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m Photo 150. Viewpoint situated only 500 m
further E than that of Photo 149 (35°18′ 10″
N/75°38′ 30″ E, 2230 m asl) facing WNW
looking to the Karpochi, the western “riegel”
(barrier mountain) in the Skardu Basin; on
the left the wall of the small fortress (cf.
Photo 149 on the right). (j) are glacigenic
polishings, preserved as unambiguously
identifiable prehistorically abraded rock
parts. (�) is the metres- to decametres-thick
ground moraine (cf. Photo 146 � below
No.76 seen from afar) with erratic granite
boulders up to the size of a hut (o) which
overlies the outcropping phyllite rocks at c.
2400-2600 m asl, i.e. 240-440 m above the
Indus valley bottom. Photo M.Kuhle,
31.7.2000.
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n Photo 151. At 2200 m asl, seen from the middle of the Skardu
Basin facing N into the orographic right flank of the Indus valley (j:
35°22′ N/75°38′ E). ( ) is a 6 km-long side valley, the Marshakala
Lungma (Photo 149 below No.74), leading down from the 5153 m-
high Marshakala, an ESE tributary summit of the 5242 m-peak (Photo
149 No.74), to 2160 m. Despite its steepness the valley has been
widened to a trough and glacigenically polished. The Indus and its in
part thinly wooded gravel floor (�) is at 2160 m asl. Its outer bank
has undercut the phyllite rocks of the valley flank (� white). The
outcropping and very resistent metamorphic rocks are glacigenically
abraded (j) over the entire flank area depicted in this photo. ( ) are
small-scale damage to these polishings caused by postglacial to recent
crumblings; the youngest crumblings can be diagnosed by its lighter
colour (the ferromanganese incrustation is lacking). This applies also
to the fresh tracks of the falls below (below ). (�) are remnants of
ground moraine on the slopes of the main- and side valleys. Since
deglaciation they have been partly furrowed and partly removed (e.g.
on the right and left of � on the very left). Here, a classic transitional
glacial debris accumulation after Iturrizaga 1998, 1999 is concerned.
(p) is a highest remnant of ground moraine at 3430 m asl, 1270 m
above the valley bottom. (� black) is ground moraine material,
surficially displaced and buried by mudflow activities at the exit of
the Marshkala Lungma ( ). Photo M.Kuhle, 15.8.1997.
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m Photo 152. Looking from the bottom of the Indus valley, from the SE margin of the settlement of Skardu, into the
orographic left slopes facing SE (2230 m asl; 35°16′ 50″ N/75°39′ 30″ E). (�) are remnants of ground moraine preserved in
niches on the upper slope as far as a height of 3350 m (� somewhat below – – and on the very right), reaching significant
thicknesses of over 100 m (� large) on the middle- and lower slope, c. 200-500 m above the valley bottom. (– –) is the LGM
glacier level about 3400 m asl, identifiable according to a polish band (j) with an upper abrasion limit, which truncates the
granite bedrock. (� on the left below) is a ground moraine accumulation mediating with a trough-shaped profile line between
the valley ground and the valley flank. At the exit of steep single-ended, i.e. flank valleys it has been selectively dissected
and removed by rill rinsing and linear erosion (▼). According to the cirque-like form (�) situated in a NE-exposition below
the 4969 m-peak, a N-satellite of the 5321 m-peak (No.77; Fig.2/1; not visible in this photo, but in Photo 153), a prehistoric
cirque glacier has to be suggested. After the LGM-glacier level had dropped, the tongue of this cirque glacier, which
previously flowed into the Indus glacier, has pushed the ground moraine cover of the main glacier down-slope. Thus, the
former ground moraine has been pushed as a pedestal moraine of the cirque- and hanging glacier against the lowered margin
of the main glacier (� large). Owing to this, a classic ground moraine ramp (�) is concerned (Kuhle 1982a p 84; 1983a p
238), pressed into the gap between valley flank and main glacier which had been widened by the melting-down, so that the
locally very important thickness of the ground moraine (see above) becomes understandable (� large). (�) is the flat ground
moraine ramp on which the hanging glacier was situated. (�) are irrigated fields between which grow walnut- and apricot
trees but also willows and poplars. Photo M.Kuhle, 15.8.1997.
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p Photo 153. Panorama from the Karpochi, the western 2698 m-high “riegel” (barrier mountain) (right margin) of the two central “riegels” of the Skardu Basin, taken from the small fortress at 2270 m asl (35°18′ 10″ N/75°38′ 30″ E): from facing SSE with
the massif of the 5321 m-peak (No.77) via the massif of the 5339 m-peak (No.78) towards the SSW, with the massif of the 5322 m-peak (No.75) and the 5343 m-high Garsinge (No.76) in the WSW up to W with the 5204 m-high Phara (No.79) looking into
the orographic left flank of the Indus valley (cf. Photo 146 No.75 and 76). (� below No.77) are remnants of ground moraine in the orographic right flank of the Satpare Lungma leading down from the Deosai plateau, above the Satpara (or Satpura) Tsho
(lake). (� from below No.78 up to the right margin) are ground moraine covers, attaining maximum heights of c. 3400 m (� below No.76), i.e. they lie as far as c. 1300 m above the Indus valley bottom. Four types of ground moraine accumulations have to
be differentiated: 1. the flat covers reaching up the highest (� on the right below No.78 and No.76), which partly are heaped up by a thinly scattered debris of crumblings; 2. ramps as parts of a trough profile in the transition from the lower slope to the
valley bottom (� below No.75 and on the very right). Owing to their dissection they are only preserved in remnants; 3. the up to 600 m-high, decametres- to far over 100 m-thick accumulations of ground moraine, marginally dispersed into rills and earth
pyramids, which lie at the exit of the ‘Biansah Lungma’ (valley in which the settlement of Biansah is situated) (� on the left below j below No.75) and finally 4. the up to 400 m-high and at least 300 m-thick ground moraine ramps (� white) on which the
settlement of Tindschus is situated with its irrigation fields at the exits of the three steep valleys leading down from the over 5300 m-high, still glaciated mountains (No.75 and 76). (�) are polygenetic fan features mainly built up of mudflow- and alluvial
debris which for a large part consists of displaced High-(LGM)- to Late Glacial moraine material (Stage 0-IV). They overlie the bottom of the entire Skardu Basin as far as the Indus and are largely covered by wood- and bushland but also by irrigated areas
with fields and fruit-trees. The fans, coming down from steep valleys, are connected with the talweg dissecting the moraines. The irrigation channels are also linked with the valley exits (e.g. below No.75 between � and �). (�) is a postglacial accumulation
of rock avalanche from the orographic right flank of the Satpare Lungma, damming up the Satpara Tsho (lake) (cf. Hewitt 1999:222 and 230 Fig.7). ( ) are break-out scars developed by quite important postglacial crumblings, which according to their
dimensions have to be classified as rock avalanches; (▼) mark active tali made up of the fine debris of the crumblings from those break-out scars. (j) are glacigenic flank abrasions, the roundings of which contrast with the crumbling edges and rough faces
of the break-out scars ( ). They reach up to 3400 m asl, so that this ought to have been the LGM-glacier surface (– –). (�) are cirques, which still today show snow fields or glaciers. The cirques and cirque glaciers of the 5204 m-high Phara (No.79) situated
in a NE-exposition (� below No.79) are evidence of a current orographic ELA at 4800 m asl. Photo M.Kuhle, 15.8.1997.
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m Photo 154. Panorama from the orographic left side of the Indus valley, taken in the lower area, i.e. at the
NW-exit of the Skardu Basin (2160 m asl; 35°40′ 45″ N/75°27′ 30″ E) looking up the Indus: from facing SE
(left margin) with the orographic right flank of the Indus valley, via SSE (centre) with the left valley flank, up
to S (right margin) seen into an orographic left tributary valley, which drains the northern foothills of the 5204
m-high Pahra massif. (�) is a gravel bank in the Indus river bed; (�) are limnic sediments the accumulation of
which is due to the damming-up of the Indus to a lake. This damming-up was caused by a rock avalanche
described by Hewitt (1999, p 223-228, Fig.4-6) as “Kazarah rock avalanche”, which originated from the
orographic right Bragardo Lungma (cf. Photo 170) damming-up the Indus valley bottom. (�) are the metres-
sized, edged boulders of the rock avalanche on its SE margin, undercut by an outer slope of the Indus. Godwin-
Austen (1864), Dainelli (1922) and finally Owen (1988a, Fig.2) have misinterpreted the rock avalanche as a
moraine. (�) are accumulations of ground moraine reaching a height of c. 2850 m (� white), 700 m above the
Indus river bed (�). (▼ left) is secondarily replaced debris with moraine material beneath, which, at least on
its surface, has joined the dynamic force of a mudflow. (
 on the right) is the debris of crumblings, perhaps
with a minor component of dislocated moraine, on a sloping denudation terrace in the bedrock. (⇓) mark
irrigation fields with walnut-, apricot -, willow- as well as poplar trees in the Koneore settlement. (– –) are the
minimum heights of the Ice Age glacier level at c. 3300 m (– – on the left) and 3100 m asl (– – on the right)
estimated according to ground moraines (�), glacigenic roundings and abrasion forms (j). Photo M.Kuhle,
11.7.2000.

m Photo 155. At 2490 m asl, panorama from the orographic left margin of the Skardu Basin (Indus valley) in
the area of the Mantal locality, in the junction area of the Satparu Lungma (� above) and the Indus valley
(Skardu Basin) (35°16′ N/ 75°38′ 23″ E), from facing S to the Satparu Lungma (left margin) via WSW into the
flank of the mountain spur in the exit of the side valley (centre) as far as N into the Skardu Basin and down
toward the 5242 m-peak beyond the Indus valley (No.74). The viewpoint is on the edge of the alluvial debris
fan terrace (�) on the orographic left, c. 70 m above the Satparu river (▼). (�) are deposits of rock avalanches
with megaclasts of the “Satparu Lake-Skardu rock avalanche(s)” as described by Hewitt (1999:228-231). (�
on the very left) is the highest surf-rampart of this accumulation of rock avalanches damming-up the Satparu
(Satpara) Lake. These rock avalanches were multi-phased (ibid.). (The two large � black) are glacial remnants
of ground moraine which have partly been buried by the rock avalanches, i.e. which, lying under their material,
come to the surface. (� white on the left) is also LGM-ground moraine in a higher position. It is surficially
covered by crumblings in the form of debris cones and -tali (�) over large areas. (j) are glacigenic rock
abrasions, which have not yet splintered away and roughened by breakages. (– – white) is the LGM glacier
level reconstructed according to the glacigenically rounded mountain spur (below – – white), which is 3200
m-high on the right and 3500 m-high on the left; it was situated at c. 3400 m asl (– – white). (� white on the
right) is the erratics-bearing ground moraine on the “Karpochi” (riegel) on the distal margin of the mudflow
fan (torrential fan), discharged from the Satparu Lungma into the Skardu Basin. (� black, small) mark deposits
of ground moraine in the area of the Kuardu locality on the right flank of the Indus valley; (– – black) is the
corresponding prehistoric glacier level c. 1200 m above the bottom of the Skardu Basin. Photo: M.Kuhle,
3.8.2000.
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p Photo 156. In the region of the “Satparu Lake-Skardu rock avalanche(s)” at the exit of the Satpare Lungma (35°14′ 30″ N/ 75°38′ 38″ E; 2670 m
asl) view towards the N down the Satparu river (⇓). (�) are the edged, coarse boulders of the rock avalanches, which, cleared of the fine material matrix
by flushing, accumulate in the talweg. The river (⇓), which has been - and still is - dammed-up by the rock avalanches, so that the Satparu Tso (lake)
exists down-valley at 2678 m, cuts into the rock avalanche material (�) and removes the fine material. Accordingly, the coarse boulders (�) have been
compacted in the talweg. The dissection of the rock avalanche material has initially taken place as a result of the over-spill of a prehistoric Satparu Tso
which was far more extended. This over-spill is still in the process of development. (� black) is an active talus of debris along which mainly rock
avalanche material (� on the right) slides down to the talweg (⇓).  (�) marks an Ice Age ground moraine cover at 3100 m, down-slope torn away by
the rock avalanches and still gradually breaking-off (� white). Owing to this, rounded and facetted moraine boulders occur in the rock avalanche
material, even though in small portions. (j) are glacigenic rock abrasions, further above reshaped by postglacial crumblings and rock rills ( ). (– –)
is the LGM-surface-level of the Satparu tributary glacier at c. 3500 m asl. Photo: M.Kuhle, 6.10.1997. 
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p Photo 157. Panorama from the orographic right flank of the Satpare Lungma (35°11′ N/75°37′ 30″ E; 2820 m asl) near the Satparu
settlement, up-valley of the lowest junction of two (a left and a right) side valleys (	 large and � white): from facing W (left margin of
the photo) via NW to the left valley flank behind the junction of the orographic left side valley (centre) and N down the Satparu Lungma
with the Satparu Tso (above ), up to NNE into the orographic right side valley junction (right margin). ( ) is the glacigenic trough
valley Satpare Lungma, basally filled by a fluvial alluvial debris bottom (� black), with a mountain river and a lake which has been
dammed-up by a rock avalanche (“Satparu Lake-Skardu rock avalanche(s)”) at the valley exit (� black). (� large and � white) are alluvial
debris fans discharged from the side valleys and heaped up on the main valley floor. They are used as field terraces. (� white) is either a
remnant of ground moraine or these are the remains of a rock avalanche accumulation not yet completely removed, which, as its polymict,
partly round-edged and facetted large boulders suggest, also contains displaced moraine, as is usual for postglacial rock avalanches in
prehistoric glacial valleys. (�) are up to decametres-thick (third � from the right) ground moraine covers on both main- and side valley
flanks, lying up to an altitude at c. 3800 m (� on the very right and fourth from the right) (Fig.47). In places this moraine material is
preserved in situ (first and second � from the left and second from the right), in places it has been buried down-slope (first � from the
right) or dislocated (third � from the right). (The third � from the right, II-III) is ground moraine displaced kame-like and accumulated
against a Satpare Lungma glacier which has already melted down (accordingly it was a Late Glacial glacier, perhaps of the Stages II-III;
Tab 1). (▼ white) indicates a mudflow cone which also contains displaced ground moraine at the slope foot. (– –) is the position of the
LGM-glacier surface (Stage 0), partly reconstructed with the help of glacigenic flank abrasions (j). (� black, small) shows the body of a
glaciofluvial gravel floor terrace, left behind by the glacier meltwater of the Satpare Lungma glacier melting back as far as the valley head
during Stage IV (Tab 1). Besides older ground moraine and glaciofluvial gravels, this terrace body also contains rock avalanche material.
(�) are cirques formed by their High- to Late Glacial glaciation (Stage 0 to IV, Tab 1). Photo M.Kuhle, 6.10.1997. 

