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Tab 2, 20.8.86/2), also at 3740 m asl. The “Vale of Kudi”,
though a petrographically comparable granite catchment
area, also shows a predominance of coarse silt of about 46%,
i which is similar to that in other deposits (cf. above), and
due to the coarse-grained granite parent material. The
essential difference consists, however, in the proportion of
20% of clay, indicating still water sedimentation. This
sediment was deposited more than 1610 90 YBP ago (Tab
2,20.8.86/2) - this being the age of the fluvial valley floor.
Thanks to the presence of glaciers in the former and the
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Deposits in the Kuenlun S-Slope (Fig 138 No. 18; Main
Peak: 36°27°’N/76°52°E).

Fig 60 shows the 5610 m mountain spur (No. 2) south of
the 6532 m main peak. The main peak is approached by the
icy rock ridge further north (No. 1), Behind the ridge the
most significant glacier flows down S from the glaciated
mountain group, which currently covers a glaciated area of
c. 8 x 8 km?. Nourished by two small source branches, this 6
km-long glacier (measured along the main branch) now
ends at about 5000 m asl. Three of the six more than 6000
m-high peaks of this massif are among its on average 5900-
high catchment area. These figures allow an orographic
snow line at 5450 m asl to be calculated for the Kuenlun S-
slope. About 2 km down-valley from the 1986 glacier end a
more than 150 m-deep, about 1 km-long, glaciofluvial gorge
in monolithic granite sets in (Fig 61). Its talweg contour
terminates down-valley at 4100 m asl. Above the
glaciofluvial gorge there is a hanging valley bottom, which
has been widened by glacigenic scouring; on its rocky floor
coarse boulders are deposited almost to the gorge edge.
The valley flanks rising from this floor beyond the
glaciofluvial gorge incision have been smoothed and
shaped in the way of glacigenically polished and abraded
surfaces up to the crest at 4700 m. The valley bottom, into
which the gorge has been cut by sub-glacial meltwaters,
terminates at c. 4250 m asl, thus forming a 150 to 170 m-
high confluence step to the main valley, namely the Yarkand.
Adjacent to this steep step there are two Late Glacial lateral
moraine generations (Fig 62 M1V, I1I; 138, No. 18) both 3.1
km away from the recent glacier tongue. The highest lateral
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The moraines of tributary valley exits, moreover, show that
the late Late Glacial glacier of the Sirkung Stage (IV)
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Western Tibet and Karakoram
Glaciated pass (4500-4950 m a.s.l.) between Shaksgam Valley
and Muztagh Valley
X-ray diagram: 19.10.1986/M1a/M2a rio

A. Heydemann and M. Kuhle
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Fig 117  The erratic dolomite blocks and the dolomite scree (left

peak) are mixed with up to 1.5 m-long mica-granite
blocks (Fig 118) from the upper catchment area of the
Shaksgam valley. The erratic dolomites lic on top of
bedrock calcites (right-hand peak). The calcite rocks have
glacigenically polished surfaces and the form of glaciated
knobs (Fig 38 4). They are on the 4500 m-high
Shaksgam-Muztagh valley transfluence pass (Fig 37 M
right, and Fig 51 4 right). Locality of samples: 36°05’N/
76°28’E; Fig 138, No. 12).

extended down to 3750 m in the main valley floor (Fig 62
IV, left; 63 IV). The position of the ice margin, which had
met with an already glacier-free main valley, is evidence of a
snow line depression of ¢. 625 m (present glacier tongue end
at 5000 m asl, the prehistoric one at 3750 m asl; difference
1250 m. 1250 : 2 = 625 m). This is an orographic ELA
depression to c. 4800 m asl, and almost Aalf the amount
that can be proved for the Main Ice Age snow line
depression (cf. Chapt. 6). The almost 200 m-high outcrop
shown in Fig 62 (IV, on the right) presents the
characteristic banking structure (B) of the lateral moraine,
with a coarse layering in the upper parts, indicating the
increasing influence of meltwater (V). There is reason to
believe that a sub-glacial incision of the gorge (Fig 61)
coincided with the building of these Late Glacial moraines,
since both gorge and moraines were situated more than
400 m below the snow line of the time. The lowest moraine
section of the ice margin of Stage IV (Fig 63) shows the
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compact coarse boulder packing without layering or even
banking; this is typical of end moraine sedimentation, ie of a
deposit without any remaining major glacier movement
impulse. Fig 63 (@) depicts large moraine boulders lying
close to, or just a little above, the stream bed. The granite
blocks are slightly weathered and are coated with iron-
manganese crusts, with decimetre-deep finely weathered,
yellowish-loam detritus in between. The incrustation with
iron-manganese takes several hundred to several thousand
years to develop. This is an indication that during the
Holocene, re-depositing of material near the stream bed, or
alternatively, by mud flows, must have been of minimal
importance.

Another valley to be presented as belonging to the
“6532 m massif”, and draining S into the Yarkand valley, is
the parallel valley to the E (Fig 138 No. 19). It has the form
of a “gorge-shaped trough” (cf. Kuhle 1983, p. 155; 1991b,
pp. 1-8). Fig 64, taken at a distance of 3-4 km from the
present glacier end, depicts the upper section of this
increasingly - upward ~ narrowing gorge through which the
Late Ice Age glacier had flowed. In 1986 the tongue was at
4850 m asl. Remnants of neo-Glacial to late Late Glacial
moraines are found down to that level where the gorge
passage begins at 4200 m asl. In the gorge passage itself
remnants of ground moraine are preserved in situ in some
cornices in the walls and in wall gorges (Fig 64 B and
V (right)). They consist largely of local granitic, coarse
angular boulder debris. Glacigenic and slightly concave
scouring of the gorge walls appears up to many hundreds of
metres above the valley floor; this is the main feature of
the “gorge-shaped trough form”, Fig 65 shows the lower part
of the gorge reaching down to c¢. 3800 m asl. Here, too, the
valley is too narrow to be able to preserve end moraines
indicating Late Glacial ice margin positions. There are none
down to the trough bottom of the Yarkand valley (Fig 65,
background), although in the W-parallel valley such
moraines are preserved almost intact (cf. above). The ground
floor within the gorge passage is some metres to decametres
wide (Fig 64 [0; 65 @). It shows a representative mixture of
present and Holocene gravel floor (outwash) deposits.
During their passage through the narrow gorge they
become channelized and receive fresh detritus from the
autochthonous talus slopes (Fig 64 <1 left; 65 ). Fig 66
Nos. 2 and 7, both show the cumulative grain size graph of
the glacio-fluvial sediments with large quantities of
moraine. The considerable proportions of fine sand and silt
are attributable to the properties of the granite parent
material. These samples, together with those from Fig 67/a
and /b were taken from glacio-fluvial terrace formations 1.3
to 3 m above the present stream (Fig 138 No. 38), which are
already showing more or less developed reddish-brown
traces of weathering. The clay peak of sample 25.10.86/3
(Fig 67/b) is evidence of a proportion of a fine moraine
material matrix purely fluvial material does nor have. The
datings listed in Tab 2 (25.10.86/1 and /3) are evidence of
the recent age of this body of glacier mouth outwash plain
of the “indirect outwash” (sander) type. The characteristic
morphometry of fine grains can be gathered from Fig 56
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(24.8.86/5) and 68: the considerable proportion (37%) of
fresh and glacigenic transformed material with fractures
and chattermarks on the grain surfaces indicates glacier
transport and the supply of fresh debris in the gorge,
whereas the dominant influence (63%) of aeolian processes
confirms the aridity and absence of a meadow vegetation
cover: the lower proportion of merely 2% of fluvial
rounded and polished fine grains demonstrates the short
distance they are transported (less than 10 km in this
instance), which is typical of glacier mouth outwash plains
(for sample localities see Fig 65 ¢ and 105 {).

4.5 The Post-Main Ice Age (Late Glacial and Holocene)
Glaciofluvial Gravels and their Terrace Forms in the
Skaksgam Valley, in the Yarkand Valley and in the Vale of
Kudi (Fig 138, Nos 20-24, 30-32, 36, 40, 41 and 43).

The presentation of the following findings and data
resulting from observations have not been drawn up as an
end in themselves, but for the purpose of directing the
attention to the post-Main Ice Age formation of outwash
gravel fields. Following the presentation of the historic to
Late Glacial inventory of glacial forms, this sub-chapter in
a final section sets out to prepare the concluding
introduction of the maximal glacier infilling of the
mountain relief up to the northern forelands of the
Kuenlun.

4.5.1 Loose rocks in the Shaksgam valley

The gravel floor of the Muztagh valley has already been
described (Chapter 4.2). Four sediment samples from the
level of historic to Late Glacial outwash gravel floor (Fig 36
X; 138 No. 10) on the orographic right between the junction
of the Sarpo Laggo valley and the K2 wvalley are
radiometrically dated (Tab 2, 15.10.86/1, 2, 4, 5). The
samples were taken from altitudes between 3900 and
3950 m asl, and are evidence that no glacier can have been
in this valley cross-profile between 730 £100 and 12870
+180 YBP any more. Any intermediate or subsequent over-
run is excluded, since all the datable materials (peat and
peaty-clays; Fig 74/c) are soft loose rocks which have been
taken from near the surface, from a depth of only 0.2 to 1.2
m. In view of the intensive exaration processes (cf. Fig 43
and 50 ) set in train by the ground polishing of an ice
stream several hundred metres-thick the loose rock could
not have been preserved. The important conclusion to be
drawn from this is that the Late Ice Age (and in any case
the Main Ice Age) Muztagh glacier must already have
melted down by 12870 YBP (cf. Chapt. 4.2). As has been
mentioned above, the Muztagh glacier of Stage IV or 111
must have been the last one to pass this locality. This data
basis also shows that, lying at roughly the same altitude
above sea-level and drawing on glacier catchment areas at
comparable altitudes, or even feeding on the prehistoric
Muztagh glacier, the Shaksgam valley floor (Fig 138, No. 11)

23¢9

was freed from ice at approximately the same time. This is
conclusive evidence that all the undisturbed loose rock
material in this steep-flanked trough of the Shaksgam
valley, in so far as they are not morainic but of glaciofluvial
origin, must have been deposited after about 12870 YBP,
and are thus very young (cf. Fig 27J; 37 3-6, 38 [1; 39 M -6;
5100-6;520; 524,69 ¢; 70 -6, 71O X V; 72 -2-6; 73 {I;
750; 76 O; 77, 78 X; 79 M; 80 M; 81 X; 82 X; 83 ¢ -6;
84 [1¢;857; 116 [0; 120 [I; 121 -6). The present valley gravel
floor has been laid down by the Shaksgam river. Every
summer the floodwater arms resulting from the enormous
discharge of glacier meltwater sweep across the present
valley gravel floor over its entire width of ¢. 1 km (Fig 37 -6).
Evidence of this exists in the form of an orographic left-
hand undercutting caveto in the bedrock, about 2-4 m above
the fresh gravel bed (Fig 75 «; 138 No. 20). This is a matter
of lateral erosion on the outer bank, which is caused by the
rise in the water level of ¢. 2m. Nearby Fig 76 shows the
formation of a basal rock socle (M) below the cavetto (),
thus indicating a development in three phases.

