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Fig. 1 Subglacial abrasion in till; (a) polished surface with striations on a roch-moutonee in the southern slope of the Bogeda Peak
in the eastern Tianshan Mountains; (b) iron-like clast with striations ( carbonate) in the high lateral moraine of Glacier 10, in the
northern part of the Puruogangri icefield; (c¢) striated clast ( carbonate) in the terminal moraine of Glacier 6 in the western part of
the Puruogangri icefield; (d) striated clast ( granite) in the front of Glacier 14 in the northern part of the Puruogangri icefield.
Two sets of striations on the clasts indicate that elongated clasts changed their directions beneath ice during transportation and
suggest that meltwater was present and sliding occurred in the interface of ice—rock in the base-cold glacier with the lowest
temperature of —=9.9 °C ( Pu Jianchen et al., 2002) to produce the striations in the continental climate region; (e) Subglacial
rushing and abrasion observed under polarized microscope in the moraine at the outlet of the Halasi Lake, the Altay Mountains. Q

= Quartz; F = feldspar
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Fig. 2 Debris covered glacier. (a) Superglacial till in the lower part of the Rongbuk Glacier in the northern slope of the

(@~ o (b)

Qomolangma Peak; (b) Superglacial till and subglacial meltwater stream in the upper reach of the Halasi River catchment; (¢)

Superglacial till in the Midui Glacier in the eastern Himalaya
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Fig. 3 Shearing zones and transported glacial till; (a) glacial till in shearing zone (circle) in Glacier 6 in the western part of the
Puruogangri icefield; (b) shearing zone (arrow direction) and lateral moraine which is forming; (c¢) contemporary terminal

moraine (circle) has been formed due to recent glacier retreat
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Fig. 4 Transportation through glacialmeltwater: (a and b) , gutters on glacier surface and meltwater streams in front of Glacier 1 in

the upper valley of the Urumqi River, the Tianshan Mountains; (c¢) subglacial meltwater stream in a debris-covered glacier in the

western slope of the Mustag Ata, the Pamir
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Fig. 5 Sedimentary structure in superglacial till. (a) pseudo-oblique beddings in superglacial meltout till, slanting upper (upleft) ,

or parallel to surface (upper) with massive structure (down); (b) pseudo-oblique beddings and mosaic texture in superglacial

meltout till of the Wangfeng moraine in the upper valley of the Urumqi River; (c¢) and (d) Deformation structure in the glacial till

in the Gangshika Valley, in the eastern Qilian Mountains. The lacustrine beddings are folded under thrusting (d)
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Fig. 6 Sedimentary textures of glacial till; (a) Mosaic texture/ Superimposed structure in superglacial till of the Wangfeng moraine
due to face-contact between particles in the upper valley of the Urumqi River, Tianshan Mountains. (b) Suspended structure and
massive structure in a basal till exposed recently after the glacier retreated in the western slope of the Mustag Ata. The basal till and
glacio-fluvial fan were cut by meltwater stream and their surface is covered by sandy gravels. (¢) Supporting texture through the
contact of angle to angle or angle to face of the superglacial meltout till in Fig. 6a, and large irregular voids. 2.5 x10, polarized.
(d) Suspended texture in the subglacial meltout till in the outlet of the Halasi Lake. Medium to fine sands are surrounded by silt
grains. Big particles were crushed and their edges were abraded, leading to the formation of silt and disappearance of voids. 10 x
10, polarized with gypsum plate. Q = quartz, F = feldspar, V = voids. (e) Regular voids (dark in the subfigure) in subglacial
meltout till in the upper valley of the Urumgi River. Voids have become small and rounded. 2.5 x10, polarized. (f) The edges of
large particles were abraded and new irregular small voids in the subglacial meltout till in the outlet of the Halasi Lake, the

southern slope of the Altay Mountains. 10 x10, polarized with gypsum. Q = quartz, F = feldspar and V = void
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Fig. 7 Process of the formation of superglacial meltout till and its sedimentary structure: (a—d) Superglacial meltout tills which

are forming in the front margins of Glacier 3 and 6 in the Puruogangri icefield, the Snake-head-like Glacier in the Muzitag Peak of

the Kunlun Mountains, and Glacier 10 in the Mushtag Ata of the Pamir, respectively. Inner till are dumping to the ground and

forming talus as glaciers melts due to sunshine. Clast shapes display sugangular to subrounded; () Fluid mass structure in the till

in the western slope of the Mustag Ata, the Pamir. (f) Clast mass structure in the superglacial meltout till in the Gangshika