m Photo 159. Panorama taken from 3200 m asl in the middle Satpare Lungma (35°08′ 45″ N/75°37′ 01″ E) looking up-valley facing S into
the orographic right valley flank (left margin) via W into the orographic left flank (centre of the panorama) up to NW down- valley (right
margin). (� black) are ground moraines on the valley slopes. In places they attain decametres in thickness (the two� from the right). These
important ground moraines forming the inner slope of an orographic left lateral moraine (� black on the very right with III) belong to the
late Late Glacial (Stage III). They contain far-travelled and accordingly round-edged granite boulders. (� white) is a Late Glacial end
moraine (Stage IV, Sirkung Stage, see Tab 1) in a valley-blocking position, which, among other things, consists of edged (� white) and
round-edged (� white) up to rounded (� black) granite boulders in a fine matrix (see Fig.22 and Fig.6 No.16). (� black) marks the current
gravel bed of the Satpare river in which moraine, undercut by lateral erosion (e.g. � on the very left) has been - and still is being - reworked.
Additionally, the gravel bed receives a supply of already re-arranged ground moraine from the mudflow cones- and fans (�) in many places.
(j) are glacigenic flank abrasions- and polishings which have been roughened - even though not completely destroyed - by postglacial
reworking. Their upper limit - a more or less clear polish line - allows an approximate reconstruction of an early Late Glacial (Stage I) to
LGM-glacier level (Stage 0, cf. Tab 1) (– –). The then glacier surface ran at c. 3900 m. Photo M.Kuhle, 3.8.2000.
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p Photo 158. Panorama from the orographic right flank of the Satpare Lungma (35°10′
59″ N/75°37′ 31″ E; c. 2820 m asl) looking up-valley: from facing SE (left margin of the
panorama) with the orographic left flank, via NNW (centre) up to via WNW (right margin)
into the lowest orographic left side valley in the area of the Satparu settlement. (�) are
ground moraine remnants in the two valley flanks; below rock fractures ( ) they are
surficially covered by debris overlays (▼ white) at some places. It has been observed that
these debris covers also occasionally contain displaced ground moraine material (� white)
from the upper slopes. (▼ black) is a mudflow cone consisting - at least in part - of ground
moraine which has been transported down-slope. (The two first � from the left with II-III)
are remnants of a Late Glacial ground moraine pedestal (Stage II or III, Tab 1) upthrust
against the Satpare Lungma glacier from the small, steep orographic right side valley
leading down from a 5032 m-high summit named Tschalsi. At that time the main glacier
was probably still superimposed upon by the side glacier. This remainder of a moraine
pedestal, i.e. of its upper edge (above the two first � from the left with II-III) is situated c.
500 m above the current gravel floor of the main valley (�). In the moraine remnant
marked (� white), a ground moraine remnant of the Satpare Lungma glacier (main valley
glacier) can be recognized, in which a small remainder of the then glacigenic trough-shape
of the bottom has been preserved in the loose rock. In an appropriate thickness and altitude
above the main valley gravel floor (�) a moraine remnant (below � black small, panorama
centre) has survived at the exit of an orographic left side valley. Both the ground moraine
remnants show a relative height of c. 50 to 60 m. They prove that the Satpare Lungma
glacier, too, has flowed on a ground moraine pedestal which has been extensively removed
(with the exception of these two remnants) by the Satpare river (�). (� small, panorama
centre) shows furrowed ground moraine from which earth pyramids develop on the
orographic left slope. (� second from the right) is a further basal ground moraine remnant
at 500 to 700 m above the valley bottom (� ). (� black) mark a glaciofluvial gravel floor
terrace into which late Late Glacial (Holocene) rock avalanches have also been locally
incorporated. Terraced irrigation fields are situated upon it. This terrace body has been
accumulated by the last late Late Glacial (at the end of Stage IV, Tab 1) glacier meltwater
and since then becomes dissected. (j black) are glacigenic flank abrasions even reaching
up to 3700 m-high spur summits (j white). (– –) are glacier levels. (– – 0) is the LGM
(= Stage 0) glacier level at 3800 m asl: ice thickness c. 1000 m. Photo M.Kuhle, 6.10.1997.
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n Photo 160. 360°-panorama taken at 3950 m from the valley head of the Satpare Lungma on the NNE-margin
of the Deosai plateau (left half of the panorama) (35°05′ 25″ N/75°33′ E) from facing S up-valley (r) via
WNW onto a 4430 m-high rock head (j white centre) via N down-valley (�) up to E into the orographic right
valley flank (j white on the very right and left) with its 4580 m-high culmination (below 0 – –). (�) are
ground moraine covers and -remnants preserved in many places. They can be diagnosed on the Deosai plateau
(second � from the left) as well as in separate positions on ledges of the valley flanks (the left � below – –
fine on the right) and on the bottom of a hanging valley (the right � below – – fine on the right) as far as
altitudes of 4000 to 4400 m. At some other places on the slopes the ground moraines are overlain by postglacial
local debris of crumblings (�). (� on the very left) is ground moraine marginally dissected by down-slope
removal; its fine material matrix has been flushed out more heavily (⇓). Owing to this, the remnant of ground
moraine cover in between emerges as a segment of a stretched slope with an edged lateral boundary (� between
the two ⇓). (j) are glacigenic abrasions and -roundings in the metamorphic sedimentary rocks and schists
(phyllites) outcropping here, which have been strongly roughened by physical weathering since deglaciation.
This results in a picture of a prehistoric erosive glacial landform as can be met in the European Alpes at the St.
Bernhard Pass (San Bernardino) or in the Norwegian mountains at Sulitielma (near Fauske). (j second from
the left, black) marks a glacigenically rounded rock threshold ; (rq) are two ravine-like talwegs through
which the Satpare river flows down and which have been cut by subglacial meltwater erosion into the rock
threshold. This can be suggested because of ravine forms sharply inset into the bedrock, which are set off in
an upward direction with their working edges against the round abrasion forms. In addition, the two talwegs,
from which the orographic right (r on the left) sets in several metres higher, argue in favour of a subglacial
development, because meltwater tunnels in the ice make this difference in height possible. Terminal moraines
and dumped end moraines are lacking in this large-scale, very clean landscape which is poor in accumulations.
The latter are absent, because the ice which flowed down from the Deosai plateau had no surface moraine
cover; there were no conditions for its development, i.e. the supply with ice avalanches as a result of the steep
relief, usually the norm for the Karakorum, was lacking. (– –) is the minimum height of the Ice Age (LGM =
Stage 0) glacier level between c. 4500 and 4850 m. Here, in its upper reaches, the Satpare Lungma accordingly
was completely filled with ice. Photo M.Kuhle, 3.8.2000.

n Photo 161. At 4150 m asl from the Deosai plateau (35°40′ N/ 75°31′ E) facing SE (left margin) via S (centre) up to
WSW (right margin) looking over a glacial landscape. No.80 is the massif of a 5375 m-high summit. (� white) marks
(Fig.48) an undulating ground moraine face extending over kilometres, which, as the arrangement of its positions
suggests, is built-up by a ground moraine cover metres- to decametres-thick. (�) are round-edged and facetted polymict
erratic boulders of granite and quartzite. Among them are also edged, i.e. partly edged boulders of sedimentary rock
(�) already showing stronger traces of weathering, i.e. splintered post-sedimentarily. The boulders are in size up to 4
x 2.8 x 2 m. (� black in the foreground) is the clay-containing matrix (boulder clay); (� black in the background) are
faces of ground moraine, which - only little reworked - lie up the slopes of roches moutonnées (j on the left) and
glacially streamlined hills (first to third  j from the right). Near the culminations of the glacial abrasion forms, faces
of rock polishing emerge from the ground moraine covers (e.g. j on the left). The development of fluvial rills, which
took place after the deglaciation, is only insignificant, so that the glacial forms must be young. (– –) is the LGM
glacier level between c. 5000 (– – fine on the left) and 4700 m (– – bold, middle; Fig.48) reconstructed according to
these glacial features. Photo M.Kuhle, 3.8.2000. 

m Photo 164. At 3930 m asl, from the centre of the Deosai plateau (35°00′ 32″ N/75°24′ E) looking to the SE; No.84
is the 5193 m- massif in the SSE. The large névé patches there and the small avalanche-fed glaciers on the N-exposed
wall feet (below No.84) prove a current ELA about 4700 to 4800 m asl. From the foreground up to the 5193 m-massif
extends a classic prehistoric glacial landscape with ground moraines (�) on which a scatter of polymict, up to over 2
m-long, round-edged, far-travelled boulders (�) can be seen, pierced by abraded glacial erosion forms (j) as e.g.
roches moutonnées (j on the left). (j on the right) is the glacigenically triangle-shaped face of a “truncated spur”. The
boulders consist of metamorphic sedimentary rocks (phyllites); (
) is a debris flow fan accumulated from dislocated
moraine at the exit of a flat low ground valley after the deglaciation, i.e. during postglacial times. It is distally undercut
by the present-day river in the talweg (below �). The LGM-ice-level (– –) ran between an altitude of 4800 (Fig.49)
and 4900 m. Photo M.Kuhle, 3.8.2000.
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n Photo 163. At 3930 m asl in the centre of the Deosai
plateau (35°00′ 32″ N/75°24′ E) from facing NNW
(left margin) via NNE (on the right of No.75 = 5322
m-peak) up to ENE (No.77 = 5321 m-peak). No.78 is
the 5339 m-peak massif, the 5205 m-high NE satellite
of which is visible here. (– –) marks the LGM glacier
level about 4800 m asl (Fig.48) reconstructed with the
help of the hill landscape showing an uninterrupted
glacigenic abrasion (j: glacially streamlined hills)
with ground moraine covers on the slopes 
(� background). (� foreground) depicts this ground
moraine in detail: it concerns boulder clay consisting
of facetted to rather well-rounded boulders, in size up
to 2.2 m (�) which, isolated from each other, “float”
in a clay-containing matrix (�). They are made up of
metamorphic silt-stones and quartzites; in part they
have iron manganese crusts. On boulder surfaces of
this type, traces of erosion as e.g. desquamation (n)
do occur. Photo M.Kuhle, 3.8.2000.
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n Photo 162. Panorama across the Deosai plateau, taken at 4000 m asl from the gravel plain (� black)
of a mountain river flowing down from the north-eastern marginal chains of the plateau (No.75 = 5322
m-peak) to the S (35°04′ 20″ N/75°29′ 30″ E): from facing SW with the 4812 m-high Asmor (No.81) and
the 4608 m-peak (No.82) via W with the 4969 m-high Barsri (No.83) and NW with the 5339 m-peak, the
5205 m-high NE satellite of which is visible here (No.78), as far as N (right margin). This is a high
plateau landscape on which a low mountain range is set, showing a vertical distance of 600 to 1300 m.
(�) is a trough-shaped, cirque-like valley head belonging to a valley bottom which is adjusted to the high
plateau. For the last time it has been formed after the LGM, i.e. during the Late Glacial Stages III and IV,
when the glacier cover had already heavily melted-down (cf. Tab 1). ( ) are trough-shaped, i.e. typically
glacigenic cross-profiles of high valleys. (j) mark glacigenically abraded and partly polished mountain
ridges (j on the very left) as well as glacially streamlined hills. They are covered with ground moraine
over large areas (�); this consists of polymict, in many places erratic, i.e. far-travelled, round-edged, and
hence facetted boulders (see Photo 163). A few quartzite boulders, the size of a fist up to a head, are
striated. Figures 23 and 6 (No.17) provide evidence of the glacigenic character of their matrix. Ground
moraines (�) and abrasion forms (j) testify to a thickness of the plateau ice of 600 to 800 m on average
(Fig. 48-50); the corresponding LGM-glacier level (– –) ran about 4800 m asl. (� white 2) is the highest,
up to 15 m-high glaciofluvial terrace body (gravel field Dhampu Stage No.2; Tab.1); (� 1) is the next
younger, at most 5 m-high, and also still Late Glacial terrace body (gravel field Sirkung Stage No.1),
(� black -0 to -8) is the Holocene gravel floor body from the Neoglacial (Nauri Stage V) up to the present
(Stage XII) (see Tab 1). These gravel fields have been made up from dislocated and at the same time
outwashed Ice Age to Late Glacial moraine. Photo M.Kuhle, 3.8.2000.

o Photo 166. Panorama at 4070 m asl from the western central region of the Deosai plateau (34°59′ 30″
N/75°19′ 05″ E) from facing E (left margin) via N (middle) up to W (right margin). No.84 is the 5193 m-
peak, No.81 the Asmor (at 4812 m it is four metres higher than Mt. Blanc) and No.82 the 4608 m-peak.
A hill landscape with glacially streamlined hills (the two j on the left), roches moutonnées and
glacigenic polish thresholds (the two j on the right), nearly completely covered by ground moraine (�)
with large, partly erratic (granite) boulders (e.g. �) lying on the surface, extends from the fore- to the
background. (Below ) a further polish threshold occurs, over which the High Glacial ice transfluence
into the W-adjacent valley system of the Khilin Gah has taken place. The streamlined hills tower a good
300 (j on the left) up to c. 560 m (j white) above the level of the corresponding neighbouring high valley
bottom. The ground moraine on their slopes, which further down has been deposited at a greater
thickness, is dissected by flat flushing rills (� white) up to a depth of several metres. At their lower ends
small alluvial fans (� black) provide evidence of the minor masses of fluvial material which at the same
time has been fluvially removed. (0 – –) is the LGM (Stage 0, Tab.1) glacier level about 4800 m asl,
locally reconstructed with the help of ground moraines with and without erratics and abrasion features
(cf. Fig.50). Photo M.Kuhle, 3.8.2000.
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n Photo 165. Panorama taken at 4050 m asl from the centre of the Deosai plateau (35°00′ 30″ N/75°20′ 45″
E) looking from facing S (left margin) via WSW down-valley ( ), toward NNW up-valley (half right) up to
NNE (right margin). No.78 is the 5205 m-peak of the 5339 m-massif. (�) are erratic boulders, among them far-
travelled granite blocks with longitudinal extensions of 2 to 3 m (e.g. the first and second � from the left).
These boulders are facetted, i.e. round-edged; the smaller ones are even rounded, but, owing to radial cracks,
they are partly broken in situ, i.e. post-sedimentarily (second � from the left). Sedimentary rocks, as e.g.
schists, outcrop in the underground. (�) are ground moraines on which these large boulders lie, whilst the
smaller ones, which are fist- to head-sized, are increasingly embedded in the fine matrix as moraine boulders,
isolated from each other. (As a rule, the large boulders are increasingly forced out of the material formation
and thus come to the surface. See Kuhle 1991b:128-130). The 400 to 600 m-high low mountain relief here -
which is similar to a Scandinavian fjell-landform - is completely covered by ground moraines (�) with a
thickness of metres to decametres. Where the thickness of the covers decreases, i.e. in the direction of the hill-
tops, glacigenic abrasions are evident (j).  (�) marks the valley bottom from glaciofluvial gravels and
boulders which have been residually washed out of the ground moraine since the Late Glacial deglaciation, i.e.
at postglacial times, and so have been cleared of the moraine matrix in situ and condensed on the spot. (0 – –
and – –) is the large-scale reconstructed LGM-glacier-surface at c. 4800 m asl (cf. Fig.49 and 50). ( ) was
a then ice transfluence over the W edge of the Deosai plateau into the orographic right (E) source branch of the
Das Khilin Gah and thus to the Astor valley system and the Nanga Parbat-massif. Photo M.Kuhle, 3.8.2000. 

n Photo 167. This panorama was taken from the W-margin of the Deosai plateau at 4180 m asl, looking over
the Scheosar Tso (lake) (34°59′ 58″ N/75°14′ 22″ E) from facing ESE (left margin) via SSW (middle) up to
WNW (right margin). No.84 is the 5193 m-peak. Rock thresholds and classic roches moutonnées (j) fringe the
lake basin as a classic polish depression. The high valley in the background shows a glacigenic trough-shape
( ). (�) are parts of a ground moraine cover, displaced near to the surface and dependent on the slope by
solifluction processes on the roches moutonnées. The ground moraine contains erratic gneiss- and granite
boulders (�), which because of their round-edged to rounded forms cannot be mistaken for slope debris
weathered in situ; the matrix is unambigously glacigenic (Fig.24 and Fig.6 No.18) The LGM-thickness of the
ice has decreased from E to W in the direction of the 4266 m-high transfluence pass ( ) leading over to the
Das Khilin Gah, because beyond its transfluence the ice flowed down steeply toward the WNW. Accordingly,
the ice level (– –) has undergone a loss in height from c. 4750 m on the left (cf. Fig.50) to c. 4450 m asl on
the right  (– – ). The roche moutonnée at the pass (j white) has forced the overflowing glacier ground
upwards to c. 4320 m asl, so that crevasses might have been developed there; potholes, however, have not been
found. Photo M.Kuhle, 3.8.2000. 
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n Photo 169. At 3300 m asl, panorama taken from the orographic
right flank of the Das Khilin Gah (main valley) (35°03′ 20″ N/
75°05′ 10″ E), 2.4 km down-valley of the Jidim settlement, looking
from facing SE (left margin) up-valley, via SW into the left valley
flank (middle) up to WSW (right margin) into a left trough-shaped
side valley ( ). Fig.51 shows the same valley cross-profile. No.81
indicates the position of the 4812 m-peak and No.82 that of the 4608
m-peak (cf. Fig.2/1); the peaks themselves, however, are not visible
from here. The viewpoint is on an orographic right ground moraine
body (� on the very left and right below) which contains facetted,
polymict boulders up to several metres in length (above � on the
right below). (� on the left) is the river, which in postglacial times
(since the deglaciation) has condensed the ground moraine on the
bottom so that a valley floor has been made up with a surface rich in
boulders and gravels (� right); the matrix is silty-sandy. In some
places the ground moraine has been dislocated by mudflow
dynamics to form small mudflow fans (	 black). (
 white) is a
debris cone the surface of which is covered by rock crumblings; its
core, however, consists of buried ground moraine. (�) mark Late
Glacial cirque-, i.e. nivation depressions. The orographic left
moraine ledge (second � from the left) has partly been dissected
and removed by their meltwaters  (▼); (� white and black on its
right side) are ground moraine remnants in situ, in parts
characteristically patterned by gully washing (pp) since the
deglaciation. In an upward direction this ground moraine slope
peters out into a Late Glacial lateral moraine terrace (III) of the
Dhampu Stage (III, see Tab 1). (j) are relics of the High Glacial
abrasion which are relatively well-preserved in the form of
roundings of the rock shoulders (j white and black on the right).
(– – black and – – white 0) is the corresponding LGM-ice-level at
3900 m (on the left) and 3700 m (cf. Fig.51). Photo M.Kuhle,
3.8.2000.
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n Photo 168. Panorama taken at 3880 m from the orographic right (E) source branch of the Das Khilin Gah
(valley), c. 9 km up-valley of the Jidim settlement, from the orographic right valley flank (35°00′ 55″ N/75°12′
E) looking from facing ENE (left margin) up-valley, via S into the left flank ( ) up to NW into the right flank
down-valley (right margin). No.81 indicates the position of the 4812 m-peak, No.82 that of the 4608 m-peak,
No.86 that of the 4843 m-peak and No.85 marks the position of the 4848 m-peak (cf. Fig.2/1); the four peaks
themselves are not visible from here. (j) are glacigenic abrasion roundings and polishings locally crumbled
away ( ). (�) are two types of moraine accumulations: a.) ground moraines which have also survived in higher
slope positions (� on the right, below � , � on the very right, above) and b.) Late Glacial lateral- (� IV =
Sirkung Stage, see Tab.1) and end moraines (� on the left of the right ). The moraines are made up from a
boulder clay with large (up to 2.5 m-long) polymict, edged to round-edged boulders (�); the granite boulders
are the largest. Gullies (�), developed by the seasonal snow-meltwater, dissect the ground moraine on the
slopes; more or less intensive slides also occur in it (o). (�) is a “tor”, i.e. a c. 15 m-high rock-tower of
granite, carved out of the valley ground as a sharp “riegel” (barrier mountain) and preserved despite the
glacigenic ground scouring. ( ) mark valley cross-profiles with a clearly glacigenic trough character. (– –) is
the minimum height of the Ice Age (LGM = Stage 0) glacier level between c. 4450 m (– – fine, half-left) and
3900 m (– – half-right, down-valley), reconstructed with the help of the abrasion forms (j). (0 – – and – –
above � and on the very right) are locally higher prehistoric glacier levels above mountain ridges. Ice influx
has taken place through a transfluence over the western marginal threshold of the Deosai plateau (Photo 167)
at ( ). Photo M.Kuhle, 3.8.2000.

