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Abstract

Studies were done on new geomorphological and quaternary-geological profiles through representative reliefs of Tibet
from the Central Himalaya as far as the Kuenlun. Thus, further detailed investigations on the prehistoric glaciation could
be carried out. Youngest historical to neoglacial ice margin positions could be recorded. Their mapping took place in a
downward direction from the modern glacier margins. They confirm snow line (ELA) depressions from decametres up to ca.
100-250 m. At distances of several kilometres to many decakilometres (depending on the relief) from the modern glaciers,
névé shields and perennial snow fields, end moraines and later just remnants of lateral moraines and kame complexes o
the Late Glacial (ca. Stadia IV-II) have been localized in an increasing disrupted succession and samples have been taken
The recorded, inter- and extrapolated lowest ice margin positions allowed the reconstruction of accompanying depressions
of the snow line which, due to the altitude of the Tibetan plateau plains, attained a maximum of 400—700 m. Accordingly,
the early Late Glacial (Stadia | to Il) and High Glacial glacier traces (Riss or pre-LGM and Wirm or+&thdia—|

and/or 0) occurred over a horizontal distance of 1620 km across the plateau with an average height of 4700 m asl without
showing the key forms of ice margin positions. From the profiles introduced here, running from Mt. Everest/Cho Oyu
(Central Himalaya) in the SE via Gertse (Kaitse; Central Tibet) as far as the Lingzi Thang and Aksai Chin and from there
into the Kuenlun, as well as from a parallel section of the Gurla Mandhata (central S Tibet) to the currently very arid
Nako Tso, located centrally in the W, sediment samples have been analysed which provide evidence for a ground moraine
genesis. Thus, the macroscopic field observations are confirmed. Only the relatively small basin of Shiquanha (Ali) — like
the Indus valley chamber of Leh — may have been free of ice during the High Glacial (LGM). Forms of glacial horns, as
well as roches moutonnées and large, several metres-high round-polished mountain ridges with slight debris covers, flank
polishings, abraded mountain spurs at intermediate valley ridges and high-lying erratics document the widespread ice cover.
Important ice thicknesses of at least 1300—1400 m have been recognized by means of transfluences. Especially by and in th
Nako Tso (lake) the limnic undercutting of roches moutonnées provides evidence only of a postglacial filling into a primary
glacial relief. The glacial ice cover (with the LGM at the end) testified here for a further area of Tibet, is the foundation of
the relief-specific hypothesis on the development of the Ice Ages, based on the global radiation geometry: accordingly, the
last great geological event, the early Pleistocene plate-tectonically induced uplift of Tibet above the snow line, has brought
about a glaciation which, owing to its high albedo, reflected the subtropical radiation energy into space, so that it could not
be exploited for the heating of the atmosphere. This may have triggered the Ice Ages. The repeated interglacial warming-up
is to be reduced to the positive radiation anomalies by the variations of the parameters of the earth’s orbit — which take place
rhythmically — and the overlying glacio-isostatic lowering of Tibet and the other inland ice areas.

1. Introduction and method the geological and geomorphological indicators with regard
to the process of their glacial genesis. Only the three-
The reconstruction of the Ice Age glacier cover has bedimensional arrangement of the positions of the separate
pursued for more than 150 years and not yet brought to key forms of a glaciation to each other provides evidence
end for High Asia. It is carried out with great success aof a former ice cover (Kuhle, 1990e). In the course of the
cording to the glaciogeological and glaciogeomorphologicalithor’s geomorphological expeditions and fieldwork cam-
method. Thus, our knowledge of an at least three times mgraigns in many areas of Tibet and its surrounding mountains
extended terrestrial ice cover of the earth during the Ice AgEigure 1) since 1976, this method, which is considered to
is based on such investigations. The essential characteribgthe true and classic working technique of paleoglaciology,
of this method is the positionally-specific arrangement dfas led him step by step to the synthesis of a Tibetan inland
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glaciation during the High Glacials (Rif3 and Wirm) (Figare in the riverbed and show potholes. For their development
ure 12). This study introduces new observations, obtaindte boulders might have been held by the hanging glacier
in 1996 by means of field- and laboratory analyses on tiee and then flushed out through the subglacial meltwater,
Tibetan plateau up to its marginal mountain chains (Figurewhich flowed under high pressure, colliding in a punctiform
No. 20) with regard to the arrangement of their positionsjanner (cavitation corrasion) (Figure 2, No. 1). On the val-
including them in the context of the investigations alreadgy floor the red weathering is lacking. It may be that the
presented (Kuhle, 1980-1998). large boulders have been dislocated by glacier water (high

In a spatially-connected chapter the findings of twenergy flows) or mudflows, but in places they can still be
partly parallel-running profiles of the Himalaya on the $ound in the moraine-like matrix formation. Downslope of
margin of Tibet up to Central Tibet and then up to Centrahis valley chamber the lateritic red weathering sets in on
W Tibet as far as the NW margin of the plateau (Figure ihe valley bottom and on the debris slopes. Up-valley from
No. 20, 5) are recorded. New indications from the S CentrBhhrabise there is a glacigenic V-shaped valley cross-profile,
Tibetan area adjacent to the E (Figure 1, No. 4) which haue., a ‘V-shaped trough’, typical of the Himalaya, as it is
not yet been published in the former paper on this regiaharacteristic of steep cross valleys (cf. Photo 1) (Kuhle,
(Kuhle, 1988) will be referred to there. 1983, p. 154ff). Polished rock surfaces in the form of roches

In a last, synthetic chapter, the paleoclimatic importaneeoutonnées are preserved in the orographic right-hand val-
of the Tibetan ice cover — which can be made understaridy flank up to 1150 m, at least 250 m above the bottom
able by the subtropical radiation energy balance that hiage. They provide evidence of a minimum ice thickness
significantly changed compared with today — in its globef 200 m. Photos 1 and 2 show the continuation of these
ally extremely cooling and, according to the author’s Icank polishings % a #) in an up-valley direction. In the
Age hypothesis, possibly Ice Age triggering impact, wiltlepressions lying between them, there are ground-moraine-
be once more reflected and deduced, considering hitheik@ boulder clays, cut by the recently water-bearing slope
unpublished aspects. ravines up to the bedrock. On the orographic right side the

metre- to decametre thick covers of boulder clay are under-
cut by the Bote Kosi river. Their breaking-away produces

2. Geomorphological and sedimentological indicators of uneven edges (Photos 1 and@. A 10-15 m high Late

the High Glacial inland glaciation on a new profile Glacial glacier-mouth-gravel-floor terrace with sorted boul-
which starts in the S- and continues towards Central- ders and gravels is also preserved in parts (Figure 2, No. 1).
and NW Tibet (Sections 3-7) Photo 1 shows flows of schist, intensified by the monsoon

rains, in the autochthonous slope debris of the Kathmandu-
2.1. New observations on the S Tibetan glacier cover: the nappes £) as well as the more resistant outcropping edges
prehistoric outlet glaciers of the inland ice between Shishaf the strata in the left-hand parts of the slope, which are
Pangma and Cho Oyu (Figure 1, Cho Oyu; Figures 2 and lacially polished ¢). Due to the narrowness of the Bote
Shisha Pangma and E, i.e., to the right of it) Chu and the power of this great Himalaya transverse river, no

end moraines remained here. The valley chamber, following
The occurrence of an Ice Age Bo Chu (Bote Chu or SYfl,yards as far as the junction with the Chaku Khola has a
Kosi Khola)-outlet glacier, suggested according to the Irearer glacial character. Abrasion-roundings of the outcrop-
sults of field-researches done in 1984 (Kuhle, 1988, p. 4984 aqges of the strata are preserved on both flanks (Photo 3
Figure 2, Nos. 30-35; p. 469, Table 1, pp. 487-493 and Fig-y. Figure 2, No. 1). The next valley chamber up to N of

ures 45-52), which drained the Tibetan ice to the S through, setlement of Jhirpu in particular perfectly shows the two
the Himalaya, has been confirmed, broadened and evidenggglay, interlocking valley cross-profiles of the glacigenic
more specifically by the following datings, obtained in 1996, 4 f,vial type (Photo 4). The fluvial V-profile, the devel-
The investigations carried out for the first time in 1984, Iegpment of which has already begun subglacially and then
to the dating for the time being of an LGM ice margin poggniinued in the Holocene, is set into the soft-shaped level
sition near the Fr|endsh|p_Br|dge (26 N/85°56 E) of at ¢ the valley shoulders\(a #), polished round by the Ice
most 1600 m — probably it was even lower (Kuhle, 19886 (_GM) glacier ground. Up-valley from this point the
pp. 492, 469). Our researches in 1996 — carried out fTofange from the rather soft relief of the fore-chains to the
the lowest glacial ice margin position valley-upwards — reseep relief of the Himalaya transverse gorge takes place
sulted in the following new observations: the Sun Kosi Va”eéPhoto 5). Thus, glacial forms only remained in some places
c_hamber into Wh_ich the Bo Chu outlet glacier extended, I fjank polishes« ¥ #). To a great extent they are already
situated at a height of the thalweg of ca. 700 and 900 Rsiroyed by the breaking-away of the bedrock. The moraine
asl between 1 km beyond the settlement of Karitscho apgnnants, preserved here and there, are getting eroded, i.e.,
4 km N (up-valley) of the settlement of Bahrabise {0~ gigiocated by monsoon-induced mudflows. An example of
48 N/85°45-55 E; map 1:50 000 Lapchi Kang, 1985). Thisyis is the mudfiow coming down early in July 1996, in the
is the valley chamber of Lamosango. Thereare 3to4 m '0”.533ngbo Khola (Photo §). It has reached the Bhote Kosi
rounded erratic gneiss boulders (augen-gneiss) 0CCUITiNg,8$ 300 m asl and completely obliterated the settlement of
bedrock on the Himalaya main ridge and also on the Shishg,4 (45 dead) (Photo§ (Figure 2, No. 1). Besides the

Pangma (Kuhle, 1988f, p. 483, Figure 43). They lie Opyca material from the 4474 m high catchment area of the
bedrock schists and metamorphic siltstones. Some of them
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Figure 1. Research areas in Tibet and its surrounding mountains visited by the author. The study presented here introduces new observations on the Ice
Age glacier cover from area No. 20.

Table 1. Glacier stadia of the mountains surrounding Tibet (Himalaya, Kuenlun, Pamir, Karakorum, Quilian Shan) from the pre-Last High Glacial (Rif3 to the
present-day glacier margins and the pertinent sanders (glaciofluvial gravel fields and gravel field terraces) with their approximate age (4880KL88Yb).

glacier stadium gravel field approximated age (YBP) ELA-depression (m)
(Sander)

-1 = RiB (pre-last High Glacial No. 6 150 000- 120 000 c. 1400
max imum)

0 = Wirm (last High Glacial No. 5 60 000- 18 000 c. 1300
maximum)

I-1v = Late Glacial No. 4- No. 1 17 000- 13 000 or 10 000 c.1100- 700

I = Ghasa-stadium No. 4 17 000 - 15 000 c.1100

11 = Taglung-stadium No. 3 15 000 - 14 250 c.1000

I = Dhampu-stadium No. 2 14 250 - 13 500 c. 800- 900

v = Sirkung-stadium No. 1 13 500 - 13 000 (older than 12 870) c. 700

vV - WII = Neo-Glacial No. -0- No. -2 5 500 - 1 700 (older than 1 610) c. 300 - 80

v = Nauri-stadium No. -0 5 500 - 4 000 (4 165) c. 150 -300

VI = older Dhaulagiri-stadium No. -1 4 000 - 2 000 (2 050) c. 100 -200

WII = middle Dhaulagiri-stadium No. -2 2 000 - 1 700 (older than 1 610) c. 80 -150

VII- XI = historical glacier stages No. -3 -No.-6 1700 - 0 (= 1950) c. 80 - 20

VIt = younger Dhaulagiri-stadium No. -3 1700 - 400 (440 resp. older c. 60 - 80

than 355)

Vit = stadium VIII No. -4 400 - 300 (320) c. 50

IX = stadium IX No. -5 300 - 180 (older than 155) c. 40

X = stadium X No. -6 180 - 30 (before 1950) c. 30 - 40

X1 = stadium XI No. -7 30 - 0 (=1950) c. 20

X11 = stadium XII = recent resp. present |[No. -8 +0 - +30 (1950- 1980) c. 10 - 20
glacier stages

M. Kuhle
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Kyerpa Danda, which has an own glaciation, facetted errabelow; cf. Kuhle, 1982, pp. 152-159). In 1996 five heavy
gneiss- and granite boulders, up to«d m in size, which landslides happened on the orographic left-hand flank of the
originate from the southern margin of Tibet, are incorporaté&®lin Kosi over a distance of 25 km between Bahrabise and
into the mudflow. The clayey-loamy groundmass shows alartza, destroying roads and interrupting the traffic. This
the characteristics of moraine matrix. The cirque, set ints also an indicator of the mobility of the loose sediments.
the Kyerpa Danda, has two lakes on its bottom (Tsoméfu Daoming’s study (1988, pp. 589-580) gives an impres-
Tsho) at 4100 m. This documents a High- (LGM) to Latesion of the importance of modern processes, as for instance
Glacial snow line (ELA) at this level (Kuhle, 1988f, p. 469mudflows or debris flows — as they occur down this main
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Figure 2. Quaternary-geological and glaciogeomorphological map of South-, Central- and West Tibet.

valley — for the reshaping and movement of moraines. dutburst with a peak discharge of 15926/s has distrib-
deals with the glacier- and moraine-lake outburst (1981) irted 4 to 10 m-thick moraine sediments over a distance of
the Zhangzongbo valley (Rolwaling Himal) — which joins50 km down the Bo Chu. Near Bahrabise the flood still
on the orographic left-hand side 10 km up the Bo Chu fromttained 2316 rfis. The largest transported boulder lies ca.
the settlement of Zhangmu — and its sedimentological é8-km downstream of the settlement of Kodari, several metres
fects. It was the repetition of a glacier- and moraine-lakabove the present riverbed. Its dimensions ar@ £711.3 x
outburst in 1964 with similar effects. In 1981 according t6.7 m (Xu Daoming, 1988, p. 577, Figure 11). Besides
Xu Daoming’s comments the mudflow, set off by the lake’moraine-containing slope-debris-covers sporadic remnants
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of Late Glacial glacier-gravel-floor-terraces have been ob-
served (Photo %). In the valley chamber between Lartza
and Kodari flank polishings occur on both sides on the
bedrock valley slopes which extend in a gorge-like fashion
(Photo 5%); they continue as far as the valley chamber
of Dram (Khasa or Zhangmu, today a Chinese border set-
tlement) (Photo 7a). On the orographic right-hand side,
20-30 m above the Bote Kosi river, below the settlement
of Liding, diamictic material is exposed, including far-
travelled boulders (Kuhle, 1988f, p. 458, Figure 2). Parallel
to the thalweg, but also on the slopes, it contains dislocated
moraine material. However, this is not evidence of a prehis-
toric glaciation in the very morphodynamic S slope of the
Himalaya (Photo 6). Very well preserved and thus unam-
biguous indicators of a glacier are the orographic right-hand
flank polishings in the valley chamber of Zhangmu (Dram)
(Figure 3, No. 1, Figure 2, Nos. 1, 2), reaching at least
400 m higher than the thalweg (Photaaj. Developed in

the Khumbu- and Kathmandu nappes (KU 1-3, KN 2, 3),
which according to Hagen (1969, p. 129) consist of gneiss-
like metamorphites, they provide evidence of a valley glacier
level at 2400 m asl (Photo Z —) and a glacier thickness
of 400 m. A detail of those rock polishings in Photo @ (

on the very left) is shown in Figure 52 in Kuhle (1988f,
p. 491). Several fresh and holocene fragmentations on this
rock flank document the roughness-producing weathering
and the recent reshaping (Figure 3, No. 2). Figures 50 and
51 (Kuhle, 1988f, pp. 490-492) show the V-shaped valley
cross profiles (‘gorge-like trough’, Kuhle, 1983, pp. 154ff),
which have been slightly concavely-abraded by the Ice Age
valley glacier further up the Bo Chu (Bote Khosi) (Fig-
ure 3, No. 3; 2802 N/85°59 E, 2700 m asl). Ca. 4 km

Entwurf [ Draft: M.Kuhle
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Figure 3. Quaternary-geological and glaciogeomorphological map section of South-Tibet with the Shisha Pangma- and Cho Oyu-group (cf. Figure 2).

@ § 'f g S down-valley the Fuqu Chu inflow (from Shisha Pangma) a
5 2 5% = Z § gorge-like tributary trough joins the Bo Chu at 3380 m asl
g g gé & s 3 (Figure 2, No. 2). In this junction area the rock spurs have
258 §s =€ s g g been polished back into glacially triangle-shaped truncated
S53 582 28 8 s 32 spurs (Figure 3, Nos. 4, 5). The bottom of this side valley
1 x 5 3 & o is SO narrow, that it_ is completely oc_cupied by the modern
glacier stream. Typically enough it might have already been

a laid out in the High Glacial by the subglacial meltwater (Fig-

g ure 3, No. 5). In the confluence area of the Fuqu Chu — that
£E 5 g = is the valley from the Shisha Pangma SSE flank — into the
£8 £ ER- Bo Chu there is a Late Glacial end moraine landscape, be-

S §§ 5 F = longing to the Taglung Stadium Il (Table 1) (Figure 3, No. 7,
g 3 §Z3 § = E II; Figure 2, No. 2, II) (cf. Kuhle, 1988f, Figure 2, Nos. 33,

E & = 2 3 g E 2 34, pp. 490-491, Figure 49). Over large parts it covers older
g § §§ § g I 3 to High Glacial (LGM) ground moraines and glacial ground
= §§ 53 § E § 5 polishing (Photo 8; Photo 9 white). Only in places oc-

5§ &£ 2 5 § s £ e cur roches moutonnées, so for instance at 3680 m (Photo 8
% § g gg s = g f g a), which — in exception of separate erratic augen-gneiss
§ %% ;?,g;, ?ﬁ § 3 § g boulders — are without a moraine cover (Figure 3, No. 6;
% EE £5 g =3 g 3 s 5 Figure 2, No. 2). On the orographic left-hand valley slope
€ £5 55 ¥ '§§ £ £ 5 3 the glacigenic flank abrasions (Photaa are partly cov-

§ &5 5 s § % = g S g = ered by ground moraine several metres in thickness (Photo 9
g B8 g Tz § : & & W black; Figure 3, No. 8). In between there are preserved
5§ §% 8= § 85§ £ & 3 g rock polishings, even in the comparatively fast weathering
] X &S 3 Ue o %) = (% K
x> @ B AN §> outcropping edges of the stratum of the bedrock surfaces

(Photo 9# white). This left-hand flank has been overflowed



10 M. Kuhle

CUMULATIVE FREQUENCY GRAIN-SIZE CURVE 21.08.1986/t Ky 3 powerful movement of the solifluction cover (Kuhle,
1978a, 1985), especially on the W-exposed slopes, which are

5 |2 Sit Sand 100 thawing most deeplyl white in the centreM black on the
40 1 80 right). The left-hand side valley, running down to the W from
%gg ﬁg % a presently non-glaciated mountain group S of the Chomol-
10 - 20 ung Kang massif (7312 m), shows Young Late-Glacial to
0 i ~0 Neoglacial end moraines down to ca. 4100 m &b{ack
<2 2-6 6-2020-60 ggo‘ 260000' ggg(; on the left; IV=V, cf. Table 1; Figure 3, No. 13). A few
(DIAMETER 1/1.000) kilometres to the N the perallel left-hand side valley joins the
' Bo Chu. From a basal height at 4100 m upwards at least two
HUMUS CONTENT: 0,77 % Late Glacial lateral- and end moraine generations (Stadium
LIME CONTENT: 0,18 % [lI-1V) are preserved in this side valley (Figure 3, No. 14).

Figure 4. Sediment sample taken from a depth of 0.15 m at 3835 m asl &pprOXimately 5km up'Va"ey the B_O C_hu’ Photo 11 ShO\_NS
the orographic right side of the Bo Chu near the monastery of Milaripa. L&tS valley bottom and the orographic right-hand flank with

cality: Figure 2, No. 3; Figure 3, No. 11; moraine matrix of a High- to Lat¢he characteristics of the S Tibetan glaciofluvially-reshaped

Glacial ground- to lateral moraine terrace, which has also been reworf ; ; .
glaciofluvially (cf. Figure 5: 21.08.96/1). A large part of the moraine is buil PaCIaI landscape. The valley bottom is made up by Young

up by erratic augen-gneiss substrate, resulting in a coarse-grained mar@€-Glacial to Holocene glacier-mouth gravel floors, which
and a low peak of the fine grain in the clay. (Sampling: M. Kuhle.) — linked with the glacier retreat — have been formed into a
flat terrace with steps of a few metres in height (Figure 3,

. L ... No. 15, Photo 11; 2 te-8, cf. Table 1). The right-hand
up to its culmination and shaped to round mountain 198 of this trough valley, which according to the gravel
with broad_transfluence ridges lying b_etween them (Photql%i”ings has a box-like broad form, is marked by glacial
= black; Figure 3, No. 9). The following 23 km extend Uy, abrasions (Photo 1d), preserved only just in sections
the Bo Chu between the two large orographic right-hangiq, e 2 No.3, Figure 3 No. 16). The semi-arid continen-
valleys (cross valleys) which join from the Shisha Pangmg o5t weathering, still further enhanced by the highland
massif. Nylemu is Iocated_ in the Late Glacial (S_tadlum ”(),Iimate to more than 200 frost changes per year, and the
tongue basin of the prehistoric Fuqu Chu glacier (Kuhlgyjifction have reshaped these flank abrasions to such an
1988f, p. 458, Figure 2, No. 33, pp. 490, 491, Figure 494,40 that their upper limit, the polish line, can only ap-
At the junction of the Fuqu Chu, somewhat up the Bo Chiqyimately be recognized (Photo 11_). The valley flank
on the orographic left-hand valley slope at 3670-3800 M, jnterrupted and disintegrated into back-polished mountain
there is a very .weII preserved glacier pohshmg_ of the Bqurs (truncated spursi on the very right) by steep short
Chu outlet glacier (Figure 3, No. 10). High Glacial groundyjeys  shaped trough-like by local hanging glaciers, lead-
moraines occur on the main valley floor between the vqhg down from high depressions, i.e., flat cirques.(These

ley chamber of Nylamu and the settlement of Kum Thang, n4ing valleys come to an end in alluvial- and mudflow

(Milarepas monastery). They have been reshaped glaciolliizs” ¢y (Figure 3, No. 17), which also contain dislocated
vially by diminishing glaciers right into the Late Glacial an

) , round moraine material of the main valley. Corresponding
then also in the Post Glacial (Holocene) and are presenggls 4re also found on the opposite valley side, showing
in the form of terraces (F:hOtO 1o, Figure 2, No. 3, Fig- gcattered, rather large erratic boulders (Photos)l Ca.

ure 3, No. 11; 281520 N/86°0030" E; 3700-4120 M 31 5 the main valley a ‘wash-board™like ground moraine
asl). Figure 4 shows the conspicuously sandy matrix of thig, e yith exaration rills (Photo 1) is preserved on the
moraine and the bimodal course of the curve with its pe?}fographic left-hand valley flank of the Bo Chu (Bote Chu

in the clay, characteristic of ground moraine. Figure 5 (coJ)—r Pa Ho according to ONC-map 1:1000000, H9, 1978)
umn diagram 21.8.96/1) indicates for this matrix of the 20, 15 300 m above the thalwegi(and — — on the \,/ery

SiO; grains investigated a predominance of 62.5% glacial|¥ft) (Figure 2, No. 3, Figure 3, No. 18; 289 N/86°04 E

crushed/freshly weathered grains (the genesis of the tg, t 4100 m asl). On the roundings of the right-hand flank
cannot clearly be differentiated). The grains included in tI*te, right), too, ground moraine remnants can be observed
dull/aeolian/lustrous/fluvial group account for 37.5% and atg higher positions M right). On these valley slopes high
proof qf the Late Glacial and Holocene glaciofluvial a”_%asins () have been formed, reaching far above the High
cold-arid reworkmg_of the ground moraine terrace. In th'élacial glacier level up to 4800-5000 m. During the latest
ground mass are — isolated from each other —large bouldgLge Gjacial (Stadium IV) they still contained small glaciers
of augen-gneiss (Photo 1), the bedrock of which can be 5 fir shields. In the now glacier-free main valley sander-
found in many places on the S margin of Tibet (cf. Kuhlgyo 41yyial debris- and mudflow cones (ight) have been
1988f, Figure 43). The flanks of this valley chamber shop,, e yp by the meltwater run-off. The glacial features and
p_ostglaelally—reworked ch_aracterlstlcs of glacial flank abrgra | ate Giacial ice margin positions of the orographic left-
sion which has bacl_<—poI|shed and rounded the rock SPYWSnd side valley, joining this valley chamber (Figure 3,
(Photo 1Qa centre; Figure 3, N'o. 12) and because of that hag, 19) (the alluvial fan- in the background on the left
widened the valley cross profile to the form of a trough. Alaq peen accumulated from this valley), have already been

this altitude near the permafrost line the remaining moraing., qed earlier (Kuhle, 1988f, p. 488, Figure 48). 3—4 km
remnants on the valley shoulders are reworked thoroughly ' ’ '
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further up the main valley (to the N), in the confluence ardlivially (Photo 15). It contains granite boulders. Bedrock
of a large orographic right-hand side valley, local grounchetamorphites are in the undermass. In the valley thalweg
moraine covers the valley floor (Figure 3, No. 20; 4120 megion the ground moraine is covered with gravel layers,
asl). It contains erratic augen-gneiss- and granite boulderkich have been washed glaciofluvially and postglacially.
(of metre-dimensions), originating from the Shisha PangnTde ca. 5060 m high Yagru Xiong La itself is situated on
which is only 15-20 km away (see Kuhle, 1988f; p. 48a S Tibetan plateau section which stretches over kilome-
and Figure 43). According to the topographic arrangemerites and is covered by the same ground moraine (Figure 3,
of the positions, it is Late Glacial (Stadium II-IV) groundNo. 25; Figure 2, Nos. 5, 6; Figure 6). In the position, where
moraine, laid down last (probably on moraines of older st#-evenly covers the culmination of the pass, it documents
dia up to the High Glacial). In the same valley chambea, total glaciation from the N as far as the Himalaya (Pho-
2.5 km to the NE, an orographic left-hand, scarcely smallays 14 and 16; Figure 12, 13). There exists a predominance
tributary valley joins, and leads down from the 7312 mef 56.3% of glacially crushed/freshly weathered Sidains
massif into the Bo Chu (Figure 3, No. 20). Owing to an the matrix of the fine material, which is typical of ground
gravel floor that fills the valley bottom, it is a box-shapedoraines (Figure 5, 21.8.96/2). 2—-3 km to the N, already
trough valley (Figure 3, No. 21). Its geomorphology haBeyond the culmination about 4800 m asl (Figure 3, No. 26),
been investigated in 1984 and published in a previous papeund-polished metamorphic ridges (‘glacially streamlined
(Kuhle, 1988f, pp. 487-488 and Figures 46—48). Betwednils’) are coated with ground moraine, bearing erratics
this valley and the above-mentioned southern parallel vdRhoto 17). Again, further to the N (Figure 3, No. 27), roches
ley there was a coherent High Glacial (LGMO) ice level moutonnées and extended streamlined glacigenic denuda-
over a transfluence pass (Figure 3, No. 19). In the artan forms were found in the bedrock granite (Photoal)8

of this side valley confluences and also 11 km further useveral of them are postglacially frost-weatherg}l They
wards, the Bo Chu has a classic trough-shaped, box-liaee gathering surfaces for local ground moraings({).
valley cross profile (Figure 3, No. 22), developed by thEere, too, sediment and morphology are witnesses of a total
filling of the valley bottom with loose rock, i.e., groundprehistoric glacier cover. We are now beyond the local wa-
moraine, more or less surficially washed by the meltwateershed in a flatly embedded thalweg-network, which drains
and sander-gravels (Photo 3. From this orographic left- towards the N and E to the Xaga Chu (Figure 3, No. 28).
hand side valley junction 9 km (main valley-) up the Bd'he Xaga Chu drains the Shisha Pangma N-slope. It is a
Chu, a ground moraine overlay has been mapped (Photo 48urce branch of the Pum Chu (Figure 2, Nos. 7, 8) which
centre of the panorama) on the right-hand valley flank wifbins the Arun valley, draining E of Mt. Everest and Makalu

a characteristic lineation, i.e., exaration rills that have besouthwards through the Himalaya to the Ganges. So we are
left behind by a valley glacier ice run-off on flank slopesstill S of the watershed to the Tsangpo and Brahmaputra.
covered with loose material?f (Figure 3, No. 23; Fig- In the orographic right-hand flank of the Xaga Chu the flat
ure 2, Nos. 3, 4; at a valley bottom height of 4310 m as{8-15) N to NW slopes are covered with ground moraine,
28°28 N/86°0950” E). This ground moraine cover lies onrich in fine material, in which fist- to at a maximum head-
slightly metamorphic, polished sedimentary rocl) (n sized polymict boulders are ‘swimming’ (Figure 3, No. 28).
metre- to decametre thickness (Photo L8entre of the Erratic massif-crystalline components as, e.g., granite and
panorama). At the foot of the slope, at points where treugen-gneiss, also occur. In the undermass there is sedimen-
moraine mantle has been undercut fluvially, retreating riltary bedrock. A position-specific indicator of the substantial
and earth-pyramids have been formed (beBveentre of thickness of the ice is the ground moraine overlay, which
the panorama). The ground moraine material reaches here-asompletely smoothed on its surface — covers the relief
well as on the opposite left-hand valley flarilk on the left) evenly. On the slightly inclined, often far-stretching slopes
up the slopes to ca. 400 m above the valley bottom. THisis cover is cut by separate 2—4 m deep ravines, which are
provides evidence of a minimum height of the prehistorinset box-like and sharp-edged. Only after heavy rains are
ice level about 4700 m-( ). Here, in the source area ofthey water-bearing (Photo 1; 28°38-4530" N/86°06—

the Bo Chu, there was the root of the Bo Chu outlet glaciet)30” E). In the more western catchment area of the valley,
which emerged at this location from the connected S Tibetas well as in the area of the plateau section, situated to the N,
inland ice complex (Figure 12; Figure 10 on the left belowhere are round-polished hill-ridgea); The valley bottom
‘High Himalaya’). This is the commencement of the maimas been made up by glaciofluvial gravel floors at a breadth
valley; it arises from two likewise glacially-shaped sourcef kilometres 0 —0 to —5). They have been deposited on
branches (Photo 13 in the right third). In the triangular sethe ground moraine, covering the valley bottom, approx-
tion, at the place where the source branches join, furtherately between the Neoglacial and Little Ice Age, thus
ground moraine deposits are preserved (Photo 13 on the lefifrelating with the glacier margins of the Shisha Pangma
below the left whitaa). The orographic right-hand one lead$\ slope (Kuhle, 1988f, p. 468, Table 1, pp. 479-487) during
up to the Yagru Xiong La (Photos 14 and 16 in the forestadia V to IX (Table 1). Owing to the infilling with these
ground; Figure 2 right of No. 6; Figure 3, No. 25; cf. Zhengravels, which have been washed out of the accumulations
Benxing, 1988, Figure 11 right margin (Sho La), cf. Kuhlepf the young ice margin positions and then transported from
1988f, Figure 45 (Lalung La)), increasingly covered with ¢here up to here, the Xaga Chu receives the cross-profile
connected ground moraine overlay. In places it is exposefla box-shaped trough valley in some sections (Figure 3,
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No. 29). Down-valley to the E, in the direction of the basin ofar above the High Glacial ELA. From this it follows, that
Mankopa (Kuhle, 1988f, Figure 2, Nos. 29-21), the densithese deposits ought to be of Late Glacial age, i.e., that
of the slope ravines increases with the steepness of the slojpey might belong to a higher than the High Glacial ELA.
— as this is generally the case for the ground moraine slop@#hat leads to this conclusion is the basic glaciogeomor-
spread everywhere in Central Tibet (see below) (Figure @hological law, according to which the highest glacigenic
No. 9; Figure 3, No. 30). In the features of these juvedepositions (moraines, erratics) cannot have been laid down
nile ravines, which are not very deeply inset (Photo2)) above the snow line. Therefore this Ice Age glacier level
the present, i.e., interglacial fluvial morphodynamics begiis a minimum information and 700 m is a minimum thick-
to rework and reshape the Ice Age glacigenic, large-scaless for the Kyetrak outlet glacier, which flowed down over
abrading, i.e., accumulative-covering morphodynamics. the watershed to the S. On the eastern flank of the Kyetrak
geomorphodynamic which was entirely fluvial during thealley the features of glacial abrasion, as for instance back-
whole Pleistocene — implied here as a contra-inductive gxelished mountain spurs with rounded crests and edges and
periment of thought — would have brought about a totallglacially triangular-shaped slopes lying between them, have
different landscape, composed of a small-scale dissectimgen developed up to at least the same altitude (Photo 24
V-shaped valley network. The glaciogemorphology of tha centre, 26a left half of the panorama, 2& centre of
lower Xaga Chu and the basin of Mankopa (Figure 2 Whe right half, 30a left third, 31 seconda from the right;
of No. 15) and its glacier-historic interpretation has alreadyigure 3, Nos. 36, 37, Figure 2, No. 12). The polish line,
been introduced previously (Kuhle, 1988f, p. 469, Table Which can be recognized continuously as the upper edge
p. 476, and Figure 31). of the smoothings, declineunterto the gradient of the

A further glaciogeomorphological key-locality on the Sresent valley bottom to the S, to the Himalaya, egdidi-
border of Tibet is the Kyetrak valley (Photo 28), situatedectionallyfurther through its main ridge (Photos 23 and 26:
between the settlement of Tingri (or Ting-Jih, Figure 3) and — 0, 28: 0— —, 30— — left half, 0— —; 31— — sparse).
the Himalaya pass Nangpa La (or Khumbu La, 5717 m; Ph@éth the help of this polish line, the minimum level of the ice
tos 22 and 31, Figure 3, No. 31) at the 8201 m high Chatiream — dipping in the direction of the run-off of this outlet
Oyu. At present the good 10 km long Kyetrak glacier tonguglacier - is discernible. The prehistoric incline of the level
flows down to the N, at the same time following the valleyhus slopes down over the approx. 5400 m high or somewhat
bottom, which is also sloping to the N, down to 4800 m asbwer rock saddle — situated ca. 300 m below the present
(Photos 21 and 28 white, 24 A, 30¥; locality: Figure 2, glacier surface of the Nangpa La — in a continuous gradi-
Nos. 11-12, Figure 3, No. 32). In glacial times, howeveent from Tibet to the S over the watershed of the Himalaya.
an outlet glacier of the S-Tibetan ice stream network - @dterwards, due to decreasing thickness of the ice, the direc-
was also the case with the parallel Rongbuk valley, runniion of the run-off of the Late Glacial glaciation switched,
more to the E past Mt. Everest (Kuhle, 1988f, pp. 505-50%)llowing more and more — as is true at present of the en-
— of rather important thickness flowed through the valletyre Himalaya — the small-scale incline of the relief in close
towards the S, passing W of Cho Oyu (Figure 12, I3 betweelependence on the watersheds. In the Kyetrak valley this
Shisha Pangma and Mt. Everest; Figure 10, to the left beltvappened approximately from Stadium Il onwards (Taglung
‘Mt.Everest’). Together with the tributary streams the outledtadium according to Kuhle, 1982; 1983; cf. Table 1), at
glacier tongue moved down from Mt. Everest into the Hileast, however — as can be made clear by comparison of the
malaya S slope up to ca. 1800 m asl or even somewhat loviarels (Photos 26, 28, 30: cf. the altitudesibfo, (1 |, B
(27°38 N/86°42 E) (Kuhle, 1987d, pp. 407-408; 1988bJI and B [l with the incision of the pass into the Hi-
p. 587; Heuberger, 1986, p. 30). Evidence of this transflmalaya ridge between the mountains Nos. 5 and 7, Figure 3,
ence to the S is provided by fields of ground moraines (st®s. 31, 32—34) — during Stadium Ill (Dhampu Stadium).
Figure 9) with erratic granite boulders, lying very high upThe related Late Glacial glacier ends (Stadia lI-1V) reached
i.e., up to 5500-5600 m asl and thus ca. 700 m above tie plain of Tingri and flowed down from the heights of the
valley bottom (Photo 27>, B 0, 28\, B 0, ~~, 30N, B Himalaya to ca. 4500 m asl, as is confirmed by the hum-
0, 310, W 0). Figure 5 (column diagram 25.8./1) showsnocky end moraine landscape (up t0°28 N/86°37 E;
a predominance of 85.7% of the glacially crushed/freshiigure 3, No. 37, Figure 2 between Nos. 12 and 13). The
weathered quartzite grains, typical of ground moraines. Theametrically opposed directions of the ice run-off from
moraine covers and granite boulders have been mapped ddgsh Glacial to the S and Late Glacial to Holocene to
kilometre-distances on the slopes, stretching W of the vallége N is presented by the significant petrographic differ-
as well as on valley shoulders and remnants of the uplaedce of the moraines concerning their limestone content:
area on thinly-stratified reddish metamorphic bedrock of sikvhereas the oldest ground moraines of the High- or early
and sandstones and light limestone (Photd, 27310 O, Late Glacial contain 17.32%, the younger moraines merely
Figure 3, Nos. 33, 34, Figure 2, Nos. 10, 11, 13). Howeveshow 0.15-6.99% portions of limestone (Figures 7-9). The
the High Glacial (0= LGM) glacier cover seems to havelLate Glacial end moraines (Photo 3:lll; Figure 8, Fig-
reached significantly higher up than the above-mentionate 5 columnar diagram 23.8./2: at least 45.5% are glacially
ground moraines and erratic boulders at 5500-5600, becaaseshed/freshly weathered and further 37.8% are also rough-
— after the author’s snow line reconstructions (Kuhle, 1988ned, but it could not be excluded, that this happened
pp. 468-470, Table 1) — one is at this important heigleblianly. Related Late Glacial to Holocene ground moraine:
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glacially crushed/ 3 dulf (aeolian)/
fresh weathered lustrous (fluvial)
Probennr./ Datum 0,2-0,6 mm ihl] glazigen-gebrochen dolisch mattiert  fluvial poliert Anmerkungen
sample No./ date Quarzkorner frisch (in situ) verwittert  dull (aeolian) lustrous (fluvially remarks
0,2-0,6 mm counted glacially crushed/ polished)
quartz grains freshly weathered (in situ)
X1 201 49,6% 26,8% 23,6% Fluviale Uberarbeitung ausgepragter als dolische - fluvial
reworking more distinct than aeolian
21.08.96/ 1 200 62,5% 10,0% 27,5% 90% Quarzanteil (u.a. Citrin), Feldspate - 90% quartz portions
(eg. citrine), feldspars
21.08.96/2 142 56,3% 10,6% 33,1% alle Ubergangsformen vorhanden; leichte fluviatile
Uberarbeitung des glazigen-gebroch frisch verwitterten
Materials; geringer Quarzanteil - all transition froms exist;
slightly fluvial reworking of the glacially-crushed/ freshly-
weathered material; small portion of quartz
23.08.96/ 1 210 52,1% 38,0% 9,9% ca. 80% Quarz - c. 80% quartz
23.08.96/2 180 45,5% 37.8% 16,7% heterogene Probe, teilweise hoher Zurundungsgrad; Ubergang
von glazigen-gebrochen/ frisch zu fluvial gerundet; Varietdten
des Quarz vorherrschend (Citrin, Milchquarz) - heterogeneous
sample, partly important degree of rounding; transition from
glacially-crushed/ fresh into fluvially rounded; varieties of
quartz are predominant (citrine, milky quartz)
25.08.96/ 1 140 85,7% 14,3% - sehr scharfe Grate/ junge Bruchflichen, Material kantig-frisch -
very sharp crests/ fresh fracture surfaces, freshly-edged material
27.08.96/ 1 50 10,0% 80,0% 10,0% schwierige Analyse, da kaum Quarz vorhanden, viel Muskovit
(Glimmer) und braun-rote Aggregate - difficult analysis, since
nearly no quartz does exist, much muscovite (mica) and brown-
red aggregates
28.08.96/ 1 100 25,0% 55,0% 20,0% leichte Uberpolitur der frischen Bruchflichen - slight polishing
of the fresh fracture surfaces
29.08.96/ 1 33 15,0% 85,0% - Probe mit sehr geringem Quarzanteil - sampel with a very
small portion of quartz
30.08.96/ 1 155 53,0% 20,7% 26,3% heterogene Probe, letzte Transportart jedoch deutlich
ausgeprdgt - heterogeneous sample, last way of transport but
clearly pronounced
30.08.96/ 2 158 69,6% 19,0% 11,4% ca. 50% Quarz - c¢. 50% quartz
31.08.96/1 88 90,9% 9,1% - nur ca. 20% Quarzanteil, sehr kantig-frisches Bruchmaterial,
teils oberflachlich modifiziert - only c. 20% quartz portion,
well edged fresh fracture material, partly surficially modified
31.08.96/2 91 83,5% 14,3% 2,2% Jrisch gebrochener Detritus - freshly broken detritus
01.09.96/ 1 206 81,6% 13,8% 4,6% klassifiziertes, frisch gebrochenes Substrat, teilweise leicht
Sluvial iiberarbeitet - classified freshly broken substrate, in
parts slightly fluvially reworked
02.09.96/ 1 102 66,6% 6,9% 26,5%
02.09.96/2 165 17,0% 39,4% 43,6% schon zugerundete Korner, Ubergangsformen frisch-gerundet -
nicely rounded grains, transition forms freshly-rounded
06.09.96/ 1 170 60,9% 11,7% 27.4% alle AufSenkanten zugerundet, jedoch viele klare muschelige
Briiche auf Innenflichen - all outer edges are rounded, but
many shelly fractures on inner surfaces
07.09.96 240 25,0% 50,0% 25,0%
08.09.96/ 1 150 34,0% 42,0% 24,0% geringer Quarzanteil; alle Uberginge vorhanden - small

\

portion of quartz; all transitions exist

Laboranalyse (Mikroskopie) - laboratory analysis (microscopy). O.A. Bauer 9/10/97
Probenentnahme - sampling: M. Kuhle

Figure 5. Morphometric quartz grain analysis of 19 representative samples from S-, Central- and W-Tibet (cf. Figures 4, 6-9, 11, 13, 15, 17, 21, 22, 24,
26, 27, 29-31, 33, 34.
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CUMULATIVE FREQUENCY GRAIN-SIZE CURVE 21.08.1996/2 CUMULATIVE FREQUENCY GRAIN-SIZE CURVE 23.08.1996/2
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Figure 6. Ground moraine matrix taken from a depth of 0.15 m at 5060 migure 8. At 4730 m asl, moraine matrix taken from the orographic
aslin the high plateau area of the Yagru Xiong La (cf. Figure 5: 21.08.96/2ft-hand Late Glacial ground moraine- or lateral moraine terrace (Sta-
locality: see Photos 14 and 16; Figure 3, No. 25, Figure 2, No. 6. The chaium IIl or IV?) ca. 90 m above the present-day gravel floor of the Kyetrak
acteristic bimodal course of the curve is obviously as well as the fine grajalley. Depth: 0.15 m; locality: 2822 N/86°37'50” E, Figure 3, No. 40;
peak in the clay, typical of ground moraine. The ground moraine is slightifhoto 31 behindll 11l on the left. The bimodal course of the cumulative
weathered on the surface and contains humus. Polymict erratic bouldelisve, characteristic of moraines, is obvious. The important differences of
from granite, quarzite and gneiss are incorporated; some lime componetits lime content (cf. Figures 7 and 9) within the moraine sediments of one
can also be observed. Metamorphic bedrocks occur in the undergrouadd the same valley immediately show the strong topographic dependence
(Sampling: M. Kuhle.) of the ice flow on the thicknesses of the glacier. See Figure 5, 23.08.96/2.
(Sampling: M. Kuhle.)
CUMULATIVE FREQUENCY GRAIN-SIZE CURVE 23.08.1996/1
CUMULATIVE FREQUENCY GRAIN-SIZE CURVE 25.08.1996/1
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HUMUS CONTENT: 1.89 %
LIME CONTENT: 6,99 % HUMUS CONTENT: 3,79 %

Figure 7. At 4725 m asl, Late Glacial to historic ground moraine taken LIME CONTENT: 17.32 %

from a depth of 0.1 m on the bottom of the upper Kyetrak valley left of th€igure 9. At 5250 m asl, High- to Late Glacial ground moraine matrix taken
gravel floor, 2 km away from the tongue of the Kyetrak glacier. Localityfrom a depth of 0.1 m on the orographic right-hand flank of the Kyetrak
Figure 3, No. 32; Photo 29 in the foreground), 24 (on the right &f).  valley, ca. 600 m above the present-day thalweg. Locality: Phot@l27
The minor amount of the clay portion is to be reduced to the importaft Figure 2, Nos. 10, 11, Figure 3, No. 33. The bimodal course of the
portions of local moraine which has been transported not too far. Thesemulative curve with a pronounced fine grain peak in the clay is typical of
large portions are typical of the narrow valley landscape of the Himalaythe glacigenic character of the sediment. The moraine contains large erratic
where the sample locality is situated. See Figure 5, 23.8.96/1. (Sampligganite boulders; it covers the sand- and schist bedrocks extensively. See
M. Kuhle.) Figure 5, 25.08.96/1. (Sampling: M. Kuhle.)

Figure 7, Figure 5 diagram 23.8./1: predominance of 52.1f6rthern Shisha Pangma foreland in Kuhle (1988f, pp. 479—
glacially crushed/freshly weathered grains (the roughenidg3). The glacier traces, which the author indicates as being
of 38% could also be eolian)) have been laid down on tlieom the High Glacial (LGM= 0), are only reported and
High Glacial (LGM = Stadium 0) ground moraine plainmapped in part by Zheng Benxing. He does not declare or
(Photo 348 foreground) (Figure 3, No. 38, Photos 29 andonsider them to be of glacigenic origin, i.e., as giving evi-
32:|). Zheng Benxing (1988, p. 535, Table 3) classifies thesence of a higher ice level and a resulting ice run-off to the
end moraines as being from his Qomolangma Glacial agdthrough the Himalaya (cf. also Zheng Benxing and Shi
dates them as belonging to the penultimate and last glact&afeng, 1976; Shi Yafeng et al., 1982). Odell (1925, p. 331),
tion. His interpretation, which contradicts that of the authohowever, in view of his findings of ammonite-containing er-
is published in the Chinese Quaternary Glacial Distributiomtic boulders on Phusi La (5411 m asl), 300 m above the
Map (Shi Yafeng et al., 1991, eds). The different opinionsiodern Kyetrak glacier, argued in favour of a total glacier
with regard to the age-dating of end moraines are again disver of the basin of Tingri and an ice transfluence over the
cussed here. The author considers them to be — at the oldestershed of the Himalaya into the S slope already 71 years
— of Last Glacial to Late Glacial age (Stadium |, Table 1garlier than the author. Without doubt the Phusi La erratics
whereas Zheng Benxing applies a middle-Pleistocene agensist of Jurassic rock and lie on pre-Jurassic metamorphic-
All this has been described and compared in detail for tlveystalline bedrock. Odell quotes transport distances of at
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least 30 km for those erratics from their source areas, fdue exit of the valley, which runs from the Lhagoi Kangri
N of Phusi La, up to here (for further details see Kuhlanassif to the N down to the Tsangpo valley to Quxan, are
1988f, pp. 464-465). A kame, extending about 1 km inta be reported (Photo 35; Figure 2, No. 16). Here, about
N-S direction (Figure 3, No. 39; Figure 2, No. 14; 4220 n3900 m asl (altimeter measurement; according to ONC map
basal height; 381 N/86°34 E; Photos 32 and 33) is setmore than 4000 m), the round-polished hills and the ground
upon the featureless ground moraine area (Figure 11)mbraine sheet containing rather large erratic granite boulders
Ting-Jih (Tingri; Figure 3, No. 38) N of the Late Glacial(Photo 35a, B, | 1), are evidence that the ice. ), flow-
end moraines of Stadium Il in the lower Kyetrak Chu (Figing down as an outlet glacier from the more than 5000 m
ure 3, Nos. 37-38; Photos 29 and|32This glaciofluvially high plateau of the Lhagoi Kangri massif, has reached the
formed accumulation with a triangular- to diamond-shapéldsangpo valley (Photo 38), lying at an altitude of 4000 m.
outline is more than 40 m high and built-up from horizon- Five km upwards the Tsangpo valley from this junc-
tally lying, sand- to gravel-sized components. It is situateébn, one follows an orographical left-hand side valley of
many kilometres away from the E and W valley flanks of théhe Tsangpo, the ‘valley of Napshi’, to the NW into Cen-
Kyetrak Chu and geomorphologically isolated from them biyal Tibet (Figure 2, Nos. 17-18). Photo 36 has been taken
the ground moraine plain, so that it cannot be interpreted agwards from the inflow of this valley and shows glacially
a kame terrace on the margin of the glacier. Accordinglspunded valley flanks and mountain ridgas),( developed
the kame is regarded as being a sedimentary body, whiohmetamorphic sedimentary rock, in places with moraine
was infilled by the supraglacial meltwater into an ice hole ioover @). The gravel floor [0) with a cover of sand and
the middle of the outlet glacier, belonging to the ice streaoutwash loess has been filled into the valley bottom during
network I3 (Figure 12; Figure 10 right fifth) that meltedhe Late Glacial (Stadia I-1V). From the Holocene up to now
down during the Late Glacial (Stadia | and Il). Thereby thi has been cut several metres deep by the river (b&lpw
kame was held by the lining ice walls as by a cake tin. Thendercutting the opposite slope. Apart from those typically
two levels (0 1 and 2) shown in Photos 32 and 33 are exglacial erosion forms of the flank polishing (Photo 27,
plained by the expansion of the outline of the ice hole artlere are preserved moraine remnants 4.5 km up the val-
the connected decrease in thickness of the ice, lining it. They. A decametre-thick ground moraine remnant (Photo 37
eastern valley border of the Kyetrak Chu consists of hills arill) is in a hollow mould, set into the orographic right-hand
mountain ridges of 4400 to 5675 m in height, which havealley flank. The yellowish erratic ground moraine material
been polished round by the covering glacier ice (Photo 3és been diagnosed as being far-travelled moraine because
a a). In places, moraindl] background) is preserved on thet is lying on anthracite-coloured bedrock mica schist. In
slopes (Figure 3, No. 41). Its lighter loose rock is soft antthe course of the continuing 10 km up-valley, further lo-
thus very much exposed to erosion. Already at a distancesdlities with a ground moraine cover have been mapped on
can clearly be recognized by fresh and sharp erosion gullibe orographic right-hand valley flank (e.g., Photo 36
(Photo 34 on both sides & in the background). The regionFigure 2, No. 19). Owing to its dense loamy matrix, the
of Rongbuk-, Dzarka- and upper Arun Chu, N of Mt. Everelay-bricks for the construction of houses and walls are in
est, which continues E of this hill- and mountain landscapmany places cut directly out of the ground moraine cover.
has already been investigated earlier with regard to its formEne metamorphic bedrocks of the left-hand valley flank are
glaciation (Kuhle, 1988f, 1991d). preserved round-polished. At the down-valley end of Lake
Up to now the author has found no clear indicators oflaang Tso (4250 m asl) on its NE shore there are limestone
prehistoric ice sheet in the valley chamber of Pum Chu (Figacks, polished round by the glacier ice and partly covered
ure 3), connected E of the settlement of Ting-Jih (Tingripy ground moraine (Photo 38 near the left margin). In places
which itself is located in the High Glacial (LGM) groundthese roches moutonnées preserved in the limestone (Fig-
moraine area, attached to a hill that has most probably baee 2, Nos. 18, 20), have been undercut by the shore line
polished round by the ice. Therefore an ice-free valley zowé the lake (Photo 38¢ on the very left). Thus, the lake
is assumed, extending a few decakilometres to the E atiates from postglacial times. Corresponding undercuttings
probably containing an ice-dammed lake. On the questionlof the lake level after deglaciation have also been preserved
the former glaciation of the continuing area in the Pum Chin the form of cliffs at the foot of rock- and ground moraine
again further to the E (E of the map section of Figure 3), fieklopes M) on the other edges of Lang Tso (Photo 38 the
data and pertinent interpretations have been put forwardrest of«). This post-Late Glacial moraine- and tongue basin
an earlier study (Kuhle, 1988f). lake, located in the valley, is fringed by a mountain ridge
landscape, which has been completely covered (Photos 38
and 39~ -) and rounded4 a) by the High Glacial (LGM)
3. New observations on the Ice Age glacier cover in inland ice. Owing to the substantial ice thickness and topo-
S Central Tibet (from the Tsangpo and N of it, i.e., from  graphic context which were necessary for its development,
Figure 2, Nos. 16 and 17 to the W, Figure 12, 12 above  the collection of glacial forms in the lower valley of Napshi
Shisha Pangma) with its correlative depositions preserved up to the culmina-
. . tions of the relief, i.e., high up the valley flanks, provides
In addition to the results of two former expeditions (Kuhlegiqence that the outlet glacier flowing down through this

1988f, Figure 2, No. 16; pp. 466-467 and Kuhle, 1991¢qiey from Central Tibet, has reached the Tsangpo valley
Figure 43, No. 52; pp. 199-200) new observations from
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Figure 10. Cross-profile of the Pleistocene inland glaciation of Tibet (according to Kuhle, 1993c, p. 137). This older reconstruction is supported in this
paper by the observations regarding the S margin of Tibet, introduced in Section 2, which are evidence of the transfluences of the outlet gigciers throu
the Kyetrak valley and the Bo Chu W of Mt. Everest over the watershed of the Himalaya; in Sections 3 and 4 by the findings concerning the Tsangpo as
far as the Transhimalaya and in Sections 5, 6 and 7 concerning the western Central Tibet and the NW border of the Tibet plateau.

CUMULATIVE FREQUENCY GRAIN-SIZE CURVE 26.08.1996/2 |t indicates the evident fine grain peak of its matrix which —
being 30% — is conspicuously high. Photo 42 shows the very

50 Clay St Sand 100 colourful polymict composition of erratic stones, the size of
40 80 pebbles which, isolated from each other, are contained in
%5233 - % the matrix. The morphometric analy;is.(Figure.S diagram
10 27.08./1) and the related petrographic information (almost

0 Lot 0 no quartz, abundant muscovite) confirm the important por-

<2 2-6 6-2020-60 ggo' ?000' gggo' tions of local moraine, already indicated by the significant

peak in the clay, which the inland ice has taken up from the

(DIAMETER 1/1.000) fine-grained bedrock mica schists. The max. 10% glacially
HUMUS CONTENT: 0.72 % broken grains (which might partly have been also developed

LIME CONTENT: 1,26 % by frost weathering) could only derive from the SiQrains

Figure 11. 4265 m asl, matrix taken from a depth of 0.1 m from the groun&nc the far__trave"ed moram_e p?”'o”s-_ In Photo 41 the min-
moraine plain of Tingri (Figure 3, No. 38; Photo 3. It belongs to the IMum height of the covering inland ice (LGM) is marked
LGM (= Stadium 0). The cumulative curve of the grain sizes shows tHe. —), which must be deduced from the round-polished
_b|m0da| course, characteristic of moraines. The flne_ grain peak of the C'ﬁ¥ountain ridges.@ -)_ Below these gIaciaI erosion forms
is only weakly developed (4%), whereas the peak in the fine sand (41%) . . . .

glassic Late Glacial (ca. Stadia Il-1V) ablation landscape

is very conspicuous. The lime content evidences that the material has b@e s . )
transported from the N, where the limestone bedrock is located. (Samplitg:visible: a more than 10 m thick ground moraine (Photo 41

M. Kuhle.) B black) is covered by an ablation moraimwhite) (7). Si-
multaneous typically intra- or subglacial meltwater activities
é;hey have been described from N- to middle Finland) as they

(Yarlung Zangbo Jiang: Figure 2, Nos. 17, 18). Furth . : . ; .
. are consistent with a Late Glacial ELA, already raised since
up-valley and WNW of the upper end of the lake at a di he LGM, can be proved with the help of glaciofluvial gravel

tance of 5-8 km from the locality in Photo 39 in the are%‘odies (), incorporated into the moraine coverings. There
of the orographic left-hand hills of the Napshi valley — this » Incorp gs-.

) . . : exists no alternative periglacial or fluvial model to explain
valley is already many kilometres wide now, showing th L ; . .
character of an only flat high-lying valley —, in places Ioca&1e prehistorically glacial genesis of this landscape.
' In this area of metamorphic sedimentary bedrock, the

moraines in the form of a gr round morain ver are pre- : .
oraines .t € formot agrey grou dmora € cove aepl%mdscape of Doka La (Doka Ri) consists of perfectly

served on limestone ridges and roches moutonnées of an a0, . .
acially-rounded rather large hills up to mountain ridges

grey bedrock schist (4300—-4350 m asl? 24 N/87°16 E; 9

Figure 2, No. 21). In an orographic left-hand (northern( igure 2, No. 24; Photo 42 ). In view of the highland cli-

. . ate that is rich in freeze-thaw cycles and thus weathering-
source branch of the valley of Napshi, at a distance of 3 intensification (Kuhle and Jacobsen, 1988; Kuhle, 1990c)

13 km from the above-mentioned locality, round—polisheﬁi1eir condition is relatively fresh. showi : :

; o y fresh, showing exaration rills
and abraded sedimentary rock- and metamorphic ridges A& bedrock and lineations-¢) in the ground- and ab-
preserved almost connected over large areas (Photo 40). %ﬁ)n moraine coveringsv(. This points to the fact, that

is also evidence of an inland ice sheet (Figure 2, No. 22).@e melting ice disappeared only in the Late Glacial, ca
the area of the head of this northern source branch of t g ; L
Ka or more ago (Stadia II-IV ?; cf. Table 1). In this

Napshi valley there is at a distance of 3 km, below Doka La Lo ;
.connection it seems remarkable, that here and in the sur-

(4550 m), about 4500 m asl, a metre- to decametre-thi¢ s )
. ; rounding area of south Central Tibet no patterned ground can
moraine cover, which almost completely cloaks the land- . : : .
; . e observed despite the relief available everywhere. This,
scape. It is exposed in these loose rocks by a Holoceneto . : L o
e . . 00, is considered to be an indication of a long-lasting in-

modern, ramifying fluvial backward erosion and the deve]-

opment of microfluvial rills (Figure 2, No. 23; Photo 41).and Ice sheet, i.e., no long-lasting ice 'free period during
L . . L the Pleistocene. Beyond the pass and in the course of the
The grain-size spectrum (Figure 13) is very similar to thatof ~ . .
: . . . . continuing 50 km towards the WNW as far as the cara-
North-American inland ice ground moraine (cf. Figure 14).
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Figure 12. The High Glacial Tibetan ice had an extension of more than 2.4 millioh. Rine three centres of glaciation 11, 12 and I3 were separated from
each other by the Tsaidam lake and the Tsangpo valley. To the NW the ice complex of Pamir and Tian Shan continued, covering wide expanses as well.
The light, highest ice faces were glacier feeding areas. On the darker faces ablation was predominant.

CUMULATIVE FREQUENCY GRAIN-SIZE CURVE 01.07.1993/1

CUMULATIVE FREQUENCY GRAIN-SIZE CURVE 27.08.1996/1 Clay Silt

Sand

Clay Sit Sand

<2 26 620 20-63 63- 200- 630-
200 630 2000
(DIAMETER 1/1.000)

<2 2-6 6-2020-60 60- 200- 600-
200 800 2000

(DIAMETER 1/1.000) HUMUS CONTENT: 3,48 %

LIME CONTENT: 12,95 %
HUMUS CONTENT: 0,34 %

Figure 14. Ground moraine matrix from the area of the Last Glacial (LGM)

LIME CONTENT: 0.21 % Laurentide Ice Sheet in the Canadian North America, taken for compari-
Figure 13. 4500 m asl, Central Tibet, 3 km SE of the Doka La (passon with prehistoric Tibetan ground moraines. Locality: Canadian prairie
Locality: see Photos 4D and 42; Figure 2, No. 23. Ground moraine matrixat Moose Jaw, 40 km N of Old Wives Lake and 85 km ESE of Lake
taken from a depth of 0.2 m from a 3 m-thick moraine on bedrock phylliteRiefenbaker. Cf. Figures 6, 8 and above all 13. (Sampling: M. Kuhle.)
with polymict, mostly pebble-sized, far-travelled boulders. The diagram
shows characteristics, which are almost identical with a ground moraine
matrix taken in Canada, in the area of the Late Glacial North Americayan settlement of Sang-sang, there follows a Iandscape of
ice shield (see Figure 14). The very large clay portion (30%) is S"ik_i”glacigenic polish thresholds and depressions, which con-
though in general typical of the heavy trituration within a ground moraine.. p L
However, here it also profits by the very fine-grained bedrock in the urpiSts _Of roches njouton_nees.and rounded mountam ridges
derground of the nearer and further environment, which — as an alwd@lacially streamlined hills), situated at an altitude between

involved portion of the local moraine — has been incorporated. The aimas&. 4200 and 4900 m asl (Figure 2, Nos. 25, 26). Over large
as high second fine grain peak (ca.28%), situated in the region of the f'g

sand, depicts the markedly coarser portions of far-travelled moraine. t.ﬁrts this completely ro.und_pO“Shed an.d abraded I_andscape
Figure 5: 27.08.96/1. (Sampling: M. Kuhle.) as even been formed in steeply or vertically standing meta-

morphic rocks, which cannot be smoothed easily and which,
were it to be preserved in a smooth condition in the frost
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climate, is even more difficult because of their splinteringould be mapped 8 km away from Sang Sang (4400-4550 m
away (Photo 44). Five to 6 km WNW of Doka La (Figure 2asl; 2927 N/86°40 E); corresponding features occur at
No. 24) a remnant of a lake is situated at 4150 m (aneraddistance of 11 and 19 km. At the last-named locality
measurement) in a glacigenic polish depression, fringed dirdestone bedrocks have been observed, showing steeply
elongated by lake sediments which have been drainedadunt-jutting ridges which are glacially polished (4500 m asl;
the meantime. The adjacent slopes are mantled by groufigure 2, No. 28). At the localities: 29730" N/86°35' E;
moraine (loamy drift). It contains polymict gravel stones29°28 N/86°34'30" E, etc., from ca. 4450-4600 m asl up to
rounded at the edges, with, e.g., porphyry- and lydite corm-4700 m high pass (22940" N/86°22 E), there is a glacial
ponents, i.e., erratic material (far-travelled moraine). Slop@ndscape, abraded by glacier ground scouring, with stream-
debris, producedh sity, is lacking. Three km to the W a lined mountain ridges of dark metamorphosed sedimentary
further small lake is situated in a polish depression. Hermacks (phyllites) and a lighter ground moraine cover, con-
the hills are also covered by a thin moraine sheet. In th&ning rounded boulders (Photos 47-50). Rather small lakes
places where it is interrupted, polishings on sedimentaapnd ponds occur in many places, thus showing the char-
bedrock can be observed. When lake sediments are laakteristics of a (probably during the Late Glacial) thawed
ing, the small polish depressions are also cloaked by groutelad ice landscape (Figure 2, Nos. 25-28). 24-26 km W
moraine. Where several metre-thick deposits of loose roals Sang Sang (Figure 2, No. 28) further glacially rounded
line the foot of the slopes, it concerns moraine laid dowhills rise above the ca. 4425 m high plateau surface from a
in situ, bearing an overlay of ground moraine, which hawater-retaining ground moraine plain. In the area (4430 m
immediately been washed down the slope (Photos 44—-4&3I1), again connected to the W, a Late Glacial glaciofluvial
Despite the extremely different resistance of the rock bedgavel floor terrace is preserved on both sides of the Dog-
forming the surface of the roches moutonnées, the polishingsg Tsangpo (northern source branch of the Tsangpo river)
of the outcropping edges of the strata have been preser¢Edjure 2, Nos. 28-30). Meanwhile, the river has cut 8—
in a remarkably well-adjusted way (Photo &dand 45v). 15 m deep into the glacier mouth gravel floor. The northern,
This points to a minor, namely Last High- to Late Glacialle., orographic left-hand flank of the E-draining Dogxung
age (Wirm, LGM= Stadium 0) of these glacial erosionTsangpo valley, shows truncated spurs which have been
forms. At present the glacially polished rocks are cut a fepolished back by the down-flowing ice. They are covered
decimetres- to metre-deep by microfluvial gullies, followingpy ground moraine, partly glacigenically striated (Figure 2,
the slope gradients of the hill surfaces (Photov4dand 45 No. 30). In the hilly landscape S of Dogxung Tsangpo, again
V). So far this small-scaled postglacial gullying has beaonnecting to the W, light remnants of ground moraine on
developed to such a small extent, that the typical charactertical, polished metamorphic hills provide evidence of the
of a totally round-polished and abraded glacial landscapeehistoric inland ice sheet (Figure 2, No. 29; Photo 48).
could as yet not be destroyed or evidently modified. In marfhis type of landscape continues westwards, where a ground
places (2920 N/87°07'30" E; 29°1930” N/87°05 E; etc.) moraine sheet, surrounded by a hilly band of polished edges
and also within the following 6—7 km (distance from thef the strata has developed a ramp-like incline (Photo 49
locality in Photo 46) the roches moutonnées and round®). Such a slope cannot be the result of periglacial-fluvial
hills and ridges are covered by a thin, only few decimetresiorphodynamics; it is typically glacigenic. Following the
to metre-thick ground moraine sheet. Due to the portiotisalweg, shown in Photos 48 and 49, and the correspond-
of far-travelled erratic material, its colour is light-grey tang valley bottom up to the head, the culmination of a ca.
yellow or light-orange (Photo 45). It strikingly contrasts 4700 m high classic glacial transfluence pass with a ground
with the dark bedrocks and as a rule has already been ringadraine cover (Photo 50) is reached. In the area of the con-
from the rock ridges, especially in the area of the culminginuing 16 km beyond the pass, a thick ground moraine sheet
tions (Photo 46). On the hill slopes and particularly in theith large erratic granite boulders covers wide expanses of
slope depressions, down to the base of the hills and moymolished hills of crystalline schists (Photo l). The phyl-

tain ridges, the ground moraine sheet increases in surfacdi®s stand vertically, showing band polishing of outcropping
well as in thickness (Photo 48). Due to the slope ravines, edges of the strata (Figure 2, Nos. 28, 29). A 10 km extended
which suddenly become deeper and are lying close togetlede, lying in a Late Glacial (Stadium Ill; Table 1) tongue
downslope (Photo 484), this basal ground moraine cloak ofbasin, follows to the W (Photo 52). Along its shore line
the mountain ridges can already be recognized at a distaecrtic porphyry- and granite boulders, metres in size, have
as a relatively soft material. In places this can be observieden washed out of the ground- and ablation moraine by the
even better by the exposed earth pyramids (Phota)4éh  surf (Figure 2, No. 30). The fringing end moraine hills have
the basin of Sang Sang a large-scale ground moraine occbexzn cliff-like undercut by the lake (ca. 4600 m asl). In con-
which is covered with ablation moraine (Figure 2, No. 27}rast to the usually more clayey-silty ground moraine, this
The ablation moraine is recognizable by its polymict pebbleate Glacial end moraine (Photo ®I11) shows a propor-
scatter of 1-2 cm-long components, edged to rounded at tlmnally sandier matrix. But the older ground- and ablation
edges, the portion of which is markedly greater than that oforaines (Stadia 0—Il) are also rich in sand in this area (cf.
the subjacent ground moraine (cf. Photo®y. Following Photo 51). Differently coloured polymict pebble- and gravel
our profile to the W, glacially streamlined mountain ridgessomponents of metamorphites such as quartzite as well as
with partly overlying ground moraine (Figure 2, No. 27)pf granite, porphyries and other source rocks (Photoll53
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foreground) ‘swim’ — separated from each other by ground CUMULATIVE FREQUENCY GRAIN-SIZE CURVE 28.08.1996/1
mass — in High- to early Late Glacial (i.e., Wirm or Stadium

0= LGMto Il or lll) ground- or ablation moraine SW of this 50 Clay Silt Saend 100
lake (4600-4650 m asl). This ground- and ablation moraine 40 80
sheet is markedly even and therefore cannot be mistaken f¢ < gg 23 %
a very large and flat alluvial fan. Only on the margins are 1oL 50
there adjusted rather small to medium-large fan forms of o ey sansois 0

200 - 600 -
600 2000

<2 2-6 6-2020-60 60-
200

(DIAMETER 1/1.000)

surficially outwashed ground moraine material to its surface
as postglacial formations, created after deglaciation (n

this area the inland ice run-off, reconstructed with the help
of the forms of roches moutonnées and ground scouringHUMUS CONTENT: 3.03 %

took place from NNW to SSE«). In the course of the (Mg cONTENT: 0.06 %

following 17 km of this profile to, the W, the terram, rISesFigure 15. 4680 m asl (aneroid measurement), ground moraine matrix in
to a ca. 4950 m (4840 m aneroid measurement) high pkgntral Tibet, taken from a depth of 0.1 m. The moraine contains erratic
historic transfluence pass (28 N/85°56'30" E; Figure 2, granite boulders and lies on thinly stratified bedrock schists. The relatively

No. 31), which has been smoothed by the overflowing inlargggat portion of clay of ca. 13% — though the sample was taken close to the
. H ' th t hic bed k db alllgace — as well as the bimodal course of the curve evidence the morainal
Ice. Here, thé metamorphic bedrocks are covered Dy an Oy aeter, Locality: Figure 2, No. 33; 2865 N/85°17'30" E; cf. Figure 16.

decimetre-thick ground moraine without large boulders. I@ampling: M. Kuhle.)

places it has been cut and used as loam bricks for the con-
struction of enclosures of cattle kraals. Extended basin- an CUMULATIVE FREQUENCY GRAIN-SIZE CURVE 03.07.1993/1

valley bottom plains, with ground moraine covers, follow N

and NW of the pass and ca. 200 m lower (4645 bis 4610 g, Clay Silt Sand 100
asl aneroid measurement). They are interrupted at the su 40 80
face by glaciofluvial gravel fields. In some places and alsc ¢, 30 60 o
at a distance from the slopes, 1-2 m long erratic gneiss fg ;’8
and granite boulders are situated (Figure 2, Nos. 29, 30) 0 0

26 620 2063 63-
200
(DIAMETER 1/1.000)

<2 200 - 630 -

Thinly stratified metamorphites occur in the underground.
630 2000

The ground moraines around here can be differentiated witl
regard to the time of their origin. In many places (e.g., at
29°2430" N/85°47'E) a ground moraine, particularly rich  yumus CONTENT: 13.99 %
in boulders on its surface, overlies the High Glacial (LGM) | e coNTENT: 47.84 %

ground moraine with less boulders. Accordmgly, It beIonq§|gure 16. Ground moraine from the area of the Last Glacial (LGM) Lau-

to the Late Glacial (Stadia llI-1V). Summits, sharpened byntide Ice Sheet in the Canadian North America, taken for comparison
the prehistoric inland ice, are rising in all directions at a disvith the prehistoric Tibetan ground moraines. It is the so-called far-travelled

tance of decakilometres from this locality. Sometimes thél%anmore Till" from the Bow valley in the Rocky Mountains. Locality: ca.