Valley, the eastern Qilianshan Mountains
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Fig. 8 Superglacial meltwater deposit: (a, b) Deposit in the depressions between seracs. Lacustrine sediment forms in a

superglacial lake (b) in front of Glacier 10 in the Mustag Ata, the Pamir. Sediments mainly come from superglacial till, particles

are coarse. (¢, d) Ablation moraine and deposit formed as the glaciers retreated or melt out in Figure 8a and 8b. (e) Serac

deposit in the base campus for climbing in the upper Rongbuk Valley, the northern slope of the Qomolangma Peak. Sorted

lacustrine sand is lenticular in the ablation moraine
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Fig. 9 Difference between subglacial meltout till and lodgment till in landscape and sedimentary properties: (a) The leeside of the

Hayisa drumlin in the upper valley of the Urumqi River ( photographed by LI Dewen in 2002). (b) Sedimentary profile of the

Hayisa drumlin (a). Content of fine matrix is and clasts are small with angular to subangular shapes. (¢) Subglacial meltout till

(blue) in the lower and superglacial meltout till (yellow) in the upper of the profile in the Gangshika Valley in the Lenglongling

Ridge, the eastern Qilianshan Mountains
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Fig. 10 Glacial meltwater deposits in the Puruogangri icefield; (a) a large glacial meltwater fan in the piedmont of the western part

of the icefield in the Google Earth image; (b) glacial meltwater fan in front of Glacier 8; (c) glacial fluvial terrace after glacial

fluvial fan was dissected by the meltwater; (d) deposit of serpentine hillock in the front of Glacier 10 in the northern part of the

icefield
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Fig. 11 Glacial lake deposits: (a) a glacial meltwater lake in the front of Glacier 14 ( photographed by Li Yanjun); (b, c)

a) ARIE L BRI IF 14 S0k RTE 0K WA (B A0 5 (boe) 20 ARiE Ll

landscape of the moraines and lacustrine depressions (arrow points) (b) and lacustrine deposits with beddings and laminations

(c¢) in the Gangshika Valley in the Lenglongling Ridge of the Qilianshan Mountains
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Fig. 12 Glacial meltwater interlayers in the Gangshika Valley of the Lenglongling Ridge in the eastern Qilianshan Mountains: (a)

An sand interlayer in subglacial meltout till. (b) Gravel interlayers (arrow point) and fine sand interlayers (sampling point). The

previous moraine (blue) was deformed by the thrusting of late moraine ( yellow brown). (¢) sandy gravel interlayer in the

superglacial meltout till in the front of Glacier 14 in the western slope of the Mustag Ata, the Pamir
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Genesis Types of Glacial Sediments and Sampling Procedures for ESR Dating

YI Chaolu" , BI Weili"” , YANG Haijun®”
1) Institute of Tibetan Plateau Research, Chinese Academy of Sciences, Beijing,100101;
2) Department of Chemistry, Tsinghua University, Betjing ,100084

Abstract ; Electron spin resonance ( ESR) technique is a method of paramagnetic analysis for the determination
of elements and structure of matters. It can also be used for dating of sediments to solve some problems in sediment
age which cannot be solved by other dating techniques. The techniques in measurement of paramagnetic signal and
principle for sediment dating are in state of development. Glacial geological processes are complicated and produce
a complex glacial sediment with various subtypes. The mechanisms for resetting ESR signal are different from
subtypes of the sediments, and the experimental procedures should be chosen properly. Therefore, it is important to
identify glacial sedimentary types and collect proper samples for the accuracy of ESR dating. Subglacial meltout till
and lodgment till are abraded and crushed in subglacial environment, and they are compacted and contain fine
particles in matrix so that ESR signals in some impurity centers in quartz grains are decayed. Superglacial meltout
till forms in ice surface environment. It is loose and contains large particles. But some material in superglacial
meltout till comes beneath ice and contains concentrated fine particles which sustain subglacial abrasion to decay
ESR signal, and exposes to sunlight during deposition to further decay the signal. ESR signal in some quartz grains
can completed bleached. Fine sand and silt in glacial lake deposit and glacial meltwater sediment are the producta
of subglacial comminution/abrasion. ESR signal in quartz grains would be decayed during transportation, and would
be further decayed during sedimentation. The mechanism for ESR signal resetting is not clear for other types of
glacial sediments and some grains in sediments are too large for measurement of ESR signal. They are not suitable
for ESR dating. It is strongly suggested to collect contemporary glacial sediments with the same sedimentary
processes with the samples for geological dating so as to reduce possible residual signal for more accurate results.
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