è

è

n Photo 171. Panorama taken at c. 2200 m asl looking down the Indus valley, just 300 m above the Indus (�),
from the orographic right valley flank (35°35′ 16″ N/75°20′ 24″ E) between the Tungas (Tamas) settlement in
the E and Dasu (� white) in the W near the police station at Thowar Rondu: from facing SW (No.88 = 5450
m-peak) into the left Indus valley flank, via W (centre) down-valley as far as NW (right margin) with the
terraced irrigation fields of the Dasu settlement (�) and the exit of the Tormik Lungma. The orographic left
side valley joining from the right below No.88 is the Trik Lungma from the 5450 m-peak N-flank, the valley
head of which currently is still glaciated; its mouth shows a trough cross-profile (between the second – – and
third – – from the left). ( ) is the glacigenic trough profile of the Indus valley depicted in Fig.53. (� large)
is the ground moraine on the valley bottom being at least 50-60 m-thick; in places it even reaches over 100 m
(� large, middle). At some places steep furrows have dispersed it into pre-forms of earth pyramids (▼ white).
Obviously, the Last Glacial (LGM- to early Late Glacial Stage I-) glacier (cf. Tab 1) has also overridden the
material of interglacial rock avalanches, so that it has been covered by ground moraine (� large on the left).
(� small) are the highest ground moraines reaching up to 3150 m asl, c. 1250 m above the valley ground.
Fig.53 (right side of the Indus valley) represents the moraine material on the orographic right valley flank 
(� small on the right). (� black) are further furrows and pre-stages of earth pyramids. Here, too, the
involvement of rock avalanche material cannot be excluded. (	 black) are debris tali deriving from the rock
wall above, which has been crumbling away since the deglaciation. (j) mark rock forms, which have been
glacigenically abraded through ground scouring and shaped like roche-moutonnées (j on the left and right;
especially j on the right), as well as flank polishings (j centre), the upper line of which indicates the polish
limit of the LGM glacier level at 3150 m asl (– –), so that a thickness of the Indus glacier of c. 1200 m could
be reconstructed here. (� white) can be interpreted as a ground moraine pedestal of the orographic right side
glacier from the Tormik Lungma; a corresponding ground moraine pedestal on the orographic left is situated
in the junction of the Trik Lungma (on the left above ). Photo M.Kuhle, 11.7.2000. 
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m Photo 173. At c. 1670 m asl, NW down-valley of the Changmachhu
locality, 2.5 km up-valley of the valley cross-profile Fig.54 (35°41′ 40″
N/74°54′ 28″ E), looking up the Indus valley: from facing NE (left
margin) into the junction of the orographic right side valley ( ) with the
5090 m-peak (No.89), the N-crest of which mediates to the 6050 m-peak
(on the left outside the panorama), via SE (centre) up the Indus as far as
S and SSW (right margin) looking into the left Indus valley flank. (�) has
been approached as a ground moraine ledge, i.e. a High- (LGM) to Late
Glacial ground moraine body, fluvially undercut by the main- and side
valley talweg, i.e. worn down or displaced by landslides and debris flows
(� black) during the postglacial period. Indications as to an alternative
approach as rock avalanche have not been found. The roots of earth
pyramids (n) have, however, also been observed in sediments of rock
avalanches. 300 to 400 m above the Indus river, the ground moraine (�)
which, according to its increase in thickness towards the talweg shows the
characteristics of a pedestal moraine, clings to the polished rock slopes
above (j black, small). Owing to this, trough cross-profiles ( ) have
been developed, which are especially clear in the side valley.  ( black)
is a mountain spur, which has been polished back, i.e. a glacigenically
triangular-shaped slope, showing fresh crumblings. ( white) is a cleft-
dependent crumbling rill in the gneiss bedrock (j white on the right),
which, adjacent to it, has been glacigenically abraded (j white on the
right). (� white) marks an active debris cone with a mantling of the
debris of crumblings; (j on the very left) are relatively intact abrasion
faces. (j on the right margin) is a roche moutonnée undercut by the
Indus. (�) show fluvial sands, pebbles and gravels. The classically
glacigenic polish bands (j black, small) reach their polish line (– –) at
somewhat over 3100 m. (▼) are flat, subglacial meltwater rills of a cirque
glacier (situated in the area of – – on the left), which have reshaped the
High Glacial polish ground (j on the left below ▼) during the Late
Glacial. Photo M.Kuhle, 14.8.1997.
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n Photo 170. At 2150 m asl, panorama taken from the orographic right river side of the Indus (5 m above its high-water level), 2 km WNW of the lower end of the Skardu Basin, i.e. the
Indus bridge near the Bragardo settlement, at the upper start of the Indus gorge stretch (35°27′ 43″ N/75°26′ 30″ E), down-valley of the rock avalanche (�), which Hewitt (1999, pp 223-
228, Fig.4-6) has described as “Kazarah rock avalanche” (cf. Photo 154): from facing E (left margin) up-valley, via SW (centre) with the mountain ridge ( ) rising from the left, from
3886 m, to the right up to 4727 m, diagonally down the Indus, as far as WNW into the orographic right flank of the Indus valley (right margin). (j black on the left) is the orographic right,
glacigenically abraded flank of the Skardu Basin from Bragardo up the Indus (near the left margin in Photo 154); (j white) are further glacigenically rounded and smoothed massive-
crystalline rocks on the orographic right Indus valley flank; (j black on the right) show corresponding abrasions on the opposite valley flank, reaching up to (– – I) and, even more heavily
roughened, up to (– – 0); (– – on the left and – – 0) is the LGM-glacier-level about 3300 m; (– – I) is that of the Late Glacial Ghasa Stage (I, Tab 1) about 2900 m asl. ( ) marks a
rock wall, which, in dependence on the clefts, has heavily crumbled away since the deglaciation; (� white small on the right) are the pertinent debris cones derived from rock fall, which
probably contain ground moraine remnants which they have carried along and which cover the ground moraine lying beneath. (�) shows the rock avalanche (“Kazarah rock avalanche” see
above) emerging from the orographic right Bragardo Lungma, which has dammed-up the Indus valley bottom. The Indus river, flowing here with a water volume of c. 500 m3/sec on average
(at the time when the picture was taken it flowed an extreme summer-high-water after heavy rainfall during the night to August 1st, 2000), has already cut the rock avalanche by an over-
spill of c. 50 (� black) to 120 m (� white) in depth, and at the same time has removed its fine material and compacted the coarse boulders, so that a terrace has been developed (▼). (�)
is ground moraine the matrix of which is rich in clay, with polymict, partly rounded boulders in the erosion shadow of the half-eroded remnant of a roche moutonnée (j on the very right);
(� white on the left and � large) is moraine, dislocated downslope through debris flows from the here a good 3000 m-high right Indus valley flank, which stretches steeply up to the
currently still glaciated 5220 m-peak, a SE-satellite of the 5770 m-peak (Fig.2/1 No.72). (� white, large) shows a debris flow, which had moved down 35 minutes before the photo was
taken. Here, between the Skardu Basin and the inflow of the Gilgit river, 28 debris flows have moved down into the Indus valley during this night, blocking the road for ten days. This is
an example of the extremely active postglacial displacement of moraine material. (� foreground) marks a well-rounded granite boulder; (�) is a practically unmoved, edged gneiss boulder
and (� middleground) are round-edged gneiss-, i.e. granite boulders - a mixture of dislocated rock fall-, moraine- and finally also debris flow material which is representative of the steep
relief. Photo M.Kuhle, 1.8.2000 at 7 o’clock in the morning.

o Photo 172. Panorama at c. 1800 m, 110 m above the Indus, from the orographic right Indus valley flank (35°35′ 58″ N/75°04′ 28″ E) opposite the Tulu settlement (above o white large,
on the left), below the junction of the orographic left side- and hanging valley, a trough valley (‘Tulu Lungma’) leading down from the 5524 m-peak to the N, the valley head of which is
currently still glaciated ( ). Taken from facing SSE (left margin) up the Indus valley, via SSW to the hanging trough valley ( ) up to NNW down the main valley (right margin). (j) are
orographic left glacigenic flank abrasions, part of which occurs on banking edges (j right half of the panorama). Due to crumblings they have been roughened more strongly there ( )
since the deglaciation. In an upward direction the abrasions (j) peter out into a classic polish line about 3150 m asl, c. 1400 m above the current valley ground (– –). In many places these
Ice Age glacigenic faces of flank polishing  (j), which at the same time are typical triangular-shaped slopes (j left half above), are covered with ground moraine up to decametres in
thickness (�). Their highest occurrence has been observed at nearly 3000 m (the three � on the right). Characteristic slides of ground moraine (o small), as they are wide-spread in the
prehistorically glaciated Karakorum, have taken - and still take - place, where the ground moraines are thickest. The quite fresh break-out (o small) shows the characteristic structure of
a downthrow. The ground moraine is the thickest on the confluence spur of the side- to the main valley, where furrows, and now also earth pyramids, are in the process of development (m
black). (�) is a debris fan from dislocated ground moraine, on to which a rock fall with large, edged boulders has collapsed. (o large) indicates two ravine-like side valley talwegs, steeply
eroded into the bedrock. One of them (o large on the left) is still currently active, draining the side valley ( ). Probably it has syngenetically dissected the ground moraine pedestal at
the exit of the side valley. The other one (o large on the right) is non-active. It has only been eroded as a subglacial meltwater rill and then fallen dry after deglaciation. (�) marks a gravel
terrace and (�) are limnic sediments which are embedded into a debris fan, built-up of dislocated moraine material. Both, the gravel and the limnites, have been heaped-up as subrecent
to recent fluvial, i.e. glaciofluvial sediments (outwash) in the Indus valley, which, during Holocene to historic times, was temporarily blocked by rock avalanches or debris flows. After
each break-through of the Indus they have been re-dissected. The fluvial cutting has taken place as far as into the bedrock itself (▼). Photo M.Kuhle, 14.8.1997.
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n Photo 174. Taken at 1680 m asl from the orographic right side of the Indus
valley (35°42′ 32″ N/74°51′ 25″ E) opposite the junction of the Bulache Gah,
3 km down-valley of the Indus valley cross- profile Fig.54, facing SE into the
left flank. (j) is rock, rounded by abrasion at c. 2250 m, 600 m above the
Indus (below � white); adjacent to it, these roundings have been destroyed
by crumblings ( ). (– –) marks the highest prehistoric glacier level of this
Indus valley cross profile, verifiable by abrasion traces (j); it might belong
to the Late Glacial Stage I (Ghasa Stage, Tab 1). (�) are deposits of ground
moraine in the flow shadow of the High Glacial (LGM) Bulache Gah glacier
inflow into the Indus parent glacier. This orographic left side glacier flowed
down from the 5569 (or 5559) m-high massif, which is currently still
glaciated and forms the dividing crest to the SW-adjacent Astor valley (cf.
Kuhle 1997:131/132 Fig.28 on the right of No.46). (�) is a ground moraine
wedge, which, after the abutment had melted, slipped down, and now - like
the rest of the moraine surfaces - is becoming furrowed. The ground moraine
is basally undercut by the Indus (�); (� white) is a round-edged boulder,
which, farther up-valley, has been rinsed by the torrential suspension water
of the Indus and transported here. It lies only temporarily (up to the next
prominent high water peak) on this very unstable talus slope (= debris slope
with a maximum steepness). (�) shows the surface of a fluvial Indus terrace
made up of sands, pebbles and metres-long rock fall- or moraine boulders,
rinsed in situ or fluvially dislocated (� black). Photo M.Kuhle, 14.8.1997. 

m Photo 175. At 1580 m asl from the orographic right flank near the
Shengus Gali locality (35°42′ 51″ N/74°45′ 25″ E) seen facing E up the Indus
gorge. (� black, large) are accumulations of ground moraine up to
decametres in thickness on the NNE slopes of the cross-profile Fig.55.
Owing to its important thickness near the talweg of this gorge-stretch (�
black, large on the right) could be misinterpreted as debris of a rock
avalanche. However, it is a remnant of a ground moraine pedestal in the
glacier flow shadow behind the round-polished rock rib (j black). ( )
marks the glacigenic trough profile, situated above the narrow gorge stretch
(▼) near the talweg. (j) are the glacigenic abrasion roundings reaching up
to c. 3150 m and providing evidence of the Indus glacier level (LGM)
(0 – –), so that a 1600 m-thick ice minus the height of the pedestal moraine
is verifiable. (� small) are the highest deposits of moraine. Here, too, a
misinterpretation as rock avalanche debris can definitely be ruled out,
because they are situated at a height of c. 800-1000 m above the Indus talweg
and show a solid overlay of loose rocks on the 30 to 40°-steep slopes. (
) is
moraine material, dislocated by spring erosion, slope flushing and debris
flow; (�) are polymict boulders metres in size, washed out of the moraine-
and moraine-slope debris by the Indus. ( ) is one of numerous rock
crumblings as a function of the steepness of the walls. Photo M.Kuhle,
14.8.1997.

n Photo 176. 2 km down-valley of the cross-profile Fig.56 at 1540 m asl,
from the right side of the Indus near the Burumdoir locality in the junction
area of the Khalota Gah (35°46′ 05″ N/74°45′ 42″ E) facing SSW looking up
the Indus valley. (�) mark the ground moraine cover of the eastern valley
flank (Fig.56), which in part is many decametres-thick and reaches up to
2650 m. However, Hewitt (1998:4 Fig.1 No.96) has here recorded in his
general map a “rock avalanche”. The steep moraine surfaces are furrowed by
characteristic microfluvial-rills. (j) are rounded, glacigenic abrasion forms,
which in many places are still covered by ground moraine. (� on the left
above) is a debris cone adjusted to the ground moraine surface, and therefore
recognizable as a post-High Glacial accumulation. (– –) indicates the LGM-
glacier-level at somewhat above 3100 m. ( ) marks rock crumblings; (� on
the right below) is ground moraine undercut by the Indus, which slides down
as a talus slope. (The author agrees, if Hewitt considers this place as being
the locality of his “rock avalanche”. In addition, the very thick ground
moraine overlay (� black) is in the process of a typically slow (see above)
landslide since the deglaciation and the loss of an abutment connected to it).
Round-edged to rounded polymict moraine boulders (�) the size of metres,
washed-free or dislocated, lie on - or are embedded into - an alluvial floor of
the Indus (�). Photo M.Kuhle, 14.8.1997.
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n Photo 177. At 1440 m asl, N of the Sassi settlement, looking from the Indus valley (Photo 178) (35°51′ 10″ N/74°44′
55″ E) into the orographic right tributary valley, up the Phuparash Lungma, taken towards the NNE (No.52). (� black)
is basal ground moraine material containing rounded, polymict boulders the size of metres. Two layers of ground
moraine are concerned here: (� black on the right) is that in the underlying bed, (� black on the left) that in the
hanging layer. Above them are further ground moraine layers (� white) into which numerous rock falls might be
incorporated, so that it is not always possible to distinguish between them and the moraine. Additionally, in many
places the moraine material could have slid down or been tipped over since the deglaciation. (� black) are two round-
edged boulders of light granite (� black, below) and dark phyllite (� black, above) which originate from an upper
moraine layer (� white) and have been tipped over downslope. (� white) marks a bank of sedimentary bedrock,
showing remnants of a pothole wall, i.e. flush bowls of the Phuparash river. (�) is prehistoric moraine material, which
has been undercut and thus slides downslope. (– – 0) indicates the highest verifiable, probably High Glacial (LGM =
Stage 0) glacier surface at a good 3100 m asl at the up-valley mountain spur in the confluence area of the Phuparash
Lungma and Indus valley (see Photo 178 left margin). The talweg of the side valley has been dissected so steeply that,
despite a glacier filling which was about 1500 m thick, no trough-profile has been developed but rather a glacigenically
V-shaped valley. No.52 indicates the position of the Malubiting (7453 m) at the valley head, the summit of which is not
visible from here. Photo M.Kuhle, 14.8.1997.