Phase one: the gravel level occurred c. 2 m higher than
now, overlay the rock base (M), and the rock cavetto () was
subject to regular undercutting; Phase two: increased
lateral erosion on the escarpment slope (undercut slope)
led to denudation of the gravel floor, huts lowering the
gravel level by ¢. 1 m and exposing the bare rock floor (M);
Phase three: further lowering of the gravel level by another
metre and undercutting of the rock floor, thus creating a
small rock terrace or rock socle (Fig 76 ). From now on,
the upper caveto is only reached by exceptionally high
floods; however, regarding the fresh smoothing of the rock,
such floods are not rare (Fig 76 ) - these seasonal peaks of
meltwater run-off from snow and ice occur between May
and the beginning of August. During our 1986 expedition
the hydrological data of the Shaksgam and the Yarkand
valley were collated and examined by Professor Feng
Qinghua (Feng Qinghua 1991, pp. 255-263). The lateral
erosion diagnosed above in the bedrock of the Shaksgam
valley had at the same time also been undercutting all the
talus fans and mudflow cones. This led to steep terrace steps
and rock slide faces, both tens to hundreds of metres high
(Fig270above; 3700, 39, 520, 69 ¢, 71 X; 72 (0; 73 [, 77
W 78 X; 79 M 80 M 81 X; 82 X; 83 H; 85 M). Besides the
meltwater discharge within the normal seasonal cycle,
there are occasions when substantial glacier lake outbursts
lead to movements on the gravel floor of the Shaksgam
valley over its entire breadth, and to such undercutting of
adjacent loose rock material.

4.5.1.1 An excursus concerning the hydrology: the Shaksgam
floods induced by meltwaters and glacier lake-outbursts

The cause of these outbreaks are the 21 km- and 28 km-
long glacier tongues of the Kyagar- and Teram Kangri
glacier, which advance as far as the Shaksgam valley. Both
act as glacier lake dams (Fig 138 right below No. 47; Fig 70
below Nos. 6, 5, 8, 3). The Kyagar glacier lake sends regular
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discharges through a sub-glacial meltwater tunnel, the
Teram Kangri glacier lake chiefly discharges on its margins
but also has a subsidiary, sub-glacial escape route in an ice
tunnel (cf. the studies concerning hydrology carried out by
Feng Qinghua 1991, pp. 258-263 in the course of the 1986
expedition: “These glacier outburst floods in the Shaksgam
valley [Yarkand river system] are characterized by high peak
discharge, big rising rate, relatively small total volume and
short duration” [as above p. 263]). The nearest hydrographic
measuring station is situated at Kagun, far below the
junction of the Shaksgam with the Yarkand (1420 m asl;
37°59°N/76°54’E in the northern Kuenlun foreland, leading
down to the Tarim basin. The great distance (520 km) from
the positions of these episodically-discharging glacier lakes
is the reason for some of the actual run-off being lost for
measurement. Sixteen floods due to glacier lake outbursts
were observed over the period 1954-1984. They regularly
took place from summer to early autumn (June to October).
The floods tended to reach run-off peaks of 2000-3000 m?/
sec. On three occasions, lastly in 1984, it rose to 4500-4700
m3/sec. The highest run-off peak, recorded in 1961, was 6270
m3/sec. Normal summer meltwater peaks registered during
the same period varied between 1000 and a maximum of
2220 m3/sec, with the year of the 1986 expedition seeing the
second highest discharge ever measured during the 32-year
period of observations standing at 2000 m?3/sec. The glacier
lake outbreaks produce flood volumes of 0.19 x 108 m?® to 1.5 x
108 m3, which is about 1/10 of the comparatively continuous
annual run-off. In order to give an idea of the morpho-
dynamic potential for the Shaksgam valley floor, or the
undercutting of its edges, the mean “rate of flood travel“ of
11.1 to 16.6 km/h is also significant, although the highest
flood discharge peak did not always coincide with the
greatest velocity. Nonetheless, it is possible to note a general
increase in speed, together with water quantity. The mean
water volume of the Shaksgam river throughout the year is
calculated to be around 130-150 m3/sec. The erosion module
for the entire area eroded by the Yarkand system is stated by
Feng Quinghua (1991, p. 262 Tab 8) to be 1260 t/km?/year. As
far as glacier lake outbursts are concerned, one must imagine
the discharge of two lakes with a maximum of 3.23 x 108 m3
(Kyagar dammed glacier lake on the Shaksgam valley floor at
4760 m asl) and 1.92 x 108 m? (Teram Kangri dammed glacier
lake on the Shaksgam valley floor at 4520 m asl). The lakes
were dammed back by respectively 60- and 90 m-high and
0.3- and 1.5 km-long ice dams, which the glacier tongues had
formed. These lakes drain within a few hours, so that the
actual passage of the flood wave through the valley takes
about 18 to 22.5 hours.

4.5.1.2 Large young mud fans, debris slopes, alluvial fans and
terrace remnants in the Shaksgam valley and their mutilation:
an example of diametric, syngenetic morphodynamics in the
Karakorum

It has not been possible to provide unequivocal
evidence of the maximum level of run-off reached during a
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dammed glacier lake outburst, but 4 metres above the
normal flow level per 1 km of valley width are probable;
considerably more is to be expected in areas of narrow,
bottleneck-like, parts of valleys. This is, however, the place
to draw attention to the Mpyricariae bushes in the
foreground of Fig39. Only 1-2 m above the receiving stream
(though in the recess of an inner bank), they were
nevertheless not swept away entirely with roots and all, but
were able to recover after the flood on August 30th, 1984.
The problem remains unsolved. The question of the water-
level does not really affect the effectiveness of the process
of undercutting these large cones and fans (Fig 27 0; 370;
39M;5200;69 ¢, 71X, 77%; 79 M; 82 X; 85 W). In every case
it amounts to a retreat, which, starting at the distal base,
continues right to the top in the form of these crumblings
on the edges of cones and fans (Fig 77 %; 78 X). The
importance of undercutting can be directly assessed from
these crumbling masses: metre-high and very fresh (one
year old) debris piles of material from the steep cliffs above
have accumulated at the foot of gravel- or debris-cliffs.
They are removed by summer floods or glacier lake
outbursts (Fig 27 V; 52 V; 78 V; 79 [>; 82 V). At times the
steep gullies and “organs” in these escarpments produce
small special debris cones or fans, which are only a few
months (Fig 81, below X) or a few years old (Fig 80 below
W, 27 between OOVL). Corresponding special cones also
emerge from gravel and debris caves (Fig 82 /) in karstic
dolomite debris. In any case all these tributary debris
infillings, from steep tributary valley gorges or wall gullies,
are characterized by substantial distal transformation (Fig
370; 73 [0; 78 X; 80 V). The height of the debris- and gravel
cliffs present a measure (Fig 69 #; 77) of their considerable
intensity, as this is the equivalent of the degree of
mutiliation of these accumulations in their ground plan,
and at the same time for the considerable removal of
masses or cubatures. In the face of such denudation
dimensions, the observation becomes more important that
these cones and fans are nonetheless actively engaged in
formation. In early summer the snow melt causes mudflows
and sediments from mountain torrents to be deposited on
the floor of the Shaksgam valley, from which they are
syngenetically removed. These accumulations consequently
present stable forms at the peak of their development.
Supposing that such ruins of cones and fans are stable, the
processes of synchronous aggradation and degradation
become the direct expression of extreme morphodynamics
in this longitudinal valley of the Karakorum (Fig 84, right-
hand side of the photo). In extreme cases the fresh
escarpments of cones and fans reach heights of 100 to 120
m (Fig 27; 39; 69; 77, 82; localities: Fig 138 Nos. 20-23),
though having been deposited against the Shaksgam
glacier (cf. below) many began their development as kames,
and therefore possessed escarpments from the very start.
There is no doubt that the mudflows and alluvial fans
mentioned above are the most striking forms, since they
constitute the most significant post-Late Glacial (younger
than 12870 180 YBP, Holocene) debris deposits laid down
in the Shaksgam valley. They tend to be autochthonous or
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rather deposited directly in the mouth of short tributary
talwegs. But there are also gravel terraces which have built
up along the valley and are preserved at three different
levels at least, namely at 20, 60-40 and 120 m above the
present gravel floor of the Shaksgam river (Fig 72 -2; 73 -1
bottom right; 37-0; 138 No. 20). The lowest and most recent
level is represented on a larger scale (Fig 51 -2; 52 -2; 138
No. 11) in the junction of the Muztagh valley, as well as SE
of the mouth of the “southern Aghil pass-valley” (Fig 70 -2;
138 No. 22), whilst minor remnants of the 40-60 m terrace
(still reaching 60 m here) have been preserved in this valley
chamber of the Shaksgam valley on the orographic left (Fig
70 -1; 138 No. 24). Another minor example of this 40-60 m
terrace has been preserved a little further down valley,
again on the orographic left in the area of the junction of
the two still glaciated Karakorum gorges (Fig 83 on both
sides below No. 7), which run down to the Shaksgam valley
from the S (Fig 83 -1; 80 -1; 79 -1; 138 No. 23). Deposited
from the glacier outlet positions of three Holocene stages
of Shaksgam glaciers, these three gravel floor terraces are
classified as Nauri Stage (V), older Dhaulagiri Stage (VI)
and middle Dhaulagiri Stage CVII) and are numbered -0,-1,
and -2. In accordance with the nomenclature for High Asia,
which is applied here (Kuhle 1982, p. 118), the assignment
of moraines (numbering on the left) to glaciofluvial gravel
floors (numbering on the right) is as follows:

Main Ice Age 0 - No. 5 Older Dhaulagiri Stage VI - No. -1
Ghasa Stage I - No. 4 Middle Dhaulagiri Stage’VII - No. -2
Taglung Stage 1I - No. 3 Younger Dhaulagiri StageVII - No. -3
Dhampu Stage III - No. 2 Stage VIII - No. -4
Sirkung Stage IV - No. 1 Stage IX - No. -§
Nauri Stage V - No. -0 present glaciation - No. -6

The fact that terraces set in in the Shaksgam valley is
evidence of the maximum Holocene extent of the
Shaksgam glacier. The glacier stage concerning the gravel
floor terrace -1 (Fig 70 -1) is to be classified as the Older
Dhaulagiri Stage (VI), and terminates at a maximum
distance of 15 km from the lowest glacier tongue, that
continues to reach the Shaksgam valley (Gasherbrum
glacier tongue, Fig 83, visible in the background below No.
1 on the left). At that same time the three large Shaksgam
glaciers further up-valley - the Kyagar-, Teram Kangri- and
Urdok glaciers - were still flowing into the Gasherbrum
glacier, being the one with the lowest tongue end position.
The same applies to the outward-lying Skyang glacier.
Together the glaciers formed a dendritic valley glacier
system, verging on a minor ice stream net. It follows that,
belonging to the Middle Dhaulagiri Stage "VII, terrace -2
extended some kilometres further up valley than -1, where it
reached the next younger glacier outlet of this glacier
system. The lowest remnant of terrace -2 reached by the
author is shown in Fig 83 (-2) (cf. Fig 70 -2). Fig 37 shows
the most up-valley terrace remnant of a glacier mouth
outwash plain -0 in its topographical context. The distance
to the present Gasherbrum glacier end is 35 km (Fig 138 No.
20). The next older, and therefore higher, terrace of a glacier
mouth outwash plain must be assumed to be down-valley

from the junction of the Muztagh valley. In accordance
with the nomenclature which has been introduced here, it
must be numbered 1, as it belongs to the Sirkung Stage IV,
the last Late Glacial glacier position. Older than 12870 £180
YBP, this stage must have had a much more depressed
ELA than all the other Holocene stages, the most powerful
advance of which had been the neo-Glacial Nauri Stage V
(c.4000-4500 YBP). The terrace -0 mentioned above is part
of it. Regarding the development of both the Muztagh
glacier and the Shaksgam glacier during the Sirkung Stage
IV, it follows that a confluence of the two ice streams to a
joint superior Shaksgam glacier system is also likely in view
of the absence of terraces No. 1 in the confluence area (cf.
Chapt. 4.2). Up to the terrace remnant No. -0 furthest up
valley (gravel floor of the Nauri Stage V) in the Shaksgam
valley at 3900 m asl there is an altitudinal difference of 400
m, and thus an ELA difference of 200 m (ie 400:2) from the
present Gasherbrum (Shaksgam) glacier end at 4300 m asl.
Fluctuating between 240 and 560 m, it thus fits into the
pattern of neo-Glacial ELA depressions which can be
observed in many places in High Asia (Kuhle 1987 ¢, p. 205
and 1986 e, pp. 441-452; Shiraiwa & Watanabe 1991, pp. 404-
416). According to this, the depression value of ¢. 200 m for
the Nauri Stage V is on the low side; it is explained by
simultaneous important glacier elongation of almost 35 km
(cf. above), resulting in enlargement of the surface, which
may have replaced parz of the vertical descent of the glacier
tongue by the increase in its ablation.

The presence of gravel floor terrace remnants must not
lead to the conclusion that the up-valley Shaksgam valley
glacier occupied the valley over its entire breadth, nor that
all the alluvial debris fans and mudflow cones are younger
than the particular glacier stage in which the valley cross-
profile in question was still reached by the glacier. This
applies particularly to the progessively lower and relatively
young outwash gravel floor terraces (-1 and -2) further up
valley. On the contrary, by being laid down against the
body of the valley glacier as a base, these fans and cones
were syngenetically deposited as kame formations. This
approach allows the entire period to be available for the
formation of all these very substantial and thick formations
of fan and cone forms in the Shaksgam valley (Fig 27 []
above; 3700;39M: 69 ¢; 71X; 731, 77, 82 X; 84, right half ¥
inter alia) during which the surface of the valley glacier in
particular valley cross-profiles clearly remained below the
snow line. This was just the case during the youngest Late
Glacial period, or, in the case of the Shaksgam valley
section in question, the floor of which now stands between
4000 and 3850 m asl (Fig 138 between Nos. 22 and 20)
approximately during the Sirkung Stage IV. The idea of
such a prehistoric process of sedimentation using the
valley glacier ice as a base is supported by the above-
mentioned observations from the bank basins (margin
valleys) of the K2- and Skamri glacier (Chapt. 4.1.1.). Where
ever the glacier tongues leave out a relatively wide bank
basin or an ablation gorge - as a rule on one valley side only;
on both sides only in the vicinity of the tongue end - the
space between valley flank and glacier margin is infilled by
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debris cones and talus slopes from the immediately
adjacent valley slopes, and by mudflows and alluvial fans
from the tributary talwegs (Fig 10> farright; 12 V; 14 X; 16
¢;23aM; 28 V; 30 V; 34 x; 350>, 47 V). On its ENE bank
the Shaksgam glacier developed a widerarea of bank basins
in which those fans and cones were syngenetically filled. It
is the WSW-facing side of the valley which, thanks to its
exposure to radiation, has thawed out more (Fig 39 l; 69 ¢;
71 x; 82 x). In the area of the tributary gorge exits on the
orographic left-hand side of the valley, kame-like alluvial
debris fans (-1} could not be accommodated before the
older Dhaulagiri Stage (VI) (Fig 79, 80 and 83 -1). This is the
reason for the exposure of material from lateral and ground
moraine over long distances at this flank. The form of the
moraine has not been preserved because it is covered by
small debris cones and debris talus which accumulated
from above (Fig 83 V, centre third of the photo 84 ¥ right
half). On the other, orographic right-hand, valley side
moraine material from the same period was deposited
against the intermediary cones and fans; this, however,
took place in a position (on the outer bank) which was
exposed to a later Shaksgam river, so that moraine material
of such recent origin has not been preserved. Markedly
older - ie in this case Late Glacial - morainic material
(Sirkung Stage IV and earlier) - belongs to a considerably
wider Shaksgam glacier: that fact explains why, in some
places, corresponding ground moraine material (basal till)
can be found at the base and in the core of fans and cones
(Fig 81 x; 82 x; 85 W). Cones and fans consequently began
to develop on the orographic right (Fig 138, from No. 22 to
No. 21) - though further down the valley on the Jeft side as
well, where 5 to 10 km down the glacier a bank basin
developed at the same time (Fig 73 [J; 138 from No. 23 to
12). As deglaciation progressed and the ice receded, they
spread out over the ground moraine. It follows that their
formation began when the ELA was raised above the level
of the glacier surface of particular valley cross-profiles.
When the snow line was noticeably lower than now, the
construction of these kame-like lateral glacial margin
accumulations was initially most actively intensified by the
intervening layers of glacier, firn and eventually snow in
the catchment areas of the tributary valleys, gorges, and
wall gullies (Fig 27 O; 37 O; 69; 80; 84 below No. 2).
Activities on the orographic right-hand flanks of the
Shaksgam valley have meanwhile largely been reduced to
the seasonal melting of snow (Fig 37 O left), whereas on the
orographic left the N-facing Karakorum hanging glaciers
in the heads of tributary valleys continue to be effective
(Fig 80 and 83 on both sides of No. 7). Besides the large
fans and cones which were first started in /ate-Late Glacial
times as kame-like bank formations and continue to
develop through current glacifluvial undercutting, much
more recent debris fans and debris cones can be identified
as well. Fig 72 provides an example for this: small, recent as
well as larger debris cones (V) have been set into the
outwash gravel floor terrace -2, and must therefore be
younger than c. 2000 YBP. The older gravel floor terrace -1,
together with material from older ground moraines, has
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been removed from this outer bank before the
sedimentation of -2 began. Further down valley, the
adjacent alluvial debris fan ((J) shown in Fig 72 must be
even younger than terrace -2, since it has been deposited in
the denudation space previously occupied by terrace -2,
which had been placed in front of the junction of a
tributary valley. Set into its surface, the larger debris cone
contributes, albeit on the margin, to the covering of terrace
surface -2 (V above ). This cone is therefore bound to be
still younger than the alluvial debris fan ). Its
comparatively large size can be explained by the size of the
wall gorge with its high-rise catchment area (/).