. . . 0 km W of Calgary near Banff and the Lake Minnewanka in the eastern
manifest the forms of gIaC|aI horns (Flgure 2, No. 32)' IE%ountain foreland Cf. Figure 15: the similarity of the course of the curve

this area N of the Yarlung Zangbo Jiang (southern sourgghe histogram, i.e., the arrangement and height of the separate columns
branch of the Tsangpo river) they are ca. 5800—6150 gfthe diagram is obvious. Because of the much lesser vegetation of today,

high and might have pierced the glacier level, at least sinlf@ humus content of the Cana_dian ground m_oraine, which is almos_t five
the Late Glacial. When the alacier level has dropped stmnes greater than that of the Tibetan one, points to the far colder climate
) 9 pp High Tibet, being much closer to the prehistoric glaciation. (Sampling:

further, cirques ‘nestled’ in some of the highest of thesg. kuhie.)
summits (Figure 2 between Nos. 32, 33 and 38), and even

at present partly contain small glaciers. This makes clear, .
that these summits have towered above the Late Gladigcture surfaces. Further W, 19 km away from this sample

(Stadium IV) to Holocene snow line and at least reach t#@cality, @ ground moraine area stretches, which covers the
historically climatic snow line. Figure 15 presents an exachist bedrock (Photo 38). It contains large erratic granite
ample of the classic composition of High- to Late Glacidplocks (0). These far-travelled blocks are partly edged and
ground moraines in the Transhimalaya (or Gangdise Sh&aunded at the edges, but also facetted and somewhat bet-
cf. Figure 2) of South Central Tibet (Figure 2, No. 33)t€r rounded. The next granite bedrocks have been four!d ca.
evidenced by the amazing similarity with the Last Glacial® km NW (Figure 2 between Nos. 32 and 39). This might
Canadian inland ice ground moraine (Figure 16). The fake a_p035|ble source area of the erratics, which can al_so be
of a five times smaller portion of humus (3.03% again§Pnsidered as being probable because of the declination of
13.99%) indicates a present-day climate far more hostile_tﬁ)e Tibetan plateau and the_resultmg dlre_ct|on of the inland
vegetation, i.e., in this relatively humid area of Central Tibd¢€ run-off (see above). Owing to the pelite portions of the
with a precipitation of ca. 500-700 mm/yr markedly coldef0c@l moraine taken up from the underground, the ground
i.e., closer to glaciation. Figure 5 (28.8./1) presents abdiiPraine contains clay, so that the monsoon rains lead to
25% of the quartz grains contained as freshly weathereddmming wetness). Turfs and ground moraine are used as
glacially crushed, while 75% show a slight polish of th®vilding material §), which points to their compaction and
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coherence. Some of the small hills, rising over the moraimé excavation (Figure 2 between Nos. 38 and 39), stretching
surface, are perfectly rounded roches moutonnées of fhem the thermal springs 17 km N as far as the 5250 m-
‘whaleback’ type & centre). The wide ground- and ablatiorpass, extends a classic glacial landscape, made up in part of
moraine plain around the nomad settlement of Raka (4705granites and in part of sedimentary rocks. It corresponds to
asl aneroid measurement;°28 N/85°09'30" E; Figure 2, the Scandinavian fiell-landscape in all details (e.g., Rondane
No. 34) shows several shallow lakes on the water-dammiigS Norway). On the valley bottom, N of a trough lake, Late
material, the extensions of which fluctuate according to ti&acial to Neoglacial glacier mouth gravel floors (No. 1 to
seasons. The area is fringed by partly streamlined mountain= Sirkung Stadium IV to Nauri Stadium V, see Table 1)
ridges, round-polished by the glacier ice, which consist dfave been laid down on the High Glacial ground moraine
metamorphites (phyllites, thinly layered schists) (Photo 55)over in a thickness of over 10 m and cut into terraces (at
From the hill complexes reaching several hundred metresa8°45 N/84°54' E) (this has also happened in Rondane). W
relative height, which have correspondingly extended locaf the pass, where cirques of the Alpine type as well as of
catchment areas of down-flowing precipitation water, sontliee type ‘Norwegian Botner’ have been set into the lower
fans of displaced ground moraine material have been ameuntains during the Late Glacial (Figure 2, above No. 37)
cumulated out of small valleys and gullies on this primargnd the higher mountains have pierced the inland ice cover,
ground- and ablation moraine plain. Due to its evenness itde that forms of glacial horns occur now (Figure 2, No. 39), a
the relative accumulation base for this displacement. Abatitque-, hanging- and valley glaciation exists today, showing
10 km WNW of Raka (Figure 2, No. 35) the ground- anéte streams of a maximum of several kilometres in length
ablation moraine landscape changes a little, because n@®otos 60 and 6D). This late Holocene and historic to
the moraine cover also overlies forms of ground scouringiodern glaciation (Stadia/Il to XII; Table 1) with ELA

such as flat roches moutonnées, and the coarser moraiepressions of max. 80—150 m compared to those of today,
components consist to a great extent of polymict crystallifas sharpened the mountain ridges and intermediate valley
pebbles, gravels and blocks (Photo 56). Following from heriglges — rounded by the glacial inland ice (Phota&G- on

an initially flatly inset furrow of the main valley towardstheir firn- and ice borders by marginal undercutting and very
the NNW into Central Tibet, the washed to out-washeidtensive frost weathering along the black-white borders.
moraine (Photo 561) is obvious, modified to gravel floorsIn places it has partly destroyed the High Glacial features
in the course of the meltwater run-off. This process toglPhoto 60 below- — on the left margin). The complete cov-
place in accordance with the large-scale deglaciation of thang of the 5250 m pass with ground moraine (Photdit0
Tibetan plateau since the late Late Glacial (Stadium 1'\¢1 B left) proves the transfluence of the glacial ice (LGM
Table 1). Further up from this location (4725-4820 m asb Stadia Il or even lll) (inland ice level: Photo 60 and 61
aneroid measurement; Z0-37 N/84°57-58 E), follow- — -). N of the pass a late Late Glacial (Stadia Ill-1V) tongue
ing the gravel string and its thalweg towards the NNE, laasin lake is situated (Photo 61), which has reached higher
glacigenic threshold landscape in metamorphic rock can level positions either by an impounding glacier tongue at
observed over a distance of 15 km. It is composed of rocttee lower end of the lake and later by dead ice, damming
moutonnée-like elevations and also covered by a ground the run-off, or has come into being by the impounding
moraine, including polymict erratic massif-crystalline boulend moraine (Photo 6]}, i.e., by a combination of all these
ders (granite, etc.) (Photo 57). In places, the surfaceshbckages. Its level, lowered in the meantime, has left be-
the inserted moraine covers which have been outwashechiod prehistoric cliffs and lake shore ramparts. These cliffs
gravel fields, also show — besides the kind with longishiaterrupt and reshape the glacial forms by small steep steps
band-shaped outlines — those which diverge laterally. Sorgighoto 61v). Owing to the especially intensive frost weath-
of the roche moutonnée-like rock threshold segments haeéng in the surf zone they have developed within a few years
been undercut and exposed by the postglacial to modemdecades. A very short, step-by-step depression of the lake
meltwater rivers (Photo 58; Figure 2, Nos. 36, 37). Photo 3&vel would point to an impounding glacier tongue from a
shows a more up-valley position of that meltwater run-of§ide valley connected from W to E or from E to W in the
situated ca. 5 km further N. There is a post-volcanic thermatea of the lower end of the lake (Photo 62 N of the
spring with recent limestone sinter formations on rock sulake, decimetre-thick covers of wind-blown sand are laid
faces, polished by the ground scouring. N of this thermdbwn on the surface of ground moraines, younger glacioflu-
spring, which indicates a deep-reaching tectonic faultingial gravel floors and lake bottom, which get hold through
a glacially rounded, at least partly granitic mountain ridgéwarf shrubs and in places have been accumulated to over
landscape sets in, showing the forms of Scandinavian fjeftgetre-high knolls (‘Kupsen= small hills of wind-blown
(Photo 57 background; Photo 59. In the same way as in sand heightened by the dwarf shrubs).

Scandinavia the high plateau-, hill- and mountain landforms The profile continued N of the lake further to the N as
of Central Tibet were completely covered by the inland ickr as the 5600 m-high Transhimalaya main pass across the
complex |12 (Photo 5& —; Figure 12, 12 N of Manaslu and E Gangdise Shan (Figure 2, No. 40;°28 N/84°39 E),
Annapurna) during the High Glacial (LGM Wirm= Sta- which begins at an altitude of ca. 5000 m and rises con-
dium 0) and then at least up to the early Late Glacial (Stadisimuously up to this pass at a distance of ca. 30 km, is
and Il; perhaps also Ill). This is evidenced by the abovéhroughout marked by glacigenic forms. Apart from the
mentioned indicators. In the 4—-6 km-wide, valley-like areeound-polished mountains, which are evidence of a complete
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inland ice cover (Photo 6@ and in the further background), CUMULATIVE FREGUENCY GRAIN-SIZE CURVE 29.08.1996/1
a multitude of younger ground moraines and youngest ent
moraines overlies the basal High Glacial ground moraine 50
sheet in this high valley area, the valley bottoms of which
are situated only just 200 to 800 m below the present-
day snow line. The end moraines show fresh rampart- ant
hill forms and, correspondingly, a locally more important
thickness. Up to the late Late Glacial (i.e., Stadium 1V) <2 2-6 6-2020-60 60- 200- 600-
the ice completely covered this area as far as the summits 200 600 2000
The even younger depositions of ground- and end moraine (DIAMETER 1/1.000)

have been left behind by the Holocene glaciers above 5600 yymus CONTENT: 5,39 %

5700 m asl during the Neoglacial (Stadium V, Table 1). The | e coNTENT: 0,68 %

ground moraine covers which, dependent upon the IIqc"rﬁ"gzure 17.4780 m asl (aneroid measurement), Central Tibet, ground

have been heavily reshaped in many places by solifluctiGfiraine matrix taken from a depth of 0.1 m. Locality: Photo 63; Figure 2
could not be systematically-chronologically differentiatetletween Nos. 41 and 42. The curve shows the bimodal course characteristic

until now. Here, the periglacial morphodynamics profit b f moraines; the fine grain peak lies in the clay and attains nearly 20%.
' his is especially typical of ground moraine. As for the morphometry, cf.

a precipitation estimated at least at 500-700 mm/yr, Wh'%ure 5 diagram 29.08.96/1: according to the sedimentary bedrocks, which
only falls as (mostly wet) snow (cf. Photos 63—65) even ifiere and in the more distant environs are more or less metamorphic, only a
summer. Its humidity is held for a long time by dense moriew quartz grains are incorporated, from which 15% are glacially crushed,

soon clouds and the water-retaining ground moraine maﬂ‘h&’ freshly weathered. To conflrm the obwou; ground'morame character,
the analysis of a ground moraine from a classic Canadian area (Figure 18)

(cf. Photo 67). A very broad glacial trough Va”_ey Iead% put beside this diagram (Figure 17). (Sampling: M. Kuhle.)
down to the WNW as far as a valley chamber set into meta-

morphic sedimentary rocks like a box, the ground moraine CUMULATIVE FREQUENCY GRAIN-SIZE CURVE 02.07.1993/1
bottom of which is situated at 4780 (i.e., ca. 4950) m

asl (Photo 63). Here, too, geomorphology and sedimentol Clay Silt Sand
ogy unquestionably point to a last glacial inland ice cover
(Photo 63, minimum level of the ice ). Figures 17 and

5 (diagram 29.08./1) confirm the glacigenic condition of the
ground moraine matrix of the valley bottom (Photo B3
Because part of the ground moraine surfaces merge into lat <2 26 620 20-63 63- 200- 630-

Clay Silt Sand

to neoglacial glacier-mouth-gravel-floor-terraces (Photo 6 200 €30 2000
v v), a surficially glaciofluvial rinsing and washing of the (DIAMETER 1/1.000)

round moraine is obvious. Accordingly, diagram 29.08./1
gr ; gly, diag HUMUS CONTENT: 1.97 %
(Figure 5) shows a dull (eolian)/lustrous (fluvial) 85%-peak .

. X . : . LIME CONTENT: 2,54 %
in the surfaces of the quartz grains. This confirms a fluvial

; ; ; ; ; igure 18. Sample for comparison: ground moraine matrix of the ground
reShapmg of gIaCIa”y broken grains which, deSplte the rrgnoraine plain between the Bow River and the South Saskatchewan River ca.

working, still have somewhat rough surfaces, and thus a§£xm nw of the Medicine Hat in Canada; Wisconsinian W Laurentide Ice
a reminder of an eolian reshaping. As is shown by the corskeet. The sample was taken from a depth of 0.1 m. (Sampling: M. Kuhle.)
ment on Figure 5 (diagram 29.08./1), those 85% of the grains

have been classified as being dull/eclian by microscopy in , i o

the laboratory, i.e., without field knowledge. Due to the ged}@ces in the foreland of the actual inland ice in W Green-
morphological field analysis of the accumulation area whel@d: €.9., on the Nugssuaq peninsula (Kuhle, 1983c). Espe-
the sampling has taken place, which shows no eolian Cha@lly the _|nf|II|ngs of gIaC|ofIU_V|aI grayel floors in the late
acteristics at all (cf. Photo 6m), here, at approx. 5000 m Late Glacial an_d the Post_glamal_(Stadla_IV—X; Table 1) after
asl, an eolian reshaping of this fine material matrix has to J&¢ down-melting of the inland ice and ice stream network
excluded. Thus, the dullness of the slightly rounded graiff§!0nd to this character of landscape (Phot¢)64

must be understood as being a glacigenic residual roughness ,

of the glaciofluvially reworked material. Figure 18 shows-1- Summary of Section 3
that the Canadian ground moraine laid down by the Laﬁ

Glacial (LGM) North American inland ice (Laurentide lceNos. 40-41 (Figure 3), a great wealth of obvious indica-

S\detgtlar;]d rt:e o:e taken at this locality (Figure 17) 48irs has been found on a continuous glaciogeomorphological
evidently homogeneous. rofile and field datings (sample analyses) have been re-

reTgf \gﬁstesrli/hgdéiﬁfzt ::% arl] c())ff ?hgannsgxinceopzsﬁ;c rted, which provide evidence of an relief-covering inland
" ) W inuat u IqUOUS GIaCtAL 4f the area concerned.

character of the landscape of S Central Tibet. Geomor- The series of indicators from S Tibet introduced as far

phologically similar landforms in a region of sedimentar . ; . : i
bedrocks as here, occur in the High Glacial glaciation are?}? this locality (Nos. 41 and 42) and described with re

. : . . ard to the arrangement of their positions, will now be
Mt. McKinley (Denali National Park, Alaska) and in man continued in their entirety on an immediately connected

tshould be stressed that, from locality No. 17 up to locality



22 M. Kuhle

profile of field investigations further to the N into middlebeen developed because of the much larger pore volume of
Central Tibet. The reason for this detailed manner of ddie matrix. For that the typical fine grain peak in the clay
scription is that the complete glaciogeomorphological arfthction is necessary. The local change in the composition of
glaciosedimentological, immediately empirical evidence their material, characteristic of inland ice ground moraines,
the strongest confirmation of a prehistoric glaciation whidis obvious. In places where granite bedrock occurs or — more
can be provided at all. generally — coarse-crystalline bedrock, as, e.g., at locality
No. 43 (Figure 2), the ground moraine contains relatively
great portions of large granite boulders (Photdj8A few
4. Continuation of new observations on the prehistoric  kjlometres down-valley to the N only a small portion of gran-

inland ice cover in middle Central Tibet (Figure 1, ite components has been added (Figure 2, No. 44) and the
No. 20 below the ‘i’ of ‘Tibet'; Figure 2 between coarse block fraction has completely receded. Here sedimen-
Nos. 40-41 and No. 64; Figure 10 left of the tary bedrocks occur which are the cause of a local moraine
Transhimalaya; Figure 12 in the area of 12 below with small coarse components (Photo BB white); but
‘Tangula Shan’; Figure 19, Transhimalaya and here, too, the ground moraine is polymict. All debris bod-
somewhat left from it) ies forming rather huge slopes and cones of loose material,

. contain moraine cores. They are built up by glacial deposits,
N of the 4885 m-pass (Photo 64) the ground moraine plaifigich have surficially been reworked and dislocated down

continue with at most fist- to head-sized boulders (Photos fa, slopes as, e.g., kames, lateral- and ground moraines
and 66M) on the high valley- and intramontane basin boypnqtg 69v) (cf. investigations of Iturrizaga, 1998, Karako-
toms. Itis mainly local moraine but no far-travelled moraing,, and Himalaya). In some places the ground moraine
from areas with massif-crystalline bedrocks. In fact, th§sttom of this flat, broad valleys from the N-slope of the
round-polished hills surrounding, from which the glacier Gangdise Shan (Transhimalaya) down into Central Tibet is
bottom has eroded and removed the material, consist g aq by deflation pavements (Photolp This is a surfi-
sedimentary rock, the stratification of which determines they| concentration of components the size of coarse pebbles
maximum size of the stones and bou.Iders. During the quﬁ to gravels in the form of a pavement, covering the fine
Late QIamaI, whgn the ELA was running over 5900 m, thatrix. It has been developed on these surfaces over 4500 m
overlying ground ice changed from cold to warm ice with @3 \yhich are poor in vegetation, due to the drifting of the
increasing and subglacially concentrating portion of melfye matrix since deglaciation. The lack of a weathering de-
water. At the exits of the hanging valleys, this subglaciglis cover createih sity, i.e., its replacement by a ground
water flowing down under hydrostatic pressure, has erodgfaine overlay on the hill slopes (Photo ¥}) has already
V-shaped profiles and small gorges into the rock thresholds, era) times been quoted as an inland ice indicator in this
and rounded steep steps, so that their fresh slopes are gebarch report. The form of the valley bottoms, inclining
off against the round polished forms above by pronouncgdyy ramp-like in the valley cross profile (Photo 70 between
working edges (Photo 65T). Although nearly all moun- g 3nqy), which push with their upper edges against the
tains and rock ridges show clear traces of glacial roundifg, e, edges of the mountain slopes (bel®ww) is con-
(Photo 66a black), the glacial genesis of which in contras{incing in the same way. Apart from the ground moraine
to periglacial convergence forms is proved by the lack ofiyterial already mentioned, of which they consist, this form
debris cover weathered situ, perfect roches moutonn€es,a, pe explained by no other deposition-mechanism of loose
are scarce. In Photo 6G(white) such a roche mouton- g than that of an inland ice cover, which always has
nee is shown in sedimentary bedrock (phyllites). Those kg most substantial local thickness in the middle of the val-

forms more frequently, i.e., more easily develop in graniig, pecause of that and because the velocity of the ice flow
bedrocks (Photo 6& a). The cause of this are the releasgp  the plasticity of the ground ice are also at the max-

joints of massif-crystalline boulders, performing smooth hiff., , 1y there, the soft ground moraine has drifted towards
surfaces by the glacial ground scouring. The precipitatiqRe yalley edges and has slightly, i.e., in the form of a flat
does not flow off the flat valley- and basin bottoms bytym, heen upthrust (Figure 20). Following our S/N profile
forms slowly evaporating water faces (Photo 67, abllive a good two decakilometres to the N (33 N/84°59 E; Fig-

in the foreground). This provides two sets of geomorphologze 5 Nos, 45 and 46), a further area with granite bedrock
ical/sedimentological informations: (1) the relief is so flatg (eached. showing coarse-weathered boulders (Photo 71).
i.e., it even shows flat thresholds with slight counter-slope-éwing to the granite the Ice Age features of ground polish-
that over large parts no fluvial streamlet-system has so fgf among them a classic roche moutonnéeéntre), are
been developed; (2) the cover of loose sediments has syehyeqly more heavily roughened than in the regions with
a dense, clayey matrix that it is perfectly water-retaininge gimentary rock, which is much more widespread in Tibet.
Both aspects are direct and indirect indicators of glaciefgeyertheless, they are still clearly recognizalales). Late
Without a Pleistocene inland ice sheet, an extended fingp,cig| |ateral- and ground moraine remnants preserved here
meshed streamlet-system would have been developed in i8R0 71m white), are rare in these regions of Central Tibet,
course of many 100000 years. If a fluvial gravel cover of thignich show only little gradient. They mainly occur in the

accumulative bottom had existed alternatively to the grour@,g"eys and the immediate periphery of mountains, towering
moraine overlay, no water faces, persisting over several d%to or above the present-day snow line.
up to months (in an extreme case even years) could have
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Figure 20. On the genesis of flat glacial ramp-slopes in High Glacial ground moraine.

From the locality mentioned down the same valley dsere and the favouring factor of the eolian transport in the
far as its inflow into the decakilometre-extended basin withear vicinity.
the Zhari Nanico, glaciofluvial terraces with three main-
levels and two sub-levels are preserved (Photo 72). Theké. Insertion on the characteristic unchanged preservation
are sander and gravel floor deposits accumulated after tfeHigh Glacial subglacial forms of the Tibetan inland ice
down-melting and decay of the High Glacial inland ice orven after deglaciation
the lowest levels of the Tibetan plateau, as, e.g., at the settle-
ment of Maindong (or Cogen). They developed between ti€ the south as well as on the 5050 m-high pass (Figure 2
complexes of ice remnants which — as is shown here — wd@tween Nos. 50 and 51), it becomes exemplarily clear that
still lying on the higher mountain groups in the Late Glaciathe landscape in the geomorphological sense is extremely
Their meltwater discharged gravels and sands from the v4gatureless’ (Photos 73 and 74). This is an important charac-
leys (Photo 73) into such intramontane basins. In contradgristic of prehistoric cover glaciations noticeable over wide
to the gravel floors the sanders are dependent on very f&¢as of the Tibetan High Glacial inland ice. Only rounded
discharge gradients. Thus, they have been developed H&untain ridges with a large-scale ground moraine cover
by the backflow of the water of a large ice-dammed lak@erely decimetres in thickness (M) could be observed.
existing in the ‘Basin of Maindong’ (or Cogen) in the Latel his widespread observation is essential insofar as it points
Glacial. This happened during a post-High Glacial phas®, @ nearly complete lack of an inner moraine of the in-
when the Late Glacial glaciers still blocked the valleys whiclgnd ice. The occurrence of upper moraine above the ELA
were possible as discharge outlets, whilst this large badlas to be ruled out anyway, because the debris which falls
was already free of ice. The existence of this glaciolimnic8own onto the inland ice from the summits (nunatakr) which
lake, which was the forerunner of the modern Zhari Nanidgjerce the ice surface, is immediately covered with snow and
(lake; Figure 2, No. 47), is proved by delta accumulatiorf§us incorporated into the ice body (as inner moraine). In a
(Photo 72A). Peripherally the sander areas have been ovéimilar way, as the occurrence of upper moraine is depen-
thrust by the edges of g|acier5, advancing again in Sorﬁ@nt on a Steep relief, from which the debris falls down on
places. Evidence of this is provided by a hanging grour@ the ice and is thus reduced to mountain glaciers, inner
moraine (Photo 7.) on the NNW margin of the basin (F|g_ moraine occurs Only in places where flank pOlIShlng EXiStS,
ure 2, No. 49) The ground moraine cover continues to the i\e,., inthe Steep mountain relief. After deg|aCiat0n the exclu-
NW and NE, i.e., it passes into an older, High Glacial (LGMive ground scouring which took place in these high plateau
= Stadium 0) ground moraine area (Photo M3 At the landscapes of Tibet, can be recognized by ground moraine
place where hills and roughnesses of the field provide winBteserved without a covering layer of ablation moraine. Be-
shadow and create lee-whirls, the sand blown away from tG@use this ought to have been accumulated by supraglacial
near sander areas has been deposited as a sheet of drfifsh intraglacial meltwaters, the process of thawing-down
sand (Photo 78). Because these wind-blown sand deposi&efe concentrated no inner moraine at all. Subglacial accu-
here at over 5000 m asl belong to the highest on earth, th&lglations by meltwater like eskers or kames such as have
existence is also due to the glaciolimnical sediments arouB@en observed in a central valley bottom position in the
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Kyetrak Chu (valley) N of the Himalaya (Figure 3, No. 39the inland ice into large dead ice complexes and the rapid
Photo 32) have been found by the author in Tibet only behange to a glaciofluvial to glaciolimnic reshaping of the
low 4600 m asl (Kuhle, 1991d, e.g., p. 141; pp. 161-168eld. Beyond the northern fringing heights of this basin an
Photo 40; pp. 229-230, Figure 43, Nos. 8, 16, 25), mostiynchanged glacigenically-shaped upland of hills and moun-
on valley bottoms or even near the thalweg, where the meti#in ridges, with intermediate flat high valleys, again follows
water could concentrate. Up to the complete deglaciatidifsigure 2 between Nos. 51 and 55;°2%-31 N/85°10—
which due to a cold and at the same time subtropically arid’ E). Its bedrock surface has been rounded by the inland
Late Glacial climate mainly took place by sublimation, heréce ground scouring and covered with an at most few metres-
at a height of over 5000 m, the ice bottom of the glacier, i.ghick ground moraine (Photos 77—72: ®). Only on the

its ground ice was obviously so cold that the small amouwnéalley bottom areas do traces of reshaping fluvial dynamics
of subglacial meltwater was unable to bring about displaceecur (Photo 7&1). This results from the melt- and precip-
ments of ground moraine, other fluvial accumulations, a@ation water, which only there flows together at a quantity
denudation forms on the convex (Photo 72) to large-scaafficient for the development of forms. It mainly concerns
flat land surface (Photo 73). In subtropical latitudes at 460@ke interval between the late Late Glacial (Stadium 1V) with
5000 m the proportional increase of the evaporation ablatitateral erosion of the branches of the glacier meltwater on
at the expense of the melting ablation at a rising altitudke lower slopes (Photo M) and the Neoglacial (Stadia V-
above sea level has probably caused the qualitative gé&dH), with the build-up of youngest gravel floors (gravel
morphological leap in the remains of the Tibetan inland id&eld, sander) (Photo 78 —0 to —2). Today only a fluvial
described. Obviously the process of deglaciation is geomdnot glaciofluvial) reshaping of the gravel fields of the valley
phologically so defensive up here, that the High Glaci&lottom (i.e., of the ground moraine which in many places is
subglacial features have been preserved nearly complete arately outwashed) takes place by the meandering mountain
unchanged (as is shown in Photo 74). river (Photo 78).

4.2. Continuation of Section 4 with regional observations 4.3. Similarity of the glacial landscape with that of Central
. Sé)itzbergen
Beyond, NW of the 5050 m-pass (Figure 2 between Nos. 5
and 51), the forming of which presents all the importanthere is an enormous similarity between this glacial land-
characteristics of a transfluence pass covered completelydaape influenced in its overall character by the sedimentary
a very thick inland ice down to the last details (cf. Photo 74hedrocks on the one hand, and the glacial landscape of Cen-
a further large basin continues, part of which has up tgal Spitzbergen (e.g., Dicksonland), which has also been
now contained a residual lake (Photos 75 and 76). Its beteated by a thick inland ice sheet, on the other. In Spitzber-
tom lies at ca. 4500 m asl and is overlain by High Glaciglen the outcropping edges of the stratum — which are similar
ground moraine with far-travelled granite erratics and lawith concern to their rock structures —, modify the forms of
cal boulders of sedimentary rock and phyllites (Photo %round polishing even more heavily than here (e.g., Photo 79
O 0). Here, too, the Late Glacial ablation landscape qf). With the similarity preserved, the modern climatic con-
the High Glacial inland ice has left behind a wealth ofrast of subtropical continentality to arctic oceanity under
traces of high ice- and moraine-dammed lake positions tife influence of the Gulf Stream seems to be unimportant,
the form of water lines with lake shore ramparts or cliff forin particular as the precipitation of Dicksonland of only
mations (Figure 2, No. 54) incorporated into Late Glaci@50 mm/yr is even less than that of this Tibetan area. During
lateral moraines and kames (Photo#§ To the key forms  the High Glacial the conditions were similar, namely semi-
of such late-Late Glacial glaciolimnic features belongs &id-cold with cold-based ice on the glacier bottom, which in
classic spill-way developed within a very short time, thenany places was frozen to the rock and thus has not polished
totally new break-through of which has been made up h¥e bedrock but broken away rock fragments, removing them
the glacier ice, barring the normal water discharge of a vdtom the rock formation.
ley during the Late Glacial (Photo 78). Accordingly, all
these large basins in High Tibet — that means in the up-4. Continuation of the section with regional observations
land area covered by the inland ice during the High Glacighd the indication of a large-scale covering spread of thin
(LGM) — in part with but little or no discharge at all to-ground moraine overlay which is glacial-specific
day, are regions of a great short-term geomorphological
reshaping. This rapid change of the forms of a High- tBirst, the continuing ca. 65-70 km of the geomorphologi-
Late-Glacial glacial landscape to a late Late Glacial lakgal profile further to the N, i.e., into Central Tibet, are to
landscape, the levels of which firstly dropped sharply adi described (Photos 80-83; Figure 2, Nos. 55-59). Itis a
afterwards steadily, presents a local- and relief-specific caglacial landscape of polish thresholdg @nd - basins with a
trast to the primary glacial landscapes treated in Section 4complete ground moraine cover — on the conditions of a flat
which have been created under the inland ice and left baecline of the relief @). This nearly total covering seems to
hind unchanged. Whilst those areas are situated higher d@arin a contrast to the thin overlay of loose material, which
are more convex, so that they favour neither the ice- ntar the most part only amounts to decimetres (cf. Photo 80).
the water concentration, these lowest basins have the opput just the minor thickness over a wide area is a typical
site effect. They are the true areas of the disintegration kgy-characteristic of the ground moraine left behind by an
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inland ice. Almost independent of the relief differences of CUMULATIVE FREQUENCY GRAIN-SIZE CURVE 30.08.1996/1
the undulating terrain, the inland ice very evenly spreads ou

over large parts a mixture of predominantly local moraine, to 50 Clay Silt Sand
which is added a minor proportion of moraine from far away 40

(cf. Photos 82 and 8M fore- to middleground). In contrast, ¢ gg

a large-scale fluvial accumulation and overlay of the bedrocl 10

in the underground with loose rock is connected with very 0 | S T e

great differences in thickness. Fluvial accumulations experi- <2 2-6 6-2020-60 60- 200- 600-

200 600 2000

ence a substantial loss in thickness from their roots (usuall
(DIAMETER 1/1.000)

valley exits) down into a mountain foreland. By the filling
of valleys and depressions in mountain forelands,which alstqymus CONTENT: 0.9 %
imply small-scale differences in thickness dependent on th( e coNTENT: 3.89 %
re“e,f’ they b”ng about a perfectly Ievel,honzontal Surfa_cﬁgure 21. Ground moraine matrix from Central Tibet (see Photo 85 near
(cf. in contrast the undulating surface with ground morainge right margin, background); sampling at 4280 m (aneroid measure-
cover (@) in Photo 80). On the other hand, pre-Pleistocemeent at high pressure; actual height about 4500 m asl); Figure 2, No. 59;
. . . o ] / . H H
fluvial gravel- to pelite bottoms — which means at the sandé 36 N/85°04 E; taken from a depth of 0.2 m. Despite the rather in-
ti that thev were filled into basins before the entire QuS|_gnn‘|(:ant peak in the clay of ca. 4%, the typical bimodal course of the
Ime Yy . A _@urve is evident. The coarser fine grain peak of 50% in the fine sand is very
ternary Ice Age era —, are also possible on the Tibetan higlanounced. It points to a relative coarse crystal structure of the bedrock
plateau. Since the uplift of Tibet above the snow line, arf@m which this material has been abraded. For the morphometry of the
in the course of repeated inland glaciations during the Plef§!a"tz grains, cf. Figure 5 diagram 30.08./1. (Sampling: M. Kuhle.)
tocene High Glacials (cf. Kuhle, 1993, 1995), they would

have been covered —in the same way as bedrock —by growRds no indication of travelling material worth mentioning
moraine, which has been slightly reworked and probabj¢ig re 2, Nos. 40-66; Photos 64-84). The sprouts grow
only slightly drifted during the Last Glacial (LGM, WUrm, nearly vertically into the moraine cover and so have not
Wisconsin). Such conditions of development could be thg.en deformed by solifluidally-removed debris. An addi-
cause of the nearly horizontal ground moraine areas N of tfign5| reason for this are the relatively minor slope gradients.
6815 m-massif (Photos 82 and M. _ The important accumulation of coarser components the size
On the E slope of the 6815 m-massif (Photo 81) thg; hepples on the ground moraine surface (Photos 8886
younger glacial history in this area from the inland ice of th the result of surface rinsing by rainwater, of deflation and
last maximum glaciation with a minimum ice thickness ofy¢ eriglacial development of rock pavement through rather
1200m (- — 0 —) asfar as to the historic glacier positiongarge debris particles of fine matrix which freeze onto it.
(M il to W X) and the present-day glaciatioN)becomes — ‘The condition of the ground moraine matrix can be
understandable. First, the destruction of the High GlaCiglawn from the laboratory analyses in Figures 21 and 5 (dia-
rounding of the area by the small-scale denuding modegpam 30,08./1). Its comparatively coarse composition can be
glacier tongues and their influence by lateral erosion c@Qpjained by the reddish coarse-grained sandstone bedrocks
clearly be recognized (Photo 81 betweeand on the right i, the surrounding area (Photos 84 and 86). A further in-
abovea white and black). Secondly, the great glaciogeomogication of the fact that large parts of the ground moraine
phological discrepancy is shown between the end moraingse (Figure 2, Nos. 59 and 60) consist of local moraine
(W X) visible immediately in the forefields of present-dayypich has not travelled far, is seen in the pebbly condition of
glaciers as direct indicators of the prehistoric glacier exteflie coarsest stones contained already mentioned. Actually,
sion and the inland ice cover with pertinentend moraines aggh nepble fraction is typical of all those Tibetan regions in
indicators of ice margin positions at a distance of hundregich sedimentary bedrocks exist and the fact is that sed-
of kilometres, which can be evidenced more indirectly biyentary bedrocks are everywhere in the region concerned
ground morainesll 0) and roundings« a). This discrep- (rigyre 2, Nos. 59 and 60). The morphometric analysis
ancy, impeding the approach of the forms, is a reason for hg|ged 53% of glacially crushed matrix grains quartz
misinterpretation over de_cades of.the maximum prehlstogq:ams); 20.7% of dull/eolian show the aeolian reshaping
glacier cover_of '_I'lbet. This has existed from v. Wissmanngy e ground moraine obvious by the deflation pavement;
(1959) compilation up to the recently published Quatetg 394 of fluvially polished (lustrous) point to the effect of
nary Glacial Distribution Map of the Qinghai-Xizang (Tibetkne surficial out-washing (Photo 3).
Plateau (1991) of the Chinese research group in the chargep; the point where the investigated profile leaves the N
of Shi Yafeng etal. (eds.), which represents the predomingjife ction into Central Tibet changing towards the WNW into
scientific opinion. The entire region, as far as it is locate@apirgl W-Tibet, a further representative ground moraine
below the ELA and outside the areas covered by present—ng{dscape will be decribed (Figure 2, Nos. 60, 61258L-
glaciers (as, e.g., in Photo 81), lies within the periglacialxy N/g4°58-8435 E: 4275-4365 m asl aneroid mea-
altitude and for the most part even above the permafr%ﬂremem)_ On a WIE valley axis of a 35-40 km broad
line (cf. Kuhle, 1985), so that it might have been stronglyycavation area in between W/E trending hill chains, which
reshaped by solifluction. However, there is no deft_)rmatmd[}e softly-formed but non-glaciated today (Photos 85-87),
of the sprouts of the dwarf scrub typical of solifluction ang,o impermeability to water of the ground moraine cover
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steeply and continuously, has created more distinct thalwegs

5 |9 Silt Sand and V-shaped features as they had existed under the inland
40 ice during the LGM. The more obviously fluvial reworking
% gg takes place in the area of glacial accumulations. The reason
10 for this is that loose material, moraines etc., can be reshaped
ol more easily. Apart from that, the forms of cone sanders
<2 2-6 6-2020-60 230' 2:000‘ gggo' (Photo 88Y), i.e., glaciofiuvial removals of moraine ma-
terial, eroded in the side valleys and again laid down on the
(DIAMETER 1/1.000) . : .
main valley bottom in a fan form, must be considered to be
HUMUS CONTENT: 3.11 % a process intervening between highglacially-glacigenic and
LIME CONTENT: 16,75 % postglacially-fluvial shaping. There are no river terraces in

Figure 22. Ground moraine matrix at 4365 m asl (aneroid measurement) Eh‘e wide V\_//E'trendmg excavation area, bemg the most ex-
Central Tibet, taken from a depth of 0.15 m. The material covers an att@nded regional thalweg. Only cone sanders can be observed,
built-up from more or less metamorphic sedimentary bedrocks. Localitgistally undercut by the lateral erosion of the river and thus

Figure 2, No. 61. The bimodal course of the cumulative curve with the ; _hi
characteristic fine grain peaks is obvious; however, the clay peak attt;\fr?srmmg several metre hlgh steep steps (PhOtOVSS In

only 8%. For the morphometry of the quartz grains, cf. Figure 5, diagrafi@ny places th_e late Lat‘_? Glacial (Stadiu_m IV) glaciofluvial
30.08./2. (Sampling: M. Kuhle.) to recently fluvial reshaping also occurs in the area of older

ground moraines (Photo 89). On the one hand, cone sanders

(v%vare adjusted to the ground morair lack), i.e., laid
has caused the development of a lake system (Photos iy ypon it; on the other hand, the late Late Glacial glacier

and 85&]). Kilometres- to decakilometres-long lakes as thg, e nyater thread has cut into the older (Stadia 0-11 or IlI: see
Tung Hu (Figure 2, No. 61) E of the settlement Lumaringbg, e 1) ground morainel) and thus traced the present-
(G'ertse or Kaitse in the ONC-map) bglong to it. Flgurg Zgay water courser). Dependent in the same way on the
(Figure 2, No. 61) shows the condition of the moraingyacigenic relief development is the sedimentation of pelites
The second culmination of its cumulative curve, the coar§thich takes place in the valley bottom area. They have
grain peak (34%), is symptomatically situated within thgeen \washed down from the ground moraine surfaces in the
fine sand fraction. Th|s is a result qf the grain size of thg,|5cene (i.e., more generally: interglacially) (Photo 91).
sandstone bedrocks in the surrounding area (e.g., Photo o cess which continues today. The next step prepared
However, the glacially trituration of the material can be,qiajly-genetically is the accompanying deflation of these
evidenced morphometrically. Figure 5 (diagram 30.08./Z}yater sediments, sorted by the water and concentrated
indicates _69.6% of the grains as being glacially crushelﬂ. advance near the thalweg (Photo ). A last step is
The possible development of these angular forms of grgif, ift and loess sedimentation observed in many places in
surfa_ces by fresh weathering |r_nmed|at(_aly from_the_ bedrogld) ¢ (Péwe et al., 1995). Over wide expanses, however, the
— which cannot be excluded microscopically - is disprovedim iy glacigenic character of the landform is dominant
by the fact that the sampling took place at a distance of oVt 90). This is not only true of the glacigenic large-scale
12 km from the bedrock (Photo 88). Those extended lakgR,gjon forms and roundingss) which can be observed
the water of which is retained by the ground moraine, afg,a 1y everywhere, but is also recognizable in the extended,
shallow, without outlet and salty. Their salt concentratiog; htly undulating ground moarine surfacds W). There

can be clearly recognized by the broad whitish-encrustggh ¢ ther systematic intermediate steps. One of that sort
shore line (Photo 8¥). The seasonal fluctuations of theifig shon in Photo 92: no late Late Glacial glacier meltwater

levels controlled by snow melting and evaporation are the,q o\t into the ground moraine landscape here, but the post-
cause of important pulsations of the lake faces. Corresporéxpécim up to present-day precipitation — and running down
ingly, the down-melting process of the inland ice can b,

: . . o2 P8 far —followed the primary depressions in the moraine sur-
imagined as cold-arid and mainly influenced by evaporatiofyee thys creating a temporary net of streamlets very flatly
.e., as extremely poor in meltwater. In this semi-arid fashiscot (). Also the mudflow discharges which can neither be

ion the glacial erosion- and accumulation landscape, markggieq from a very steep relief nor from substantial quan-
by a High- to Late-Glacial covering glaciation — only lit-yiijes of precipitation on the Tibetan plateau (Photor93

: o ) ( , the edaphic prerequisites for humid
in d_etall is tp be observgd on the .W/E trending mounta'r_ﬂass movements are exclusively met by the clayey moraine
chains running along this excavation area. However, ﬂ]ﬁatrix.

did not happen during the down-melting of the infand ice, \yh4t can be noticed regularly in the extreme mountains
but was controlled by the late Late Glacial (Stadium Ny, 1o\ nding the Tibetan upland and which has enabled the
Table 1) self-glaciation of the highest elevations, which afiq in the course of his investigations to differentiate the
a snow line depression of only 700 m as against today, |8, from the Late Glacial (Stadium 0 from Stadium I

least rose insignificantly above the snow line. Actually, smaN/) and then also to provide evidence of the Late Glacial
glaciers have settled in the valley source depressions (Pho-
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as being subdivided into those four stadia (Kuhle, 198fore coarse-grained ground moraine (cf. Figure 2). On the
1982, 1983, 1986e, 1987c; Heuberger, 1986; Ono, 19&er 5600-5800 m high mountains the late Late Glacial to
Shiraiwa and Watanabe, 1991; Shiraiwa, 1993), appliespostglacial reshaping of the landscape, marked by the High
Tibet only at a few places. Photo 93 shows such a locdblacial inland ice cover, took place through the settling of a
ity. The High Glacial inland ice cover of the entire relief oflate Late Glacial to Holocene local hanging-, i.e., mountain
the hills and mountain ridges-(- 0) is proved (in a more glaciation. It has sharpened the formerly rounded summits
large-scale spatial connection as it is shown in Photo 98)d crests and also eroded the slopes, where afterwards
by the glacial arrangement of the positions (see Photos 8&vines have been cut into the ground moraine now free of
92, etc.). On the N-slopes of the hills concerned (Photo 98%e. Areas of the basin- and high valley landforms of the true
end moraines in the form of lateral- and front morairills ( Tibetan high plateau level are covered with glaciolimnic sed-
white) are preserved over a distance of several kilometiiesents of Late Glacial ice dammed lakes and tongue basin
(Figure 2, No. 66). The example represented in Photo 8kes, so far not silted up. The High Glacial ground moraines
makes clear that the moraine ramps have not been pusk#lll existing in the underlying bed have been undercut and
by a small hanging glacier down the slope, but have beemshed-off along the prehistoric and modern shore lines
thrust against the slope from below to abow \White). of these lakes. At places near the main thalwegs, where
This points unambiguously to a new glacier advance atranning water was effective, the ground moraines are surfi-
time, when the connected inland ice had to a great extemally out-washed and covered by decimetre- to metre-thick
already melted down and turned into several ice complexgsvel bottoms. Out of the side- and high valleys occu-
separated by these mountain ridges. This advance must hgieel by valley glaciers still in the Late Glacial, flat cone
taken place in the Late Glacial, i.e., at the earliest durirggnders of glaciofluvially dislocated moraine material have
Stadium | or alternatively during Stadium Il. A later stabeen accumulated on the Ice Age ground moraine sheet of
dium is out of question, because it must have concerned the main valley floor in some places. The main valley river
margin of a still very large ice shield, taking up the wholéas marginally undercut these gravel floor fans by lateral
decakilometre-wide Central Tibetan excavation- or basierosion, so that steps up to several metres in height have
i.e., high plateau area of over hundred kilometres in lengtheen developed in their loose rocks. As a whole the post-
Such an ice shield was only possible at a snow line depregacial reshaping is minimal, i.e., a High Glacial glacial
sion of at least 1000 m below the present-day snow line atahdscape remained, which during the time available since
thus no longer during Stadium Il (cf. Table 1). Essential ideglaciation has only been little changed by the present-
the fact that the moraines are evidence of a new advanday fluvial morphodynamics and its completely different
because at one time such an ice mass must have consifbechative style.

anyway in the course of a slowly down-melting inland ice.

Owing to a chronological displacement characteristic of ex-

tended ices, this was still quite possible at a time when tbe The Quaternary-geological and geomorphological

show line was already running at a much higher level. Thaatings on the continuing profile across Central Tibet

ice mass, however, at an advance requiring a positive m&gsn Lumaringbo (Gertse or Kaitse) towards the W as
balance, is dependent on a minimum depression of the ELfAr as Shiquanha (Ali) (Figure 2, Nos. 67-105)

4.5. Summary of Section 4 5.1. The pre-Pleistocene fluvial loose sediments of Central

Tibet, developed during the former minor altitudes of the

Continuing the area treated in Section 3, 330 km furthﬁfateau were covered by the ground moraines of the
to the N and NW, i.e., into Central Tibet up t0°35 N, Pleistoc,ene inland ices

glacial forms of a large-scale ice cover have consistently

been mapped (Figure 2, Nos. 40, 41-66). This concemgoking across the extended high plateau landscape of Cen-
the classic denudation- and accumulation features. Rocles Tibet 35-50 km W of Lumaringbo (Figure 2, Nos. 67
moutonnees and the much larger hills rising several hugind 68), the division of this glacial landscape into two parts
dred metres, which are glacially round-polished and parthecomes particularly obvious. On the one hand there are the
streamlined, occur all over the place. They are preservggdlished mountain ridgesa(a) partly with an only thin

in the crystalline unstratified bedrocks as well as in ﬂ'@ few decimetre) ground moraine veil and on the other
varyingly metamorphic bedded rocks occurring the mogknd there are the basal faces with a thicker overlay of
in similar fresh forms as in the Scandinavian and Scottisbose rocks M). The out-jutting mountain ridges provide
inland ice areas of Europe. Ground moraine covers exise glacially-erosive denudation areas, whilst the faces —
almost throughout in the basins and high valleys. Up thgcording to their flow-dynamic shadow position — develop
mountain slopes they regularly get thinner. However, rochgge accompanying accumulation areas. Because the history
moutonnées, mountain ridges and transfluence passesdiie debris accumulations of Tibet is inevitably older than
also partly overlain by ground moraine as far as the culniis glacial history, which only sets in with the uplift of Tibet
nations. As a result of the degradation of the predominagtiove the snow line and the resulting inland glaciation in
sedimentary bedrock, most of the ground moraine is relghe early Pleistocene (Kuhle, 1993c, 1995, 1998), in this

tively fine-grained. In some places coarse-crystalline erratiggion as well as in the whole of Tibet the purely fluvial
boulders are incorporated; these are the localities with a
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sediments previously built up at lower altitudes in the vate the form of ‘glacially streamlined hills’ by an absolutely
leys and basins have been raised up to the future glaciatmartain glacier ground-scouring (Photo 97 betwaeand
level. Consequently, on the present-day high valley flooss) are adjacent to sharply-crested mountain chains (visible
and high basin bottoms with towering mountain ridges, i.e@n Photo 97 directly behind the round ridges), which — as
on these basal high plateaus (Photos 94 an#i98), flu- must be concluded from the arrangement of the positions
vial debris accumulations are probable, which then in thaf the entire forms — have also been completely overflowed
Pleistocene have been covered by the ground moralles py the inland ice. Further W one of the rare places was
of the particular High Glacial inland ices. With the help ofound where Late Glacial gravels of the glacier advance
these landscape-historical insight becomes understandaate, exposed, overthrust by the ice (Photo 98). They have
why the large basal accumulation areas with their surficibken compressed by the ice load) (and are covered by
ground moraine sheellj are in many places set off againsground moraine. Another place of this kind is situated W
the steep mountain slopes (Figure 23) with a concised, i.ef,the settlement of Cogen (Photo 72). In this context it is
relatively sharp foot bend (Photos 94 and!33. To put it remarkable, that the lowest high plateau plains which the
another way: looking down the slopes it becomes clear wiige had already left during the Late Glacial (Stadium V),
the steep mountain slopes — the consistent ground moraivae again been covered by a large-scale re-building inland
overlay has an only little intervening effect — pass with aite, or at least a local ice cap. This took place here as well
obviously sharp-concave transition behjliGito a flat (1-3) as at the location already mentioned, though the two high
moraine foot slope (Figure 23). The reason is, that this foplateau areas are situated at a great distance and are sepa-
slope contains pre-glacial (i.e., also pre-Pleistocene) alluviated from every other high mountain group. In the area of
fans in the underlying bed of the ground moraine. Thus, tllee yak pastures of Alt Oma following to the W (Photo 99),
accumulation form with a ground moraine cover observed which extend over ground moraine with large bould @, (
some places (Photo 98 B W centre), which is a reminder a postglacially periglacial reshaping can be observed. Here,
of a large alluvial debris fan deposited through a valley, findg about 4500 m asl, we are already at the actual altitude of
its explanation: actually, an alluvial fan exists in the undepermafrost. Thus, on the humid shore of Ningchu Tso (-lake;
lying bed, the form of which still shines slightly through the1) earth hummocks are lifted by freezing and a sorting of
polyglacial ground moraine sheet (developed during sevethé material has taken place in the flooded moraine plain.
ice ages). Thus, the inland ices, according to the authorke first signs of periglacial patterned grounds occur. This
interpretation (Kuhle, 1993c, 1995, 1998) newly built upctual form association corresponds to that one of subarctic
during each new Ice Age of the Pleistocene, were unabiésdscapes covered by an inland ice in the High Glacial. In
to remove the pre-Pleistocene sediments. These have beiew of the extended flatly-polished transfluence passes in
overthrust several times and surficially covered with grourtte surrounding area (Photo 99, the slopes of which are
moraine. At the same time portions of their immediate sueoverlain by ground moraine, there are indications of a Late
face layers have been pushed away by the ground scouri@lgcial direction of the ice run-off from approximately E to
of the ice and dislocated, i.e., glacially redeposited, and thié Evidence is given by a ground moraine trall §mall,
incorporated into the ground moraine. This process cordgeackground on the right) on the E-exposed leeward slope
sponds very well with the viscous to brittle, or even jerkgf the mountain spur between the two central transfluence
ground ice movements of a cold-based inland ice. passes in Photo 9QJ(U). It has been sedimentated in the
flow shadow of the spur — a process which is not possible in
5.2. Continuation of the representation of field datings on the Iuff, i.e., in the direction of the scour-side of the ice.
the profile across Central Tibet to the W Photos 100 and 101 provide glaciogeomorphological de-

. , tails of the transfluence passes mentioned and the glacial
A conspicuous feature is represented by a roche moutonngRscape which here in Central-Tibet is not too mountain-

classic in its outlines, near the pasture settlement of Yue[sgS but more evenly-extended. The continuation to the W
(Figure 2, No. 69; Photo 96). However, on its surface fbhotos 102 and 103), marked by polished and rounded
has been roughened and resolved to such an extent, thati&nains @ ) with flat polish thresholds.() and ground

observer firstly tends to classify it as belonging to the penylsoraine covers, has been investigated sedimentologically by
timate Ice Age (Stadium-1 = Rif3 Glacial). But an exact

i : spot checks. Figure 24 demonstrates the condition of ground
analysis (Phototext 96) makes clear that its form has alrqu&rame in a very flat bowl-like polish depression lying be-

been roughened under the ice. Itis a forming that goes bagloen, those polish thresholds. Its important portion of fine
to the structure of the bedrock. For methodical reasons it f@%ins (over 40% clay) points to the trituration by a very
not been taken into consideration that the manifold indicgsick inland ice overlay. This is a moraine condition, which
tors in the surrounding area point to a Last Glacial (LGM}a, generally be observed as well at ground moraines of
complete ice cover anyway. _ the Laurentide Ice Sheet (cf. Figure 25). Figure 5 (diagram
In a particular clear way the area W of Yueko (Figure 37 g /1) shows the greatest portion of glacially crushed
No. 70) shows a characteristic o_f glacial landscapes, Whlananz grains of all moraine samples analysed, i.e., 90% —
can almost be referred to as typical; namely, the oCCUITeNgq iher indication of the heavy trituration by a thick inland
of glacial key forms brought into association with mdﬁfereng_ce cover. The possibility of a convergent fragmentation by

forms or even forms which could be interpreted in a genefiqt weathering is out of the question because the location
cally different way. Here, mountain ridges perfectly rounded
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Pleistocene inland ice surface
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// BrePlaistécare flviallooss sedimérits, (gravel),

Figure 23. (cf. Photos 94 and 95). Ground moraine cover over pre-glacial (pre-Pleistocene) purely fluvial gravel bodies.

A\

CUMULATIVE FREQUENCY GRAIN-SIZE CURVE 31.08.1986/1  Of the sampling (Photo 103, foreground) is far away from
bedrocks. This Central Tibetan landscape introduced in de-

Clay Silt Sand tail by Photos 99-103 bears all the glaciogeomorphological
égo characteristics of a very extended high plateau, formed by

60 ,, a cold-based inland ice. Owing to the insignificant central

0 ° incline and the steep edge — lying 300—-800 km away from

0 »go the centre — with its increased ice run-off in the form of fast
<2 2-6 6-2020-60 60- 200- 600- outlet glaciers, the vast surface area of the Tibetan plateau of

200 600 2000 over 2.4 million knf was in part the cause of the only slight
(DIAMETER 1/1.000) movement of the local central inland ice and the resulting

tendency to freeze to the bottom. Thus, the ground-scourin
HUMUS CONTENT: 7,288 % : y L €9 9
. might have been only insignificantly heavier at those places
LIME CONTENT: 30,01 % ;
where the ice was never, or not permamently, frozen to

Figure 24. Ground moraine matrix at ca. 4450 m (aneroid measurement ; : b .
high pressure: 4270 m asl) in Central Tibet, taken from a depth of 0.15 rﬁe ground' Due to an increasing friction dependent fix

There are limestone- and phyllite bedrocks in the immediate catchméﬂ&_caused by the border of hill- and mountain threshold;,
area, so that the important content of limestone points to 30% local moraifee ice complexes frozen to the plateau surface occurred in
in this ground moraine. Locality: Figure 2, No. 75;°34' N/82°30' E  the depressions and basins, i.e., at the locations where the

(see Photo 103). For the morphometry of the matrix, cf. Figure 5, diagr _ .
31.08./1. The conspicuous fine grain peak of 43% in the clay exceeds alﬁ%}eesent day pOStglaCIal lakes and temporary water faces are

other fractions of the matrix. To make the glacigenic character of the mat®ituated (Photo 99 on the right abdze 103 B black). So,
still more evident, a ground moraine sample from Canada is introducedtine frozen ground ice complexes covering the lower areas
Figure 25. Here, the clay dominates the pelite-portions as well, althougixye protected them from the ground-scouring of the inland

the limestone content is ca. 1/5 of that of the sample from Central Tibié T -
Thus, the high content of clay is to be understood as a direct indication of e. The frlngmg of the hollow forms by mountains hold the

heavier trituration by a thick inland ice sheet. (Sampling: M. Kuhle.)  iC€ like a tooth-filling up to relative heights of about 100
600 m. Accordingly, it has only been sheared-off above and
CUMULATIVE FREQUENCY GRAIN-SIZE CURVE 01.07.1993/3 overflowed by the layers of the inland ice near to the surface.
This has brought about a centre-periphery run-off without

Clay Silt Sand including the much older layers of the ground ice in the
moving, and thereby lacks a geomorphologically-effective
ground scouring. Indications for such a vertical separation
of the moving ice, polishing the higher mountain cupolas
of the upper inland ice level and the frozen ground ice,

<2 26 620 2083 63- 200- 630- filling the relief, can be found on the rough, i.e., small-
200 630 2000 scaled slopes and hill complexes below (Photo 101 between
(DIAMETER 1/1.000) a right and— — right; 103 abovell B in the background)

HUMUS CONTENT: 2,88 % in C(_Jntra_st to the towgrlng rounded mountain cupolas above
LIME GONTENT- 6.55 (which without ice polishing ought to be sharpened the most)
R (Photo 101a left; 103 a right). In the area continuing to

Figure 25. Sample for comparison: matrix of Last Glacial (LGM) ground P ; ; a
moraine of the Laurentide Ice Sheet in W Canada, 4 km W of the settleméﬂte W is situated the basin of Tuerhko Hu stretchlng W-E

of Swift Current, 40 km S of the South Saskatchewan River (cf. Figure 24Nd occupied by relict lakes. Its bottom lies about 4400 m
(Sampling: M. Kuhle.) (Figure 2, Nos. 75 and 76; Photos 104-106). Its Tertiary
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excavation area is covered by Pleistocene ground morafakcial (LGM) age. That means that the Late Glacial ground
(M), which on the surface is late High Glacial (LGM Sta- moraine overlay — deposited on the High Glacial ground
dium 0). Limnic rhythmites lie on todY), a great portion of moraine by a local valley glacier coming from that granite
which has been washed out of the ground moraine matrtrough valley at a time when the Tuerhko Hu excavation area
The present-day lakes are without run-off and saline. Theras already free of ice — is lacking. Positively formulated:
are crystallized evaporite§1j on their edges, classifying already during the High Glacial (LGM) the granite-bearing
the postglacial to holocene climate development as beilogal moraine has been deposited by a southern ice flow
semiarid. A further geomorphological indicator of the coldvector of the inland ice which followed the incline of the
semi-arid upland climate with a precipitation of less thatributary valley (Photo 109-). Once again sedimentary
200 mml/yr, occurs in the small-scale faces of wind-blowbedrocks occur in the upper area of the valley concerned.
sand on several slopes (Photo 185 of the fringing hills. They produce small coarse components, providing a more
The lake phase observed can be traced back until the Latanogeneous local ground moraine with a minor grain size
Glacial when, during Stadium IV, a 60 m-deep and probapectrum (Photo 118 white; Figure 2, Nos. 79 and 80).

bly connected lake partly covered the Tuerhko Hu area. In The mountain area of the Nganclong Kangri, set upon
all probability it has been dammed-up by flat outlet glacighe Tibetan plateau, into which this valley (Photo 109) is
tongues of the already down-melted glaciation of the icmmbedded as one part of an entire valley system, reaches a
caps, which in many places was full of holes. Though thHeeight of ca. 5200-5400 m here. Showing no glaciers to-
High Glacial (LGM) ground-scouring and ground pressurgay, it was totally covered by the inland ice £) during

of the inland ice by shifting and nipping-out of the loose prehe High Glacial. This is confirmed by the ground moraine
Pleistocene rocks (cf. above and Figure 23) and Pleistocermzer (Photo 11(8) as well as by exaration rills|l) and
ground moraine covers has led to the slight over-deepenimgind-polished mountain ridge&). Hitherto a problem that

of the basin currently damming up the relict lakes, the 60 ngannot be solved is the question, whether the High Glacial
deep lake would have run out without the relief-damminigmland ice cover was frozen to the underground, i.e., to the
Late Glacial glacier tongues. Altogether four lake levels areugh, small-scaled surface of this mountain landform, so
preserved by shore platforms, shore lines and cliffs withat the subglacial relief in its preserved form has only been
wave-cut notches, the highest of which runs at a relatigeveloped by the fluidity of the warmer Late Glacial inland
height of 60 m (Photos 104 and 10%). At the place, where ice, or whether this landscape presents the High Glacial
the southern shore lines of that Late Glacial lake stretchédGM = Stadium 0) features.