p Photo 178. Panorama taken at 1440 m asl from the junction of the Phuparash Lungma and Phuparash river (foreground on the left) (Photo 177) looking from the orographic right side into the Indus main valley (35°51′
10″ N/74°44′ 55″ E): from facing E up the Indus with the 5324 m-high Godoy-Gali-peak (or Godeli, No.90) on the W-crest of the Haramosh (7397 or 7409 m; Fig.2/1 No.53), via SW to the orographic left mountain spur
(centre, to the right) and WSW down the Indus ( small) as far as W again into the right Indus valley flank (right margin). (�) are ground moraine covers, i.e. - remnants which can be evidenced on the slopes as well as
on flat ledges and near the valley floor. In many places they overlie glacigenically polished rock bottoms (first and second j from the left) and rounded remains of barrier mountains (“riegel”), shaped like roches moutonnées
(second j white from the left); but also glacigenic abrasion forms without a moraine overlay (the four j from the right) have been observed. The Indus valley cross-profile ( small) as well as the concave polish form,
still cloaked with ground moraine, situated between the roche moutonnée and the left Indus valley flank, show a typically glacigenic trough-form ( large). (�) is moraine, the round-edged boulders of which have been
compacted through their downslope displacement. Intercalated rock falls have also been met. (� white) is a c. 14 m-high historic, fluvial terrace of the Indus. (�) marks sediment of moraine and then debris flow from the
Phuparash Lungma, dislocated many times. It also contains polymict, edged and rounded boulders up to several metres in length, and will be taken in by the Indus with the next high-water. (– –) is the maximum prehistoric
glacier level at somewhat over 3100 m, reconstructed with the help of remnants of ground moraine and abrasion roundings. (� black) is a present-day W-exposed cirque glacier below the Godoy-Gali-peak (or Godeli No.90),
which reaches down to c. 4650 m asl (orographic ELA = 4900 m; climatic ELA = 4800 m). Photo M.Kuhle, 14.8.1997.
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p Photo 179. Panorama taken at 1420 m asl on the orographic right side, c. 50 m above the Indus river (35°49′ 50″
N/74°39′ 40″ E), 2 km NE of the Shuta locality : from facing E (left margin) up the Indus valley with the Godoy-Gali-
peak (or Godeli No.90), via SSE (centre) into the orographic left valley flank as far as SW (right margin) down-valley.
The view up-valley shows a trough-like valley cross-profile ( ), the concave form of which has been glacigenically
widened (see also Fig.57), with decametres-thick mantlings of moraine (� black) on to which rock avalanches (�) have
come down since the deglaciation. Where the loose rock is placed in apposition to the glacigenically abraded rock (j on
the left), fresh cone forms (	 on the left) are situated. They consist of displaced ground moraine (� white on the left,
still in an original high position, i.e. in situ) transported down from the wall high above, but also of the debris of
crumblings. Corresponding cone forms (� middle of the panorama) of dislocated ground moraine (the three � on the
right) are adjusted to a remnant of the Indus terrace (�). (� white, large) shows dark ground moraine, which occurs
adjacent to light ground moraine (first � black from the right) on the orographic left flank. It is more heavily dispersed
into earth pyramids than the light one. The ground moraine (�) lies on abraded rock faces, which are in part also polished
(j small). (j large, foreground) is perfectly preserved glacier scouring with a polish in fine-crystalline gneiss and fine-
grained quartzite; a ferromanganese crust has developed on its surface. (– –) is the LGM-glacier-level at c. 3100 m asl,
reconstructed according to ground moraines and flank abrasions. Photo M.Kuhle, 14.8.1997.

n Photo 180. Panorama at 1420 m asl, 2 km NE of the Shuta locality on the orographic right, 50 m above the Indus
talweg (35°49′ 50″ N/74°39′ 40″ E), looking facing N up the valley slope. In the foreground below is the road, blasted
into the rock slope of gneiss (the shady band below is the 1.5 m-high wall created by the blasting). (j) is one of the
numerous rounded knobs, which, under the high pressure of the ice burden and with a water film on the glacier ground,
has been polished out by the Ice Age Indus glacier. Due to its banking, the rock face is horizontally grooved. Besides its
rock-polish, shining in the sunlight, separate flush bowls (�), too, point to the presence of hydrostatically confined water
under the polishing glacier. (j) indicates by its flat scour slope and steep lee slope an ice stream direction from the right
to the left, following the Indus valley. These processes of detraction, dependent on regelation, could attack on the vertical
release joints in the gneiss. Orientated to an only centimetres-thick ferromanganese crust, the rounded rock faces splinter-
off concordantly (▼). This process has to be described as exfoliation. The glacier polish reaches 400-500 m-high up the
valley flank. However, with increasing steepness, it has been more and more damaged by crumblings ( ). (– – fine) is
the highest prehistoric glacier surface about 3100 m asl, evidenced by abrasion roundings. (– – bold) runs at an altitude
of c. 2000 m, above the culmination of the glacially streamlined hill ( on the right) over which the ice must have flowed.
This minimum height of the ice level is locally verifiable by the rounded mountain ridge. Photo M.Kuhle, 14.8.1997.

è

è
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p Photo 181. At 1390 m, panorama taken c. 80 m above the Indus from the orographic right valley slope (35°47′ N/74°37′ 21″ E), 0.5 km E of the Jigi Gali
locality: from facing NNW (left margin), via NE (centre) up the Indus valley, as far as SE (right margin) looking down-valley. (�) is the lowest, here c. 50
m-high, fluvial Indus terrace, which can be followed over a length of at least 17 km from the Sassi settlement as far as the inflow of the Gilgit river (cf.
Photo 178 and 179). Up to the highest terrace level (�) at 1520 m asl, i.e. 210 m above the Indus river, two further fluvial terrace levels are interposed
(between � and �). The highest terrace mantles glacigenic roche moutonnée forms (j on the left and right below �) in gneiss bedrock. ( ) is the cross-
profile polished to a trough in the lower section of the Indus gorge, 8 km above the inflow of the Gilgit river. (j white on the left) indicate abrasion forms
on the outcropping edges of gneiss-strata crumbled away in many places ( ); the edged crumbling debris (▼) develops coarse-blocky tali, covering basal
ground moraine layers (� black). Active cones of debris flow come out from larger rills (	). However, ground moraine (� white on the left) lies also as far
as close to the glacier polish line (– – left half). (The three white � from the right) are ground moraine remnants in higher positions on the orographic left;
they partly cover glacigenic abrasion faces of the bedrock (the three j from the right) up to a thickness of decametres (e.g. � on the very right), the upper
margins of which testify to the prehistoric ice level (– – white on the right). These ground moraines are currently dissected to rills by the down-flowing
water (� below – – white and black on the right). Photo M.Kuhle, 14.8.1997.

n Photo 182. Panorama at 1470 m altitude, c. 180 m above the Indus (�) from the confluence spur between the Indus- (from the left) and Gilgit river (from
the right) (35°45′ 24″ N/74°37′ 42″ E), 3.5 km SSE of the Jigi Gali locality: from facing E (left margin) via S ( ) down-valley up to SW (right margin)
looking into the orographic right Gilgit valley flank. (�) are the four levels of river terraces known from Photo 178, 179 and 181 (�) up to c. 200 m (�
white) above the Indus (�). (�) marks the c. 100 m-high, distally c. 6 km-wide debris flow fan situated near the Bundschi settlement, which has been
discharged from the junction of the Bundschi (Bunji) Gah from the orographic left (E) valley side, from the 5559 m-summit (No.91 marks the position of
the mountain which is not visible from here). It is largely made up from dislocated moraine material. A Late Glacial lateral moraine complex, i.e. a lateral
kame, accumulated against the thawing Indus glacier, can be observed at the valley exit on the orographic left (� I-II). 6 km behind the debris flow fan (�)
and the kame (� I-II), also from the left (E), the Astor valley joins the Indus valley. The author’s glacier reconstructions concerning this valley have already
been discussed in detail (Kuhle 1988b:588; 1988c:11; 1989:271-273; 1991:299; 1993:108-110; 1996; 1997; 1998a:90-94; the 8126 m-high Nanga Parbat-
massif rises behind it (on the left below No.92 in the clouds)). No.92 is the 1965 m-hill at the back of which the Saz Nala joins from the orographic right
(from the W) (cf. Fig.58). Here, the Indus valley shows a trough-cross-profile ( ; Fig.58) with abraded rock flanks (j) and a large-scale ground moraine
overlay (�). (0 – –) is the highest level of the ice stream network verifiable with the help of preserved glacier indicators like these. It runs about 3100 m
and can be classified as belonging to the LGM. (▼) is a basal flank steepening developed by fluvial or subglacially fluvial undercutting. Photo M.Kuhle,
14.8.1997.

è
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p Photo 183. Panorama from the orographic left flank of the Chitral valley, a good 4 km down-valley of Drosh, taken at c. 1350 m asl (35°32′ 30″ N/71°49′ E; Fig.2 on the left above No.97) from facing SSW down-valley
towards Mirkhani (left margin) via WNW into the orographic right valley flank with the alluvial- and mudflow fan (�) of Utsiak (on the right of the middle) up to NNE up-valley as far as the confluence of Mastuj and Shishi
near Drosh (right margin). (�) are ground- and lateral moraine bodies with a trough-shaped profile of the slope line, which during the melting-process of the Chitral valley glacier have first been covered kame-like by a
concordant mantle of crumblings from the rock walls above, accumulated against the ice margin, and have later been dissected downward from the wall furrows (o). (– –) is the LGM-glacier level documented by flank
abrasions (j). Photo M.Kuhle, 21.9.1995. 

n Photo 184. Light erratic granite boulder (for scale: rucksack and a 143 cm-
long stick) in ground moraine on dark sedimentary bedrock, on the
culmination of the mountain ridge polished round by the glacier ice between
Tirich (Mir)- (on the left) and Mastuj valley (right) NE above the Zani pass,
facing NE (3850 m asl; 36°21′ N/72°12′ E). The granite boulder testifies to an
ice transfluence of the Tirich Mir glacier. Photo M.Kuhle, 22.9.1995.

m Photo 185. At 3985 m asl facing E (centre) across the saddle of the Rothang
(Jot) pass (32°21′ 45″ N/77°14′ 50″ E, 3980 m) looking diagonally up the
Lahaul valley. No.9 is the 5620 m-peak; (j black ) is the orographic right
flank polishing of the Lahaul valley, reaching up to 3400 m, to the polish line
of the LGM (– –). (j white) shows a rock threshold rounded by the glacier
abrasion of the Ice Age transfluence pass; (�) marks a hilly ground moraine.
Photo M.Kuhle, 17.8.1993.
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n Photo 186. At 1550 m asl looking up the Tori valley to the NE on
to the 4971 m-peak (No.8). 1.5-3 m-long, round-edged erratic
granite boulders (�) (32°12′40″ N/76°22′35″ E) form an orographic
right lateral moraine (�) which sets in at 1660 m asl (� on the
right), c. 250 m above the talweg (▼). The bedrock in the
underground consists of finely grained sedimentary rock (schist).
(– –) is the surface level of the LGM-Tori glacier, which,
accordingly, had still a thickness about 250 m here. It came to an
end as a hammerhead-like piedmont glacier c. 2 km down-valley
outside the valley. Photo M.Kuhle, 29.10.1996.

m Photo 190. From a good 1500 m asl (28°20′ 64.4″ N/83°57′ 19.2″
E: GPS-measurement), 350 m above the talweg (o), seen along the
orographic right flank down the Seti Khola (valley) to the S. The
erratic gneiss boulder (�) (a further large, i.e. 3 m-long boulder is
situated up-slope) lies on round-polished bedrock schist (j) in an
unstable position. At the time when the Seti Khola glacier has filled
the 2.5-3 km-wide valley (Stage 0, cf.Tab 1) at this thickness (350
m), it must have reached at least as far as the Yamdi Khola ( ).
Photo M.Kuhle, 24.3.1998.

è

n Photo 187. Taken at the exit of the Triund valley from the orographic
left side at 1390 m asl from the left lateral moraine root (� white) (32°12′
55″ N/76°21′ 10″ E) facing WNW and looking on to the opposite lateral
moraine (� black). Here, the moraine ledges (�) with their erratic augen-
gneiss and granite boulders metres in size (�) up to a hut (o) reach a
height about 120 m above the talweg in the bottom of the tongue basin
(�). (– –) is the surface height of the piedmont glacier tongue falling
steeply away at the valley exit. Red Oligocene to Miocene sandstones
outcrop in the underground. Photo M.Kuhle, 31.10.1996. 

m Photo 191. Edged and round-edged to facetted, but also rounded erratic
granite and augen-gneiss boulders of up to 2.5 m in size from the
Himalaya main-crest are situated on thinly-stratified sedimentary bedrock
60 m above the talweg on the right flank of the Madi Khola (the stick is
143 cm-long) (28°12′ 20″ N/ 84°05′ 20″ E) near the Chitepani settlement.
Photo M.Kuhle, 31.1.1995.
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n Photo 188. From Pakua (28°14′ N/83°43′ E) at c. 950 m,
facing N (middle), looking at the lowest section of the trough-
shaped glacier tongue basin ( ) in the lower Modi Khola
between Gijan (on the right of ) and Dobila (left of ). ( )
is situated  c. 1000 m up-valley of the LGM-glacier terminus
(glacier mouth) of the Modi Khola glacier at c. 800 m asl. 
(– – 0) is the surface of its tongue, reconstructed according to
the level of the kame terrace  (�). Photo M.Kuhle, 16.10.1977

o Photo 189. Panorama across the Modi Khola from the
orographic left flank S of Bhichuk (28°20′ 30″ N/83°48′ 20″ E,
1550 m asl) from facing SW down the trough valley ( ) with
the lowest ice margin position at Dobila (o), classified as
belonging to the LGM (Stage 0), via WNW to the 3133 m-peak
(No.10) up to N to the Annapurna South (No.8 = 7219 m) and to
the Hiunchuli (No.9 = 6441 m), seen up-valley. (�) are ground
moraine deposits; (�) shows the position of prehistoric,
subglacial potholes; (– –) is the LGM glacier level. Photo
M.Kuhle, 14.1.1995.



The maximum Ice Age (LGM) glaciation of the Central- and South Karakorum 388387 M. Kuhle

n Photo 198. Panorama at 1290 m asl from the
orographic right flank of the Dadu valley
(29°39′ 20″ N/102°11′ 10″ E) taken from 3 km
upward of the junction of the Taitho: from
facing NNE up the Dadu valley ( ), via E into
the orographic left flank with a bulge-shaped
ground moraine cover (third � from the left),
via SE diagonally down-valley on to a Late
Glacial (Stage I,II or III, cf. Tab 1) end moraine
complex (� white) of the Taitho side glacier, as
far as SSE looking into a 40 m-high ground
moraine exposure (� on the very right) on the
orographic right flank of the Dadu valley. (j) is
a glacier polishing which has been freshly
preserved under this moraine cover. The ground
moraine (� on the very right) contains
polymict, mainly granitic, edged, round-edged
to facetted boulders 1 to 2.5 m in length (�),
“swimming” in a clayey matrix. (�) is a fluvial
terrace of Holocene to historic age. The ground
moraine accumulations (� black) and the trough
form ( ) testify to a c. 300 m-thick prehistoric
glacier-filling up to a height of the ice level
about 1500 m (– –). It cannot be entirely ruled
out that the over 100 m-thick, c. 400 m-high
moraine remnant (� white) concerns a lateral
moraine remnant of the main glacier, which has
survived in the flow shadow. However, the
suggestion of a local front moraine of the
Taitho-tributary glacier, which during the Late
Glacial has advanced into the main valley,
which was already free of ice, has to be
preferred. Photo M.Kuhle, 17.6.2000.

n Photo 192. On the orographic right, on the slope of the Bhote Kosi, the at least
40 m-thick ground moraine (�) reaches up to 300 altitudinal-metres above the
Trisuli river (▼) as far as c. 1400 m asl (– –). Here (28°12′ N/85°14′ 50″ E),
between the Haku (on the right up-valley) and Donga (on the left down-valley)
settlements, it testifies to a still 300 m-thick valley glacier tongue (– – 0). Photo
M.Kuhle, 10.3.1998.

m Photo 193. Well-preserved glacigenic flank polishings (j) in bedrock gneiss
have survived c. 800 m above the valley bottom on the orographic left, in the valley
cross-profile of the Jagat settlement in the Bhote- i.e. Tamba Kosi in the SSW-slope
of the Rolwaling Himalaya on the Sunthali Danda massif (27°50′ N/86°18′ E) at
2000 m asl. Photo M.Kuhle, 11.4.1998.
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n Photo 194. Taken at 1300 m from the orographic left flank of the Tamba
Kosi below the Dolakha settlement, facing NE and looking up the Tamba Kosi
and then the Khare Khola. No.1 is the Cho Oyu (8205 m), No.2 the
Menlungtse (7181 m), both in the Himalaya main crest. (�) is a good 200 m-
high kame (27°40′05″ N/86°07′ E), heaped up against the Ice Age Tamba Kosi
glacier (0 – –) from the orographic right Dolti (also Doni) Khola (m). Photo
M.Kuhle, 12.4.1998.

m Photo 195. Taken from 2730 m asl from the orographic left flank 1 km S of
the Surke settlement (27°39′ 40″ N/86°43′ E), looking up the Dudh Kosi
(valley). The Dudh Kosi glacier, which, according to glaciogeomorphologic
criteria, has been classified as belonging to the LGM, has polished out a trough
valley ( ) the flanks of which indicate glacigenic abrasions (j) as far as c.
3800 m, so that a minimum height of the prehistoric glacier surface can be
reconstructed (– –). The glacier has flowed on a c. 150-200 m-thick - and in
places even clearly thicker - ground moraine pedestal (� white) over the rock
bottom. In the meantime it has been dissected by the river (▼). In the pedestal
of loose rock material, overthrust by the glacier, compressed glaciofluvial
sediments are contained. Crumblings from the flanks, as e.g. rock falls, as well
as debris fans and -cones (�) have been deposited on its surface since the
deglaciation. In the background the Late Glacial medial moraine inset 
(� black) of Namche Bazar can be seen. Photo M.Kuhle 29.8.1982.

n Photo 196. Taken at 3200 m asl
from the valley bottom of the middle
Simbua Khola (27°32′ N/87°55′ 30″
E) filled with moraine, facing SW
looking down-valley. (�) is a 55 m-
high ground moraine exposure;
opposite, on the orographic left side,
the ground moraine pedestal (below

) is over 200 m-high; 2.3 km down-
valley at 3000 m asl, a subglacially
developed ravine stretch continues.
Rocks, rounded by the ground
polishing, extend into it. (– – 0-I) is
the LGM- to Late Glacial surface of
the glacier level. ( ) marks the
position of the Ice Age Lamite
Bhanjyang transfluence pass. Photo
M.Kuhle, 5.5.1999.