The question of the overall thickness of debris fillings
and gravel floor, which is showing the most recent glacio-
fluvial traces on its surface, ie the thickness of loose
material in the present valley floor (Fig 84 ©[; 85 LII), can
only be answered vaguely. Judged by the steeply flanked
trough form (Fig 116 ), or by the obtuse angle formed
where the box-shaped insert of the gravel floor meets the
trough flanks (Fig 120 ), the valley floor of the Shaksgam
should lie several hundred metres below the corresponding
thickness of loose material (Fig 37 0-6; 39 -6; 71 00). It is
doubtful whether the loose material consists solely of
weathered detritus and gravel. Rather more likely are
insertions of ground moraine layers from the Early Glacial,
Late Glacial and Main Ice Ages (cf. below). Regular post-
Main Ice Age gravel infilling during deglaciation, which can
be observed in these longitudinal valleys of High Asia, has
only been partially reversed by Late Glacial to Holocene
incision (cf. above), and argues for the fact that both the
moraines of several Pleistocene ice ages and gravel from
intermediate inter-glacial periods have filled the Shaksgam
trough.

4.5.2 Loose rock in the Yarkand valley and its tributaries

“The N-Aghil pass-valley® or upper Surukwat valley N of
the Aghil pass (36°10°-17N/76°32’-40°E; Fig 138 No. 25)
visited by the 1986 expedition belongs to the upper
catchment area of the Yarkand valley. The 4863 m-high
Aghil pass forms a flat valley-head (Fig 86 /™~; 87 /™). This
valley-head area has not been reached by glacierice since at
least 1655 + 180 YBP (Tab 2, sample No. 20.10.86/1),
though the sample locality, which suggests the absence of
glacier ice, is situated 140 m N below the pass culmination
(Fig 87 O). The age of the sample affects the position near
the talweg. This had been previously reached by the tongue
ends of hanging glaciers, which flowed down from the good
6000 m-high Aghil main ridge to the W and E. Minor
hanging glaciers and firn shields continue to be present on
the E and W exposition of the two valley flanks (Fig 86
below - - --; 87 near the bottom left-hand margin and in the
centre; 88). The sample was taken from an erosion edge of
the present meltwater stream (talweg of the upper
Surukwat valley, N of the Aghil pass; Fig 138 No.25).It had
been uncovered by thawing permafrost. The permafrost
table, too, is evidence of the climatic proximity to glaciation
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in this location. In the light of what has been said above, it
is possible, though not certain, that glacier ice was still
reaching this valley cross-profile during the older
Dhaulagiri Stage VI (c. 2400-2000 YBP). It is, however,
certain that the outwash cone (gravel floor) of the glacier of
that stage was deposited here. This implies that the valley
cross profile was probably last reached by the glacier end
during the neo-Glacial Nauri Stage (V). There is another
sample locality somewhat further down valley (Fig 138 No.
26), close to the talweg at 4630 m asl (Tab 2, sample No.
20.10. 86/3), which must have been free from ice since at
least 6205 &= 145 YBP (Fig 87 444). In accordance with the
age of the peat on the outwash cone (glacio-fluvial gravel
floor), the latter is to be classified as belonging to the early
Holocene or late Late Glacial period. In the same locality,
and again above the permafrost level, more recent and
cover-forming outwash cone material in an overlying peat-
horizon can be dated as at least 355 = 80 YBP. It is likely to
be from the middle or younger Dhaulagiri Stage (VII or
VII), ie to be less than c. 2000 or 440 YBP (Kuhle 1987¢, p.
205 Tab 2). The analyses (Fig 57a/b/c¢) show that the three
samples (20.10.86/1/2/3) are directly glacially-induced
sediments consisting of a mixture of granite and limestone
debris with another fine grain-size peak with the clay
fraction, which is typical of moraines (Vagners and
Dreimanis 1971). The area down-valley from the upper
Surukwat valley (Fig 88; 89; 90) has consequently been
free from ice for more than 6200 years. Since deglaciation
during the late Late Glacial period (Sirkung Stage IV) its
valley floor has been filled by gravel- fields (Fig 88 [I; 89
OO) from the adjacent small valleys as well as from
younger mudflow cones (Fig 88 O; 89 O; 90 O). The highest,
ie late Late Glacial, lateral moraines are preserved at
4300 m asl on the orographic right (Fig 88 H; 138 No. 27).
They are classified as Sirkung Stage IV, and belong to a
snow line depression of ¢. 500 m (at present, the lowest ice
margins occur at 5200 m asl, IV ice margins at 4200 m as] >
ELA depression of 500 m). Here there are both lateral
moraines with crests (®) and kames which, being glacigenic
lateral formations, left behind kame terraces (M). Fig 91
provides an insight into the next lower valley chamber
where the above-mentioned upper Surukwat valley,
leading down from the Aghil pass, joins a western source
branch of this valley system. The valley floor consists of
interlocking gravel-fields or outwash cones (—2 to —6) of
historic to present glacier ends of this catchment area (Fig
138 No. 28).

Developing approximately since the middle Dhaulagiri
Stage *VII, ie for c. 2000 years, these gravel-fields (—2 to —6)
possess terrace steps up to 12 m high (M). In places where
the valley floor drops below the 4000 m-line, very thick
Late Glacial gravel-fields, which by dissection are
transformed in terraces, take over abruptly (Fig 92 Nos.
3,2,1; 138 No. 29). They are superimposed by more recent
local moraines from small, steep hanging glaciers of
directly contiguous catchment areas (Fig 92 ). Further up
valley, at 4000 m asl, these gravel-fields dovetail with Late
Glacial main valley terminal moraines, which must be
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classified as Dhampu Stage III (Fig 138 No. 29). Three
distinctly separate terrace levels can be discerned (Fig 92);
No. 1 belongs to the Sirkung Stage IV, representing the
youngest level and lying 50 m above the present talweg.
No. 2 (Dhampu Stage III) reaches c. 130~-140m, and No. 3
(Taglung Stage II) 200-260m. The two older, ie higher,
terraces in particular consist of glacio-fluvial gravel
deposits and re-deposited gravel, with even older moraine
material (from the Taglung Stage, and before) worked-in or
washed-out by the activities of outwash cones near the
lateral ice margin (Fig 92 ¢ inter alia). The picture shown in
Fig 92 was taken from a ridge of outcropping slates, which
juts out abruptly towards the middle of the valley, followed
by a glacigenic ravine-like, narrow and steep passage (Fig
138 No. 46) of the Surukwat bottom contour line.
Interspersed with several metre-high cataract steps it
shows potholes in the rock-floor of the talweg and on its
flanks, suggesting a sub-glacial formation caused by
hydrostatic meltwater pressure. Since their formation
requires a rise of the ELA beyond the 4000 m line, the Late
Glacial Period of our chronology is the only one possible.
Down valley the ravine-like, steep and narrow passage -
which could be interpreted as a Late Glacial ice margin
position - the now even richer glacio-fluvial gravel deposits
continue in the form of terraces up to 300 m-high (Fig 138,
Nos. 30,31). The highest terrace begins with a steep surface
incline (Fig 26 V No. 3), which subsequently flattens out
(Fig 22, No. 3). The enormous glacio-fluvial infilling of the
W-Surukwat valley begins here, at 3750 m basic height asl.
The greater part of its gravel bodies belong to the Late
Glacial period. All in all eight generations of terraces can be
discerned (Fig 22 YA). The lower terraces, only a few
metres to decametres-high, are younger. They belong to the
post-Late Glacial period, and were deposited in a deep
erosion incision (Fig 22 Nos. —3 to —0) in the form of thin
gravel bands or gravel field segments. The incision had been
created in the Late Glacial gravel deposits by the meltwater
discharge of the melting remnants of the Late Glacial ice
stream net (Fig 22, Nos. —5 to —0). A typical feature of
glacier outlet gravel floors (valley outwash) canalized by a
valley is the rapid loss in sediment thickness and the
vertical displacement these terraces experiences on their
way down the valley. Over a distance of 10 km, their heights,
whilst retaining their proportionality to one another, thus
decrease to less than half (Fig 22, ¢f. No. 3 on the far right
with No. 3 on the far left, ¢f. 26 No. 3 with 94 and 95 No. 3).
The same glacio-fluvial terrace sequence occurs (Fig22 VY,
far left; 95 Nos. 1-3 left) in the opposite, eastern, source
branch of the Surukwat valley, which is five times longer
than its western counterpart (Fig 138 No. 32). The gravel
body likely to be the oldest one (Fig 22, far right, at the base
of terrace section No. 3), has been TL-dated at its base as
approximately 12 Ka (dating by E. Drosdowski, Torun
Academy, and S. Fedorowicz, TL-Laboratory, Gdansk
University). In this valley very well preserved glacier striae
and polishings (Fig 40, 41, 93, 124) have been found below
the level of the gravel terrace surfaces, at locally exposed
outcropping valley flank surfaces on the orographic right
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(Fig 138 No. 46). These polishings must consequently be
classified as older, ie as belonging to the older Late Glacial
to the last Main Glacial period (cf. Chapt. 5.3). It is highly
likely that a large part of such striae is buried under these
gravel deposits. Over the 5 km stretch from the confluence
of the two Surukwat source branches (Fig 95; 126
background) to its junction with the Yarkand valley, the
Surukwat valley shows continuations of the glacio-fluvial
gravel terraces (cf. Fig 96 ¥ No. 3; 126 ¥ Nos. 1-3). These
forms appear as steps on three levels, and dove-tailed with
mud-flows, which are in consequence also part of the
middle - to late - Glacial period (cf. above) (Fig 97 ¥ Nos.
1-3). Here, on the lower Surukwat valley and in its
continuation down the Yarkand valley, the maximum
terrace height (No. 3) decreases to c¢. 100-80 m (Fig 98 ¥
No. 3). In this area there are outcrops of thin strata schists
(mica schists). The glaciated knobs of the Yarkand valley,
which are formed in these rocks of the Main to early Late
Glacial period (Ghasa Stage I) are partly buried by
sediments (at times up to half their height), ie covered by
gravel (Fig 138 No. 33; 96 4ia; 98 M; 99 4; 100 4; 101
A [eft). In the ensuing down-valley section of the Yarkand
valley, the oldest terrace areas take up a strikingly large
amount of room (Fig 98 O right, No. 3) and have been
preserved over almost the entire width of the valley. This is
explained by the fact that the river was confined by a gorge.
From this point a glacigenic ravine has been cut into the
rock threshold with the aforementioned glaciated knobs
(Fig 102, 96 #). This ravine lies at 3400m asl (Fig 138
between Nos. 33 and 34), and thus so far below the Late
Glacial snow line that sub-glacial meltwater was able to
form and carve out this cut in this area, though the valley
glacier surface was much higher at the time. The glacier
retreat from the valley cross-profile was initially followed
by glacio-fluvial infilling, and subsequently, when the
Surukwat river cut into the valley floor, by its removal.
From now on, the river followed the ravine; it was
therefore confined to this narrow valley floor section, with
the result that these further terrace areas remained intact.
In this confluence area the Yarkand river, too, has been
similarly confined by a ravine (Fig 138, No. 34). Here it
passes through an extremely narrow trough profile (Fig 99,
middle section of the photo).