S of the settlement of Yan Hu situated on the present-day S of the 4900 m-pass (Figure 2, No. 79) a basin fol-
relict lake Tsa Tso (Photo 106), a change of the condition lows, the bottom of which is covered by ground moraine
of the subjacent ground moraine is to be observed. Whilst({Rhoto 111®). On top of it are Late Glacial to Holocene and
the area of the prehistoric lake face further E — introducdnistoric lacrustine clay<TY) (Figure 2, No. 81), the pelites of
so far — the coarsest ground moraine components are at meisich have been washed out of the ground moraines, form-
fist-sized (Figure 2 on the left below No. 75; Photo 16 ing ramp-slopesl in the background) (Figure 2, No. 80).
foreground), the large components ‘swimming’ in the finSeveral lake level positions are preserved by rather striking
material matrix here, attain the size of boulders (Figure &hore lines, which have undercut the ground moraine (
No. 77; Photo 107%7). The locality of this change of ma- They prove a connected lake of deca-square metres with a
terial is situated at« on the very left and lefl white, depth of up to 8—10 m during the climax stadium. According
background) in Photo 106. Here, a trough valley from thet8 the very insignificant inclines, which actually would not
(Photos 108 and 109) joins the large W—E-stretching excaxadlow this lake depth, it is probable that one or several Late
tion area of Tuerhko Hu, a glacier tributary stream of whictlacial (Stadia IlI-1V) glacier tongues have been involved
has added the large erratic granite boulders to the groundts up-damming. During the late-Late Glacial Stadium IV,
moraine. Their source area lies only 4 km away. There, the., at an ELA-depression by ca. 700 m compared with the
same light granite bedrock already occurs (Photo /)08t current snow line to about 5100 m, the E- to NE exposi-
the exit of the trough valley there are no end moraine hillson of the mountain ridges visible in Photo 111 was still
The ground moraine cover stretches on a consistent legédciated. This concerned small hanging glaciers which had
from this tributary valley into the excavation area of Tuerhkoccupied the source depressions of small valleys, i.e., their
and mantles the bas@(white) of the roches moutonnéesvalley head facettes)). Their tongue ends only just reached
(Photo 107a). Further out in the foreland of this tributarydown to the proximity of the valley exits, where they left be-
valley, a granite-containing ground moraine fan, contrastifgnd flat cone sanders (glaciofluvial fans) only a few metres
with its environs through its lighter colour, marks the reacim thickness (cf. Photo 112). Here, as also in the mountain
of the transport achieved by this tributary glacier componegtoup ca. 14 km away presented in Photo 112, the glacigenic
(Photo 10am white in the background). These field datingsoundings of the mountain cupolas and -ridga}, @s well

and the arrangement of their positions do not permit one &s the ground moraine remnants on the slopes (Photo 111
realize that the inland ice (Photos 106 and 10Z:.0) had and 112H in the background), show the complete inland
already melted down when the tributary glacier flowed intiwe cover of this low mountain relief, which definitely can
the Tuerhko excavation area. On the contrary, the contiorly be evidenced by such a large-scaled arrangement of the
uous ground moraine plain without hills evidences its Higpositions. End moraine ramparts in front of the lower slopes
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of a mountain flank alignment (Photo 112 I-lIl) indicate thatire 2 diagram 31.08.96/2 shows the high portion of 83.5%
a Late Glacial upland ice complex, lying on the surfaces gfacially crushed quartz grains, triturated under a heavy ice
the Tibetan plateau which here are locally the lowest, flowgulessure. The examination under the microscope has made
against the higher mountain ridges. They are in the positiotear that freshly crushed and sharp-edged material is con-
of frontal- or lateral moraines. Owing to the special topazerned. This points to a Late Glacial (LGM 0) ground
graphic situation, their outer slopes fall away only slightlynoraine and not to an older one. The sampling took place
towards the mountain. By contrast their inner slopes, whidn a flat locality of nearly no incline, 200 m away from the
were attached to the ice (I-IIl), are 120 to 180 m high. Abedrock (cf. Photo 115). Thus, the alternative possibility of
ice complex advancing with its edges and thus upthrustifrigshly weathered bedrock is inapplicable. In Photo 114 the
such moraine ramparts, was dependent on the time after twe-phase glacigenic forming of the landscape can be no-
disintegration of the complete inland ice cover. It must theréieed: on the hills rounded by the Last High Glacial (LGM)
fore be classified as belonging to the Late Glacial Stadia |, lhland ice, old Pleistocene cirque forms)(have once again

[ll. Corresponding conditions have also been found 170 kbheen reshaped, i.e., further deepened by isolated small hang-
further E (see above; Figure 2, No. 66). Somewhat W (right)g glaciers during the Late Glacial. S of the 4850 m-pass
of Photo 112 there is an embankment-like gravel body tfe glacial landscape formed by the High Glacial inland ice
round-edged material, which according to its isolated poentinuous with roches moutonnées (Photo &l6ig) and
sition and narrow, long form can be regarded as a kammund-polished ‘glacially streamlined hillsa(small) being
(Figure 2, No. 82). Specified more exactly: this could be thamuch more extended and up to 20 times higher. Here, too,
filling of a gutter valley laid out subglacially, i.e., it might bethe glacial erosion forms consist of limestone, built up of
an esker. This form is definitely of glaciofluvial genesis andecimetre- or metre-thick layers. The postglacial (Holocene)
— because of the necessary meltwater — corresponds totthpresent-day weathering, attacking only bare rock surfaces
Late Glacial. With regard to a subglacial genesis in this baswvithout a ground moraine overlay, has led to insignificant
area, the existence of the above-mentioned ice complexapfimblings ) and surface roughenings of the glacial pol-
Stadia I-Ill could be taken in consideration, most probablghings. Ground moraine ridges (Figure 2, No. 84) can be
Stadia Il and Ill, with a snow line altitude already 300-500 nabserved (Photo 11 background; Photo 118 small,
higher than in the High Glacial (Stadium 0) (Table 1). Onlgecond from the left) on the somewhat deeper bottoms of
then and not earlier, a subglacial meltwater supply sufficietite polish depressions and the basal faces lying between the
for the development of an esker was guaranteed at this kil- and mountain ridges — which form the lowest relief
titude about 4500 m. Created as a kames, Stadia llI-Dnit of this Tibetan plateau area. Owing to the topographic
would be the most probable dates of origin for this gravglositions, these ridges can be interpreted as upthrustings of
body. Only at the time of an ELA increase by 400-600 rthe ground moraine in the underlying bed of the greatest lo-
against the High Glacial, would the disintegration of a localal ice thicknesses. This concerns drumlin-like streamlined
plateau ice complex have been in progress so far, so that obddies, which — developed in the accumulative loose mate-
glaciofluvial gravel accumulations canalized by the glacieial as counterparts of the roches moutonnées and ‘glacially
ice, which were situated centrally or on the margins, couktreamlined hills’, formed in bedrock — indicate the flow
develop by the ice contact, whilst at that time the existencedifection of the local inland ice in a similar way, i.e., by
tunnel valleys was no longer probable. The author addrestias direction of their longitudinal axes (Photo 1&9. The

the halved roche moutonnée form (the twamn the left) in parallel arrangement of these longitudinal axes and the direc-
Photo 113, which is located ca. 7 km to the S, as remaitisn of ice flow is confirmed by the exaration rills on these
of subglacial meltwater erosion. The originally intact rochground moraine ridged () running in the same direction.
moutonnée has been developed by the rather cold grouAdcording to the current state of knowledge and observation
scouring of the High Glacial inland ice cover, which washe author was not able to clarify which portion of these
free of meltwater or at least poor in meltwater. Afterwards ground polishing forms must be traced back to the High- and
has been cut within a Late Glacial ice tunnEl. (Following which one to the Late Glacial ice movement. The rampart-
our profile somewhat more to the SSW (Figure 2 betwedike attachment of moraine to the flattened streamlined hill
Nos. 81 and 83), a ca. 1 km wide transfluence pass depr@s-black on the left) visible in Photo 118§, can roughly
sion continues (Photos 114 and 115), above which and eumnclassified as Late Glacial front moraine of the Stadia I-IlI
above the hill chains on both sides must have been a coffiable 1). It is an indicator of the Late Glacial marginal ad-
plete inland ice cover{ ). Evidence provides a continuousvance of an ice complex, filling this local basin area after the
ground moraine shedll) reaching as far as the lower slopeslisintegration of the Tibetan inland ice. Such Late Glacial
of the hills and a glacigenic rounding) up to the hill cul- advances of ice complexes have been introduced above with
minations. This, too, can only be explained by a connecteelyard to two other areas of Central Tibet, situated more N
inland ice cover of at least several hundred metres in thickhd NE (Figure 2, No. 66, Photo 93 and Figure 2, No. 81,
ness. Figure 26 shows the bimodal course of the grain sRhoto 112).

columns in the ground moraine matrix. The peak in the clay Adjacent to the ground moraine ridges, which are de-
is comparatively inconspicuous. The high limestone portiggendent on depressions and associated with them, lakes of
of 32.4% is specific to local moraine, because limestorelake district occur (Photo 1181), the single lakes of
outcrops in the underground rock (cf. Photo 115). Figwhich were still connected with each other during the late-
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CUMULATIVE FREQUENCY GRAIN-SIZE CURVE 31.08.19962  angd 124a), is thereby to be observed. This is a gemor-

. phological indication of the fact that the sub-moraine has
50 Clay Sit Sand 100 been scraped off the inland ice by the towering hills and
40 mountain ridges. Afterwards this sub-moraine was deposited
gg on the lee side of the corresponding hills. It has been rolled
10 out and smoothed and at the same time drifted into the de-
o pressions to the extent that the greatest possible thickness
was attainedl). During the later to late-Late Glacial (Sta-
dia IlI-1V), after the ELA had increased by 400—600 m to
ca. 5000 m asl or even higher (see Table 1), the connected
HUMUS CONTENT: 8.29 % inland ice sheet had melted down. Ice caps remained only
LIME CONTENT: 32.4 % on the fjell-like high plateaus (Photos 121, 123, 125), ris-
Figure 26. At 4850 m asl (aneroid measurement: 4675 m) in Central Tibeilr,]g 200-350 m above the Tibetan basal high plane. These
High- to early-Late Glacial ground moraine matrix with limestone contedeft behind local ground moraines, lying on the plateaus
from an area, where limestone bedrock is in the underground; sample taffrhoto 1218, 123v, 125M). They contain the High Glacial

from a depth of 0.2 m. Far-travelled erratic boulders up to pebble- or figt - inh :
size ‘swam’ in the matrix. Locality: Figure 2, No. 83; Photos 114 and 11 GM) ground moraine which — due to changes of the ice

foreground. Cf. Figure 5, diagram 31.08./2 with a predominance of ovEOW direCtiQn With_in the |0?a| ice cap, in contrast to the
82% glacially crushed quartz grains. (Sampling: M. Kuhle.) large-scale inland ice and different thermal conditions under

the minor thick plateau ice cap — occur in a reworked form.

i i . Here, on the steep edges of the plateau, shown in Photos 121,
Late Glacial (ca. at the end of Stadium IV), forming 0n§53 155 the High Glacial ground moraine, also left behind
!ake face. Seasonally or at least episodically the lake faﬁ9 the inland ice, has been washed away at the same time
is more extended than in the photo taken at the end of At the rounded and polished rock hills and - slopes by
gust (Photo 118). The st|II.da.mp lake bottom spread in ﬂi’ﬁe meltwater of the plateau ice cap (Photo W21125 a
foreground of Photo 119W) indicates the seasonally greatef,iqqieground). This washing led to the re-sedimentation of
extension of the lake, as well as the fresh shore IBen( o r5und moraine as alluvial fans in the piedmont region
the background on the right). With regard to the history i ihs fiell-like plateau, i.e., on the Tibetan basal high plane
landscape development, lakes and lake basins of that kig, 115 1214 and blackm on the right). Whilst in this re-

must be understood as unambiguously glacigenic, insofargqén (Figure 2, No. 85) the High Glacial inland ice has left

they occur in depressions on the Tibetan plateau which hgyg,ing cjassic streamlined roches moutonnées (Photos 122

been overdeepened by the ground-scouring of the inlagdy 153, big) in sedimentary rocks like, e.g., schist, there
ice. Since in this region corroded rocks such as limestongs, | forms of limestone in the immediate vicinity which
are absent in the underground, an alternative basin devgls rqund-scouring of the inland ice has shaped somewhat
_op_ment b_y subrosion (karst processes in the undergrouameremly and is thus typical of this rock (Photo 126

IS |mp033|ble. To assume small-scaled, locally tectogeneflg; pf; 127 a). Their surface is formed irregularly and
subsidence, however, does not allow for the continenigly s synglacially developed rock crumblings correspond-
crust, created by multiple subduction and horizontal confly, 4 the coarse banking structure of the limestone, i.e.,
pression, which several times has been deposited on tOpf_dﬂg}owing it more or less directly (cf. Photos 83 and 115).
each other. Its plate-tectonic build-up applies to the tectonig, -1, giacigenic mountain ridge forms of limestone can also

opposite, that is to the uplift of Tibet. Thus, the observationg, et in the classic glacial inland ice areas of Scandinavia
argue in favour of the probably polyglacial occurrence ("e('see above).

in the course of several Pleistocene inland glaciations) of
a polish depression landscape, developed by ice-scourigg | gcal indications of High Glacial (LGM) snow line

Depending on the substantial hardness of the rocks a”dé%bressions and ELA courses as well as the minimum
its minor joint density the depressions have been interruptgfi-kness of the inland ice

and dissected thereby by polish thresholds (Photos 118 and
119a). This explains the irregularly frayed outline of basing\s far as this can be deduced directly from the complete
and lakes. inland ice cover of the relief up to beyond the 5600-5900 m-
The area connected to the W (Figure 2, Nos. 85-87)ssmmits shown in Photo 125, the High Glacial (LGM, i.e.,
marked by inland ice ground-scouring, which without exStadium 0, see Table 1) snow line ran at ca. 4650 m asl (see
ception had an erosive effect on the mountain ridges aR@yure 2 at locality No. 85 between the snow line contour
cupolas (Photos 120-13R), whilst in the depressions —lines at 4600 m in the S and 4800 m in the N, but closer to
at least during the last period of a covering inland ice — ihe 4600 m line). The actual climatic snow line, derived from
was also accumulative, leaving behind a ground moraitiee mountain chain concerned which is still glaciated today,
sheet @). The gradual transition from metres-thick grounduns at an altitude of ca. 5650 m (the orographic snow line
moraine in the depressions to an only a few decimetres-thigkthe glaciers visible in Photo 125, the position of which
moraine overlay which clings to the slopes (Photos 120, 128ye to afternoon-radiation in W exposition is unfavourable
124 m background) but totally breaks off towards the hilto glaciation, amounts to 5750 m). This yields a local LGM
cupolas exposing the polished bedrock there (Photos 12tbw line depression of ca. 1000 m. It is a cautiously calcu-

%
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lated minimum value concerning the lower limit of the snowhills’ (Figure 2, Nos. 81-105) and drumlins point to the same
line depression, so that ELA depressions of 1100-1200MNE-SSW run-off direction.
might also be possible.

The minimum thickness of the inland ice derivable frons.4.2. Continuation of the presentation of field datings from
the rounding of the summits (Photo 125 background) Central Tibet to the W
which, geomorphologically speaking, implies a minimunn the surroundings of the 5000 m-pass, which — as is ev-
height of the ice level lying 100-300 m above the 5900 fidenced by the minimal surface heights of the ice (Photos
high summits, amounts to 1200-1400 m in this test regia?8-132— ) — was completely covered by the inland ice,
of the investigation area (Figure 2, No. 85). the variations in degree of the relief roundings as a result

of the ground-scouring of the inland ice make clear that im-

5.4. Continuation of the presentation of field datings on th@ortant rock-specific differences occur. In some regions the
gemorphological and Quaternary-geological profile of  sedimentary bedrocks (limestone, marl, sand- and siltstones)
Central Tibet to the W have been shaped by the ice to streamline-like rounded forms

a). However, in the reddish-brown sand- and siltstones

On both sides of the 5000 m-pass (Figure 2, No. 87), 'én the vicinit P

y, sharply formed mountain ridges and steep
E (IlljhOt?\lS 1ch7 anc11222€_3) ahndb\N (kPhotoz 113|1f ?r;d 133) 8pes — in dependence upon their layers and ac- and bc-
er :;Sh (138t0 h n tle ac r?.rour} . ? —de't) in joint structure — have been developed subglacially as well as
of it ( th ), the comp ete.pre !stor|c infand ice for ﬁaving been preserved subaerially in the Postglacial (Pho-
can be evidenced. Elatly-slopmg high valleys show Cla?c')s 128 and 131). Here, a strong inner grain-cohesion of
sic trough cross-profiles (Photo 13 background on the he very resistant rock and at the same time loose layer- and

Ie_ft). The 5(.)00 m-pass itself bears_ the characteri;tics Olidint structure, has determined the development and preser-
kilometre-wide transfluence pass with ground moraine ov Ation of the small-scale dissection and roughening of the

lay (Photo 12am). The valley bottoms falling away on both lief. Such formations can also be observed in correspond-

sides are also covered with ground moraine (Photos 1 . - : .
rocks in the Ice Age glacigenic ground scouring regions
131, 132m). Since the post-High Glacial deglaciation the)éfg eg W—Spitzberger? (Digckson?and at °78!" K?Jhleg

have only locally undergone a slight glaciofluvial or — iN 983 dW-G land (N insula. S dal
the Holocene — fluvial reshaping (Photos 131 and 132 at 70’al1|§rl1uhle {Sgggn (Nugssuag peninsula, Sargaqdalen
(Photo 128 left offl in the foreground and’; 132 /). By ' ’ '

. : The northern source branch of the Indus, the Senko
way of contrast, in the rather unimportant, but nevertheleﬁangpu (Figure 2, No. 89), is reached at 4600 m as| by

existing Holocene to actual reshaping by the down-flowirme trough-shaped side valley descending from the 5000 m-
water, an indication can be seen of the totally different kinﬁiass (No. 87) from the ENE (Photo 133). The main valley is

of denudative_ High Glacial forming without a Iin(_aar effect, box-shaped trough. Its 400 m to in parts 2000 m-wide bot-
At the same time this means that the actual fluvial morp:%

)m, consisting of glaciofluvially reshaped ground moraine
dynamics — without the repeated High Glacial breaking- gotg y ped g

ith a gravel cover ), is broken through by glaciall
in the course of the Pleistocene which lasted ca. 2 m|JI grav ver[m), | ugh by glacially

i Id h left behind v diff . found-polished ‘riegels’ (firsia from the left) and moun-
lon years — would have left behind a totally different, I.e.,;, spurs (thirda from the right). Glacial flank polishing
linear-erosive and fluvial-accumulative formation.

occurs in places« black). Since deglaciation modifications

. oo . . took place at other sections of the valley flanks in the form

Erslfrl].i.ﬁlndlcators of the local direction of the inland ice of crumblings (Photos 133 and 13, debris cones and
-slopes, as well as mudflow- and alluvial debris fang. (

Classic band poll.shlngs of the outcropping edges of oraine accumulations which have been reshaped little if at
strata and exaration rills are also widespread (Photo 1

i X L W(l), stretch down-valley along the orographic right side
Vs 1.32 .A)' They confirm a local d|rect|_on .Of the doWn'of the Senko Tsangpu valley between the glaciofluvial valley
flowing inland ice from NNE to SSW. This direction of thebottom () and the valley flank€). Ten km down-valley
ice run-off, locally modified b_y the_pre—glacial_valley_net—fr m the viewpoint of Photo 134, a very substantial Ice
yvork, _correspor_1ds to the conflgurat|0n_of the Tibetan inla e glacier stream has left behind a broad, flat, classically
ice (Figure 12) msofar,.as the ge.neral Ice rup-off must ha r%ugh—shaped transfluence saddle (-pass) the cross-profile
Faken placg centre-peripherally, i.e., approxmately radial which amounts to ca. 1 km in width. Itis connected to the
in all .d|rect|ons from_the cen'Fre of the inland ice up to th%enko Tsangpu in a softly-formed confluence step (Figure 2,
marginal ogtlet glame;rs, which then flowed down to thﬁlo. 88). On the left valley flank, remnants of a moraine
plateau. This tallies with the geometry_of the run-off qepel_g'over are preserved on the 400—700 m high mountain ridges,
dent on the topography and central thickness of the ice. Uinded by the glacier ice (Figure 2, Nos. 92-96). The oro-

?gler}ltatlor::.thltitest a;ea} IS sﬂga;gd n Flgur;aéz ?br?tve_(r': aphical left Senko Tsangpu flank shows similar conditions
e Kamet in the central nourishing area of 12 (light). igure 2, Nos. 91, 93, 94; Photo 135). Here, polymict

:rc:jugh-ml(le V?rl]leﬁhwl of thef S%Qohm-pass_ Iear:ds d0¥v£r116t(())0t ound moraine washed by the Late Glacial meltwater since
Tnh_us va ey,t_ € faﬂ\:vego w |cﬁ|fs runrgngt eﬁ% td leglaciation, covers the slope-foot are&y.(Over large
IS connection ot the 1ce run-off irom Lentral TIbet dowly, ;g o ground moraine overlay can be identified on the

to thg SW has determined the ob§ervc?d dlrect|0n of thf-u opes M black). It is preserved up to the culminations
land ice flow. The roches moutonnées, ‘glacially streamlined

Ni=jenl
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During the Late Glacial (ca. Stadia II-lIl; Table 1) the U- ) Sand

shaped cross- and hanging valleye) (set into this hilly 50 Clay Silt an 100

landscape, were still glaciated by separate glacier tongue 40

branching out like an ice stream network. Thus, local end ¢, 30 %
. . . . 20

moraine ramps left behind by the ice margins have devel- 10

oped. At the same time glacial ravines have been cut ven ¢

sharply into the round-polished confluence steps (betweel <2 2-6 6-2020-60 60- 200- 600-
. 200 600 2000

v and A) by the meltwater streams. Figure 2, Nos. 95 and OIAMETER 1/1.000
96 locates a further strikingly glacigenic cross-profile in the ( -000)
Senko Tsangpu valley (down-valley its name is Gar Zangbo yumus CONTENT: 7.98 %
this concerns the northern source pranch of the Indus). Here e coNTENT: 11.09 %
too, — Con,S,'Stent and correspondmg with the_ a”,’an,gem%ture 27. At ca. 4500 m (aneroid measurement: 4325 m asl at high pres-
of the positions of the above-mentioned glacial indicatoggre), ground moraine matrix from the bottom of the N source branch of
as far as the valley flank culminations - both mountaithe Indus valley (Senko Tsangpu) in SW Central Tibet; sample taken from
ridges fringing the valley at the sides were completely CO@_depth of 0.5m. Desplte thg Ioca] occurrence of.llmestpne, thg limestone

d by the inland ice. Accordinalv. thev are polished a cgntent of the moraine is relatively insignificant. This provides evidence of a
ered by ) ] : aly, y p N&-travelled moraine from the very central W-Tibet. The important content
covered with moraine remnants. At the place where the or@i<lay of ca. 19% is characteristic of the heavy trituration by a very thick
graphic right trough flank resulting from the glacial flankanging ice body and its high overburden pressure. Cf. the similar ground
polishing has been undercut particularly steep, characte yraine sample from Canada. See Figure 5, diagram 01.09./1. Locality:

. . . igure 2, No. 95; 323120 N/80°45 10" E. (Sampling: M. Kuhle.
tic crumblings have created postglacial flank roughnesse% (Sampling )

as well as debris cones and -slopes which continue downcumuLATIVE FREQUENCY GRAIN-SIZE CURVE 01.07.1993/2
wards. Considering the limestone bedrock on both side:

and in the underground, the ground moraine sample take Clay Silt Sand
from this cross-profile (Figure 27) is conspicuously poor in
limestone. This classifies the portions of moraine matrix as
being far-travelled moraine. The bimodal arrangement of the
columnar diagrams and the clear peak in the clay are classi

characteristics of ground moraine. Figure 28 shows a ven <2 26 620 2063 63- 200- 330':
similar ground moraine matrix of the LGM Laurentide Ice 200 630 2000
Sheetin N America. Figure 5 (diagram 1.9.96) testifies to the (DIAMETER 1/1.000)

classic ground moraine character and important glacigeni
trituration due to a heavy glacier load, i.e., ice thickness byHUMUS CONTENT: 3,33 %
a 81.6% portion of glacially crushed quartz grains. LIME CONTENT: 11.2 %
With regard to the nearly perfect roche moutonnée fofigure 28. For comparison: Ground moraine matrix from the W segment

; i~ i ; the Last Glacial (LGM= Late Wisconsin) Laurentide Ice Sheet in a
mation preserved on the orographlc nght side of the Senggnadian area. Locality: NW of the settlement of Moose Jaw, ca. 100 km

Tsangpu, 9 km down-valley from the sampling locality Ofsg of | ake Diefenbaker: cf. Figure 27. (Sampling: M. Kuhle.)
Figure 27 (Figure 2, No. 97; Photo 136), and its similarity

to the features in the Last Glacial Scandinavian and Scottish

inland ice regions, the following excursus is made as an diee weathering as a result of intensive nocturnal insolation

to better understanding. and cooling as well as nearly perennial freeze and thaw,
brings about a roughening and destruction of the ground

5.4.3. An excursus intended to facilitate comparison of theoolishing faces left behind by the inland ice which is raised

warm and cold inland ice areas with regard to the to several times the tenth power of that in the oceanic low-
preservation of the forms of roches moutonnées and land. Seen from this point of view the complete absence
‘glacially streamlined hills’ of glacier striae in the feeding areas of the Scandinavian

Despite the approximately identical age of the prehistoric i@d Scottish inland ice sheets, i.e., in these comparably
sheets, two aspects actually contradict the similar conditiéiver highlands, becomes readily understandable, albeit not
of preservation of roches moutonnées and related groufftithe Tibetan mountain ridges (glacially streamlined hills)
scouring forms of the more oceanic, warm-based inland ic&8ich in many places are preserved in an even smoother and
at sea-level like the Scandinavian and Scottish inland icégunder condition than in Europe. They can be reduced to
(1) In Tibet a highland ice is concerned, the base of whighmore connected ground moraine sheet in this arid region
was situated at a height of 4400 to 5200 m asl. Its feedif¥j) Tibet, which preserves the round-polished rocks in the
may have been of the arid-continental type, so that it wh§derlying bed. Here, the example from Central Tibet has
a cold-based ice. Thus, these climatic conditions must hdgebe mentioned: Photo 136 shows the locality concerned
led to the freezing of the ice as far as the ground, causitfggure 2, No. 97). This hill, consisting of thinly-layered
detraction- and exaration processes which rather roughe@&gcropping edges of the strata of sedimentary rock, has
the rock. (2) Since deglaciation in continental High-TibeP€en rounded by the ice. The bedrock is covered by a thin
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ground moraine ‘veil’ of only a few decimetre up to 2 mder no circumstances be interpreted as autochthonous slope
in thickness (the two small bladll in the background on debris. On the opposite valley side the moraine cover at
the left and the two small whit@® in the background on decreasing thickness reaches locally as far as the culmi-
the right). Figures 27 and 5 (diagram 1.9.96/1) indicate anations of the mountain ridges (the tvild on the right).
example of this type of ground moraine matrix. Only in th8esides sharp edges on fresh linear-erosive cuttings (
places where — due to a greater steepness of the slopancre or less flatly-inset fluvial rills (/) are characteristic of
the ground moraine cover is lacking, the weathering haldese ground moraine covers. Part of the material has been
a roughening effect on the glacial hill surface. Howevewashed into the shape of alluvial fars)(since deglaciation.
since deglaciation the quantity of ground moraine flushirigame-like lateral forms & black and) have been devel-
in general is rather insignificant here, compared with thaped syngenetically to the down-melting of the Late Glacial
of the oceanic areas mentioned above. Thus, the morauadley filling. They have been glaciofluvially and fluvially
cover may have preserved the rock surface in the underlyidgposited against the margins of the valley glacier, melting
bed over quite a long time. During the maximum of 13000more and more back towards the middle of the valley. The
15000 years available for a non-glacigenic reshaping, ontglley bottom (1 left) consists of Late Glacial to postglacial
small rills have been developed until now, cutting the soffravels, sedimentated on the ground moraine bottom, which
loose material of the ground moraine only just down to thet the same time has been washed and reworked as well as
bedrock K). Only at some places the free-washed bedrocksedimentated in this gravel body. The only really precipi-
itself has been insignificantly incised (i.e., decimetres-deepus forms of this valley cross-profile have been created by
Other linear rock injuries are geological disturbances in thmstglacial fluvial outer bank forms, i.e., undercuttings by
sedimentary rock which have been reworked (e.g., on thee river ¢ ). On a further orographic right outer bank 8 km
right of the second from the left). They can be recognizeddown-valley, polymict ground moraine has been exposed on
by the fact that they do not usually follow the slope gradienindercut crumblings of sandstone (Figure 2, Nos. 99-101;
Therrills in the surface of the strikingly round and smootB82°3230” N/80°33 E). Here (Photo 137), as well as in the
roche moutonnée or ‘glacially streamlined hill' followingarea of Senko Tsangpu (N source branch of the Indus valley)
the slope gradient (Photo 136), are about to roughen it ca. 10 km further down-valley (Photo 138), mountain ridges
and to destroy not only its surface but also the entire forhave been continously round-polishag) (thus showing the
by further cutting. So, today the rounded form cannot bdigh Glacial (LGM) complete inland ice cover of the relief
understood as being in the process of a continuous develfpvel: — —). At many places on the upper hill slopes the
ment. On the contrary, the present-day rills provide evidenoemoval of the ground moraine overlays by denudation and
of a prehistoric origin under different conditions, i.e., by therosion can be observed (Photo 137, second héaflom
ground-scouring of the inland ice. The minor depth of thie right; Photo 13& on top). This has its cause in the local
rills, which for the most part are dependent on the soft ovdranging glaciers with their small-scale ground scouring and
lay of loose material and which can be described at mostthe down-flowing meltwater, which only there persisted up
microfluvial rills, also makes clear that this inland glaciatioto the late-Late Glacial (Stadium IV). The nearly complete
did not happen long ago but during the last High Glacigreservation of an unambiguously glacigenic landscape is
(LGM = Stadium 0) up to the early Late Glacial (Stadia I+he more remarkable, and suggests a Late Glacial inland
I1). This contradicts (apart from the observations which thglaciation of the relief, because thinly-layered sedimentary
author has accumulated in the course of 23 years of invegeks are concerned, which can be very easily roughened by
tigations in Tibet (Kuhle, 1980-1998)) the assumption of subaerial weathering and disfigured beyond recognition, but
completely absent Pleistocene inland ice cover (Shi Yafemgdnich here are obviously preserved in a glacially rounded
et al.,, 1991; Zheng Benxing et al., 1998; Feng, 1998, awdndition (Photo 13%).
others) as well as the dating of a Tibetan inland ice into the The W-parallel side valley shows — beside glacigenic
early Pleistocene, i.e., 500—1000 Ka retrochronologically, bgundings of the relief (Figure 2, No. 100; Photo 14D
Han Tonglin (1991). in metamorphic sedimentary rocks with remnants of ground
moraine @ background) — a confluence step by which the
5.4.4. Continuation of the glaciogeomorphological profile side valley is connected to the Senko Tsandggy (ts core
across SW Central-Tibet, down the Senko Tsangpu to thehas been built-up by bedrock, in parts covered with ground
basin of Shiquanha (settlement of Ali) moraine which has already been washed subglacially (
Fourteen km down the Senko Tsangpu from that rocli@verlays of subglacial loose material of that sort usually take
moutonnée, the valley chamber shows the following charg@ace during the last phase of the ice cover and its thaw-
teristics, being part of the system of the arrangement of thg (late-Late Glacial Stadia IlI-1V; see Table 1) with the
positions of glacial indicators: steep-standing dark sedimeiypical subglacial tendency to level the unevenesses by ice
tary rocks on the orographic left valley slopes (Photo 137 and meltwater. With regard to the prehistoric glaciation, the
are mantled by metre- up to 15 m-thick lighter erratic grourihlley chamber of the upper Indus valley (Senko Tsangpu or
moraine W above and next td). In places, these moraineGar Zangbo; Figure 2, Nos. 102 and 103) located further W,
depositions are set off against the higher-lying parts of tligin particular expressive. This is the direct junction with
slopes by saddles with counter slopes (e.gJ, and above the much broader, basin-like valley chamber of Shiquanhua
W). This is a further reason why this loose material can ufPhoto 141 half-right in the background). On the orographic
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left valley side a 1.2 km-long rock pedestal from sedimemnderlying ground moraines. The glaciofluvial gravel cover
tary rock has been rounded and smoothed by the inland iloeist have been the more intensive, the more numerous
ground scouring (the fouk in the middle) and cloaked with and longer the Late Glacial ice streams were which al-
ground moraineM black centre white, small, on the left most reached the basin. Especially the fact that the Late
abovea). Late Glacial subglacial undercutting by meltwaGlacial glaciers were located close to the basin of Shiqguanha
ter has led to the marginal steepening of the rock pedestlthe cause of the heavy reshaping of its surface by the
and accompanying crumblings (second and tiirftom the glacier meltwaters and their sediments. Therefore the geo-
left). On the opposite valley side flank polishings are prenorphological indication of a High (LGM)- to early-Late
served in places#). However, in parts they have also beetlacial (Stadia I-Il) inland ice cover of the basin can only
destroyed by postglacial crumblinge 6n the very right).  be provided indirectly, namely with the help of the mini-
mum thickness of the ice at the valley exits, documented
5.4.5. High Glacial rounding by ground scouring and earlyby the corresponding forms. By way of the flank polishings
and Late Glacial sharpening of the summits by glacial  and ground moraine overlays at the Senko Tsangpu-junction
lateral erosion — a balance phenomenon with summits of §Photo 141¢ and W) as indicators of the minimum sur-
medium relative height face height of the ice{ — 0— —), a complete glacier cover
A phenomenon known from the Alps, which during thef the basin is made probable, because the accompanying
LGM have been glaciated up to an ice thickness of 2000 minimum ice thickness was 500-600 m.
as well, is the small-scale geomorphological discrepancy be- On the W margin of the basin, 10 km away from Shi-
tween the polished and rounded flat forms as, e.g., vallgyanha, in the region where one of the large gravel floor fans
shoulders and remnants of old plains on the one side affdgure 2, No. 105) reaches the basin bottom at 4200 m asl
the sharpened summits on the other side. With regard to (3&°26'40" N/80°02 E), flatly-inset, rythmically sedimen-
Alps the latter ones — so-called glacial horns and rock-siligted limnites (varved clays), a few decimetres- to 1-2-m
(‘riegels’) — have been explained as sharpenings by the late-thickness, document small-scale lake forms, into which
glacially dropped ice level since ca. 100 years (Penck atite gravel floor had extended. With regard to the geomor-
Briickner, 1901-1909). Here, too, the surface of the inlafdology, this sequence of sedimentations belongs also (see
ice and ice stream network which had been lowered towaralgove) to the later- or last-Late Glacial (Stadia IlI-IV). Fol-
the Late Glacial, has sharpened the summits, currently tolewing the gravel fan over a distance of ca. 6.5 km from
ering above the ice level, by glacial lateral erosigh).( its distal margin upwards to the WSW as far as its proxi-
Something corresponding took place during the early-glacialial area, the gravel field surface passes at ca. 4420 m into
period, when the summit) was not yet totally covered the characteristic substrate of glaciofluvially washed ground
by the surface of the up-building ice. Such relatively lounoraine, rich in fine material. Seven km further in this di-
mountain tops, which during the High Glacial were comrection, the culmination of the 4700 m-pass leading into the
pletely mantled by the inland ice (LGM minimum surfaceipper Gar Zangbo, and thus the root of this accumulative
height= — —), must be considered as being polyglaciaiamp which comes to an end in that fan, is reached (Figure 2,
forms, developed in the course of many Quaternary earfjo. 105; Photo 142). This pass is a classic transfluence pass,
and late-glacial periods. By analogy one might refer to trabraded by the overflowing glacier ice. As far as the rounded
numerous sharp summits in Greenland, rising only a fewck ridges &) it is covered with a ground moraine sheet
decametres above the current inland ice, which during t(M), the thickness of which decreases from below to above.
LGM lay under the ice level, but are not rounded today. Additherto it has not been ascertained, whether the large boul-
cordingly, the temporary lateral erosion must have exceedéers of sedimentary rock contained withindt)(are actually
the rounding temporary ground scouring with regard to tHer-travelled erratics (Figure 2, No. 104). The SW source
geomorphological effectiveness. branch of the Indus valley, the Gar Zangbo, located beyond,
i.e., W of the pass, has a valley bottom height of 4200—
5.4.6. Continuation of the section: observations in the bas#800 m asl as well (Figure 2, No. 131), thus lying as high as
of Shiquanha (Ali) (Figure 2, Nos. 103-105) the bottom of the basin of Shiquanha (see above). Insofar as
The basin of Shiquanha is surrounded by hill- and moutiere is no difference in the level from which the direction of
tain groups reaching a maximum height of 5800-6200 rihi€ ice flow over the ca. 400-500 m higher transfluence pass
From there valleys join this basin — so, e.g., the Senk®uld be deduced, the ice could have flowed over this pass
Tsangpu being the N source branch of the Indus. Kilometregither into the basin or out of it. However, owing to the gen-
extended Late Glacial glaciofluvial gravel floor fans (Figerally higher Central-Tibetan surface level continuing NE of
ure 2, No. 105), belonging to Stadia Ill-IV (see Table 1;he basin, it must be assumed that the inland ice flowed down
have been deposited through the valley exits onto the ba8igm the Senko Tsangpu (Photo 141) through the filled basin
bottom, interlocking with the corresponding adjacent fang8f Shiquanha and then over the transfluence pass into the
These gravel floors can be explained as glacier mouth gratar Zangbo. But even without this additional information it
floors. They have been sedimentated into this lowest arfégure that the ice flowed over the at least 5000-m high hills
lying about 4200-4300 m asl by the still existing ice streaffi the vicinity of the immediate pass depression (Photo 142
network- and valley glaciers of the bordering mountaim) With a thickness of further ca. 300 m, i.e., that its mini-
groups, i.e., from nearly all directions, thus covering th@um surface height amounted to 5300 m asL(). Thus, a



Reconstruction of an approximately complete Quaternary Tibetan inland glaciation 37

prehistoric ice level of at least 1000 m above the bottom gfacigenic transfluence pass (Figure 2, No. 105), the Gar
the basin of Shiquanha is documented. This makes probaBéngbo (S source branch of the Indus) is located (Photo 142
that the basin must have been filled and covered by the i0). It wears the characteristics of a glacigenic trough, the
land ice during the High Glacial (LGM). The same appliegalley bottom filling of which (Photo 1431 white) has
to the simultaneous ice filling of the Gar Zangbo valley S\Wéd to its current box-like shape (Figure 2, No. 131). The
of the pass which — this is to anticipate the data analysis (3eeind-polished hill- and mountain ridges on the SE side
below) —, as is evidenced by flank polishings (Photo 14@f the transfluence pass (Photo 142in the centre and
the right blacka) and summit forms, had its level at aboubn the left) as well as those NW of the pass, confirm a
5500-5700 m«£ — fine, half-right in the background). very much extended Riss- (penultimate) and High Glacial
(LGM) ice transfluence, completely covering the entire re-

5.5. Summary of Section 5 lief (Photo 142 — middleground and 143-1to 0 — ).

) ) The overlays of ground moraine, ablation moraine and drift-
The 420 km-long Quaternary sedimentological and geomegyer-sand W) provide further evidence for this. In which
phological Central-Tibetan profile between°3#nd 33 N gjrection the ice flow took place cannot be diagnosed geo-
and from 84 to 80° E to the west across the high plateay,orphologically. An ice flow from the basin of Shiquanha
with the hill- and mountain land of the Nganclong Kangrig the SW into the Gar Zangbo can be deduced from the
set upon it (Figure 2, Nos. 67-105), shows an uninterruptggbre |arge-scale relief incline. The ground polish forms in
sequence of erosive and accumulative indicators of a p{ga shape of roches moutonnées and rounded hills, marked
historic maximum glaciation, which has completely covergd pnotos 191, 190 and 18Q); testify to an ice transflu-
the highland relief (see Figure 12 in the light patterningnce over the depression of the 4650 m-high pass into the
above the Kamet). The indicators entered in Figure 2, tigy, Zangbo as well as to a total glaciation, the level of
exemplary field sketches and sample analyses (Figure 5 {gich reached over the orographic right flank of this main
agrams 31.8./1-1.9.96/1) and Figures 23-28) as well as U%ﬁey (O— —, — —0, — —). Here again, the reconstruction
arrangement of the positions and the geomorphological dadg.the High Glacial ice cover can be considered to be reli-
reproduced in the photos and panoramas (Photos 94-14¢)e according to the interpretation of the separate indicators
here confirm (as well as in Sections 1-4) the detailed obsggserved in the field and the arrangement of their posi-

abraded and thus rounded mountain summits, evidenceismeans of the photos).

in the central plateau area of Figure 2, No. 85 (Section 5-37hlley flank of the Gar Zangbo, reaching heights of up to
The same applies to the area No. 105 and No. 131, tappgfhe and 6739 m (Photos 143 and 144, Nos. 2 and 3), a more
by the upper Indus valley (Senko Tsangpu, i.e., Gar ZanghQact estimation of the inland ice level and ice thickness is
and its prehistoric ice run-off, where ice thicknesses of Bbssible (Photos 142—145_ and O— — fine, background).
least 1000-1400 m have been documented (Section 5.44fe extracted minimum surface height of the ice amounted
The accompanying LGM minimum surface height of the icgy ca. 5700 m. The valley bottom, elevated by moraines
ran at locality No. 85 between ca. 6000 and 6200 m asl, agdq ate Glacial gravel floors, runs in these cross-profiles
atNo. 105 and No. 131 between 5300 and 5700 m. The High the Gar Zangbo about 4250-4300 m &sl hite), so
Glacial (LGM) ELA of the area concerned ran at a heighhat a minimum thickness of the inland ice of over 1400 m
between 4700-4800 m asl in the E and 4300-4400m in t!geto be suggested. Thus, the inland ice surface was ly-
W (see Figure 2). At places where 5900 m-high mountajg 700-1100 m above the simultaneous glacier snow line
ridges have been overflowed so that an inland ice thickne(\e_q_A)_ This has not only made possible the preservation
of 1200-1400 m is probable (No. 85), the snow line des the orographic left flank polishings (Figure 2, No. 106)
pression amounted to at least 1000 m. This can be deduggghe Gar zangbo (it concerns the eastern continuation of
by the comparison of the present-day ELA about 5650 fthe zaskar Mountains) and their upper snow limit (cf. Fig-
documented by actual glaciers, with a prehistoric (L&M yre 2), but also their late-Late Glacial (Stadia Il and IV;
Stadium 0) ELA at 4650 m asl. However, a depression §hple 1) and Holocene reshaping and partial destruction by
even 1200 m cannot be ruled out. side glaciers. At least six massifs of this investigation area
are still glaciated today (Photos 143 and 1/44n the NE ex-
) ) . position almost 10 km-long side valley glaciers (Photo 143
6. The maximum High- (LGM) to Late Glacial | between 3 and 2) occur. But cirque glaciers also exist
glaciation of the Gar Za_ngbo (S source branch of the (Photo 143 on the left of 3 and on the very right; 145
Indus) on the SW margin of Central-Tibet between the  p,ring their post-late-Late Glacial history of retreat these
NW Gangdise Shan at Shiquanha (Ali) in the N\Wand  gjge- and hanging glaciers, as well as their meltwaters, have
Gurla Mandhata and Kangrinboge Feng (Kailash) in marginally undercut and destroyed the intermediate valley
the SE (Figure 12 between the marking of I2 and onthe - g ;rs of their side valleys — which at the same time form the
left above the Kamet; Figure 2 Nos. 105-131) main valley flank — by their erosive work (Figure 2 between
Nos. 107 and 109). In spite of having been glaciated as long

Beyond, i.e., in continuation of the glaciogemorphologicals recently, these side valleys show V-shaped profiles in their
profile of the preceding chapter SW of the 4650 m-high
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junction area (Photo 14%). Their meltwaters have trans-no longer contact to the parent glacier (Gar Zangbo glacier).
ported the late-Late Glacial to Holocene moraine fillings uphe younger gravel floor terraces of the side valley have the
to the valley exit and laid down in the form of fans on théollowing Numbers 3 and 2 from above to below, i.e., they
main valley bottom (Photos 148, 144 and 145\ white). belong to the local Late Glacial Stadia Il and 11l of the side
The older ground moraine deposits of the Gar Zangbo majtaciers (cf. Table 1). Since the Gar Zangbo glacier no longer
valley have only remained between these side valley inflowgisted in the main valley, they found no abutment, but have
(Photo 1438 black; 1441 left-half of the photo; 14W). been accumulated as gravel fans on the main valley bottom.
On the orographic right side of the Gar Zangbo, Late Glaci@hese gravel fans have to a great extent been removed by
kame ledges present the geomorphologically specific feattine anastomising meltwaters on the Gar Zangbo main valley
of an already far down-melted Gar Zangbo parent glacibottom (in the area of Photo 148). Up the Gar Zangbo a
(Photo 143 on the very left; 190 left half of the photo; further orographic left side valley is connected (Photo 187),
191M large). which presents numerous traces of the High Glacial (LGM)
In comparison with the dislocated moraine materialse infilling and complete glacier cover of the relief ().
which have been glaciofluvially and fluvially transportediere, a flank polishing cavetta] is preserved at a height of
down through the side valleys of the Gar Zangbo and se250 m above the valley bottom. On the opposite valley side
imentated out of the valley exit in the form of fans (Phota mountain ridge has been rounded by the isdeft) and
188 A), the ground- and ablation moraine covers (Photoantled by ground and ablation morail®) (At an already
188 W small, 187 and 14@) preservedn situ are partic- up-lifted snow line (ELA) in the Late Glacial, the valley
ularly expressive with regard to the characteristics of theead, polished by an ice transfluenae right), has been
maximum prehistoric ice sheet. This applies especially dissected by a subglacial meltwater gorge The 10 km-
the case of the highest moraine remnants. They mostly liebmad valley chamber in the area of the settlement of Gar
a thickness of only decimetres to metres on round-polish@igure 2, Nos. 108-110) has been filled by Late Glacial
bedrock mountain ridges and slope shoulders. In slope pateral- and end moraines (Photo 148 I, II, Ill, IV). During
sitions they show a typical pattern of fine microfluvial rillsthe Ghasa-Stadium (Stadium [; cf. Table 1) the Gar Zangbo
which have been formed since deglaciation during the Laparent glacier, flowing down from SE (Photo 148 from right
Glacial (since Stadia I-ll; Table 1) (Photo 183 to left), has still passed the viewpoint of Photo 148 (Fig-
By means of their glacigenic accumulation habit theage 2, No. 110), leaving behind the highest lateral moraines
high-lying remnants of ground- and ablation moraine conand kame terraces=(glacigenic lateral forms)H I) pre-
plete the circumstantial evidence of a prehistoric glaciserved. &) is the locality of the accompanying moraine
cover which has also been provided for the glacial erexposure, shown in Photo 147. Besides loose material the
sion forms in the underlying bedrock). In the areas, to densely-packed moraine material contains far-travelled er-
which no higher mountains with perennial valley glacierstic granite boulders. Classic drift-cover-sand lies on the
are connected, but valleys and remnants on the high plateaoraine surface (Photo 147). At the time of this moraine
have nearly simultaneously been deglaciated during the Latscumulation, the tongue basin of the Gar Zangbo glacier
Glacial, classic trough valleys as indicators of glaciation ares left behind the down-valley bank formation mentioned
preserved (Photo 188). Triangular slopes — which can be(Photo 146M 1), damming up a kame at the terrace level
referred to as a characteristic flank polishing form of its owNo. 4 (Photo 146; 4) of that side valley (Figure 2, No. 109).
— are to be observed at many places between the valley ekising the Taglung Stadium (Stadium II) the next lower lat-
(Figure 2, Nos. 106-109). They have been shaped by th&al moraine terrace has been left behind by the Gar Zangbo
back-polishing of mountain spurs (Photo 145ight half; glacier which had already melted down (Photo M8l).
146 a; 148 seconda from the left, thirda from the right). The next younger glacier positions, i.e., those of the Late
Besides only slightly modified ground- and ablation morain8lacial Dhampu- and Sirkung Stadia (see Table 1, com-
ridges with overlays of drift-cover-sand (Photo 18&ig), posed according to the nomenclature of the glacier stadia by
undulating gravel fields occur on the main valley bottonKuhle, 1982, pp. 150-169), have already developed their end
which during deglaciation have experienced a heavier washeraines up-valley of the viewpoint of Photo 148I{l and
ing and thus got rid of larger portions of the fine materidll IV) (Figure 2 at Gar below No. 108). On their outer slopes
(Photos 146 and 18%; Figure 2 between Nos. 105 and 109)these end moraines show sanders of the ‘Bortensander’-type
Glaciofluvial glacier mouth gravel floors (sanders) hav@MR) and their sub-type ‘transition cone¥(up to the right
been preserved in the form of a three-stepped terracelif(Kuhle, 1990a, e). The rounding of the mountain cupolas-
an orographic left side valley junction of the Gar Zangband ridges4) as well as their ground- and ablation moraine
(Photo 146). They belong to the Late Glacial; the oldesbvers and the overlying drift-cover-sandi) @re evidence
gravel floor (No. 4) has been deposited as a kame agaiofa High Glacial inland ice sheet which totally covered the
the orographic left margin of the Gar Zangbo glacier. Evielief on the SE- as well as on the NE side of the Gar Zangho
dence was found of a still exisisting Gar Zangbo main glaciéPhoto 148~ — 0).
by the orographic left ground- or lateral moraine remnant Geomorphologically the large-scale High Glacial ground
of the Late Glacial Stadium I, shown in Photo 148 [). moraine overlay on the slopes is especially evident at the
The kame deposit No. 4 took place at a time, when the sigiaces where the post-High Glacial rill flushing has fis-
valley glacier tongue had already melted back and thus hsured and exposed the ground moraine cover, as, e.g., on
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the orographic left flank of the Gar Zangbo, 2—-10 km ufhe clay. It is, however, lower than that of ground moraines.
the valley (Photo 18@ and » H). The Late Glacial end The silt, too, is compared with the sand less than in ground
moraines mentioned have been attached to these groumafaines. This is a result of the reshaping through meltwater
moraine covers in the slope foot area of the valley chambauring the sedimentation process of the ablation moraine.
of the settlement Gar (I and |IM). Also in the region of Figure 5, diagram 06.09.96/1, points to a predominance of
the orographic left valley flank of the Gar Zangbo, but 80% glacially crushed/freshly weathered quartz grains. The
further 7-13 km up-valley, glaciolimnic sediments are expossible alternative of being ‘freshly weathered’” must be
posed (Photo 1491 black and white; 184, 1851 black) ruled out, because the sampling took place many kilome-
(Figure 2 between Nos. 110-112). Their true locality itres away from bedrock. Since the outer edges of the quartz
the topographic connection of the arrangements of therains are at the same time rounded (see Figure 5: remarks),
positions is shown in Photo 148)(and Photo 1831j. an increasing intake of glaciofluvial gravel material by the
They lie on morainic material with separate large bouldelast-High Glacial (LGM= Stadium 0) inland ice — proba-
(Photo 1490). Two interpretations are to be suggested: ebly in the orographic left flank area of the Gar Zangbo — is
ther these are sediments of an end-moraine-dammed lakeanfirmed (see above). But also from the orographic right
the Late Glacial tongue basin at the settlement of Gar adlley side glaciofluvial gravels as well as glacier mouth
Stadium IV (Figure 2 below No. 108), or it is an ice-, i.e.gravel floors (Photo 1821) and outwash aprons (//) have
lateral-moraine-dammed lake in the orographic left laterbeen transported to the still existing Late Glacial Gar Zangbo
valley of the Late Glacial Gar Zangbo glacier of Stadia Illparent glacier and partly incorporated (Figure 2, No. 114).
IV. The latter interpretation ought to be favoured becaugauring the LGM the rather hilly relief of this region was
limnic sediments exist only on the very margins, but natompletely covered by the inland ice  0— -). This also

in the centre of the tongue basin. To the SE, i.e., the Gapplies to the at least 120-150 m higher main valley bottom-
Zangbo up-valley, up to ca. 90-110 m-thick Quaternaryi.e., flat upland area of the upper Gar Zangbo, located ca.
loose sediments immediately continue the glaciolimnic sed® km to the SE (Figure 2 between Nos. 117-119; Pho-
iments (Photo 183 and 00 white). They consist in their tos 151 and 181 —), though the framing mountain ridges
core from pre-Last Glacial (pre-LGM) washed moraines afre about 1000 m higher. From this a minimum thickness of
Stadium—I (= Riss or pre-last High Glacial maximum; seehe inland ice of over 1000 m can be derived (see also Pho-
Table 1) and glaciofluvial gravels of the Riss-Wurm intos 152— —, 180, O—~ —). Besides the omnipresent moraine
terglacial (LGM-pre-LGM interglacial). This chronologicaloverlays ®), exaration furrows, gouged into the ground
classification has been deduced from the fact that these loaseraine by the inland ice (Photos 151 and 452and thus
rocks have been reshaped, i.e., overflowed by the inland meserving the direction of the ice flow, have been observed.
during the LGM (Stadium 0). Evidence of this is provided byrhese, as well as the roches moutonnées (Photo 151 the
the overlying ground moraine sheet (Photo Mdas well two a on the very left and right; Photo 15 large) doc-

as by the glacigenic flank polishing forms (Photo 180 ument, that at a certain time the inland ice has overflowed
Figure 2 on the right above No. 116) with their typical flonand formed the 4780 m-high transfluence pass (Figure 2,
lineaments, pressed and carved into by the flank presslef of No. 118) on the watershed between the Gar Zangbo
of an ice stream into the yielding loose rocks (Photo 18#hd the Langgen Zangbo in either a NW- or SE-direction. In
v). Here, the general direction of the ice flow followedhe immediate pass area (Photo 152) as well as in the area
the incline of the largest valley, the Gar Zangbo, to th#0 km to the SE (Photo 180), large erratic boulders, which
NW. Even back-polished triangular-shaped spurs have bdenon series of sedimentary bedrock in the underground and
developed between two side valley junctions (Figure 2 b&swim’ in a fine ground moraine matrix, provide evidence of
tween Nos. 112 and 116; Photo 1&Cight margin). In the a High Glacial (LGM= Stadium 0) as well as a Late Glacial
centre of the Gar Zangbo ablation moraines, i.e., drift-covgca. Stadia 1-1V) ice cover. They have not been reshaped
sands have been preserved on the cross profile concergleiofluvially. The classic condition of the ground moraine
(locality in Photo 1508 black). They wear the character-matrix is shown in Figure 29; the morphometry of the quartz
istics of ‘drift-cover- sands’ described by Kopp (1965) fograins can be derived from Figure 5, diagram 02.09./1. A
Central Europe, i.e., they correspond to the definition @brtion of 26.5% fluvially polished (lustrous) grains testifies
Hinze et al. (1989) (quoted from Bussemer, 1994): ‘Sarid an important influence of water, which at first appears
unterschiedlicher KorngréRen, z.T. mit geringem Schluffgés be untypically of the pass topography. However, since it
halt und einzelnen Kiesen, Steinen sowie evtl. Blockeran be deduced to the out-thawing of the over 1000 m-thick
(Geschiebe, Findlinge), meist weniger als 1 m machtimland ice, itis in this context a further consistent indication.
gelegentlich mit einer Steinsohle, sonst ungeschichtet umdthe area SE of the 4780 m-transfluence pass, drumlin-
strukturlos, Geschiebe kdnnen Windschliff aufweisen. Solike ground moraine ridges, which are relatively rare on the
gers (quoted from Kopp, 1965) has been the first, whidbetan plateau (Photo 188, rear on the left) as well as
interpreted material of that sort as cover moraine, devebches moutonnées(on the very right) and accumulative-
oped from melted surface- or internal moraine, i.e., ablati@rosive mixed forms from both of them have been preserved
moraine (ablation till). Figure 31 provides the analysis of thgeconda from the right andll on the very right; Figure 2,
matrix of this ablation moraine (Figure 2, No. 113). Its chaiNo. 118). This concerns a roche moutonnée (seafrdm
acteristics are typically morainic, i.e., they show a peak ihe right), the several metres-thick ground moraine nose of
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CUMULATIVE FREQUENCY GRAIN-SIZE CURVE 02.09.1996/1 down to at least 1800 m, i.e., 1200-1400 m (Kuhle, 1998,

) p. 87).

50 Clay Silt Sand 100 We follow now the SE source branch of the Langgen
40 80 Zangbo upwards as far as the Kangrinbogé Feng (Kailash),
%gg % Mapam Yumco (Manasarowa lake) and Gurla Mandhata
10 ] (Figure 2, Nos. 126-128). Figure 2, No. 28 shows glacier

0 mouth gravel floors, located approximately 12 km SE of
<2 2-6 6-2020-60 gg(; 2:000' ggg(; the settlement of Menshih, which have been deposited from
the NE-slope of the Gangdise chain — the orographic right

(DIAMETER 1/1.000) flank of this valley (source branch) — onto the valley bot-

HUMUS CONTENT: 2.37 % tom (Photo 15@1 3-1). These are Late Glacial gravel floors
LIME CONTENT: 0,49 % No. 3-1, i.e., they belong to the glacier ends of Stadia -1V

Figure 29. Locality: Photo 152 foreground; Figure 2, No. 118; at ca.(TabIe 1)' -) marks the oldest Late Glacial end moraines

4780 m asl (aneroid measurement: 4615 m at high pressure). MatrixR€Served, fringing an upstream tongue basm from which
ground moraine on the S-Tibetan plateau, bearing erratic granite boulddide gravel floors have been accumulated. Their upper layers

Sf:fl":/pll_? taken flrorfn adepth ofO-tS_ m. tThhe dstrikilng fine tgf?in r?‘eﬁk :n the clgy] 1 = gravel floor No. 1 in Table 1) have covered the older
(sopcs famoran s e desloenen 4305 ors, hes buing the base of e morarmhly
02.09.96/1. (Sampling: M. Kuhle.) their aggradation. The large granite boulders of the moraine
(@) have been displaced by the ‘high energy flow’ of the
meltwater, bunched together by the glacier mouth, over a
which (@ on the very right) passes into a decimetres-thicfistance of several hundred metres. The accompanying Late
ground moraine cover that Clings streamline-like to its flat§|acia| g|acier tongue — and at the same time many adja_
ter luff slope. This arrangement points to a local ice flowent parallel glaciers — flowed from the trough vall&y) (
direction in the Late Glacial (Stadla |—|V) from NW to SEof the Gangdise Shan WSW_s|0pe down into the mountain
(in Photo 180 from left to right). The extended, drumlin-likgoreland. Several of these local ice streams emerged from
ground moraine ridge running in the same directilréar cirque depressions™). The gravel floor 1) has mantled
on the left) consists also of 6-8 m-thick ground moraingne early-Late Glacial (Stadium I) and High Glacial (Sta-
Today it is fluvially patterned by transverse rill-flushing.  djum 0= LGM) ground- and ablation moraine at a thickness
Further SE of the 4780 m-pass, down the Langqej¥ over 10 m. This gravel-thickness is documented by the
Zangbo valley, with decreasing height the valley botxposures in the fluvially eroded small valleys, which have
tom changes into a glaciofluvial landscape (Figure 2 frofen dissected the gravel floors during the neoglacial to his-
No. 118 via 119 up to 121). Near the surface the grouRgric glacier retreatment in the Holocene)( During the
moraine (Photo 15M) has been more and more washegigh Glacial the fiell-like mountain land, too, was com-
(O); a terrace landscape (Photos 154 and J%om Late pletely covered by the Tibetan inland ice £). In this valley
Glacial glacier mouth gravel floors (Nos. 1 and 2) reflecixcavation area a corresponding to equal development of
deglaciation — only interrupted by short glacier advancege glacial landscape can be observed 15-16 km further SE
and -stagnations — and covers the ground moraine laffhoto 157).
scape which chronologically belongs to the High Glacial still ca. 100 m further up this valley (to the SE), Late
glacier level £ —0 and— —). In the only 4380 m-high Gjacial glaciofluvial accumulations are nearly completely
Valley chamber of the settlement of Menshih, the Lat&bsent_ A landform of ground po“shes and roches mou-
Glacial glaciofluvial gravel covers (sander) pass with inpnnées predominates, covered by ground- and ablation
creasing terrace-heightinto a 50 m-high glaciolimnic terraggoraine (Photos 158 and 1Wanda; Figure 2, Nos. 122—
(Photo 1557 black; Figure 2, No. 121). During Stadia Ill-125). The cause of this change is that up here the Late
IV an ice-dammed lake existed in this confluence area @fiacial ice cover has existed longer, i.e., up to Stadium II
the two source valleys of the Langgen Zangbo, dammed-piaglung Stadium; Table 1). Apart from that, the final ice
by an inland ice complex remaining down the main valleyecay with increasing height ought to have been more and
Fifty-five km to the SW the glacial ice stream network ofnore dependent on sublimation ablation instead of melting
the Himalaya continues with the Nanda Devi- and Kameb|ation. Not least the concentration of the meltwater run-
massifs (Garhwal Himalaya) and the ca. 5000 m-high transff has also decreased with increasing height and thus its
fluence passes — the Tun Jun La (Marphi La) and Shas@abmorphological efficacy has declined. The washing-down
La (Figure 2 below Nos. 129 and 128; Figure 12, I3). 1&f the immediate ablation moraine surface — which has led
the Alaknanda Valley at 1100 m asl, near the settlement Iﬁére to the deve|opment of drif‘t-cover-sa'.jfbreground)
Pipalkoti, the author had mapped the lowest ice margin po-has only been exceeded by the glaciofluvial effect at the
sitions of the outlet glacier tongues on the Himalaya S-slog@mediate mountain foot of the Kangrinbogé Feng-chain.
here (Figure 12 below; between Nanda Devi and Kamatere are flatly embedded, late Late Glacial gravel fields
(Kuhle, 1997b, p. 127) during his eight-week investigationghoto 16a7) which, bundled together by the mountain val-
in 1993 (Figure 1, No. 16). Inthe adjacent valleys Gohna ansls, emerged into the foreland. Until Stadium 11l (Dhampu
Nandakini (Nanda Ghunti-Trisul-group) the glaciers flowedtadium; Table 1) the persisting glaciers of the higher moun-
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tain valleys have reached the level of the Tibetan plateai CUMULATIVE FREQUENCY GRAIN-SIZE CURVE 02.09.1996/2
(Photos 161A 11I; 162 W Ill; Photo 163M black) and ac-

cumulated their glacier mouth gravel floors (Photos 160 anc g Clay Silt Sand
1620). During Stadium IV (Sirkung Stadium; Table 1) the 40

glacier ends lay in the valley exits (Photo 163 IV) and — %gg

retreated to a greater extent — in the valleys (Figure 2 righ 10

of No. 121), depositing fan-shaped gravel floors of the ‘cone 0 s 2.6 6--';-020 60 60. 200 600
igrzuie)r -type in and out of the valley exits (Photos 160 anc 200 800 2000

In this large valley excavation area or S-Tibetan plateat (DIAMETER 1/1.000)

area S- to SSW of the Kangrinbogé Feng (Kailash)- qumus CONTENT: 4.81 %

chain, decakilometres-extended central hills are strikinc| mge CONTENT: 14.43 %

(Photo 161M white, centre). They are located N anq:igure 30. At ca. 4840 m (aneroid measurement: 4570 m asl at high pres-
between the two lakes Langa Co and Mampa Yumco (Ma&ine), ca. 110 m above the Mampa Yumco level (Manasarowa Lake) at
asarowa) (Photo 164). During the Late Glacial Stadium 30°46" N/81°21' E; Figure 2, No. 124, between Langa Co and Mapam

these hills have been accumulated as a medial moraine-, iYamco. Ground- or end moraine matrix of the S-Tibetan plateau area vis-
" ible’in Photos 164, M 1l and I1I), 166 M, W 1Il and 167 W, W I1I),

kam_e complex-frl_nged on all sides by glacier 'Ce'b?twe%ich is completely covered with moraines. Sample taken from an expo-
the ice lobes, which flowed down from the mountain Sysure wall from a depth of 1.00 m beneath the surface. The bimodal course

tems of the Gurla Mandhata (No. 1: 7739 m) from the & the curve with two fine grain peaks — typical of ground moraine — is

; A ; . vious. Compared with characteristic ground moraine, the finer fine grain
f"‘”d the Kangrinboge (Kailash, No. 2: 6660 m) from the Igle)ak (left) has been shifted from the clay to the fine silt. This points to
into the foreland (Photos 164 and 1®bll). Before that, , washing of clay portions which took place by Late Glacial (Stadia Il-Ill,
a completely covering glaciation had existed (Stadium Ofable 1) meltwaters during the down-thawing of the inland ice, i.e., later ice
[) (Photos 158-164.— —0, O— — and — —). Figure 30 stream network. As for the morphometry see Figure 5, diagram 02.09.96/2.
(locality: Figure 2, No. 124) shows the condition of thdSampling: M. Kuhle.)
material of this ice margin deposition (medial moraine, i.e.
glacigenic to glaciofluvial glacier margin- to bank formation
of the ‘kame’-type), which at least near to the surface has Clay Silt Sand
been glaciofluvially washed. The fine grain peak, shifted 50
towards the silt (10% fine silt) shows the meltwater activity
as well as the content of ca. 30% fine- and medium sand % 2
Eighty-three % of the quartz grains are either dull-eolian or :
fluwally polished (Iustrous_); only ;7% are glagally crushed, <2 2.6 6-.2020.60 60. 200- 600-
i.e., freshly weatheredr( situ). This also confirms the dis- 200 600 2000
placement or/and reworking of the glacigenic depositions (DIAMETER 1/1.000)
(Figure 5, diagram 02.09./2). In the later Late Glacial during
Stadium Ill, the lake basins of Langa Co (Photo 169) andHUMUS CONTENT: 3,11 %
Mapam Yumco (Photos 164 and 167) have been eroded LIME CONTENT: 12,59 %
as adjacent glacier tongue basins by two piedmont glackégure 31. At ca. 4510 m (aneroid measurement: 4365 m asl), ma-

lobes, ﬂowing down from the Gurla Mandhata from the gix of ab_lation moraine- to ‘drift-cover-sand’, taken in t_he southern area
. of the Tibetan plateau from a depth of 0.2 m. Locality: Gar Zangbo,
(Figure 2, No. 125).

i . Lo . . i.e., upper Indus valley (Kaerh Ho according to ONC 1:1 million H-9)
During this decay of the Late Glacial inland ice, i.e.(31°38'30" N/80°21’ E; Figure 2, No. 113). The clay content (11%) shows
later ice stream network and piedmont glaciers — accotthe characteristics of ground moraine. The pronounced bimodal course of
panied by an increasing ELA — the ice streams from tfige columnar diagram is also typical of moraines. The important medium-

. . . .and fine sand portions (ca. 32% and 28%) are characteristic of ablation
Gurl_a Mandhata ma$S|f S of the lakes obtained a _”S”Plg)raine or ‘drift-cover-sand’, which in comparison to ground moraine is
glacio-geomorphological influence. The reason for this atearser. As for the morphometry see Figure 5, diagram 06.09./1. (Sampling:
the important glacier feeding areas at over 7000 m of thik Kuhle.)
massif, which shows several summits and a width of 50 km
3::5; %&)IS\?V.h(;::qchnealllzyll,gl:gzg4tg§—glc?ohrrcfll?)(\;\l/zlr(;fjﬂaslgar_ elfrom the Gurla Mandhata have newly reached the southern
' . . . L 9 .P’egions of the two lake basins. They have overthrust several
connected Tibetan ice existed, the direction of the main IG€ 4 moraine hills and roches moutonnées. mantied by older
flgw was approximately reverse, i.e., out of the centre %g:ound- and ablation moraine (Photo 1l7,black on the
T'b?rtha”dntger;effrii f“z:“ir':'Etg’?SN'r o the two lake basin 1Y iGNt 168M 1I-1V; 169 #, M a). At the same time
and tr?ee rounc()j-aaned :blz:t,ionomgraige :ovefs 3vr(1§ichaf1a round- and lateral moraine remnants of Stadium IV have
9 . . . en preserved in the immediate valley exits of the Gurla
been flattened out in the basins, are evident (Photos 1 ndhata massif (Photo 168 Iv). Still today the valley
166, 167M IIl). During a youngest Late G'?‘C'a' gIaCIfe.rexits, i.e., highest cross profiles of the typically glacigenic
advance, geomorphologically and thus relatively classn‘u?ld

as belonging to Stadium IV, the foreland glacier tongqu%l;%r;\sla"eys(PhOtos 168 and 16pare reached by glacier

’ CUMULATIVE FREQUENCY GRAIN-SIZE CURVE 06.08.1996/1
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Owing to the important dimensions of these tongue basimoraines, which interrupt the fine-grained High Glacial
lakes (ca. 30 km longitudinal extension), storms create(BGM = Stadium 0) ground- and ablation material on this
heavy surge. This resulted in an undercutting of the endlley slope (Photo 16 black, background) with their
moraine fringing the shore, so that a fresh cliff with a sea@oarse-blocky composition (Photo 1mblack; 1680; 169
ondarily (limnical) steepened inner slope of moraine hda® IlI-1V). This spatial distribution pattern of the preser-
developed (Photo 16K). vation of moraines occurs in particular clear at the exit of

In this study the High Glacial inland ice level — re-one of the large orographic right side valleys, the ‘Kailash-
constructed here only with its minimum height £) — NW-valley’ (Photo 170). The late Late Glacial (Stadium V)
is a focus of interest. On the Gurla Mandhata side #failash-NW-valley glacier has only just left its side valley
the area treated, this level has been deduced from classith the tongue end, pushing its end morailY) into the
glacially triangular-shaped slopes, which have developed fareland. At the same time High- to early-Late Glacial (Sta-
‘glacially truncated spurs’ (Figure 2, No. 126; Photos 168ia O to I, perhaps also Il) ground- and ablation moraine (the
and 169a % background). The same, i.e., synchronicallieft B black) has been overthrust and remoulded. During the
highest minimum ice level (Photos 168 and 162.) was LGM the glacigenically rounded montain ridges fringing the
found on the Kangrinbogé (Kailash-) side of this valley excamain- as well as the side vallex(Figure 2, Nos. 121-123)
vation area at also 5700-5900 m asl (Photos 163=18%. were covered by the inland ice- (). Thus, the ‘Kailash-

It is documented by ground- and ablation moraine overlaj8/N-valley’ received its classic trough form (Photos 170 and
with erratic material on the slopes (Photos 159, 160, 16271 U; Figure 2 below No. 127) during the High Glacial
165, 170M black in the background) as well as by mountaiand still in the Late Glacial by the decreasing ice filling of
spurs, rounded by flank polishing (Photos 159, 160, 162,valley glacier. During the Late Glacial as well as during
163, 170a) and mountain cupolas. The Gurla Mandhatthe inland ice phase — when the ice filled the entire trough
peak (Photos 168 and 169: No. 1) has towered above tradley — the ice flow followed the valley incline. As a re-
inland ice level by ca. 1800 m; the Kangrinbogé (Kailastgult, varying ice levels and ice thicknesses from the High-
(Photos 163-165: No. 2) by ca. 700 m. These findings argigeLate Glacial (Photos 172 and 1Z3— 0 and— —1) can

for a local inland ice thickness of ca. 1000—-1200 m. be differentiated in this mountain system, but the glacigenic

The field observations introduced here, can be seen islzaping of the valley bottoms at a reduced ice thickness
large-scale connection with the ice cover reconstructions aranained largely unchanged with regard to all connected
ice margin determinations carried out by the author durirgide valleys and source basins of the 2nd and 4th degree
his field expeditions in 1976 and 1977 as well as in 1994Photos 171-178). Nevertheless, a remarkable inversion of
1995 (Figure 1, Nos. 1 and 18) in the Dolpo and Kanjirobhe preservation of glacial forms in these valleys can be
massif NW of the Dhaulagiri Himalaya, i.e., likewise orobserved. This concerns the valley sections as far up as
the S margin of Tibet and through the Himalaya-main-ridge the glaciers still existing postglacially, i.e., during the
to the S. Here, 150-170 km SE of the Gurla Mandhata,Hplocene up to the present (Photos 174 and 175), which
connected High Glacial ice stream network has been reca@re located at a shorter and shorter distance from the val-
structed (Figure 12 left above the Dhaulagiri) which as I@y head: the trough valley forms and their elements as,
was directly linked with the Tibetan inland ice (12) (e.g.e.g., flanks, polished concavely below and convexly above
Kuhle, 1982 (figures), Figure 8, 1983). Its outlet glacier§*hotos 171-172 W), are preserved more and more poorly
flowed into a large Bheri Khola glacier, discharging W of théowards the up-valley younger glacier positions (Photos 177
Dhaulagiri through the Himalaya-main-ridge far down int@nd 176%a). In places where glaciers still exist, i.e., in most
the Bheri gorge. This lowest parent- and outlet glacier stilipper valley chambers, the purely glacigenic valley- and
had a thickness of at least 400 m at 1900 m asl — as couldftamk form type occurs in the least classical and clear (i.e.,
evidenced by erratics found at the settlement of Tripurakitte most degraded) form (Photos 174 and 175). This spatial-
(Kuhle, 1997b, p. 127; 1998a, p. 224). Accordingly, duringhronological form sequence makes obvious that the late
the LGM (Stadium 0) a connected inland ice surface — ahdte Glacial to postglacial valley glaciation has reworked
further S and SE an ice stream network pierced by the reliéie older, i.e., early-Late Glacial to High Glacial features
— has existed from the Kangrinbogé- (Kailash-) chain arny undercuttings, so that they have been more destroyed
the Gurla Mandhata as far as the Himalaya. Owing to a joititan preserved. The same applies for the sharpening of the
main run-off of the ice towards the Himalaya and througimtermediate valley ridges — being relatively round in the
the Himalaya main ridge, the different surface levels hawigh Glacial (Photo 174): these roundings, too, have been

communicated with each other. increasingly destroyed and shaped into sharp ridges of solid
rock and blocks during the late Late Glacial (Photos 174 and
6.1. Reconstruction of the High Glacial maximum 176 between the roundings. A corresponding glacigenic

glaciation of the Kangrinbogé- (Kailash-)massifinthe S  reworking with regard to a destruction of the roundings and
Tibetan Gangdise Shan system (Figure 2, Nos. 120-123, roughening becomes evident in the area of the cirque glacia-
127) and its embedding into the Tibetan inland ice tion, effective as far as recently. Small cirques and nivation
. niches have very quickly destroyed the roundings of inter-
On the NE flank of the large excavation area, formed Qyeqiate valley ridges as well as the polishings of the upper

the 6660 m-high Kangrinboqé- (Kailash-) massif, late Lal§,nes of trough valleys (within a few millennia) (Photos 176
Glacial glaciers (Stadia Ill and 1V) have upthrust local end
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and 1780). The transition from a good trough valley preserebservations in other areas (Figure 12 between the line of 12
vation to an extreme glacigenic destruction of older glacialght, up to left above Kamet). In the test area of Section 6
features can be evidenced between Stadium | (early-Léie ice has been drained by the valley courses of the Langgén
Glacial) and Stadium Il with glacier levels already heavilzangbo and Gar Zangbo to the W, i.e., WNW. Channelized
lowered towards the valleys. This transition becomes ob\yiy the Langqén Zangbo, it flowed down towards the Hi-
ous in the background of Photo 178, where the bottom ofalaya main ridge, following the incline of this antecedent
the ‘Kailash-NW-valley’ at the level where it falls below thetransverse valley through the W Himalaya chain between the
4750 misoline, has best preserved the trough form (the thf&&75 m-high Kamet and the 7029 m-high Deo Tiba-massif
a in the centre) eroded during the High Glacial (pertinerfEigure 2) in the direction of the settlement of Simla. The
minimum inland ice surface. —0). This valley profile is steep incline of this last stretch and the only low altitude
also shown in Photo 171. Above 4800 m asl the destructiofisea-level, resulted in a markedly decreasing thickness of
of the glacigenic valley relief through younger ice fillingghis outlet glacier of the Himalaya ice stream network (13).
and periglacial weathering is dominant. The phenomenétere (Figure 2 left of Kamet), the glacier surfaces of the
of a better preservation of glacigenic old forms at a minanain valley were already located below the climatic snow
sea level has been described by the author for the first titiree (ELA), which the author in this Himalaya section has
with regard to the Dhaulagiri Himalaya S slope. There hmalculated and interpolated as running at 4100 m asl during
has documented a lower altitudinal level at which glacizhe LGM (cf. Figure 2). The Gar Zangbo- or uppermost
features, in relation to their higher age, are strikingly betténdus-outlet glacier followed the incline of the valley bottom
preserved (Kuhle, 1982, pp. 59-61; 1983, pp. 156-162). as far as at least 50 km SE up-valley of the settlement of
During the High Glacial (LGM) such rock sharpenings.eh, where it might have calved into the High Glacial ice-
by undercuttings can only be found over small areas, thatdammed lake of Leh at 3100-3300 m asl (Figure 2). Up to
to say at places at which high summits have towered ababere the outlet ice flow has been supplied by steep glacier
the Ice Age inland ice sheet. This applies for the main peékanches of mountain valleys from the inland ice of Cen-
of the mountain group concerned, the 6660 m-high Katral Tibet, i.e., from the Gangdise Shan (Figure 2 between
grinbogé Feng (Kailash). Therefore the upper 700 m of itdos. 105 and 115; cf. Section 5) as well as from the Ladakh
summit show especially sharp crests (Photos 163 and 18&nge in the NE and the Zaskar Mountains in the SW of the
No. 2 above—~ —). With the exception of this high sum-upper Indus valley furrow. As is documented by the upper
mit, there was no great difference between the inland ip®lish line of the lowest valley trough profile investigated
surface in the area of this mountain group and the inlam@re (Figure 2, No. 106), the ice thickness had still not sig-
ice surfaces of the main valley excavation area connectedhificantly decreased at a distance of ca. 200 km from the
the SW as far as the Gurla Mandhata. However, for theglacier end.
retical reasons a slightly cupola-shaped up-doming is to be
suggested, because: (1) the valley structure of this mountain
group occurring on the underground of the inland ice (Phd- Reconstruction of the maximum Pleistocene
tos 171-178) has impeded the ice discharge and gener8iciation of Central W-Tibet with the Aksai Chin and
enhanced the friction, and (2) the valley bottoms are locatEd-ingzi Thang between the Basin of Shiquanha (Ali) in
about and over 5000 m asl, i.e., 300-500 m higher than tH S and Haji Langar (Kuen Lun) in the N (Figure 1,
main valley bottom in the foreland, so that the inland icBl0- 20 Aksai Chin; Figure 2, Nos. 132-168; Figure 12
bottom — lying here several 100 m above the High GlacigPove Kamet up to Kuen Lun)

ELA (running at 4600-4700 m asl) — might have been frozen . .
to the valley bottoms over large parts. The immediate E connection to the area treated here — and

this is of importance for the large-scale arrangement of
6.2. Summary of Section 6 glacial indicators — is provided by the findings introduced

in Section 5 (Figure 1, No. 20 SE of the Aksai Chin). The
Inthe 300 km-long SE-NW extent of the Mapam Yumco testnmediate S connection is established by the field- and lab-
area (Manasarowa lake; Figure 2, No. 125) down the uppmatory data and their interpretation recorded in Section 6
SE Langqgén Zangbo (up to Figure 2, No. 121), across tfieigure 1, No. 20, area NW of the Kailash (see above).
4780 m-pass (No. 118) and the upper Gar Zangbo (S soufid®ugh a consistently recorded field profile exists for this
branch of the Indus) as far as a valley chamber 250 km ugection, the spatially complete implementation of the two
valley from the settlement of Leh (Figure 2, No. 131), fieldprevious sections permits one to describe only two repre-
and laboratory findings provide evidence for a High Glaciaentative main areas here: (1) the Nako Tso area (Kingdom
(LGM = Stadium 0; Table 1) cover of an inland ice and icef Rutog) (Figure 20 below Aksai Chin; Figure 32 Na-K’ot
stream network with a glacier ice thickness of over 1000Fs’o; Figure 2, Nos. 140-147) and (2) the Aksai Chin (Fig-
1200 m. The arrangement of the positions of the indicatanse 1, No. 20) (Figure 2, E Lingzi Thang, Nos. 155-163).
in this investigation area, as well as their arrangement wilthe glaciogeomorphologically detailed observations of the
regard to those of the neighbouring and immediately adja00 km between the Basin of Shiqguanha and the basin of the
cent research areas (Section 5), indicates the connection Biato Tso (Basin of Rutog) are completely presented with
large-scale relief-covering linkage of the ice complex reconegard to their arrangements of the positions in Figure 2
structed in this section, with the inland ice deduced from th{®los. 132-139). This applies also to the 85 km between



44 M. Kuhle

the Basin of Rutog and the SE Lingzi Thang (Aksai ChinfFigure 2, Nos. 136 and 137; 381’ N/79°50 E). However,
which are spatially completely mapped with Nos. 146—15#this valley does not lead down from a high mountain group
As a result, connected ice stream network- and inland ite the Nako Tso basin. On the contrary, its catchment area
covers could be reconstructed for these two intermediate waiith its elevations and dimensions corresponds to all neigh-
eas, the overall expansion of which amounts to ca. 200 Kmuring catchment areas of the Nako Tso basin, which in
(cf. Figure 32 for the areas adjacent to the depressiontbgir hill- and mountain topography are very similar to each
Na-K’'ot Ts'0). other and thus as glacial catchment areas are equivalent. This
leads to the assumption that at a same and therefore large-
7.1. The prehistoric maximum glaciation of the Nako Tso scale simultaneous ELA-depression (during Stadia O to Il at
Basin as the lowest region in W Tibet (Figure 1, No. 20 = maximum ca. 1300-1000 m; cf. Table 1) by necessarily
below Aksai Chin; Figure 2, Nos. 140-147) the same amount, the glacier ice supply from all surround-

In th f a classic kev locality. findi f th ing areas into the Nako Tso basin must have been equally
n the sense ot a classic key locally, Indings rom e arlge, 5,4 jntensive. On the other hand, this also suggests

_reg|or][ ofttfhe tl;iako .LSO n Cfenttrz%[l YV T'E.e'f[ are elxefnf_lanl e glacigenic transport of those granite boulders from other
important for the evidence ot a total prehistoric giaciation alleys, in which granite bedrock might occur. At the same

Tibet. Therefore they are introduced in a somewhat more fthe these considerations make clear, that the erratic boul-

every presently glaciated mountain group at only 4220
asl (4218 m= lake level) — that is to say in a basin with
the topographically lowest position of the whole of Centr

ea L —0- -). In Figure 2 a snow line depression to ca.