è

è

p Photo 197. At 1580 m asl facing W, looking into the orographic right flank of the Dadu valley, made up of a mountain
spur between two side valleys (30°03′ 10″ N/102°12′ E). This c. 350 m-high mountain spur has been completely
overflowed and abraded by the ice (j), so that it presents the classic form of a truncated spur. (– –) is the locally
evidenced minimum surface height of the glacier. On the lower slope the spur is covered with over 10 m-thick moraine
material (� black). It contains metres-sized polymict, facetted boulders, among them granite boulders. (� white) is a
ground moraine- or kame complex at the side valley exit. Photo M.Kuhle, 9.6.2000.
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In the Madi Khola (valley) the (probably LGM-) val-
ley glacier, flowing down from the Annapurna IV, II
and Lamjung Himal, has extended up to c. 630 m asl
(28◦12’20′′ N/84◦05’20′′ E). This is proved by lateral
moraines and erratic gneiss boulders on the orographic left
(Photo 191) (Kuhle 1998a: 87).

7.4. The LGM-ice margin positions of the Langtang-, Himal
SW- and Ganesh Himal SE-slope and in the S-slope of the
Menlungtse-group, Rolwaling Himal (Fig. 1 No. 25)

On the orographic right flank of the Bhote Kosi as far
down as its talweg (Trisuli river), decametres-thick ground
moraines have been preserved (Photo 191). The lowest
occurrences of ground moraine have been met at c. 900–
1000 m asl near the Donga settlement. Up to here, i.e. up to
the junction of the Mailung Khola (28◦05′ N/85◦13’20′′ E),
has reached the terminus of the valley glacier as a joint outlet
glacier of the then connected Langtang- and Ganesh Himal
ice stream network.

In the Tamba Kosi the LGM-glacier in the cross-profile
at the Jagat settlement has amounted to a minimum thickness
of 800 m (Photo 193) (cf. König 1999: 374). Here, at 900 m
asl, a kame near the Malepu settlement (Photo 194) provides
evidence of an ice thickness of still 200 m, so that the glacier
tongue end might have been situated 4 km down-valley at
860 m asl, at the start of the valley narrow SW below the
Marbu settlement (27◦38′ N/86◦06′ E).

7.5. Observations on the LGM-Dudh Kosi glacier terminus
(Khumbu Himal) and the Ice Age Yalung- i.e. Simbua Khola
glacier as an orographic left tributary stream of the Tamur
parent glacier (Kangchendzönga) (Fig. 1 No. 4 and 26)

Heuberger (1986: 30 etc.) has described the lowest prehis-
toric ice margin of the Dudh Kosi glacier as being situated
at 1580 m asl below the Khari-Khola inflow. The author
wishes to correct his suggestion that the Dudh Kosi glacier
has reached further down than up to 1800 m asl, namely up
to the Deku Khola inflow (27◦38′ N/86◦42′ E) at 1560 m asl,
during the LGM (Kuhle 1988b: 587). Due to an ice thickness
about 1000-1200 m only 15 km up-valley, in the cross-
profile at the Ghat settlement (Photo 195 on the right)
– where the glacier surface had already lain at nearly the
level of the snow-line – the author meanwhile assumes that
the Dudh Kosi glacier tongue has come to an end c. 20 km
further down-valley between 1100 and 900 m asl, in the
confluence area with the Hingu Khola (27◦29′ N/86◦43′ E).
Near the Jubing settlement, situated down-valley, the author
has observed smooth denudation forms on the rock flanks,
neither corresponding to linear erosion nor to crumblings,
so that it is to be supposed that these are glacigenic abrasion
forms. Unambiguous indicators, however, have not been
found. Up-valley of this gorge-relief as far as the Surke set-
tlement, these indicators, too, are largely lacking because
of the extreme flushing-out and work of the torrent in the
Holocene.

The author has reconstructed an Ice Age Kangchendzön-
ga-S-slope glacier, the LGM-Tamur glacier, reaching up

to the Thuma settlement at 890 m asl (Kuhle 1990b). In
the lower 4 km of the Simbua Khola, Late Glacial lat-
eral moraines of the Ghasa Stage I (cf.Tab. 1) have been
found, extending at the Hellok settlement into the Tamur
main valley (ibid.: 418–421). König (1999: 376, 381/82)
has confirmed these results – among other findings – by
an orographic right lateral moraine situated 600 m above
the Simbua Khola valley bottom. During his field work in
1999, the author (Kuhle) has encountered a ground moraine
pedestal in an increasing thickness in the upper to middle
Simbua Khola (Photo 196 �), which has been multifari-
ously modified and fluvially dissected since the deglaciation.
Down-valley this pedestal peters out into the level mapped
as lateral moraines (Kuhle 1990b: Fig. 9, (I) half-right
above Hellok). Accordingly, it is also a dissected ground
moraine pedestal. In the orographic left flank of the Sim-
bua Khola at 3400–3430 m asl, decametres-thick ground
moraine deposits with rounded components and polymict
boulders have been observed as far as the Lamite Bhanjyang
(pass) (27◦30’59′′ N/87◦53’45′′ E; Photo 196 ). All these
findings prove 1. that the Simbua Khola glacier has reached
the Tamur parent glacier and, until the Late Glacial, was
one of its tributary streams; 2. that this valley glacier was
at least 600 m-thick ( ) in its middle course and 3. has
thus overflowed the Lamite Bhanjyang (pass), situated just
400 m above the valley bottom, down into the SE-adjacent
Kabeli Khola at a thickness of at least 200 m. Owing to
this transfluence the Simbua Khola glacier level ( 0–I)
in its function as an overspill into a Himalaya fore-chain-
valley without a self-glaciation worth mentioning, must have
remained rather constant from the High- (LGM); Stage 0) as
far as into the Late Glacial (Ghasa Stage I or even II).

7.6. The lowest LGM-ice margin position in the Dadu He
valley (also Ta-tu-ho or Tung-ho) in E-Tibet (Fig. 1 No. 28)

According to field- and laboratory investigations carried out
on the E-margin of Tibet, an Ice Age Dadu-He-parent-
glacier has been reconstructed. Due to the fresh forms
preserved and in consideration of the extremely destructive
and reshaping forces of the monsoon-specific morphody-
namics, it has be classified as belonging to the LGM. This
main glacier has flowed down from E-Tibet and been fed
by numerous side glaciers, i.e. outlet glaciers from the
E-margin of the Tibetan inland ice (Kuhle 1982b, 1982c,
1987e, 1991a, 1997, 1998a), but it has also been supplied
by the connection to the local ice stream network of the
Minya Konka-massif. With the help of ground moraines and
glacigenic lateral forms, as e.g. several hundred-metres-high
kames, the LGM glacier infilling of the Che Chu (dshu),
reaching the town of Kangting (also Tatsienlu, 2620 m asl)
from the N, has been evidenced. Between Kangting and the
inflow of the Tatsienlu-ho (valley) into the Dadu He valley
at 1650 m asl, flank abrasions have widened the Tatsienlu
gorge to a ‘gorge-shaped trough’. Up to 600 m above the
river mouth, a 30–70 m-high moraine has been preserved
at the Wassöko settlement, which can be approached as
a lateral-, i.e. medial-moraine between the side- and par-
ent glacier. But on the opposite side of the tributary valley
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ground moraine has also survived (30◦05′ N/102◦12′ E). In
the course of the continuing 60 km down the Dadu valley
(main valley), from Wassöko as far as the junction with the
Taitho (valley), i.e. from 1620 m down to 1240 m asl, the
author in many places has mapped further ground moraine
covers and lateral forms in continuation of those moraines
(Photo 197, 198). Additional clear evidences of the LGM-
Dadu valley parent glacier occur e.g. on the orographic
left side, immediately above the town of Luding (or Lu-
ting shao). Here, too, the thickness of the valley glacier
might have amounted to 500–600 m. Above the inflow of
the Taitho, through which the Ice Age Hailuogou- (Hailoko-
) and Yan-tsöko glaciers have flowed down from the Minya
Konka SE- and NE flank into the Dadu main glacier, the
main glacier had still a thickness of c. 300 m (Photo 198).
Accordingly, the lowest LGM-ice margin position of this
eastern outlet glacier of the Tibetan inland ice must have
been situated at c. 1150 m asl at 29◦30′ N/102◦11’30′′ E.
Here, below the Wantung settlement, a markedly winding,
narrow gorge valley stretch starts, which was probably free
of ice.
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Abstract

Lateroglacial landforms play a major role in the geomorphological landscape assemblage of the Karakoram Mountains.
Nevertheless, in the past they have received only little attention in the glacial-geomorphological literature. In this article,
the lateroglacial landscape will be presented as a geomorphological landscape unit. The Karakoram glaciers with lengths of
up to 60 km are accompanied by lateroglacial sediment complexes over tens of kilometers. Besides their large horizontal
distribution, they are spread over a considerable vertical range and occur between 2500 m–5000 m.

The traditional view is that primary processes of rock disintegration such as ice avalanches and freeze-thaw processes as
well as glaciofluvial sediments are the main debris suppliers for the formation of lateroglacial sediment complexes. However,
the investigation of the lateroglacial sediment landscape of the Karakoram glaciers showed, that firstly the secondary debris
supply in form of reworking of older glacigenic deposits (Late glacial slope moraines) represents a major debris source. Sec-
ondly, the lateroglacial sediments are composed to a major part of debris supplies from the tributary valleys. In this regard,
the sediment input by mudflow events accords a prominent role. Therefore a considerable proportion of the lateroglacial
sediments is of non-glacial origin. This fact has to be taken into consideration regarding glacier reconstruction in recent
unglaciated mountain valleys. Further on, resedimented mudflow deposits could be identified as important parent material
for recent lateral moraine formation. The distribution of lateroglacial valleys (‘lateral moraine valleys’) was traditionally
closely linked to differences in insolation, which are in the subtropical latitude very high (‘ablation valleys’). Therefore the
S-faced valley flank was seen as the favourable location for lateroglacial valleys. However, field observations on more than
20 glaciers in the Karakoram Mountains proved that lateroglacial valleys occur in all exposures, and can be even absent in
S-exposure. Topographical factors seem to be more important than insolation differences for the distribution pattern. Only
the distribution of ‘true ablation valleys’ can be regarded as a result of insolation differences. In fact, they can act as initial
form for the formation of lateral moraine valleys.

Introduction: The problem of terminology

The Karakoram glaciers (Fig. 1) are accompanied along
their lateral margins by remarkable expansive sediment com-
plexes over distances of several tens of kilometers. Up to
now the genesis and composition of this lateroglacial se-
diment assemblage is little studied. Therefore a consistent
terminology for this geomorphological unit is still missing.
The first researchers who made observations along the la-
teroglacial sediment landscape of the Karakoram glaciers
were Workman (1905) and Oestreich (1906, 1911/12).
Oestreich named the lateroglacial depressions along the
Chogolungma glacier ‘Randtälchen’ (small marginal val-
leys). Later on Visser (1928, 1938) recognized that these
geomorphological features seem to be characteristical key
forms of subtropical high mountain areas. He introduced for
this – in his opinion - climatic-controlled phenomenons the
term ‘Ablationsschlucht’ resp. ‘Ablationstal’ (ablation val-
ley). Nowadays the ‘ablation valley’ has become the most
common expression in the glacial geomorphology for those
landforms. But nevertheless, this genetic term caused much

confusion among geomorphologists (Hewitt 1989), because
not every ice-marginal depression is a result of ablation
processes. v. Klebelsberg (1938) favoured the more neu-
tral term ‘Ufertäler’, which was subsequently also adopted
by Kick (1956) and Haserodt (1989). In this article these
marginal sediment complexes are termed as ‘lateroglacial’
or ‘lateroglacial’ valleys.1

In the last decades of research, lateroglacial valleys were
noted in the Karakoram, especially in the works of Haserodt
(1989), Hewitt (1989, 1993), Owen & Derbyshire (1989),
Kuhle (1991), Kamp (1999) and Iturrizaga (1999a, 1999b,
2000). They are also known from other mountain areas
such as from the Himalayas (Strachey 1847, Odell 1925,
Schwarzgruber 1939), from the Alps (Flaig 1938) and from
the Andes (Jordan 1991). Jorstad (1957) provides a de-

1In the English nomenclature the term "lateroglacial" is already
applied to the debris accumulations which are induced by glacigenic
processes (Church & Ryder 1972), whereas in the German terminology
"lateroglazial" is used for the space and sediments which stretches along
the lateral margins of the glacier (v. Klebelsberg 1950, Eggers 1961). In the
latter sense, the term "lateroglacial" is applied in this article.
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Figure 1. The research areas in the Karakoram Mountains.

tailed summary of the early research work about ablation
and lateroglacial valleys in general.

Main characteristics of lateroglacial valleys

Almost every Karakoram glacier is accompanied by lat-
eroglacial valleys in some parts. They are mostly non-
continuous forms. Where mountain spurs stand out against
the main valley or in glaciated confluence areas, the lat-
eroglacial valleys are interrupted (Photos 3, 11). Therefore
they are not really true valleys because they do not have
a consistent gradient. Some of the longest continuous lat-
eroglacial valleys with length of up to 20 km are developed
along the Batura and Barpu glaciers (Photos 1, 11, 12). They
can reach a width of up to several hundred meters (Photo 2).
The glaciers themselves are up to 2–3 km broad. In most
cases the marginal valleys are separated from the glacier

by the lateral moraine (‘lateral moraine valleys’) (Fig. 4).
The moraine wall prevents the direct debris transfer from
the glacier to the lateroglacial valleys. Therefore the debris
development in those lateroglacial valleys is well protected
against glacial activities by the moraine ridge. The maxi-
mum height of the inner slope of the lateral moraine can
amount up to 200 m (Photo 23); the height of the outer slope
mostly not exceeds 50–70 m, except along dam glaciers. In
most cases the latter is only 5–30 m high (Photo 4). This con-
spicuous moraine, which is characteristic for the majority of
the Karakoram glaciers, was termed ‘Grosse Lateralmoräne’
(Great Lateral Moraine) by Kick (1956) (Photos 4, 7 & 8).
As it is shown below, this landform does not represent a
single moraine wall and least of all the sedimentary legacy of
one glacier advance. Often the seemingly uniform moraine
walls consist of several closely nested moraine ridges, which
are in turn composed of several superimposed individual
moraine layers (Photos 9, 10).
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Lateroglacial valleys represent a special geomorpholog-
ical unit. The main characteristic of the lateroglacial sedi-
ment regime is the damming effect of the lateral moraine or
the glacier itself. The lateroglacial sediments differ from the
normal cone-shaped deposits of unglaciated valleys in that
they are usually not undercut by the receiving stream and
also do not have a central incision canyon. Therefore the
mudflow cones and alluvial cones normally show a uniform
surface and are not composed of several levels (Photos 2 &
3). Only when the glacier shrinks and the ice abutment is
absent for a long time, the cones are gradually dissected.

Very common in the lateroglacial valleys are temporary
lakes, which are mostly dammed by mudflows and avalanche
deposits (especially along Chogolungma, Hispar, Batura,
Momhil glaciers) or build up in confluence areas (Photos 6,
22).

Altitudinal distribution of lateroglacial valleys and
landforms in the Karakoram

Fig. 2 gives a rough overview of the altitudinal distribution
of selected types of debris accumulations in the Karakoram.
The ‘glacial transitional debris accumulations’ or ‘trans-
glacial sediments’ (slope moraines and morainic alluvial
and mudflow cones) show the most wide spread distribution
and occur mainly between 1500 m and 4000 m. This cate-
gory comprises the transformation and reshaping of glacial
deposits by post-sedimentary processes after deglaciation.
Lateroglacial sediments also provide a considerable part of
the debris accumulations in the Karakoram. The glacier
tongues in this subtropical mountain range extend to re-
markable low altitudes. Thus the distribution of lateroglacial
sediments covers an altitudinal range of 2500 m ranging
from approximately 2500 m to 5000 m. The maximum upper
limit is theoretically given by the height of the snow line.
Due to the fact that a major part of the glaciers are avalanche-
fed glaciers (Turkestan and Muztagh type), the snow line
runs at approx. 4900 m–5200 m in the steep valley flanks.
Therefore the distribution of lateroglacial valleys starts usu-
ally 1000 m–1500 m lower than the snowline, where the
valley bottom begins and debris deposition becomes pos-
sible (Photos 11 & 15). Relict lateroglacial valleys occur
up to 1000m above the present lateroglacial valleys at a
height between 3700 m and 4100 m (Photos 36 & 37). In
some cases they can easily mistaken for ‘little surge valleys’
(cf. Heim 1932, Hewitt 1999). The latter are the product of
catastrophic landslides.

The size of the lateroglacial valleys is not proportional
to the size of the glaciers. Very large glaciers (e.g. Bal-
toro glacier, Photo 25) can be almost depleted of marginal
sediments, whereas small glaciers (e.g. Ghulkin glacier,
Photo 35) are accompanied by broad lateroglacial valleys.
That can be explained by the fact, that most of the Baltoro
glacier surface runs comparatively high (above 4000 m) and
the steep granitic valley flanks impede the deposition and
preservation of morainic material.

In general, the conditions for debris deposition in the
Karakoram are very favourable, because longitudinal val-

leys, which provide enough space and flat areas, largely
divide the mountain range. Nevertheless, the Karakoram
glaciers are embedded in a deeply dissected mountain re-
lief. Primary processes of rock disintegration such as ice
avalanches and freeze-thaw processes provide huge amounts
of debris. Slope moraines from the Late Glacial glaciation
supply another major source of debris. They are reworked by
several glacier advances and retreats. Among the avalanche-
fed glacier types a positive factor for debris deposition is
the abrupt break in slope gradient. It changes very sudden
from over 40◦ in the feeding area to less than 5◦ in the
ablation area (e.g. Khunyang Chhish, Barpu, Ghulkin, Has-
sanabad, Pumari Chhish glaciers, Photo 15). Moreover, the
Karakoram glaciers possess a remarkable huge ablation area.
Whereas in the Alps the ratio between accumulation and
ablation areas is 2 : 1 or 3 : 1, the situation can be even
inverse in the Karakoram. The Batura and Momhil glaciers
show a ratio of 1 : 2, the Khurdopin glacier of 1 : 3 and
the Virjerab glacier of 1 : 4 (Visser 1938). Therefore very
favourable conditions for debris deposition are present along
these glaciers.