From here, and over a distance of 40 km up the Yarkand
valley (10 km beyond the Mazar military station, till No. 36
in Fig 138), the valley floor infilling with gravel terraces
remains conspicuously small by comparison with the
Surukwat valleys (cf. Fig 105 ¥, 110 ¥). They are only partly
preserved in this valley, and their thicknesses do not
exceed a few decametres (Fig 60, 103 and 104 ¥). The late
Late Glacial gravel floor deposits dovetail with alluvial fans
and mudfiow cones from adjacent steep tributary valleys
and from valley flank gullies, or have in part even been
transformed or replaced by them (Fig 138 Nos. 35 and 36;
105, O). The mudflow cones and fans tend to be noticeably
younger rather than of comparable age (Fig 109, Q).
Predominantly from the Holocene, they continue to develop
(Fig 106 x, 107 x, 129 x). The two largest preserved terraces
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attain heights of several metres above the present river
level (Fig 104 and 105 V).

Organogenic material (Fig 108 [, Tab 2, samples
24.10.86 1b/1c/1d) indicates that the age of these gravel
deposits is more than 1925 to 5935 C14 years, thus making
them the oldest dated gravel sediments in the Yarkand
valley. Moreover, dating of lower surfaces of gravel terraces
(Fig 60 ¥ in low elevation above the receiving stream; 110
V¥ far left) and surfaces of alluvial fans in the Yarkand
system of the section mentioned before established them
as being approximately 110 (even 40) - 155 YBP (localities:
Fig 65 ¢ ; 108 x [}, as shown by the historic to current
glacio-fluvial activities between the Aghil mountains and
Kuenlun (Tab 2, sample 24.10.86/4; 25.10.86/1/3). Fig 55
(Nos. 1,3,4,5,7,10),66 (Nos. 1,2,3,4,6,7); 67 (a/b); 74 (a/
b); 56 (24.8 and 24.10.86) and 68 describe the
sedimentological features of these Holocene gravel floor
ferraces and even younger deposits of the Yarkand river
(localities: Fig 138 Nos. 37, 38, 39).

Attention is to be drawn to the significant difference
between the graph of cumulative grain sizes taken from
glacio-fluvial terrace sediments (Late Glacial to Holocene
gravel fields, Fig 55 Nos. 3, 4, 7 and 10} to those sediments
of predominantly fluvial genesis in the recent talweg area
of the Yarkand valley (Fig 55 Nos. 1 and 5). The proportion
of pelites, typical of glacier milk, is significantly reduced in
the river sediments, so that 82% of its fraction remain the
sand spectrum range. The difference between gravel-field
Sfeatures and the examples from moraines and mudflows (the
graphs of which are almost the same; Fig 55 Nos. 6 and 9) is
far smaller than between outwash gravel fields and purely
river sediments. Most of the gravel-field samples of the
Yarkand valley and its tributaries continue to show the fine
grain peak typical of moraines (Dreimanis & Vagners 1971)
(Fig 67b; 74 a/b). In this case it is evidence of the
sedimentological proximity of the moraine, and thus of the
glacier, as an essential feature of glacier outlet outwash
plains or sanders. The first four columnar diagrams of Fig
56 (24.8.86/1/5; 24.10.86/1/1a-d/2) illustrate how much the
morphometric features of quartzite grains in the terraces of
the Yarkand system vary in relation to the transport
distances. 24.08.86/1/5 (cf. also Fig 68) are taken from short
tributary valleys. 24.08.86/1/1a-d/2 are from the long
Yarkand main valley. The high proportion of “fresh”
material is explained by the omnipresent supply of
solifluidal and denudation slope debris but also by
glacigenic fractures caused by small glaciers in the
tributary valleys. The significant proportion of “dull”
material indicate acolian processes typical of arid, or semi-
arid climatic regions.

However, this requires qualification in so far as the
characteristic of “dullness” can also be observed in
glacigenic processes, like the grinding of lower and ground
moraine, which produce grain surfaces with polished edges
and a dull grain surface not unlike that of SiO,-grains
transformed by aeolian processes only (Fig 68<<). In this
respect the 50-65% of “dull” components of the tributary
valley samples 24.08.86/1/5 are more informative about the
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short distance of only a few kilometres to the present
glacier ends of the Kuenlun than about aridity. As stressed
before, Fig 105 shows very clearly how relatively little
debris material and terrace material fills the floor of the
Yarkand valley section higher up. In this context attention
must be drawn to the considerable present denudation and
solifluction processes which shift the detritus on the slopes
by ¢. 2-6 cm/year downhill (Fig 105 ™). It would have filled
the valley floor disproportionately more, had there not
been glacial removal during the ice age - with several
repeats during the Pleistocene (cf. Kuhle 1991d, pp. 139, 141,
170). Even these tributary valleys without a short
connection to higher mountain massifs of the Kuenlun,
and consequently with no glacigenic supply of material
from ice margin positions on the edge of larger valley
glaciers during the Late Ice Age and Holocene, are
noticeably poor in debris and gravel as compared with
present material weathering (Fig 109, 110 left half of the
photo). It is essential for this approach to bear in mind the
spatial differentiation of valley sections with directly
adjacent high mountains, and thus Late Glacial supplies of
glacigenic material as it occurs, for instance, in the area of
the W Surukwat valley, where glacio-fluvial accumulations
of vast dimensions are a typical feature (Fig 138 No. 31; 22
¥ Nos. 1-3). Here it belongs to the post-Main Ice Age (cf.
above). It is necessary to bring to mind the details of this
strange, but at the same time characteristic, distribution of
the quantitites of debris within these valley courses in their
dependence on the distance from Late Glacial and
Holocene glaciers in order to draw the right conclusions in
the summary of this paper (cf. summary chapter 4.5.3).

4.5.3 Loose rocks in the “Vale of Kudi” and the gravel-fields
up to the N-foreland of the Kueniun (Tarim basin)

This sub-chapter has to fill an additional systematic
function. In doing so it closes the spatial gap between the
Yarkand valley area and the Kuenlun S-slope together with
the Kuenlun N-escarpment, down to the mountain
foreland in the Tarim basin. The Fig 54, 21, 53,25,59,58 and
111 represent the S to N down-valley succession of cross-
profiles of main valleys and tributary valleys with their
infilling of loose rock between 5000 m, or - as the case might
be - 6000 m (Fig 21) and 3000 m asl. Fig 21 and 53 show
valley cross-profiles adjacent to areas of the Kuenlun main
ridge, which are still glaciated, including the Holocene and
Late Glacial moraine discussed above (cf. Chapt. 4.3, Fig
138 No. 15). The gravel-fields here possess rarrow linear
outlines along a talweg (+) confined by high moraines. Fig
54 depicts an equally high valley floor (as Fig 21 and 53)
though it is almost entirely /acking in moraines and loose
gravel rocks (Fig 138 No. 16). The talwegs of this most
southerly catchment area of the “Vale of Kudi” extend up to
high hollows or troughs, the glacier of which is melted
away quite suddenly after filling them completely
throughout the Ice Age. They have not experienced any
Late Glacial to Holocene glacier activity since. This is due
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to the fact that these high hollows or troughs are not
flanked by any peaks which rise substantially above their
level, ie by potential late-Late Glacial to Holocene glacier
catchment areas. That is the reason why at present there are
no glaciers, but only snow patches on these mountain
ridges (Fig 54). The sample locality No. 17 (in Fig 138) has
already been mentioned with regard to the Late Glacial
moraine sequences in the “Vale of Kudi” and its tributary
valleys (Chapt. 4.3). The C14 dating of sample No.20.08.86/
2 shows that the lowest, only 2 m-high terrace is more than
1610 = 90 years old (Tab 2). Apart from alluvial fans of
tributary valleys there are no higher terraces in this
location at 3740 m asl. The same terrace representing the
characteristic level not only emerges upstream at 4000 m asl
(in the area of Fig 259) but also down-valley in the main
valley below near the Kudi settlement at about 3000 to
3200 m (Fig 58 ¥) and repeatedly (Fig 138 No. 40) in the
tributary valleys (Fig 59 V). Fig 57/d provides information
about the fine grain composition of this gravel terrace at
3740 m. At this height- interval, the loose rock valley floor
in the main valley, including the present river bed ( [J), is
only a few hundred metres wide (Fig 58). Judged by valley
walls, which drop steeply below the valley floor, the gravel
thickness might be estimated at one hundred metres or
more (Fig 58 and 59). But a deposit of unclassified rock,
like diamictites, is not to be excluded either. The
undercutting of the outer banks in the bedrock (Fig 58 # ) is
an indication of a different prehistoric genesis of the valley
profiles from that of the present fluvial processes - a
glacigenic one, in fact (cf. Chapt. 5.4). The autumn
waterflow (late October 1986) of this mountain river or
stream in the “Vale of Kudi” near Kudi is about 0.7-1.2 m3/
sec. In the lower course of this valley further north, up to
about 20 km down stream from the Kudi settlement
remnants of several metre- to decametre-high glacio-
fluvial gravel-field terraces with sporadic accumulation of
rough boulders are preserved above the present valley floor
in narrow ledges along the rock-walls. This is quite
evidently Late Glacial moraine material (outwash) which
has been washed out near ice margins - a fact that can be
deduced from the size and packing density of the boulders
(Fig 138 No. 41).

