical action. impact pits and rounding of edges.
are rarely observed.

T) means that grains were produced by mechanical grinding or crushing. [f) and
Il mean that some of the grains were lodged in water after being crushed.  but
grains were not transported in turbulent water flow.

.ot

These results suggest that the englacial till was mainly produced by crushing
and/or plucking at the base of No. 3 glacier rather than abrasion. At the base of
this glacier where the englacial till was entrained, the temperature is kept or has
been kept at melting point but the amount of water is less than that of temperate
glaciers.

1. Introduction

On the surface of the lower ablation area of Urumgi No. 3 Glacier. Tian Shan, en-
alacial till has been released out of the glacier body at several ptaces. This englacial
til] is considered to be associated with the thrust systems in the compressive flow zone
(Cui, 1981a; Wang- and Zhang, 1981).

Watanabe et al. (1983) studied chemical and oxygen isotopic compositions of this
debris-laden ice, and stated that debris-laden ice was formed by refreezing of water at
tlie glacier bed. Thus, the englacial till is considered to be entrained at the bed accor-
ding to the refreezing hypothesis (Weertman, 1961) or regeration + refreezing mechanism
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(Boulton, 1970). Boulton (1972) argued that these debris entrainment mechanisms play an
important role in the glacial erosion process, so that sub-polar glaciers, which usually have
debris-laden ice the same as that mentioned above, have high erosive power compared
with pola, and temperate glaciers, in which eroded materials are transported only in the
basal traction zone. However, very few field works have been done concerning how and
what kind of till is being produced at the base of glaciers with such high erosive power.

The authors sampled basally-derived englacial till from No. 3 Glacier and examined
boulder shapes, particle sizes and quartz-grain surface features by Scanning Electron  Mi-
croscope in order 1o study the characteristics and genesis of the tiil.

{I. Urumgi No.3 Glacier

At the head of the Urumqi river basin, Tian Shan, China, there exist nearly 60 small
cirque glaciers (Cui, 1981b). Urumgqi No. 3 Glacier is one of these. It has an area of
0.53km?. The height of the terminus is 3,650m a.s.l.,and the head is 4,190m a.s.|.
As the glacier head extends to the back-wall ridge, the fallen rocks from surrounding
valley sides and nunataks scarcely reach to the middle part of the accumulation area. \

According to the result of glacier temperature measurement at Glacier No. I, tempe-
ratures below 0'C were found in the ablation area. So glaciers in this region can be
called a cold’ glacier. The mean annual air temperature at the Tian Shan station is about
-5

{Il. Characteristics of englacial till

Till samples were taken from the debris-laden ice along the four main shear planes

|- -4 (Fig. 1). This debris-laden ice consists of relatively bubble-free clear ice with
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P, 1. Structures of debris-laden ice along the 4 shear planes. Dotted  part

re presents debris-laden ice.

englacial till suspended in it. The till content of each sampie of . debris-laden ice was
1—10% in total weight.
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" About 500g of debris-laden ice was sampled from each shear plane to examine the
particle size and quartz-grain surface features of the englacial till.
{il- 1. Grain-size distributions '
" Grain-size distributions of till can be used as an indicator of transport paths through
a glacier and of till genesis (e. g. Boulton, 1972). Supraglacial morainic tiil, debris in the
medial moraine and englscial till of extraglacial origin have dominant coarse fraction
while basal till has a fine fraction. Furthermore, Boulton (1978) found that, even at the
glacier bed, crushing and plucking eévents produce coarse grains similar to those of ex-
troglacial ongin.

Thus the grain-size distributions of shear planes 1 — 4 were measured and compared

with those of till whose transport paths and geneses were known. Fig. 2 shows four
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Fig. 2. Particle-size curves of englacial till along the shear planes.

curves of the shear planes and, as typical examples of temperate glacier (after Boulton,
1978), of extraglacial origin (A) and of subglacial origin (B). Grain-sizes were exami-
ned every 1:2¢ interval for grains less than 8§ mm long.