Types of lateroglacial depressions

A very heterogeneous assemblage of lateroglacial depres-
sions and corresponding sediments is developed along the
Karakoram glaciers, even on glaciers, which seem to be
comparable when considering their supply areas and their
topographic constellation. Fig. 3 shows some selected forms
of lateroglacial depressions. The morphological transition
from the valley flank to the glacier emerges in different vari-
ations. The formation of an ablation valley (Fig. 3, A &
B, cf. Photo 21) is a direct consequence of insolation and
reflection effects in the dry and thin high mountain air. Due
to the strong heating of the rock and the ensuing transfer of
sensible and latent heat, the glacier ice is melting back at its
margins (Visser 1938). The extent varies from some meters
to decameters. This is a wide spread landscape feature in
this subtropical latitude with high insolation rates. The ab-
lation valley cannot be considered as a form of general ice
shrinkage. It also occurs on advancing glaciers. The abla-
tion valley can exist between the valley flank and the glacier
(Fig. 3A), but it also emerges between the lateral moraine
and the glacier (Fig. 3B).

In contrast to the ablation valley, the lateral moraine val-
ley (Fig. 3E, Photos 1, 3, 4, 7) is separated by the lateral
moraine from the glacier (Fig. 4). It is the most wide-
spread lateroglacial sedimentation form along the Karako-
ram glaciers. The lateral moraine valleys can be divided
into two types: 1. The V-shaped lateral moraine valley, in
which the lateral moraine is directly connected with the
adjacent valley flank or talus cones (e.g. along Yazghil,
Ghulkin, Ghulmit and Pumari Chhish glaciers, Photo 8).
2. The V-shaped lateral moraine valley with a true valley
bottom floor, where fluvial and lacustrine sediments are de-
posited (e.g. along Khurdopin, Malungutti, Chogolungma
glaciers, Photo 2). Very well developed V-shaped lateral
moraine valleys can be found along the dam and pedestal
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Figure 2. Distribution of main types of debris accumulations in the Karakoram (approximate altitude belts).

glaciers.2 Their depth reach up to 100 m. They represent not
fluvial erosion forms, but accumulation forms which are due
to the moraine deposition against the adjacent valley flank.
In general, fluvial incision and corresponding terracing in
the lateroglacial valleys is very rare. Between Guchisim
(3650 m) and Fatmahil (3300 m) at the Batura glacier, the
fluvial drainage is so high, that linear erosion takes place
and even the lateral moraine is dissected by the lateroglacial
streams (Photo 24). But in many lateral moraine valleys a
lateroglacial drainage pattern is even absent.

In some parts, the lateroglacial sediments are deposited
in form of a lateral moraine terrace (Fig. 3F). The moraine
ridge might have been eroded by glacial undercutting or it is
also possible that ridge formation never took place at all.
If the debris supply comes from the glacier (supraglacial
meltwater discharge), a lateroglacial bank sandur is present
(kame terrace) (Fig. 3D). They are relatively rare along
the Karakoram glaciers. A further type represents is the
supraglacial lateral depression (Fig. 3C, Photo 17). The term
refers to the space between a supraglacial lateral moraine
ridge on the glacier and the valley flank or the adjacent
lateral moraine.

The term ‘kame terrace’, which was introduced by
Jamieson (1874), is most common as description of lat-
eroglacial sediment complexes in glacial geomorphology
(Flint 1971). However, the kame terrace describes a geomor-
phological form after deglaciation and not in recent glaciated

2cf. Heim (1933): He recognized the ‘Dammgletscher’ (dam glacier)
as specific type in the glacial geomorphological landscape assemblage (in
the research area of the Minya Gongkar-Massif in East-Tibet). Its genesis is
discussed in Kuhle (1991).

mountain areas. Further on, the kame terraces supposed to
be building up by glaciofluvial sediments. Therefore it is
not appropriate for most of the sediment complexes along
the Karakoram glaciers, which represent highly polygenetic
forms.

The genesis and distribution of lateroglacial valleys:
Insolation differences, topographical conditions and
debris supply areas

Visser (1928, 1938) suggested that the genesis and therefore
the distribution of lateral moraine valleys3 are dependent on
exposition. According to Visser, the development of these
lateroglacial depressions is supposed to be better at the S-
faced valley sides along the W-E flowing glaciers flowing
W-E than along the N-faced valley sides. In the case of N-
S running glaciers, lateroglacial valleys should be present
at both sides, but be smaller in size. First observations
onof about 20 selected glaciers4 in the Karakoram evidenced
that lateral moraine valleys occur principally on both sides
along the glaciers in all expositions (Photos 1, 3, 4 & 9).
In fact, the S-sides show sometimes better developed lat-
eroglacial valley. This is not due to insolation effects, but
because of higher frequency of ice-avalanches at the N-faced

3Visser (1938) considered the lateral moraine valleys as ablation
valleys (s. Photo 1).

4Research work was carried out at the following Karakoram glaciers:
Aldar Kush, Baltoro, Batura, Barpu, Bualtar, Biafo, Chogolungma,
Ghulkin, Gulmit, Hassanabad, Hispar (Kunyang Chhish, Pumari Chhish,
Yutmaru), Kukuar, Khurdopin, Lupghar, Malangutti, Momhil, Pasu,
Shujerab, Skoro, Virjerab, Yazghil and Yishkuk.
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Figure 3. Types of lateroglacial depressions.

valley flanks. In some cases the distribution can be even
inverse. Along the Ghulkin glacier, the lateroglacial valley
occurs in S-exposition, whereas the neighbouring Ghulmit
glacier is accompanied by a lateroglacial valley at its N-
facing side. Both glaciers flow in W-E direction. The same
situation is the case along the neighbouring Barpu and Bual-
tar glaciers (Photos 4, 11). On glaciers running N-S (e.g.
Aldar Kush, Yishkuk and Khurdopin glaciers), asymmetric
distribution of lateral moraine valleys was noticed, but there
is no preference of W- or E-exposure.

The occurrence of lateroglacial valleys is rather linked to
topographical factors – and indirectly to exposure-exposition
– than to differences in insolation values on the oppo-
site valley flank sides (Photos 5, 6, 24). In principe, the
N-facing lateroglacial valleys already peter out at lower
altitudes. N-exposition is more favourable for the develop-
ment of glaciers, even more so in combination with high
catchment areas. Therefore expansive glaciations or in par-
ticular high-active ice-avalanche cones impede the formation
of lateroglacial valleys. Along the Hispar glacier the lat-
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Figure 4. The geomorphological units of the lateral moraine valley.

eroglacial valley in N-exposure already ends in 3800 m,
whereas in S-exposure the marginal valley reaches up to
almost 4400 m (Photo 5). Visser’s observations on expo-
sure might be very true for pure ablation valleys, because
their genesis is directly dependent on insolation effects. But
most of the lateroglacial valleys are separated by the lateral
moraine ridge from the glacier and do not represent the type
of ablation valleys. The initial form of the lateroglacial val-
ley can be an ablation valley, but it cannot be seen as an
obligatory precondition.

Two genetic approaches are mentioned in the literature
to explain the development of the lateral moraine valleys.
Workman (1905) believed that the lateroglacial sediments
(‘maidans’) are relicts of interglacial terraces (Fig. 6)5.
According to that view the lateral moraines must be subse-
quently deposited on the glaciofluvial terraces. Visser (1928,
1938) suggested that the origin of the lateral moraine val-
leys goes back to insolation effects (Fig. 6). The glacier ice
melts back more intense at its margins due to the reflec-

5The genesis of lateroglacial sediments (interglacial terraces versus
kame terraces) was especially discussed by Bobek (1935) and v. Klebels-
berg (1950) for localities in the Austrian Alps (Inn Valley). Bobek (1935)
introduced the idea of ‘Eisrandterrassen’ (ice-marginal terraces).

tion of heat by the valley flanks. Later on these ‘ablation
valleys’ are filled up with debris, which derives from the
glacier margins. This genetical approach was very soon
questioned (v. Klebelsberg 1938, Kick 1956, Wiche 1960,
Hewitt 1993), but no alternative explanation was offered.
Nevertheless, the term ‘ablation valley’ remained the most
common geomorphological expression for this lateroglacial
depression. Kuhle (1991) describes the combined complex
of lateral moraine and kame terrace as ‘Uferbildung’ and
established with this approach a more comprehensive view
of the lateroglacial sediment landscape.

Field observation revealed that many glaciers show a
close interfingering of Late Glacial slope moraines and
younger lateroglacial landforms (Photos 33, 34 & 35)6. The
lateroglacial valleys are actually composed to a consider-
able part of resedimented moraine material (Fig. 7). During
the gradually down-melting of the glacier surface moraine
remnants remain along the lateroglacial margins, partly as

6See for research studies on prehistoric extent of glaciation in the
Karakoram Mountains, among others, Oestreich (1906), Dainelli (1922),
Derbyshire et al. 1984, Kuhle (1988, 1994, 1998, 2001) and for studies
on the postglacial glacier extent Kick 1989, Haserodt 1989, Kalvoda 1992,
Meiners 1997.
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Figure 5. Schematical cross section through a multilateral moraine complex (morainic accretion).

terraces, partly as amorphous deposits. The glacier does not
fill up the whole width of the valley. In this connection,
the lateroglacial valleys can be interpretated as lateroglacial
recessional moraines, which were over and over resedi-
mented and compacted by the glacier during the deglaciation
process. In the recent lateroglacial environments, strongly
degenerated slope moraines are preserved up to a height of
4000 m (cf. Photo 32). It has also to be considered that
the extent of glaciation in the Karakoram has been once
smaller than today. In this time, the lateroglacial sediment
complexes and lateroglacial valleys were much wider. In
the course of glacial readvances the lateroglacial hummocky
moraines were picked up by the glacier ice and piled up
along the glacier margins.

The debris source areas of the lateroglacial valleys

Up to now the origin of lateroglacial sediments was mainly
attributed to glaciofluvial processes in form of the concept
of ‘kame terraces’ resp. ‘Ufersander‘. But apart from the
Late Glacial moraine material, the main debris supply for
the lateroglacial sediment complexes derives from the tribu-
tary valleys and not from the glacier. The sediment cones -
alluvial fans, mudflow and avalanche cones - drain into the
ice-marginal depressions (Photos 2, 3 & 24). They leave be-
hind considerable debris accumulations (Photo 33), because
debris transfer is rather low in the lateroglacial valleys.

In principle, two different kind of lateroglacial accu-
mulations can be distinguished in reference to their debris
supply areas (Fig. 8): longitudinal and transverse debris ac-
cumulations. The first type is deposited parallel to the glacier
flow (A). It occurs especially along glaciers, which have
no lateral moraine. These glaciofluvial deposits appear after
the deglaciation as kame terraces. These purely glaciofluvial
sediments are very rare in the lateroglacial environment. The

second type are the transverse debris accumulations (B1),
which are sedimented by the rivers of the tributary valleys
into the glaciated main valley. These kame cones are the
main contributor of sediment load for the lateral moraine
valleys. The distal base of the debris accumulations is
formed by ground moraine material. Another type of trans-
verse debris accumulation is the product of resedimentation
processes of the lateral moraine by supraglacial meltwa-
ter release and moraine accumulations by overlapping ice
tongues (B2).

The lateral moraine: mudflows as supply area for the
formation of lateral moraines

Different types of lateral moraines border the Karakoram
glaciers7. A single representative moraine type – as Win-
kler (1996) has demonstrated it for alpine and Norwegian
glaciers – is not present in the Karakoram. Due to the great
length of the glaciers, the variety of glacier types and the
wide altitudinal distribution, a lot of different lateral moraine
types are present in the lateroglacial environment (i.e. sander
moraines, boulder moraines, layered moraines, hummocky
moraines etc.).

In most cases, the lateral moraine itself presents a highly
polygenetic landform. The lateral moraine is mainly formed
by dumping processes of supraglacial debris from the recent
glacier margins, by englacial debris transfer or by pushing
and redistribution processes of (pre-glacial) debris accumu-
lations. The large size of the lateral moraine is a result of
repeated glacier advances. The old ‘moraine core’ is again
and again superimposed by new supraglacial debris.

7It is necessary to make a distinction between the ‘supraglacial lat-
eral moraine’ (‘Seitenmoräne’) and the ‘abandoned supraglacial moraine’
(‘Ufermoräne’) which is deposited besides the glacier. The later can also
still contain an ice-core.
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Figure 6. Genesis of lateral moraine valleys according to a) Workman (1905) (interglacial terraces) and to b) Visser (1928, 1938) (‘ablation valleys’).

A synchronization of the ‘Great Lateral Moraine’
with the ‘1850’-moraines from the Alps is very tempt-
ing (Mayewski & Jeschke 1979), but this might be a too
simplified parallelization (Kick 1989). However, a large
number of the high lateral moraines are even today super-
imposed by new supraglacial debris (i.e. Pumari Chhish
glacier, Iturrizaga, in press) and the ‘1850-advance’ was cer-
tainly not the last event which reached the lateral moraine
crests. 14C-dating of fossil tree trunks in the top section of
a lateral moraine of the Momhil glacier, 10 km valley in-
wards, indicates an age of 1495 +/- 45 14C-years (Photo 27).
Nevertheless, the moraine crest can also be reached by
younger glacier advances, which in turn successively un-
cover more and more material of the older part of the
moraine. Fossil wood in the lateral moraine in the lower
section of the Lupghar glacier is dated even at its base at
800 +/−45 14C years.

In general, lateral moraine superposition and accretion
are closely interlocked, which has to be considered in
regard of the age determination. At the glacier tongue ar-
eas, which terminate at confluence positions and where the
valleys become wider, moraine accretion represent a com-
mon phenomenon. The accretion walls can amount up to
over a dozen generations, such as along the Malungutti
glacier (Photo 39). The individual ridges, which in turn are
composed of superimposed moraine layers, can be sepa-
rated by true intermorainic small valleys in which lacustrine
sediments are embedded (Fig. 5).

The internal fabric of the lateral moraines ranges from
component- to matrix-supported textures. In principal, at
higher altitudes dominate the boulder moraines, whereas
in the lower glacier sections strongly matrix-supported
moraines are dominant. However, the short avalanche
glaciers, such as the Ghulkin, Ghulmit or Pumari Chhish
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Figure 7. Genesis of the lateral moraine valleys deduced from the glacial history.

glacier show also in their lower parts extremely coarse-
grained lateral moraines with individual boulders of house-
size. The layered structure is typical for many gabled-
shaped lateral dump moraines (cf. Humlum 1978, Photo 13),
whereby meltwater is involved in the lamination process.
This process must be to distinguished from dry dump-
ing, which produces rather fall-sorted ice-contact screes.
In some cases, the question arises whether the layered
lateral moraines are not actually dislocated glaciofluvial ice-
marginal sediments, which were originally deposited hor-
izontally. Hummocky lateral moraines mostly occur along

wider valley sections, such as in the lower part of the Hispar
glacier (Photo 9).

In the present literature rock fall is considered as a ma-
jor contributor for the lateral moraine genesis (Small 1983:
250). The debris material of the lateral moraine is broken up
by frost weathering processes from the valley flank and then
falls onto the glacier surface. The rock fall debris is trans-
ported glacier downwards and subsequently lateral moraines
are building up by supraglacial dumping processes. Apart
from these processes mudflow events could be identified
as important source area for the recent formation of lateral
moraines along the Karakoram glaciers (Photos 18, 19 &
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Figure 8. Source areas of debris supply in lateroglacial (lateroglacial) valleys.

20). High-energy mudflows run through the lateral moraine
valley and terminate on the glacier surface (Photo 23). The
parent material of these mudflows often consists of Late
Glacial slope moraines. In most cases the mudflows are trig-
gered by sudden high meltwater-discharges from glaciers or
permanent snow patches during high-pressure weather con-
ditions. On the one hand the mudflows destroy the recent
lateroglacial valleys, but on the other hand they provide

the source material for the subsequent formation of lateral
moraines.