For reasons of expedition logistics, the northern
continuation of this Kuenlun valley system up to the
mountain foreland, ie into the Tarim basin, was
subsequently studied further east, in the “Vale of Pusha”
beyond the Akaz pass (3270 m asl; Fig 138 No. 42). The Fig
112 and 113 show complimentary perspectives of the lower
section of the “Vale of Pusha” (Pusha settlement: 37°20°’N/
77°08°E) and of its glacio-fluvial gravel field, which forms
the valley floor (Fig 138 No. 43). These are Late Glacial
gravel- fields of the Ghasa Stage I (Kuhle 1982, pp. 154-55),
which cover the floor of the glacier tongue basin between
the Main Ice Age moraines in a cord-like gravel field (Fig
112 No. 4; 113 No. 4). It is possible to discern at least two
terrace levels at 10-6m (Fig 112 ¥ No. 4) and 25-20m
above the present talweg (Fig 113 ¥ No. 4), which are
evidence of two early Late Glacial accumulation phases of
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the Ghasa Stage 1. The terrace heights decrease towards the
valley exit as such glacio-fluvial accumulations tend to do.
Hundreds of small “special alluvial fans”, which have been
pushed out of the gullies of the inner moraine slopes (Fig
112 V), are set into their surfaces (Fig 113 @). Late Glacial
gravel-field segments of this kind run through the tongue
basins of the piedmont glaciers of the main ice ages in
repeated patterns of parallel stripes, extending from Wto E
over a distance of more than 100 km S of the Yehcheng
settlement (Fig 113 No. 0; 114 No. 0). These gravel-field
cords pour into the mountain foreland proper of the Tarim
basin (Fig 114 No. 4) from the exit of these Main Ice Age end
moraine valleys or tongue basins from an altitude of
approximately 1900- 2100 m asl. Having been channelled
by the parallel striped end moraines over a distance of 15-
30 km, the gravel-fields were now able to fan out widely
(Fig 138, Nos. 44, 45) from here, ie from the position of the
Main Ice Age glacier margins and glacier outlets (Fig 114)
and to settle down as very extensive gravel fields with
scarcely any relief, which extend as far down as ¢. 1500~
1400 m asl (Fig 115 Nos. 5 and 6). They reach the present
circle of irrigated oases in the interior of the Tarim basin at
the point of their transition to limnic sediments in terminal
basins, which used to be lakes even in Late Glacial times.
This is the case in the S-N profile near the Yehcheng
settlement. In the more constricted N-Kuenlun mountain
foreland beyond the very extensive ranges of Main Ice Age
end moraines (see below, Chapt. 5.4), some of the younger
Late Glacial sections of gravel-fields spread over the much
more extensive Main Ice Age gravel-fields (Fig 138 No. 44
above No. 45), which in turn must have covered those of
older Pleistocene ice ages (Fig 115 Nos. 5 and 6). The graphs
2 and 8 in Fig 55 (Fig 138 @ N of No. 45) show the grain size
composition in these gravel field fans in the foreland with
surface inclinations of 1-2° over a distance of 60 km from
the bedrock at the foot of the mountains, as well as the
qualitative difference between them and the channelled
gravel-fields with shorter transport distances in valleys
(graphs 3,4, 7 and 10). On the other hand, the contrast with
graphs of purely fluvially-transported deposits (graphs 1 and
S) is just as evident. Fig 66 demonstrates the essential
contrast of the grain size composition of two more samples
(17.10.86/1/1A) from the same locality of gravel-fields in the
Soreland (Fig 138 N of No. 45) (graphs 5 and 8) to other
channelled gravel-fields from tributary valleys of the
Yarkand (graphs 1, 2, 4 and 7). Showing a proportion of
more than 75% of dulied quartzite grains, Fig 56 (17.08.86/
2) stresses the high proportion of aeolian processes
involved in shaping the grain surfaces of the pelitic
components of this glacio-fluvial sediment (Fig 138 N of
No. 45). The reason for this is to be seen both in the aridity
of the climate in the Tarim basin, which continues to
expose the bare gravel-fields to deflation and corrasion and
the time available since at least 18 Ka BP (Fig 115 O, No. 5
and 6). Fig 127 gives a directly visible rendering of the high
proportion of dull grains in the range of >63 um.

It must be remembered that, within this study, which
focuses on the Main Ice Age glaciation, the detailed
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descriptions and analyses of outwash gravel-fields from the
Main Ice Age to the post-Glacial period via the Late
Glacial to historic times (Chapt. 4.5.1.-4.5.3) have the
function of providing evidence to demonstrate how fresh
and youthful these glacio-fluvial infillings of valley floors
are, and how entirely different these post-Main Ice Age
processes must have been from the preceding ones which
gave the valleys their forms. It has been shown that the
present formative processes in the main valleys cannot
explain their shaping (c¢f. Chapt. 5.4).

5. Maximum Prehistoric Glacier Infilling of the High
Mountain Relief between the Karakorum Main Ridge and the
North Kuenlun Foreland (Fig 138)

In the course of the description of geomorphological
and sedimentological traces of maximum prehistoric
glacier infilling, the general topographical sequence from
the highest, present, glacier areas of the Karakorum to the
lowest, former ice margins in the mountain foreland of the
Kuenlun is here being repeated for the fourth time. Related
to the description of present glaciation (Chapt. 3), the
Holocene to Late Glacial glacier positions (Chapt. 4.1 to 4)
and the outwash gravel-fields (Chapt. 4.5.), this S-N
sequence has hitherto dealt with the mountain thresholds
of the Aghil and the Kuenlun, which have been inserted,
running from W to E. This has been repeated three times in
this S-N profile, beginning each time at the top again, at the
present glaciers, and subsequently following three
downward profiles every time. This would even have to
apply to the maximum ice infilling of the relief, unless its
level, the glacier surface, had moved across these ridges at
some transfluence passes and maintained a S-N descent.
Disregarding the possibility of such glacier transfluences,
even glaciation - which is, after all, never superior to the
relief but within its surface - would have had no alternative
other than following the direction of the present valley
inclination with its ice flow. It follows that, in this respect,
the twin thresholds of the Aghil and the Kuenlun ridge
also continue to hold their own for the maximum
glaciation. The description has to start twice again at the
top, descending from heights of more than 5000 m asl first
to 4000m (Shaksgam valley floor), then to 3300m
(Yarkand valley floor), and finally to less than 2000 m asl
(Kuenlun foreland). It should be mentioned in advance
there is no lowest glacial margin position between the
Karakorum N-slope and the Kuenlun, since the altitude of
the entire area is too high. For this reason, reconstructions
of the maximum height of abrasion and polishing lines and
ice levels were carried out in the valley systems of the
Shaksgam and the Yarkand. At that time the entire valley
relief had been infilled with ice. The lowest glacier end
positions were only formed beyond (north of) the Kuenlun
mountains where the foot of the mountain ends in the
Tarim basin.

The investigation consequently begins in the
Karakorum N-slope as the highest, more than 8000 m-high
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feeding area, by examining the highest preserved of the
abrasions and polishing lines, more or less unambiguous
evidence of which is found in smaller and larger remnants.
Though the local Ice Age glacier levels are the highest, and
far above the present glaciers, they also show the smallest
height difference to the valley floor levels there. Only the
main valley floors and longitudinal valley floors further
down, which are now free of glaciation, manifested the
greatest ice thickness during the Main Ice Age, whereas up
the main valley, and especially up the tributary valleys the
gap between the Main Glacial ice level and the present one
has been closed save for a vertical distance of a few hundred
metres. This observation gives some idea of a Main Ice Age
valley glacier net with very well balanced, and by contrast
with the present glacier surface inclinations, markedly
Sflatter, surface inclination curve. The overall picture of the
Ice Age glacier surface geometry, which flattens the mountain
relief in this way, shows that it was underpinned by the
greatest thicknesses of ice where the valleys are incised
most deeply. In other words, that the ice was thinner where
the valley floors extend far beyond the Ice Age snow line,
and far into the present glacier region. Glaciation of peaks
and ridges above the valley ice level was, if anything, less
than now, as the upper climatic glacier line had been
lowered equi-directionally with the climatic snow line (cf.
Chapt. 3.1.1; cf. Kuhle 1986i: pp. 344/45). However difficult
it may be in a particular case to arrive at an exact
classification of remnants of flank abrasions and polishings
or even abrasion and polishing limits of the valley flank
sections, the concept of an overall level of Ice Age glacial
relief-infilling succeeds quite well, providing two-, or even
three-dimensional interpolations of height- levels for
intervening areas from both sides, even from the opposite
valley flank for more or less great horizontal distances.

5.1 The Maximum Prehistoric Glacier Levels which can be
Shown to Have Existed in the Karakorum North of K2
(Catchment Area of the Muztagh Valley)

Beginning with the K2 wvalley, where the 1986
expedition was able to carry out investigations into the
highest valley heads in the Karakorum main ridge, the
highest preserved abrasion and polishing limits (----)
above the recent glacier feeding areas were found to be
running 400-600 m above the present glacier surface (Fig
1a) This is a value which polishing limit remnants in the
feeding area of the Aletsch glacier in the Bernese Alps also
indicated for the reconstruction of the Main Ice Age raising
of the Jungfrau firn, thus confirming the comparatively
minor heightening of the catchment arca levels in question.
Higher values (around 600 m) can be recognized at the N-
wall of K2 itself, thanks to increased steepness at the base
following glacial undercutting of the banded Falchan
gneisses. In Fig 5 (---- centre) the undercutting is
particularly clear at the shadow line of the K2 N-spur. On
the W-source branch of the K2 glacier, which leads up to
the castern “Sarpo Laggo pass” (Fig la No. 6), the ice
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thickness during the Main Ice Age had been reduced to
400m and less as a result of the over-running of the
aforementioned c¢. 5800 m-high pass (Fig 1a ---- between
Nos. 2 and 6).In the entire catchment area of the K2 glacier
the glacier surface was thus located between 5800 and c.
6000 m asl.