400 m asl, i.e., to 200 m above the lake level of the Nako
. ; 0 and — according to the depth of the lake which has to

Tibet. The shore line undercuts the slopes of the surrourbdZ— added — still son?ewhat morz above the Nako Tso basin

ing hill chains, fringing the lake basin, so that fresh cliffsb . , 1Y i i :
; ) tt F 34, Na-K'ot T dicated. So, th
with wave-cut notches (Figure 2, No. 141) have been ortom (see Figure a-Kot Ts') is indicate o, This

: : . as one of the few basin- and valley bottom areas of Tibet
veloped. This evidences the Nako Tso as being a YOURR ated below the High Glacial climatic snow line.
lake, later filled into a relief of a different, i.e., non-limnical

origin. The undercut slope profiles are not solely SOIiquc7'.1.1. Insertion concerning large-scale granulometric and
tion slopes. At many places there are ground- and ablati%rphometric analyses of moraine matrix

moraine covers _(Photos 192 and _1l3 undercut by the.On a 4800 m-pass (Figure 2, No. 147) 5060 km E of the
lake level. Additionally, even glacially rounded mountain .
eastern end of the Nako Tso, a further expressive sample

ridges (streamlined hills) and perfectly preserved, i.e., ver ablation moraine matrix has been taken, testifying to a

young roches moutonnees, the slopes of which have beperghistoric ice transfluence and the inland ice contact from

limnically undercut, occur quite often (Photo 182. This thée Nako Tso- to the Aksai Chin area (Figure 33). There

document_s, that the Nako .TSO B desplt(_e its most arid A0 fluvial catchment area on this pass culmination, so
top_ogrgpmcally Ioweg,t posmon — occupies a_pl.ateau_ arfitht water can neither have caused any transport recently nor
which in the last glaciation (LGM to Late Glacial: Stadia _Osince deglaciation. This means, that the reduction of the clay
to ca. Il; cf. Table 1) must have been cqvered by the "E)'eaks close to the surface to merely 4-5%, which is charac-
Iaﬂd ice (Photos 19.2. and 193._ 0 = Figure 34). At teristic of ground moraine, can only be explained by the Late
widely scgttered p_osmor)s erratic grgmte t_JouIders have b fhcial down-thawing of the inland ice. Accordingly, the ab-
found, which conflr_m t.h's observation (Flgure 2, Nos. 14 tion moraine character is documented. This observation is
and 143). Several indicators are shown in P_hotos 192 upported by 75% quartz grains with a dull(eolian)/lustrous
and 193 O ~ ‘/).' Th'ey are erratic boulders lying at thg fluvial) forming and only 25% glacially crushed/freshly
end of the lake, i.e.,in a position towards thg centre of Tib eathered quartz grains (Figure 5 diagram 07.09.96). Eo-
Me:-tre- to rgom-3|zed (Photo 19(.3)’ they .EIther lie on a lian accumulation has to be ruled out on this wind-exposed
relief-covering ground- and ablation moraine overimy or ass saddle, lacking wind-shadow. Because of the only small

they are incorporated into the moraine, i.e., ‘swim’ in th me content (16.72%) of the sample (Figure 33), a fresh

fine groundmass — this concerns mainly the small gran(ie, ivorin . .
. g from the surface of the limestone bedrock in the
boulders (Photos 192 and 193. The ground morainell) underlying bed is out of question. Owing to these labora-

and thg I|ght.errat|c granite bouldew@) lie on 'dark meta- tory analyses only the indication of an ablation moraine is
morphic sedimentary bedrocks); Erratic granite boulders -

h h b found . v th Imi topographically acceptable.
as these have been found up to approximately the cuimina- Figures 4-34 show a selection of sedimentation analyses

tions of hill- and mountain ridges (Photo 1.93 But also at of ground- and ablation moraine ground masses found on
the places, where they have been deposited on lower SIOm:'ii}ggIaciogemorphological profiles, which is representative

EE hoto 192/|' ; thghl??’?@?r?tr_“;eh bted;%c::;ls abfrt]e ntt %or the S- and Central Tibetan area as far as W Tibet treated
he upger S o;:l)es (t oto " ?th, b 0 ?d ), sg al ‘Z in this study. According to the comparative method, signif-
sheer down-siope fransport ot the boulders can be rule _%Ent cases have been placed next to corresponding samples
Thus, the long-distance tr_ansport by glacier ice is unamblgéjr the Laurentide Ice Sheet in N-America. With their bi-
ously documented. At a distance of ca. 50 km the author dal course of the curves and more or less marked peaks

mapped gr.anite bedrogks in a valley S Of the settlemen.t if'the clay or fine silt, the laboratory results confirm the field
Rutog, which he considers to be a possible area of origin
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Figure 32. Cross-profile through the Tibetan plateau covered by the reconstructed inland ice, from the Karakorum as far as the Himalaya,; cf. Figure 12;
Nos. 1, 2 and 3.

CUMULATIVE FREQUENCY GRAIN-SIZE CURVE 07.09.1996 (Figure 2, Nos. 141-143). The interpretation of Huntington
(1906) is more consistent with the research results presented

50 Clay Silt Sand here. He considered the neighbouring Panggong Tso to be a
40 glacigenic lake.
%gg The Aksai Chin area concerned, which continues our
10 profile (Figure 1, No. 20) to the N, consistently lies at a
0 height of over 5000 m asl (Figure 2, Nos. 154-167; Fig-
ure 12 left of Mawang Kangri). It is made up from more
200 600 2000 . . .
(DIAMETER 1/1.000) or less metamorphlc sedlmentary rocks as, e.g., clay-, s_|IF-
and sandstones, i.e., phyllites (Photos 194—-200). Today it is
HUMUS CONTENT: 3.87 % experiencing a heavy weathering on the surface, caused by
LIME CONTENT: 16.72 % the freezing and thawing of the continental upland climate

Figure 33. At ca. 4800 m (aneroid measurement: 4750 m asl) ablatiogt(ume’ 1990C)' However, a'fro.st d(?‘brls_v_e” 1S Iargely ab-
moraine matrix in Central W-Tibet taken from a depth of 0.2 m in an are3€nt. At the few places at which it exists, it is at most several

with limestone bedrock in the underground. Locality: 55 km away (to thdecimetres-thick. During the Holocene it has been in part
E) from the 'I.E-end of the Nako qu (Photo 193) on the caravan route froftcumulated by the snow meltwater to flat alluvial debris
Rutog {0 Haji Langar over the Aksal Chin; 885 10" N/B0"27 E; Figure 2, ¢\ 2 tewy metres thick. Instead of a debris mantle devel-
No. 147; cf. Figure 5, diagram 07.09.96. (Sampling: M. Kuhle.) :

oped by frost weatherinig situ, a covering ground moraine

overlay is dominant (Figure 2, Nos. 155, 157, 159, 163,
analyses and the morainic character of the material after th@6; Photos 194—-20M). The features which determine the
significance criteria of Dreimanis (1979,1982), Dreimaniactual picture are prehistorically glacigenic, too. They are
and Vagners (1971), Lundqvist (1984, 1989), and otheffsrms of perfectly rounded roches moutonnées and mountain
The samples have been taken in the order of their numberiigges, partly streamlined lengthwise (Figure 2, Nos. 150,
in Figures 4-34 at the following localities shown in Figure 2153, 156, 160-165; Photos 194-2@0, of transfluence
Nos. 5,7, 10, 11, 12, 13 (as far as here see also Figure 3) gdsses with flat, trough-shaped cross profiles (Figure 2, be-
33,41, 59, 61, 75, 83, 95, 118, 125, 133, 147, 157. tween Nos. 154 and 159; Photos 194 and 198 in the fore- and

middleground; 199J) and also of glacial horns sharpened
7.2. The geomorphologically and Quaternary-geologicallyby the Late Glacial ice sheet (Stadia | or Il to 1V) (Figure 2
verifiable maximum glaciation of the Aksai Chin (Akhsai between Nos. 160 and 156 and on the right of 162; Photo 195
Tshin) (Figure 1, No. 20; Figure 2, Nos. 154-167) No. 8; 199 No. 9). Almost all these features — with the

o o i _exception of the glacial horns and the high-lying ridges of

The Aksai Chin region is a test area in Central W Tibghe glacially streamlined hills — are mantled by ground and
connected to the N, which is located E of the high plaing|ation moraine decimetres- to several metres in thickness
of the Lingzi Thang. Trinkler (1932, pp. 20 and 75) wagrigure 2, Nos. 157, 158, 163, 166, 168). Figure 34 shows
the first researcher, who determined an extended Ice Agg typical grain size composition of its matrix in pass- and
glacier cover for the adjacent Lingzi Thang area. He wagqgdle positions, as well as on flat mountain-, i.e., high
contradictory to De Terra (1934, note 32). As for the Lingzi|ateau ridges, from which the meltwater flowed down to all
Thang the latter stated: “The ice cover must have been si@jes during deglaciation. The clay peak, typical of ground
radic, and quite unlike that of the neighbouring rangesmoraine, is still clearly developed, but (with a portion of only
According to his investigations being the basis of this statgos) has undergone a loss in height — obviously because of
ment, the snow line depressions amounted to at most 2zQshing and flushing. This is already an indication of abla-
to 500 m (De Terra, 1934, p. 28, Figure 16) during thgon moraine. The high portion of 66% dull/lustrous quartz
two last High Glacials (Ri3 and Wirm, i.e., LGM). Ac-grains (Figure 5, diagram 08.09./1) point to a morphoscopic
cording to De Terra this means as far as the Panggong 188gency to glaciofluvial and later eolian shifting during the
area (Figure 2, left of Nos. 139-141), located only 100 kifocess of down-thawing. Accordingly, there are also some
W of the Nako Tso basin, which the author (Section 7.1jqjcations of ‘glacial drift-cover-sand’ (see above). This

has evidenced as having been completely covered with i¢@yraine contains ‘swimming’ erratic granite boulders (Fig-
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CUMULATIVE FREQUENCY GRAIN-SIZE CURVE 08.09.1996/1 ure 2, No. 159, on the right of 160; Photos 187 199
7). Their reshaping caused by periglacial frost weathering

50 Clay Sit Sand 100 is only insignificant. These lakes could not have been de-
40 80 veloped without the up-damming by the glacier ice, i.e.,
30

according to the topography they would have run off up to
much lower level positions. The ice, melted down from the
High Glacial Stadium (&= LGM) of the inland ice to the
<2 2-6 6-2020-60 60- 200- 600- late Late Glacial ice stream network, consisted at the same
200 600 2000 . .
DIAMETER 1/1.000 time of more or less large and small dead ice complexes- and
( -000) blocks. This can immediately be deduced from the upland
HUMUS CONTENT: 4,25 % topography of the Aksai Chin, being on a large scale only lit-
LIME CONTENT: 11 % tle declined, but showing numerous small-scale depressions
Figure 34. At ca. 5200 m (aneroid measurement: 5055 m asl) in W Centrg1nd thu; coun_ter-slopes (Cf_' Photos 197'_ 198, 200)' The dead
Tibet on the Aksai Chin, in the area of the E Lingzi Thang plateau, ablc€ bodies which took part in the damming-up of the lakes,
tion moraine matrix (drift-cover-sand?) taken from a depth of 0.2 m. Theemained the longest on the hill ridges and rock thresholds —
ground- and ablation moraine cover, which has been somewhat soIiquida\lmsing them to higher barriers —. because the minor albedo
dislocated, i.e., secondarily moved by cryoturbation, contains several lar ﬁth ice-d d lak th ' led inlv t |
granite boulders (see Figure 2, N0.157). The concentration of sand of eice- a_mme axkes m_us avele m_a'n y 10 an enlarge-
sampling- layer on this culmination topography (flat slopes fall away on dnent of the ice-free areas in the depressions. A geomorpho-
sides) becomes only understandable by reference to the short glaciofluy@sgjical indication for this glaciological explanation of the
washing during the thawing-process of the inland ice. Locality: caravggy rmation of ice-dammed lakes on undulating upland plains
route over the Aksai Chin from Rutog (settlement of the kingdom of Ru- .
tog) to the caravan settlement of Haji Langar on a pass ridge between Hﬁethe fact, that no OV_erSp'" breaches have been deve|0ped
localities of Photo 195, located 5 km S, and Photo 196, located 5 km N #iere (cf. the saddles in Photos 197 and 198). In normal lake
this digging; 3429'30" N/80°24'40" E; cf. Figure 5 diagram 08.09.96/1. |andscapes the spill-overs connect the several lake basins by
(Sampling: M. Kuhle.) fluvial forms, thus showing a consistent thalweg down from
one lake to the other. Accordingly, the following deduction

ure 2, No. 157). In addition, the 11%-lime content point§ Suggested: because fluvial spill-overs are largely absent
to a long-distance transport, because limestone is absenffhe saddles between the glacigenic polish depressions,
the siltstone underground. During the High Glacial (Wirnfne can infer a discharge of this ice-dammed lakes, which
LGM, Stadium 0) and as far as into the older (early) Latook place syngenetically to the thawing of the ice as far as
Glacial (Stadium 1), the relief concerned was complete§omewhat above the level of the currently remaining lakes.
covered by the inland ice up to beyond the summit No. BNiS discharge, which happened suddenly upon the raising
(ca. 6100 m, Photo 195) and No. 9 (6480 m, Photo 19591‘_ the ice-dammed lake levels by the upwelling and fol-
Thus, the ice must have been at least 1300-1400 m thigking breaking away of the ice barriers, is evidenced by
(Photos 194-20Q. —0, — —0, — —; Figure 12, I2 on the the development of (;Iassic ‘spillways’ (Photos 194200

left above the Kamet). Later, between Stadia | and Ill (ct)- !t concerns concise V-shapes, that have been abruptly
Table 1), the glacial horns (Photo 195 No. 8; Photo 1g‘§JV|§1IIy cutinto the gllac.|g.en|cally—rounded hill Igndscapg.
No. 9) have increasingly pierced the inland ice surface. Onij€ir major characteristic is, that they cut the High Glacial
during the youngest£ late) Late Glacial (ca. Stadium IV) ground polishing thresholds only up 'Fo a cert_am depth, but
has the ice cover partly melted down as far as the rock and@t totally. After a local break of an ice barrier, the water
ground moraine overlay and was full of holes, so that meff the ice-dammed lake suddenly — within minutes and up
water lakes could develop. At many places of the Aksai ChfR @ quarter of an hour — gushed into the basin of a neigh-
the basin-, i.e., high valley bottoms or the excavation areBuUring ice-dammed lake, until the new mutual lake level

are covered by stillwater sediments or limnically remouldetf@s reached. At this level, high above the present-day basin
ground- and ablation moraines (Photos 196 and19hite; Pottoms and the base of the dissected rock thresholds, the

1990 black on the left). cutting of the V-shapes has come to an end. Spillways of

These late Late Glacial primary meltwater lakes, devefiat sort have no a fluvial connection to the present-day re-
oped as relatively persevering ice- or glacier-dammed lakkgf, i.e., their str|k|_ngly fresh features cannot be explained
in an ice stream network full of holes, were approximatel%\ygh? current drainage and thalweg development, always
located at the places where the current residual lakes, nfiowing the large-scale direction of incline.
largely containing salt- and brackish water (Photos 196, 197, The glaciogeomorphological observations introduced
1990 black), i.e., the already silted-up bottoms of lacrud1€re are confirmed by the limnological study of Van Campo
tine clays or -marls (Figure 2, No. 150 below 161) do stiftnd Gasse (1993) by means of the Tso Kaerh Hu (Longmu
exist. The prehistoric lake level positions of these glacief0; Photo 196) and the W adjacent Sumxi Co, which attains
dammed lakes are preserved decametres above the leve@bf @ quarter of its extension. A 10.50 m-deep drilling of the
the present-day lakes lacking an outlet. They are indicatiédt€r one indicated a basal C14 age of ca. 12 700-10000 yr
by lake terraces several hundred metres in length, whichBF- Accordmglly, It hf"‘S to be classified as belonging to
many places rise like stairs, showing water lines (Figure B1€ ‘Late Glacial period’ (Van Campo and Gasse, 1993,
No. 160; Photo 198r) and wave-cut notches (cliffs) (Fig- P- 306). This corresponds to an initial lake development
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Figure 35. Longitudinal profile through the prehistoric Tibetan inland Ice, reconstructed according to the author’s field investigations in the test areas
(from W to E) Nos. 19, 6, 21, 5, 20, 9 and 12 (Figure 1) (cf. Figure 12).

about 13500-13000 yr BP, i.e., — according to the authtirickness of about 2000 m or even more at the greatest can
— during Stadium IV (cf. Table 1). Lake terraces of thée suggested (Figure 32).
Tso Kaerh Hu (Longmu Co) have been dated as being ca. The Late Glacial deglaciation has first reshaped the
7290, 7520 and younger as ca. 6000 yr BP (Van Campahest mountains into glacial horns; later expanding ice-
and Gasse, 1993, p. 302) (cf. Photo 196). Thus, postammed lakes have been created. The still existing lakes
glacial (Holocene; probably also neoglacial) lake levels haaee residual lakes of late Late Glacial lakes, which were ca.
already been recorded (ca. Stadium V; cf. Table 1). 130 m deeper at that time than at present as, e.g., the Tso
Considering the cold-arid marginal areas of the Antarctikaerh Hu (Longmu Co). The Late Glacial to postglacial age
or N-Greenland, which are supposed to have been prelo$these lakes has already been documented by the limno-
torically glaciated, though preserved moraines and traceslagical study of Van Campo and Gasse (1993) and thus does
polishing, i.e., severe indicators, are lacking, a high-glacialbyt form a contrast to the High (LGM)- to early Late Glacial
and very cold glacier cover oughtto be deduced for the largaland ice cover of the relief suggested by the author.
scale and very elevated, cold-arid Central W-Tibetan Aksai It is not the High Glacial, but the Late Glacial ice cover,
Chin area as well. Here, too, the ice would have been frozalieady reduced by raising temperatures, which has led to the
to the rock underground, preserving rather than polishimipssically-glacially rounded erosion landform preserved in
it. According to the author, the occurrence of classicallthe Aksai Chin. During the LGM (Stadium 0) the inland ice
round-polished hills, which nevertheless have been develas frozen to the underground here.
oped (Photos 194-2QK), cannot be explained as a work of
the High Glacial inland ice (LGM= Stadium 0), but by the
polishing of the Late Glacial ice cover (Stadia I-Ill), whict8. Traces of northwestern outlet glaciers of the Tibetan
at an already 200-500 m uplifted snow line (see Table 1) haadand ice through the western Kuen Lun (Figure 1,
become warmer. No. 20 from the Aksai Chin up to No. 5; Figure 2,
A further aspect of general importance should also bdos. 165-189)
called to mind: in all areas of S and Central Tibet investi-
gated for this study, the macrosolifluction- and frost-pattefinally, some results are presented from the area of the NW
bottoms, typical of the permafrost zones of the earth, aoetlet glaciers, which flowed down from the High Glacial in-
nearly totally absent. Merely isolated forms of a solifluckand ice through the valleys leading from the Tibetan plateau
tion lacking vegetation (Photo 200) or impeded by it as far as into the Tarim basin (Figure 12, 12 on the right
(Photo 194v), and only small frost-patterned bottomsabove Nun Kun). This W Tibetan area is adjacent to the area
(Photo 198<¢) have been observed. However, the peN of the Karakorum system, which the author has inves-
mafrost climate would absolutely permit macroforms (Atigated in detail in 1986 (Figure 1, No. 5) (Kuhle, 1988f,
Zhongyuan, 1980; Zhou Youwu and Guo Dongxin, 1982:994b). Research work with concern for the prehistoric
Kuhle, 1987a). This can be considered as being a furthgaciation of the contiguous Kuen Lun N-slope has been car-
indicator of an extended Late Pleistocene ice sheet in Tibeied out by De Terra (1932), Norin (1932), Hovermann and
Hoévermann (1991) and Jakel and Hofmann (1991). With the
7.3. Summary of Section 7 help of moraines and roches moutonnées in the Sanesch- and
Kilyang valleys of the Tisnab chain, De Terra (1932, pp. 23,
The glaciogemorphological field investigations in connegg, 66; Table IIl, Figure 3 and Map 2) has reconstructed an
tion with the sedimentological analyses of the currently (ce Age snow line depression of 1000 m, i.e., a snow line
even under Tibetan conditions — strikingly arid Nako Ts LA) running at ca. 4000 m asl. In the Duwa valley, W of
basin (precipitation less than 200 mm/yr or perhaps onghotan, Norin (1932, p. 596 and Figures 6 and 7) described
100 mml/yr), attaining the lowest sea-level of Central W Tithe |ateral moraines of a Tschunak Stadium, located lower
bet, as well as of the connected Aksai Chin being just @an 3150 m asl, thus evidencing a snow line depression
dry, have led to a High Glacial (LGM) complete inland ic&f 1200 m and a snow line altitude at only 3800 m asl.
cover (Figure 12, 12 on the left above Kamet). Its minimurpigvermann et al. (1991, p. 51 and pp. 56—67) indicate for
thickness testified to in the f|EId, amounted to 1300-1400 fhe E adjacent N Kuenlun foreland a|0ng the Keriya a lowest
Owing to the ice confluences in the Nako Tso basin, an iggacier margin at 1450 m asl for the penultimate Ice Age and
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Figure 36. Indicates the increase in glacier feeding area from the curreRigure 37. Indicates the increase in glacier feeding area in the same way as
snow line altitude (ELA= 5700,0 m) in relation to the altitude of the relief in Figure 36 (see text of Figure 36). Figure 37 presents a test area in the N
above the ELA at an uplift of the relief by 600 m against the present-day research area No. 9 and research area No. 11 shown in Figure 1.

snow line (ELA-600) up to an uplift of the relief surface by 1200 above the

current ELA (ELA-1200) This corresponds in its efficiency with a lowering

of the snow Iing by 600 m, i.e., 1200 m .compared with the present re"%dhacent to the region N of the Karakorum system (Figure 1,
i?éLizei.Thls Figure shows the test area in the research area Nos. 4 and 5) which the author visited in 1986 (Kuhle, 1994b). The
observations are shown in detail in Figure 2. In particular the
complete lining of the valley cross-profiles, leading down W
for the Last Ice Age a glacier margin somewhat lower thast Haji Langar from the passes which are located on the edge
2000 m asl. This points to a lowering of the snow line to caf Tibet, is remarkable. One ought to mention for exempilifi-
4000 m asl. Inthe same area, in the valley of Kurab He, Jakgition the lining by moraine of the large longitudinal valley
and Hofmann (1991, p. 35 and pp. 44-48) have found strik- of the Kuenlun, the Kolakoshih Ho, and its most impor-
ingly lowest end moraines and stages of ice retreat at 19@ght side valleys (Figure 2, Nos. 170-183). Besides these
2600, 2850, 3250, 3560 and 3800 m asl, which belong to tligings with ground moraine, nearly all the other key forms
last High- to Late Glacial. All the High- to Late Glacial snowof glacigenic development of valley landforms do occur, as
line depressions and snow line altitudes resulting from thegg instance trough valley cross-profiles (No. 172), flank
observations roughly correspond to those reconstructed glishings (Nos. 174 and 182), glacigenically triangular-
the author in the nearer and farther neighbourhood of Whaped slopes (truncated spurs) (Nos. 177, 178, 182), roches
Tibet (Kuhle, 1988f, 1994b, Figure 138). Due to the positiofoutonnées, developed from fluvial cut-off meander spurs
of their test areas, they could not be claimed for W-TibgNo. 182), local Late Glacial (Stadia Il-IV; Table 1) pedestal
or even Central W-Tibet, but only for the N slope of thenoraines from steeply-connected hanging valleys (No. 179)
Kuen Lun. Nevertheless, from the perspective of the pand also kame-terraces (Nos. 176 and 181), some hundred
per presented here, J-Kel and Hofmann (1991, p. 35) staietres above the valley bottom, which is covered by Late
correctly: ‘At this time ice streams of the northern TibetaGlacial to Holocene (neoglacial) gravel fields (Stadia ll-IV
plateau may have taken part in the feeding of the Kurab iggd V-'VII; Table 1) with small terrace steps. The High
stream’. Glacial (LGM) ground moraine cover reaches up the valley
Summing up, it ought to be realized that all the authoffanks as far as 800 or even 1000 m above the valley floor
who have investigated the traces of glaciation on the KugRigure 2, Nos. 180 and 183). It cloaks the debris- and rock
Lun N slope, either have contradicted the inland ice glacigtopes with its yellow fine material matrix, visible from afar.
tion of Tibet, or did not draw any conclusion from theirOwing to the very heavy trituration through an important
observations only located on the periphery with regard thickness of the ice, the portions of coarse blocks, left behind
the Ice Age glaciation of the Tibetan plateau. by the outlet glaciers, are rather insignificant in comparison
The findings introduced now continue the glaciogemotith the local and pedestal moraines. Thus, in some places,
phological profile of Figure 2 in Section 7, presenting resultshe even has the convergent impression of an eolian loess
from the area of the northwestern outlet glaciers. Thegever. However, such a mistake can easily be removed by
glaciers flowed down from the High Glacial inland ice intahe detailed analysis of the material, but also by the approxi-
the Tarim basin, following the valleys leading down fronmately horizontal upper limit, drawn sharply as with a ruler.
Tibet (Figure 12, 12 on the right above the Nun Kun; Figtn many places the ground moraine has been rinsed line- like
ure 19, Kuen Lun to Takla-Makan). This W Tibetan area iselow the onset of gullies and cirque-exits, and secondarily
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T Photo 1.The Sun Kosi or Bote Chu Himalaya-cross-valley, taken up-valley from 2 km N of the settlement of Bahrabise bel
the hamlet of Palati (27°48I/85°50 E, 1110 m asl), 65 m above the thalweg (i.e. the river). Flank polishings occur on bot
sides of the steep-sloping glacigenic V-shaped valfey=( #). The steep and thus shady niches and slope steps within the
surface of the flank abrasion are spallings, which have taken place after deglaciation. With the help of the polish line
minimum level of the outlet glacier tongue, flowing down from Tibet, is recognizabte).(((J) mark bodies of slope debris,
which, due to the undercutting by the river, are sliding steeply downwards. They contain dislocated ground moraine and el
boulders of augen-gneiss from N of the Himalaya, i.e., from S Tikg}.gre waterlogged flows, slope slides and mudflows in
the debris of the autochthonous schist rock of the Kathmandu- and Navakot covers with a deep-reaching moisture depositi
a result of the heavy monsoon rains of the Himalaya S slope. (Photo M. Kuhle.)
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«— Photo 2.View from below the hamlet o
Kukhre (27°48N/85°50 E, 1125 m asl), 70 n
above the river, seen down-valley into t
orographic right-hand flank of the Sun Kc
(Bote Chu). [0) mark covers of slope debri
undercut by the river, into which the crumbl
glacial ground moraine material has be
incorporated. The bedrock metamorphites
round-polished by the prehistoric valley glac
up to at least 250 m above the thalweg.((— —)
indicates the minimum height of its ice level (
Figure 1). (Photo M. Kuhle.)

T Photo 3.View from above the junction of the Chaku Khola (river on the left in the photo) with the Sun Kosi valley, seen fi
inset between the two valleys (foreground; 2798B5°51 E, 1200 m asl) to the S down the Sun Ko%i.&) mark the glacial flank
smoothings of this glacigenic V-shaped valley. On the two slopes of this — from the structural-geomorphological point ¢
consequent valley course, there are outcropping edges of the phyllite-covers#trathi¢h have a vergency of movement (grav
gliding movement) towards the Himalaya fore-chains, and are overlapping to the S. In the area of the vaguely signifiguep
the Ice Age glacier level has been marked. (A) indicates one of the many postglacial rock crumblings which confirm, the
prehistorically glacigenic valley cross-profiles do not correspond with the recently different, i.e. fluvial, morphodynRhuts M.
Kuhle.)
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T Photo 5. Taken from the same viewpoint as Photo 4, but with a shift of 100 m up-valley (to the N).
(= v #) signify the outcropping edges of the strata of the valley flanks, which have been round-polished and
abraded by the High- to early-Late Glacial (LGM = 0 to Stadium |, see Table 1) Bote Chu outlet glacier of the
Tibetan Ice. £ —) indicate the pertinent glacier level on the right, seen up-valley to the N, and at a corre-
sponding height on the right-hand western valley flankH left third of the panorama).%) is an exemplar-

ily clear rock spalling, which happened after deglaciation in the area of the Ice Age flank polishing. It orien-
tated itself according to the ac- and bc-clefts of the stratified bedrock, i.e., under the control of thé>glefts. (
shows a talus cone, made up from the detritus of such spallings (Holocene rock dlijl@sg diamictic bod-

ies of slope debris, containing portions of ground moraine, which have been exposed by fluvial undercutting.
(O) marks one of the few preserved remnants of glacier-mouth-gravel-floor terraces of the Late Glacial and
Holocene (cf. Table 1 probably No. 1 to youngest No.-3). Presum@&dlis @lso a Late Glacial lateral moraine
terrace, but this could not be evidenced quite clearly until ndy.shows the mouth of the Jangbo Khola,
where the huge damaging mudflow came down in 1996. At the same time it marks the site of Lartzu, which
was completely destroyed by the mudflow. (Photo M. Kuhle.)

— Photo 4.5 km further to the N than Photo 3, N of Jhirpu (2796985°52 E, 1350 m asl), looking
up-valley the Sun Kosi to the S (cf. also Photo 5, seen from a view point which has been shifted by 100 m up-
valley to the N). ® = @) indicate the valley shoulders, polished round by the Ice Age (LGM) glacier; their
polish lines £ —) show the minimum height of the former ice levél) @re debris slopes, undercut by the river

and thus increasingly breaking away. They consist of talus deposits and dislocated ground mweyairazk$

a mudflow, which had become active just some days before the photo was taken. It has destroyed the jeep-road.
(Photo M. Kuhle.)




Reconstruction of an approximately complete Quaternary Tibetan inland glaciation

53

54 M. Kuhle

T AT

N\ Photo 6.0n the orographic right-hand flank of the Bote Chu, several decametres above the valley thalweg, near the
settlement of Linding (27°330" N/85°57 E, 1620 m asl), there is loose diamictic rock with a pelitic matrix, rich in

clay, which has been exposed by the road construciipn(®) shows the outcropping edges of the strata, smoothed

by the subglacial and marginal meltwater run-offs of the prehistoric valley glacier. The still light rock surface shed the
loose rock cover only a few months ago, so that the polishings and smoothings have been présearedfat-

travelled gneiss boulders, ‘swimming’in a matrix of fine material. These, in the most general sense ‘erratic boulders’,
are dislocated components of High-(LGM) to Late Glacial moraines, integrated into the slope debris and at the same
time reworked. They cannot be applied to the evidence of glaciation, because they could have been transported by the
ice as well as by mudflows and also by both of them. (Photo M. Kuhle.)

T Photo 7.Looking from 2250 m asl from the orographic left-hand valley flank of the Bote Chu from the settlement
Dram (or Zhangmu) (27°5WN/85°59 E) towards the western rock flank of the valley, polished by the glaciewice (

a) (=~ white) is situated between two back-polished rock spurs, which have been shaped by neighbouring small
hanging valleys up to wall gorges during the preceding interglacial period. Since deglaciation there have taken place
rock spallings §) at the polish surfaces of these ‘truncated spurs’—f marks the termination of the fresh flank
polishes and thus the minimum height of the High- (Stadium 0 = LGM) or Late Glacial (Stadium I, cf.Table 1) valley
glacier level. (Photo M. Kuhle.)

+ Photo 8.From the confluence area of the Fuqu Chu (2809N/ 85°59 E; Figure 3 No. 6) at 3680 m asl (aneroid
measurement) looking down the Bo Chu. The valley flanks are covered with High Glacial (LGM) ground- and Late
Glacial end moraine material reaching down to the valley bot#jn Iq places features of the High Glacial glacier
ground scouring remained — here as a roche moutome@éhite), which is preserved in the outcropping edges of the
strata of vertical-standing, very resistant metamorphic rocks. (Photo M. Kuhle.)
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+ Photo 9 Looking up the Bo Chu, from a viewpoint 50 m N from
that of Photo 8. M white) marks Late Glacial end moraine material
(Taglung Stadium II; Figure 3, No. 7), transported out of the Fuqu
Chu by the Shisha Pangma SE glacier. On the left-hand side above
there is the settlement of Nylaml plack) indicates a metre-thick
ground moraine overlay on the orographic left-hand valley flank
(Figure 3, No. 8). The mountain ridges and saddles, lying in
between, have been rounded glacigenicaly l{lack) and then
reshaped periglacially (by frost weathering and solifluction) during
the Postglacial and Holocene” € white) shows outcropping edges
of the strata of the vertical-standing, more or less metamorphic
sedimentary rocks, polished and smoothed by the High Glacial
(LGM) Bo Chu glacier. (Photo M. Kuhle.)

+ Photo 10.The valley bottom of the upper Bo Chu,
leading down half-right to the S to the Himalaya S slope,
here at 3700-3800 m asl (viewpoint at 3925 m,
28°14 N/86°02 E, N of Kum Thang, Figure 3,
Nos. 11,12). It consists of washed High- to Late Glacial
moraine material[{]) (Stadium 0 = LGM to stadium 1V,
Table 1) with large far-travelled gneiss boulde@®),(
which has been undercut and fluvially reshaped by the
recent meltwater river. In the confluence area of the
orographic left-hand side valley, too, the corresponding
moraine material has been reworked glaciofluvially,
forming a superficial fan (settlement-terrace with plots
of the irrigation agriculture in the left half of the photo).
(M) mark Late- to High Glacial moraine deposit®) (
show glacigenically back-polished valley flank spukg) (
are small fresh talus cones, deriving from Holocene
(interglacial) slope ravines, which lie between the spurs.
There is fresh monsoonal snow on the mountains. (Photo
M. Kuhle.)
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+— Photo 11. From 4000 m asl (3995 m aneroid
measurement) down the Bo Chu, looking to the S and
into its right-hand valley flank (28°2IN/85°02 E;
Figure 2 No. 3; Figure 3 No. 17). (2— -8) mark the Late
Glacial to recent glaciofluvial gravel fields in the valley
bottom, subdivided in terracesy) indicates a mudflow
fan, adjusted to the valley bottom, which derives from
glacigenically shaped high depression9);( (— —)
signifies approximately the highest Ice Age level (Stadia
0-1l; Table 1) of the Bo Chu outlet glacier in this
northernmost section of the Himalaya transverse valley
above the flank abrasions=); (@) are far-travelled
moraine boulders, which have secondarily been
transported down the slopes. (Photo M. Kuhle.)

+ Photo 12.From 4040 m asl, the Bo Chu
seen down to the S (Figure 3, No. 18%)(are
the exaration rills, produced by the main
valley glacier in the direction of flow and
flank polishing. A main problem is the
synchronization of the highest preserved
polish lines £ — right and left valley side).
For those £ —) shown here, it can be
accepted at most that they are of Late to High
Glacial age (= 0 = LGM to ca. Stadium I, cf.
Table 1). @) mark down-valley transported
gneiss boulders lying upon the ground
moraine W below), which first has been
undulated by the influence of the prehistoric
main valley glacier and then by solifluction.
(=3) and (-8) indicate the partial fields of the
gravel floor of the historic to present glacier
positions of Stadia VII-XII (Table 1). In this
valley chamber the meltwater of rather large
hanging- to valley glacier tongues from the
Shisha Pangma massif, situated to the W, and
from the 7312 m massif, lying eastwards (see
Figure 3), have dominantly taken part in the
build-up of the glacier mouth gravel floors.
(Photo M. Kuhle.)
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T Photo 14.Looking from the Yagru Xiong La (5060 m asl; 28°3286°12 E; Figure 3, No. 25) in S Tibet across the S edge of this plateau section — which has not been cut by linear erosion-untitarde/ the S up to the W as far as the Himalaya

(No. 4 Rolwaling Himal with Gaurisankar 7146 m; No. 2 Shisha Pangma group, 8046 m). The area of the Shisha Pangma Ngslopehbyiright-hand in the background, has been investigated with regard to prehistoric traces of glaciation during the
Chinese/German Joint Expedition 1984 (Kuhle and Wang Wenjing 1988). On the left-hand side of the path, leading over thenzaemncthere are prayer flags. The ground moraine cdligrconsists of polymict erratic boulders (granite-, quartzite-

and augen-gneiss boulder€))(in a fine groundmass, the nature of which is introduced in Figure 5 (21.08.96/2) and Figure)ém@arks the minimum height of the Ice Age glacier cover, which has led to this ground moraine overlay. (Photo M. Kuhle.)

+ Photo 16.Looking from the Yagru Xiong La (same locality as Photo 14 but 300 m further to the
N) to the SW towards the High Himalaya with the Shisha Pangma group (No. 2, 8046 m) and
further to the W across the High Plateau of Tibet. The plateau section visible here, is covered by a
metre-thick ground moraindl) in which large facetted, erratic gneiss-, granite- and quartzite
boulders Q) are ‘swimming’in a fine matrix (see Figure 5: 21.08.96/2; Figure-6)— marks the
minimum height of the accompanying prehistoric ice cover. (Photo M. Kuhle.)




Reconstruction of an approximately complete Quaternary Tibetan inland glaciation 61 62 M. Kuhle

— Photo 15.Exposure of ground
moraine W) at 4530m asl
(28°30 N/86°10 E; Figure 3, b
No. 24): large granite boulders>}
‘swim’ in a fine groundmass (cf.
Figure 5: 21.08.96/2, Figure 6). The
solid rock in the underlying bed is
metamorphic sedimentary rock. Up
the slope there is no bedrock
granite. The large boulders are gy oo
facetted and rounded at the edgesir ;
the medium-sized components, the-'_-; g
petrographic composition of which ™
is mixed (polymict) and thus also
partly erratic, are in part better « .=
rounded ). Here, the ground 1‘;,_
moraine cover reaches a thickness :
of several metres. Its surface show
slight traces of rinsing processes. A
thin, grey weathering horizon is at {
most 1 decimetre thick (humus #7%5
content 3.73%). (Photo M. Kuhle.) .,.;"_*

— Photo 17.View from 4800 m asl
to the NE across the round-polished
rock ridges @) of metamorphic
sedimentary bedrocks (Figure 3,
No. 26; 28°33N/86°13 E), cloa-
ked by ground moraine and erratic
granite boulders I(I). These
‘glacially streamlined hills’ have
been polished more or less
discordantly (ambygonal or acute)
by the overlying glacier ice—{—
minimum height of the related
High- to Late Glacial ice cover).
(O) marks facetted granite erratics
of the ground moraine cover in the
foreground. (Photo M. Kuhle.)
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+ Photo 13.Somewhat down-valley the confluence of its two source
branches, from 4310 m asl (Figure 3, No. 23; 28%/B6°11 E), seen
across the upper Bo Chu southwards to the left in the direction of the
Himalaya, and to the right, to the N, towards the High Platemu?)
signify glacigenic flank polishings,l) ground moraine overlays,
(—-) minimum heights of High- to Late Glacial glacier-ice surfaces,
reconstructed with the help of highest occurrences of ground moraines.
(1) shows exaration rills in the ground moraind.)(is dark bedrock
under the ground moraine cover. (Photo M. Kuhle.)

+— Photo 18.View from 4800 m asl ca. 5—7 km N of the
Yagru Xiong La (Figure 3, No. 27) facing W (left-hand)
via N (centre) to E (right-hand) across a representative,
glacigenically shaped high plateau region of S Tibet
(28°34 N/86°13 E) with mountain ridges, polished round
by the ice (glacially streamlined hills) and features, which
are related to roches moutonnées) (in the granite
bedrock. In places the surface of the hills has been
roughened to the form of a boulder-scatter-overlay, eroded
in situ by postglacial frost weatherind). The adjacent
ground moraine fields contain granite bouldér,(which
have been abraded from the ridges of bedrock granite by
exaration and detraction (as a result of regelation).
Accordingly this is classic local moraine. The substantial
portions of fine to very fine matrix ) are characteristic

of ground moraine.« —) is the minimum height of the
glacier surface pertinent to material and forming.
(Photo M. Kuhle.)
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« Photo 19 Looking from 4435 m asl (Figure 3, No. 28; 28°88
86°06 E) up the upper Xaga Chu to the WNW to the hills near the
settlement of Xaga (first twe= from left). (——) indicates the
approx. altitude of the High Glacial ice level)(are round-
polished mountain ridges. The orographic right-hand flatly-
inclined (14-5°) N exposed valley slope is covered by a several
metre-thick ground moraine overlal). The ground moraine, cut
here by a recent slope ravine up to the sedimentary rock, contains
polymict boulders the size of a fist or hea@)(in its pelitic
groundmass; there are also erratic massif-crystalline components
among them. In the area of the valley bottom the ground moraine
cover plunges under the glaciofluvial gravel bodymvalley sander

of the type glacier mouth gravel floor -0 to -5 from the Holocene
glacier stadia of the Neoglacial and the historical time, cf.
Table 1) of the Xaga river, which today is meandering over a
considerable width. (Photo M. Kuhle.)

+— Photo 20.View from 4245 m asl (aneroid measurement)
from the orographic right-hand side (28°4A§86°12 E) of the
Xaga Chu across the Holocene glaciofluvial gravel flaor—Q

to —2) (belonging to the Neoglacial glacier positions V, VI and
'VII) to the NE on to the other valley flank of outcropping edges
of the stratum in sedimentary rocks (Figure 3 No. 30). The long
mountain ridges making up that valley flank, have been formed
into ‘glacially streamlined hills’ #) by the overflowing ice.
Their surface is cloaked with ground morairll).( (V) are
morainic slope ledges, having received their features during the
last phase of the Late Glacial valley glacier embedment. The
post-glacial precipitation has eroded slope ravines, which cut
the thin and relatively smooth ground moraine cover as far as
the bedrock #). The young stage of this erosion can be
ascertained by the round-abraded rock surfaces, which have not
been cut until now @). The talus fans, consisting almost
completely of dislocated moraine materialV)( are
correspondingly small<{—) is the minimum height of the High
Glacial glacier level, concluded from the ice indicators.
(Photo M. Kuhle.)
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+~ Photo 21. Seen from ca.
4750 m asl (aneroid measu-
rement) from the upper Kyetrak
valley (28°12 02" N/86°36 E;
Figure 3 No. 32) towards the N
on to a 6907 m high peak (No. 7)
of the Himalaya main ridge W of
the Kyetrak glacier. The
glaciation of its superstructure
reaching more than 1000 m
higher than the orographic snow
line (ELA), makes the lower end
of its glaciation join the tongue of
the Kyetrak glacier M) (Photo
22). Its influx contributes to the
fact that the actual Kyetrak
glacier end flows down to ca.
4800 m. W) marks the ice of its
tongue end, covered with surface
moraine, which is to be classified
as belonging to the historical
glacier position Xl to Xl (Table
1). (A) is an orographic left-hand
(western) mudflow cone, into
which neoglacial to historical
lateral- and end moraine material
(Stadia V to X; Table 1) has been
dislocated. In the foreground the
coarse-blocky condition  of
glaciofluvial washed moraine
material is visible. €) are young
Late Glacial (Stadium 1V) glacier
flank polishings roughened by
the Holocene frost weathering.

M. Kuhle

+— Photo 22.Telephoto of the
7907 m high peak (No. 7) W of
the Kyetrak glacier (28°080"
N/86°34 E; Figure 2, No. 11).
The local tributary glacier
tongue from the N-exposed
glacier slope of this peak flows
together with the tongue of the
Kyetrak glacier; M) indicates
the orographic right-hand
(eastern) end moraine of
Stadium X (Little Ice Age,
Table 1) of the main glacier,
rising decametres above the
present ice level. The Kyetrak
parent glacier flows down from
the Nangpa La transfluence pass
(No. 31; modern glacier surface
at 5717 m). € %) mark High- to
Late Glacial (Stadium 0 =LGM
to Il) glacier polishings and
abrasions. The accompanying
glacier levels indicated above
(— —0——), show the S-sloping,
prehistorically counter-surface
inclination of the Kyetrak outlet
glacier over the edge of Tibet,
i.e., over the watershed of the
Himalaya. @ | and B Il) are
Late Glacial lateral moraine
remnants. According to their
levels, the glacier surface of
Stadium | enabled a transfluence
to take place over the Himalaya

(Photo M. Kuhle.) watershed; perhaps that of
Stadium 1l just did not do this
| Photo 23.View from ca. 4760 m asl seen to the S on to the tongue end of the Kyetrak glacier, which today flows any more. (Photo M. Kuhle.)

down to the N M white) (Figure 3, No. 32; 28°122" N/86°36 E; No. 1. Cho Oyu 8201 m, No. 5: Cho Aui 7352 m,
No. 7: 6907 m-peak). The glacier end sedimentates dumped end moMindsté), belonging to Stadia Xl to XII
(Table 1). Sometimes their hills still contain dead ice. Down-valley there follows the modern gravelfte8y; (t is
accumulated by braided
meltwater streamlets of the
glacier discharge. In the
foreground a somewhat older
gravel floor section continues
(O -6 to —7) (with a small |gm
terrace step towards the moder
gravel floor). ) mark active
alluvial debris- and mudflow
cones of older moraine material
transported down-slopes (e.g.
M black). (= #) are rock faces,
which are round-polished and
smoothed by the prehistoric#s
glacier infilling of the valley. ‘= -
(——-0—-) indicates the == .
reconstructed approximateﬁﬁ'
altitude of the High (LGM) to
early Late Glacial Kyetrak
outlet glacier level, flowing
down to the S over the -
watershed of the Himalaya. £5 Solas
(Photo M. Kuhle.) A o

-
3
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+ Photo 25.From 4725 m asl from the ground moraine cover
(m foreground, Figure 7) on the bottom of the Kyetrak valley
(Figure 3, above No. 32) towards the SSW, looking into the
orographic left-hand valley flank. There are preserved lateral-
or ground-moraine ledgesv(¥) of the young-Late Glacial
Stadium IV and Neoglacial Stadium V (Table 1#)(indicates

the bedrock under the ground moraine cover, smoothed by the
glacigenic flank abrasiorl®V). (— —IV) = hypothetical young-
Late Glacial glacier level. (Photo M. Kuhle.)

M. Kuhle

+ Photo 24 Looking from ca. 4700 m
asl at a distance of 3.7 km from the
Kyetrak glacier tongue&) (Figure 3
above, No. 32 near the pasture of
Koyatako; 28°1320" N/86°36 E)
from Tibet (left-hand) across the right-
hand valley flank (to the E) up to the
Himalaya, seen in an upward
direction; No. 7 = 6907 m peak.
(M) marks Late Glacial lateral
moraine ledges preserved on both
sides of the thalweg (Table 1)¢ )
are lateral moraine ledges, which are
to classify somewhat younger than
Stadium 1ll, or ledges of exaration
rills in the ground moraine of Stadium
I1l. (=) indicate glacigenic flank
abrasions, made up in the bedrock far
above moraine Ill. € —0) shows the
level of the High Glacial (LGM)
Kyetrak glacier, deduced from that,
which inclines to the S (to the right-
hand). (-5) is the valley floor with the
glacier mouth gravel floor of the
‘Little Ice Age’ (Stadium IX; Table 1).
(Photo M. Kuhle.)




Reconstruction of an approximately complete Quaternary Tibetan inland glaciation

71

72

M. Kuhle

+— Photo 27.View from 5250 m asl seen across the spur ridge between the Kyetrak Chu (valley)
(left-hand) and Chomolung Chu (right-hand valley slope; named in accordance with information
from Tibetan yak nomads, August 1996) (locality: Photo 28; Figure 3, right-hand of No. 33). In the
background there is the Himalaya main ridge with No. 1 = Cho Oyu 8201 m; 2 = Gyachung Kang
7975 m; 5 = Cho Aui 7352 m; 7 = 6907 m-pedK) @re the bedrock schists (cf. Photo[28 on

which far-travelled erratic granite boulders have been deposid¢dHurther up the erratics are
embedded in the ground moraine matik @); (cf., Figure 9 and Figure 5, diagram 25.08./1). (\\)

are earth pyramids from High- to Late Glacial moraine material (Stadium 0 to I; possibly even
younger?). The erratic granite bouldel @) reach up to a height of 5500-5600 m and thus ca. 700

m above the valley bottom of the Kyetrak Chu (on the left). They are the highest accumulative
prehistoric glacier traces and have therefore been marked as 0. Probably, however, they are younger,
i.e., their deposition was already committed to a more increased snow line. The High Glacial (LGM
= Stadium 0) snow line (ELA), on the other hand, had descended to ca. 5000 m or even some
hundred metres lower=a) are even significantly higher traces of Ice Age glacial erosion: the
mountain ridges are polished and thus rounded by the ground polishing., €6—) mark the
minimal height of the ice surface of the maximum prehistoric glacier cover, belonging here to the
Kyetrak outlet glacier, which flowed down from the S Tibetan ice stream network to the S over the
watershed of the Himalaya (Figure 10). (Photo M. Kuhle.)

1 Photo 26.Telephoto taken from ca. 5250 m asl (aneroid measurement) from the W flank of the
Kyetrak valley (Figure 3, right-hand of No. 33; 28°Ng86°36 E) seen from a direction to the E

(left) up to the S across the E flank of the Kyetrak valley (cf. Photo 28). Peak No. 1 = Cho Oyu
8201 m, No. 2 = Gyachung Kang 7975 m, No. 3 = Nuptse 7879 m, No. 4 = Changtse 7580 m, No. 5
= Cho Aui 7352 m, No. 6 = 7296 m-peaM [-1ll) indicate the early- to middle Late Glacial lateral
moraine remnants of the Kyetrak glacier. From Stadium 0 (LGM) up to about Stadium Il it was still
so thick that it probably flowed down from the left to the right over the watershed of the Himalaya
(cf, Figure 10 on the left below High Himalaya) £0) shows the surface level of the High Glacial
Kyetrak outlet glacier reconstructed with the help of erratic boulders and upper polish lines of the
flanks (@), sloping to the S (to the right) to the Himalaya main riddll. black) are the
accompanying huge, over 100 m thick medial- and lateral moraine- and kames insets between the
then eastern tributary glaciers and the Kyetrak parent glacier. These deposits of loose rocks are well
recognizable from their furrowed spallings of earth pyramBM$lack). The moraine lining of the
Kyetrak valley visible here, is situated near and above the permafrost limit and correspondingly
reworked by active solifluction. (Photo M. Kuhle.)
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T Photo 28.360°-panorama at 5250 m asl from the mountain ridge (locality: Photo 30, EEwWPhoto 31, below ®; Figure 3, right of No. 33; 28°1N/86°36 E) between Kyetrak Chu (right half) and Chomolung Chu (left half) across the Himalaya
and S Tibet. No. 1: Cho Oyu (8201 m); No. 2: Gyachung Kang (7975 m); No. 4: Changtse (7580 m); No. 5: Cho Aui (7352 nig@%omépeak; No. 7: 6907 m-peak; No. 9: Chomolung Kang (7312 m); No. 10: 6449 m-massif of the Transhimalaya or
Gangdise Shan, situated towards the N at a distance of ca. 220lkinpafe sedimentary bedrockd Q) is superimposed ground moraine with erratic granite boulders (see Photo 27) reaching up to heights of 5500- 56890«naasl efrth pyramids,

which have been developed in ground- or lateral moraife. Y are the highest granite erratics, shown in Photo 31, far above the Late Glacial lateral moraines of Stallif). Mhe highest Ice Age glacier traces are the mountain ridges, rounded by
glacial polishing, and the flank polishings and truncated mountain spurs with their glacigenic triangular-shape® sfp&bgy are evidence of the minimum surface height of the S Tibetan glacial inland ice, i.e., ice stream ret@erk). This Ice

Age glacier surface was sloping down from S Tibet from the N towards the S (from the left to the right), so that the @GtRIQLup to Stadium | or Il, Table 1) glacier discharge has happened over the watershed of the Himalaya in the form of the
Kyetrak outlet glacier. The middle- to young Late Glacial valley glacier ice, however, flowed down from Stadilnllljlon at the latest according to the present-day interglacial glacier discharge from the Chomolung glacier (below Neh®&o(20)

and Kyetrak glacier (below No. 5) (cf. Photos 22 and 30 below No. ¥)})indicates a Holocene mudflow- and alluvial debris fak) & Late Glacial (Stadium 1V) dead ice hole (‘cattle hole’), situated E of the pasture Pang Tse. (Photo M. Kuhle.)

—
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1 Photo 33. Glaciofluvial accumulation of a classic kamé&l)( taken at 4250 m asl (aneorid
measurement) from the ground moraine area of Tingri (cf. Figure 11) in the lower Kyetrak valley
(Figure 3, No. 39; Photo 29 left df towards the NW at a kilometre-distance from the flanks of the
Kyetrak Chu. The photo shows the same accumulation, filled into the hole melted out of the inland ice

«— Photo 29 From 5450 m asl (aneroid measurement) from the glacially polished rock spur body, as Photo 32, but this time from the NE.)(mark the outcrops of the almost horizontally

of the orographic left-hand flank of the Chomolung Chu (locality: Photo 28 between right accumulated gravel layers. Their small steep steps occur in the coarser ones of these somewhat
of No. 9 and— —; Figure 3, No. 34; 28°18\/86°33 E) seen facing WSW towards the compacted gravel layers. No.1 is the higher kame surface level, resulting from the initially thicker
Chomolung Kang glacierd). This ca. 19 km-long glacier flows down from the 7312 m bordering glacier ice. No. 2 indicates the marginally lower kame level, developed in the already larger
high Chomolung Kang (No. 9) towards the E. In the forefield of the glacier end and hole of the meanwhile less thick ice border—0) shows the hypothetical High Glacial (LGM) surface
covered by surface moraine debri)( the youngest (present) gravel floor generation can of the inland ice, i.e., ice stream network that existed before the melting process took place and enabled
be identified [0 —8). A mudflow cone is adjusted to if\}. (O) shows a tributary stream of this kame to be formed. (Photo M. Kuhle.)

the Chomolung Kang glacier of sheer glacier ice, poor in delwi#. @) are valley flanks

of the Chomolung Chu and the contiguous S Tibetan high plateau to the N, which have been
abraded and round-polished by the prehistoric ice infilling and glacier cover. Even the
edges of the strata, outcropping obliquely upwards, are preserved abraded and poor in
debris @& foreground on the right)l)is the bottom of the Kyetrak Chu, passing into the
plain of Tingri, upon which have been deposited the hilly end moraines of the Late Glacial
Stadium Il (Figure 3, No. 37). These end moraines lie on High- to early Late Glacial
ground moraine (Photos 32-3 in the foreground; Figure 3, No. 38).4{0-) marks the
minimum height of the reconstructed Ice Age inland ice- i.e., ice stream network level.
(Photo M. Kuhle.)
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T Photo 30.View from ca. 5150 m asl from the Late Glacial lateral moraine terrace of Stadium Il (locality: PhikdlI3dn the left, Figure 3, left of No. 34, 28°) seen facing E (on the left margin) across the confluence of the ChomolwnighGtsu (
gravel floors on the valley bottoM -2 to —7 in the area of the pasture Pang Tse) with the Kyetrak Chu, which leads down from the S from the 6907 m pealo(I8a.i3)thd 5717 m high glacier pass Nangpa La on the Kyetrak glatiemérks the

present tongue of the Kyetrak glacier. No. 9 is the 7312 m high Chomolung Kang-m@sSif.are prehistoric cirques, exposed to the W.0(to 1V) indicate High- to Late Glacial moraine deposilll. 0 andl Il ) show the highest occurrence of
erratics. @ 0) can be seen in detail in Photos 27 and BBt (™) in Photo 31. 4) are the flank polishings, rounded mountain ridges and ‘glacially streamlined hills’, reaching up to far above 5608)raréthe heights of the course of the early Late
Glacial to High Glacial (LGM) inland ice - i.e., ice stream network surface. In the foreground there can be seen the cowipihs&tinost striking Late Glacial lateral moraill(l), rich in boulders, the matrix of which is analysed more exactly in Figure
8 and Figure 5 diagram 23.08./2 (Figure 3, No. 40). On the inner slope of this lateral moraine (Flldtbt38ck) two further lateral moraine terraces or ledges are preserved: in a moraine cross-profile situated 2 km fuetiertteeth is the highest
terrace at 5050 m (Stadium Ill), the attached next moraine terrace is at 4790 m (sub-Stadium Ill), the lowest morained@dhoe al (Stadium IV, Table 1). The valley bottom of this Kyetrak valley cross-profile lies at 4665 m. (Photo M. Kuhle.)
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T Photo 34.Seen from 4220 m asl near the N margin of the kame (Photo 33) on the ground moraine area
(M foreground) of Ting-Jih (or Tingri) in an E direction to the S Tibetan upland between Kyetrak- and
Rongbuk Chu (Dzakar Chu) N of Mt. Everest (cf. Kuhle, 1988f) (Figure 3, No. 41). The hills and
mountain ridges, consisting of more or less metamorphic sedimentary rocks, have been polished and
rounded by the covering glacier ice)( Over large parts they are overlain by a frost debris sheet, only

a few centimetre in thickness, which weathereditu after deglaciation. In many places it is still broken
through by the bedrock. But covering ground moraine remnants are also preserved here alll).there (
(—— 0) indicates the surface of the LGM inland ice, i.e., ice stream network, the exact altitude of which
is an inevitably hypothetical one. (Photo M. Kuhle.)

+— Photo 31.Taken at 5300 m asl| from the orographic left-hand flank of the still very wide Kyetrak
valley (Figure 3, right of No. 34; Photos 287 ; 30 Il M) facing N (to the left) via E to S (to the
right). There are far-travelled erratic granite boulders, partly well-rounded, in the foreg©Oungh{

half of the panorama; seated person to compare the proportions). They lie on superficially weathered
reddish bedrock sandstones. But also angular local moraine boulders from liméstefieh@lf of the
panorama), moved only a little, are preserved on sandstilin€® M and M |ll) are ground- and lateral
moraines of the LGM to Late Glacial. B) is shown in detail in Photo 27 (&) mark mountain ridges,
round-polished by the High Glacial glacier ice, which on the orographic left-hand valley side have been
formed without exception in the edges of the strata of metamorphic sedimentary rocks (#arfahe

left half of the panorama armito the very right).€ —) indicate the minimum height of the High Glacial
glacier levels, deduced from this geomorphology. (Photo M. Kuhle.)
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— Photo 32.7 km N of the settlement of Tingri, looking from 4220 -
m asl (aneorid measurement) from the ground moraine area of Tingri
(M foreground) facing S (to the left) via W up to NNW to a High- to
early Late Glacial (Stadium 0-1 or even Il) kamll)((Figure 3,

No. 39; Photo 3).1j marks the lowest Late Glacial terminal moraine
of the Kyetrak glacier (Figure 3, Ill on the right-hand side below
No. 38), which had already flowed down again from the Himalaya
(Nangpa La) to the N. The kame, set upon the High Glacial
(LGM=0) ground morainel), which has partly been glaciofluvially
washed on the surface (see below), came into being during the
melting of the High- to Late Glacial inland ice body. At the same
time two phases can be evidenced by the clearly visible kame levels
(1 and 2): initially, a stationary hole has been developed in the ice
body, which — because of the Himalaya threshold — was no longer
able to flow down during the Late Glacial. The hole has been filled
by the supra-terranean meltwater with glaciofluvially transported
surface moraine. Owing to the hole’s small outline, the thickness of
the ice bordering the hole was at first still substantial (development
of level 1). Afterwards, when the outline was more extended, the ice
thickness was several decametres less (development of level 2).
(OO) signify polymict far-travelled boulders of a similar medium-
size and good roundness, which seem to indicate that the ground
moraine surfacel) has undergone a glaciofluvial reworking)(is

one of the round-polished hills in the area of the orographic right
Kyetrak valley flank (Photo 34). {0—) marks the Ice Age minimum
height of the glacier surface, needed to explain the sedimentology
and geomorphology shown in this photo. Over large parts the ice
must have been far thicker, so that it could flow down over the
watershed below the modern glacier pass Nangpa La (Figure 3
No. 31) (cf. Photo 33). (Photo M. Kuhle.)