The present state of the lateroglacial valleys

The majority of the glaciers are framed by high rising lat-
eral moraine complexes, which are nowadays transformed
by post-sedimentary processes. In general, the lateroglacial
valleys are at present destroyed by different processes. They
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p Photo 1. The 58km long, W-E flowing Batura glacier is bordered by extensive Lateroglacial valleys. They show a
width of up to several hundred metres. These broad lateroglacial sedimentation belts are typical for the Karakoram
glaciers. They reach their largest extent where tributary sediments fans enter the main valley (transverse debris
accumulations/kame cones). Therefore a major part of these sediment forms are to a considerable part non-glacial.
Despite the large main valley glaciation an almost independent development of debris accumulation takes place along
the glacier margins. Their development is not dependent on insolation effects. They occur in S- and N-exposure. But
ablation valleys provide the initial depression for debris deposition. Birch trees have especially colonized the gravel
floor, whereas juniperus can be found at the distal lateral moraine slopes. View from the left Batura glacier side at 
3300 m looking W to Fatmahil; Batura Ice Fall. Photo: L. Iturrizaga 29.09.2000. 

o Photo 2. The alluvial fan (�) drains as transversal sediment cone into the Lateroglacial valley of the Batura glacier
shown in photo 1. After deglaciation it will remain as kame cone. At the right margin the fluvial deposits (�) of the
Lateroglacial valley are just visible. The type of lateral moraine varies between a hummocky moraine (�) and a
seemingly more single-ridged moraine (�). Photo: L. Iturrizaga 05.10.2000.

n Photo 3. Along the 50km long 
W-E flowing Chogolungma glacier
Lateroglacial valleys occur on both
valley flanks and accompany the
glacier up to 3800m on N-facing
slopes and up to about 4200m on S-
facing slopes. The lateral moraine is
strongly overworked by supra-
glacial meltwater release and by
ice-overlappings (s) onto the
valley floor of the Lateroglacial
valley near Arencho. The outer
slopes of the lateral moraines show
an angle of slope between 25-30°,
whereas the inner slopes are
inclined at 40° and more. View from
3800m valley downwards looking
SE. Photo: L. Iturrizaga 19.07.2000. 

o Photo 4. View from Shishkin
(2850m) to the upper catchment
area of the Bualtar glacier (resp.
Hopar glacier) with Diran (7266m)
in the background. The Bualtar
glacier shows also an asymmetric
distribution of Lateroglacial valleys:
only at the NW-faced side of the
Bualtar glacier a broad lateral
moraine valley is present, whereas
at the opposite side is only bordered
by moraine ledges. The lateral
moraine valley lies up to 150m
above the present glacier surface.
Photo: L. Iturrizaga 05.08.2000.
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p Photo 5. View onto the orographic
right lateral moraine valley in
Bitanmal (3775m), Hispar glacier, in
S-exposure. Several nested lateral
moraine walls (�) were incised by the
tributary mudflow cone (�). Only the
outermost lateral moraine is still
intact. In this case the drainage to the
Hispar glacier takes place a little bit
further down-valley. A further lateral
moraine level lies directly on the
valley flank (not visible in the
picture). The lateroglacial valleys in
N-exposure are already heavily snow-
covered. High lateral moraines fringe
the glacier (o). Photo: L. Iturrizaga
07.06.1999.

n Photo 6. Along the Hispar glacier
the lateral moraine valleys already
terminate at 3900m in N-exposure due
to high frequent ice-avalanches,
whereas in S-exposure they
accompany the glacier up to an
elevation of 4300m. In the
foreground, a glacigenic mudflow
cone (kame cone) (�) is deposited
against the lateral moraine complex.
Tributary stream breaks through the
lateral moraine (o). The lateral
moraine complex is composed of
several winded walls, in which are
embedded house-sized boulders. Note
tents as scale (�). The slopes are
covered by ground moraine (�). View
from 4200m, above Skambarish,
towards SE to the Balchhish Range.
Photo: L. Iturrizaga 14.06.1999. 

p Photo 7. View from 3680m towards SW to the Yuskhin Gardan glacier. In the foreground the left lateral moraine is
visible, which was overridden by the glacier 20 years ago (s). The large and bright granite boulders as well as the
small moraine ridges on the old moraine (t) are geomorphological witnesses of the event. Valley downwards the
lateral moraine valley is completely undercut by the glacier advance. At the opposite valley flank side the Lateroglacial
sediments in NW-exposure are destroyed and are covered by talus cones (moraine-cored talus cones). The glacier is
framed by the Kanjut Sar (7760m) to the left and the Yukshin Gardan Sar (7641m) to the right. Photo: L. Iturrizaga
07.07.2001.

o Photo 8. A typical V-shaped Lateroglacial valley occurs along the Pumari Chhish glacier at an altitude between
3900m and 4200m. The talus cones are directly connected with the lateral moraine. A Lateroglacial stream does not
occur. Photo: L. Iturrizaga 09.06.1999.
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p Photo 9. The debris-covered Hispar glacier shows considerable vertical amounts of recession. Its surface is dotted
with supraglacial lakes. High rising lateral moraine complexes, which are strongly gullied, are present along both
glacier sides. Note also the high-rising lateral moraines of the subordinated Lower Skambarish glacier (�). In the
foreground nested moraine ridges (s) with a high portion of big boulders border the Lateroglacial valley. Grouped
earth pyramids with heights of several metres (n) witness the prehistorical glaciation, which also provided the debris
material for the formation of the Lateroglacial sediment complexes. View from 4200m (Skambarish) towards the glacier
tongue. Photo: L. Iturrizaga 14.06.1999. 

p Photo 11. View towards SE from 4500m to the upper catchment area of the Barpu glacier with Spantik (S,
7027m) and Malubiting (M, 7453m). Lateroglacial sediment complexes are present in W- and E-exposure.
Especially along the orographic right-hand side mudflow cones drain into the lateroglacial margins, but also to
a considerable extent directly into the glacier. At many locations the Lateroglacial streams break through the
lateral moraine (n). The height of the distal lateral moraine slopes varies between some metres and 30m. At
the outer slopes of the glacier the Lateroglacial valley can be interrupted (t). In Girgindil (3750m) the
multiphased kame cone (o) shown in Photo 38 is visible. A large-scale collapse landslide is exposed at the left
valley side (s). Photo: L. Iturrizaga 17.08.2000. 

n Photo 10. The view looking SW along the Hispar glacier shows that in its lower part (3500m-3300m) the
lateral moraine valley changes to a broad hummocky moraine landscape. Former multi-complex lateral
moraines are transformed into a hilly assemblage of sediments (�). The youngest ridge-shaped lateral moraine
is only preserved in the upper part of the glacier. The Lateroglacial sediments occupy almost one third of the
area of the valley cross-section. In this case the Lateroglacial depression act as real drainage area and is taken
up by a rather big stream creating a valley-like topography. The valley flanks are up to several hundred metres
above the valley floor covered with ground moraine. The village Hispar located at a kame cone is visible in the
background (o) Photo: L. Iturrizaga 01.06.1999. 
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p Photo 12. View from 4500m towards the glacier tongue of the Barpu glacier (2800m). In the background the
Bualtar glacier is visible. The lateral moraine appears as uniform asymmetric wall. However, not only moraine
superposition is the dominant process regarding the formation of the lateral moraine, also moraine accretion is
very common. Very narrow, multi-ridged moraine walls crown the moraine top. The distal moraine slopes are
often fall-sorted due to supraglacial (dry) dumping processes. They show an angle of slope of 20-30°, whereas
the angles of the proximal slopes reach up to 70°. Photo: L. Iturrizaga 17.08.2000. 

o Photo 13. Typical lateral sander moraine at the right-hand side of the Barpu glacier at 3200m. The layered
moraine displays an obvious clast orientation from the glacier (on the right-hand side) towards the
Lateroglacial valley. The moraine is only little matrix-supported, the proportion of gravel and sand is high. The
diameter of clasts reaches up to several metres. Photo: L. Iturrizaga 05.08.2000. 

n Photo 14. View from the top of the lateral
moraine of the 70m high and up to 70°
inclined proximal moraine cliff wall of the
Momhil glacier. About 3,20m below the top
fossil tree trunks, embedded into a dark
weathered soil horizon, look out of the
moraine (p). The wood was 14C-dated at
1495 +/- 45 14C-years. This date provides a
minimum age of the moraine and a
maximum age of the subsequent glacier
advance. The "wood layer" is overlain by
lacustrine sediments (�). The moraine is
strongly dissected by crevasses and
susceptible to collapse processes. Note man
at the outcrop as scale (t). Photo: L.
Iturrizaga 29.07.2001.  
Thanks are due to Mr Shambi Khan, Mr Ali
Shah and Mr Farhad Karim for the sample
taking.

o Photo 15. The Pumari Chhish glacier is a
classical avalanche-fed glacier. The steep
valley flanks rise over 3000m above the
glacier surface. The snowline runs in about
5300m within the wall. The highest peak in
the catchment area is the Kunyang Chhish
(7852m). Due to the topographical
conditions the Lateroglacial valleys begins
only at about 4500m. Photo: L. Iturrizaga
09.06.1999.
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p Photo 16. View from the Shambi Khan Camp (4070m) valley upwards. The Lateroglacial valley is abandoned and
the lateral moraine gradually peters out. Now the debris accumulations show the typical dual structure of a moraine
base (�) and talus cones (�) on top of it. In a while they will be transformed into moraine-cored sediments. Photo: L.
Iturrizaga 14.07.2001. 

o Photo 17. View from close to Gore II (4375m) onto the Biange glacier. Lateroglacial sediments occur only very
rarely in this altitude range. However, pedestal moraines (�) are quite widespread in the upper catchment area of the
Baltoro glacier. A supraglacial depression (s) accompanies the glacier at the orographic left-hand side. The Muztagh
Tower (7273m) is the highest peak of this tributary glacier. Photo: L. Iturrizaga 02.07.1997. 

p Photo 18. View towards S from 4000m at the mudflow lobe near Sekrwar (3850m) at the Khurdopin glacier.
In the year 2000 the right lateral moraine valley of the Khurdopin glacier was completely destroyed by a
glacial-induced mudflow event out of the W-facing Sekrwar valley. The multiphased mudflow (�) stretches
over almost 1km on the white Khurdopin glacier margin. Since then small mudflows appear every once a while.
The mudflow detritus provides the parent material for the recent formation of lateral moraines. Photo: L.
Iturrizaga 12.07.2001. 

o Photo 19. View towards N from 3950m onto the mudflow cone at Sekrwar, which devastated the lateral
moraine complex (s). Fresh mudflow lobes (m), only some hours old, extent over the cone surface. A new
lateral dump moraine (�) is deposited in the foreground. The mudflow dammed the englacial water transfer
and ephemeral lakes are impounded at the glacier margin. The highest lake level (o) is visible about 10m
above the recent lake level at the inner moraine slope. Photo: L. Iturrizaga 14.07.2001. 
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p Photo 20. Supraglacial lateral
moraines in the transition to lateral
dump moraines. The surface
moraine consists of mudflow
deposits of Sekrwar. This mudflow
deposits in turn are composed of
moraine material. Therefore the
lateral moraine is formed by debris,
which is already strongly over-
worked (rounded components).
Photo L. Iturrizaga 11.07.2001. 

n Photo 21. Ablation valleys are
not easily to distinguish from phe-
nomenons of ice retreat. The lat-
eroglacial environment of the Kuk-
I-Jerav glacier at 3550m is dis-
played at the photograph. True
ablation valleys are mostly found
in higher altitudes (> 4000m).
Photo: L. Iturrizaga 11.10.2000. 

p Photo 22. At the left-hand Chogolungma
glacier side large avalanche cones (�) block
the Lateroglacial valley and even break
through the lateral moraine. Lake sediments
are deposited valley downwards (�) and val-
ley upwards (�). The moraine break-
through (s) towards the glacier could be
caused by a small lake outburst. The next
avalanches will terminate directly on the
glacier surface. Photo: L. Iturrizaga
21.07.2000.

n Photo 23. Up to 200m high inner slopes
of the lateral moraines (�) are exposed
along the Kukuar glacier (�). Due to the
missing ice abutment the Lateroglacial val-
leys are nowadays destroyed by fluvial
processes of the tributary valleys. The adja-
cent valley flanks rise up to 5800m and are
the source area for high-energy mud flow
processes. They run through the lateral
moraine valley and end on the glacier sur-
face (�). Photo: L. Iturrizaga 26.08.2000. 



Lateroglacial valleys and landforms in the Karakoram Mountains (Pakistan) 420419 L. Iturrizaga

p Photo 24. Lateroglacial valley at Guchisim (3650m) along the Batura glacier in SW-exposure. In NE-exposure the
Lateroglacial sediment complexes are already finished along the main glacier. Only the tributary glaciers are framed by
lateral moraines (t). In the foreground the Lateroglacial river breaks through the multi-phased dump moraine and
drains englacially (o). Photo: L. Iturrizaga 04.10.2000

o Photo 25. In contrast to the Batura glacier the Baltoro glacier flowing E-W (59km) presents a surprisingly „clean"
lateroglacial sedimentation environment. Unlike the other giant glacier streams of the Karakoram Mountains the
extensive Lateroglacial valleys - and especially the "Great Lateral Moraine" - are missing along this glacier. Only at
some locations - such as between Liligo and Robutze in the lower part of the Baltoro glacier – lateroglacial bank
sandurs are present. Small talus cones are deposited directly on the glacier surface. The Broad Peak (8047m) is visible
in the background, one of the four peaks over 8000 m in the upper catchment area of the Baltoro glacier. View from the
left-hand side of the Baltoro glacier from 3850m looking E/NE. Photo: L. Iturrizaga 22.08.1997. 

p Photo 26. The Virjerab glacier, over 40km in length, lies - like the Momhil glacier – down-wasted in its
Lateroglacial sediment embracing. It resembles a dying glacier. Visser (1928) made the same observations 80
years ago. Lateral moraine valleys are almost absent. The prominent form of deposition is a more or less
shallow morainic ledge. At many locations talus cones are superimposing the morainic base. View from 3900m
towards SE. Photo: L. Iturrizaga 16.07.2001. 

o Photo 27. View from 3650m towards S onto the upper catchment area of the Momhil glacier, 31km in length.
The retreating glacier is completely debris-covered, even though six peaks over 7000m are gathered in the
upper catchment area. The steep-sided and narrow valley topography offers unfavourable conditions for debris
deposition. Only a shallow fringe of Lateroglacial sediments borders the glacier at its E-faced side. The lateral
moraines are deposited in ledge-shape. The linear moraine walls are almost absent in the Momhil valley. The
top of Dut Sar (6858m), on the right-hand side, is covered in clouds. Photo: L. Iturrizaga 27.07.2001. 



Lateroglacial valleys and landforms in the Karakoram Mountains (Pakistan) 421 L. Iturrizaga422

p Photo 28. View from 3600m looking N along the upper part of the Kukuar glacier. The huge lateral moraine
terraces are absent where the debris production from the valleys flanks is negligible. Only the corner locations
in the confluence areas (�) represent prominent places for debris deposition. In the background Seiri Porkush
(6771m) and Kampir Dior (7168m) are visible. Photo: L. Iturrizaga 23.08.2000. 

o Photo 29. En-bloc collapse (�) in the lateral moraine at the right-hand side of the Momhil glacier. This slide
was caused by drainage channels, which flow off subterraneously inside the talus cone and emerge at the inner
slope of the lateral moraine. The cliff walls up to 70m high are patterned with undulated recession lines (s).
Despite their steepness the gully erosion is only very superficial at the moraine walls. Photo: L. Iturrizaga
27.07.2001.

p Photo 30. The Khurdopin glacier undercuts the lateral moraine valley at 3600m. The white glacier surface is also
covered by mudflow deposits and reworked material of the lateral moraine. Whereas in the upper valley section the
glacier surface lies several decametres below the lateral moraine crest, the glacier almost overtops the lateral moraine
in the lower valley section (3500m). Photo: L. Iturrizaga 14.07.2001.

o Photo 31. The Yazghil glacier demolishes its former lateral moraine along its west-faced side at 3650m. In the
background the glacier overtops the lateral moraine. New supraglacial debris is superimposed onto the old moraine
(o). Fall-sorted ice-contact screes fringe the high-rising moraine. The ice body recedes abruptly in the contact zone
with the debris. The lateral outbreak of the glacier could be observed already in 1992. This locality is often filled up
by lateroglacial ephemeral lakes. Photo: L. Iturrizaga 18.07.2001.
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p Photo 32. Erratic granite boulder in 4250m at the orographic right-hand side of the Khurdopin glacier. It is placed
500m above the present valley bottom near Shiririn (cf. KUHLE 1998 for the Shimshal glaciation). The slope moraine
deposits are largely removed at this locality, whereas a little bit more valley down- and upwards thick morainic
accumulations prove the prehistorical glacier infillment. View towards the Khurdopin glacier tongue. Photo: L.
Iturrizaga 10.07.2001. 

o Photo 33. View from 3550m towards the confluence of Virjerab and Khurdopin glaciers. In the foreground the lateral
moraine valley of the Khurdopin glacier is shown. At the right hand-side Late Glacial moraine deposits (�) cover the
valley flank and are connected with the lateral moraine complexes (�). A kame cone (�) is preserved in the confluence
area and indicates a former glacier level. From time to time, the lateral moraine valley is flooded by the ice-dammed
Virjerab lake. Note the lake levels in the morainic talus cones (t). L. Iturrizaga 14.07.2001 

p Photo 34. The cross-section of a Lateroglacial valley displays the close interfingering of lateral moraine (�)
and older slope moraines (�) along the common glacier tongue of the Khurdopin and Yukshin Gardan glacier at
3300m. To the left lies the glacier end (not visible). The coarse-grained, laminated lenses of fluvial origin are
clearly recognizable at the outcrop profile, which mainly shows a bad sorting. The texture of the polygenetic
composed sediment complex is mainly matrix-supported. In the outcrop are sporadically interspersed big
boulders. The lateral moraine is perforated with the outlet channels of incorporated dead ice (t). The lateral
moraine as well as the slope moraines are reworked into morainic screes (�). Photo: L. Iturrizaga 07.07.2001. 

o Photo 35. View from 3400m onto the glacier tongue of the Ghulkin glacier (2395m). The valley flanks are
coated with Late Glacial moraine deposits (�). Around the glacier tongue the typical dilatation and accretion
of lateral moraines occurs due to the more favourable relief conditions in the confluence area. Between a
supposedly Neoglacial lateral moraine remnant (�) and the present lateral moraine is incised a intermorainic
valley (o). Photo: L. Iturrizaga 15.10.2000. 
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p Photo 36. At 3900m a relict Lateroglacial valley thrones 800m above the recent Barpu glacier surface. In
this case the Lateroglacial valley is structurally bound. The apparent lateral moraine is actually rock-cored. The
elevation of the Lateroglacial valley indicates the minimum height of the glacier surface during the Ice Age.
Photo: L. Iturrizaga 16.08.2000. 

o Photo 37. The Yazghil glacier is bordered by a relict lateral moraine valley (�) at 3750m. It runs about 350m
above the present glacier surface. It is situated near to the confluence area with the Shimshal valley. The
opposite valley flank is covered with huge Late Glacial residual morainic ramparts (�), which are nowadays
disintegrated into morainic cones. Photo: L. Iturrizaga 17.07.2001.

p Photo 38. Two-phased kame cone at the right Barpu glacier side in Girgindil (3775m). The higher cone level (�)
corresponds to the former height of the glacier surface. The younger cone (�) is at present subject to incision and
drains directly to the Barpu glacier (o). Photo: L. Iturrizaga 06.08.2000. 

o Photo 39. View from 3100m onto the white Malungutti glacier in the confluence area with the Shimshal valley.
Dynamic ice retreat is indicated by at least 10 closely nested moraine ridges. Moraine accretion is a very common
feature in confluence areas, where the valley floors become wider. Intermorainic lakes (�) can be present in between
the main moraine ridges. On the opposite side of the glacier, the older moraine level, up to over 100m in height, is
visible (�). Photo: L. Iturrizaga 22.07.2001
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are reworked by mudflows from the tributary valleys or the
high lateral moraine slopes collapse due the absence of the
former glacier abutment or by glacial undercutting. In higher
altitudes they are gradually overcovered by talus cones
and talus slopes (Photo 16). Moraine-cored talus cones are
left behind. In the lower altitudes, lateroglacial meltwater
streams break through the lateral moraine and drain directly
to the glacier (Photos 11, 24). The lateral moraine valleys
will be then degraded by headward erosion.