Fig 5 (-- - -1eft) shows the reconstruction of the level on
the orographic right-hand valley flank. Its continuation
down-valley is shown in Fig 6 (- - - - right). In this exposure
the Ice Age increase in the glacier thickness to the S, up to
the middle coupe of the present K2 glacier, is very
noticeable (---- background). Convex glacigenic abrasion
and polishing forms (#) are characteristic here. At the
same time the intervening destruction of outcropping
metamorphic sedimentary rock (quartzites and. Baltoro
black slate, cf. Geological Map of K2, 1:25 000, Desio 1968)
by frost weathering, is striking. After the deglaciation of the
rock flanks it led both to the formation of debris covers with
solifluction dynamics () and of young talus cones (Fig 35
V; 10 A). Weathering is aided by the positioning of the
outcrop layers up to the slope surface. Fig la, 6 and 10 show
the maximum height of the prehistoric K2 glacier surface
as far as it is preserved at the valley flank on the left side
(Fig 6 - - - - left side; 10 - - - - centre). Towering up to 2000 m
above the present glacier surface (Fig la No. 4, 6 Nos. 1, 2;
10 Nos 2, 3) this steep, shaded ENE-exposed valley flank
continues to be transformed by ice and snow-induced rock
falls and is forming a dense network of wall gorges and
gullies.

Small hanging glaciers and firn shields, some of which
developed only in post-Glacial times, contribute to the
process of breaking-up the valley wall (Fig 1a, 5, 6 ©). Fig 7,
10, 11,28, 30, 32, 35 (- - - -) assist in the reconstruction of the
maximum prehistoric ice level at the great ice barrierto the
N, the Karakorum main ridge formed between the S-slope
and N-slope. Eight kilometres away from the K2 peak the
ice thickness (----) increased to about 700-800 m. This is
the confluence area of the third orographic left-hand
tributary glacier (Fig 10 and 11 below No. 4). During the Ice
Age and even now the tributary glacier system on the
orographic left-hand has in turn been divided into three
source branches, and connected with the main glacier (K2
glacier), by a confluence step. Relatively steep even during
maximum glaciation this steep step in the rock floor
explains the ascent of the glacier surface into this tributary
glacier system (Fig 10 and 11 - - - - in the background, below
Nos. 3,4, 5, or4,5). There is a 7315 (7330) m-high mountain
at its source (Fig 1 No. 4); during the Ice Age the 1000 m-
high scarp of this structure descended steeply to what was
then the glacier surface. Two and a half kilometres further
down valley another tributary glacier joins on the
orographic left; it used to flow into the Ice Age K2 glacier
with a 500-600 m greater thickness than now (Fig 10 ----

- right, below No. 7; 11 - --- below No. 6), where exaraction

grooves and abrasion and polishing lines caused by
detersion and detraction are recognisable (----) above
some glacial abrasion and rock polishings (4 ). The
catchment area of this tributary stream is certain to be
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higher than 6000 m (No. 7 = 6040 m); indeed, it is likely
that even peaks of more than 6500 m (Fig 11 and 12 No. 6;
6540 m according to T. Myamori’s map (1978) Baltoro
Muztagh in Mountaineering. Maps of the World p. 128)
follow on here. Up to now, this area has remained
completely unexplored. In spite of this, the Italian 1929
Geographical Expedition described a 6540 m mountain
here as Monte Chongtar. Between the two left-hand
tributary glaciers, two levels of abrasion or polishing lines
can be reconstructed (Fig 10 below No. 6), the lower one of
which corresponds to the oldest Late Glacial stage, the
Ghasa Stage I (nomenclature Kuhle 1982, p. 154). Further
down the valley, where the most northerly left-hand
tributary valley joins, another two levels of abrasion and
polishing lines can be made out; this is particularly clear
when viewed from different angles (cf. Fig 11 ---- (below
No. 7 and up to the right-hand edge of the picture) with Fig
28 ----). Further perspectives of this valley flank with its
considerable roughness (cf. Chapt. 4. 1. 1.) are shown in Fig
7 and 14 ( ----). On the orographic right-hand side, directly
opposite that tributary valley on the left side, the 8 km-long
Skyang Kangri valley joins the K2 valley directly from the E
without any steep steps (Fig 11, left third; 30 right). A 1km-
wide tributary ice stream from this valley drained into the
main ice stream of the next higher order (Fig 138 No. 3).In
the confluence area the abrasion and polishing lines are
evidence of an ice thickness of ¢. 800 m (Fig 2 right, 11 left,
12 right and 30 ----). A diversion into the Skyang Kangri
valley up to its upper end, with the 7544 m-high Skyang
Kangri, is to facilitate the reconstruction of the glacier level
of the Main Glacial period (Fig 2; 12). Directly N of the
Skyang Kangri twin- peak (Fig 2 and 12 No. 1; left 7544 m,
and right c. 7500 m asl) the Ice Age glacier level was higher
than the intermediate valley ridge between the Skyang
Kangri and the western branch of the N-Skyang Lungpa
glacier (Fig 2 and 12 - - - - far left). Since the ridge separating
the two glacier systems now was not rounded, it can be
concluded that a glacier transfluence was largely missing at
that time. The significant supply of ice avalanches (1) from
scarp walls, which had, and still has, an effect upon not only
the valley head but also over many kilometres from the up
to 6640 m- high peaks (Fig 2 No. 3; 12 Nos.2 and 3) down to
the orographic left-hand valley flank, has obscured the
prehistoric abrasion and polishing lines. The preserved
remnants of the truncated spurs and polished triangular
slope facets (Fig 2---- left half) indicate a prehistoric ice
level between 6000 and 5600m asl, corresponding to a
prehistoric glacier surface 600 to 400 m above the present
one. In the directions of the confluence area of the Skyang
Kangri valley with the K2 valley, an oldest - ie highest -
abrasion and polishing surface bordered by an ice scouring
groove has been preserved up to 600 m above the present
glacier surface level (Fig 2-- - - right half, 12 - - - - right half;
30a ---- bottom right). Now and in the most recent
historical period of glaciation (during stages IX and X), the
right-hand side of the Skyang Kangri glacier, together with
its margin in the form of an ablation gorge (Fig 2 00 ; 12
foreground and IX, right), which are exposed to the SW
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and thus to increased radiation, have kept their distance
from the valley flank, whereas the Ice Age glacier, as the
largest tributary branch of the K2 glacier, on the orographic
right, attached itself to the walls of this valley, reaching up
to a height of at least 600-800 m (Fig 12 - -- - on the right-
hand edge; 30a ---- bottom right). The K2 main valley
glacier continued down valley at a correspondingly high
level below the Skyang Kangri valley junction (Fig 10 right-
hand edge of the picture; 30 left half; 30a). Fig 10 and 30
both show the two glacial flank smoothings of the main
valley (Fig 30 @ #) lying directly opposite each other,
together with the abrasion and polishing lines which run
up to 1000 m above the valley floor (----). Due to parallax
shift (----), the perspectives of these pictures, which look
down on the K2 valley to its junction with the Muztagh
valley, render the Ice Age increase of glacier thickness,
which occurred in this direction, less distinct. Evidence of
this was supplied by the author by means of the loss in
height of the valley talweg, which is greater than that of the
ice scour limits. Fig 32 and 43 select the area of the junction
of the K2 valley with the Muztagh valley in respect of their
ice scour limits (----) from opposing observation
perspectives. The ice scour limit on the orographic right
runs here at about 5200 m asl, somewhat more than 1000 m
above the valley floor (1 ¢) in the forefield of the present
K2 glacier (Fig 23; 23a). The reason for the absence of
moraine deposits from the Late Glacial stage I (= Ghasa
Stage, after Kuhle 1982, pp. 154/55) below this ice scour
limit, is the persistent lack of height of the snow line (ELA)
during the relevant period of the early Late Glacial time. In
the same way as the Main Ice Age glacier surface (Fig 32
----) is to be reconstructed solely on the basis of the
smoothly abraded and polished valley flank rocks (Fig 28
Q) on the left-hand edge; 32 M) and the suspension of
these smoothings towards the top by means of the ice scour
limit, since the relevant glacier surface - far above the snow
line - must have been part of the denudation area of the
glacier, and consequently no moraine deposition was
possible in these valley cross- profiles of the glacier feeding
areas, they are still missing here during the early Late
Glacial period (stage I). The oldest moraines belong to the
middle Late Glacial: the Taglung Stage II and the Dhampu
Stage I1I (nomenclature for High Asia after Kuhle 1982, pp.
155-57) (Fig 32 11, III). The moraine deposits following on
down valley from stage III become more and more
voluminous, jut out into the valley space like terraces,
thereby diminishing its volume (Sirkung Stage IV, Nauri
Stage V, older Dhaulagiri Stage VI in Fig 32 and 43). The
vertical continuation of the moraine deposits of the valley
down to its floor can be gathered from Fig 23 and 23a,
showing the moraine stage IX and X ( ).