All curves of the shear planes are apparently close to curve (A). although grains
of shear'plane 2 have relatively fine fraction. - The amount of silt and clay in the four
shear plénés is 5—20%, which is less than those of curve (B) and of other known cur-
ves of basal till of temperate glaciers. This result suggests that the englacial till' of the
shear planes., 1) is derived from the surrounding valley sides and transported englaci-
ally, or else 2) consists mainly of the products of crushing and/or plucking events at
the base. From the geomorphological fact that rockfalls rarely reach the accumulation
area, 2) is a more probable origin of the samples.

i- 2. Quartz-grain surfdce features

1) Method

Scanning electron microscopic analysis of quartz-grain surface features has made it
possible to discriminate between different sedimentary environments (e. g. Krinsley and
Donahue, 1968: Krinsley and Doornkamp, 1973). - So far, more than 20 kinds of surface
features which are specific to the grains of subaqueous, eolian, regolis + chemical weather-
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ing and glacial origins are known. Still, new surface features are being lound(e. g. Whal-
ey, ed.. 1979). so that the quantitative method for comparison with other worker s
studies has not been tully established yet.

In this study, the guartz-grain surface features of four shear planes were classified
into the 22 categories (Table 1) of Margolis and Kennet (1971). Categories 1 to 12
Table 1. Surface feature categories of quartz

grains described by Margolis and Kennett(1971)
Small scale ( <1p) imbricate breakage blocks

1.

2.  Small scale (<lp) conchoidal fractures

3. Large scale (>1p) breakage blocks

4. Large (>1n) conchoidal fractures

5. Straight grooves or scratches

6. Curved grooves

7. Randomly oriented striations

8 . Semi-paralle! step like fractures

4. Arc shaped steps

1. Meandering ridges (>5u in lepgth)

11. "V'-shaped irregularly oriented impact pits
12.  Small fractures caused by crack propagation
13.  Sharp angular outline

14. Rounded outline

15. Low relief (<¢,5u)

16.  Medium relief (~0.5u and 1)

17. High relief (>1p)

18.  Crvstallographically oriented etch pits

19.  Irregular finely pitted surfaces

20.  Anastomosing patterns and diagenetic etching

21. Smooth featureless surfaces (fracture planes)
22.  Crystallographic overgrowths

are mechanical features, 13 to {7 indicate the grain outlines and surface relief, and 18 to
22 are features of chemical origin,

Grains of subaqueous origin have abundant features of 1, 2, 11, 14, 15 16 and 18s
of a eolian origin., 1. 12. 14 and 15; of glacial origin, 3, 4, 5, 8, 9, 13. 17 and 21; of
regolith origin, 17. 18 19. 20 and 22 (Margolis and, Krinsley, 1974; Higgs, 1979).

Each feature category was counted when a sample exhibited that feature over at
least 10Y, of its grain surface.

The till samples were put into 10% ammonia water for 10 hours andrinsed in dis-
tilled water. Then samples were boiled for 10 minutes in distilled water. After dry-
ing well. 25 quartz grains 0.2—2.0mm long were randomly selected with the aid of a
stereoscopic microscope from each.  Selected grains were stuck onto the mounting stub
with double-stick tape and argentum paste. Carbon coating was applied by the sput-
ter-coating method.

JSM—35 Scanning Electron Microscope (JEOL Co Ltd., Japan) was used with
an accelerating voltage of 25kv. The tilt angle was generally 10 to 30°.