T Photo 39.Accumulation of ground moraindj on the slope rising N of Lang Tso (ca. 4250 m asl; Figure
2, No. 19). Its surface has been pressed and rounded in a typical way by the overflowing glasibtack)(
The upper slope shows a characteristic flank polishmgwpite) on the bedrock limestone- €) is the
prehistoric minimum ice level. The picture was taken towards the N. (Photo M. Kuhle.)

+ Photo 35Valley leading down from the Lhagoi Kangri massif (also Ladake Shan or ‘Latzu massif’; 6392 m or 6404 m) (Figure 2, No92Bl/8a°3D E; cf. Kuhle,
1988f, Figure 2, No. 16, pp.466—-467 and Kuhle, 1991d, Figure 43, No. 52, pp. 199-200), taken from 3910 m asl (aneorid medacimegniEit)by way of N up to E
(into the orographic right-hand valley flank). The valley runs down in a N direction to the Tsangpo ¥3lleythe area of the settlement of Quxan or Latzu (Latze)
(Figure 2, Nos.16-17). An outlet glacier flowed through this box-shaped side valley from the Latzu- or Lhagoi plateas the fésaagpo valley. This is proved by a
ground moraine coverll white) on steeply to vertically layered edges of the strata of the bedrock and granite boulders metreslid kizgifg as erratics on the
subjacent metamorphic schists. The actual and holocene geomorphodynamics is signified by lineareyosioting the round forms=) created by the Ice Age glacier
overlay. The alluvial debris farM(white), deposited through the small V-shaped vall®y, (contains portions of dislocated fine material of moraine. Due to the water-
retaining moraine clay this substrate is suitable for the construction of an irrigation cHaanelrf the area betweenl (1) on the very right, exaration rills are preserved
in an almost horizontal arrrangement. They originate from the outlet glacier ice, flowing down from the right to the [€ftesiddley bottom consists of glaciofluvial
gravels ) of the Late Glacial glaciers of the Lhagoi plateau in the S. The modern yeati¢charging the present-day glaciers, has cut several metres deep into these
gravels. The orographic left-hand valley flarx)( polished by the Ice Age outlet glacier, shows remnants of the ground moraine BhdatK), partly removed and
deposited secondarily at the slope foot in the form of debris cdnétatk). & —) marks the High Glacial (LGM) minimum ice thickness. (Photo M. Kuhle.)
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+ Photo 36.Looking from ca. 3920 m (aneorid
measurement; 4100 m according to the map) from
the junction with the Tsangpo valley 1 km down-
valley of the settlement of Napshi, facing N into
the ‘valley of Napshi’ (Figure 2, Nos. 17-18)J)
marks the valley bottom, which has been
accumulated by sand and outwash loess
(secondary loess) and - in the underlying bed - by
a Late Glacial glaciofluvial gravel body=) are
the hills and mountain ridges of thinly stratified
metamorphic rocks and schists, rounded by the
glacier ice and somewhat roughened by Late
Glacial frost weathering. The slope, which has
been undercut by the river, shows crumbling in
the edges of the bedrock phyllite stratum).(
During the Late Glacial the high-lying
depressions and cirque®) were still filled with

ice. On the orographic right slope the High
Glacial (LGM) lighter- coloured ground moraine
(M) is preserved, reaching some hundred metres
above the valley bottom.—(—) indicates the
minimum altitude of the Ice Age level of the
inland ice. (Photo M. Kuhle.)
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F s ~ Photo 37.View from 4200 m asl into the

: orographic right-hand flank of the valley of Napshi
looking on decametre-thick remnants of ground
moraine @) (29°10 N/87°30 30" E; Figure 2,
No. 19). They have been deposited into a slope
depression in the flow shadow of ridges of bedrock
schists @ black), rounded by glacigenic flank
polishing. Part of the ground moraine has been
eroded and deposited as a debris fan at the foot of
the slope V). It is adjusted to the actually
accumulated gravel floor{). In addition to
precipitation this youngest and thus actual gravel
accumulation is built up by the glacier meltwater of
the connected massifs of the Transhimalaya. It can
be classified as a gravel floor of Stadium No. -8
(Table 1). ¢) marks a further light-coloured
moraine remnant, lying on the bedrock as a thin
sheet and cut by small slope ravines, characteristic
of ground moraine. The striping of the mountain
ridges, round-polished by the prehistoric glacier ice
(=) is caused by the edges of the stratum of the
bedrock schist.o —) is the minimum altitude of the
High- (LGM) to Late Glacial glacier level needed
to form this relief. (Photo M. Kuhle.)

+ Photo 38.Lang Tso with its eastern end (Figure 2, No. 20) is situated 9 km upwards the
Napshi valley from the locality of Photo 37. It lies about 4200 m asl (seen from ca.
4250 m) in a landscape, which has been roun@e@&) by a prehistorically thick ice cover
(— — = prehistoric minimum ice level). It concerns a lake basin, over-deepened by ground
scouring, which has been dammed up by a Late Glacial end moraine. On the shoreline the
down-valley end moraine has been reshaped by the BDrfagd washed. The slowly
dropping level of the lake is controlled by a spill-over. Evidence of the post-Late Glacial
age of the lake is the undercutting of the rounded glacial relief with its soft lower slopes by
the lake level with its surf<4 »). (™ on the right): here, the lake level has undercut
moraine material @ on the very right); correlative moraine material is visible in the
foreground W on the very left) (cf. Photo 39) M centre) are moraine deposits on the
southeastern shore of Lang Ts#.)(marks the typical lineation of the glacially eroded
landscape on the luff slope of a ‘glacially streamlined hill’ as it can be observed in many
places in the Scandinavian mountains and in Greenland. (Photo M. Kuhle.)

T Photo 40: View from ca. 7 km E of the 4550 m—high Doka La (pass) facing N to a hilly landscape at 4300-4600 m,
which has been abraded by the glacier ice (Figure 2, No. 22). The mountain ridges consist of easily weathering sedimentary
rocks. They received their round forms through the ground scouring of the inlan®i€d. (n many places they are still

covered by ground morain@j. The flow direction of the ice<(— = minimum level of the inland ice) can be recognized

by the lineation of the relief surfacd §. Here, it points from the left (WNW) to the right (ESE) down to the Tsangpo
valley, situated at a distance of ca. 70 km. The ground moraine on the slopes (in places marginally ovdrthgnuyasg

been cut by ravines as far as to the bedrock. At the same time numerous small Holocene (post-Late Glacial) alluvial fans
(AA) have been heaped up by the removed moraine material. On some of them pasture settlements of\nomidgs (

right) have been raised. In the foregroumnd) @ Late Glacial glaciofluvial gravel floor (sander) occurs, some hundred
metres in width, which has been reshaped fluvially during the Holocene. This process still continues. (Photo M. Kuhle.)
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+~ Photo 41.From 4315m asl (aneroid measurement;
according to the map ca. 4500 m asl) looking NW across the
head of a source branch of the valley of Napshi, leading
upwards to the Doka La (pass) (Figure 2, No.23; 29°
18 N/87°12 30" E). (= =) are ridges of sedimentary rock
in the immediate environment of the Doka La. They have
been abraded and polished round by the inland 4cem).
Near their culminations they are covered by a merely
decimetre- to centimetre-thick ground moraine sheet.
Further down the thickness of the ground moralélack)
increases by several metres, reaching more than 10 m. An
inn for yak drivers, constructed from clay (abo¥¢ on top

of the moraine, gives an impression of the proportions.
Gravel complexes, i.e., gravel imbrication&l)( are
compressed into the ground morain®).( Probably the
exposed gravel body[{) has been deposited by the
subglacial meltwater on the lighter ground moraine layer in
the underlying bedl black, below(]). Asomewhat darker,
2.5- to 5-m thick ablation moraind(aboveld) covers the
gravel body in the hanging layer. The limit line between the
subjacent, lighter, finer ground morain®l plack) and the
hanging (overlying) ablation moraine is clearly reconizable
(7); the dark-grey ablation moraine is also visible in the
foreground M white on the right below).\(V) mark the
bottom of the post Late Glacial fluvial forms of erosion, set
into the ground moraine from the Holocene up to the
present, which have been developed since deglaciation. It
consists of slightly washed ground morain®) (indicates
the sampling locality of Figures 13 and 5: 27.08.96/1 and
the locality where Photo 42 was taken. (Photo M. Kuhle.)
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T Photo 44. About 14 km W of the Doka La this roche moutonnée slope is located in the outcropping edges of the stratum of metamorphic

sedimentary rocks (centre of Figure 2, between Nos. 23, 24 and 25; aneroid measurement 4195 m asl), the layers of whigjedre arra

horizontally from this perspective. A few metres thick ground moraine is preserved on top of the roche mollcsiné@e]. On the steeper

rock faces of the slopem} the ground moraine has already been rinsed out as far as the bedrock and deposited secondarily at the foot of the

slope (¥). This deposition took place on ground moraine remnants, which had remained in a primary position in the underlyilihbeied).(

Simultaneously or before the deposition of the ground moraine — the thickness of which probably had increased during lhedlaadG

towards the phase of deglaciation — the outcropping edges of the stratum have been polished (outcrop strip ehpliRaiviges, only a few

decimetre-thick ), have been cut slope-downwards, i.e., vertically to the inland ice polishing, which took an approximately horizontal course.

Their cutting continues in the moraine material at the foot of the sBelow). This points to the fact, that the work of the precipitation-water,

1 Photo 42.Ground moraine exposure (locality see PhotoG31 1.5-m long bamboo cane to compare continuing over at most some thousan_ds of years, still has not been ab_le to destroy or just blur the gla(_:ial _smoothingmflﬂv«_arg_if one

[ bnoto P(I)Iymict bblaszen stomss () ‘o isolation. from eath other in the high portion _st}ould do_ubt th_e glacial grounq moraine charac_ter of the Ioo_se materlal m_the_culmlnat_lon area of t_hls hill, there |sm_xss1mlaly of

charcoali-grey fine material matrix (Figure 13 Figure 5. 27.08.96/1). Almost all of them are rounded at|§frpretat|on, since the qlternatlve of a frost debris sheet, developdd, contradicts its selective preservation on top pf the hill gnd the actual
d Evid fa far-t led A ided b th‘ .t : terial tained in th d and step-like working edge of the current erosion below. At present we have a frost debris climate in the climawbtadibere — at

edges. tvidence of a far-ravelled moraine 1S provided by the stone material contained in the ground Mol o1 of the lower limit of the permafrost — concedes to the fluvial rinsing no greater intensity than at prehistor{®tiatesM. Kuhle.)

(m) which does not originate from the local rocks of this valley head. This concerns for instance very

resistant granite- and quartzite stones with a hardness degree about 6—7. The ground moraine has been
sedimentated in light and dark layersl {) are the pertinent boundaries of the bed. Traces of fluvial
washing do not occur. (Photo M. Kuhle.)

+ Photo 43.Panorama taken from the 4550 m high Doka
La (pass) (Figure 2, No. 24; 29°I4/87°13 30" E) facing

NE (ghost-trap and prayer-flags on the left margin) via E
(locality of Photo 41) ¢ black) via S, NW (course of the
route) and NNW (sharpened summits of the Transhimalaya
(2), up to N (right margin of the panorama). The sur-
rounding hills and high plateau remnants, which consist of
only little metamorphosed sedimentary rocks and do not rise
over 5400 m, have been rounded and polished by the inland
ice (= &), Like the pass (Doka LM in the foreground), the
hills are covered by a decimetre to several metre-thick
ground and ablation morain&]. It contains only few and

not too large erratic boulder(black). (V) mark slope
positions with the most important moraine thicknesses in
this area. Only here, some fresh (Holocene to historic, i.e.,
post-Late Glacial) sharp-edged, metre-deep ravines have
been cut fluvially into the slope¥( ¥). In the small areas
without a moraine cover, the only superficially frost-
weathered bedrock is visibléeO(white). A complete frost
debris sheet from loose rocks has not yet been develaped
situ. Some of the round-polished hills show the lineations
and exaration rills typical of overthrusting inland ick)(on

their rock- and moraine faces, deriving from the ground
scouring of very thick ices—~—) marks the hypothetical
inland ice surface (LGM). Towards the NNW, 5800-6300 m
high summits of the Transhimalaya (2), sharpened like
nunataks, can be seen at a distance of 40-50 km. They still
show cirque- and hanging glaciers. (Photo M. Kuhle.)
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T Photo 48.About 32 km W of Sang Sang, S of the Dogxung Tsangpo (Figure 2, No. 29;' 28°29/

86°27 E; 4440 m), is situated this nearly 5000 m high hilly country from steeply layered strata of metamorphic
rocks. Despite their rock structure, which favours a deep-reaching linear erosion, the hills are totally rounded.
At this locality this ought to be considered as an especially clear evidence of glacial rowdinhi¢ applies

the more, as the climate-genetic tendency for linear erosion on the glacier-free slopes is equally proved by the
development of gullies¥). However, this concerns overlying loose rocks of ground- and ablation moraine
covers M), which after deglaciation in the Post Glacial, i.e., during the Holocene, have been furrowed by the
precipitation-water as far as the subjacent bedrock - and in places even somewhat into it. The seemingly
alluvial fan at the foot of the slop@(black) is no accumulation form, but a ‘transformation debris body’ in

the sense of lturrizaga (1998), eroded from the moraine cover. This becomes clear by the fan root, which as a
full form (A) stretches up-slope, instead of a gully, ending there (i.e., a hollow mould, out of which an
accumulation could have taken place). 6-8 m-high telegraph poles as sca)es(the hypothetical altitude

of the Ice Age glacier area (LGM). (Photo M. Kuhle.)

1 Photo 46.Ca. 3 km W of the locality in Photo 45, taken from ca. 4260 m asl (Figure 2, Nos. 24-26) facing
N. In the upper parts of the ridges from metamorphic rocks, which are round-polished by the inlamd ice (
remnants of ground moraine have been preserved at a small-scale or just in a punctiform mar@ertiie

lower slopes part of the moraine material rinsed from above, has been deposited secondarily and in the form
of minor thick small alluvial fans({) on the ground moraindl), which the glacier had laid down situ. The
development of earth pyramidg'} indicates some of the moraine localities. The sedimentary rocks, dipping
with 40° to the NNE, consist of very resistant layery @lternating with soft rock. Thus, in a prehistorically
periglacial-fluvial geomorphological environment sharp-edged crests with structure-orientated small valleys
would have been developed. The realized, strongly rounded forms give evidence of a totally covering
glaciation just a short time ago (LGM). Owing to backward erosion, the ravines, cut deeply into the moraine
cover of the lower slopes, meanwhile continue as far as the rock slopes, lying ¥hoFerfned during the
Holocene they are only metre-deep.-) marks the minimum ice level (LGM). (Photo M. Kuhle.)

94 M. Kuhle

T Photo 45 Eighteen km W of the Doka La (4 km W of Photo 44; Figure 2, No. 24; about 4240 m asl) seen northwards:
a glacigenically abraded and round-polished landscape formed by the ground scouring of the inland ice in bedrock
layers of different resistance. The roches moutonnées and glacially streamlined=m)idigve been completely
covered by the polishing glacier ice £ : minimum height of the prehistoric glacier level, deduced from the typical
shaping of the area). In places, perfect band polishings of the outcropping edges of the stratum are pvgserved (
Here and there light-yellow, far-travelled (erratic) remnants of ground- and ablation moraine can be observed in a
primary position on dark rocksM™). Metre-thick moraine material, rinsed slope-downwards, has been deposited on
the already existing moraine at the foot of the slopes. In the fore- and middleground the primary moraine sheet is
covered with metre-thick postglacial lake-silts (limnic rythmiteg)). (During the Holocene decimetre- to metre deep
slope ravines have been cut into the areas of glacial ground scoWfinghey follow the ac- and bc-clefts of the
sedimentary rocks. Their morphodynamics, which - compared with the glacier polishing - is totally different, become
obvious by the sharp right-angled working edges on the upper margin of the ravines. (Photo M. Kuhle.)
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+— Photo 49.Taken at 4490 m asl (aneroid measurement), ca. 33 km W of the caravan settlement Sang
Sang, facing N (Figure 2, No. 29; 29°20/86°26 E). The outcropping edges of the stratum of the
sedimentary rocks, dipping steeply to the N (10/50-60), have been polished and abraded by the inland
ice (V = band polishing of the outcropping edges of the stratum). The hills and mountain ridges also
received their round forma=) by glacial ground scouring. The prehistoric glacier polishing has been
slightly reshaped by the postglacial, Holocene linear erosion through a wide-meshed network of
decimetre- to metre-deep ravined)(is an up to several metre-thick ground moraine sheet, undercut

by the outer bank of the temporary creek in the thalviegrhe ground moraine surfacl), rising as

a flat ramp, nearly maintained the shape of its primary deposition. The normal characteristics of a slope
with a debris surface, developed subaerially, are absent. This moraine remnant, surrounded by polished
rock faces £ V), has been stripped off from the bottom of the inland ice in the flow shadow of the rock
hills, i.e., in a depression opposite of them.—~) marks the minimum level of the inland ice surface,
related to this geomorphology. Almost certainly this relief was covered by a much thicker, namely
kilometre-thick, ice body. (Photo M. Kuhle.)

96 M. Kuhle
P — y ~ Photo 47 Twenty-three km W of the
settlement of Sang Sang, taken towards the

N from 4425 m asl (aneroid measurement)
(Figure 2, No. 28; ca. 28°55l1/86°10 E):

a ca. 150 m high hill from outcropping
edges of the stratum of metamorphic
sedimentary rocks rises above a ground
moraine plain ®). This hill has been
polished and abraded by the overlying
inland glacier ice £ — = hypothetic
minimum height of the ice level). The
ground polishing interfered with the
outcropping edges of the harder strata
(= centre) resulting in the characteristic
form, shown in the photo. Similar features
are left behind by the glacial ground
scouring in the Alpes as well as in
Scandinavia. A streamlined form of a roche
moutonnée is preserved in the background
(= on the right). The featureless ground-
and ablation morained), setting in at the
foot of these hills, show no similarity with
foot areas built up without an ice cover,
which consist of very extended alluvial
fans. Here, only the smallest of Holocene
alluvial fans have been developed from the
moraine, rinsed down-slope VJ. (Photo
M. Kuhle.)

T Photo 504710 m (aneroid measurement) high transfluence pass at the Transhimalaya caravan route towards
the W, E of the nomad locality Chiaote-Lo (Figure 2, No. 29; 29RZ86°24 30" E), about 39 km W of the

Sang Sang panorama, taken facing from S to W. The High Glacial (LGM) inland ice has covered the relief to
far above the round-polished hill ridgess)((— — = pertinent minimum altitude of the ice level), thus polishing

and widening the transfluence pass to a flat U-shaped cross profile. Pass and valley bottom are overlain by
ground morainel). The rather fine-grained ground moraine contains few erratic components up to fist-size,
which are rounded, round-edged and facettéd §. It covers metamorphic sedimentary bedrocks. The hardest

of these bedrock sedimentary layers develop protruding rock/rihsAs a result of overgrazing and trampling

along the caravan route the grass sods of the meadow vegefa}ibae been torn off and the vegetation-free
ground moraine partly has been blown away by the pass wind (foreground). On the valley flanks, subdivided
by small side valleys, mountain spurs have been polished back to the form of glacigenically triangular-shaped
faces (‘truncated spurs’ ® white). Ground moraine is overlying there, tdll (hite). On the right-hand
telegraph poles as scale. (Photo M. Kuhle.)
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— Photo 51 Fourteen km W of the 4710 m high pass (Photo 50), taken from 4540 m asl (aneroid measurenrert)
(29°28 N/85°57 30" E; Figure 2, close to No. 29) looking up the Dogxung Zangbo (Tsangbo) to the W. The
river and its high water bed with the light-coloured gravel bottom are set into the schist-like, thinly layered
sedimentary bedrocks in the shape of a Haxb(ack). Probably the valley in its current course has already
come into being in the last interglacial (RiR-Wirm-interglacial) or before, and developed further by the
subglacial meltwater during the last covering with inland ice and the Late Glacial thawing phase. At the same
time steep banks ocurred in the bedro®R,(which point to a hydrostatically confined and therefore very fast
meltwater run-off. They cannot sufficiently be explained by the comparatively weak processes of the sul
lateral erosion observed here at present. This lateral erosion of the river undercuts softly-rounded, gl
abraded band polishings of the outcropping edges of the strata, which do strongly contrast i
geomorphological sense. They are preserved on the orographically left-hand bedrockschgs) ( Ground
moraine overlies only in placed(black). An orographic left-hand Late Glacial (Stadium IV) morain
basement, washed glaciofluvially, is at least 15-20 m thk\(). The remaining glacigenically rounded
(=~ =) surface of the Tibetan high plateau, is covered with ground- or ablation moraine up to several me
thickness W white). In the fore- and middleground there are large parts of sandy matrix with ‘swimm
erratic granite boulders/O). They are more than 1 m long and rounded at the edges, i.e., glacially facg
(O). In the foreground on the right, the moraine has been superficially washed by the meltwater and le
to a terracel[{l white). On the upper slopes, at places where the alpine meadow has been damaged a
away by grazing and solifluction, sickle-like forms, which are free of vegetation, have been developed
result of out-blowing of the sand by the wind (right and lef¥of ). (— —) is the hypothetical minimum height
of the inland ice level, consistent with the relief. Telegraph poles as scale. (Photo M. Kuhle.)

+~Photo 55.View from the caravan settlement

of Raka (ca. 4700-4900 m asl; Figure 2, .

No. 34; 29°28N/85°04 30" E) towards the S *‘:ﬁt :

across a ground moraine are#)( onto

glacigenically polished hills %), consisting

of metamorphic sedimentary rocks (schist,

phyllite). The strata of the bedrock,
— outcr(_)pping d_iag_onally to the r_un-oﬁ—() of
the High Glacial inland ice, which took place =
from NW to SE, interfered with the ground
scouring to the slight lineationv() of these
‘glacially streamlined hills’. In sections these
hills show classic streamlined profiles on
the left) to the glacigenic development of
which no alternative or convergence is
known. In its far-travelled pelitic matrix the
ground morainel) contains portions of local
moraine from edged sedimentary rock
fragments Q) of the only little resistant schist
in the underground. Large boulders ardg
lacking; but there are far-travelled, polymict,
mainly edged components the size of pebble @
Neither on the ground moraine plain nor o
the hill ridges do pattern grounds exist in thel
form of periglacial sorting of material to stone
rings and fine earth beds.—¢) =
geomorphologically necessary minimum
altitude of the inland ice cover (LGM-
Stadium IlI). (Photo M. Kuhle.)
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T Photo 56 At 4725 m (aneroid measurement) WNW of Raka, looking over a ground moraine- and gravel floor
landscapel ) (29°28 30" N/85°01 E; Figure 2, No. 35) towards the NE. The hills of metamorphic bedrock,
round-polished by the glacigenic ground scouring, are covered by a far-travelled ground milljaide {o

several metres thick, it contains polymict erratic pebbles and boulders, consisting for instance of granites and
other crystalline rocks. Where the current meltwater creek runs deijynwhich drains some small actual
glaciers of the 6000 m high mountains of the Gangdise Shan, situated 20-58 km to the NNW (Figure 2 between
Nos. 37, 33 and 39; Photo 60), the ground moraine has been washed out, i.e., its clayey matrix has been
eliminated. At the same time the gravels have been classified. They cover the wide high wdiér, balch

has been flatly deepened by this outwashing. Since the late glacial deglaciation, i.e., during the Holocene and
at historical times (Stadia V-XII; Table 1) this glaciofluvial gravel string has been developed in continuation
of a valley exit, situated to the NNW. On its outer slope the creek has freshly undercut the ground moraine
sheet ). (Photo M. Kuhle.)

+— Photo 52.Looking from 4535 m asl| (aneroid measu-

rement) across a source lake of the Dogxung Zangbo
(Tsangpo), 37 km W of the nomad locality Chiaotelo (or
about 55 km W of Sang Sang) towards the SSW via W up to

-

. N (Figure 2, No.29; 29°280" -32"N/86°11 -16 30" E).
This is a Late Glacial tongue basin lake, dammed up by end
moraines of Stadium Il B Ill). In the fore- and

middleground, along the lake edges, there are free-washed, up
to several metre-long boulder® (O), consisting of granite
(O), porphyry @ white) and quartzite® black). Here, in the
region of outcropping sedimentary rocks in the underground,
they can be addressed as far-travelled erratics from the NW.
The boulders are partly edge@ (hite), rounded at the edges
and facetted @ black) and sometimes rounde®)( The
insignificant relief energy on the Central Tibetan plateau and
the accompanying minimal inclines make an alternative
transport of the boulders by down-flowing water or humid
mass movements (mudflows) impossible. This is a further
evidence of glaciation. As a result of the influx of many
meltwater streamlets (e.g?) and the movement of the low
water near the shore, which is caused by the wind and whirls-
up the moraine clay, the lake remains muddy-milky. At the
foot of the S slope of the 5849 m-massif, the main summit of
which lies 33 km away, Late Glacial end moraines of Stadium
IV (M V) and corresponding indicators such as ice marginal
ramps [>) have been deposited. The accompanying glaciers
flowed down from cirques (e.g¥). The rounded hills on the

W shore of the lake«) were covered by the inland ice from
the High- to the early Late Glacial (Stadium 0 = LGM up to
Stadium Ill); & —) indicates the minimum altitude of its
surface, which could only just make possible the rounding
shown @) by glacial ground scouring. (Photo M. Kuhle.)
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—. —Photo 53.From 4540 m asl (aneroid measure-
ment), 5-6 km SW of the view point of Photo 52,
seen over a ground- and ablation moraine area
(29°29 N/86°09 E; Figure 2, No. 29) in a SW
direction. On the concrete-like solidified moraine
matrix, rich in pelites B white), lies a polymict
(quartzite, porphyry, granite, etc.) pebble scatter
from at the most fist-sized fractions. These
components are edged or rounded at the edges. The
moraine cover mantles round-polished rock ridges
(roche moutonnéeM black). Since deglaciation,
which took place at the end of the Late Glacial (after
Stadium lIlI; Table 1), i.e., during the Holocene, the
down-running rainwater has eroded only few metre-
deep rills (microfluviatile rills) ) into the glacial
loose rock material on flat slopes. From the steeper
and more extended slopes and later from the bottoms
of the small valleys and valleys of the glacially
round-polished Tertiary hill landscape as wes) (
prehistoric moraine material has been fluvially
dislocated and heaped-up as alluvial fafi§ ¢n the
margins of the ground moraine plaill (vhite).

—) marks the minimum altitude of the surface of the
prehistoric inland ice sheet, derived from the above-
mentioned geomorphological characteristics of this
section of Central Tibet«f) is the main direction of
the ice run-off from ca. NNW to SSE, deduced from
the large-scale incline of the high plateau and the
glacial formings of ground scouring. (Photo
M. Kuhle.)
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+— Photo 54. Ground moraine area with roches
moutonnées and streamlined hill®)(in thinly
stratified bedrock schists in Central Tibet (Figure 2,
No. 33-36; 29°25N/85°16 E, 4675—4700 m asl:
aneroid measurement), taken 5—-6 km E of the nomad
caravan-settlement Raka, facing NW. There is no
granite bedrock in the underground. Thus, the granite
boulders ©) which ‘swim’ in the ground moraine
(M) must be far-travelled erratics. Inclusive of the
several hundred metre-high mountain ridges, the
relief was covered by the High Glacial (LGM =
Stadium 0) up to Late Glacial (up to and including
Stadium 1ll, see Table 1) Tibetan inland ice—¢)
marks the minimum altitude of the prehistoric ice
level needed to form this landscape, which with
regard to its exact height remains hypothetically.
(Photo M. Kuhle.)

+— Photo 59.At 4880 m asl (aneroid measurement) (Figure 2, No. 38; 2N&4°58 E)
facing E across a roches moutonnées landscape polished by the inlar adle
ground), which is covered by ground morairi®).(It contains metre-long erratic granite
boulders ¢), ‘swimming’ in isolation from each other in the fine material matrix, thd
transportation of which took place over a distance of at least 10 km from the N. There
the nearest bedrock granites (on the left-hand outside the photo; Figure 2, Nos. 38
From the left margin right into the photo there stretches a fjell-like mountain landscap St
the background, which also consists of granite and which has been overflowed by the
Glacial inland ice £ — minimum ice level of the LGM). The valleys of this mountain
landscape, set upon the Tibetan plateau, show typically glacigenic trough- and U-sh@@
forms (V black). In the course of the Late Glacial deglaciation, interrupted by less and |ess*:
Late Glacial glacier advances, the valley bottomswhite) ending on the Tibetan high &
plateau, which is the immediate foreland of those mountains, have been more and
covered and filled with ground- and end moraine. In the fore- and middleground are p
volcanic springs © O), coming out of the sedimentary rocks of the underground. The
cover this region of ground polishing and ground moraines with a large-scale limes
sinter overlay [(0). (Photo M. Kuhle.)

T Photo 57.4800 m asl (aneroid measurement; according to ONC map 100-200 m higher), ca. 10 km NNW
of the locality in Photo 56, i.e. about 18 km from Raka (29329 N/84°58 E) towards the ENE, looking over
ground morainesl) and polished and abraded rock ridge$. (The large area of excavation lying in between

is a local meltwater run-offi{), by which (at first subglacially) gravel floor strings of displaced and thereby
outwashed moraine have been — and still are — sedimentated during the late Late Glacial (Stadia Il1I-1V) and
then from the Holocene up to these days (Stadia V—XII; Table 1). The ground- and ablation moraine on this
side of the flat valleyl), which is not outwashed, contains erratic granite bouldeysduperficially grubbed-

up and stamped out of the original moraine formation by grazing yaks. These boulders have been transported
over distances of at least decakilometres from the N, i.e., from the mountain system, the eastern foothills of
which are visible in the background (Figure 2, between Nos. 38 and-39).ifidicates the Ice Age (LGM)

level of the inland ice. (Photo M. Kuhle.)
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T Photo 58.The profile of the Photos 56 and 57 continued rectilinearly 2—3 km towards the NNW (Figure 2 Nos. 36,37, 4820 m asl aneroid
measurement), looking to the NNE across a valley landscape, covered by ground moraine. Due to the subglacial meltwaltgni mg ribaff

Early- and Late Glacial, the valley has been embedded box-like into the tilted, more or less metamorphic sedimentary/bpdtdEs &

bottom of outwashed ground moraine materid).(A primarily deposited (non-outwashed) ground moraine sheet, which contains far-
travelled metre-long erratic granite boulde«s ©*), overlies the glacigenically abraded and polished edges of the strata of the bégrock (

in metre-thickness. The postglacial to present-day lateral erosion of the concentrated meltwater has undercut the gnormbveorai

(& =) as well as the bedrock\}. (Photo M. Kuhle.)

M. Kuhle

— Photo 61.At 4945 m asl (aneroid measurement or 5150 m according to ONC),
ca. 3 km N and 100 m below the pass (viewpoint of Photo 60), taken from the
southern end of the lake facing E via S to NW across the valley with the tongue basin
lake () (Figure 2, between Nos. 39 and 40). Hanging glaci®)safe visible in the
background (cf. Photo 60); the 5250 m high transfluence pass situated below, is
covered with ground morain@(background). Mountain ridges E of the transfluenc
pass have been rounded by the inland ice (LGM®). (——) marks the minimum
height of the High Glacial level of the inland ice, which has completely covered the
relief. The ice run-off took place from N to S, i.e., from the right to the left sid
During the Late Glacial (probably Stadia Il to IV; Table 1) the valley was still fille
with glacier ice, which at that time already flowed down to the N. The result was
present-day lake basin, developed from a tongue basin, which was fringed
moraines. The ground moraine covil foreground) visible near the shore line an
the subrecent shore platform of the lake has been washed out surficially by the
and — owing to the deposition of moisture — has undergone an increased
weathering. In consequence the coarse loose material on the surface has sharp edges..
and has been weathered into shard-like for@s (V V) are subrecent shore ridges; | |
(v v) mark cliff forms of higher lake level positions. Due to the erosive lowering Qfis

steps. (Photo M. Kuhle.)
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+— Photo 60 About 17 km N of the locality of the thermal = Photo 62 At 4955 m asl (aneroid measurement), E of the ca.
springs (Photo 59) there is a transfluence pass (5045 m a6l km long lake (cf. Photo 60; Figure 2 between Nos. 32 and
aneroid measurement, 5250 m asl according to ONC ma&p) near its northern end (break-through of the mordipe:

1:1 000 000; Figure 2 between Nos. 39/33 and 38/40) frofacing N. Ground morainel) spreads from the foreground up
which this photo was taken, ranging from WSW (left margin) tto the lake bottom (middle ground). On its surface it is covered
N. The summits in the W reach an altitude of more than 6000 foy an overlay of fine sands, a few centimetres in thickness,
showing hanging- and cirque glaciers as well as short valleyhich has been washed out of the ground moraine by the lake
glaciers (). (=) mark glacial flank polishings on back-polishedwater. The washing-out took place continuously during the
mountain spurs, developed between the short cross valleyssatcessive lowering of the lake level (cf. Photo 61). This
this mountain ranges. During the LGM (Last High Glacial) thedewering was connected with the break-through of the over-spill
mountains were completely covered by the inland ieex) which cut into the moraine, damming up the lakg.(Glacially .
indicates the corresponding ice level. Ground moraine surfageaind-polished hills and mountain slopes ) rise on both
and -ridges are stretching in the fore- and middlegrould ( sides of the lake X). (——) is the minimum height of the l
This moraine cover shows lineaments, pressed in by tipeehistoric glacier level. (Photo M. Kuhle.)

overflowing ground ice during the Late Glacidl)( The large
boulders contained are up to several metres lang The late

Late Glacial tongue basin lake is somewhat more than 20 km
long (N-S extent). Today its level lies 120 m below the pass (cf.
Photo 61). Probably the overdeepening of the lake basin goes
back to the embedment of a dead ice complex during the late- to
postglacial decay of the inland ice. During the High Glacial the
depression of the lake basin possibly was sealed by ‘cold based
ice’, frozen to the ground. The inland ice run-off from approx. N

to S might have taken place nearer to the surface and as a result
of its shearing from the ice that was frozen to the ground. (Photo
M. Kuhle.)
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T Photo 63.At 4780 m asl (aneroid measurement), N of the 5600-m main pass, 300°-panorama across the E Gangdise Shan (Figure 2, Hondlxy&)amhscality: Figure 2, between Nos. 41 and 42 (29R884°28 E). The photo ranges from NW

(left margin), looking into orographic left-hand side valleys, via N down the main valley, via E (middle of the panorartte fight main valley flank, via S (left of the camp) up the main valley, up to SW (right margin) into the left-hand main valley
flank with joining side valleys. A ground moraine plain stretches from the fore- to the backgBdorkeground). As far as the larger components are concerned, it consists of polymict material, up to the size of blocksit theneléges. Figures 17 and

5 (diagram 29.08./1) show the glacigenic nature of the matrix. Parts of these ground moraine surfaces have been reshaymeérby.enelvashed. On the sides of the actual riverbeds and historic to present gravel floofpl&itaslium — 2 to — 8 cf.

Table 1), Late Glacial to neoglacial glacier mouth gravel floors (sanders) (Stadia IV to VI; cf. Table 1) break away in tfe2f8m high terracesw ¥). (— —) marks the High Glacial (LGM) minimum ice level of the inland ice, completely covering

the area. This makes understandable the fact that the mountain ridges are round-polished up to their culmimgti@rsthe hills and mountains, reaching more than 5100 m, fresh snow can be observed, which fell during the night (ilnAegusign

to the ground scouring of the inland ice masses, the layers of the sedimentary bedrocks developed typical features shimgsdopautcropping edges of the stramawhite). The substantial roughness on the surfaces of some other hill- and mountain
slopes [ I) derives from the outcrops of more resistant layers, i.e., protruding edges of the strata. Here and there ground narahee dilepesl] background on the right). In many places this moraine cover has been eroded, i.e., transferred to the slope
foot and laid down there as small flat fans ). (Photo M. Kuhle.)
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— Photo 64.View from 4885 m asl (aneroid
measurement; Figure 2 between Nos. 41 and
42) on the flat saddle of a pass WNW of the
main-Transhimalaya 5600-m pass (cf. Figure
2, No. 40, Gangdise Shan) towards Central
Tibet. The ‘chorten’ marks the culmination of

) ) the pass. It is situated 6 km NW from the
v Photo 65.At 4837 m asl (aneroid measurement; more likely 5000 Migcality of Photo 63 at 30°0N/84°33 E. The

Figure 2, No. 43) on the caravan route, ca. 4 km WSW from the locality ¢ficture was taken towards the W. Typical
Photo 64, facing S (left margin of the panorama) via W (centre) to N (righionsoon weather situation with snowfall
margin), looking across a basin. Such intramontane basins are typical of fifing the night at the end of August. The
whole of Central- and W-Tibet. The bottom of this basin is covered by thickaddle, overflowed by the inland ice (LGM)
glaciofluvially washed ground moraind(M). The meltwaters of the Late znd now showing a decimetre-thick ground+
Glacial to postglacial deglaciation (Stadia IV to Xll, i.e., up today; cfgnd ablation moraine sheell (as for the
Table 1), i.e., the back-melting of the prehistoric ice margin up to the higdypstrate, cf. Figures 17 and 5, diagra
regions of the Gangdise Shan which are still glaciated, and also the seasqrg_ag_/l), is representative of the completes
snow meltwaters have cut and dissected this ground moraine [l Oy  glacigenic formation of numerous trans-
flatly inset drainage channels with gravel floors (bel®y Thus, there have f|yence passes in the nearer and fartheTf
been developed terrace steps, a few metres in hewgiwt)( In some places the environment. Saddle and valley have troug e
bottom of valleys, joining the basin, have already been cut by the subglacéabss_prof”es. The slopes, i.e., mountai -
meltwater as far as to the bedrock)( so that the valley flanks, smoothed by ridges, consist of sedimentary bedrocks an
the ground scouring of the ice (secomdrom the left), have been undercut by nhave been glacially roundee). Here too, the
a lower slope, steepened by lateral erosidrf (). Geomorphological evidence cover of loose material is only a few
of this provides the sharp working edge from below set against the flaggntimetres- or decimetres-thick and down th
polished rock slope from abovd (1). In comparison with the High Glacial slope has been reshaped by solifluction an
the coming up of subglacial meltwater was connected to a markedly highge trampling of cattle. A truck serves to
snow line, i.e. it was coupled with the Late Glacial (probably Stadia I-llizompare the size. The cross valley of the nex
Table 1) During the ngh Glacial (probably LGM = Stadium O) the snow I|n¢l|gher order K) is a|ready adjusted to one of
ran below the basin, i.e., lower than the entire valley- and basin-bottogpe |owest older surface levels of Central Tibe B
Owing to a probably more than 1000-m thick inland ice cover, frozen to thghg thus only falls away flatly (to the = to
ground by cold-based ice, there could not have been any more subglagig right). Its gravel floor of some hundred
meltwater. The polymict ground morain®l (M) contains local material of metres in width ) has been accumulated by
bedrock phyllites (sedimentary rocks) from the underground and the envirofge Holocene to historic meltwater (‘braided
The mountains, covered by fresh snow (though it is summer), are glaciaﬁyer’)_ Such valleys can also be found in the
polished and well to perfectly rounde#t)( (— —) marks the minimum surface Arctic (e.g., Spitzbergen and Greenland).
level of the prehistoric inland ice sheet, the geomorphological proof of whicfhey are characteristic of the areas of

is given by this rounding. (Photo M. Kuhle.) sedimentary bedrocks. (Photo M. Kuhle.)
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T Photo 67.View from 4610 m asl (aneroid measurement), 23 km N of the 4885-m pass (Photo 64), looking T Photo 68 At 4580 m asl (aneroid measurement), 11 km further down-valley from the locality of Photo 67 to the N,
towards the E. The plain is made up by ground moraile fhich contains substantial portions of local granite bedrock €) can be observed on the orographic right-hand side. Accordingly, the local ground moraine
moraine material. Accordingly, it is free of large boulders (Figure 2, No. 42), because there is sedimentary (M foreground) is rich in coarse boulders (Figure 2, No. 43). The local granite boulders are mixed with far-travelled,
bedrock in the surrounding area (but no massif-crystalline rock) (cf. in contrast Photo 68). The largest rock for the most part detrital moraine material from fragments of the up-valley sediment rock (Photo 67). The ground
fragments contained are fist-sized (i.e., relatively small) with edges and broken into shards, i.e., not far- moraine material ¥), presently solifluidally transported down from the steeper upper slopes, is set off with a clear
travelled. The snow, fallen during the night, has melted away over large parts (12.40 at noon, middle of margin and change of material against the ground moraine on the lower dbpesKground) and on the valley
August); under the decimetre-thick summer thawing layer (‘active layer’) the meltwater (foreground) stagnates bottom, because it has been moved further down and is therefore polymict and has undergone a heavier detrition.
on the ground moraine, which is rich in pelites, as well as on the permafrost table. The mountain ridges, (——) = LGM to Late Glacial minimum level of the ice. (Photo M. Kuhle.)

reaching up to 5400 m, have been polished by the inlandsce-¢ —) marks the minimum level of the ice.
(Photo M. Kuhle.)
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+ Photo 66.At 4635 m asl (aneroid measurement; probably ca. 4800 m), 10 km N of the Photo 69.4560 m asl (aneroid measurement),
locality of Photo 65, facing SW (left margin) via WNW (centre) up to N (right marginkm N of the locality of Photo 68, looking across a
(30°06 30" N/84°34 E; Figure 2, No. 42). The bottom of the high basin is covered bgurficially washed and glaciofluvially reshaped
ground moraine, which has surficially been washed by the meltwlewkite). The ground moraine sheetB( foreground). This
boulders, up to the size of a fist, ‘'swim’ in the relatively large portion of fine materiaéshaping is the result of the meltwater of the
matrix; coarse pebbles with an extension of up to 2 cm in length are dominant. Most of thbseving ice during the late Late Glacial (ca.
pebbles are rounded at the edges, with only a few edged. More or less metamorftadium IV; Table 1). The loose rocks on the valley
sedimentary bedrocks (phyllites) occur in the underground. The surrounding high rid§esr are polymict and built up from components of
with a temporary summer, i.e., monsoonal snow-cover and the classically formed rogtemnite- (the light boulders) as well as sedimentary-
moutonnée in the middle ground also consist of4twhite; Figure 2, No. 42). This and metamorphic rocks. The great portion of pelitic
glacigenic keyform shows a scour side, which to the S, i.e., up-valley, inclines more flatigtrix between the edged, rounded at the edges and
(A). This proves a direction of ice run-off from S to N (from left to right), i.e., down-vallefacetted boulders has preserved its morainjg
during the Late Glacial. It developed, when the inland ice had already melted and fatbaracter and is rich in clay. Down from the
apart into several complexes, orientated by mountain groups. Now, too, separate vallgsninations of the mountain ridges the valley
glacier streams flowed down to the N from these ice complexes, following the small-scgllepes are covered with moraine in increasin
relief and valley incline. This happened during Stadia II-11l, when the ELA-depression stitickness B background). Biconvex accumulations#
was 800-1000 m compared with the current course of the snow line, and the equilibrium éihéoose material in the form of debris cones or &
(ELA) ran at 4900-5100 m asl (cf. Table 1). In the High Glacial (LGM = Stadium Ofans on the foot of the slope are kame terraces amgt
however, the upland and the mountain ranges, visible here, were totally covered byrémenants of lateral moraines, slightly reshaped aftg
inland ice (8- — = minimum altitude of the inland ice surface). According to the large-scatieglaciation ¥). They have been left behind by
incline of the high plateau, the ice run-off took place from N to S, i.e., from right to leftalley glacier in the late Late Glacial ) is the
During the High Glacial the valley area of excavation many kilometres to decakilometrepirhistoric inland ice level, necessary to understa
width, which surrounds this roche moutonnéewihite), was probably filled with ground the geomorphological indicators. (Photo M. Kuhle.}
ice, frozen to the rocky underground. The actual ice run-off might have taken place in much
higher ice layers close to the inland ice levet (§ across the hill- and mountain thresholds

(= black). @ black) marks a polish threshold, covered by ground moraine. Narrow rills, a
few decimetres- to metre deep)( are set into the ground moraine, in parts reaching as far
as the bedrock. (Photo M. Kuhle.)

— —

Photo 71.Taken at 4520 m asl (aneroid measurement; Figure 2, Nos. 45/46), 23 km N of the locality of Photo

70, facing W. In the fore- and middle-ground stretches a polymict ground moraine plain, surficially washed by

T Photo 70.The same valley as in Photo 69, again 6 km further to the N and 30 m lower (4530 m asl; aneroid the meltwater @ black, foreground). The components contained consist of granite as well as of sedimentary
measurement) (Figure 2 Nos. 43/44; 30°M1B4°32 E), taken towards the NW. The ground moraine in the foreground rocks. Granite bedrocle is already found on the orographic left valley flank; it has been smoothed by flank
(M) has been blown out on its surface. As a result it is covered with a deflation paving of quite large stones and pebbles, polishing @ left) and — In continuation of a small intermediate valley ridge — has been formed into a ‘whale
which have not been taken away by the wind. The light fine material on the slope, glimmering through the overlying back'-roche moutonnées(centre). The granite bedrock has been roughened by Holocene (postglacial) erosion
larger components¥ V), is erratic ground moraine matrix. The sedimentary bedrock in the underlying bed of the and turned into a boulder scattef ) (M white) marks a ground moraine ledge, preserved on the orographic
ground moraine mantle is dark. Debris which weatheéreditu, is totally lacking on the slopes of this ‘glacially left (western) valley flank - perhaps also remnants of a lateral moraine formation. It belongs to a very low ice
streamlined hill' @ ). (Photo M. Kuhle.) level shortly before the complete melting, i.e. the Late Glactabr( the very right) points to a mountain spur,

polished back by the glacier ice- £) is the minimum altitude of the High Glacial inland ice level, necessary

to understand the relief forms. (Photo M. Kuhle.)
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= T Photo 73.4590 m asl (aneroid measurement; actually 150 m higher: 4740 m), ca. 5 km NW from the locality of Photo 72. 360°-Panorar@aléfigiirdo. 49): the left and right margins
are approx. facing N, the centre is in the S (locality of Photo 72); somewhat left of it the Zhari Nanico (lake, Figure7RjNsitdated in the background (not clearly visible in the photo).
.,*- Half-left in the panorama is E, half-right is W. Ground moraine plains stretch from the fore- to backgib#)d The composition of this ground moraine, very rich in fine material, is
recognizable by the pelitic condition of the surface of the jeep track, from which the periglacial pebble cover, incredsftegitny, has been removed. The puddles visible there provide
ﬁ_ evidence of the characteristic swelling capacity and accordingly water-retaining qualities of this fine material matglk.dtstion of clay in consequence of the glacial trituration points to

an important glacial (at last LGM = Stadium 0; Table 1) thickness of the inland ice. Some of the surrounding hills and ngedginesent a strikingly good glacial rounding).(Only in
places, where the sedimentary bedrocks show substantial small-scale differences in resistance and the layers are upyuduethstegpntain ridges have some ribs, small crests and peaks
(1), i.e. there are no forms which are evidence of glacial ground scouring. But even here the slopes are covered with ghoeir@)m@ra-) marks the altitude of the minimum ice level
during the LGM. Besides the deflation pavement on the ground moraine above-ment®peth ¢verlay of wind-blown sand can be observed on the rounded®jligRhoto M. Kuhle.)

+— Photo 72.4485 m asl (aneroid measurement), ca. 5 km W of the military station Cogen (also Tsochin or Maindong) (Figure 2, No.'49/85200°130" E). Picture taken from the bottom

of the intramontane basin in which the extended Zhari Nanico or Taje Tso (a 50 km long and 20 km wide lake, Figure 2, 8ltuatéyiHere, the valley with the geomorphological profile
shown in Photos 64-71 comes to an eldThe panorama ranges from N (left margin) via E (centre) to S (right margin). Glaciolimnic and glaciofluvial remnanése$ t€jroccur below

the view point as well as on other bank sections on both sides of the river and its kilometre-wide gravélflook¢é. —6 to —8 according to Table 1). They show at least five levels (three
main levels), situated ca. 5, 8, 21, 30 and 40 m above the river level) (= Nos. 4, 3, 2 according to Tablel; Figure 2, Nos. 46, 47). The point of view is on the third level from below, 21 m
above the river. The terraces can be classified as belonging to the Late Glacial deglaciation from the High Glacial (L& Mg infato the Holocene to modern condition of the interglacial.
(A) indicates cross- and deltaic layers in the limnic sands. The corresponding Late Glacial lakes have been dammed-up bypgbeandstalley glaciers, which in the Late Glacial (Stadium

| to lll; Table 1) still filled the main valley net of this mountain group, set upon the Tibetan plateau. In the joininglieige @ ) as well as in the basin of Cogen (fore- and middle-ground
and towards the left margin of the panorama) there existed such lakes, more or less communicating with each other. Teeydhawvedstup by separate rather large ice lobes, flowing down
from the mountain massifs and entering the basin. Part of these sands, which are preserved in terraces, were againyotertmeestwhile advanced glacier ice: as a result, these sands are
covered by a decimetres-thick ground moraine sheet (foregroljd) (@ =) mark keyforms of High Glacial (LGM) glacier erosior; €) is the minimum height of the accompanying ice
sheet. (Photo M. Kuhle.)
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T Photo 74.View from the 5050 m pass (Figure 2 between Nos. 52 and 49; 4885 m aneroid measurement), looking from S via E up to Nt¢fnoghtle{81°05N/84°52 30" E). This saddle, which has been polished by the inland ice (LGM) from

right (N) to left (S), is built up in reddish-brown sandstone bedrock. The few decimetre- to centimetre thick ground Bytging 6n this sandstone, contains green porphyry erratics. The ridges reaching up to 5300 m, are also covered by thin ground
moraine containing much local moraine material, which has been broken out of the underground (sandstone components) ditidsshondestreamlined contours) with leeward steepenings immediately below the culmination, characteristic of glacier
ground scouring {). Further keyforms are the exaration rills)(by which the out-carving and out-polishing ice has cleared out the outcropping edges of the sandstone strata (gladiashlvendfputcropping edges of the stratum).~) = minimum

altitude of the inland ice level. (Photo M. Kuhle.)

T Photo 75At 4490 m asl (aneroid measurement; probably 4650 m asl) on the caravan route, 89 km N from the view point of Photo 70plodkidléft) to N across
a limnically reshaped ground morairl)((Figure 2 right of No. 53). The lake expanses of this late-Late Glacial tongue basin (ca. Stadia Ill or IV; Table 1),gamain
to the present time, stretch in the middle grounjignd background. The surface of the High Glacial inland ice (LGM, Wiirm, Weichsel, Wisconsin, Waldai) towered a
the surrounding hill- and mountain chains (background)-) indicates the minimum height of the Tibetan inland ice, being 1000 m thick here. Besides sharp-edg
round-edged large boulders of the sedimentary bedrock in the underground and nearer edwirbits € local moraine), the ground moraine (foreground) also contairs
far-travelled erratic granite boulder® (plack). At the time when the shore line was running in this area (foreground), the lake water has surficially washed the g
moraine, so that a coarser matrix developed. (Photo M. Kuhle.) !
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1 Photo 76 At 4560 m asl (aneroid measurement; according to ONC map 1:1 000 000 = ca. 4700 m asl), in the same lake basin shown limtPtbtarvEowards the NE (Figure 2 between

No. 53 and 51; 31°2IN/85°05 E), looking from S via W to NE across the residual lakg &nd the bordering mountain groups and hill systems as far as a distance of decakilometres. They
rise to a height of at the maximum 5900 m. The former lake bottom, extending up the slopes and hills of the mountainseth&tiglovo Late Glacial ground moraine. As a result of the late
Late Glacial step-by-step reduction of the lake surface and the connected lowering of the lake level as far as to itaHo oz extensions, i.e., level positions, the ground moraine covers
(I W) have undergone a temporary surficial redeposition and washing-out by the surf near the shore line, which slowly wodadstsekre. The inflow and outflow of this lake into, i.e.,

out of neighbouring valleys and basins — according to the communication of the pertinent water positions — has created fladigsawith small-scale steps, made up from gravel terraces a
few metres in height ¥ v). Late Glacial moraine- and kame terrace8 éxtending decametres up the hill- and mountain flanks in the form of steps, show underctt}ibgst{ose highest

late Late Glacial (cf. Stadium IV; Table 1) lake level positions. Hitherto the former (Late Glacial) local hydrology anddiymespectively, and their chronology are rather unknown in detail.

It is certain that the early lake periods belong to the phase of the Late Glacial ice decay, and the lake has come ietedsintd dead ice complexes of the thawing-off area. At that time
not only the present-day basin- and mountain-relief dictated the damming-up of the lake, but the dimensions and heiglesdatthbarriers first determined the dimensions and depth of a
multitude of rather small lakes and afterwards of an extended ldkenérks a prehistoric (probably late-Late Glacial, see above and Photo 75) lake spillway, which led as a narrow V-shaped
gorge into a neighbouring valley and has been deepened by backward erosion. At the same time it had already begun levetarfatirebasin bottomd( black) deepening it in linear form.
Accordingly, it belongs to a later period, the lake level of which has already been lowered by drainage. The ice which pag fakibe prehistoric damming-up of the lake can indirectly be
diagnosed by the construction of such new spillways, set off against the older slopes through sharp working edyeslfege spillways can be recognized as being young, because lakes
which are solely subordinated to the relief only drain through very old and therefore broad basin outlets. They do natutdvelpitiways'. €) marks glacially rounded hill- and mountain

ridges. £ —) is the minimum height of the High Glacial (LGM) inland ice surface. (Photo M. Kuhle.)

-

T ———

M. Kuhle

T Photo 77.View from 4655 m asl (aneroid
measurement; ONC-map 1:1 000 000 = 4800
m asl) on the caravan route, but 21 km more
N than the locality of Photo 75. Panorama
facing N (left) via NE up to E (Figure 2,
No. 51). A slightly undulating ground
moraine areal) stretches up the slopes of
the hills (background). Its material consists of
polymict drift of porphyry and other volcanic
rocks as rhyolite and quartzite, silt and
sandstone. As a result of the Holocene to
modern backward erosion, the light ground
moraine matrix has partly been exposed on
slope steepenings as well as on spring
depressions\(). Here, the covering character
of the ground moraine and its thickness of up
to few metres can clearly be diagnosed. On
the upper slopes of the higher mountain
ridges consisting of red sedimentary rocks,
the residual detritus developeid situ is
dovetailed with the ground moraine, i.e.,
covers it over large partsl)( The High-
(Stadium 0 = LGM) to early Late Glacial
inland ice (Stadia I-Il; Table 1) has rounded
the upland relief by glacial erosiom). (——)
marks the verifiable Ice Age glacier level.
During the late-Late Glacial (Stadium V)
hanging- and cirque glaciers on the higher
mountains Q) have been developed. (Photo
M. Kuhle.)
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+— Photo 78 At 4785 m asl (aneroid measurement), 5—6 km up-valley from the locality of Photo 77 (Figure 2, No. 51;
31°28 N/85°12 30" E) across a typically Central-Tibetan glacial landscape, facing ENE via S to WSW. The Tibetan
tents and rectangular cattle kraals in the foreground are a scale for the proportions. Round-polished and abraded by
the inland ice 4), this landscape is made up of more or less metamorphic stratified rocks, outcropping as edges of the
strata at the valley head (left margin). Only there do slope forms influenced by the rock structure occur, and ground
moraine has been transported as debris up to the slope foot, forming cones aRg.f&he est of the hills and slopes

is covered by ground moraine with a yellowish fine material malll)x Merely the highest, still soft-shaped hills from
reddish sandstones show no ground moraine and have a mere decimetres-thick debris cover \esitogreil The

valley bottom consists of ground moraine with a thin glaciofluvial gravel sheéeb(to —2). It has been accumulated

by the meltwaters of small glaciers and rather large firn shields — situated on the mountains connected to this valley by
the slope —, which still existed in the Neoglacial (ca. Stadia V to 'VII; see Table 1). At the same time the older ground
moraine has also been rinsed and out-washed in many places. The water-retaining clayey-silty ground moraine matrix
leads to the impounding of wetness. Thus alpine meadow vegetation on the valley bottom is possible, even under
semiarid climate conditions. The valley floor, still in the process of being transformed by the small meandering river,
has undercut the base of the slop®s ¥), so that the yellowish High (LGM)- to Late Glacial ground moraine is
exposed along the actual working edges. The character of this landform reminds of the most arid region (250 mm/yr)
of Spitzbergen (Dicksonland at 78° N at 200—400 m asl; cf. Kuhle, 1983a), where a ca. 1000-1500 m thick glacier ice
cover occurred in the High Glaciak ) indicates the minimum level of the inland ice sheet. (Photo M. Kuhle.)

— Photo 79.At 4825 m asl (aneroid measurement) about 10 km N from the locality of Photo 77 (Figure 2, No. 51),
looking towards the SE. The higher mountain ridges of this glacial landform, polished and abraded by the inland ice,
have preserved the slightly edged contours of outcropping edges of the stlat8edi{mentary bedrocks occur here.
Ground moraine extends in the foregroul® @nd also covers the rather steep slopes in the background. It can be
recognized by the light matrixf(). Merely on steep slopes it is mantled by debris weathiereiu. Only in places are

the rounded surfaces, predominant by fe), (interrupted by few metres-deep run-off rills and small valléyy, (
incised by the meltwater since the late- to postglacial deglaciation) (narks the minimum prehistoric height of the

ice sheet, necessary to understand this geomorphology. (Photo M. Kuhle.)

+ Photo 81.At 4855 m asl (aneroid measurement at high-pressure), i.e., at ca. 5100 m asl 881 M/@B5°07 E; Figure 2, No. 57)

looking to the ENE slope of the 6815 m-massif (1). Panorama ranging from SSW (left margin) via W (centre) to NW (right margin). A
this exposition the modern glacier tongue flows down the lowéstdnding at ca. 5350 m asl. At a medium height of the catchment area

at 6200 m asl, the orographic ELA comes to ca. 5800 m asl (6200-5350=425+5350=5775). The front of the glaciev}osgamively

steep and heavily fractured, ie., resolved in marginal crevasses. From this a present (1996) advance of the glacierieferreah e

the forefield of the glacier tongue are up to 80 m high end moraine ramps of the historical Stadium X (younger DhaulagirkKStadile

1), which have been pushed together, i.e., built up during the last 180 BeAjs |6 a comparable parallel-arranged tongue basin (partly
hidden by the perspective), the orographic left-hand lateral- and ground moraine slopes can be traced back from tHiStaidtonicx

up to the Nauri Stadium V, i.e., to the older Neo-GlaclIM-X) 5500 years ago (cf. Table 1). On the mountain ridges polished round
during the High Glacial (LGM = Stadium O®(=) and on the cross-valley intermediate valley ridges on the periphery of the mountain
group, late-Late Glacial ground moraines of Stadia Ill and IV are preserved in the form of a boulder scatter wittlinidteixd B 1V

right) and as lateral moraines of Stadium IV as ramp-forms of a coarser composition, containing more HluMéedt (o centre). In

the foreground a fan form stretches into the mountain foreland, i.e., on the Tibetan high plateau, attaining about 5§®0ate ip by
washed glacial ground morainll @ 0). The ground moraine fan is interrupted by the historic to actual gravel bed of the meltwater stream
of the recent glacief{ —6 to —8; see Table 1). Due to the night-frost nearly no water flowed at the time when the photo was taken, i.e., at
8.30 in the morning, even in summer (30 August 1996). The snow of the precipitation from the days before still lies ont#ire stapes.

(—— 0 ——=) marks the minimum height of the glacial inland ice at ca. 6000 m, reconstructed according to the upper polish line. The
summits rising ca. 800 m higher (1) have been glacially sharpened as nunatakr by the flank polishing and its lateral eRisitos (80,

83 — —). This mountain massif is built up by metamorphites (phyllites) and sedimentary rocks, especially limestones. (Photo M. Kuhle.)
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1 Photo 82 At 4755 m asl (aneroid measurement), actually ca. 4950 m, 10 km N from the locality of Photo 81, looking from the Centrgdlatbatafacing S (left margin) via W (centre of the panorama) up to N (right maminindrks the Ice Age

ground moraine cover, containing no coarse boulders here (Figure 2, No. 58). The reason for the lack of large compormtsriertbe of sedimentary bedrocks as far as the further environs. Owing to its minor hardness their detritus has been ground
to a finer fraction. The ground moraine covers the plateau area and some hills and mountain ridges. Since deglaciatiod thergiroel— orientated according to ravines, i.e., steep little val¥®ys (has been transported down the higher northern spurs

of the 6815 m-massif (1 and 2) and removed to the mountain foot. This happened from the late-Late Glacial until receidlgcateel dnoraine material has been accumulated in the form of mudflowManSych mudflow fans are situated at places

where the mountains are high enough to develop a small self-glaciation in the form of hanging- and cirque glaciers cshjigdtdimuring the late-Late Glacial (Stadium IV), i.e., after deglaciation of the inlan®icmafks the localities of the self-
glaciation in this interim period—— white and black) indicate the glaciogeomorphologically extracted minimum level of the inland ice (Stadium 0 = LGM) aboua8DQlt meems as if the height betweer white and— — black differs, but this is

caused by the perspective. They correspondingly mark the 6000 m-level). (1) is the 6815 m-summit, (2) the 6138 m-summit [{ondnenS.4) are glacially rounded features. (Photo M. Kuhle.)
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+— Photo 80At 5015 m asl (aneroid measurement), actually at ca. 5200 m, from a pass of
the nomad- and caravan route (Figure 2, No. 55) 13 km N from the locality of Photo 79
(31°33 N/85°12 30" E) looking to the N: facing NW (left margin) via NE (centre of the
panorama) to SE (right margin). In the NW the 6815 m-peak (1) of the N Gangdise Shan
is situated (cf. Photo 81; Figure 2, No. 57); right of it, at the level of a ca. 6000 m high
satellite peak (3), the reconstructed minimum height © — —) of the inland ice (LGM).

Apart from the high summits, the relief was totally covered with ice. Evidence of this
provide the roundings of rock thresholds and hi##s%). There are sedimentary bedrocks,
among them bedded to stratified limestones. As in all inland ice regions the latter develop
somewhat more precipitous featurés)(The rock thresholds are mantled with decimetre-
thick ground morainel). (l on the very right) shows a 45 cm-deep excavation through
this ground moraine down to the bedrock. At an altitude of over 5400 m asl covers of fresh
summer-snow can be observed. (Photo M. Kuhle.)

1 Photo 83View from 4660 m asl (aneroid measurement; probably 4700—-4800 m), 33 km N of the 6815
m peak (1). The panorama is ranging from E (left) to S (right, 1). The ca. 400-500 m high mountain
(left) consists of limestone and has been polished and abraded by the inland ice up to its culmination (
— minimum altitude of the LGM ice surface) (Figure 2, No. 59). The round forms, created by the glacier
polishing, are preserved much better on the lower slopes of the limestone mountain than on its upper
slopes & left). It might seem that this mountain as a whole is a rather inadequate glacial indicator
because its rounding is not very conspicuous. But exactly the opposite is true: it shows the unmistakably
characteristic feature of subglacially shaped limestone mountains, the rock structure of which — also
subglacially — partly remains. An example of the same form is the 588 m high Oeksberget in N Norway,
35 km NE of Alta at 70°N/23°3(. This, too, is a limestone mountain polished by the inland ice. Of
course the low hills, which are situated more to the$n(the left and right middle of the picture) and
consist of basement sediment rocks, have also been smoothed. Above ca. 6000 m the 6815 m-peak (1)
has been glacially sharpened (cf. Photos 81 and 82 abeyegi.e., has towered ca. 800 m above the
inland ice surface<{ —) as a nunatakr. The rock floor of the high plateau is covered by ground moraine
from the fore- to backgroundlj. It is made up by polymict pebbles of up to 5 cm in length in a pelitic
matrix rich in clay. The pebbles are not classified, but — isolated from each other — are incorporated into
the pelitic ground mass. On the foot of the glacial mountain ridges and hills the ground moraine clings
to the rocks as attached ramps of loose material forming ramp-sHlgaack). Since deglaciation and

still under the currently semi-arid climate conditions, the ground moraine ramps have been dissected by
the meltwater, running down from the rocks (the precipitation is solely snow here), thus forming ravines
and rills (V). (Photo M. Kuhle.)