A little above the junction of the Ice Age K2 tributary
stream with the Muztagh valley, the formerly 21 km-long N-
Skyang Lungpa glacier joined the K2 valley as the then
most important tributary glacier (Fig 138 Nos. 2, 3a). Its
source was located in two branches running parallel to the
Skyang Kangri glacier (cf. above) on the N-flank of the
7544 m-high Skyang Kangri (Fig 138). Fig 32 (- - - - left third
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II, 111, IV) shows the highest provable ice level including
the lateral moraine of the Late Glacial period on the
orographic right in this junction area. The confluence point
of the talwegs of both valleys is marked in Fig 30a ( 7, top),
together with ice scour limits in the confluences of N-
Skyang Lungpa valley, K2 valley and Muztagh valley (----),
which are close to one another. During the Neo- Glacial
glacier advance (c. 4000-4500 YBP, by analogy with datings
by Kuhle 1986e, 1986¢c), the mountain spur of the two
converging flanks of the N-Skyang Lungpa valley and the
K2 valley was extended by 1 km (Fig 32 V, Vright and V left)
through a middle moraine, which was formed by the two
lateral moraines of two united valley glaciers. Fig 43 (----)
depicts the highest provable prehistoric glacier level in the
K2 valley - Muztagh valley junction with its gravel floor,
which appears as the ice scour limit (- - - - on the upper edge
of the air-photo) in Fig 30a. In the course of the 1986
expedition X{i Daoming found “hard till” at 5000 m asl, and
1100 m above the valley floor in this region (Fig 138 No. 12).
It was subsequently dated in the TL laboratory of Gdansk
University as 56-10° + 8.4.10° YBP.

In order to present the ice scour limit, it is now proposed
to follow the orographic right-hand flank of the Muztagh
valley (Fig 43 to the right), from the mouth of the K2 valley
up to the Sarpo Laggo glacier (Fig 30a ---- near the left-
hand edge; 50 ----). Passing above some Late Glacial
lateral moraine ledges (III, IV {/), it delimits a heavily
scoured, preserved abraded and polished edge ()
towards the top. The lateral moraines are preserved in
places where it was easy to press them into the shadow of
the small tributary valley below the 6040 m peak (Fig S0
No. 2). The source branch of the Muztagh valley on the
orographic right-hand side, the Sarpo Laggo valley,
continues to be glaciated like the K2 valley. It takes the
form of a trough valley with a broad floor and steeply
ascending abraded and polished flanks (Fig 36, left third;
44 left quarter; 46 4 #). Besides sharing the classic over-
steepened and slightly concave abraded lower flanks (Fig 36,
far left below 4 #), it even has the strikingly straight
valley flanks, which are typical for many V-shaped valleys,
and smoothings, which are direct indicators of glacial
development (Fig 138, No7; 44 4@ #). Between the
confluent tributary valleys of the Sarpo Laggo system
perfectly triangular glacigenic slopes - in the true
geometrical sense - have developed here. Such polished
rock surfaces have been formed in many places irrespective
of the nature of the rock or their bedding conditions. Fig 8
even shows crystalline schists with quartzite layers
vertically outcropping on the right flank of the Muztagh
valley (4M), which have been whittled down to form a
smooth surface. This is a rock sequence exhibiting a wide
variety of abrasion and polishing resistances. The main
valley axis of the Sarpo Laggo valley can be well surveyed
over 30-32 km, up to the 6544 m-high Kruksum peak at its
head (Fig 36 and 44 No. 1), where a mountain ridge which
was abraded and polished round during the Main Ice Age,
the still glaciated, 5931 m- high Karphogang W of the E-
Muztagh pass marks an Ice Age minimum glacier level of

249

about 5900-6000 m asl (Fig 44 - - --). This was the location
of a central, slightly dome-shaped heightening of the ice
stream network, which was in contact with the Karakorum
S-side through several hundred metres-high transfluence
thicknesses including three confluence passes (E-Muztagh
pass, 5422 m; W- Muztagh pass 5370m, and the Sarpo
Laggo pass 5685 or 5645 m, directly at the valley head).
There have been several of such transsection glacier domes
along the Karakorum; the author suggests reference to this
one as the “Sarpo Laggo dome”. In the S it was connected
with the Baltoro glacier system, and in the W with the
Panmah glacier system. Both of the southern ice stream
networks belong to the Main Ice Age catchment area of the
Indus glacier (cf. Kuhle 1987h, pp. 606/607; 1991, pp. 297~
299). It was lying opposite the Shaksgam-Yarkand glacier
system, which includes the ice stream networks in
question. Fig 44 shows the direction of origin of the two
main components ( ~<, background), which lead down
from the Karakorum passes mentioned above. The arrow
(— left) marks the inflow of the ice stream which the 1929
Italian Geographical Expedition had named the
Meridional Chongtar glacier. Being the largest tributary
stream of the Sarpo Laggo glacier, it was linked with the K2
glacier during the Ice Age via a continuous surface (ie
without any breaks in slope) that extended over the c.
5800 m-high “E-Sarpo Laggo pass” W of the K2 (cf. Chapt.
5.1; Fig 1a No. 6; 138). In this way the massif of the 7315
(7330) m-high peak (Fig 11 No. 4) which includes the
6540 m-high Monte Chongtar (or Chongtar peak Fig 11 and
12 No. 6; 50 No. 1) was enclosed by the more than 1000 m-
thick ice streams of K2, the Muztagh and the Sarpo Laggo
glacier. Further higher peaks of this Sarpo Laggo catchment
area are the mountains of the Lobsang group, including the
6745 m-high Thyor and the 7275 m-high Muztagh tower,
which were connected via the Moni glacier. The maximum
thickness of the upper Sarpo Laggo glacier which it was
possible to reconstruct geomorphologically on the basis of
mountain forms and abrasion and polishing grooves (Fig
44 ----; 46 - - - - left side) reached 700-1000 m higherin the
present snow line limit (at 5000-5200 m asl; Fig 138, No.7)
than the present ice stream. On the way to the confluence
with the Skamri glacier in the Muztagh valley (Fig 36 ----;
46 -- --right side; 50 - - - -) the glacier thickness increased to
well above 1000 m. Here the glacier level was around a
minimun altitude of 5000-5200 m, whilst the level of the
present gravel-floor in the valley bottom (No. —6) lies at
3900-4000 m asl. Twice as broad as the Sarpo Laggo valley,
the Skamri valley with the presently about 40 km-long
Skamri glacier, (also known as Crevasses or, at times, as the
Yinsugaidi glacier) flowing off the Panmah Muztagh,
reaches the Muztagh valley from the W (Fig 36 and 46,
right-hand side; 9; 47; 48; 49; 138 No. 9). Linked with the
Sarpo Laggo glacier in the SE, the 7045 and 7090 m peaks
of the Chiring group belonged to the S-catchment area of
the Ice Age Skamri glacier. Their marginal satellite peaks
are depicted in Fig 36, 46 and 47 (Nos. 2, 3, 4). In the west,
as an entirely glaciated area of great mean altitude, the
Drenmang group, which culminates at 6736 m, continues to
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be part of it (Fig 9 and 47 background). The catchment area
to the N has its highest point on the 7265 (7295) m- high
“Crown” as the highest peak of the Skamri glacier system
(Fig 46 and 47 No. 1). By contrast with the K2 glacier system
and in view of the much more extended present ice surfaces
of both the Sarpo Laggo and the Skamri glacier system at
considerably lower altitudes of the peak catchment areas, it
is evident that from a certain minimum height of the relief
it is the valley bottom level rather than the height of the
peaks - but in any case above all the mean altitude of the
relief - which determines the construction of the present
and the large prehistoric glacier areas. The difference from
the present glacier system is a significantly higher glacier
level during the Ice Age. It lay 21 km into the Skamri valley
from its junction with the Muztagh valley at 5300-5400 m
asl, ie ¢. 850~900 m above the present glacier surface (Fig 9
- ---). During the Ice Age, the Skamri glacier had a two-pass
link - the one further S being 5475 m high - with the
Nobande glacier on the Karakorum S-side in the Indus
catchment area. The level of the upper ice stream was thus
kept below 6000 m. Fig 47,49, 46 and 36 (in that sequence)
show the vertical distance of the Ice Age abraded and
polished ledges (& 4R) up to the polishing grooves and ice
scour lines from altitudes of 5400 to 5200 m asl downwards
(----). They are indicators of a minimum ice thickness of
about 1000 m. It is likely that the ice thickness was much
greater still, and that for two reasons: 1: Due to its short-
term effectiveness, which must be assumed here, the
maximum height of prehistoric glacier abrasion and
polishing was  hardly sufficiently marked in
geomorphological terms to be preserved; 2. The valley
floor level on which the assessment of the thickness is

based, lies too high, as it is still upgrading now (Fig 9, 36, 46,
47,48, 49 No. —6 ). The box shape of the Muztagh valley,
which is a result of infilling of the valley floors with loose
rock (moraine and glacio-fluvial gravels), suggests a far
more than 100 m-lower altitudinal position of the rock
bottom when it was abraded and polished by the Main Ice
Age glacier. This approach is justified in view of the
abraded or polished valley flank slopes striking the valley
floor gravel at an acute angle, or their continuation below
the loose rock infilling (Fig 9, 36, 46, 47, 49 each of them
near the right-hand edge). Fig 47 shows with classic clarity
(in the centre, below M M) the interference of steeply
joining, hanging V-shaped valleys and the polishing of
main valley flanks into glacial cuspate surfaces (cf. also Fig
4G 4 A). In summing up this section, it must be said that
a 1000-1200 m-thick ice stream has left the Muztagh valley,
ie reached the junction with the Shaksgam valley, the main
valley of the next higher order.

5.2 The Reconstruction of the Maximum Ice Thickness
between the Karakorum and the Aghil Mountains (the Ice
Age Glaciation of the Shaksgam Valley)

The Shaksgam valley is the major northerly longitudinal
valley of the Karakorum, and thus one of the original
branches of the Yarkand valley. It does not only drain the
central and western Karakorum, but also drains part of
western Tibet. The Shaksgam valley directed the Ice Age
glaciers and their melt-water run-off north to the Tarim
basin, one of the interior basins of Central Asia in an areic
and arid environment, whilst the Shyok and Nubra valleys,
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