2)  Results
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Obseved surface features are summarized in Fig, 3 ‘with the typical ~GLACIAL’
leatures using: data from Margolis and Krinsley (1974) and Higgs (1979).  Most of the
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Fig, 3. Qmu'l:—grqin»sll{'j'(lce-,/'eurure charucteristics of cacl englacial till sumple.
‘GLACIAL represents the typical surface featwes. of glacial origin compiled
wing data from Margolis and Krinslex (1974) and Higgs (1979). .

grains exhibit the * GLACIAL” features and the differences between samples of  four
shear planes are very slight. Plate 1 is an example of SEM photos of grains  from
shear plane 4. Sharp angular outline, arc shaped steps. large breakage blocks an  other
typical “GLACIAL’ features are clearly observed.  Conchbidal fractures of various sizes
and of different directions (Plate 2 ) indicate that this grain was - fractured under
high stress. All other grains also exhibit concholdal fractures, semi-parallel  steps like
fractures, sharp angular outlines and fresh fracture plal“’b unless they are not covered by
chemical weathering features, although large breakage blocks, straight grome and  arc
shaped steps are sometimes not observed. ‘ "

The notable differences between the samples and the alacml grains  are that the
former sometimes have features of chemical weathering (Plate 3, 4). /--209%; of the
grains show silica precipitation,solution features parllally stperimposed on the' GLACIAL
features. In general, such features cover l()—%()”u of the surface. occasionally up to 80",
Crystallographic overgrowths of silica were also observed in the grain of shear plane 2.

Features of aeolian origin, dish-shaped concavities and rounded grains were not ob-
served. Impact V' pits and rounding of the edges, which are abundant features of
aqueous origin, were seldom observed. :

IV, Discussion

The coarse fraction ol grain-size distributions suggest that the grains were produced
by crushing like events. Although it is difficult to determine whether the ' samples
were subglacial origin or periglacial origin only from the results of ~ grain-size analysis,
the following results of SEM analysis suggest that the blallls were the products of ba-
sal crushing and/or plucking events. ‘

The fact that the almost all of the sampled quartz-grain had ° glacial’ features, in-
dicates the englacial till was produced by mechanical: crushing or fracture. These
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features are most probably aquired during subglacial erosion ‘process. (Shimizu. 1975:
Eyles, 1978). Howerver, supraglacial morainic till of periglaciai origin has the simi-
lar features (Whalley and Krinsley, 1974).

The fact that 5—20%, of the sampled grains had chemical weathering features
superimposed on " glacial® features indicates that the grains were lodged in water alter
being crushed because the chemical weathering of quartz-grains is activein water (Mar-
golis, 1968; Shimizu, 1980). As the ice and firn temperature of this glacier is below
0 (. the place where the grains were in water was probably at the glacier bed.

Furthermore, the grains rarely show either the rounding of the edges or impact "V’
pits. which means the grains were not grinded nor transported in subglacial turbulent
stream.  Because the rounding of edges indicates the inter-particle contact in the grin-
ding or abrasion event at the glacier bed if only some edges of each grain are modifi-
ed, while if all edges of each grain are rounded, the grain is transported in fluvio-glac-
1al stream (whalley. 1978). The " V' pits are aquired by the collision of the grains du-
ring the transportation in turbulent water flow (Margolis and Kennet, 1971).

According to the above results, the sampled till genesis is considered to  be tollowin-
g5, Crushing and.or plucking event at the glacier bed produced the fresh grains. The
Crushed grains were entrained in the glacier ice imediately or after being lodged in ba-
sal water, without being transported in subglacial drainage.

Because all samples [rom each shear plane showed the similar characteristics, crush-
ing and/or plucking eventmay play a more important rolc than abrasion  cvent on ero-
sional process at the base of Urumgi No. 3 Glacier. And the lack of the features of
subaqueous origin suggests that subglacial drainage system which is usually in temperate
glaciers is not developed in this glacier.
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The Genesis of Englcial Till along the Shear Planes

of Urumgi No. 3 Glacier, Tian Shan
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Minoru Yoshida et al.: The Genesis of Englcial Till along the Shear Planes
of Urumgi No. 3 Glacier, Tian Shan : Plate 2
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Pho. 3 Quarts grain of shear plane 1. Glacial features are partially covered by chemical weatheri

and silica precipitation (upper right).
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