Reconstruction of an approximately complete Quaternary Tibetan inland glaciation 133 134 M. Kuhle

—Photo 85At 4275 m asl (aneroid measurement), actually ca. 4450 m asl, 14 km NNW from
the locality of Photo 84 (Figure 2, No. 60; 31°5884°58 E), looking across the large
excavation area running in Central Tibet to the WE, in which the ancient caravan route o
Lumaringbu (Figure 2, No. 65) or Gertse (Kaitse) in the W led to Pubu (Figure 2, right margin
and Amdo in the E (N of Nam Co, cf. Kuhle (1991d), Figure 43, Nos. 6-9, settlements o
Pagnag and Nagqu). Panorama ranging from NW (left margin) via N (centre) up to NE (righ
margin), looking to the mountain chain stretching NE, i.e., beyond the excavation area. It -
consists of metamorphic sedimentary rocks. Especially on its lower slopes it has been
roughened and fissured by the structure of the stratified rédk The upper slopes show a -
glacial rounding of the mountain ridges and -cupolms=). Owing to the mountain heights E=—

reaching 5000-5300 m asl, small late-Late Glacial hanging glaciers (Stadium IV, see Table
existed after the melting of the inland ice at the heads of the high valleys and high @asins (

has modified the relief, which the inland ice had formed more softly, by V-shaped valley:
profiles, sharpened towards the valley exits (cf. Photo 85a). The bottom of the excavation area” & .
stretches as ground moraine plall) (n the form of a mountain foreland across the middle- to Ir.i e
foreground of the photo. The nature of the ground moraine material can be taken from Figur
21 and 5, diagram 30.8./1. Dunng the monsoon the seallng of the pore vqumlna by the cl

which are markedly reduced by evaporation in the autumn. On the edges of the shore ascendlng
salt- and limestone solutions have been crystallized-out to form white crusts by capillary
influence (v). The ground moraine surface has been slightly washed and rinsed by the .
temporary water faced); (cf. Figure 5 diagram 30.08./1)- ) marks the minimum height -

of the High Glacial inland ice surface. (Photo M. Kuhle.) L ﬂ
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1« Photo 84 At 4400 m asl (aneroid measurement during a high-pressure situation), probably 4550 m, about =

24 km N from the locality of Photo 83. The panorama ranges ca. from the locality Figure 2, No. 59 (31°48 5
N/85°08 30" E) facing N (left margin) via E (centre) up to S (right margin) looking across a ground moraine
plain (l H). On the very left, as well as on the very right, the light trail of the caravan route is viSibig (
In the right half of the panorama are ridges, more or less round-polished by the inland ice, which can only
partly be referred to as 'glacially streamlined hills' They have been developed in sandstone bedrock. The well-
rounded hills still show a lighter ground moraine shadeik(), whilst at the places where the hills rise higher
it has already been washed down and removed to the slope foot. On these hills the bedrock structure outcrops
in the form of edges of the stratum. At a distance of 20 to 25 km towards the N to NNE the mountain ridges
have also been completely overflowed by the inland ice in the High Glacial. According to their rough
structure, which corresponds to the sedimentary bedrock, they show only few glacial roumdiefi} (cf.
Photos 85, 85a).—(—) indicates the minimum surface height of the High Glacial inland ice sheet (LGM)
drawn from the relief forms. (Photo M. Kuhle.)
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T Photo 85a.Mountain section of the same slope as shown in Photo 85 but at a smaller distance. Here, one
can recognize much clearer that the high valleys and its heads have been polished, rounded and glacigenically
smoothed ©) — which is typical of cirque- and short-valley glaciers. Down-valley, the V-shaped valley cross
profiles and ravines of the glacier meltwatet )(flowing down in the late Late Glacial, continue. From the

valley exit as far down as into the foreland, flat alluvial- and mudflow farsh@ve been heaped up, being

part of this Late Glacial glaciofluvial denudation- and removal process. They consist mainly of displaced
moraine material. The sharpening of the relief which took place after deglaciation of the inland ice, has been
favoured by the narrow-fissured structure of the sedimentary bedrocks, broken through by light pegmatitic
veins (V). (Photo M. Kuhle.)
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+— Photo 86a.Section of the mountain chain shown in Photo 86 in a more extensive perspective, now seen in detail
towards the SSE. The edges of the strata, i.e., banking structure have been glacially reun8ett¢ deglaciation

at all places where the easily eroding ground moraine is situated, slope ralvihg@$éve been cut into it. Owing to
having initially settled into this loose rock, rich in fine material, the thalweg was able at some places to cut into it as
far as the underlying bedrocK {. (l) marks a several metres-thick ground moraine co2fO) are N-exposed late

Late Glacial nivation niches (Stadium IV, Table 1). They could develop after the melting of the inland ice at an ELA
about 5100 m asl (orogr. snow line at 4900 m). Due to the meltwater discharge of their snow- and firn deposits, the V-
shaped profilesY), which in the preceding interglacial period had also been formed fluvially or nival-fluvially and
eroded flatly into the slopes of the 'glacially streamlined hills', became intensified. (Photo M. Kuhle.)
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+« Photo 86.Taken from the same locality as Photo 85, facing SE via S to SW to the
mountain ridges and hills bordering this Central Tibetan excavation area in the S. The
ridges are made up of sedimentary rocks (partly from reddish sandstones = seemingly
dark rocks) and have been abraded and round-polished by the ground scouring of the
inland ice (LGM) @ a). Polished edges of the stratum outcrop on several slapég;(

at other places they are covered by light-looking ground mor&nklgck). The band
polishing of the outcropping edges of the stratal(), in many places shining through

the ground moraine or thin cover of residual detritus develapsidu,is a glacigenic key

form in the sedimentary rock as interference of forming process and rock structure (cf.
v. Klebelsberg, 1948, Vol. 1)——) marks the minimum height of the inland ice surface,
which must be derived geomorphologically from the relief characterisiksvHite) is

the ground moraine surface (Figure 2, No.60) with a deflation pavement of pebble-sized
components (cf. Figure 5, diagram 30.08./1). See Photos 86a and 86b. (Photo M. Kuhle.)

T Photo 87.In comparison with Photo 85 this view point has been shifted 250 m to the W (4450 m asl; Figure
2, No. 60). Looking towards the W across the ground moraine dBinf(the extended high plateau area, i.e.,

the flatly inset excavation area between the W/E-trending parallel mountain- and hill chains (Photos 85, 86),
where the ancient caravan route to Lumaringbo (= Gertse or Kaitse) ran. The rock pavement of the ground
moraine surfacel) created by deflation consists of pebble components free of fine moraine matrix. It shows
that the moraine contains no large boulders in this region. The round-polished mountains in the background
(=) mainly consist of sedimentary rocks which provide the pebble fraction in this moraine (local moraine). The
lower slopes of those mountains show coverings of ground moraine (see Phdib &tkground). € —)

marks the minimum height of the ice surface of the High Glacial (LGM) inland ice necessary for the
explanation of the analysed geomorphology. See Photo 87a for geomorphological details of the 5720 m-massif
in the background (2). (Photo M. Kuhle.)

+— Photo 86bA further section of the landscape visible in Photo 86. The N-exposed slopes of the mountain
chain seen at a smaller distance towards the S. The lower slopes are covered with ground moraine up to several
metres in thicknesdl). The somewhat lighter material (this is mainly the colour of the yellow moraine matrix)
contrasts with the series of underlying sandstone bedrock. Thus, the margin of the somewhat thicker moraine
cover (v V) is clearly recognizable there. These thicker ground moraine overlays have been cut deeply and in
particular markedly (i.e., sharply) by postglacial ravines and flushing rills clearly visible h¢isde text of

Photo 86a). Despite the fact that the relief has completely been overflowed by the inland ice during the LGM
(Photo 86— —), the ground moraine cover is missing on the upper slopes. The reason for this is (as it can also
be observed on the Scandinavian fjells in Sweden, Norway and Finland) the increasingly glacial erosion by
ground scouring towards the exposed convex mountain ridges and the increase of accumulation towards the
concave hollow forms situated lower by the stripping of subglacial moraine (= moraine which has been taken
up by the ice and clings to the bottom of the glacier). Because of this the ground moraine is thickest in the
depressionsl). In addition the denudation by late-Late Glacial firn shields and snow patChe&/dtion
depressions) in the region of the former ELA which are dependent on the upper slopes must be taken in
consideration (see text of Photo 86a). (Photo M. Kuhle.)




Reconstruction of an approximately complete Quaternary Tibetan inland glaciation

141

142

+ Photo 87a.This mountain is also visible in Photo 87
(Figure 2, Nos. 61-63). It reaches ca. 5700-5800 m
(5720 m according to ONC map 1:1 000 000) and
presents the geomorphological characteristics of
mountains in the Scandinavian fjells N of the polar circle
(e.g., in the Kebnekaise- and Sarek massifs,
67-68° N/17-18° E, in the N European inland ice area of
the LGM; the mountain Aka is similar). The peak shown
here has also been overflowed by the inland iee-)(
marks the minimum height of the LGM inland ice level.
This summit superstructure shows rounded ridges and
edges in the bedrock up to the summij,(whilst an only
decimetre-thick debris cover of Holocene to sub-Recent
origin lies on the slopes. During the later-Late Glacial
(Stadium 1V) the steep source- and valley depressions
(O) set into the summit, contained few kilometre-long
hanging- and valley glaciers. As is shown in Table 1, the
snow line (ELA) had dropped about 700 m at that time,
so that the summit towered ca. 400-500 m above it. The
High- to Late Glacial ground moraine cover stretches in
the foreground and mantles the round-polished threshold
in the middle ground W) (cf. Photo 87; 2). Rain- and
meltwater, running down the slopes since deglaciation,
has cut small decimetres- to a few metres-deep ravines
into the ground moraine\{). Here, a cover of residual
detritus, developeith situ,is completely lacking. (Photo

M. Kuhle.)

+— Photo 88.At ca. 4450 m asl (aneroid measurement:
4300 m), 30 km NW of the viewpoint of Photo 85 facing
NNE. Locality: Figure 2, No. 61; 32°10l/84°40 E, W

of the Tung Hu (lake). Looking across the ground
moraine plains @) S of the thalweg of the extended
excavation area and to the currently non-glaciated
mountain ridges, which rise up to a height of 5790 m and
are situated to the N. (3) marks the highest peak visible,
on which several perennial snow patches can be observed
till summer. Flat flushing rills have cut and dissectBd (
the ground moraine plain by backward erosion from the
thalweg of the main valley (of the large excavation area).
Essential and characteristic of the upland landscape is the
lack of fluvial terraces in the area of the excavation
bottom. Only large-scale alluvial fans/) have been
undercut by the main valley bottom in the area of the
thalweg. They have built up 1 to 3 m-high steep steps
(v). These alluvial fans\{) are so-called cone sander,
i.e., glaciofluvial gravel floor fans, accumulated in the
Late Glacial (ca. Stadia Il to IV, cf. Table 1).
Accordingly, they only come from rather large valleys.
(——) is the minimum height of the Ice Age inland ice
surface. (Photo. M.Kuhle.)

M. Kuhle
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+— Photo 89.At ca. 4500 m asl (aneroid measurement:
4355 m asl) facing W, looking up the bed of a blind creek
(0). Locality: Figure 2, No. 62; 32°13/84°28 E; 10

km WNW from the viewpoint of Photo 88. The
temporary creek (flowing down periodically during the
monsoon or just episodically) has undercut and exposed
the basal ground moraine on this outer sldflenite).
The continuation of the corresponding ground moraine
deposit can be observed in the backgrouldb{ack).
Whilst the material on the base of the exposure is
completely mixed M white), it shows an increasingly
perfect stratification towards the upper edge of the
exposure ). This is accompanied by a slight sorting of
the grain sizes. The reason for this is a glacio-fluvial
outwash after deglaciation. (Corresponding surficial
outwashes of ground moraine were observed in NE Tibet
E of Chaling Hu (lake) along the caravan route between
Mado and Hishikai about 4200 m asl.) The reddish colour
of the ground moraine provides evidence of a largish
portion of local moraine originating from a region to the
S, where reddish sandstone bedrock occi}.ig a late-
Late Glacial (Stadium IV) cone sander accumulation,
deposited on the High- to Late Glacial (Stadium 0 = LGM
to Stadium Ill; Table 1) ground moraine by the glacier
meltwater stream of the mountain group adjoining to the
S. (=) are mountain ridges rounded by the inland iee. (
—) indicates the minimum surface height of the inland ice
estabished geomorphologically. (Photo M. Kuhle.)

1 Photo 90.Panorama taken at ca. 4550 m asl (aneroid measurement 4390 m asl) ranging from W (left margin) via N up to NNE (right rkimngioyéodhe Central Tibetan upland with its slightly undulating ground moraine sullli. (Locality:
Figure 2 between Nos. 61 and 64; 32°1i884°28 E; ca. 14 km W from the viewpoint of Photo 89, at the place where one of the 'chorten’ is situated not often found innth&eregia of the partly rounded mountaim$, (which border the over 30 km-
broad W/E trending excavation area in the N, are completely covered with ground moraine. The higher ones show ground eetsang In their lower slopes- £) marks the minimum level of the glacial inland ice shield which can be evidenced
geomorphologically. (Photo M. Kuhle.)
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«—Photo 91.At 4450 m asl (aneroid measurement 4290 m asl) looking over the large W/E trending excavation area
facing NNE. Locality: Figure 2 at No. 64; 32°1%0" N/84°04 30" E; 2 km E of the settlement of Lumaringbo
(Gertse, Kaitse). The few metres-thick surface of the limnic sediméntss(blown away from the main valley-
(excavation-) bottom by wind gusts of a monsoonal thunderhead. As late-Late Glacial to historical and recent lake
deposits the limnites have been sedimentated over the High- to Late Glacial (Stadia 0 to Ill; Table 1) ground moraine
cover in the underlying bed. Today the seasonal and episodic flat lakes mentioned still lead to the transport and deposit
of pelites of washed ground moraine, as is shown in the foregrdindrtie rounded hill- and mountain ridges)(

partly covered with ground moraine, point to the minimum level indicated of the Ice Age (LGM) inland ice-over (

—). (Photo M. Kuhle.)

+— Photo 92 At an altitude of ca. 4400 m (aneroid measurement 4265 m asl), 19 km W of Lumaringbo, looking N over

a ground moraine landscape without large bouldll)s(Figure 2, No. 65). Locality: 32°1&/83°54 E. The ‘chorten’

on the ground moraine ridge (aboleon the right) was built up at the centuries-old caravan route from Lumaringbo
(Kaitse) to Shiquanha (or Ali) in W Central Tibefd) shows the floor of a small valley, flatly embedded into the
ground moraine which, as a result of the temporary water run-off after heavy rainfalls or at the time of the snow
melting, has been washed. Typical of the relatively great resistance of the moraine — as loose rock material — to such
washings are the clay layers, which are first compacted by the process of removal and then indurated by desiccation
(0O). The further course of the small valley can be followed by the rather dense dwarf scrub vegetation in the direction
of the main valley thalweg. Set into an older topography of different development, the small valley provides a further
geomorphological indication of the totally different, i.e., accumulative landscape genesis in prehistoric times in which
flowing water did not participate=s) marks the hills rounded by the inland ice beyond the W/E-trending main valley

at a distance of 20 km—(-) is the verifiable minimum height of the High Glacial (LGM) inland ice surface. (Photo

M. Kuhle.)
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X +— Photo 93.Viewpoint ca. 7 km W from the locality of Photo 92, also at 4400 m asl (aneroid measurement
4265 m) looking SSE to mountain ridges of limestone bedrock. Locality: Figure 2, No. 66;' B283649
E. A ground moraine sheel(black) stretches as far as the mountain slopes. Since deglaciation it has been
cut by ravines and rills only 1-2 m de€y)( Linear mudflows emerged from such ravines. Escalating to the
0 form of tongues up to lobes, they have been deposited as accumulations of dislocated moraine material
(foreground ). Here, the now increased components of the ground moraine are Visibleitg), showing
a size up to that of blocks. Due to its large portion of water-retaining and swellable clay, ground moraine is
especially susceptible to the development of mudflows. Thus, on the softly inclined (1-4°) slopes of these
limestone mountains (background) with only a small, 150-300 m-high catchment area and under the semi-arid
climate conditions in addition, the humid mass movements could only develop in this area of an extended
ground moraine occurrence. The mudflow accumulations were deposited on the still undisturbed ground
moraine in the foreground (lower margin of the photo). On the slopes Late Glacial front- and lateral moraines
have been left behind l(I-1l = Stadium I-1l, cf. Table 1). Remnants of ramparts can be observed with 80-120
m-high frontal slopes. As a result of solifluction their lower slopes flowed down on the ground moraine cover
after deglaciation (belovll I-Il). During the High Glacial (LGM = Stadium 0) the relief was completely
covered by the inland ice-(—0 = minimum surface height of the ice). (Photo M. Kuhle.)

— Photo 94 At 4450 m asl (aneroid measurement 430
m), along the caravan route but 20 km more to the
than in Photo 93, looking WNW (left margin) via N to
E (right margin) across ground moraine expand®s (
(Figure 2, No. 67). A 3-12 m-high ground moraine
ridge (@ M middleground) is set on this flattest area,
running down from W to E (from left to right). The
longitudinal axis of its streamlined body contours
(Figure 2, No. 67) indicates the direction of the High
Glacial inland ice run-off, following the large-scale
incline of this part of Central Tibet to the W. As a result
of the updoming of its relief and the loose material of
which it has been built up, the ridge has regressively -
been cut by transverse, metre-deep ravifes<)). : I
These microfluvial rills come from correspondingly
small spring niches & A) marks a kilometre-long wall
of glacial drift the size of boulders, which has bee
piled up by yak nomads as the border of the communz
property and pasture—(-) indicates the minimum
height of the High Glacial (LGM = Stadium 0) inland
ice level. It has been deduced from the large-scal
deposits of ground moraine and the glacially roundeg
hill- and mountain ridges.{ 1) mark the foot bend of
the mountain slopes towards the ground moraine plai
(cf. Figure 23). (Photo M. Kuhle.)
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— Photo 95.The same hill chain visible in Photo 94 on the left, now . = “ . ﬁ
taken from the opposite (NW) side. The viewpoint (Figure 2, No. 68 - ; |
32°24 N/83°20 30" E) at ca. 4530 m asl (aneroid measurement 438
m) is situated ca. 10 km W (over these hills) of the viewpoint of Phot
94. Looking from E (left margin) via S (centre) to W (right margin)
across an accumulation plain consisting of ground moralille A
Holocene to present stream bed is inset there, which is only flow
through temporarily [[J). Small streamlets are adjusted to this main -
thalweg {), regressively cutting into the ground moraine cover. The"'\u
hill- and mountain ridges consist of sedimentary rocks. They have beenh- —_— e
abraded and round-polished by the inland ¥ the minimum surface

height of which £ —) was lying several hundred metres above the relief. .

In the places where the prehistoric glacier ground scouring interferes in
an acute angle with the outcropping edges of the stratum of the
sedimentary bedrock, the typical lineation of the so-called glacial band
polishing of the outcropping edges of the stratum occurs (va: #
Klebelsberg, 1948, Vol. 1)« white, right half of the section). After | _  —
deglaciation the down-flowing rain- and meltwater has cut ravines into

the ground moraine cover — which on the steeper slopes was rather t
(i.e., several decimetres- to few metres-thick) — as far as to the bedrock
in the underlying bedY ).¥ !) mark the narrow-concave transitional | = = _ -
arc — which at a distance seems to be a foot bend — of the grouﬁd:'_i.....-.- '
moraine overlay on the lower slope into that one on the base formed like A
an alluvial fan (cf. Figure 23). (Photo M.Kuhle.)

1 Photo 97 At ca. 4575 m asl (aneroid measuremén
of the valley, the thalwed{) of which dips to the left
on the left margin of the photo is free of the normal
flat alluvial fans {V) have been accumulated through
slope ravines, show a much smaller outline. They a
moraine on the slopes of the mountain riddlisbéd
i.e., remarkably unambigous (between the mjoHer
outcropping edges of the sedimentary roeR.(Situa
crests. This different shape of the mountains obser
behind and thus cannot give definite information o
mountain forms overflowed by the inland ice, have
one and the same minimum surface level; howewer,

+— Photo 96 At ca. 4550 m (aneroid measurement 4400 m), 4 km E of the pasture settlement of
Yueko (Figure 2, No. 69; 32°280" N/ 83°15 30" E) facing ENE looking at a roche
moutonnée 4 centre) surrounded by a ground moraine pl#in As a result of weathering and
exaration- and detraction processes a small-scale dissection and roughening has taken place on
its surface. The steep layers of the sedimentary rocks (55° dip to the N (5-7°)) and the small-
scale petrographic rock change recognizable by the differing colours, favour these processes.
The ice has overflowed the roche moutonnée from left to right, i.e., from W to E, which can be
deduced from the flat luff-side (left @ in the centre) and the steeper leeward side (rigk of

in the centre). At the same time the structural surfaces, breaking away at an angle at the
outcropping edges of the strata, have been levered upward from a great depth and tilted out of
their bonded strata. Later rounding of the hogbadKsdarved out in this way indicates that

this in fact has taken place subglacially. A moraine train in the flow shadow of this roche
moutonnée forms the link to the nearest bedrock head. Behind this, a morainic leeward
accumulation adjoins and then once again a roche moutorméght). (= left) is a well-
preserved glacial polish surface: £) marks the minimum surface height of the glacial inland

ice, evidenced according to the features of the landscape. (Photo M. Kuhle.)
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rement 4425 m), 2—3 km W of the pasture settlement of Yueko, looking from S (left) to W (right) across the orographic rigattkand f
1the left (to Yueko) (Figure 2, No. 70). A ground moraine alagtretches from the fore- to middleground. The trail (used by the cattle)
ormal pebble overlay with deflation pavement. There, the clay-bearing pelite matrix of the ground moraine is visible. RBicie¢tialeg
hrough the comparatively small side valleys on the ground moraine bottom of the valley from the S. The debrik)a@mesging from
‘hey are largely built up of dislocated ground moraine. The alluvial feEhslso contain shifted moraine material. There is still ground
(M background). The glacier polishings have been developed differently, i.e., their state of preservation varies. Partlpehfegtare

) =), Here, the accompanying forms of exaration rills, indicating the band polishing of the outcropping edges of the stratumtheccu
). Situated behind them, the mountains with similar altitudes which were also covered by the inland ice, show comparatsreypver
observed in many places, can only be explained by the differing bedrocks. The author has not visited the mountain chathdying f
tion on the bedrocks there. It is limestone, which tends to a form of that sort, even under the influence of an inland Bectove

, have been evidenced in NE Tibet (Kuhle 1997b, p. 249, Photo 147). The three High Glacial (LGM) inland ice-leydisl¢ng to
vever, because of perspective reasons they have been marked in the form of steps from left to right upwards. (Photo M. Kuhle.)

152 M. Kuhle

T Photo 98 At ca. 4500 m asl (aneroid measurement 4350 m), 4 km E of the uninhabited, i.e., temporary, yak
nomad- and caravan settlement of Alt Oma, looking at glaciofluvial gravels to thé I)NBdcality: Figure 2

between Nos. 72 and 73). They contain large portions of gravels (light components up to the size of a fist)
transported here from the limestone mountains towering at a distance of 7-13 km to the S (partly visible in
Photo 99 on the left margin in the background). The approximately horizontal position of the gravel layers is
slightly altered (irregularly tilted, i.e., it shows flexures or undulations). The surface is overlain by 1-3
decimetres-thick ground moraindll), containing portions of limestone gravels of the subjacent gravel layer.
These are Late Glacial gravels of a local glaciation, which have then been compressed and polished by the ice
advance (). The glacially rounded hills visible in the backgroumg prove a High Glacial (LGM) inland ice

cover, the minimum surface height of which is marked-by-). As far as there exists no contradictory absolute
dating with respect to the development and following overthrusting of the gravel layers (for the dating of which
we also have to wait methodically, because up to now we have no substrate that can be dated), we have to
assume Stadium |V (see Table 1). After the retreat of the ice at the end of Stadium Ill, a repeated late Late
Glacial advance of Stadium IV took place. (Photo M. Kuhle.)
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1l Photo 100At an altitude of ca. 4700 m (aneroid measurement at high pressure 4525 m asl) in the area of the transfluence passheigit98 i Rght), the culmination of which can be recognized on the right margin of this settjqfFigure 2,

No. 74; 32°24N/82°48 E). The viewpoint is 14 km W from that of Photo 99. The picture is taken facing S (left margin) to NW (right margin). A congimwmesmoraine cover stretches from the foreground as far as the hill slopes and in parts somewhat
up these sloped m). Their surface is covered by a pavement developed by the periglacial freezing on to them of rocks and the processofTHefldaidk-coloured hills consist of metamorphic bedrocks and have been polished by the inlend ice (
white). However, because of the structure of their strata they have not really been rounded. In the places where ligpetdgoakiteccurs, intruded into these sedimentary rocks, the hills are comparatively perfectly romradadk)( (V) are exaration

rills scored into the foot slope of this hill by the ice overflowing from right to left. They present glacial erosion folcas @fpestricted glacier flow cross profilesI{ ) indicates saddles rounded by the overflowing inland iee=)(is the height of the
minimum inland ice level: the relief of hills and mountains was totally covered. (Photo M. Kuhle.)
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+Photo 99.Looking from ca. 4500 m asl (aneroid measurement at high pressure at 6°° in the morning: 4290 m asl) from the western periphery
of the temporary yak nomad-settlement of Alt Oma on the S edge of Ningchu Tso (lake), 7 km W of the viewpoint of Photoed3, (Ngus3;

32°24 N/82°57 E), looking SSE (left margin) via W (centre) up to NNW (right margiri)) are walls built up from coarse boulders of the
ground moraine ared), which border the pastures and the caravan route. (6) is a summit reaching roughly 5800 m asl with a glaciation visible
at its N-exposition. Besides short hanging glaciers, several firn shields can be observed along thexreat&s (hills and mountain ridges
rounded by the inland ice, partly showing roche moutonnée form (cf. seeofidm the left). Owing to the sequence of bedding of the
sedimentary rocks, dipping to the N, this roche moutonnée presents a flatter slope facing right and a steeper one Saimng) défthese hills

(= black and= white on the very right) are covered by a thin ground moraine overlay. Since deglaciation erosional ravines up to 4 m deep have
been cut into the slopes mantled with ground moraixebly the precipitation water. However, mostly they are not nearly as deep. Their cutting
depth is limited by the surface of the bedrock beneath the ground moraine, which is much more resistant. Thus, it deetidskords of

the moraine, such that the development of ravines always takes place only in the soft ground moraine overlay, i.e.y iscspeetc@dd to it.

The steep slopes dissected by deep flank cuts (on the left above the tent, background) are characteristic of slopes aff tthe etigeta in an

arctic permafrost climate in the prehistoric inland ice areas, as for instance W-SpitzbEigerarks transfluence passes which, by the inland

ice overflowing these local water divides, have been polished and abraded broadly in the cross profile and in the lopgifildinala flat
threshold. Here, too, are ground moraine shelltbgckground on the left)——) is the indication of the inland ice level which with regard to

the actual height is hypothetical. However, the relief was covered with a continuous ice surface. (Photo M. Kuhle.)

1 Photo 101 At a height of ca. 4690 m (aneroid measurement at high pressure 4490 m asl) 8 km WNW of the locality in Photo 100, beyondc(iWWidkien of the transfluence pass visible on the left
margin (0) (Figure 2, No. 74). The picture was taken facing S (left margin) via WSW up to NW (right margin). The ground moraineByifacevered by a stone pavement of quite coarse components.
The coarse components of the ground moraine consist of fractions the size of pebbles up to fists. There are no lardedeolddersl Figure 2, No. 74). The hills up to 400 m high, are situated in the
contact area of dark sedimentary rock and light granite. Only in parts have they been rounded classically-glaciggniO#ilgr(parts show the angular forms dictated by the structure of the sedimentary
rock strata. Accordingly it can be assumed that the High Glacial inland ice sheet with its ground ice was frozen to thagswjlikis small-scale hill relief:—«(—) marks the minimum level of the inland

ice. The actual thickness of the ice might have been much more important. However, because of methodogical reasons thypo¢hetios!. (Photo M. Kuhle.)
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+—Photo 102At ca. 4500 m asl (aneroid measurement
at high pressure 4325 m), 9 km W from the viewpoint
of Photo 101 (locality: 32°3IN/82°31 E). The
picture was taken from NNW up to E. The relatively
homogeneous ground moraine, showing coarse
components at a maximum the size of pebbles or fists
(Figure 2, No.74) M m) stretches as far as the
glacially-rounded hills in the backgroune=) and
mantles them MW in the background). As a result of
the soft (slightly-resistant) ground moraine cover
compared with the bedrock in the underground, the
precipitation water running down their slopes was
capable of cutting narrow, sharp-edged rills up to a
metre-thickness in the course of the ca. 12 000 years
since deglaciation/). Owing to the ice transfluence
the geomorphological saddles connecting the hills
have been formed into rounded rock thresholds (

In parts the characteristic fine lineation of exaration
rills can be observed (right @ small and black in
the background).- —) indicates the minimum level
of the prehistoric inland ice, deduced from the
rounded relief covered by ground moraine. (Photo M.
Kuhle.)

v Photo 103. At about 4450 m asl (aneroid
measurement 4270 m at high pressure) 14 km W from
the locality of Photo 102 looking SW (left margin)
via NW up to N (right margin) (Figure 2, No. 75).
Ground moraine stretches from the fore- to
middleground M large ; as to the composition of this
ground moraine sheet, see Figure 24 and Figure 5
diagram 31.08./1) which has been reshaped — and is
still being so — by two processes since deglaciation.
(1) deflation, as a result of which the pelitic matrix of
the ground moraine is blown off, so that a pebbly
deflation pavement develops, and (2) seasonally
monsoonal precipitation followed by the
accumulation of pelitic moraine matrix towards the
flat bowl-like depressions in the ground moraine
plains @ black). Under repeated limnic deposition
(caused by stagnant water) this fine material, washed
out of the ground moraindl white), also covers the
rocks of the deflation pavemerM(black). Because
of this change of deflation and limnic accumulation
the obviously very short geomorphological period
becomes recognizable as being just seasonal. The
depression, temporarily covered by a flat (1-5m
B e — —— T : =" deep) water body, is fringed by ground moraine
i T A S s ridges @ small). With its longitudinal axes they
follow the run-off of the latest covering ice overlay
taking place here in an EW direction (Late Glacial,
ca. Stadium II-1ll; see Table 1).af marks hills
round-polished by the High Glacial (LGM) inland
ice. (O) is a transfluence step, round-polished by the
ice, leading to an adjacent bowl-like depression. The
massif in the background (4) reaches a height of
somewhat over 6000 m and is still glaciated. The
- T e L R LT ~ +. mountain ridges in the middleground as well as the
.“rl"":fér,:-' Coes e ot i T s Ltee S0 0 massif (4) sharpened postglacially by its short
e - il i P S e S ‘s hanging glaciers, were totally covered by the inland

.l._‘.;:" :u_ i
“ERER "‘-‘,',.n.,ﬁ. v S
o YT ol S ice (- ). (Photo M. Kuhle.)
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T Photo 104 At a height of ca. 4420 m (aneroid measurement 4245 m asl at high pressure) 8832380 E) taken 21 km W of the locality of Photo 103. Directions: facing NW (left margin) via N (centre) up to ENE (right margimg loakr

a Late Glacial lake basin, in the middle of which occurs a salt-bearing residuallpké the W/E arrangement of the Tuerhko Hu lake chain. The Late Glacial lake had been developed on the water-retainingaligtG&paground moraine

plain (M W). With the help of cliffs its lake level positions are confirmed on at least four leVelg (Figure 2, Nos. 76—78). These shore lines, along which the ground moraine has been limnically washed, have undercuntheydsefiimeks

of High Glacial roches moutonnées)(with its cliff forms so concisely that there are even preserved wave-cut nottHes(¢f. Photo 105). The highest lake levdl (ight) was situated about 60 m above the basin bottom, so that a corresponding,
i.e., due to later uplift of the lake bottom, somewhat greater depth of the lake must be assumed. Such an important lodialgimpadake requires the damming influence of Late Glacial glacier tongues, reaching the bottom of this WNW/ESE-
trending Tuerhko depression of over 35 km in length. Due to the increase of the snow line by already 400—-600 m againstStealiaGN4; 1V (Table 1) are the probable stadia of these high positions of the lake level (ca. 14 250-13 080 Ka). (
—) is the minimum height of the High Glacial inland ice level. (Photo M. Kuhle.)

— Photo 105At ca. 4400 m (aneroid measurement 423
m asl; Figure 2, Nos. 76-78) taken from a locality W ©
the viewpoint of Photo 104 in the area of the same La
Glacial lake basin (32°320" N/82°N). Panorama
ranging from NW (left margin) via N up to E (right
margin). (J) indicates the light limnic lake sediments o
Tsa Tso (lake), which is one of the residual lakes in t
region of the W/E stretching lake depression of Tuerh
Hu. The lake sediments visible there as a light stripe lie
Ice Age ground moraine, which can also be observed in
the foreground M). The lake clays contain recrystallized

calcium monocarbonate (CaCo3) and sodium chloride
(NaCl). Thus, they can be addressed as terrestrial

evaporites. The evaporation sediments are characteristic
of lakes without run-off in which an increasingsass
preconcentration of limestone, gypsum and salt could ta
place by evaporation during the Holocene (postglaciallyjs
By means of cliffs with wave-cut notches and -platformSa
(1 1), three Late Glacial lake level positions can bg
recognized which have washed ground moraim. dre
mountain ridges and hills covered by the High Glacia
(LGM) inland ice. In the places where sedimenta
bedrocks prejudge a small-scale dissected relief, co
of wind-blown sand have been deposited up to sevet
metres in thickness/). (—— 0) is the minimum surface f
height of the relief-covering prehistoric ice sheet. (Phofg
M. Kuhle.)
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+— Photo 106. At ca. 4400 m asl (aneroid
measurement 4220 m at high pressure), 7 km W of
the locality in Photo 105, looking from WNW via N
up to NE (right margin) (32°3IN/81°57 40" E).

On the edge of the Tsa Tso (lake) bas&ih) yith its
evaporites, the settlement of Yan HAY)(is situated,
lying in the western part of the Late Glacial
Tuerhko Hu lake basin. Here, the limnic salt
deposits which crystallized-out, are actually
exploited. @) are the High Glacial ground moraines
(Figure 2 between Nos. 75 and 78) reached by the
Late Glacial lake level (cf. Photos 104 and 105) and
surficially washed. Their coarse components range
in size from fists to heads; large boulders are absent.
The petrographic composition of this ground
moraine is polymict (portions of sedimentary rock
and granite are mixed)a) are mountain ridges and
hills more or less rounded by the inland ice; some of
the flatter hills show forms of roches moutonnées (
left). The mountain ridges of dark sedimentary rock
are preserved less well-rounded. {0-) is the
minimum surface height of the inland ice. (Photo M.
Kuhle.)

+— Photo 107 At an altitude of ca. 4450 m (aneroid measurement 4260 m asl at high pressure), 4 km S of the salt-
opencast settlement of Yan Hu (32°39" N/81°53 E). The locality is situated SW of the roche moutonnée in Photo

106 (= on the very left); the picture was taken facing N. In the foreground, the caravan route of the yak-nomads crosses
from N to S breaking-up the otherwise solidified ground moraine surld#ack) with its sparse grass vegetation.

Here, as throughout the area, the ground moraine is rich in pelites. Besides phyllite boulders the size of fists, it contains
up to 1.7 m-long erratic granite bouldekg)((Figure 2, No. 77). They indicate a portion of local moraine admixed from

the S. The nearest occurrences of granite bedrocks are at a distance of maximally 7 km. The ground moraine plain,
patterned by moraine bulges of a lighter appearance (betlednte), mantles High Glacial roches moutonnées (

(Figure 2, No. 78) weathered and simultaneously roughened since deglaciation. Rock boulders have been freshly
weathered out of the glacigenic roundings of the sedimentary bedrgckehé syngenetic development of roches
moutonnées<) by the ground scouring of the inland ice at elevated points in the field and of the ground moraine cover
(M) in the depressions and flat areas lying in between, can be recognized by the ground moraineBbuvfae (

which extends to the roches moutonnées and clings to its base. To this also belong ground moraine overthrustings
developed on the luff-side and the development of leeward trains behind the roches moutonnées. The reason for the
lateral attachment of ground moraine in the form of flat ramp sldlesHite) is that the roches moutonnées reduce

the ice pressure in their immediate surroundings- € marks the minimum height of the High Glacial (LGM) inland

ice surface, situated above the highest elevations of the relief in this region. (Photo M. Kuhle.)



Reconstruction of an approximately complete Quaternary Tibetan inland glaciation 163

R e e

T Photo 108 At about 4640 m (aneroid measurement 4460 m asl at high pressure), 7 km S of the viewpoint of Photo
107, taken from the bottom of a high valley leading to a 4900 m-high pass (Figure 2, No. 80) looking down to the NNE
(32°39 30" N/81°54 30" E). The trough- i.e., U-shaped cross profile of the valley confirms its genesis by glacial
erosion (Figure 2, No. 79). The valley flanks have been rounded by the glacial polishing up to their culminations, i.e.,
up to the highest regions of the intermediate valley rid®e®( #). (— — 0 — —) marks the the minimum height of the

High Glacial (LGM) inland ice surface, which can be deduced from this prehistoric shaping. The wide valley bottom
is covered by ground morain@). It contains substantial portions (15-20 volume %) of large, i.e., over 1 m-long
boulders O black). These are granite boulders evidenced as local ground moraine boulders because the same
petrographic-mineral mica granite bedrock occurs on both the valley flanley (The bedrock granite weathers into

the form of coarse boulders, which are already rounded at the edges at the time of their we&th&ting, (these
rounded edges black) are no indication of far-travelled granite boulders. Besides the granite portions, fragments of
sedimentary bedrock transported here by the down-flowing glacier ice from areas further up-valley (cf. Photo 110) are
part of the coarse material of this ground moraine coewhite). Naturally, the ground moraine has been slightly
reshaped fluvially near the thalweg and by several small mudflows during the Holocene, so that some of the moraine
boulders have been removed from the original bond. They now lie in some places on the ground morain§.sheet (
The ground moraine covelj belongs to the late Late Glacial (Stadium IV, cf. Table 1) when a local ice cap covered
the mountains of Gangdise Shan (Transhimalaya) and its outlet glacier tongues reached the area of No. 77 (Figure 2)
(cf. Photo 107 V). (Photo M. Kuhle.)

164 M. Kuhle

T Photo 109.At ca. 4780 m asl (aneroid measurement 4600 m at high pressure), 4 km up-valley from the
locality in Photo 108, looking towards the SE (Figure 2 in the trough valley between Nos. 78 and 79). Over
large parts the flat and wide trough valley bottom is covered with ground moraine rich in (B)it@&e§ides
sharply-edged local boulders of sedimentary rock fragments it contains erratic granite boudldlers (
Sedimentary bedrocks occur in the underground and on the valley flanks. In some places flatly-polished roches
moutonnées, showing a classic ‘whale-back’-profile, pierce the ground moraine @vdmhé one visible

here, presents a flatter scour-side exposed up-valley (on the right) and a steeper lee-side facing down-valley
(on the left). This corresponds to the prehistoric direction of the ice flow on the valley bottom from right to
left («). On its lower slopes, the valley flanks and mountain ridges extensively rounded by the inland ice
(v #), show a ground moraine sheet recognizable by its lighter colour. It stretches upllandki(e), in the

form of inclining ramp- slopes pushing against the steeper upper slopes as a concave fod) befné&igures

22, 23). In the lowest area of the valley bottom, along both sides of the narrow stream bed, a small gravel floor
has been washed out of the ground moraine and at the same time deepene@)nto ith{s mountain group,
presently free of glaciers, this took place during the Late Glacial deglaciation. The yaks of nomads can be
noted whose tents are erected on both sides of the roche mouteargenérks the minimum height of the
surface of the glacial inland ice cover. (Photo M. Kuhle.)
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+ Photo 110At ca. 4850 m (aneroid measurement at
high pressure 4675 m asl), 2 km N of the 4900 m-
pass (Figure 2, No. 79) facing NE (left margin) via E
up to S (right margin) (32°380" N/ 81°54 E). The
dimensions of the landscape can be estimated by the
two tents of yak nomads 3.2 m in height at a distance
of somewhat over 1 km (middleground). Two further
temporary pasture settlements (two separate tents)
are in the background on the right. Over large parts
the area is covered by ground morairil).( The
rough-edged debris on its surface is an indication of
local moraine, because it consists of sedimentary
bedrocks of the mountain slopes in the background
(= white), which weather into shards. Secondarily,
i.e., after deglaciation, the development of periglacial
rock pavement and deflation (deflation pavement)
accumulated coarse material on the moraine surface
(M white). The important portion of pelitic ground
mass, characteristic of subglacial trituration, is
recognizable by its light colour on small steep steps
in the moraine cover, polished into the ground
moraine by exaration[). Owing to present-day
washing processes it comes to the surface at this
place as well as further to the righll plack). The
coarser debris portions of the ground moraine cover
on the slopes have been reshaped by rhombic cattle
steps (at= white). At some places, the ground
moraine cover passes over from the valley bottom to
the mountain slopes as a soft transition a#t).(
Below small valleys and thalwegs small cones of
dislocated ground moraine have been deposiéd (
(=) are mountain ridges, round-polished by the High
Glacial inland ice; by means of their height the
minimum altitude of the ice surface forming them can
be deduced- —). (Photo M. Kuhle.)

+— Photo 111 At ca. 4480 m (aneroid measurement 4295 m asl
at high pressure) from a high plateau area situated 20 km SSW
of the 4900 m-pass (cf. Photo 110) (32°B681°53 E).
Direction: facing WSW (left margin) via W up to N (right
margin). The ground moraine sheet covering this high plateau
section @ foreground) is divided into several flat bowl-like
depressions (glacigenic overdeepenings of ground scouring) in
which were located late- Late Glacial and Holocene to recent
lakes as well as smaller water surfaces. They still exist
episodically or periodically.[ black) shows an alluvial floor

of pelites, washed out of the ground morairiéwhite) marks

a larger lake bottom with xenomorphic meso-halophytic scrub-
and dwarf scrub vegetation (Tamarisks, Myricaria, etc.) along
its shore, settling thin veils of wind-blown sand in this
depression. The corresponding late- Late Glacial (Stadium 1V;
see Table 1) lake level positions are preserved as four clear
shorelines V) (Figure 2, No. 81) on a ca. 15 m high ground
moraine ridge M white in the middleground). The mountain
ridges reaching 5000 m are made up of more or less
metamorphic sedimentary rocks and have been rounded by the
inland ice up to their culmination®]. This suggests a High
Glacial (LGM = Stadium 0) minimum surface height of the ice
level at & — 0 ——). Ground morainel black) is also found

on the mountain slopes. A Holocene gullying, typical of slopes
in sedimentary rocks, has roughened the glacial smoothings in
some parts. Additionally, the High Glacial mountain features
have been reshaped by large Late Glacial nivation niches and
small cirqgues ©) in the E-exposition visible here. (Photo M.
Kuhle.)
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1l Photo 113.At an altitude of ca. 4600 m
(aneroid measurement 4430 m asl at hig .
pressure), from a locality situated at the
caravan route 7 km away from the locality in
Photo 112, looking WNW (32°350" N/81°51
50" E). The rock pavement of the ground
moraine surface B foreground) has been
reshaped artificially and to a great extent
destroyed by the caravan route. Beyond the
route thrown up by traces of yaks and goat
there are roches moutonnées in metamorph
sedimentary rocks«). In part they are covered
and masked by ground morainell (Il
background). The ground moraine consists 0
polymict components at the most the size o
fists or heads, which are smooth-edged tq
rounded at the edges. At the place where th
roches moutonnées break away in a 4-10
high step (the twom on the left) subglacial
meltwater erosion {) took place during the
down-melting of the inland ice in the Late
Glacial (Stadia I-Il, see Table 1). It cut and
halved the complete roche moutonnée form§si
(=), which had developed under cold-based ic&#:
during the High Glacial (LGM = Stadium 0).
The subglacial meltwater run-off took place
from the left (a 4850 m-pass, Figure 2, No. 83)

to the right, without there being a present-day TPhoto 112.At ca. 4460 m (aneroid measurement 4280 m at high pressure), taken 14 km SSW from the
thalweg. Accordingly, it has largely been viewpoint of Photo 111 (32°34.0" N/81°52 E). Direction: facing SE (left margin) via S up to SW (right
canalized by an ice tunnel in the immediate margin). &—) marks the minimum height of the High Glacial inland ice surface and thus the minimum
neighbourhood of the roche moutonnéé)( thickness of the ice above the mountain ridges necessary to round these mountains by ground pm)ishing (
(Photo M. Kuhle.) For this to happen the ice must have been at least 300-400 thick. From the late-Late Glacial (Stadium IV, Table

1) up to now, part of the ground moraine cover of these mountain slpgki{e in the background) has been
washed and removed along a thalweg down to the highland plajndlie material has been re-sedimentated

at the mountain foot as cone sanders (alluvial fans accumulated by melfWaigrthe meltwater of flat ice

caps and hanging glacier tongues still remaining on the mountain#dp3Hese fansA) are younger than

the Late Glacial end- and lateral moraine ledge, which has been pushed like a frontal moraine 120-180 m up
the mountain slopes by the inland ice that had already melted far dbwn!l( (cf. Photo 93). Without
absolute age datings (which with present working techniques are anyway impossible) as to their origin, only
the Late Glacial Stadia | to Il can be taken in consideration. Such an overthrusting of an end moraine requires
a relatively long (several 100 to 1000 years) positive mass balance of a Late Glacial ice mass — again built up
after the decay of the connected inland ice sheet of Tibet — leading to the renewed advance of such an isolated
ice complex, i.e., to the development of an important local ice @blgck) indicates a 2—6 m-high ground
moraine ridge which, during the High (LGM) Glacial and probably still during the early Late Glacial (Stadium

1), has been forced upwards by the bottom of the inland ice over a distance of ca. 5.5 km. It stretches towards
the E and indicates a local direction of the ice run-off. Owing to its small-scale steepness its surface has been
rinsed postglacially.&) are fluvial run-off rills which — following the local surface incline down the mountain
ridges @) — cut this ridge transversally as far down as to the lower ground moraine layers. They are adjusted
to the large-scale ground moraine plahforeground; Figure 2, No. 80). This consists of surficially washed
material with polymict rock components. (Photo M. Kuhle.)
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T Photo 114.At an altitude of ca. 4850 m (aneroid
measurement 4675 m asl) from a flat pass-saddle (Figure
2, No. 83; 32°3030" N/ 81°50 30" E) facing N (left
margin) via E (centre) up to S (right margin), looking
from the N slope of the pass across the pass depression
to the S slope of the pass. The round-polished mountain
ridges @) consist of limestone seriesea( black),
limestone marls and other sedimentary rocks (clay-, silt-
and sandstones). In the W-exposition visible, nivation
«— Photo 115.Roche moutonnée forms in limestoneniches or small cirques)) have been carved into their
bedrock on the W-side of the depression of the 4850 rhHgh Glacial rounding. Probably they were already laid
pass (Photo 114) taken facing SV (lack) is the out before the LGM, but have experienced their last
ground moraine catena the matrix of which is determinedeepening in the Late Glacial, after the inland ice had
more exactly by Figures 26 and 5, diagram 31.08ER. (melted and when only small hanging glaciers (Stadium
white on the left) is a ground moraine covering of théV) existed there. Their post-High Glacial shaping is
roche moutonnée slope anM hite on the right) is a proved by the erosion of the working edge from below
ground moraine train in continuation of the leeward roch@\) against the High Glacial rounding (white on the
moutonnée spur. Accordingly, the local direction of théeft). (A) shows the accompanying alluvial fans, i.e.,
ice run-off was from S to N (left to right)lwhite on the cone sanders accumulated by the meltwater of the small
left) is a residual remnant of the ground moraine covenévé- and ice depositions in which removed ground
immediately recognizable by its secondary fringes dghoraine material from the High Glacial has been re-
washing on both sides\(. (=) indicates rock roundings sedimentated. On adjacent slope sections the older
roughened postglacially by subaerial corrosion as a res(ltGM) ground moraine is preserved M (white, back-
of the ground scouring of the inland ice. The conspicuowyound). @ black, background) indicates horizontally-
irregularity of the roche moutonnée as a whole is typic#ltriped ground moraine on an underlay of limestone
of such glacial forms in limestone bedrock. Exarationbedrock. Downslope the stripes have somewhat been
and detraction processes in the course of which large roishaped by washing and solifluction. However, it can be
cubatures were broken out of the bedrock and — becausaced back to a lineation by exaration rills left behind by
they were frozen to the inland ice bottom according to tH&e ground scouring of the inland ice and it continues up
phenomenon of regelation — drawn out of their bonding the left margin of the panorama. The matrix of the
led to the fragmentation of this perfectly streamline@round moraine overlay stretching in the foregroull (
form. (——) marks the minimum surface height of theis analysed by Figures 26 and 5, diagram 31.08.96/2. The
glacial inland ice. (Photo M. Kuhle.) coarse components consist of limestone- and sedimentary
rock pebbles and -stones which are smooth-edged or
rounded. In parts the limestone components are slightly
corroded. £ —) is the minimum surface height of the
High Glacial inland ice. (Photo M. Kuhle.)
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T Photo 116.About 4800 m (aneroid measurement
4625 m at high pressure), 3 km S of the 4850 m-pass,
looking from W (left) to N (right) on round-polished
limestone ridges € =) (Figure 2, No. 83). Partly
these are classic streamlined bodies which can be
addressed as roches moutonnéeslidgrge), partly
— Photo 117.At ca. 4700 m (aneroid measuremenfjifferently modified hill forms of ground polishing
4530 m asl, high pressure), 6 km SW from thga small), caused by their geological structure (i.e.,
locality of Photo 116, facing NW (32°301/81°48  py the vertical a/c and b/c jointing). By means of
E). We look at a glacial ground moraine landscapgeshly crumbling niches in the previously round-
(M) with a ground moraine plaifl(foreground) and polished rock ¥) and freshly weathered edgy rock
a 10-14 m high ground moraine ridge, showing @ieces, stones and boulders lying below, the
drumlin (whaleback) character, which is set upon thigeshaping of the glacially eroded forms can be
plain (@ background) (Figure 2, No. 84). Whereverevidenced as being insignificant only since their
the postglacial precipitation water — in consequencgeglaciation. A thin ground moraine veil, in many
of the dip of slope — runs down with a little morepjaces not even covering the limestone rock, lies on
energy, and is thus more erosion-effective, the grounfle ground-scouring face#). On the lower slopes of
moraine material and its matrix is exposed by thghe roches moutonnées and hills, in depressions,
development of fresh microfluvial rillsM). (T 1)  hollows and valleys between these rock ridges,
indicate horizontally-arranged exaration rills. Thesground morainel) has been deposited by the inland
lineaments have been carved into the ground moraif¢e. The condition of its matrix is analysed in Figures
by the scouring of the inland ice and the impregnatiope and 5, diagram 31.08./2. A path (with game and/or
of its ice bottom by submoraine (moraine attachegattle tracks) runs between the tvill)(in the left half
from b6|0W). The direction of the ice ﬂOW‘O can be of the panorama__(_) marks the minimum he|ght of
deduced with the help of the flat scour sides and thfie |ce Age inland ice surface derived from the field

steeper lee sides of the round-polished mountajRvestigations in this place. (Photo M. Kuhle.)
ridges of sedimentary bedrock in the backgroumy (

The arrow points from NE to SW.—(-) is the
minimum surface height of the High Glacial (LGM)
inland ice, necessary to create these features. (Photo
M. Kuhle.)
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— Photo 118 About 4620 m (aneroid measurement 4440 m asl at high pressure), 13 km
the locality of Photo 117 (Figure 2 between Nos. 84/85) facing N (left margin) via E (cent
up to S (right margin), looking across a glacigenic roche moutonnée apand a lake district
developed after the Late Glacial deglaciation, situated in betwegnté origin is based on a
slight glacigenic overdeepening by the ground scouring of the inland ice as well as on a |
overdeepening by Late Glacial glacier tongue ends. Varying somewhat in accordance with
extent, the shallow lake&l) reach a depth of a few metres. They have been developed on
underlay of ground moraine cover impervious to water. It stretches up to the foreglund
overgrown with dwarf scrub vegetation. Along the edges of the lakes, which are floo
seasonally or at least episodically, a dense alpine meadow vegetation with periglacial
hummock bottoms occurs. There are tents of nomads and a domesticated yak)hérte( -
ground moraine not only covers the polish depressions between the roches moutljnées ( cccc === ==
also mantles polish thresholds and clings to the lower slopes of the roches moutdihnéeg
small, background on the left). However, in places this might be end moraine of the Lates
Glacial which has been overthrust by a repeated advance of a local ice complex of mino
thickness, the front of which had run against that hil).(There are also flat, drumlin-like -
ground moraine ridgedl small, background on the right) set upon the ground moraine plaifti
(M white). They reach more than 10 m. The glacially-rounded mountains and regeseéent £
a characteristic fjell-landscape set upon the Tibetan plateau as is typical of Scandinayi
mountains. Flattened summits and ridgeshlack) rise up to one or several levels of older
plains. They have been rounded by an inland iee- 0 — —) is the minimum height of the High
Glacial (LGM = Stadium 0) inland ice surface which completely towered above the relief of thie:
Tibetan plateau section visible here. (Photo M. Kuhle.)

+— Photo 119About 4630 m (aneroid measurement 4450 m asl at high pressure situation) on the W margin of the lake
district shown in Photo 118 (2 km W from the locality in Photo 118; 32280N/ 81°48 E), facing N. Ground
moraine remoulded by the shore platform of the lake is in the foregr@ndt(has been smoothed to a perfect plain

by the limnic surf dynamics, levelling the unevenness of the primary ground moraine surface by the fine ground
moraine matrix, which the lake water had surficially washed-out. The subrecent lake, still reaching the lake edge
(visible in the foregrouncD M) with its episodically higher level positions, has undercut the ground moraine tiltings
on the lower slopes of the hilll(background). This led to the exposure of the ground mor#@rgatkground on the

right). Horst grass on the lake bottom forms earth hummoCRs The mountain ridges=) round-polished by the

inland ice (LGM as far as the Late Glacial Stadium I, cf. Table 1) are made up of metamorphic sedimentary rocks.
() indicates the main direction of the ice flow which caused the flatter luff-, i.e., steeper leeward slopes of these
'glacially streamlined hills'.«—) is the minimum height of the inland ice surface necessary to form this glacigenic
landscape. (Photo M. Kuhle.)

— Photo 120About 4620 m (aneroid measurement 4455 m asl at high pressure situation) taken towards the E across
an area indicating the ground-scouring of the inland ice by rounded cumglasd depressions lying in between,

which are covered by ground morairl®)((Figure 2, No. 86; 32°3@0" N/81°44 30" E; 5 km W from the locality in

Photo 119). Two people to compare the dimensidy)s lere, near a temporary pasture settlement, the ground moraine
cover @) has surficially been loosened over large parts by cattle tracks (yaks and goats) for centuries. As a result, the
coarse components forming a rock pavement by periglacial freezing processes and deflation during the Post Glacial,
have been displaced from their primary positions on the surface of the matrix bonding by the hoofs and are now laid
down loosely on the ground moraine (foreground). These coarse components the size of a fist are polymict and consist
of differently coloured sand-, silt- and clay stones and of limestone. With the exception of limestone, such sedimentary
bedrocks are in the underground. At this locality it becomes particularly clear how the ground moraine cover —
reaching its most important thickness of several metres in the depressions and hllljowsc(ings to the round-
polished rock cupolas«) in the upward directionll background), thinning away on its upper slopes, so that the
culminations @) are nearly free of ground moraine. This provides evidence of the immediately adjacent syngenetic
interplay of ground-scouring and glacial erosion on the cupolas and the accumulation of ground moraine in the
depressions, situated in between, by the largely overflowing inland-ice) {s the hypothetical minimum surface

height of the relief-covering High Glacial (LGM) inland ice. (Photo M. Kuhle.)
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T Photo 121 Taken from a viewpoint 8 km W away from that of Photo 120 at about 4650 m (aneroid
measurement 4475 m asl at high pressure) facing NE (Figure 2 between Nos. 85/862@2R8B1°43 15"

E). Beyond the ground moraine face lying in the shadlBwhite) a hilly area continues, polished by the
inland ice @). Due to the sedimentary bedrocks it is dark-coloured - as far as it is free of ground moraine. The
light faces are ground morain¥l plack) consisting of a different erratic material which, accordingly, is also
differently coloured. Apart from rather minor washing processes since deglaciation, only those faces are free
of ground moraine, from which the meltwater of the Late Glacial (Stadium IlI-IV, Table 1) local plateau ice
cap has washed away the High Glacial ground moraine attached to the slopes below (cf. Photos 123-125).
(A) indicates washed ground moraine material which has been re-sedimentated in the form of an alluvial fan.
(0 — —) is the inevitably hypothetical surface height of the relief-covering glacial (LGM) inland ice. (Photo M.
Kuhle.)




Reconstruction of an approximately complete Quaternary Tibetan inland glaciation 177

N

178 M. Kuhle

+— Photo 122.At about 4650 m (aneroid measurement+ Photo 124 At ca. 4800 m (aneroid measurement 4610
4475 m asl at high pressure situation), 1 km W from thm asl at high pressure), 6 km WNW from the locality in
viewpoint of Photo 121, taken facing W (Figure 2Photo 123 facing SSW (Figure 2 between Nos. 85-87;
between Nos. 85/86).w) are roches moutonnées in32°37 N/81°34 30" E). The polymict ground moraine
metamorphic sedimentary rock. In the background on t{#l) stretches evenly (foreground) and also up the slopes
right (left of the righta) the winding caravan paths of the(middleground). ) indicates the actual working edge of
seasonal nomad route to the W can be noticed. Groutite ground moraine sheet, undercut by lateral erosion on
moraine stretches from the foregroum) Upwards as far the outer slope of a temporary meltwater stream in the
as half of the roche moutonnée slo®.(The surficially thalweg. The mountain ridges have been glacially
cohesive rock pavement (developed polygenetically asunded @) and show rock polishings and -abrasions by
deflation pavement and periglacial pavement bottom) ahe ground scouring of the inland ice. As a result of
the approximately even ground moraine sheet in treubaerial weathering, active from deglaciation until now,
foreground consists of polymict pebbles which are edgeatie smoothed rock face on the mountain ridge breaks
or rounded at the edges. On the lower slope the surficiavay on its margins/), thus vanishing at present, i.e.,
rock pavement is thinner, so that the lighter pelitic grounishterglacially. This provides evidence of the fact, that the
moraine matrix shines through in some plac@ ( visible forms are of prehistoric origin and have not been
background). Solifluction terraces (loop-bottom) occudeveloped subaerially. At the same time it is an indirect
on the upper slopeY). The clearness of their structure isindication that these rock roundings and -smoothings are
due to the weathering of the large boulders ofubglacial form elements. A direct indication is that such
sedimentary bedrock on the roche moutonnée, formireglges and margins of the fractum)(would have been
these loops.-€ —) indicates the minimum surface heightrounded and levelled subaerially, i.e., the smoothed faces
of the Ice Age inland ice cover. (Photo M. Kuhle.) had not developed but would have been torn out by the
attacking ground ice, hooking onto these sharp edges, and
modified to roughnesses of the surface.—) is the
hypothetical minimum surface height of the inland ice,
overflowing this landscape. (Photo M. Kuhle.)

T Photo 123From ca. 4725 m (aneroid measurement 4545 m asl at high pressure), 10 km W from the viewpoint of Photo 122, looking owdrgaalaréanorainel V), roches moutonnées) and 'glacially streamlined hills») as well as a glacial
‘fiell-landscape’ ¥) (Figure 2, Nos. 85/86; 32°38l/ 81°38 E). Direction: facing E (left margin) via S, SW (centre) and W up to NE (right margin). The ground moraine in the foredwsidws polymict boulders up to the size of a head (1=35 cm),
consisting of basalt, porphyry, quartzite and metamorphic schist (phyllite). They 'swim' in a pelitic fine material MatrniarKs a light ground moraine sheet, lying on a small high plateau, which rises ca. 200-350 m above the general levstahthe Ti

plateau base at this place (recognizable by a ground moraine overlay in the fore- and middleground). The marginally daricrdtk ridges have been rounded by the glacial ground polishing without having a ground moraine cover. This has been

washed away by the meltwater during the Late Glacial (Stadia IlI-1V, Table 1) (cf. Photo #2&)ité centre) marks round-polished mountains and ridges integrated into a high plateau lawjferith founded edges reminding of Scandinavian fjells.
(M small, background in the centre) is a drumlin-like ground moraine ridsmall, background on the right) shows the ground moraine — forced by the overflowing inland ice to the windward side ghautocinge 4 large) — with its transition arc
from the basal ground moraine plaill {arge) to the lower slope of the roche moutonné€). \Was the local direction of the inland ice run-off from NNE to SSW, as a result of which the roche moumham@e) formed of phyllite has been created. At
the same time the flat scour slope and the steep leeward stQgeaye been formed. Processes, such as the regelation and detraction of rock fragments by the reduction of the ice keadplaatantds development. The rock fragments were frozen to
the ice bottom by the refreezing of the waterfilm and have been torn out of the bedrock bonding by the ice movement. d hie cdespness and the roughness of this skefe(€ —) is the minimum surface height of the inland ice (LGM), necessary
to bring about the rounding and forming of this section of the Tibetan landscape. For perspective reasons it looks assthggeeed, but actually it is only one level. (Photo M. Kuhle.)
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T Photo 1251 ong distance exposure from the same locality as Photo 124, facing SE towards the area a section
of which is shown in Photo 1237) (Figure 2, No. 85). Deposited at High Glacial times, the ground moraine
cover @ white) on what is here the lowest Tibetan upland area stretches up to a 200—350 m-higher old plateau
surface, covered by a lighter Late Glacial ground mordihel{lack). It originates from a time, when the snow

line had increased to such an extent, that the lower p/lin white) has no longer been covered by a local
plateau ice complex, whilst this plateau still was so. This happened during the Late Glacial or late Late Glacial
Stadia Ill or IV (see Table 1). At this time part of the older Late Glacial to High Glacial (Stadium 0) ground
moraine has been washed away from the lower slopes by the meltwater of the local plateau ice, which
accordingly now are much darker (left and bellblack) (cf., Photos 121, 123)<{j are the traces of the
caravan route patterning the oldest ground moraine surfaces. The mountains still glaciated today in their
summit-level (background), reach a height of ca. 5600 to 5900 m at maximum and are proof of a recent W-
exposed local snow line about 5750 m asl. In the early Late Glacial (Stadium 1) these summits have pierced the
inland ice surface and at the same time have been sharpened by the lateral erosion of the ice like Norwegian
tinders, Greenland nunataks or alpine glacial horns. Some of the summits have preserved the glacial rounding
up to their culminations« centre) thus confirming an inland glaciation covering the entire mountain relief
during the High Glacial (LGM=0). «—) is its hypothetical minimum surface height about 6000 m asl. From
these observations a minimum ice thickness about 1200-1400 m can be derived for this section @)Tibet. (
are cirques and short troughs still glaciated in the late Late Glacial (Stadium 1V, Table 1). (Photo M. Kuhle.)
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+« Photo 126 At ca. 4860 m (aneroid measurement
4680 m asl at high pressure) from the route to
Napug across the 5000 m-pass (Figure 2, No. 87),
looking SW (left margin) via W up to N (right
margin) over round-polished limestone mountains
and -hills @). Lorry tracks have removed the rock
pavement of the glaciofluvially washed ground
moraine surface. Thus, the fluvially redeposited
matrix, which can nevertheless still be diagnosed as
moraine matrix @ black) by its high pelite portion,
has been exposed. Separate coarse components of a
polymict composition ‘swim' in it. Apart from
insignificant processes of slope flushing, the lower
hill slopes and the rock thresholds lying in between
are covered with primarily preserved ground
moraine @ white). (v) marks the two steps of a
glaciofluvial terrace. The lower one amounts to ca.
3 m and the higher one to 3.5 m. This concerns Late
Glacial (Stadia IlI-1V; Table 1) gravel floor fans
(cone sanders) accumulated by meltwater through a
glacier outlet situated up-valley to the SW (valley
incision in the background on the left). They have
remoulded the ground moraine plane in the
foreground M black). The main attention should be
focussed here on the glacigenic hill form, typical of
limestone bedrocks=) (cf. Photo 83). Despite the
rounding effect of the ground-scouring of an inland
ice, the rock structure of layered or stratified
limestones still remains subglacially in the form of
a strikingly edged rougheningf]. (A) is an
alluvial- and mudflow fan, built up by the
dislocation of ground moraine from the upper slope
since deglaciation (in the Holocene)- €) is the

) ] hypothetical minimum surface height of the High
I R < Photo 127 At ca. 4900 m (aneroid measurement 4730 m at high pressure), Ggiacjal (LGM) inland ice. (Photo M. Kuhle.)

4 km W from the locality in Photo 126, facing SW to an orographic right valley
flank. The very wide, flatly inset high valley leads westwards to the 5000 m-pass
(Figure 2, No. 87; Photo 129)=] marks glacigenically round-polished limestone

rocks. This mountain ridge, polished by the prehistoric ice shows an undulating r— : T
profile line with three rounded culmination®)( A rock-specific similarity with m
the mountain ridge in Photo 115 is obvious. Here, too, the ground abrasion of the _# .
inland ice has selectively removed big rock segments from the ridge — either as | - q’q
separate pieces or in a detraction process by which a connected segment was torn ‘.

out of the banking structure — so that a really smoothed hill surface could not j—
develop. @) marks a rock niche, also created by detraction, from which the ice f e, o ‘
has removed a large rock boulder according to the banking structure. The smaller - ﬁ

e

boulders are postglacial crumblings since deglaciation. Ground moraine
accumulations B white) are preserved at the slope foot and also partly on the
slopes. On the upper slope exaration rills or -furrowls) have remained,
indicating a local ice flow direction from ENE to SSW (from diagonally left to
diagonally right). The mere forms and positions of the ground moraine remnants
(M white) - apart from the fact that they doubtless consist of ground moraine
material (cf. Photo 128) — concede no other than a glacigenic deposition
mechanism: (a) the small hill form situated at the slope lloxkite below) does

not emerge from a bottom contour line on the slope, so that a remnant of an
alluvial debris fan ought to be suggested as an alternative; (b) the bulbous
accumulation on the slope itsel (hite on top) received its form secondarily,
i.e., by marginal down-washing and linear erosion on both sides. Consequently,
the bulge developed residually and has not been deposited primarily from a
bottom contour line lying abovel(black) is the ground moraine matrix rich in
pelites, exposed by truck-traces.-{) is the minimum height of the High Glacial
(LGM=Stadium 0; see Table 1) inland ice surface necessary to develop this relief
section. The actual thickness of the inland ice was much more important. (Photo
M. Kuhle.)
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+— Photo 128.From nearly the same locality as Photo 127 facind Photo 129From the culmination of the 5000 m-pass (Figure 2, No.
NNE (centre), looking into the orographic left flank of the sam87; 32°42N/81°27 20" E), looking towards the NW (left margin)
valley. In the foreground on the left the postglacial bottom contouia N (half left) and E (half right) up to SE (right margin) across this
line is visible. It has been developed since deglaciation and cut inte Age (from LGM, i.e., Stadium O to Stadia | or Il; Table 1)
the ground moraine up to a depth of 0.6 l§lack). The ground transfluence pass and the fringing hills. The soft rounding of the
moraine consists of a light pelitic matrix with unsorted polymicpass (third= from the right) wears all the geomorphological
boulders 'swimming' in it®@). They are partly roundedXleft) and characteristics having been formed by an inland ice cover. The pass is
rounded at the edges, then showing polishing facetsght). Left overlain by a merely 2 to 1.5 decimetres-thick ground moraine sheet
of (M black) the 16x10 cm case of a tape-recorder to compare (il fore- and background). The bedrock in the underground consists
size. 5 km wide, the slightly undulating surface of the grounaf limestone and reddish sandstone. The same applies to the mountain
moraine forms the bottom of this vallel (white). (V) marks a ridge in the background={ the two = on the right consist of
further merely decimetres- to a few metres-deep cut into the grouindestone). ¥/) indicates the steep sandstone mountain ridge in Photo
moraine, developed by the linear erosion of the down-flowing wat&28 (background below- —). The mountain ridges preserve the
since deglaciation.l black in the background) are ground morainground-scouring of the inland ice differently, i.e., according to their
remnants on the lower slopes of the orographic left valley flankock and its bedding: at places at which the edges of the strata of the
Several of the mountain ridges have been rounded by the inland semdstone form the slope, the (ac- and bc-) joints arranged vertically
(=), whilst others — despite the ground-scouring of the ice te the bedding dip, cause precipitously steep slos There, the
remained steep because of their sedimentary rock structure andpishistoric subglacial abrasion and detraction as well as the
characteristic ac- and bc-jointing by cleft-controlled backwardrumblings induced by weathering since deglaciation, took place by
erosion of the slope (below —). (——) is the minimum surface the control of the clefts. This means, that on these slopes the
height of the Ice Age inland ice, necessary for this local formatiorectilinear joint planes and -edges remain form-determining and
(Photo M. Kuhle.) cannot be reshaped to a round form by the diagonal polishing planes.
At other places rounded mountains have been left behind over large
parts @). (——) marks the minimum surface height and thus the
thickness of the High Glacial inland ice cover, necessary for the
obviously glacial rounding of the entire relief. (Photo M. Kuhle.)
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— Photo 130.From a viewpoint a little beyond the 5000 m-pass (Figure 2, No. 87), i.e., W of its
culmination and the viewpoint of Photo 129, again at an altitude at nearly 5000 m, looking SSE over a
slightly-sloping ramp formed of ground moraine without any large bould@itdgck and white on the right

in the background). A perfect trough valley is visible in the background on thdlléftack). It has been
worked into the rounded mountain ridge landscap® énd ascends with its ground moraine-covered
bottom @ black at the back on the left) from a height of 5200 up to 5600 m. Local roughnesses occur on
the outcrops of more resistant sedimentary rock layerbléck). (V) marks lineaments of exaration rills
crossing the mountain ridge. They are evidence of the direction of the down-flowing ice from NNE to SSW
(from diagonally left to diagonally right) (cf. Photo 1271). (— —) indicates the minimum surface height

of the High Glacial (LGM) inland ice which was the cause of these relief characteristics. (Photo M. Kuhle.)

+— Photo 131.At ca. 4700 m (aneroid measurement 4560 asl m at high pressure weather
situation), 25 km SW of the 5000 m-pass (Photo 129; Figure 2, No. 87) (32/&b’19 E),

in a kilometre-wide high valley leading down to the source branch of the Indus, looking E into
the orographic left valley flank l in the foreground) is a gradually-sloping ramp of ground
moraine (cf. Figure 20), patterned by two lorry tracl.nfiddle- and background) are ground
moraine plains, extending from the valley bottom up to the steeper slopes of the mountain
range. @ between T and [0) are drumlin-like ground moraine hills, the accumulative
streamlined forms of which document an ice flow direction from left to right (approx. from
NNE to SSW). () is a scatter of metre-long moraine boulders, which lie together with an only
decimetre-thick ground moraine cover on the bedrock rounded to a roche moutenieds. (

At (O) the ground moraine sheet has been surficially washed by the down-flowing meltwater
and dissected by meltwater gullies. The meltwater flowed off the short troughs and cirque-like
source depressions of side valley3) (in which small glaciers were situated in the late Late
Glacial (Stadium 1V, Table 1) when the inland ice had already melted down and the main valley
was free of ice. Owing to the sedimentary bedrocks, which are very coarsely structured
by layering and jointing and thus predetermine an extreme roughness, glacial roundings are
largely absent, i.e., are merely preserved as some hill cups)aEf( in contrast Photo 132).

(—— 0 ——-) marks the minimum surface height of the inland ice sheet (0=LGM). (Photo
M. Kuhle.)
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. “ L ™ . — Photo 132.From approx. the same locality as in Photo 131,
- o looking W into the orographic right flank of this flat valley with a

e “I"- trough-shaped cross profileM(fore- to middleground) is ground

. moraine with polymict boulders up to the size of a head, which are

rounded to rounded at the edges, and for the greater part originate
from the glacial erosion in the nearer environs (local moraine
portions). As on the opposite valley side (Photo 131), the ramp-like
flat slope on the valley bottonll( foreground) (cf. Figure 20) is
continued by steeper slopes covered with ground moralie (
background). On this valley side, too, traces of glaciofluvial
reshaping occur in the form of local cone sandén}, (deposited
through small hanging valleys which in the late Late Glacial
(Stadium 1V) still had glacier fillings@). Today — if at all — their
further forming occurs at the time of the snow melt. Then they
become dissected by fresh microfluvial rills, i.e., covered by an
actual pattern of lines.=) are the ridges of sedimentary bedrock
(sand- and siltstone) rounded by the High Glacial (LGM) ground-
scouring of the inland ice/Y) mark the more or less horizontal band
polishings of the outcropping edges of the strata or/and exaration rills
which the ice has gouged into the underground. Their down-valley
direction from right to left testifies to the local flow direction of the
inland ice diagnosed on the left-hand valley side (Photo 131) from
NNE to SSW down to the upper Indus valley (Figure 2, between Nos.
87, 88). ¢) indicates the remoulding of these exaration lineaments
arranged transversely to the slope incline. As it is characteristic of
actual fluvial morphodynamics this takes place by slope ravines
running at right angles to it, which immediately follow the slope
gradient. £ —) is the estimated minimum surface height of the High
Glacial (LGM) inland ice according to the local covering with ground
moraine M) and the glacial rounding of the relief reaching even
several hundred metres highe)( (Photo M. Kuhle.)

¢ Photo 133At ca. 4600 m (aneroid measurement 4460 m asl
at high pressure weather situation in the evening) 9 km S of
the locality shown in Photo 132, taken from SE (left margin)
via S up to W (right margin) looking across the N source
branch of the Indus ¥ !) the local name of which is Senko
Tsangpu (according to ONC 1:1 000 000 G-7) (Figure 2, Nos.
89-90; 32°2230" N/81°10 30" E). In the centre of the photo
a permanent settlement (left of the lefff) of semi-nomads
(yak- and sheep-nomads) can be observed. The basis for their
living is staggered grazing. The settlement consists of loam-
houses with flat roofs. It is mainly inhabited during the winter.
(M) is the hilly surface of polymict moraine material including
over 1 m-long granite boulders (a boulder of this type lies
10 m away from the viewpoint outside this photo). Granite
bedrock on the valley flanks occurs in the near vicinity (at a
distance of 300 m from the boulder)J) are glaciofluvially
reshaped ground moraine planes 1-2 m above the receiving
stream of the Indus river. The valley cross-profiles show box-
shaped trough forms (Figure 2, No. 89) (cf. Photo 134). Flank
R, — — ; : abrasion on the orographic left valley side (lack) has

e L N R S T e o s ’ " caused a truncated spum hite) are round-polished hills and

B mountain ridges formed of perpendicular standing (dip angle

75° to the E (95°)) massive rock layers. This is, in the
geomorphological sense, a very simply-formed landscape.
Since deglaciation their glacigenic abrasiona) (and
accumulation elementdl([J) have been partly reshaped by
moraine material, resedimentated in the form of cones and fans
by crumblings &) and solifluction as well as mudflows down
the slopes.- —) is the minimum surface height of the inland
ice which has covered this clean-looking mountain landscape.
(Photo M.Kuhle.)
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— Photo 134 At ca. 4600 m (aneroid measurement 4445 m asl),
6 km down the Senko Tsangpu valley (N source branch of the
Indus) from the viewpoint of Photo 133, looking from the
orographic right valley flank towards the SW (left margin) via W
(centre) up to NW (right margin) (32°2K/81°08 40" E). The
box-shaped trough profile is formed by glacigenic flank
polishings & # white) with ground moraine overlay#j and a
valley bottom of glaciofluvially reshaped, i.e., surficially washed
ground moraine partly covered with flatly-inset gravély.(The
water-retaining ground moraine portion of the valley botto
makes alpine meadow vegetation and grazing posdiblef().
(1) indicates the meandering main river on the valley botto
(V) are slope- and fan forms consisting in the core of primg
ground moraine and on the surface of ground moraine, which - e —
been displaced down-slope. This down-slope shifting of mora
material immediately after the Late Glacial deglaciation w.
brought about by the meltwater of glacier remnants persisting
the mountain ridges until the late-Late Glacial (Stadia Ill and |
Table 1). {d large) is local moraine, bearing over metre-lon
granite boulders; R small) is far-travelled moraine with large
portions of fine erratic material matrix.v) are fresh rock
crumblings at the valley flank steepened by the glacige
polishing. @) indicate mountain ridges rounded by the relie
over-riding inland glaciation. They are the geomorphologichmes
basis for a provisional estimation of the minimum surface heighiss
of the ice £ —). For (= black), cf. Photo 135. (Photo M. Kuhle.)
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1 +— Photo 135At ca. 4540 m (aneroid measurement 4380 m asl at high pressure) from a viewpoint
ca. 25 km down-valley from that of Photo 134, at the settlement of Napug (Figure 2, between
Nos. 91 and 93) or Kochi (ONC G-7 1:1 000 000; also named 'Geggi' what means 'happy' or
'gay"), looking towards the NW (centre of the photo) at the orographic right valley flank of this
source branch of the Indus valley (Senko Tsangpu) (3Z@8N/80°52 40" E). It consists of
glacigenically polished limestone bedroc#)(partly showing ground moraine overlayl)(
(Figure 2, No. 94). At some places the ground moraine has got a decimetre- to metre-deep pattern
of fresh slope rills §). Since deglaciation through to the present time they have been incised by
precipitation water. In the Late Glacial (ca. Stadia II-lll; see Table 1) glacier tongues flowing
down from this local high plateau (fjelll) set upon the Tibetan basal level, have transported
the moraine material which had been deposited during the High Glacial (LGM) down from
elevated positiondl| white). At the same time the material removed has been newly accumulated
into the form of rampsM black). (O white on the right) is a fan form of High- to early-Late
Glacial (Stadium I) ground moraine and younger end moraine from the high valley alwjye (
displaced glaciofluvially down the slope and resedimentated by the Late Glacial glacier
meltwater. The root of the fanAj] starts at the exit of a gorge-like meltwater scoring incised as
far down as the bedrock, set into the bottom of this trough-like hanging vallé&yack and white
on the left) present glaciofluvially washed ground moraine (Figure 2, No. 95) containing over
1 m-long boulders.« —) is the minimum surface height of the Ice Age inland ice cover. (Photo
M. Kuhle.)

+— Photo 137 At 4440 m (aneroid measurement 4275 m asl under high pressure weather conditions), 14 km
downwards from the view point of Photo 136, looking down the Senko Tsangpu from the orographic right
valley side (Figure 2, No. 98). The picture was taken facing S (left margin) via W (left of the centre) and N
up to NE (right margin). Over large parts the valley bottom is built up from a late Late Glacial (Stadium 1V;
Table 1) to neoglacial (Stadia V to 'VII) glaciofluvial gravel field ¢n the left) into which the river{ white)

has cut up to a depth of 1.5 to 2 m, thus creating a lower tefraoa the left) where horses are grazing (for
size-comparison).[{ on the left) also marks a stagnant water branch with a denser grass vegetation, slightly
inset into the terrace surface)(are mountain ridges rounded by the ground scouring of the inland ice. They
consist of sedimentary rock, the layers of which dip to the N at an angle of 25-27°. Afterwards, i.e., since
deglaciation, the foot slopes of one of the rounded ridges have been undercut by the Senko Tsangpu river along
an outer slopex). (W) indicate the light High- to early Late Glacial ground moraine covers on top of the
subjacent darker layers of sedimentary bedrock, which can clearly be diagnosed in manyplacgs)( (*

small) shows a fresh crumbling on the edge of this moraine cover, caused by a slope rill, which has been
deepened postglacially by down-flowing watef) hark three exemplary postglacial flushing rills in the
moraine material on the orographic left valley flank. They are a function of the relatively soft surface of this
fine-grained loose material. Since the Late Glacial, i.e., accompanying the down-thawing of the post High
Glacial valley glacier in the Senko Tsangpu, the moraine material has been transported solifluidally and in
particular fluvially down the valley flanks — which were now free of ice — and also from the steep side valleys
as far as the main valley bottom and deposited in the form of fandrbe older of these fans, still heaped up
against the edge of the valley glacier, remained as remnants of classically developed kame e biacs$. (

The lower, younger of the moraine-containing fans, which after the complete melting of the valley glaciers
were able to be accumulated further into the main valley, have been undercut distally by the Senko Tsangpu
river (O black anddJ white on the right). Due to the Late Glacial (Stadia Ill-1V) cover of local hanging glaciers
and their meltwater run-off, the mountain cupolas and upper sle)dge largely been relieved of their High
Glacial (LGM) ground moraine sheets: £ 0— —) is the minimum surface height of the relief-covering inland

ice, the ground scouring of which caused the rounding of the mountain riepe@hoto M. Kuhle.)
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— Photo 136.At ca. 4550 m (aneroid measurement 4380 m asl &
high pressure), 23 km down-valley from the locality depicted i
Photo 135 (i.e., 9 km from the sampling location of Figure 27
looking into the right flank of the Senko Tsangpu valley towards th
ENE and onto a roche moutonnée, i.e., a mountain ridge rou
polished by the ice« a) (Figure 2, No. 97; 32°320" N/80°36

20" E). Q) is the bottom of the main valley (Senko Tsangpu
consisting of gravels of the Late Glacial. The gravel floor forms a ca.
1.5-2 m-high terrace (cf. Photo 137) overgrown with dwarf scrub.
(m foreground) shows a ground moraine plain, the surface of which
has been washed glaciofluvially and by postglacial flushing through
precipitation water. It has also been reshaped by deflation (¢
Figure 27: sample of ground moraine matrix in the vicinitg). &re |
glacigenically round-polished layers of limestone and lime mar :_-_'“
The polished rock faces cut diagonally across the outcropping ed
of the strata (secon® from the left), so that — seen as a whole —a
streamline-like macroform, rounded on all sides, has been developed
(= black and white). However, small-scaled ledges, depressions a
steps, i.e., breaks in the profile line on the surface of this streamlin
form (e.g., above the left white and below the midelevhite) are

predetermined by the layer- and cleft structure of the roékig an

example of correspondingly structure-dependent crumblings, whick
have taken place since deglaciation. The partly preserved grou
moraine cover has a tendency to smooth and level the streamlin
body, so that a rather perfect form has been develdfleshi@ll in

the background). During deglaciation at many places 1-3.5 m-bro
and 0.5-2 m-deep microfluvial rills have been eroded into th
ground moraine on the slope&). (A) is a special alluvial fan
consisting of postglacially removed ground moraine material that
emerged from the structure-dependent, small V-shaped valley

system (on the left abovk). (— —) is the minimum surface level of + Photo 138.Senko Tsangpu, at a height of ca. 4400 m
the inland ice, leading to the abrasion of the rel#f. (Photo M. (aneroid measurement 4220 m asl at high pressure). The
Kuhle.) viewpoint is situated down-valley from the locality shown

in Photo 137, looking into the orographic left valley flank
(Figure 2 between Nos. 98 and 99; 32°30' N/80°27

E). Direction: facing SE (left margin) via SW up to W
(right margin). W large) is ground moraine with the usual
ablation moraine cover, melted out from the inland ice
layers near to the ground under the influence of the
meltwater during the phase of down-thawing. Thus,
compared with the subjacent pure ground moraine, its
matrix is somewhat coarser with a stone paving that has
been frost-heaved (periglacially) and slightly blown out by
deflation. Separate polymict boulders of sedimentary rock
(O black) as well as granite and rhyolit® (vhite) up to

the size of a metre lie on the surface of the moraine cover.
(<) indicates fresh fan forms on the opposite valley side,
developed by mud flows.¢( ) is the actual thalweg which
is flowed through periodically or episodically. It is flatly
inset into the main fan. The fans are built up from flushed
ground moraine, the remnants of which cling to the slopes
up to high positionsl small). (# \) are rills which have
been set postglacially into the ground moraime). iharks
mountains rounded by the inland ice € = minimum
surface height) rising up to 5100 n®) describes the
back-slopes of cirque- and short valleys. In the late Late
Glacial (Stadium IV, Table 1) separate glaciers still existed
in this N exposition. Probably the damming-up by the
right glacier (lying in the forr® on the right) has led to
the development of a small temporary ice-dammed lake in
the middle valley @ centre). Its sudden outbreaks, typical
of glacier-dammed lakes, might have led to the build-up of
those large mudflow fangy). In any case, their existence
suggests the late Late Glacial damming-up of ice-
dammed lakes in this appropriate topography. (Photo M.
Kuhle.)
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— Photo 140 From a height of ca. 4370 m (aneroid measurement 4190 m asl at high pressure), 5.5 km more to the W
than the viewpoint of Photo 139, looking down the Senko Tsangpu into a further orographic right side valley (Figure
2, No. 100). The photo was taken towards the NNB.i$ a ground moraine pedestal with a terrace (Figure 2, No. 100:
pedestal moraine). Rock ridges (roches moutonnées) rounded by the glacier ground scouring are integrated into this
ground moraine, which contains large, i.e., over one metre-long boulders; some other neighbouring roches moutonnées
(second= from the right), which — in this case — are situated nearer to the thalweg of the side valley, have probably
already been exposed subglacially by the meltwater, i.e., relieved from their moraine mantle during the Late Glacial.
The ground moraine pedestal)(with its 11 to 13 m-high terrace, which coincides exactly with the exit of the side
valley, i.e., stretches along the right flank line of the main valley, falls away to the ground moraine cover of the main
valley (M large, in the foreground). This indicates the marginal juxtaposition of the Late Glacial tributary glacier
stream to the main glacier, which had a greater depth. Thus, this ground moraine pedestal of the side glacier at the
same time is a subglacial orographical right bank formation of the main glacier. The roche moutonnées{$emond

the right) is a rounded bar-mountain, pre-glacially (i.e., pre-Quaternary = Tertiary) cut out from an initial junction
threshold of the side- and the main valley. The higher level of the side valley bottom, situated upwards of this junction-
threshold, has led to the build-up of the ground moraine pedestal due to the fact that the side glacier — in order to
maintain its bottom level — has compensated for the decline of the valley bottom with an underlay of ground moraine
in the area of that prehistoric junction-threshold) are glacially rounded sedimentary rock slopes, mountain ridges

and rock thresholds, partly covered with ground moralerfall, background) - —) is the minimum surface height

of the High Glacial (LGM) inland ice which must have caused the glacigenic forming of the landscape diagnosed here.
(Photo M.Kuhle.)

196 M. Kuhle

+— Photo 139At a height of ca. 4390 m (aneroid measurement 4210 m asl), about 4 km westwards from the
spot where Photo 138 was taken, facing NNE, looking up-valley into an orographic right side valley of the
Senko Tsangpu (Figure 2, No. 99; 32°38" N/ 80°28 E). The High- to Late Glacial (LGM = Stadia 0-11) ice

influx which took place along this side valley towards the northern source branch of the Indus (Senko Tsangpu)
is documented by round-polishe@ (white) and back-polisheds( black) mountain spurs. They consist of
thinly-layered sedimentary rock; consequently they have not been able to preserve the roundings of the
prehistoric glacier polishing for a longer time. This is a sure indication for the fact that these traces of ground-
and flank polishing are no pre-Last Glacial forms (Rif3 = Stadium -I; pre-Last High Glacial; cf. Talll 1). (

are preserved ground moraine remnan¥). fharks the level of an alluvial fan terrace preserved on both sides
and undercut by the river bed. The alluvial- and mudflow fans consist of moraine substrate from the slopes
which has been flushed and resedimentatetl) shows a 9 m high remnant of a gravel floor terrace at the
approximately same relative altitude level as the alluvial fan terrace. The gravel floor terrace is a late Late
Glacial (Stadium 1V) sander remmant (glacier mouth gravel floor). High- to Late Glacial- and glaciofluvial
sediments have been reworked and displaced in the modern valley bottom and the gravel floor of the actual
river (O). (——) is the minimum surface height of the High Glacial inland ice cover extracted from the relief
forms. (Photo M. Kuhle.)
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+— Photo 142.Taken from ca. 4650 m (aneroid-measurement at high pressure: 4530 m asl), 22 km W of the
settlement of Shiquanha (or 'Ali') across a pass (on the left a mani-wall with prayer flags and ghost traps) which
leads from the basin of Shiquanha into the Gar Zangbo, the southern source branch of the Indus valley (32°24
30" N/79°558 E; Figure 2, No. 105). Direction: from E (on the very left) via SSE (centre) up to W (right
margin). The pass is situated in an area of sedimentary rock and consists of interbedded limestones, lime marls
and thinly-layered silt stones. The hills, towering up to 5000 m, have been polished extersjvaligly
provide evidence of the ground scouring by the down-flowing glacier ice. In many places a thin ablation- and
ground moraine sheet covers the rounded rock ridlsl{ contains 0.7 m long boulders broken out locally,

e., little transported, as well as boulders which are rounded at the edges and facetted, i.e., transported over a
distance of at least one kilomete)( They also consist of silt rock and limestoa®.(Despite its petrographic
variety this hill-, i.e., ground scouring landscape appears rather uniformly smoothed. This can be explained by
a thickness of the overflowing ice of at least 200-300-m pold) is the LGM minimum surface height of
the ice above the transfluence pasls) §hows a striking incision into the flatly layered limestone or lime marl
of the hills forming the culmination of the rock threshold. This small valley has no catchment area capable of
providing down-flowing water for its erosion. This applies all the more as the climate is semi-arid. Only
subglacial meltwater brings about such an incision. Due to its channelizing by ice tunnels and its hydrostatic
pressure, it is able to flow along or diagonally to such mountain- and intermediate valley ridges and in addition
has even the capacity to erode. Immediately leftlof § syngenetic rock smoothing — on top convex and below
concave — can be observed as a brightly shining rock face. It has been created by the hanging glacier scouring
into this meltwater rill. [0) marks the valley bottom of the box-shaped trough of Gar Zangbo (Figure 2, No.
131; Photos 143, 144), built-up of ground moraine and gravel floors. The orographic left valley=flatack
on the right) situated above the gravel floor, has been polished by the Ice Age main glacier which flowed down
from there to the right.{— fine) indicates a very clearly preserved upper polish line below the summit-
pyramids, along which the flank polishing diminishes at about 5700 m in an upward direction or perhaps even
completely breaks off. Thus, the Ice Age minimum surface height of the ice stream can be recognized. (Photo
M. Kuhle.)
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T Photo 141.Taken at a height of ca. 4300 m (aneroid measurement 4130 m at high pressure), 30 km W
from the viewpoint of Photo 140, 8 km E of the settlement of Shiquanha (also Ali or according to ONC
G-7 Nikoli) (Figure 2, No. 103). Direction: looking up the Tsenko Tsangpu, i.e., the Indus towards the E
(left margin) via S and W down the Indus (Tsenko Tsangpo, from here also Gar Zangbo, cf. Figure 2) and
into the basin of Shiquanhua (half-right in the background) up to the N (right margin). On the horizon in
the W, the easternmost foothills of the Zaskar mountains (Figure 2, W of No. 107) are visible, being there
up to 6500 m high. € &) mark a rock ridge abraded by the glacier ground scouring which consists of
metamorphic sedimentary rock (phyllite). Its flat areas are covered by a ca. 1-8 m thick ground moraine
(M black, immediately left o and Bl white, directly above= on the left). {\) shows moraine material

which since deglaciation has been removed down-slope by flushing and newly deposited in the form of
cones and fans.%) are more or less fresh crumblings. Since the Late Glacial they partly took place
(secondv from the right) on the steep outer rock-slope which has already been developed subglacially.
The meltwater tunnel ran approximately along the present-day thal)elgefeath the Late Glacial (ca.
Stadia Il-lIl; cf. Table 1) glacier. Its confined water, flowing down under hydrostatic pressure, has
steepened the rock slope by lateral erosion. An ice cover existing even later is documented by the ground
moraine inclines, left behind on the foot of the outer sid@eavhite, background below of), because

they have been deposited directly by the ice after the undercutting through the subglacial meltwater.
(M white and black in the middle of the foreground and in the background on the left and right) show
further ground moraine occurrences. Along the slopes they are partly buried by the postglacial cones and
fans (A\) above-mentioned (first to third from the left, white, and fitstrom the right, black). At in

the foreground) the polymict composition of the ground moraine becomes obvious) ére locally
preserved glacier flank polishings- £ 0 — —) indicates the minimum surface height of the High Glacial
(LGM) inland ice sheet. The summits have been sharpetediring the Late Glacial after they had
already pierced the inland ice surface. They then took on the form of a glacial horn by the glacial lateral
erosion of the ice, attacking from several sides. (Photo M. Kuhle.)
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— Photo 144.Taken at ca. 4300 m (aneroid measurement at high pressure: 4115 m asl) from the valley bottom of the Gar
Zangbo, the southern source branch of the Indus, on the orographic right side of the thalweg. The overgrown gravel floor
(00), which has been accumulated at historical times, is now used as grazing land by the settlement (middleground).
Location: about 15 km to the SE, up-valley from the viewpoint of Photo 143 (32018!/79°57 E). Direction: facing SSE

(left margin) via W (centre) up to N (right margin). Ground-, i.e., ablation mor#rar@e) which has been rinsed and blown

out, extends in the foreground and contains large granite bouldgr3iie ‘chorten’, showing a prayer flag, is covered with

skulls and horns of goats and ibexes. As a signpost for the caravan route it is built up from several decimetres-long g
boulders of the moraine, which are rounded at the edges or facétteft); The loose moraine material at the viewpoint
contains local moraine. Granite bedrock can be observed on the orographic right valleyflahkte on the very right).

Ground moraine ramps are preserved on the slopelbsm@ll, background on the very right). Since the deglaciation during

the Late Glacial (Stadia IlI-IV; Table 1) they have been transported down-slope by fluvial processes and again deposit

the form of alluvial fans<{ black). These ground moraine ramgmall, background on the very right) cannot be mistaken

for debris cones because they do not emerge from small valleys but are connected to rock ribs, i.e., their dissection and
removal takes place in the continuation of the thalwey (2) and (3) are 6739 m and 6836 m-high massifs of the eastern
prolongation of the Zaskar mountaing) fnarks the most extended present hanging valley glaciation in the NE exposition
visible here. The corresponding orographical snow line runs at about 5600 m (cf. Kuhle, 1982, pp. 166-170; 1988, pp. ;
468-470). @) is an exemplarily flat, trough-shaped hanging valley bottom (Figure 2, No. 106/107) of the highest old plateau
level (about 5000 m asl), upon which neoglacial moraine and glaciofluvial gravel have been deposited (Stadia V-'VII an

to —3; Table 1). ¢ ) show V-shaped valleys through which steep side valley glaciers flowed even during the late-Late Glacial

(Stadium 1V), i.e., at an ELA depression of 700 m (as far down as ca. 4900 m asl). These glacial side valleys interrupt the=. ;

High Glacial (LGM) flank polishing which at other places is united (the terem the left). The small foul) on the left, i
background, mark flat ground moraine ramps on the lower slope of this main valley flank. The second and the fourth ram
(m) from the left consist of Late Glacial piedmont moraine which, emerging from the two connected side valleys, has Hee
thrust over the older ground moraine of the main glacier after its deglaciatiowhite) are Holocene (neoglacial to %
historical) alluvial fans, i.e., genetically speaking: these are cone sanders or glacier mouth gravel floors accumulated b tt
down-melting of the side valley glacier mouths. Because the gravel floors have been canalized and transported through'
V-shaped valleys situated in between (ab&y)e they have no longer a connection to the glacier and can be determined ¢
so-called 'indirect gravel floors' (Kuhle, 1982).406-) is the High Glacial (LGM) minimum surface level of the over 10 km-
broad upper Indus parent glacier, derived from the highest unambiguous polish line. This glacier has drained the enti
stream network of its tributary glaciers to the WNW. (Photo M. Kuhle.)

M. Kuhle
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+— Photo 143.Taken from ca. 4600 m (aneroid measurement at high pressure: 4410 m asl), ca. 3 km W of the
4650 m-pass (Photo 142; Figure 2, No. 105) towards the SSE (left margin) via WSW (centre; Figure 2, No.
131) up to N (right margin) across the southern source branch of the Indus valley (Gar Zangbo). Round-
polished rock ridges and hills are visible on both margins of the photo. They belong to the orographic right
main valley flank of the Gar Zangbo and consist of sedimentary reeks (the very left and three on the

very right). They have been developed by prehistoric glacier polishing. This becomes clear not only by the
roundings itself, but also by the bend-less 'cross-cutting of the structures' of these regularly rounded faces (the
three= on the right). Denudative or erosive slope flushing, by contrast, would have preserved the outcropping
edges of the strata and bedding planes with their petrographically-dependent differences in resistance as edged
form elements, but not in the levelled form of these roundings. At the places on the lower slopes of the hills
where sharp steep crumblings occur, confined subglacial meltwater has later undercut the rounding developed
by the glacier polishing¥). (B white) marks the ablation- and ground moraine overlays. In some places they
can already be recognized at a distance by their pattern caused by a special decimetre- to 2 m-deep type of
flushing rills (¢). (O black) are glaciofluvially remoulded ablation- and ground moraine inclines, several
metre- to decametre in thickness, with glacial drift cover sand (‘Geschiebedecksand') which in the depressions
is overlain by veils of flying sand hold back by dwarf scrubs. Decimetre- to somewhat over 1 m long boulders
(O) are contained, rounded at the edges and faceftedhite) is the bottom of the box-shaped main valley
trough, built up from moraine- and gravel floor material. Postglacial (Holocene) alluvial debris/Aans (
extending over kilometres are adjusted to this valley bottom. They have been accumulated as glaciofluvial
gravel floors (cone sander) by the meltwater of the Holocene (Neoglacial Stadia V-'VII; Table 1) and historical
glaciers (Stadia VII-XI) (sander —0 to —8 according to Table 1) and spread fan-like from the side valley exit
into the main valley. 1} shows the positions of the larger modern valley- and hanging glaciers on the NE-
exposed slope of this mountain crest which elongates the Zaskar mountains to the SE (Figure 2, No. 107;
Figure 12 between Nun Kun and Kamet). Peak (2) reaches a height of 6739 m and peak (3) 6836 m (according
to ONC 1:1 000 000 G-7) M black) are exemplary localities with orographical left ground moraine inclines

left behind by the parent glacier filling up the main valley from the High Glacial (LGM = Stadium 0) up to the
Late Glacial (Stadia | — ca. lll; see Table 1M lflack on the left) is mantled with end moraine of a side valley
glacier of Stadium IV (cf. Photo 148 on the left). @ second and third from the left) are 'truncated spurs'
polished back by the glacigenic flank abrasien— 0 — — fine) indicates the minimum surface height of the

Ice Age (LGM) inland ice, i.e., ice stream network, derived from the highest, very clear polish line about 5700
m asl. From here the highest peaks (2 and 3) rose to a height about 1080-ml- — — bold) is the
hypothetical minimum surface height of the ice of the penultimate (Ri3 = Stadium -I) and the last Ice Age
(Wirm = LGM = Stadium 0), which can be deduced from the polyglacial relief forms. (Photo M. Kuhle.)
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+—Photo 145At ca. 4300 m (aneroid measurement at high pressure: 4115 m asl), a perspective 5 km up-valley from
that of Photo 144, looking into the orographic left-hand flank (Figure 2, No. 106) of the Gar Zangbo, being here over
10 km-broad. Direction: SW.IX marks NE-exposed modern glaciers; their tongue ends reach as far down as ca.
5000-5400 m. ¥) are glacigenic side valleys, the concavely polished cross-profiles of which are V-shaped or at most
slightly trough-shaped. The main valley- or parent glacier filled the Gar Zangbo up to the polish line at 5708 m asl (
—). Only after its thawing did the side valleys receive their present-day steep flanks by the scouring of the tributary
glaciers. Before that, their drainage was restricted by the very slow main glacier which they joined. At an ELA
depression of 700 m these glaciers still reached as far as the proximity of the valley exits (Stadium IV; Table 1). During
Stadium 11l (ELA depression 800-900 m) they flowed down to the bottom of the main valley — now free of ice —,
where they left behind piedmont ground morairlly @At the same time gravel floor fans have been accumulated from
the lower catchment aread). (/) is the incision of the glacier stream into the piedmont moraine covers, linked with
the retreat of the tributary glacier&l) show glaciofluvial gravel sheets covering High Glacial ground moraine on the
valley bottom. (Photo M. Kuhle.)

1 Photo 148At ca. 4630 m (aneroid measurement at high pressure: 4470 m asl) from the highest orographic left lateral
moraine terracel{ on the left andll on the right, foreground) in the Gar Zangbo (Figure 2, Nos. 109/110; ‘33056
N/80°09 E, in the valley chamber of the settlement Gar), 7-8 km up-valley from the viewpoint of Photo 146.
Direction: facing W (left margin) via ENE (centre) up to S (right margiw)) is the locality of the moraine exposure
shown in Photo 147. The lateral moraine terrace from which the photo has beeriidéira(dM right, foreground)

lies ca. 230 m above the ground moraine valley bottom (belo bfack); it can be classified as belonging to the
oldest Late Glacial Stadium Bblack, on the very right; I). Its down-valley continuation comprises the terrace levels

(I and 4) in Photo 146 {— 0 — —) marks the minimum surface height of the High Glacial (Stadium 0; cf. Table 1)
inland ice. This is suggested by the rounded mountain fommslgck, on the very left; the two whit on the very

right) as well as by the glacigenic triangular-shaped slopes, i.e., back-polished mountain spurs (‘truncated spurs') along
the orographic left main valley flanid(#) and the ground moraine sheets, attaining heights of over 400 m above the
lateral moraine level | (left whitll in the background; the folll in the background on the right}- & fine) half-right
up-valley and £ — fine) on the opposite, i.e., NE (orographic right) valley side, is the corresponding LGM minimum
surface level of the inland ice. Evidence of this is provided by ground scouring faces (the three ilabk centre)

with a ground moraine covell(black centre, at the very back)) are glaciated and firn-covered massifs the summits

of which tower above 5800 m asl, thus documenting modern climatic snow line altitudes between 5800 and 6000 m
asl. The Late Glacial lateral- and end moraines of this valley chamber of Gar contain erratic granite boulders (Figure
2, No. 110; Photo 147). On the surface of the lateral moraine Stadium Igft andM right in the foreground; Figure

2, No. 109) postglacial (Holocene) flushing processes took place (cf. Phoid)lak/well as the weathering of rather

large morainic boulders of sedimentary rock — lying on the surface — into sharp-edged (shard-like) fradlinents. (
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+ Photo 146.Taken at ca. 4400 m (aneroid
measurement at high pressure: 4225 m asl), left
side of the river, 24 km up-valley the Gar
Zangbo (= S source branch of the Indus valley)
from the viewpoint of Photo 145, looking into
the orographic left-hand valley flank (Figure 2
between Nos. 106 and 109; 32°0280°07 E).
Direction: facing S (left margin) to W (right
margin). (J) are ground moraine plains of the
early-Late Glacial (Stadium I) and High Glacial
(LGM = Stadium 0) overlain by glaciofluvial
gravel floors of the last-Late Glacial (Nos. 1, 2,
3 = glacier mouth gravel floors of Stadia Il, IlI,
IV; see Table 1).M) mark High- to early-Late
Glacial ground moraine sheets (Stadia 0-1)
(Figure 2, No. 130). In the glaciation-favouring
NE exposition of the hills, where Late Glacial
hanging glaciers and névé-shields (Stadia Il
and IV) persisted in the cirque-like hollow
forms (©), the High Glacial ground moraine
has been removed and laid down in the form of
cones € black) at the exits of the hollow
forms. At that time the main valley bottorml)
was already free of ice.l |) shows an
orographic left lateral moraine ledge (Figure 2,
No. 109), probably developed by the Gar
Zangbo glacier during the Late Glacial Stadium
I. At that time, too, the highest of the three
terrace levels 4 4) has been deposited in the
form of a glaciofluvial side valley filling, i.e.,

white, 11) is the next lower, and thus younger, Late Glacial lateral moraine terrace which belongs to a thinner and nar@aveybGaylacier of Stadium Il (Figure 2, No. 109). Here, the postglacial line¥§ & classic kame, against the glacier margin
erosion which occurred according to the water run-off from the lateral mould along the outside of the lateral mpraasegxposed the moraine material over decametres (bellvediite and I1). @ ) .
l1l) is the frontal moraine of Stadium |1/ V) that one of the youngest Late Glacial Stadium IV (Table 1). From the immediate glacier tongue fa¥gim{ this youngest Late Glacial Gar Zanghoresponding side valley must already have been
glacier, the supraglacial meltwater has accumulated ice marginal ramps (IMR = Bortensander; for further information, c¥98@d]e) in the form of 8—11° steep gravel floor- (sander-) slopes on fh@e of ice. The incision of the kame-

frontal moraine [0 black, on the right). Today, the edges of the strata of these glaciofluvial gravel sheets outcrop skywards in an up-stidiey(djra hey mostly have been developed at places, whegEcumulation and the development of the
lateral moraines form an inset of medial moraine between two adjacent tongue B3sifEne two blackd on the left) mark moraine material which has been flushed from the orographic right valfsyaces linked to it, took place in three phases
slopes of the Gar Zangbdli(black, in front, middle) is an only slightly dissected ground moraine pedestal of a Late Glacial side valley glacier tohiug tteaGar Zangbo from the NE (Stadia Il orduring the retreat of the Gar Zangbo glacier.

111 ?) (Figure 2, No. 108). (Photo M. Kuhle.)

K

of the Gar Zangbo. Accordingly, the cor-

They were interrupted by short-term
accumulations, so that three terraces could
develop @&). Since the Holocene until today,
High Glacial ground moraine material has been
washed down in rills from the upper slopes
(secondl from the left) and as small fans laid
down on the highest terrace plaifs plack on
the very right). The High Glacial (LGM =
Stadium 0) glacier level{—) ran across the
ground moraine-covered hills; here £) just

its verifiable minimum height has been marked.
The debris cones, which are obviously built-up
from crumblings after deglaciatiom\(white),
contain Ice Age moraine cores, showing an only
thin cover of residual detritus on its surface.
(W near to the left margin) marks ground
moraine, which is about to split into earth
pyramids. & white) indicates glacigenic flank-
and (& black) glacigenic ground polish. (Photo
M. Kuhle.)
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T Photo 149At a height of ca. 4430 m (aneroid measurement 4270 m asl at high pressure), ca. 12 km the Gar Zangbo (upper Indus vadigy) up-val
from the locality of Photo 148, taken facing S (Figure 2 below, No. 112; 3N/8P°11 30" E). Ca. 8—-12 m-thick limnic sedimentsl occur in the

foot area of the orographic left-hand valley side which have been undercut by the Holocene valley bottom and thus haveskdef ey are
located up-valley of the end moraine complex of Gar (Figure 2 between N0s.108/110; Photo 148) in the accompanying Lajlackadiahgue

basin of Stadium IV (for the exact locality see Photo L38After the melting of the glacier tongue, the rhythmically layered stillwater sediments
have been sedimentated either by a late-Late Glacial impounded glacier lake on the orographic left, or by a late-Lat galsigjkcial tongue
basin lake. Ground moraine, containing large (a good 1 m-long) erratic granite- and quartzite b@)ldérislf are isolated from each other, occurs
on the base of the stillwater sediments in the immediate underlying bed. (Photo M. Kuhle.)

T Photo 147.Exposure at ca. 4620 m (aneroid measurement at high pressure: 4470 m asl), on the upper slope of the
orographic left lateral moraine in the Gar Zangbo (S source branch of the Indus valley) (Figure 2, No. 109). Locality: see
Photo 148 §). Direction: facing E. Hills, rounded by the ground scouring of the inlandsiyare marked in the background

at the same place as in Photo 148qentre, black). M black and white on the right) is ground-, i.e., lateral moraine with
polymict boulders, edged as well as rounded at the edges, which 'swim' in a fine n#gtidaxe ¢wo erratic granite boulders.

The dark components up to fist-size consist of sedimentary rock. The coarse components have been pressed into the very
dense ground mass which, because of the clay- and silt portions, has only a small pore )use 25-60 cm-thick
sandy-pebbly overlay spread over the moraine slope; since deglaciation its substrate has been washed out from the moraine
surface lying above Il on the very left) shows the ground moraine surface on the valley bottom, i.e., at a 225-235 m lower
height. (Photo M. Kuhle.)

T Photo 151 Taken at ca. 4700 m (aneroid measurement at high pressure: 4540 m asl), 56 km away from
the viewpoint of Photo 150, looking up the Gar Zangbo up to its source area (locality: Figure 2 between
Nos. 117, 129 and 119; 31°280" N/80°30 30" E), facing SSE (left margin) via WNW (centre) up to

NE (right margin) over the area of a flat glacial transfluence pass (Photo 150 left of the centre,
background; in Figure 2 on the left of No. 118; Photo 152). In this region the slightly 'rolling' or
undulating surface is made up by ablation moraine or so-called 'glacial-cover-sand' which has been
glaciofluvially washed during the thawing-out of the inland i€#).((= white) are round-polished
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+ Photo 150At ca. 4450 m (aneroid measurement at high pressure: 4295 m asl);
locality: in the centre of Figure 2 between Nos. 110/113; 31R480°15 E; 9 km
up-valley (SE) from the locality of Photo 149. Panorama taken facing NE (left
margin) via SE (centre) up to SW (right margirll in the foregound) is washed
ground moraine with a surficially clotted fine material matril.ilack, half-left

in the background) marks a Late Glacial (perhaps Stadium 1V, Table 1) dumped
end moraine. 4) are fan forms into which dislocated moraine material has been
deposited, rich in fine material. This dislocation is the result of Late Glacial
mudflows, triggered by the meltwater of persisting glacier remnants and snow
patches from the hills above. The prehistoric origin of these fans becomes clear
by its dissection which took place during the Holocene through to the present time
(right of A). (&) are hill- and mountain ridges rounded by the ground- and flank
polishing during the High Glacial (LGM = Stadium O} {) indicates the
minimum surface height of the High Glacial inland ice, derived from the relief
forms. (A) mark alluvial fans which during the Late Glacial have been
accumulated by the meltwater of the hanging glaciers located in the two side
valleys above; i.e., these fans are glacier mouth gravel floors (sander). Even today
their material is fluvially transported by the temporary discharge of meltwater and
precipitation. Above 4), on the root of these fans (on its proximal part), post-
High Glacial (i.e., Late Glacial to Holocene) V-shaped valleys have been cut into
the glacigenic flank- and ground polish forres) fvhich are arranged transversely
(from left to right) to them. {) these working edges document that they are
younger than the glacier polishing. (9) are mountains rising to a height of up to
6239 m, which are still glaciated (cf. Photo 151). (Photo M. Kuhle.)

mountain ridges, i.e., classically developed roche moutonnée fexrméite on the left). A) mark exaration rills and -stripes gouged out by the overflowing ice. These rock ridges are covered by ground moram® (timetihve very left) which, as a
decimetres- to metres-thick overlay of loose material, has been incised by Holocene to modern microfluviatiiuilite). (A black) marks a flat Holocene to modern form of an alluvial fan, built up from washed ground moraine since deglaeiation. (
black) are further, higher mountains rounded by the inland ice and glacigenic flank polishings on the orographical [@twhde and black in the background) show the ground moraine covers from their lower slopes as far as their middle-high slope
areas. () are cirque forms and short valley heads (-backslopes), shaped by cirque- and short valley glaciers during the lateal §pecBay during Stadia IlI-1V; see Table 1). Up to present-day perennial snow patches exist on the summits of these
mountains (aD white; date of the exposure: September 2). The landscape development and overall shaping of these mountains is an imnmsliatethenscandinavian fjells (in the Swedish and Norwegian Scandes), which concern old plain landscapes
formed by an at least Pleistocene inland ice, as well. (9) marks up to 6239 m high glaciated mountains. These are the aameamshotvn in Photo 151 (9} ) is the minimum surface height of the High Glacial (LGM = Stadium 0) inland ice, the
run-off of which followed the Gar Zangbo down to the Indus main valley to the NW (towards the middle of the panorama). (Rubie.M.
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— Photo 152. At ca. 4780 m (aneroid _H
measurement at high pressure: 4615 m asl)

looking from the transfluence pass (Figure 2 left

of No. 118; 10 km E from the viewpoint of Photo

151; 31°21N/80°386 E) facing SE (left margin)

via S up to W (right margin). (The twe on the

right) are fell-like mountain ridges or ‘glacially

streamlined hills' polished by the inland ice

forming the SE continuation of the mountains

shown in Photo 151 (towards the left margin). — e
Here — at a subtropical latitude — perennial snow = - |
patches are visible (abowein the centre) as well S :
as in Norway. They are located at heights abo
5400 m asl (ca. 600—-700 m above the viewpoint
(=~ large, on the left) is an abraded rock ridge i
the form of a very flat, broad roche moutonnég
which, as well as its environs, is covered b
ground moraine M). Decimetres- to metres-deep
microfluviatil rills are cut into its ground moraine
mantle @&). This ground moraine cover as well as
the moraine trains which occur on both ends of t
hills, i.e., in their flow shadow, put these forms i
a genetic relationship with drumlins (Figure 2
Nos. 118, 119). Erratic granite boulders 'swim' i
the ground moraine; they are rounded at the edg
and facetted@). Sedimentary bedrock occurs in
the underground. The sedimentological conditio
of the ground moraine matrix can be drawn fro
Figures 29 and 5 (diagram 02.09.96/1) )

indicates the minimum surface height of the Ice
Age inland ice sheet covering the relief, deduced
from the glaciogemorphology shown here. (Photo
M. Kuhle.)

+ Photo 153 From ca. 4640 m (aneroid measurement at— Photo 155At ca. 4380 m (aneroid measurement 4230 m asl) from
high pressure: 4490 m asl), ca. 5 km SE from the localitya viewpoint 13 km SE of the locality of Photo 154, looking across the
of Figure 29 and Photo 152, SE of the transfluence passonfluence area of the two source valleys of the Langquen-Zangbo
from the upper Gar Zangbo to the NW source branch of(Langchu Ho valley) and the valley chamber of the settlement of
the Langchu Ho valley (Figure 2, No. 118; 31°30" Menshih (Figure 2, No. 121; 31°1R/80°48 E). Direction: facing
N/80°38 30" E). Exposure on a fluvially undercut NW (left margin with the other source branch of the valley coming
moraine W) on the orographic right (SW) side of the down from the NW [0 black, on the left) where Photos 153 and 154
northwestern source branch of the Langchu Ho valley, 23have been taken) via N to NW (right margin). In this confluence area,
km up-valley of the settlement of Menshih (ONC in which the settlement of Menshih (left, just outside of the panorama
1:1 000 000 H-9). In its uppermost 2-4 m the moraine section) is situated on the riveA) in the thalweg, ca. 50 m-thick
material shows the characteristics of ablation morainelimnic, i.e., glaciolimnic sediments are exposétilack). They have
which, as a rule, shows a less dense and at the same tinbeen deposited in the late Late Glacial (Stadia Il and I1V), when an
coarser fine material matrix. In addition, a fluvial ice-dammed lake occupied the confluence area. This lake had been
(glaciofluvial) washing-out occurred in placesl)( (O) dammed-up by a remnant of a glacier- or inland ice complex, which
mark polymict boulders, so, e.g., far-travelled granite blocked the Langgen-Zangbo valley (Langchu Ho, i.e., Xiangquan
boulders O white). (Photo M. Kuhle.) He) (Figure 2, below No. 129 in the region of Toling). For its
sedimentation some hundreds, or at most a few thousands years, were
available. The glaciolimnic sedimentsl) cover the High Glacial to
early-Late Glacial ground moraines (Stadia Il, | and 0; Table 1) which
overlie the valley bottom. Marginally the ground morairnl} plunge
under the limnic sediments. In parts the main riva) @nd the
tributaries adjusted to its leveNM] have removed{ white), i.e.,
dissected [[(J) the limnic sediments.«) is a glacigenically abraded
triangular-shaped slope, developed from a back-polished ‘'truncated
spur', which has been polished earlier, i.e., for the last time during the
High Glacial (LGM). & — 0 ——) is the minimum surface height of
the High Glacial (LGM = Stadium 0) inland ice. (Photo M. Kuhle.)
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T Photo 154.Taken at ca. 4500 m (aneroid measurement at high pressure: 4355 m asl), 9 km SE from the viewpoint of Photo 153, from hie raghysage of the NW source branch of the Langgen-Zangbo

or Langchu Ho (valley) (12 km NW of the settlement of Menshih; Figure 2 between Nos. 118/119;31NWMB0°41 50" E), looking over the valley bottoni{white, centre). Direction: facing NNW (left margin)

via N up to NE (right margin). The SW-sloping valley is mainly covered by two types of accumulation. These are Late @ladizhhal end moraines of Stadium M)(as well as glaciofluvial gravel bodies of

Late Glacial meltwater activities of the Glacier Stadia Ill and V1 and 2) (cf. Table 1). The gravel fields of the glacier mouth sanders No. 1, which belong to the youngest Late Glacgihigmsitarns
(Stadium 1V), have been superimposed upon the older deposits of the High Glacial ground moraines (Stadium 0 = LGM) armlal&tedGteoraines of Stadium Ill, covering them over large pattsléck and

white; Figure 2, Nos. 118/119). No. 2 is a remnant of a glacier gravel floor (sander) of the somewhat older Late GlaciallS{adaiTable 1) on the base of which gravel floor No. 1 has been accumulated to a
thickness of ca. 9—15 m, so that only 5-7 m of No. 2 have remained above (2). During the Holocene the postglacial riveassgatdimehcurrent valley bottorml wvhite, centre) into the youngest Late Glacial
gravel floor (J 1). As a result this gravel floor terrace landform has been developgds ¢he present-day arm of the main river. The Tibetan nomads with their tents and the yak herd may serve to compare the
dimensions of the geomorphological landscape elements describesh¢ws exemplarily one of the S- to SW-exposed hanging valley heads and cirque backslopes from which the late Latea@ladi&lai®t

IV, Table 1) hanging glaciers flowed down to the valley bottom in the middlegrdirie); (=) are the glacigenically rounded mountain ridges and valley flank slopes, which at the same time are back-polished
mountain spurs (‘truncated spurs'). During the High Glacial (Stadium 0 = LGM) they have been formed by the ground- an&fiegkfplbowing the valley axis of the relief-covering inland ice.~ 0) is the
minimum surface level of the inland ice derived from the geomorphology of the mountain land. (Photo M. Kuhle.)

M. Kuhle
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— Photo 156.At ca. 4600 m (aneroid measurement at high pressure 4455 m
asl), 15 km W from the viewpoint of Photo 155 (Figure 2, No. 128; 31£08
N/80°558 40" E) facing NNE (left margin) up to E (right margin) looking at the
orographic right flank of the large valley or excavation area NW of the Langa
Co and Mapam Yumco or Manasarowa. This valley falls away to the NW (left)
and forms the orographic left source branch of the Langquen-Zangbo (cf.,
Figure 2, No. 122 to below 1198} are the local Late Glacial (Stadium 11—V,
Table 1) end moraines shown in Figure 2 at No. 128, transported by local SW-
exposed valley glaciers from the short, steep hanging valleys or from larger
trough valleys ©) and deposited below cirques, i.e., short trough valley heads
(O). (@) marks the ground moraine on the main valley bottom, which ’
simultaneously, i.e., during the Late Glacial, has been washed and reworked by . B - A
the glaciofluvial meltwaters and covered by gravel floors (sanders). First the
glaciers described here and flowing down from the tributary valleys, havesss
accumulated the gravel floor plainll outside and then — after the back-melting
— also inside the tongue basins which now were free of glaciers. Thus, on
base, the end morainel) have been buried by the rising sander gravels. T
in parts up to metre-sized granite boulde®) (are washed-out moraine [
boulders. Owing to the meltwater, which emerged from the glacier mouths fORSSEE
those Late Glacial tributary glaciers concentrated into a 'high energy flow', thjlig
might have been transported over a distance from several hundred metres toS&x
kilometres. Corresponding to the late Late Glacial glacier retreat, the meltwateri.s
streams have cut into the glaciofluvial gravel floor sediments up to a depthlgf
over 10 m {). The still glaciated summits of the mountain chain in the®
background, reaching up to a height of 6100 m, are hidden by cldydsarks |
a massif, the actual glacier feeding area of which is visible (despite the cloud
(= black) are orographical right glacial flank abrasions originating from théggs-
time, when the entire excavation area was filled with a large Ice Age glacies -
flowing down from right to left (from Stadium 0 = LGM to ca. Stadium |; see * S o= 2%
Table 1). £ —) is the minimum surface height of the High Glacial (LGM) inland & "
ice probable according to the classically rounded mountain rideyesh(te). -l;F"'
e

e

il
i
(Photo M. Kuhle.) [ e
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+ Photo 157.Taken from ca. 4590 m (aneroid measurement at high pressure 4445 m asl), ca. 14 km up-valley, i.e., SE from the viewgtoirit5é Ph
(Figure 2, No. 122; 31°030" N/81°03 E), facing SW (left margin) via W and N (centre) up to E (right margin). The 20 km-broad excavation area which
belongs to the uppermost orographical left (SE) catchment area of the Langquen-Zangbo, is showr-hé&¢h¢ minimum surface height of the glacial
inland ice (Stadium 0, Table 1), i.e., the mountain ridges have been polished by the ice, in places causing very headlyonmsni). The trough forms
(O) of the larger cross-valleys (antecedent transverse valleys) partly preserved in a classically-geomorphological clewigdesvjgence for a heavier
High- to early-Late Glacial (Stadia 0-Il; Table 1) ice flo@)(is one of the cirque-like hollow moulds, frequently preserved on this SW slope. During the
late-Late Glacial (Stadia IlI-1V; Table 1) glaciers flowed down from these hollow moulds as well as from the adjacenndlémes the trough valleys
(O) as far as into the middleground, depositing end moraillledl) at about 4650 m asl. Between these two end moraine complxcl)(the glacier
I tongue end with the glacier mouth was located. The meltwater stream having its source there, has undercut and remowettrgadkrobraine lying
immediately in front of the tongue basin, and has shifted its material as a gravel floor into the further glacier forefiehe (high energy flow' of the
meltwater has accumulated sander ridges (on both sidésright) with partly metre-long boulder$ { white). (A) are 2-5 m-high gravel floor terraces,
developed by slight cutting-processes of the meltwaik).i¢ an alluvial- and mudflow fan, laid over Late Glacial (Stadium IlI-IV) ground moraine. It
consists of displaced moraine- and youngest gravel floor material (sander material) which has been deposited from theattdyutargting above.l (
black) is an over 6000 m-high massif, currently still glaciated. (Photo M. Kuhle.)

1 Photo 159Taken from ca. 4700 m (aneroid measurement at high pressure: 4550 m asl), 4 km SE from the viewpoint of Photo 158 (fwgeredse 122/123; 31°001/80°0920" E) towards the ENE (left
margin) via E up to SE (right margin), looking across the southern foreland of the Kangrinbogé-Feng chain (Kailash cbhthg glacigenically-polished, rounded hills and slopes marked witlaie covered

by a similar ground moraindl background) as it is shown more detailed in the foregrom)d (*) marks — as one example of numerous flat incisions in the vicinity — microfluvial rills inset from the Holocene
until today. Here, the small-scale down-flowing precipitation water has cut decimetres- to few metres-deep into the longeshghtly resistant material of the ground morainé&/) éhow flat spring pits,
developed by processes of saturation in the moraine material below the exit of the spring water. Saturation flows sudrea®spesally favoured by the great soaking capacity of the ground moraine matrix
and the related swelling ability—(— 0 — —) is the glacio-geomorphogically deduced minimum surface height of the Ice Age (Stadium 0 = LGM) inland ice, which hasaiplettlg covered the relief. Only

the high summitsl§, undercut at their margins by the glacigenic lateral erosion of the inland ice and thus sharpened to a glacial horabtowedterlinland ice level. This concerns the over 5700 m-high mountains
() which are still glaciated. (Photo M.Kuhle.)
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+— Photo 158.Taken from ca. 4680 m (aneroid measurement at high pressure 4535 m asl), 7 km SE from the viewpoint of
Photo 157, about 21 km NW of the Langa Co (31301N/81°07E; Figure 2 on the right above No. 122), looking towards

the SW (left margin) via N (centre) to E (right margin) across a ground moraine Wivith decimetres-long erratic granite
boulders (). (=) mark round-polished glacigenic triangular-shaped slopes and back-polished mountain spurs (‘truncated
spurs') as well as an almost perfectly-rounded roche moutomnéhife, left). The latter is covered with an ground moraine
overlay (@ black on the left), into which microfluvial rills¥) have been incised by the rainwater running down from above.
The much flatter roches moutonnées in the middleground are also mantled by a ground moraiili ldhektand white at

the back in the middle and half-right}- £ 0 — —) is the geomorphologically reconstructed minimum surface height of the

Ice Age inland ice (LGM = Stadium 0; see Table 1), which must have been at least 1000 m-thicK fetbe (position of

an over 6000m-high glaciated massif of the at maximum 6660 m-high Kangrinbogé Feng- or Kailash-chain. (Photo M.
Kuhle.)

1 Photo 161.Taken from ca. 4575 m (aneroid measurement at high pressure: 4430 m asl), 3 km SE from the viewpoint of
Photo 160 (Figure 2 halfway between Nos. 122/123; 36%™IN/81°2630" E) facing ENE (left margin) via S with the

Gurla Mandhata (1, left of the centre) and WSW (the mountains lie right of the centre) up to NW (right margin) with the
Kangrinbogé (Kailash) (2).l) are ground moraine- and ablation moraine sheets on glacigenically round-polished mountain
slopes #) and roches moutonnées)(in the background as well as on the valley bottoms, i.e., lowest plains of the Tibetan
plateau in the foregrounddj shows drift-cover-sand, i.e., ablation moraine (‘ablation till') (developed from out-melted
internal moraine), which in the postglacial period has been subaerially washed by sheet floods and therefore presents an
accumulation of pebbles as denudation pavementAj is an orographical left lateral moraine terrace and kame form
developed by a side valley glacier flowing down from the N. During the Late Glacial (Stadium Ill; cf. Table 1) this tributary
glacier emerged from the side valley (lIl), diverging hammerhead-like in the mountain foreland below the side valley exit.
(0 ——, ——) indicates the minimum surface height of the High Glacial inland ice (LGM = Stadium 0). The 6660 m-high
Kangrinbogé (Kailash) (2) pierced the inland ice surface and towered a few hundred metres above. (Photo M. Kuhle.)
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i, «~ Photo 160At ca. 4580 m (aneroid measurement 4435 m asl), 28 km SE
of the viewpoint of Photo 159 (Figure 2 between Nos. 122/123; 30°53
N/81°2430" E), facing W (left margin) via NW up to NNW (right
margin), looking across the SSW foreland of the Kangrinbogé-Feng chain
(Kailash chain). This is the decakilometres-broad pldif) petween
Kangrinbogé or Kailash in the N, and Gurla Mandhata in the S (Figure 2,
between Nos. 127 and 126)J)X shows a glaciofluvial gravel floor
(sander) which has been seasonally increasingly reworked by snow- and
glacier meltwater since the late-Late Glacial glacier retreat (since ca.
Stadia IlI-1V; see Table 1) through to the present time. Its gravels are
shifted and tranported by anastomising streamlefsand — during high
water in summer — in the manner of 'braided rivers'. The material primarily
available for this process were the uppermost overlays of ground moraine,
i.e., ablation moraine or drift-cover-sand, still existing in the underlying
bed of these covering gravel floor§l) (A) is a flat fan form, the
underlying bed of which consists of ground- and ablation moraine of a
Late Glacial tributary glacier, filling the side valley below the
Kangrinbogé (Kailash) (W of the settlement of Dartschen; the valley leads
towards the NNE, up to the over 5500 m-high Doelma La (pass)). The
surface of the fan is built-up from glaciofluvial gravel floor (sander
material). @) mark the zone where the ablation- and ground moraine
cover as well as the drift-cover-sand on the slopes emerges to the actual
surface, that is on those mountain slopes on which glaciofluvial gravel
covers naturally are absent. These glacial sheets of loose material lie on
the glacigenically-rounded orographical right flanks) (of the upper
Langgen-Zanbgo valley()) is a S-exposed cirque-like hollow mould still
glaciated in the late-Late Glacial (Stadia IlI-1V). During the High Glacial
(LGM = Stadium 0) the relief-covering inland ice attained a minimum
surface height approximately indicated at{8-). (Photo M. Kuhle.)

T Photo 164 .Taken at ca. 4800 m (aneroid measurement at high pressure: 4620 m asl), 9.5 km SW from the viewpoint of Photo 162 (Fidi#® Retdeen the lakes Langa Co and Mapam Yumco = Manasarowa or Mafamut Thso according to ONC
1:1 000 000 H-9; locality: 30°48\/81°22 E) facing NW (left margin) via E and SSE (centre, towards the Manasarowa lake) via SSW (1 = Gurla Mandhata) up to WNW (rightTimanrgiewpoint is on a ground-, medial- and end moraine complex
which, compared with its environs, is at least 170—-225 m higher. It consists of separate hills which are several km agzeott fstdirer M in the fore- and middle ground)Jj is the Manasarowa lake dammed-up in a Late Glacial tongue basin; a further
Late Glacial tongue basin lake is the west-adjacent Langa Co (located behind the moraine ridges indicated by the BWysirthreeniiddleground, seen from the right margin of the panorama)}) (ndicates the minimum surface height of the High
Glacial (LGM = Stadium 0) inland ice; the summits of Kangrinbogé Feng (2) (=Kailash, 6660 m-high; cf. Photos 163/165) akta@ilnéda (1) (7739 m; cf. Photo 166) towered above it. From these mountains local valley glacier streams flowed down
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— Photo 162.At ca. 4575 m (aneroid measurement 4430 m
asl), 1 km W from the viewpoint of Photo 161 (Figure 2
between Nos. 122/123) taken towards the WNW (left margi
via NW (I) up to NE (right margin) across the SSW slope of t
Kangrinbogé (Kailash-) chain) are the ablation moraines
with their glacial drift-cover-sands and -silts primaril
preserved in the underlying bed. Their surface has first b
glaciofluvially washed and then — during the Holocene until
the present time — by the precipitation water as wel). dre
round-polished glacigenic triangular-shaped slopes developed

from back-polished mountain spurs between the side valley i
mouths. They are covered with ground moraine material (the ’
two white B in the centre). M Ill) is an orographic left-hand
lateral moraine of a Late Glacial (Stadium IlI, Table 1) side
valley glacier tongue, which has left the side valley and sprg
hammer-head-like in the foreland (cf. Photo ¥61ll). (A) are
glaciofluvial gravel floor fans deposited through these sid€ =25
valley exits since the retreat of the side valley glacier tongu
They can be described as cone sanders—)(is the minimum
surface height of the High Glacial (LGM) inland ice which
with the exception of the several hundred metres hig
Kangrinbogé K; the 6660 m-high summit is hidden by clouds|
has completely covered the reliel plack) are end moraine
deposits of tributary glaciers which are shown more exactly 5
Photo 163. (Photo M. Kuhle.)

to the inland ice mass - especially from the4#Dkm extended Gurla Mandhata massif with its several summits. During the early Late Glacial (Stadia | and Il, Tableabdtieeihbs melted down and transformed into an ice stream network. Later,
during the middle- to late-Late Glacial (Stadium Ill) it has been resolved into separate foreland glaciers flowing dowa fangtinbogé Feng-chain and the Gurla Mandhata-massif. These piedmont glaciers which were adjusted from the mountains
down to the plateau, have scoured the tongue basins of the Manasarowa)laletween the end moraine ridges (the Wdl in the centre) and Langa Co (lake) W of the end moraine ridlds$l ©n the right) into the High- to early-Late Glacial ground-

and ablation moraine coverd (1) is the ablation moraine surface, i.e., the overlay of drift-cover-sand which, with the back-melting of the ice streaknaie@tealium Il and the complete deglaciation, has been sedimentated on this ground moraine ridge.
For the condition of this ablation moraine see Figure 29 and Figure 5, diagram 028Pdge ¢ock slopes and hills round-polished by the glacier ice, in many places covered with metre-thick ground moraine.KBhigtd M
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— Photo 165Detail of the panorama shown in Photo 164, taken from the same perspective. Direction: facing NNW

to the SSW-slope of the Kangrinboqé- or Kailash-chain. The 6660 m-high summit is its highest mountain (2), rising
ca. 800 m above the present-day ELR I{, foreground) marks the ablation moraine, i.e., the drift-cover-sand
(between Mapam Yumco and Langa Co; Figure 2, No. 125; see Photl 164 sedimentated by deglaciation

during the Late Glacial Stadium Il (see Table B.white) is the High Glacial (LGM = Stadium 0) ground moraine

plain the surface of which during the Late Glacial to Holocene up to the present time has been glaciofluvially and
fluvially washed and at some places has also been buried by grddlkmck in the background) are High Glacial

ground moraine remnants which remained on the slopes and so are without a gravel cover. These are accumulations
which are not to be mistaken as local Late Glacial end moraines — upthrust by valley glaciers of the Kangrinbogé
chain —, because they are not located in the valley exits but in a spur-position on the slopes falling away to the
mountain forelandl® black in the background)=) are High Glacial flank roundings and glacigenic triangular-
shaped slopes (truncated spurs) at many places also mantled with a decimetres- to metres-thick ground moraine
sheet. £ —) marks the minimum surface height of the inland ice (LGM = Stadium 0). Several of the lower summits
and crests have been sharpened later, i.e., after the deglaciation of the inland ice, by Late Glacial cirque glaciers in
the cirque depression®j]. (Photo M.Kuhle.)

230 M. Kuhle

+ Photo 163A section of the SSW slope of the 6660 m-high Kangrinboqgé (2 = Kailash) (shown in Photo 162
from approx. the same direction), built up from flatly-lying, very coarse conglomerate with large gravels
(Figure 2 between No0s.125/127). In this exposition its summit superstructure is covered with flank ice up to a
height of 5600 m asl. Below — but not visible from this perspective — a glacier tongue flows down half-right
from the summit. M black, centre and 1V) is an end moraine system (also shown in Pholl 1#&ck in the
background) which has been upthrust by a side glacier from the glacigenic trough @gll&ybglongs to the
late-Late Glacial (Stadium 1V; see Table 1M {hite) is the ground moraine plain of the mountain foreland
overlain by earlier Late Glacial (probably Stadium Il) drift-cover-sands and ablation more)nghdqw rock
roundings and smoothings created by glacier ground- and flank polishings during the High- to early-Late
Glacial (Stadia 0-1), on which ground moraine remnal$lack, right) in some places can still be observed.

On the steep rock slopes the prehistoric smoothing is covered by a veil of residual debris which has been
developed in situ (abovey) during the postglacial period. The postglacial precipitation water has eroded
flushing rills of a maximum depth of 2-3 n7'}j into the outer slopes of the end moraines—{ is the
minimum surface height of the LGM inland ice (Stadium 0). (Photo M. Kuhle.)
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+ Photo 166.Taken at ca. 4757 m (aneroid measurement at high pressure: 4480 m asl) from the NW shore of the Mapam Yumco,
i.e., Manasarowa lake. According to the ONC map 1:1 000 000 H-9 the lake level runs at 4727 m asl (= 15,510 feet). Loc&llity: 30°4
N/ 81°22E; direction: NE. [0) is the limnically reshaped ground moraine plain, washed out by the surf of the lake. The lake basin
is a late-Late Glacial (Stadium Ill, Table 1) tongue basin into which the late-Late Glacial to postglacial moraine lakr fiksthe

It has a NS-extent of 25 km and a WE-extent of 20 km. In this bay its waves were able not only to erode the High- to bhte Glaci
(Stadium 0 to Stadium Ill) ground morainil fight), but also to develop a shore platform with a gravel cover derived from the
moraine, which near to the water line has been accumulated to a lake shore rahgrathé left). Where the end moraine ridges

and -hills of Stadium Il M IIl) fall away to the lake, the shore line has underwashed the moraine, developing a cliffed coast in it
(A on the left) (Figure 2, No. 125)V() are washing-rills, which in a typical manner have been eroded by the rainwater into the loose
rock surface of the moraineli(black) shows a ground moraine-mantled hill, the moraine cover of which has also been undercut by
the lake shore4 on the right). £ — and— — 0) is the minimum surface height of the High Glacial (LGM = Stadium 0) inland ice
reconstructed with the help of the relief roundings and moraine overfays0) marks at the same time the approximate thickness

of the ice transfluence over the relief saddle, i.e., a transfluence f2gss.dne of the cirque forms lined up side by side and flatly

set into the summit located to the N, which have been scoured by hanging glaciers since the early-Late Glacial (Stadéeufr) 1, Tabl
after the inland ice level has dropped under their level. (Photo M. Kuhle.)

1l Photo 167.From approximately the same viewpoint (shifted 50 m to the S) as in Photo 166, looking to the SE with the lake
Mampa Yumco, i.e., Manasarow@) at 4727 m, via Sl white, left of the centre) up to W (right margin). On the very right in the
foreground the walls of a monastery are visible, constructed from sedimentary BdKkY.i¢§ late-Late Glacial (Stadium lll, see

Table 1) ground moraine, into which old (subrecent, probably historic) shore lines with a few decimetres-high lake shase rampar
(v) have been worked. M ) is the postglacial course of a stream, developed after deglaciation, which has been eroded into
approximately the same ground moraine cov@).harks a cattle kraal of yak semi-nomads, made up from air-dried ground moraine
bricks. @) shows hills of sedimentary bedrock which are abraded and polished by the inland ice. This rock took on the form of a
cliff through subglacial undercutting in a meltwater tunrie).(ll H) are High- to Late Glacial ground moraine sheets. During the
thawing-out of the ice (late Stadium IlIl), the glacier meltwater has worked horizontal lineaments into them, shaped likeviglacio
erosion ledges\(). Up to now it cannot be ruled out that these are traces of late-Late Glacial (Stadium IV, see Table 1) lake level
positions lying ca. 18—-30 m above the current lake level)(points to the minimum surface height of the High Glacial (Stadium

0 = LGM) inland ice. (Photo M. Kuhle.)
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+ Photo 169.At ca. 4630 m (aneroid measurement 4500 m asl) from a . S 4
viewpoint 5 km further to the NW than that of Photo 168 (31302

N/81°0850" E) also looking to the S in the direction of the Gurla Mandhata (1;

Figure 2, No. 126). black andll lll- 1V) is an end moraine (an end moraine

outer slope) of the late-Late Glacial Stadia IlI-1V (see Table 1) bearing large

metre-long boulders(), which has been deposited through the valley coming

down from W of the Kangrinbogé leading to the S (Figure 2 between Nos. 1

122/123:11-1V; see Photo 170)l middleground, centre) are the High- to Late - ——

Glacial ground- and ablation moraines as well as drift-cover-sands (LGM
Stadium 0 to Stadium Ill) in the environs of the late-Late Glacial tongue basi
lake Langa Co[{). (/) show stadial end moraines of the late-Late Glacial
Stadium IlI, upthrust from the S by a piedmont glacier of the Gurla Mandhat
(1) over the round-polished mountain ridge ¢entre). @ in the background
on the right and left) are late-Late Glacial moraine accumulations ang®
dislocated material in the form of mudflow fans on the mountain foot and in thg
foreland of the U-valley exits{) of the Gurla Mandhata massif. The shifting
of the moraines and the build-up of the mudflows has been caused - and s
is - by the meltwaters of the glaciers which still are 7 km-lobx). rarks an
early-Late Glacial moraine remnant at a height of 5700 m (probably Stadi
I-I1). (= W) are triangular-shaped slopes (‘truncated spurs') back-polished or
least smoothed by the High Glacial (LGM) inland ice (Figure 2, No. 126). (

reconstructed with geomorphological methods. (Photo M. Kuhle.)

$. +~— Photo 168.At ca. 4600 m, view from the settlement of Dartschen on the SSW-foot of the
Kangrinbogé Feng (Kailash-)chain (31°0N/81°11E; centre of Figure 2 between Nos. 122, 123, 127)
facing S to the Gurla Mandhata (1=7739 m; Figure 2, No. 126). From the fore- to middleground
‘ extends the here 54 km-broad S Tibetan plateau area, where the lakes Mapam Yumco (Manasarowa
--“_ - lake; see Photos 164, 166, 167) and Langa Co (light stripe IRIbixV) are located. The plateau is
e I covered over large parts by High- (Stadium 0 = LGM) to early-Late Glacial (Stadium | and II; see
m . Table 1) ground moraine and an overlay of ablation moraine, i.e., drift-cover#n@®(right) is a
1 mountain ridge of slightly metamorphosed sedimentary rock, rounded by the inland ice, also covered
with glacigenic sediments of such soM)( The upper, youngest cover of moraine accumulation,
formed by garland-like bulges and ramparts, has been laid down after the melting of the inland ice by
a late-Late Glacial (Stadia Ill-IV, cf. Table 1) piedmont-glacErl((—I1V) flowing down from the S,
i.e., from the Gurla Mandhata massif. This foreland glacier overflowed the roche moutenmnglet)
from the S, overlapping it by a number of flat glacier tongues lined up side by side. Their tongue forms
can approximately be reconstructed with the help of those ground- and end moraine bulges and
-ramparts Bl 11I-1V). Of course, postglacial reshapings by solifluction covers over permafrost had a
modifying and blurring effect as well, but also as a convergence phenomehpard microfluvial
rills eroded by recent precipitation water, as they are typical of sloping prehistoric moraine plins. (
is one of the still glaciated U-valleys leading to the N, from which the late-Late Glacial piedmont
glacier substreams — which coalesced in the foreland — had flowed déywaré¢ medial- and lateral
moraine remnants developed during Stadium IV (IV) which have been fluvially modified during the
postglacial period.A) show glaciofluvial mudflow fans built up from the late-Late Glacial up to the
present time (Stadia IV to XllI; Table 1). They consist mainly of late-Late Glacial moraine material
which has been washed by the meltwater, reshaped and dislocaYexdte (dislocated late-Late Glacial
(Stadium IV) metre-sized moraine boulders as well, laid down in a fan form on the SSW margin of the
Kangrinbogé massif. The twe] on the left are typical glacially triangular-shaped slopes (‘truncated
spurs’; Figure 2, No. 126)——) marks the minimum surface height of the High Glacial (LGM) inland
ice, above which the Gurla Mandhata main peak (1) has towered ca. 1800 m. (Photo M. Kuhle.)
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T Photo 170At ca. 4700 m (aneroid measurement: 4575 m asl), taken in the foreland and at the exit of the valley (in the following
named ‘Kailash-NW-valley’) which, — directly NW of the Kangrinbogé Feng (Kailash) — , leads down from the NNE from the
southernmost mountain chain of the Gangdise Shan (Figure 2 No. 127) to the SWH31RI81°0830" E). Direction: facing S

(1 = Gurla Mandhata; cf. Figure 2, No. 126) via W (centre of the panorama) and NNE, up the "Kailash-NW-zz)lap"té NE

to the lower SW-exposed slopes of the Kailash (Kangrinbogé) (right marBinyh{te) are end moraines of the last-Late Glacial
glacier position, i.e., Stadium IV (see Table 1), which have been thrust from the ‘Kailash-NW-val)ep the SW as far as into

the mountain foreland. The moraine ramparts are made up from up to metre-long polymict boulders of clay schist, silt- and
sandstone, granite as well as from a Kailash-conglomerate containing fist-sized gravel components of a multifarious petrography
(O) and a pelitic ground mass. Despite their comparatively young age of ca. 13-14 Ka, several of these round-edged to rounded
boulders are split by central radial cracks owing to a weathering inGitiglt of the centre).l black on the right) is the most
up-valley and thus youngest stadial remnant of dumped end moraine of this late-Late Glacial Stadium IV. It is adjusted to the
glaciofluvially washed ground moraine plainl) on the bottom of the older Stadial of Stadium IV (accompanying ice miikgin

IV). (XN) is moraine which has been undercut by the actual meltwater river and exposed (below is ground moraine, overlain by
ablation moraine as a variant of a dumped end morail)eft, black, in the background) is an older Late- to High Glacial
(Stadium 111-0) ground- and later lateral moraine complex, the development of which is part of the thawing-out of the overall
glaciation of the mountain foreland, i.e., of these lowest plateau areas of S #il®}t.are mountain ridges rounded by the High
Glacial to early-Late Glacial inland ice (Stadia 0-l); this glacigenic rounding occurs on the flanks of the ‘Kailash NWhvalley’
flatly-lying Kailash-conglomerates (see above) in a structure-dependent steppeaf@rmght half of the panorama)) is the

High- to Late Glacial classic trough form of the ‘Kailash NW-valley* ~)indicates the minimum surface height of the inland ice
during the LGM. (Photo M. Kuhle.)

T Photo 172 At ca. 4790 m (aneroid measurement 4635 m asl), 0.7 km up-valley from the viewpoint of Photo 17203N081°1150" E) looking into the orographic right flank of the ‘Kailash NW-valley’ towards the NW (centre of the panorama).
(=) marks the almost completely preserved flank smoothings up to the levekdf, (.e., up to the Late Glacial glacier surface level of Stadium I. During the High Glacial (Stadium 0 = LGM) the minimaoa keifiht (which cannot be recognized from
here, but has been reconstructed with the help of the upper polish line on the orographic left (opposite) valley flank)higheev@bout ca. 400-500 m), namely above the rock knobs and spur pealjsAbove  —I) the surfaces of the rock faces

are markedly rougher, i.e., more heavily destroyed by weathering and crumbling, so that a glacigenic flank polishincaidynidealifiable. Below —I) the same bedrock of coarse-bedded and -grained ‘Kailash conglomerate’is preserved in a glacially
rounded form which obviously contrasts to the one abevel). This can be deduced from the rounded edges of pre- or subglacial crumBlings-) marks sharp gorge-like ravines or gullies. Since deglaciation of the main valley (‘Kailash NW-valley’)
they have been incised by the meltwater of the cirques, which between the Late Glacial Stadia Il and IV up to the Holoeeis gkmig¢r Stadia V to VII were still glaciated (with regard to the ELA see in detail Table 1). Even today perennial snow
patches ¥) do exist in these cirques, so that the gorgesH{ave been further deepened.) (are the gravel floor cones accumulated from both gorges, consisting of dislocated and washed moraine material frons.ti@)dsqreund moraine, pressed

by the main valley glacier as far as beneath the partly even overhanging and scoured cale@ds.«8) shows the gravel floor which the glacier meltwaters since deglaciation of the valley bottom after the late-lzt8t&daon IV have successively
deposited in the valley receptacle during Stadia V to XlI (neoglacial to historic). Accordingly, it belongs to the glaciegnaeitioor (sander) Stadia —0 to —8 (see Table 1). (Photo M. Kuhle.)



Reconstruction of an approximately complete Quaternary Tibetan inland glaciation 237 238 M. Kuhle

+ Photo 173At ca. 4800 m (aneroid measurement 4650 m asl) from approximately the same viewpoint as in Photo 172, looking to theeS¥adgtapghic left flank of

the ‘Kailash NW-valley’. @) indicates the nearly horizontal trough wall, polished by the Late Glacial valley glacier as well as by the inland ice) thieiaip line is
convex and consists of coarse Kailash conglomeratg nfark the direction of the polishing which accidentally took place in the direction of the edges of the strata of the
conglomerate. Since deglaciation the polished rock surfaces are already broken down over largk)paesky the edges of the breakages. This breaking-off took place
scale-like and concordantly to the prehistoric glacier polishings. Thus, even after the breakages, the softly-rounded {kdigeamm has remained—() point to two
meltwater gorges, cut vertically to the polish surface into the valley flankis(the NW-exposed cirque from which the glacier- and then the snow meltwater has flowed
down from the late-Late Glacial (Stadium 1V) up to the early- Neoglacial (Stadium V; cf. Table 1) as far as reetaftlyshows the focussed stream of a waterfall) ic

the related actual, temporary stream bed and at the same time a mudflow. Presently the water of the waterfall seeps evoayTdre issream bed, i.e., the mudflow has
been developed on a moraine core existing in the underlying Wedhite) is the ground- and lateral moraine material of the Late Glacial valley glacier (Stadia Il1-IV),
which during the Neoglacial has been surficially-washed and removed with the mudflewly.was an early-Late Glacial glacier level of Stadium I, which has undercut
the higher summit walls. During the Holocene (Stadium 0 = LGM) these summits were covered by the inland ice—asQye{Pfoto M. Kuhle.)
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+— Photo 171.Taken from ca. 4770 m (aneroid measurement 4620 m asl) from the right flank of the ‘Kailash NW-
valley’ (Figure 2 between Nos. 125 and 127), ca. 6 km up-valley from the viewpoint of Photo 170'481°04
N/81°1120" E). Direction: looking from facing SW down-valley (left margin) via NW into the orographic right valley
flank (centre) up to NE (right margin) up-valley. The lower slope areas are covered with Late Glacial ground moraine
(W) upon which local debris from the valley flanks has been deposited since deglaciatioBoth the moraine
surfaces M), as well as those overlying debris bodies, are built-up from large portions of coarse bdvl@grag(they

are typical of the relief energy of this steep high mountains. The up to metre-long boulders (to compare the size see the
yak caravan on the very left) consist of local ‘Kailash conglomerate’ outcropping on the two valley flanks visible, but
also from granite components transported over a distance of at least 17 km from the NE source area of this trough
valley (@). Not only the classic trough valley cross-profitg)( but also the High- to Late Glacial (Stadia O-1lI; see
Table 1) glacigenic flank polishing”(®%) can clearly be recognized on the rock surfaces of coarse conglomerate. The
but thin valley glacier filling of the late-Late Glacial Stadium IV could only abrade the lowest rock surfaces, which are
currently covered with loose material over large parts, so that these rock smoothings are not venNfjabla.typical
crumbling on which the structure-independent glacial polishing — since deglaciation without abutment — has vanished
because of cleft-controlled rock falls. This crumbling process is accelerated by the characteristic effect of flank
polishing which oversteepens the lower slope of the trough valtdyale mudflow cones and -fans of glaciofluvially
displaced moraine material from hanging valleys and cirqgugstlie glaciation of which persisted because of their
height. Up to now they are built-up by snow meltwaters and deposited in the Ice Age traugh. t6 —8) are
glaciofluvial gravel floors, i.e., valley bottom accumulations which are still in the process of development. Since the
neoglacial (Holocene) Stadium V they have been acculumated by the meltwater of the glaciers which successively
retreated well into the historic time (historical Stadia VII-XI) (see Table 1). They are composed of sands, pebbles and
gravels. £ —) indicates the minimum surface height of the inland ice (LGM = Stadium 0) which completely covered
the relief visible here. (Photo M. Kuhle.)
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1 Photo 174.Taken at ca. 5230 m (aneroid measurement at high pressure: 5070 m asl) from the tongue of the
Kailash-NE-glacier (31°0@0" N/81°1620" E) in the highest valley source area of the S Gangdise Shan
(Kangrinbogé Feng-group; Figure 2 in the middle between Nos. 120/Mgis the ice of the glacier tongue,
mantled by a thin nightly cover of freshly-fallen snow. The tongue is dissected into up to 10 m-high ice
pyramids. These ablation forms resulting from the subtropical insolation alternate with ice faces overlain by
debris of surface moraineQj is the valley head below the 6660 (or 6656) m-high Kangrinbogé (Kailash) (2),
where the over 3 km-long valley glacier sets ii.Klack) is a complete cover of medial- or lateral moraine
(with some fresh snow), lying on an orographic left-hand, marginally active glacier compdllemhité,

large) is lateral moraine on marginal dead ice, i.e., ice without an actual glacier movement and contact with
the current glacier feeding area. Up-valley its surface passes into the inner slope of the lateral BafHine (

X) of the historical Stadia VII- X. (X white) is the relevant end moraine remnant with an age of ca. 180-76
years (= 30 before 1950) (cf. Photo 175; see Table 1). The upper crest of this lateral moraine belongs to
moraine @ VII). (O -7) is the glacier mouth gravel floor of Stadium Xl, created between ca. 1920 and 1950.

It continues under the ice cover of the stream (-7) as far as the glacieBel).ié a representative late-

Late Glacial ground moraine filling (Table 1) of the 5000 m-high trough valleys (v) are ground-, i.e.,

lateral moraine ledges of the main valley crossing from right to left. They also belong to Stadiumh &ve (
glacigenic roundings of the High- to early-Late Glacial inland ice cover (Stadium 0-1), preserved in a
just punctiform manner. Still rarer are correspondingly old, high-lying moraine remrlinishi(e, small).

(— —0— —) is the minimum surface height of the maximum inland ice cover (0 = LGM). (Photo M. Kuhle.)
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+ Photo 175.Taken at a height of ca. 5100 m (aneroid measurement 4970 m asl) from the valley
bottom of the ‘Kailash-NE valley’ (viewpoint: Photo 174 behind (X) white; 31N¥/B1°17 E)
towards the SW looking up-valley to the Kailash-NE glacier. (2) is the 6660 m-high Kangrinbogé
Feng (Kailash).-€ —) indicates the High Glacial (LGM) minimum surface height of the inland ice,
which the Kailash-summit (2) has pierced by several hundred mewea®) are remnants of High- to

Late Glacial (Stadium 0 to Il or Ill) glacigenic flank polishings which here, i.e., in the vicinity of the
actual glaciation, are in particular sparsely presern) afe steep ground moraine slopedl \{ll)

is ground moraine which belongs to the orographic left historical lateral moraine of the ‘younger
Dhaulagiri Stadium VII’ (cf. Table 1). (VIII-X) marks the inner slope of a lateral moraine of the ca.
400-76 years old ‘younger Dhaulagiri Stadia VIII, IX and X'. Thus, it belongs to the ‘Little Ice Age’.
(V) is the upper margin of this moraine generation, which has been placed in apposition to the older
ground moraine W VII). (X) is the outer slope of a frontal moraine remnant of Stadium X, which
was about 180-76 years agd)(show dead ice complexes on both sides of the active recent glacier
tongue, covered by surface moraing.njarks a supraglacial meltwater stream on the glacier tongue
end, which points to its lack of crevasses and runs in a gully between two of its substiéaina (
small, ca. 1-3 m-thick gravel floor (sander) of the historical stage, spread by the meltwater over the
ground moraine on the valley botton®)(are angular rock boulders, which have moved down from
the orographic right valley flank since this valley cross profile has been deglaciated. (Photo M.
Kuhle.)
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+~ Photo 176.At ca. 5150-5200 m (aneroid measurement 5030 m asl) from the exit of the
‘Kailash-N-valley’ (Figure 2 below No 127; 31°Q0" N/81°1550" E), taken from facing S (left
margin) to the N-face of the Kangrinbogé (Kailash; 6660 m) (2) via NW (centre) up to the NE
(right margin). (X) is the outer slope of the end moraine rampart, which has been classified as
belonging to the ‘younger Dhaulagiri Stadium X' (see Table 1) of the Kailash-N-glacier.
Accordingly it belongs to the ‘Little Ice Age’A) are debris cones which, since the deglaciation

of this valley cross-profile formed by the lateral moraine X, have been deposited into the
orographic left lateral valley. As can be clearly observed in the foreground, substantial portions
of the older, mostly neoglacial (see Table 1) moraine sheets in the area of the side valley inflow
into the main valley, consist of up to several metres-long, mainly angular granite boulders (block
volume > 50%) @). This is local moraine from the adjacent rock slofe=j. (H) indicate Late
Glacial ground moraine remnants on the valley flanks, which contrast markedly with those
moraine materials through important proportions of fine material matkixate mudflow cones
which have removed the Late Glacial ground moraine, rich in fine material. They emerge from
flat, funnel-shaped, cirque-like form®) which, during the late-Late Glacial (Stadium V), still
contained cirque glaciers and in the Neoglacial (Stadia V-"VII) had névé patches, surviving far
into the year. Today they hold important masses of winter-snow. The resulting meltwater supply
was the cause of the build-up of the mudflow congs (O black) are ground moraine areas
which the meltwater has washed] €0 to —2) is the main valley bottom, covered by a neoglacial
gravel floor (sander). The valley cross-profiles show more or less typically glacigenic trough
forms ). They have been rounded by the Late Glacial ice stream network (Stadium I-IIl) and
High Glacial inland ice as far as the mountain ridge®). (— —) is the minimum surface height

of the LGM-inland ice deduced from these glaciogeomorphological indicators. (Photo M. Kuhle.)
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T Photo 177.At ca. 4940 m (aneroid measurement: 4785 m asl) from the orographic left side of the upper
‘Kailash-NE-valley’ (31°08N/81°15E; Figure 2 below No. 127), panorama taken from facing SW (left
margin) down-valley via NW (centre) up to NE (right margin) up-valley. This is a totally glacigenically formed
high valley landscape with U-, i.e., trough-shaped valley cross- profiligspolishing bottoms and -flank®(

Figure 2, No. 120) and back-polished mountain spurs (‘truncated spurs’), located between the side valley exits
(=~ left of the centre and further left on top). The bla® (ying farthest to the right, shows a glacial
transfluence (pass) to a valley system adjacent to thll)Earg Late Glacial- and on its base also High Glacial
ground moraine overlays (Stadium 0 to Stadium |V; see Table ¥)) mark mudflow fans, which since
deglaciation reshape the ground moraine covers from the Holocene up to the presefi)tane round-edged

to facetted, over 0.7 m-long moraine boulders of granifle-@ to —2) is the actual stream bed, running on the
glacier mouth gravel floors No. -0 to —2 (see Table 1), accumulated during the Neoglacial (Ststlin V—
Despite the in general significant glacier retreat, there are no important dissections up to date. These are the
sanders of the side valley glaciers, from which in the Neoglacial existed a larger number, i.e., which were then
more extended (see, e.g., Photos 174, 1750~ —) is the minimum surface height of the Ice Age (LGM =
Stadium 0) inland ice, derived from the geomorphology. (Photo M. Kuhle.)
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T Photo 179.Taken at ca. 4490 m (aneroid measurement at slight high pressure: 4370 m asl), 10 km NW of the settlement of MenshihSEefra2nkthe viewpoint of Photo 154 (Figure

2 between 118 and 128; 31°8@' N/80°4340" E), from the NW source branch of the Lanquen Zangbo. Direction: facing WNW (left margin) up-valley via N (centre) up to tNEafiggh)

slightly diagonally down-valley.%) are up to 5400 m-high round-polished mountains similar to Scandinavian fjells, which the High Glacial (LGM or Stadiunddgén@a— = minimum

surface height) has covered and reshaped. This suimith{te) reaches a height about 5600 m asl and has probably pierced the inland ice surface (but this could have also happened onl
the Late Glacial)so that is has been shaned. ©) are trough valleys, still filled with glaciers during the late-Late Glacial (Stadium 1V; see Tablk j.and M) mark the accompanying end
moraines on the main level of the Tibetan plateau (stretching up to the foreggbpdye(cirques in a S-exposition, which at the same time have been filled with hanging glaciEysaré

the glaciofluvial gravel floors (sander) No. 1 of the ‘glacier mouth gravel floor’-type, belonging to the ice mld\is At the time of the late-Late Glacial glacier retreat, the dissection of
these gravel fields into 15-17 m-high gravel floor terraces has skt 0. (Meanwhile this dissection has been brought to an end, since the current\)ieafiches out and meanders over a
several hundred metres-broad gravel bottaémb(ack). (O white, foreground) is an only 1.2 m high subrecent (historical) terrace remnant with willow vegetation. (Photo M. Kuhle.)
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+ Photo 178 At ca. 4850 m (aneroid measurement 4700 m asl), ca. 2 km down-
valley from the viewpoint of Photo 177 in the ‘Kailash-NE-valley’ (31°07
N/81°1330"E; Figure 2 right of No 120), looking downwards. Direction: facing
ESE (left margin) via SW (centre) directly down-valley via W up to NNE (right
margin) diagonally up-valley.[] and B white) are Late Glacial ground-, i.e.,
ablation moraines (Stadia IlI-1V), which by mudflow activities and the meltwater
discharge have been surficially dislocated and washed, i.e., modBdd)(is an
orographic left-hand lateral moraine ledge of the "Kailash-NE-valley glacier" from
the late-Late Glacial Stadium IV. During the Holocene it has partly been integrated
into a rock glacier {) and dislocated. In this N-exposition at 5000 m asl, the rock
glacier (§ ) documents the Holocene orographic minimum height of the permafrost.
(A) are active mudflow fans in glacial moraine material, the damp mass movements
of which are favoured by the seasonal snow meltwatéxsig(a flat cirque glacier

with the character of a névé shield. Since the Late Glacial deglaciation its meltwater
has cut a V-shaped valley profiler) into the valley flank, round-polished by the
main glacier € black and white on the very left)®] is a NNE-exposed somewhat
larger hanging glacier, the meltwater of which has incised a short, steep dgrge (
and today still builds-up a glaciofluvial mudflow- and alluvial fan €7 to —8).
Accordingly, it has to be classified as sander or gravel floor No. -7 to -8 (cf., Table
1), i.e., as subrecent to contemporafy.H0 to —2) is the glaciofluvial gravel floor

of Stadia V to'VIl (Table 1) in the area of the main valley thalweg, which has been
accumulated during the Neoglacial)(are glacigenic flank polishings in the
granite bedrock« on the very left and on the very right) as well as in the ‘Kailash
conglomerate’4 centre and half-right). They extend as far as into the summit area.
(—— 0—-) is the minimum surface height of the inland ice (0 = LGM) deduced
from these and also more large-scale glaciogeomorphological arrangements of the
positions. &) are rounded moraine boulders of granite up to the size of 8.5,

lying on the ablation moraine (yak caravan for comparison). (Photo M. Kuhle.)
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1 Photo 180At a height of ca. 4700 m (aneroid measurement: 4570 m asl), 11 km NW from the viewpoint of
Photo 179 (23 km NW of the settlement of Menshih; 313@9N/80°38 E), SE of the transfluence pass shown

in Photo 152 (Figure 2 between Nos. 118/119). Direction: the panorama ranges from facing WNW (left
margin) via N (approx. in the centre) up to E (right margin). Ground moraine landdlxje the area of a

high valley bottom running upwards to a transfluence saddle (I@8))the ground moraine cover contains
erratic granite boulders some decimetr@swhite) to over one metre in lengtl (black) which are rounded

at the edges to facetted; there are bedrock sedimentary rocks in the underground. Tjeotwthé right are
classic roches moutonnées, the flatter luff slopes of which are mantled by several metres-thick ground moraine
(M on the very right). M behind, on the left) is a long ground moraine ridge, following the valley incline from
the left to the right. This was the final direction of the ice run-off. On these plains the ground migine (
shows nearly no overlay of ablation moraine and drift-cover-sand. According to its form and condition, it must
have been still covered extensively by glacier ice during the early-Late Glacial (Stadia | and II; see Table 1).
(v) is the only 0.4 m-deep stream bed, which since deglaciation drains the ground morainesgtaim. Ieft

to half-right) are glacigenic erosion forms, genetically related to the Scandinavian fjells, which have been
rounded by th inland ice. (G- -) is the ninimum surface height of the High Glacial (LGM = Stadium 0) inland

ice. (Photo M. Kuhle.)
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E

T Photo 182.Taken at ca. 4550 m (aneroid measurement: 4415 m asl), 20 km NW of the locality shown in Photo 18N(82°32 E), facing N (left margin) via NNE up to E (right margin),
looking across the valley bottom into the orographic right flank of the upper Gar Zangbo (Figure 2, Nos. 114/117). Thett@itegonsists of glaciofluvial gravel-, pebble- and sand material

(O white). (v) is a corresponding late-Late Glacial to postglacial gravel terrace of the same age, into which the current river heasasud-as m-deep (below). (ll andll I1) are the Late Glacial

end moraines of the tongue basin (II-1V) located to the ENE (see Figure 2 by Nol Alha¢k the ca. 15°-steep outwash (sander) slopes or ‘Bortensander’ (ice marginal ramps = IMRs after Kuhle,
1990a, e) accumulated by the meltwater, which either flowed over the end moraine hills or seeped through it. These afeamderashopes from washed moraine material, the development of
which is connected to the seasonal supraglacial meltwaidrlack) are flatter, somewhat older cone sanders which — at a more extended ice margin, lying nearer to the current rivéiageurse
been deposited by the meltwater through the glacier mouths. The somewhat younger IMRs are adjusted to thekdsigfadaté Glacial to postglacial alluvial fan, made up of removed moraine-
and gravel floor material, which today is dissected (not visible from hereJO€ —) is to indicate — in a shifted perspective — a uniform minimum surface level of the inland ice sheet covering the
entire relief (Stadium 0 = LGM). (Photo M. Kuhle.)
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+ Photo 181.At ca. 4670 m (aneroid measurement: 4540 m asl), taken 7 km NW of the 4780 m-high
transfluence pass shown in Figure 2 on the left below No. 118, which already lies in the upper catchment area
of the Gar Zangbo (31°2A/80°3230" E). Direction: from facing NW (left margin) via NE (centre) up to SE
(right margin) looking back to the transfluence pagsblack) is a shallow, only a few metres-deep lake in the
further high valley area NW of the transfluence pass, which has been developed on the water-retaining ground
moraine. [J white andl in the foreground) is ground moraine which, in dependence on the process of down-
thawing of the inland ice and the accompanying sorting of fine material by the meltwater, has been covered by
ablation moraine, i.e., drift-cover-sand (Figure 2 on the right, below No. l'Background) are end moraines

which have been solifluidally rounded and fissured by the precipitation water. From this viewpoint one looks at
its outer slopesHl 11l and B on the right). During the Late Glacial (Stadia Il or Ill; see Table 1) they have
been upthrust by a local hanging-, i.e., mountain glacier end flowing down from the NE, i.e., from the fjell-
mountains €). Their material consists mainly of compressed older (Stadium 0 to | or Il) ground moraine.
(----) is the minimum surface height of the older, i.e., High Glacial inland ice sheet (LGM). (Photo M. Kuhle.)

252 M. Kuhle

1 Photo 183.Taken at a height of ca. 4420 m (aneroid measurement: 4275 m asl), ca. 26 km NW from the
locality shown in Photo 182, on the valley bottom of the upper Gar Zangbo (3@°4/ 80°17 E). Direction:

ranging from facing S (left margin) via W (near the centre) up to NNW, looking down the Gar Zangbo valley
(right margin). The orographic left valley flank of the Gar Zangbo visible here, consists of mountain ridges,
which have been overflowed by the High Glacial inland ice and are thus round-polshegkefween these
ridges and the glaciofluvial alluvial debris fan on the valley bottom in the foregroruagck), a 6—9 km

broad border of Quaternary moraine- and sander (glaciofluvial gravel-) accumulatlinand (O white) is
located. It forms the current, immediate valley flank. These polyglacial moraines and gravel Baord[(J

white) have been glaciogeomorphologically remoulded for the last time in the last High- to Late Glacial
(Stadium 0 to 1V; Table 1). During the High Glacial to early-Late Glacial (Stadium 0 to I) the entire relief was
at most covered by the inland ice up to a minimum surface level a0). Thereby the ice body of the Gar
Zangbo has reshaped the moraines and gravels of the former ice ages by flank polishing and cloaked them with
a ground moraine overlayl. In the Late Glacial (Stadia | to IV) an ice stream network existed, the tributary
glaciers of which were first connected to a Gar Zangbo parent glacier (Stadia I-11) and later (Stadia II-IV) came
to an end on the ice-free Gar Zangbo valley bottdnblack). @) are three level positions, i.e., surface levels

of these tributary glaciers¥(black) is the highest of the glacier levels documented here, dammed-up by the
Gar Zangbo parent glacier which still existed in early-Late Glacial times (Stadia MWhite) is its highest
verifiable High Glacial level. The thickness of the parent glacier was already substantially reduced.
Accordingly, the meltwater discharge which was adjusted to its surface, has created 6-8°-steep gravel floor
ramps, i.e., outwash (sander) slopéd)( During the later-Late Glacial (Stadia IlI-1V) the surfaces of the
tributary glaciers have been deepened into these gravel floor- and moraine valleys (for eamplte in

the middle — not in the backgroundy ( ) is an at that time (Stadia IlI-1V) backward-eroded small meltwater
valley. (O black) show pelite-portions typical of glaciofluvial gravel floors (sander) which, in contrast to pure
river gravels, are relatively larget § mark the stillwater sediments shown in Photo 184. (Photo M. Kuhle.)
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+— Photo 184 At a height of ca. 4400 m (aneroid measurement: 4260 m asl), 4 km NW from the
viewpoint of Photo 183, looking WNW into the orographic left flank of the Gar Zangbo. Here, the
valley bottom of the Gar Zangbo consists of a Late Glacial (Stadia IlI-1V; see Table 1) glaciofluvial
gravel cover [0 white), deposited over the High- to early-Late Glacial (Stadia 0 to ) ground
moraine in the underlying bed<f is an alluvial fan adjusted to this sand plaini White),
originating from the glacigenic sediments of the orographic left valley fllBk Which has been
developed since deglaciation in the Late Glacia) (ark approximately horizontally arranged
lineaments on the ground moraine slopes, created by the flank polishing and abrasion of the Gar
Zangbo ice stream (Stadia 0-1) flowing down to the right (NW) (Figure 2 above No. 116). The
ground moraine- i.e. ablation moraine cover and the drift-cover-s#ydse(on polyglacial, older
Quaternary (Stadia -1 and older; Table 1) loose rocks (= glaciofluvial gravels and moraines), which
during the LGM to Late Glacial (Stadia 0 to IV) have been newly reshaped (cf. Photo 2B8aye(

rills, incised by the water of the melted dead ice and the run-off of the precipitation water from the
Gar Zangbo glacier since deglaciation] plack) show the rhythmically-layered glaciolimnic
sediments, shown in Figure 2 between Nos. 110/112, which are 15-40 m thick. Their overlying
layer is partly covered with gravels. The centimetre-fine alternation of beds can be explained by the
seasonal fluctuations of the glacier meltwater infliXb{ack) are the stillwater sediments of either

a tongue basin lake in the Late Glacial tongue basin of Gar (Figure 2, No. 108) or of a glacier- and
lateral moraine lake, created between the orographic left margin of the Late Glacial Gar Zangbo ice
stream — which had dammed it — and the glacier ends reaching down further to the SW (Figure 2,
No. 116 and on the left above)- £0) indicates the LGM minimum surface height of the inland

ice. (Photo M. Kuhle.)

— Photo 185.Taken at ca. 4380 m (aneroid measurement: 4240 m

asl), 7 km down-valley the Gar Zangbo from the viewpoint of Photo

184 (31°4930" N/80°1330" E), looking into the orographic left

valley flank towards the SWLY) are deposits which, because of their

rhythmical strata series within a thickness of a few centimetres and

the characteristic change from a light-appearing clay fraction to a 0

dark-appearing silt fraction (i.e., change of the depositions during the
transitional periods of the year to those at the time of the meltwater
maximum in summer), can be considered as being glaciolimni
stillwater sediments. They are nearly horizontal. In the area visiblg™ "
here, the stillwater sediment has been deposited through a side valley:
(above and behind}) into an orographic left ice-dammed lateral
valley lake of the Late Glacial (maximum possible age: Stadium |
youngest age: Stadia Il or Ill; Table 1) Gar Zangbo ice stream. A
present, the temporary stream from that side valley has dissected
stillwater sediments{). On the round-polished mountain ridges in
the SW background &), remnants of ground- and ablation moraine
(drift-cover-sands) are located B]. (——-0--) is the
geomorphologically reconstructed minimum surface height of thg
High Glacial inland ice sheet (Stadium 0 = LGM). (Photo M. Kuhle.)
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— Photo 187.Taken at ca. 4350 m (aneroid measurement: 4205 m asl), about 8 km the Gar Zangbo down-valley from
the viewpoint of Photo 186, looking into an orographic left side valley towards the W (/&5 0820 E). Despite

the fact, that this is a valley of a structural asymmetry — with the flatter bedding plain slope on the left (left above of
v) and the steeper slope of the outcropping edges of the strata on the right — the glacigenically trough-shaped cross
profile is obvious (Figure 2, No. 109)k) is a classically-concave profile line of a glacigenic cavetto, developed by
flank polishing. In addition, the debris cones at the foot of the orographic left flaphkndke the trough valley cross-

profile unclear. They show in their core Late Glacial (cf. Stadia Ill to IV, Table 1) remnants of ground- and lateral
moraines, which during the Holocene have been buried by frost debris from the weathering steep wallal{@e (

marks the corresponding orographic right late-Late Glacial lateral moraine ledge (Stadium IV = the last Stadium before
the final deglaciation of this side valley). On this moraine ledge at the slope foot, slope debris has been accumulated
syngenetically (simultaneously with the development of the moraine) as well as in the Postglacial (HolL.ef®) (

are glacigenic rock polishings- ) indicates the deduced local minimum surface height of the relief-covering inland

ice (LGM). (@) are remnants of the ground- and ablation moraine oveflawhite) marks a 1.8 m-high neoglacial to
historic (cf. No. -2 to -5; see Table 1) gravel terratéblack) is the youngest gravel body surface, overflowed in
dependence upon the seasons. It contains over 1 m-long polymict moraine boulders which have been fluvially shifted
and/or free-washeth situ (O). (1) shows a gorge, incised during the Late Glacial (ca. Stadia | to IlI) by subglacial
meltwater which, due to its hydrostatic pressure and the accompanying cavitation corrasion, has an especially eroding
effect. For this an ELA was needed which, compared with the LGM, had already increased by ca. 200-300 m (see Table
1; cf. the ELA of Stadia | and Il against Stadium 0). (Photo M. Kuhle.)
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« Photo 186 From a position at ca. 4420 m (aneroid measurement: 4280 m asl), 7 km down-valley from the
viewpoint of Photo 185, looking W into in the orographic left valley flank of the Gar Zangbo (20°52
N/80°1040" E). The jeep-road runs over a ground moraine plain rising down-valley, surficially covered with

a glaciofluvial polymict pebble- and gravel scattel) (It leads from the viewpoint to the Late Glacial end
moraines (I and II/l) of the tongue basin of Gar (Figure 2, between Nos. 108/110). A characteristic of
chronologically-connected ground moraine plains is, that they rise toward the final end moraines in the shape
of flat ramps, forming the transition to the actual inner slopes of the end moraines. The hills, which are only
in parts clearly glacigenically rounde#), have been mantled with ground- and ablation moraine up to at least
250 m above their slope foot levadll. The late-Late Glacial to actual Holocene linear erosion and rill
development down the slopes, which - dependent on the down-flowing precipitation water - has been effective
only since deglaciation, has chisseled the glacial overlay of loose sediten{{ —) indicates the minimum
surface height of the prehistoric inland ice (LGM). (Photo M. Kuhle.)
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— Photo 189.At ca. 4250 m (aneroid measurement: 4090 m asl
33 km down-valley the Gar Zangbo from the viewpoint of Photq
188 (32°1640" N/79°5910" E), looking into the orographic left
main valley flank. Direction: facing NE (left margin) to E (right
margin). (J) are sands, interspersed with pebbles, gravels a
boulders which, in the form of a cone sander in a late-Late Glacial
(Stadia llI-1V; Table 1) glaciofluvial gravel floor, have been
locally deposited through the valley flank visibleD)(are the
accompanying high depressions, cirques and short troug
containing the glaciers from which the necessary meltwater flowg
down. SW-exposed late-Late Glacial hanging glacier tongues ha|
accumulated end moraines of the ‘sander root’-typg. (This
ramp-like accumulation-type, which on its surface is 8-11° steep,
is characteristic of stable ice margins and seasonally supraglag
meltwater discharge l) show older ground moraine covel (
small; Stadium 0) and end moraine complexes of the early-La
Glacial @large). @) marks veils of wind-blown sand which can
be observed at many places)(are glacigenic rock roundings as
a result of the ground scouring of the inland ice (Stadium 0
LGM) (Figure 2 on the left, beside No. 108); and—) is the
minimum surface height of the ice sheet. (Photo M. Kuhle.)

M. Kuhle

+ Photo 188 From a height of ca. 4340 m (aneroid
measurement: 4195 m asl), ca. 10 km down-valley
the Gar Zangbo from the viewpoint of Photo 187,
looking into the orographic left valley flank
(32°0050" N/80°0820" E). Direction: facing WSW
(left margin) via W up to NW (right margin) down
the Gar Zangbo. [l and B in the fore- and
middleground) are ground- and ablation moraine
hills which have been glaciofluvially reshaped since
deglaciation in the Late Glacial. They are made up
from more or less washed material with substantial
portions of polymict, up to 0.6 m-long boulders.
Granite boulders are contained which originate from
the orographic right Gar Zangbo valley flankd)(is

a hanging valley with a flat trough cross-profile
(Figure 2 between Nos. 106/109)O) are Late
Glacial (cf. Stadium Ill; Table 1) NE-exposed
nivation- and cirque nichesB(background) marks
High- to early-Late Glacial (Stadia 0 to 1) ground-
and ablation moraine covers as well as drift-cover-
sand. ¢*) are the characteristic microfluvial rills, set
into it during the Holocene. After the glacier ice had
left, they have gradually patterned these loose rock
overlays in the course of several millennia) Ehow
alluvial and mudflow fans, accumulated by the late-
Late Glacial to present glacier- and snow meltwaters.
They consist of removed moraine (ground-, lateral-
and end moraine) and have been laid down on the
level of the main valley bottom. {0—) is the
minimum surface height of the prehistoric inland ice
(Stadium 0 = LGM), pierced only by the over
5600-5700 m-high summits which are currently still
glaciated. (Photo M. Kuhle.)

N Photo 191.Taken at ca. 4260 m (aneroid measurement:
4100 m asl at high pressure) towards the NE, 8 km down the
Gar Zangbo valley from the viewpoint of Photos 190/191
(32°19 N/79°5530" E), looking into the right flank.
Direction: facing N (left margin) up to E (right margin). As
shown in Figure 2 left of No. 108, the orographic right flank
of this S source branch of the upper Indus valley (Gar Zanghbo)
is marked by well-preserved glacigenic flank polishimg.(
This concerns ground polishing forms with the characteristics
of classic roches moutonnées, i.e., hills with the typical profile
lines of roches moutonnées (the thmeeén the left half of the
picture). These roches moutonnées are forms which are
combined from three hills with three culminations, separated
from each other by slight saddles. They consist of
metamorphic sedimentary rockdll pblack, large, right) is a
Late Glacial orographic right lateral moraine, modified to a
kame terrace. The remaining smalldll)( show parts of
ground- and ablation moraine overlays, deposited during the
last-High Glacial (LGM = Stadium 0) up to the early-Late
Glacial (Stadium I, Table 1), even at high relief positions) (

is a fluvial ravine, cut into the ablation moraine after
deglaciation. £ —0— —) indicates the minimum surface height
of the High Glacial (Stadium 0 = LGM) inland ice, deduced
from the glaciogemorphological inventory. (Photo M. Kuhle.)
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T Photo 190 From the same position as in Photo 189, facing N along the orographic left flank of the Gar Zangbo (here
also named Kaerh Ho or even upper Indus), looking down-valley. The viewpoint lies on a late-Late Glacial (Stadia Il
or IV = gravel floor No. 2 or 1; Table 1 gravel field, sander) local orographic right gravel floofflamdjusted to the

main valley bottom. 4) are polygenetic accumulations, which on its base cover High- to early-Late Glacial (Stadia O
to 1) ground moraine and contain local lateral- and end moralesThe latter have been deposited by local late-Late
Glacial, SW-exposed ice cap- and hanging glacier tongues. Their surface forms pres¢raszl Kame ramps, which

can also be described as end moraines of the ‘sander root’-type. They have been left behind by seasonal supraglacial
meltwater streams, flowing down from the hanging glacier tongues, in the form of 8° to at maximum 20° steep
accumulation ramps. Their surface has been patterned by the course of the stremjnégesthe rock roundings as a
result of the High Glacial inland ice- to Late Glacial (Stadium Il) ice cap ground scousing))(is the approx.
estimated minimum surface height of the LGM-inland ice, based on this glaciogemorphology. (Photo M. Kuhle.)
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T Photo 192. At ca. 4220 m (aneroid measurement: 4120 m asl at high pressure; lake level according to ONC
1:1 000 000 G-7: 4218 m), from the easternmost end of the Nako Tso (lake) '(BB79155E; Figure 2 between

Nos. 142/143) facing W. During the Ice Age (LGM) the basin of the present-day Nako Tso has been completely filled
by glacier ice up to a minimum height of the inland ice surfaced— —) at over 5000 m asl - probably even up to

ca. 6000 m asl (cf. the Na-K’ot Ts’o area in Figure 32). This is to be evidenced by the round-polished mountains and
roches moutonnée=] as well as by their ground- and ablation moraine overlly9(eserved in places#( marks

an erratic granite boulder, lying in its formation of ground moraine cover on calcareous sedimentary rocks of the
roche moutonnée=( white on the left). Since deglaciation the down-flowing precipitation water has cut fresh funnels
into the ground moraine materidl), which has been newly deposited in the form of fans at the slopelfdeft].

Limnic undercutting has caused the steepening of the lower sBgeelow). (O in the foreground) is moraine
material, reworked by the lake along its shore line and thus also heavily frost-weathered. The roche moutonnée from
limestone in the centre of the photo forms a small island in the mkehfte on the right). With its Holocene to
current shore line the lake has undercut the soft slopes of this glacially rounde®) hiTh{s confirms that the Ice

Age glacigenic morphological regime has been relieved by a postglacial limnic one and the lake is of a postglacial
age. (Photo M. Kuhle.)
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262 M. Kuhle

T Photo 1935 km N from the locality of Photo 192, again at the E-end of the lake Nako Tso — located

towards Central Tibet, several hundred metres away from its current shore line, this large erratic granite

boulder O) has been deposited by the inland ice. Locality: 4225 m asl; 3BY39°57E; Figure 2
between Nos. 142/143. Direction: facing E (left margin) up to S (right margin). Here we are in the lowest
(Figure 32: Na-K’ot Ts'0) and most arid area of Central W-Tibet«() mark further depositions of
erratic boulders on the highest slope sections of the ridge, completely overthrust by #éeite They

are incorporated into a ground moraine co\ly, (lying on metamorphic bedrockv(, from which the

local glacially streamlined mountain ridgess)(are built up. Late Glacial and postglacial slope gorges (

and grooves ¥) have been cut into the bedrock)(are small flat fans consisting of ground- and ablation
moraine removed after deglatian. - - 0 —-) mak the Ice Age (LGM) minimum surface height of the

ice completely covering the relief, which probably ran at ca. 6000 m as} @n the right) (cf. Figure

32: Na-K’ot T'so area). (Photo M. Kuhle.)

— Photo 194 At ca. 5300 m (aneroid measurement: 5250 m asl) on a first pass 4 km S of the
5350 m-main pass, on the caravan route from Rutog to Haji Langa in the Aksai Chin area, NNE
of the E-end of the Nako Tso (locality in Photo 193) which is 159 km away (Figure 2 S of the
5350 m-main pass between Nos. 157 and 155; 38018/80°23E). Directions: from facing

S (left margin) via W (centre) up to N (right margin). The solid rocks under the ground moraine
‘veil’ (M) consist of red sandstone which, as a part of the local moraine, has caused the red
colour of the ground moraine matrix. The trough valley leading down to tti® 8ontains 1-4
m-thick local debris components, washed and sorted by the meltwater, which cover the rock
ground as a flatly-inset (thin) glaciofluvial valley bottorml (eft). Ground- and ablation
moraine also takes part in this coveriill §t the back, on the very left). The mountain ridges
bordering this pass in the W, have been polished and rounded by the inland ice flowing over
them from N (right) to S (left)%). The edges and ledgeg) dependent on the structure of the
sedimentary bedrocks have been gouged out and left behind by the ground souring of the ic
as a characteristic glaciogemorphologically streamlined interference phenomenon. During the
Late Glacial the prehistoric inland ice landscape had already been locally dissected into large
grooves (‘spill ways’) { ) by the meltwater under the thawing iceright) marks gostglacial

fluvial thalweg with a very thin gravel floor, attaining a few decimetres up to ca. 1.5 m. The
development of this thalweg has been brought about by an incline out of that ‘spill&jay’ (

as a later consequential formw) is a Holocene to historic solifluction tongue- £0— —) is

the minimum surface height of the prehistoric inland ice (Stadium 0 = LGMy;léft) shows,

that the ice has mantled the 6000 m-high truncated mountain forms, which today are still
slightly glaciated or covered with perennial snow patches and fresh summer (monsoonal) sno
(in September). (Photo M. Kuhle.)
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T Photo 195At ca. 5100 m (according to ONC 1:1 000 000 G-7; aneroid measurement: 4985 m asl), ca. 20 km N from the locality in Rbhokint9dcross the area of the S Aksai Chin (Figure 2 between Nos. 157/155; 88283 E). Direction:

facing SSW (left margin) via NW (centre) up to N (right margin). The ca. 6100 m-high summit (No. 8) still shows hanging-wendlaoigrs in its N to NE exposition. During the late Late Glacial (Stadium 1V, Table 1) and Neoglacial (Stadia V-"VII) up
to the historic and present time (Stadia VII-XII) its form, rounded during the LGM, has been sharpened by the youngestglaeiapglaciation.€) are round-polished mountain ridges of reddish sedimentary rocks, which have not newly been sharpened
by a later glaciation. (The twll left) mark a ground moraine veil largely consisting of local moraifesfiows the upper base of far-travelled, i.e., erratic, light-grey ground moraine, lying on the reddish (darker) bedrocle s@naistntly it is being

shifted solifluidally down this 14°-slopel(right) is a ground moraine plain with up to 1.4 m-long granite boulders. The temporarily stagnant water at this place bz tkvelopment of periglacial earth hummocks and related processes of frost-lifting

(n). () is a V-shape, fluvially incut by subglacial meltwater during the Late Glacial and the thawing of the inland ice. It et heenperfect edge into the soft glacigenic ground polishing forms0(— —) is the minimum surface level of the inland
ice (LGM) derivable from the relief and glacigenic sediments. (Photo M. Kuhle.)

—_—_—————— 0
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A Photo 196.At ca. 5250 m (aneroid measurement: 4945 m asl), 9 km N
from the locality of Photo 195, looking across the lake basin of the Tso Kaer
Hu (ONC 1:1 000 000 G-7) or Longmu Co, which is a 17 km W-E extending
residual lake without outlef{ black) in the S Aksai Chin area. Lake level:
5218 m (according to ONC G-7) (Figure 2 below No. 159; 333N/
80°2330" E).Van Campo and Gasq1993) indicate a lake level at 5008 m asl
and a lake surface of 98.7 knDirections from a viewpoint above the S lake
shore: facing WSW (left margin) via N and E (left and right of the centre) up
to SE (right margin). [@ white) is ground moraine, reshaped by the Late

Glacial to late Late Glacial (cf. Stadia IlI-IV; Table 1) laker)(show the _’-’"-
prehistoric lake shore lines, developed up to 130 m higher up. At least fi
lake level positions can clearly be differentiated with the help of surf terracg
at a height of ca. 5 m and ca. 15 m flack, right of the centre); at ca. 77 m
(v black, left of the centre), at ca. 90 v plack and white, further to the
left) and at ca. 100 m¥ white on the very left) above the actual lake level.
Van Campo and Gasse (1993) have classified the lake sediments of the
m-terrace as being from 7290 + 200 y BP; those of the next lower, 90
terrace as being from 7520 + 400 y BP and those of the — according to t
author — ca. 77 m-high terrace as being younger than ca. 6000 ¥ BiB. &
fresh gully created by the recent glacier meltwater of mountain No. 8 in Phd
195, which has been inset at the lowering of the lake level during t
Holocene as far as into the historic time) @re hills and mountain ridges
round-polished by the High Glacial to Late Glacial (Stadia O to ca. Il; ¢
Table 1) inland ice on which ground- and ablation moraine is preserved
many placesH). (——0——) is the glaciogeomorphologically reconstructed
minimum surface height of the inland ice (LGM). (Photo M. Kuhle.)

1 Photo 197.Taken at ca. 5150-5250 m (aneroid measurement: 5005 m asl), ca. 14 route-km NW from the viewpoint of Photo 196, W of thédlisdokikielg across the roche moutonnée landscameof{ the central Aksai

Chin (Figure 2 below No. 159; 34°3R/ 80°19 E). Direction: facing WNW (left margin) via NNW (left of the centre) up to NE (right margll).dre ground moraine remnants left behind in niches of the roches moutonnées
(=~), in the flow shadow of the inland ice. They consist of far-travelled, light material which — even at a distance — candsediag) being erratic, because it overlies much darker sedimentary- and phyllite b@jrock (
Accordingly, the material cannot be understood as local slope debris. The ground mlast®\Ws no large boulders heré&l (vhite) marks ground- and ablation moraine with substantial portions of pebbly local moraine
components, washed out by a prehistoric lake in the area of its shifting shoré&llislack) is a small residual lake to which the fresh seasonal streamlets of snow mefydead(down. A) are at least six distinguishable cliffs,
worked into the sedimentary rocks by the late Late Glacial shore lines. Their development and the accompanying limnidgingnafieticel older (High- to Late Glacial, i.e., Stadia 0 to Il or Ill) roches moutonewédre a

result of the very intensive frost weathering along the shore line and the horizontal pressure effect of the winter icetitevake Thus, a very short-term development was possibled+{ —) is the approximate height of the
inland ice surface needed to explain this relief. (Photo M. Kuhle.)
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1 Photo 198.At ca. 5400 m (aneroid measurement: 5185 m asl), from the
highest pass crossed from S to N by the caravan route over the Aksai Chin,
taken ca. 14 route-km NW from the locality of Photo 197 (Figure 2, No.
161; 34°4150" N/80°14 E). Direction: from facing NE (left margin) via E

and SE (centre) up to SSW (right margin). A landscape of inland ice ground
scouring, that is to say here at this hilly relief: a roches moutonnées
landscape 4). The roches moutonnées consist of sedimentary bedrock
(sand-, silt- and clay stone). They are in part covered by ground moraine
(M white). Far-travelled moraine material is mixed up with local moraine
material. Down-slope towards the depressions, the thickness of the ground
moraine increases to a maximum of several mellasli{ite foreground and

M black). €) are Holocene to modern periglacially frost-patterned bottoms
which have cryoturbately remoulded the ground moraine. Their fine earth
beds show the clayey moraine matrix. Vegetation is already completely
absent at this altitudinal level of Tibet7 (left) are microfluvial rills incut

by the seasonal snow meltwater into the ground moraine since the late Late
Glacial (ca. Stadia IlI-1V; cf. Table 1) deglaciation through to the present
time. (N right) are small mudflows typical of temporarily waterlogged and
thus up-swelling ground moraine substrata/\) are flat small V-shaped
valleys created by the glacier meltwater during the final phase of the late
Late Glacial deglaciation.—«—) marks the perspectively staggered
minimum surface height of the inland ice, deduced from this relief form.
(Photo M. Kuhle.)
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+ Photo 199.Taken at ca. 5400 m (aneroid measurement: 5230 m asl) from
ca. 3 km WNW of the locality of Photo 198, in the area of the ca. 5400 m-
pass (Figure 2, No. 161) over the Aksai Chin, somewhat NW of its
culmination (34°43L0" N/80°12 E). Directions: from facing WNW (left
margin) via N and E (on both sides of the centre) up to ESE (right margin).
(O) mark a lake basin, in which a nearly round lake has remained, being 4
km in diameter [0 right). Behind, a ca. WNW-ESE-stretching mountain
massif rises up to 6480 m (No. 9). It is still locally glaciated. During the High
Glacial (LGM = Stadium 0) it has been completely covered by the inland ice,
the minimum surface height of which-& 0——) is confirmed by the
rounding of the mountainaj (Figure 2, No. 162). Summit No. 9, however,
already towered above the inland ice cover during the Late Glacial (cf. since
Stadium |I; cf. Table 1) and thus has been sharpened into an approximate
glacial horn (Figure 2, below No. 161)H) is the glacial ground- and
ablation moraine sheet preserved from the lake basin as far as up the slopes.
(v) show tundra polygons (frost wedge- or frost crack polygons), i.e.,
postglacial permafrost indicators. They are typical of the Arctic, mostly
developing there in ground moraine as well) (s a classically glacigenic
transfluence pass, evidenced by the trough-profile. dre classic indicators

of ground scouring in the form of exaration rills gouged into a roche
moutonnée. {) points to a postglacial cliff, marginally undercutting this
roche moutonnée /) are cone forms only a few metres-thick, consisting of
Ice Age ground moraine shifted down-slope and a thin cover of frost debris.
(Photo M. Kuhle.)

+ Photo 200 At ca. 5200-5250 m (aneroid measurement: 5000 m asl), ca.
4.5 km NW from the viewpoint of Photo 199, from the SW margin of the
same up-silted lake basin (Figure 2, Nos. 162-163; 344NN/ 80°0830"

E). Directions: facing SSW (left margin) via W (left of the centre) up to NW
(right margin). This very high Tibetan plateau landscape of the Aksai Chin-
Lingzi Thang, where vegetation is completely absent, is marked by rounded
mountain- and hill ridges« right) from sedimentary bedrocks (silt- and
sandstone). Several of the slopes are lineated by exaration rills or -furrows,
arranged crossways to the incline iflack and white, centre), as defined for
classically glacigenic ground- and flank polishing characteristics. A light
erratic ground moraine overlaylj occurs on the dark bedrock in the
underlying bed ). This ground moraine has been exposed by microfluvial
rills (A right) and fluvial lateral erosiond( left). Some slopes have been
relieved from the ground moraine by flushing)( Down-slope transport can
also be evidenced by solifluction form&l)( (A) is a flat alluvial fan,
developed by a temporary stream through the side valley. It consists of
washed and slightly shifted ground moraing) ¢hows the clayey ground
moraine matrix. ¢ ) is a late Late Glacial spillway (probably Stadia IlI-1V).

Its V-shape in this rock threshold results from a sudden, very heavy glacier
lake outbreak into an adjacent lake basin—} is the minimum surface
height of the High- to early Late Glacial inland ice (LGM = Stadium O to
Stadium | or even lIl; cf. up-lift of the ELA during this sequence of Stadia),
derived from the glaciogeomorphology. (Photo M. Kuhle.)
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accumulated at the foot of the valley slope. Not only afgy 600 m relative to present-day conditions, or at an uplift
smooth, round-polished rock faces of valley flanks covered Tibet (i.e., of the entire relief) by 600 m, and ELA-600:
by this ground moraine, but also rough glacigenic rock a2-1146 and 47593 indicate the extent of the feeding areas (in
eas with slip-off slopes are wearing such a veil-like grouridn?), which are pertinent to the particular test areas. ELA-
moraine cover. Despite the rinsing, this ‘ground moraink200 shows the increase in the glacier feeding area at an
veil’ has been preserved very well because of the roughnesdift of 1200 m; the pertinent surface dimensions concern
of the underground. As a glacial lubricant it might have evehe feeding areas which result from the uplift. The related
reduced and in part prevented the increased smoothingsaffaces of glacier ablation enlarged the total area of the
the rocks by glacier polishing. Ground moraine covers @facier surfaces by ca. half of these feeding area surfaces.
this kind have also been mapped on the valley flanks of the comparison with the total basal surface of the test areas
upper Yarkand valley as far as 800 and more metres abavbecomes obvious that at ca. ELA-800 to ELA-1200 the
the thalweg (Figure 2, Nos. 186 and 188). test areas have been completely covered with ice. ELA-600
corresponds to a snow line depression by 600 m and ELA-
1200 by 1200 m, compared with the present-day relief. The
9. Conclusions from the field data presented here with  gpow line depression by 600 m occurred for the last time
regard to the overall picture of the Ice Age glaciation of  quyring the late Late Glacial (Stadium IV) and the depres-
Tibet and the surface-efficiency of the ELA depression  gjon by 1200 m (to 1300 m; see Table 1) during the Last
for this glaciation High Glacial (LGM:; Stadium 0; Wiirm) (cf. Kuhle, 1997b,

. o _ - Figure 45, p. 119).
The investigation area treated is shown in Figure 1, No. 20.

The results of the field work are shown in Figure 2. The
glaciogemorphological and glaciogeological indicators Nog0. The global-climatic importance of the Tibetan Ice
1-189 provide evidence for an inland glaciation which hagd its function as a trigger for the Quaternary Ice Ages
completely covered Central- and W Tibet and in many placesan Ice Age hypothesis (in a very simplified and
was more than 1000-1400 m thick. Figures 10, 19, 32 agghematized way)
35 present cross-profiles of the inland ice with sections of
the research area concerned (Figure 1, No. 20). This is ahle@onsequence of the subduction of the Indian subcontinent
12 between Mt. Everest in the SE and above the Karakorwmder the Eurasian plate, Tibet has been uplifted above the
in the NW in Figure 12. The inland ice area indicated isnow line and completely glaciated step by step for the first
Figure 12 as 12, which — according to earlier results fromime during the early Pleistocene (maximum as in Figure 12)
surrounding areas under investigation by the author (Kuhlg&uhle, 1987d, 1988). This process of glaciation becomes
1982-1997b) — has been interpolated as an inland ice sheetjerstandable with the help of Figures 36 and 37 by way
is confirmed by these new field observations. The Centraif the test areas under investigation here. The uplift of Tibet
to W Tibetan Ice Age (LGM) inland ice areas concerned arab one of the great events of the earth’s history coincides
their extended outlet glaciers which in the S flowed dowwith the onset of the Ice Age 5.5 to 2.5 million years ago
through the Himalaya, and in the NW from the edge of th@lohn, 1988, pp. 181f). It has triggered the build-up of the
plateau into the valleys of the Kuenlun, were situated in thidordic lowland ices by the initial glaciation of Tibet and
precipitation shadow of the Himalaya and Karakorum. Tan consequence the true High Glacial. The névé surfaces of
day they are part of the most arid regions of the whole tifie Tibetan ice reflected 85% — in part even more than 90%
Tibet. This suggests, that — in order to develop an inland i¢@measurements at 6500-6650 m asl on the Mt. Everest N
— Tibet must have been either colder and more humid or vesippe after Kuhle, 1987d, 1989; Kuhle and Jacobsen, 1988)
much colder than at present. — of the incoming radiation energy, whilst debris surfaces
In order to make clear in which way the build-up of théransform 80—85% of this global radiation into long-wave
ice has taken place during the uplift of Tibet, i.e., at theeat-radiation, heating the atmosphere. Therefore the ab-
lowering of the ELA against the relief surface, two Centralolute amount with which a given ice surface intervenes in
Tibetan test areas have been chosen (Figures 36 and 87.heat balance of the earth is the greater, the nearer it is
Figures 36 and 37 concern sections of the investigation aras#isated to the equator and the higher its altitude lies above
Nos. 4, 9 and 11 (Figure 1) (cf. Figures 12 and 35). In tesea level. At an incoming radiation of 2000-1300 \¥/fon
area Tibet 8 (Figure 36) the highest summit towering aboaserage 1180 W/R) at 6000 m asl and 30N (Mt. Everest
the Tibetan plateau rises to 6986 m, the one of test amdaslope), the negative effect on the heat balance is at least
Tibet 12 (Figure 37) is 6928 m high. These are the higlfieur times that of a glaciation at 8N at sea level (Kuhle,
est elevations in the glacier feeding areas. The Tibetan hi@87d, 1989). Thus, the Tibetan inland ice with an extent
plain extends between 3353 m, i.e., 4542 m asl and thasfeca. 2.4 million kn? (Figure 12) and a surface reaching
summits in these test areas. EI-A 5700 m (Figure 36) altitudes of 5000 to 7000 m asl (Figures 10, 19, 32 and 35)
and ELA = 5900 m (Figure 37) are the particular moderbetween 27 and £0(the position of the N Sahara and the
snow line altitudes. ELA-893 and ELA-5759 indicate thé&lediterranean Sea), has caused an albedo-dependent energy
current surfaces of the glacier feeding areas (irfkny- loss of considerable dimensions (Kuhle, 1985¢c—1994b). Out
ing above these snow lines. ELA-600 shows the particulaf the albedo-dependent energy loss of the earth-atmosphere
increase in the glacier feeding area at an ELA-depressiohat least 10% of the global radiation, calculated for the
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worldwide total area of the Last Glacial (LGM) glacierspf ca. 3°C, actually led to a reduction of the glaciation, but —
already 32% (i.e., one third of the total loss) falls to thender glacial climate conditions of absolutely at leaSt°C

loss that was induced by the uplift of the Tibetan inland icend an extent of the catchment area of 68% — the total area
(Bielefeld, 1993, pp. 99ff). According to the discontinuingemained glaciated and the absolute loss in radiation contin-
relationship between the depression of the ELA into the raed. However, a local additional warming up of the climate
lief, i.e., uplift of the relief above the ELA and the resultindpy 2°C (i.e., a rise of the ELA by 400 m, for instance by the
glaciation area, every topography has a characteristic grapbital variations (Croll, 1875; Milankovic, 1941) was able
of its glaciation potential (Figures 38, 36, 37). With regard te in contrast to Phase | — to bring about a destabilization and
the Tibetan upland and its marginal mountain ranges, the ftthus a breaking apart of the inland glaciation into autochtho-
lowing exponential course of the graph is derived: accordimpus mountain glaciations, i.e., a removal of the secondary
to an ELA depression of 1400 m — as it is the case at presére increase, and thus a return of the glaciation to the real
— into the existing high mountain relief, which towers abovipographic situation. In consequence, an abrupt deglacia-
the surfaces of the plateau, a catchment area of only @Rdn took place with the result that the Tibetan plateau again
has been developed, whilst an additional ELA depressibecame the most important heating surface of the earth’s at-
by only 200-300 m (250 m) raises the increase in surfangsphere. Assuming here, as in the initial stadia (see above),
to 13%, i.e., by the factor 5.8. At a further depression bgn ice thickness of at least 200 m at the snow line altitude,
300 m are already obtained 24%, and at an ELA-@O00 m this would correspond — with regard to the remaining post-
compared with today (according to a decrease in temperatgtacial —3 °C — to a surface of the catchment area of only
of ca. —5 °C) 54% of the total area become a catchmei%, i.e., under recent climatic conditions( °C) of 5%.
area (the rate of the increase in surface per 100 m ELA dEhis means that the glaciation would be less than at present,
pression increases from 0.4 to 37600 m) recently as far where nearly 2/3 of the isostatic lowering has already been
as 6.3 (1200 m) (cf. also Figures 36 and 37). Supposingscinded (Figure 38, Graphs Il and IlI).

that the present Tibetan plateau will be uplifted by further During the Pleistocene, the schematized sequence of the
250 m (isostatically, see below) (at a recently confirmdde Age-triggerings by the Tibetan High Plateau and the
amount of uplift of 1 cm/yr this could be attained withincyclical interglacial re-warmings up to the current level of
approx. 25000 years), 7% of additional surface would priemperature, was as follows: (1) Tibet has been uplifted
marily be obtained as glacier catchment area owing to tabove the snow line (ELA) and glaciated. (2) The resulting
climatic change with altitude. At an advance of the glaciaeflection of the incoming subtropical radiation energy back
tion, following this process, and a self-increase of the glaciarno space led to the cooling-down of the atmosphere, to
surface by several 100 m — 200 m are to be expected hére depression of the snow lines and to the build-up of the
as a minimum — this corresponds to a real extent of tidordic inland ices. These lowland ices, located with their
catchment area of ca. 22% and thus, at a ratio of 2:1 ofntres between 80and 70 N, which were less energy-
feeding- to ablation area, to a glaciation surface of 33%, i.effective, obtained an extent of altogether more than 26
one-third of the total area of Tibet would be covered witmillion km?. (3) During the Quaternary a re-warming by
glaciers. In this case the high effect of the albedo, causea. 2—-3°C (mainly in the northern hemisphere) took place,
by subtropical values of the incoming radiation at a higbaused by the orbital variations (Croll, 1875; Milankovic,
sea level, would already mean an absolute loss of 1% 1341), from which derived a global rise of the ELA by
the global energy balance and in consequence lead toca 400-600 m. (4) In Tibet this rise of the snow line first
increase of the Nordic glaciation processes. At a feed-bdekl only to the melting of the marginal low outlet glacier
loop like this, a further climatically-induced ELA depressiottongues, whilst the inland ice remained on the plateau, so
into the topography must be assumed, combined with #mat the cooling continued. However, in the area of the
exponential surface increase and albedo-dependent lossdsandic inland ices, where the inclination of the surface was
energy (Figure 38, graph 1). This means, that the albedanly insignificant up to its edges, the rise of the ELA caused
effective position of the Tibetan glaciation was possibly aa decisive and very important loss in the glaciation area
important trigger of the worldwide cooling phase. For the Tamounting to many millions of ki(cf. Kuhle, 1987d). In
betan plateau and its surrounding marginal mountain rangemsequence, the connected loss in albedo and the global
a completely covering glaciation in the form of an inland icgain in energy amplified the re-warming of the atmosphere.
sheet is documented by geomorphological indicators (Fifs) Now this re-warming also gave rise to an increasing
ure 1 and especially Figure 2). In the central plateau araaglting of the Tibetan ice. However, its complete melting
and depressions its average thickness of 1500 m increased only possible because, during every glacial period, the
as far as 3000 m (Figures 10, 19, 32, 35) (Kuhle, 1987plateau has again been pressed by the glacio-isostatic lower-
1989, 1994b). Analogous to the Fennoscandian glaciationy (Figure 38) into a lower and warmer level. In the other
area, a glacioisostatic lowering by 600-700 m is supposacteas of glacial inland ice (Andrews, 1970, and others)
to be probable (Kuhle, 1989, p. 276; 1993c, p. 146). Frothe glacio-isostatic lowering has also led to an accelerated
that result the following consequences: an isostatic reactimerglacial melting-down and has thus contributed to the
can only be expected in delay, i.e., under the pressure ofeawarming.

maximum ice burden. An average lowering by 650 m (Fig- This study is to be brought to an end with the follow-
ure 38, graph lll) according to a relative rise in temperatuieg objective consideration: supposing that Tibet has never
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Glaciation of the Tibetan Plateau and surrounding mountain areas
in dependence on Topography, Isostasy and Climate
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111 plateau depressed by glacial isostasy (— 650 m) Maximum glaciation after glacial—isostatic depression;
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Figure 38. Topographically-controlled rates in surface increase of the glacier catchment areas in dependence of the relative amount of the snow line (ELA)
depression. |: at an orogenic-isostatically uplifted platep®50 m); II: at the recent position of the plateau surface; Ill: at a glacio-isostatic lowering of

the plateau surface-650 m). The diagrams concern a total surface of 2464 124, kvhich for the calculation has been subdivided into 29 areas. The

key points of the recent surface diagram concern the average maximum summit height (6965 m asl) and minimum height (2741 m asl) respectively, of the
29 areas.
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