But in some cases, the glaciers override or break through
the lateral moraine. New ice-contact deposits are piled up
by supraglacial dumping processes (i.e. Yazghil glacier,
Photo 31, Lupghar glacier, Khurdopin glacier, Photo 27,
Barpu glacier). These are relatively rare and locally limited
phenomenons which are bound to punctual uprising of the
glacier surface. Those break-throughs mostly occur at higher
altitudes around 3800 m–4000 m.

The vertical changes of the Karakoram glacier surfaces
are considerable. During a time period of only some years
the glacier height can experience shifts of up to several de-
cameters (e.g. Yukshin Gardan, Khurdopin, Pumari Chhish
glaciers). The glacier movement often takes place in form
of kinematic waves. The glacier surface is not lifted up
equally over the entire length and therefore lateral moraine
formation occurs in a kind of patchwork-pattern.

Conclusion

In high mountain areas, the principal glacial sedimenta-
tion areas are situated at the lateroglacial margins of the
glaciers. The proglacial landforms play a subordinated role
among ice-marginal sediments, even though they received
the most attention in the glacial-geomorphological literature.
Due to the high meltwater release of the Karakoram glaciers,
end moraines and related forms are rapidly destroyed. The
Karakoram glaciers, decakilometers in length, rather block
numerous unglaciated or only partly glaciated tributary val-
leys, which in turn drain into the lateroglacial environments
and provide expansive amounts of non-glacial sediments.
The latter sediments are closely amalgamated with the lat-
eral moraine complexes. Especially after deglaciation, when
the ice-abutment slowly disappears and collapse processes
along the distal sediment cliffs take place, non-glacial and
glacial sediments are highly mixed with each other. In par-
ticular kame cones and moraine-cored debris sediment cones
witness the former glacier extent. On the other hand, in many
cases only the lateral moraine is eroded and the non-glacial
part of the kame formation is preserved. This rudiment is
then difficult to distinguish from a ‘pure’ mudflow cone.

In general, the Karakoram glaciers represent with their
huge lateral moraines and lateroglacial sediment complexes
a landscape of glacier retreat. Therefore at many locations
the lateroglacial valleys are slowly destroyed by fluvial
processes of the side valleys. The lowering of the glacier
surface produces up to 200 m high proximal slopes of the
lateral moraines and consequently the support of the glacier
is then missing. At the same time, the lateroglacial valleys
are destroyed by extreme uprising of the glacier surface in

an altitude at 3700 m–3800 m along the middle sections of
some glaciers (Khurdopin, Yazghil, Lupghar glaciers). New
lateroglacial valleys are partly built up.

In most cases, the development and distribution of lat-
eroglacial valleys is dependent on topographical factors and
not on exposure and reflexion effects. Those are often only
the voids between glacier and adjacent valley flank, which
are filled up by glacial and non-glacial sediments. A very
active debris morphodynamic took place and still goes on
in the direct vicinity of the glacier. A considerable portion
of debris supply comes from the tributary valleys. Therefore
the sediment structure is mainly non-glacigenic. In regard to
the maximum glaciation it cannot be assumed that a larger
lateroglacial debris environment was developed. In contrast,
the more the relief is filled up with ice, the smaller become
the debris supply areas.
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Abstract

The post to late glacial valley reconstruction is focused on the Mani- Baska and Phuparash valleys on the Rakaposhi-
Haramosh Muztagh in the south Karakoram. The recently glaciated valleys join the Indus valley near Sassi at 1500 m. The
knowledge of the tributary valley reconstruction can be seen in the context of the scientific discussion about the extent of
glaciation along the main Indus valley. Today, the recent avalanche fed glaciers come down from high lying catchment areas
with an average altitude of 6700–6800 m and terminate at 2700 m. Snow line runs at 4700–4800 m in the steep flanks which
is common in the Karakoram Mountains. The postglacial extent is marked by the great lateral moraine (GLM) and reached
down not more than 2.5–5 km away from the recent glaciers with a calculated snow line depression of 300 m in maximum.
It can be shown that the valleys were already glaciated during the lastest Late Glacial down to the valley outlet at 1500 m.
The snow line was depressed 600–700 m during that period. A high glacial ice filling of the Haramosh valley and glacial
erosion of the flat top of the Darchan ridge as an intermediate valley head is strongly probable.

1. Introduction

The history of the landscape of the Haramosh valley is linked
with the former glaciation history of the Indus Valley. The
extent of the former glaciers Mani, Baska and Phuparash
according to their glacio-geomorphic position, their snow
line depression and relative age classification, using the
method of Kuhle (1988b and 1994, p. 260) is reported in
this article. Similar field work and research was done by
the author in the N.W. Karakoram (Meiners, 1996; 1997;
1998a, 1998b). Investigations on the post to late glacial
valley reconstruction were conducted on the south side of
the Rakaposhi-Haramosh Muztagh by Wiche (1960) in the
course of the Austrian Karakorum expedition and later in
part by Haserodt (1989). The extent of the glaciers that deter-
mined the valley contours during the last glacial maximum
ranged from just 5 km down-valley of the recent end up to
the Haramosh valley outlet at Sassi. The research results of
Kuhle (1988a, 1991b, 1998), which demonstrate an ice-age
Hunza-Gilgit-Indus ice-stream net, are supplemented by his
work (2001), previously by other authors held to be ice-free
from the Astor valley up to the Skardu basin. The glaciation
history of the Skardu basin as an area of glacial sediment
deposits and the more East section of the Indus is described
in detail at first by Dainelli (1922, cf. Loewe, 1924). The
connection of the Haramosh valley described here in pre-
cisely this section of the Indus valley is to be considered
from this point of view. The Mani, Baska und Phuparash
valleys, only minimally glaciated today, were investigated
in August/ September 2001 during a 5-week field trip.

2. Area under investigation

The catchment areas of the Haramosh valley (35◦40′-
36◦07′ N/ 74◦45′–75◦ E) that make up the south side of the
Rakaposhi-Haramosh Muztagh are the subject of the present
investigations on late to post-glacial valley reconstruction
up to the present day. Two tributary valleys flow into the
Haramosh valley (Figure 1) at 1700: the Phuparash valley,
running in a north-south direction, and the Kutwal valley,
running in an east-west direction. The latter divides into
the two branches of the Mani and Baska glacier valleys,
which lead into the Kutwal valley section at around 2200 m,
about 300 m below the village of Iskere. The highest valley
catchment areas include the peaks of the Haramosh 7409 m,
Malubiting 7453 m, and the Phuparash peaks at 6785 m.
The average catchment area altitudes are thus around 6800
m. The maximum relief energy is 5979 m. For further
information see Table 1.

3. Mani glacier

The 11 km long Mani glacier (Figure 1) is completely cov-
ered by debris below 3250 m. The ice is covered by scattered
boulders up to the valley head. The glacier undercuts the
orographic left valley flank, while on the right side of the
valley a broad lateral moraine valley has developed with a
south exposure. The glacier is fed exclusively by avalanche
or ice-balcony subsidence from the north-exposed Haramosh
steep flank, which leads to the development of regenerated
glaciers with ice debris cones at the foot of the flank. A
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Figure 1. Glaciogeomorphological indicators of the Post and Late Glacial valley reconstruction of the Haramosh valley.
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Table 1. Glaciogeomorphogical data of the area under investigation.

Sassi/Haramosh Phuparash Kutwal Mani Baska

Coordinates 35◦51′–55′ N 35◦55′–36◦04′ N 35◦55′ N 35◦54′–55′ N 35◦55–59′ N

74◦44′–46′ E 74◦46′ E 74◦46′–51′ E 74◦51′–58′ E 74◦51′–55′ E

Direction of valley N/S N/S E/W E/NW NE/SW

course
Exposure of glacier – S and W – N S

feeding areas
Catchment area Malubiting/ Phuparash/ Haramosh Haramosh Malubiting W

Haramosh/ Malubiting W Mutzagh Haramosh Malubiting W

Phuparash

Valley length/km 5.0 17.0 7.5 14.2 10.0

Glacier length/km – 9.0 – 11.0 8.8

Glacier end/m – 2650 – 2700 2700

Glacier area/km2 6.0 4.0 3.0

Maximum altitude of 7453 7453 7409 7409 7453

catchment area/m
Average altitude of 6764 6839 6726 6724 6728

catchment area/m
Snow line/m, Calc. – 4745 – 4712 4714

Altitude of valley 1474 1700 1700 2200 2200

outlet/m (at Sassi) (Jutial) (Jutial) (Iskere) (Iskere)

Glacier type – avalanche fed – avalanche fed avalanche fed

type, without firn type, without firn type, without firn

hollow hollow hollow

Total valley length/ 34

km

Meiners, 2001

total of 5 erosion channels are glaciated accordingly. Only
the glacier immediately flowing down from the NW-flank
of the main peak is continuous. The glacier thus belongs to
the avalanche-fed type of glacier, without firn hollows. The
recent orographic snow line is calculated to run at 4712 m,
which places it at around half the vertical distance from the
origin of a historical lateral moraine of a flank glacier up
to the average catchment area altitude. The residual glacier
body from the valley head to the end is thus an allogenous
form around 1200 m below its snow line. The nourishment
type results in heavy erosion and consequently a high de-
bris potential, which is reflected as a surface moraine on the
glacier.

The valley head forms a low chain through which the
Haramosh La (pass) (Photo 3) leads over northwards into
the Chogo Lungma glacier at 4800 m. In the valley basin on
the south-exposed side, there are very small hanging flank
glaciers (Photo 3). At 2700 m, the only flatly arched Mani
glacier tongue is deeply sunk in its Great Lateral Moraines
(GLM) (Photo 1, 9), which are so typical of the N.W.
Karakorum (GLM according to Kick,1985). The GLM start-
ing at the valley head already achieves an outer slope height
of 8–10 m at the high-pasture settlement at 3400 m. The
glacier surface level is sunk around 200 m into the moraine
enclosure. Particularly at the intersection, the Great Lateral
Moraine shows a division into two main levels (Photo 1).
Apart from these, 2 to 3 subrecent moraine edges close to

the glacier surface indicate very recent fluctuations in glacier
level.

The very broad lateral moraine valley up to the head of
the valley at 3500 m is disfigured below the high-pasture
settlement by transversely running moraine walls (Photo 2).
This is a former glacier outlet into the lateral moraine valley
in a phase of the glacial maxima at the time of the Great
Lateral Moraine (GLM). Five moraine walls can be differen-
tiated from each other. Later glacial maxima of Postglacial
blocked the former outlet by moraine accumulation.

In the midst of this accumulation, the Kutwal Lake
formed at 3200 m. The lake is fed by rain water, but also
by spring water from the moraine body. A few metres down
the lateral moraine valley, a further small outlet can be made
out. This situation is a mirror image of the historical and
postglacial glacier fluctuations leaving the GLM, which oth-
erwise tend to be monotone in a strongly undercut form and
can no longer show any nuances in its current stage due to
erosion. Wiche (1960, p. 194) concludes that the moraine
outburst was due to the Mani glacier giving way to the pres-
sure of two hanging glaciers of the Haramosh flank flowing
in from orographic left, with a lower snow-line situation.
Wiche (ibid.) classified these moraines in connection with
the Great Lateral Moraine (GLM) to the High Glacial, which
ended below Iskere at 2100 m in the shape of an undifferen-
tiated terminal moraine, in which two ice ages are probably
to be found.
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A massive medial moraine intersection between the Mani
and the Baska valley outlet marks the valley confluence area
(Figure 1, Photo 7). Here, the orographic right GLM of the
Mani transects left lateral moraine of the Baska glacier. On
the intersection, several stages of the Mani lateral moraine
fan out arch-wise, while the Baska lateral moraine is only
single. The base of the intersection at approx. 2200 m is
subject to regressive erosion through the undercutting of the
melt water of the two glaciers. The ice margin is completed
by the orographic left Mani lateral moraine and the oro-
graphic right Baska lateral formation, the surfaces of which
both have a clear down-valley gradient, which is the true
criterion that identifies them as a terminal moraine (Photo 7).

The snow-line depression for the ice margin at 2200 m
below the beginning of the settlement terrace (Photo 7), at
an average summit elevation of 6725 m + recent glacier end
2200 m : 2 = 4463 m, amounts to 250 m and is thus to
be attributed to the most recent neoglacial stage (VI or VII
Dhaulagiri after Kuhle, 1994).

4. Baska glacier

The roughly 9 km long Baska glacier (Figure 1), an
avalanche fed glacier like the Mani glacier, is mainly fed
from the steep flank of Malubiting 7453 m. In contrast to
the Mani glacier, the valley flank is exposed to the south.
Here, too, the recent snow line is located at 4714 m, so
that it runs at a little lower than half the vertical distance
from the origin of the GLM (3470 m) up to the average
catchment area altitude. The glacier body, running in a SSW
direction is completely covered by debris and also ends at
2700 m (Photo 7). Although there are many consistencies,
in contrast, the glacier surface is by no means deeply sunk
into its large lateral moraine. Indeed, at some points it even
rises above the moraine. Such positions are then potential
weak points in the glacier margin, which may enable the
glacier ice to break through. Taking into account the dan-
ger of a possible break-through, the high-pasture settlement
of Baska at 3165 m was established in a safe place further
down-valley on the already wooded outer slope of the lat-
eral moraine. Haserodt (1989, p. 213) explains the small
height difference between the glacier surface and the lateral
moraine with the presence of an enormous amount of de-
bris being carried under the glacier, and ascribes it to the
banked glacier (‘Dammgletscher’) type. Referring to Kuhle
(1991a, p. 85) it has to be pointed out, that this ‘Damm-
gletscher’ does not end in a pedestal. Comparable banked
glaciers in the Karakoram are the Siachen glacier on Nanga
Parbat (Kuhle, 1991a, p. 84), the Juno and Hinarchi glaciers
in the Bagrot valley (Haserodt ibid.), the Kunti glacier on
Rakaposhi (Meiners, 1996, p. 115), or the Shispar (ibid.,
p. 103) and the Toltar on the south side of Batura (Meiners,
in preparation).

The outer slope of the GLM achieves an impressive
height of 120 m at the intersection with the Mani glacier,
while the glacier surface is just a few metres below the crest.
At two points at 3240 m and at the lower end at 3000 m, the
glacier ice pushes over the moraine. The root of the GLM

moraine lies at 3500 m (Photo 4). The glacier runs closely to
the orographic right, south-exposed valley flank, so that the
west-exposed end of the valley and the lateral moraine valley
spacious. Massive mudflow cones, created from moraine de-
bris mixed with the glacier melt water from smaller hanging
glaciers are piled up on the valley floor (Photo 4).

From the main peak of Malubiting, a steep valley flank
glacier with a large coverage of avalanche ice passes without
breaking off, i.e. continuously, into the deep-lying glacier
body. This may explain why a snow and ice avalanche re-
cently occurred (July 2001), which crashed down at high
speed parallel to the fall-line and surged over the lateral
moraine (Photo 4). This event – which is quite rare according
to the local population – cost two human lives and most of
the sheep and goat herds that were grazing there. The sur-
roundings of the break-through point were free of vegetation
and covered by fresh debris, so it can be assumed that this is
a more frequent event. However, the run and the vastness of
the ice masses must have been far greater in this event than
anything that had been seen before.

The glacier end forms a steep front in bare ice (Photo 7).
The orographic left Baska lateral moraine transects with the
orographic right moraine of the Mani glacier to form an
intersection. A small lateral moraine remnant on the oro-
graphic right side (Photo 9, 7) and a lateral moraine crest
markedly decreasing in height of the orographic left Mani
lateral moraine suggest a common glacier end at 2200 m,
for which a snow-line depression of 250 m can be calculated
(see chapter 3).

5. Glacial features in the Kutwal valley up to its entry
into the Haramosh valley and the confluence with the
Phuparash valley

In the Kutwal valley, downstream of the glacier extension
up to 2200 m described under chapter 3 a highest and oldest
level of the Great Lateral Moraine terrace continues espe-
cially on the orographic left side. As the element with the
largest area in this valley setting – apart from the Kut-
wal river terrace with a low step height – this is the main
settlement level (Photo 7, 8).

On the opposite side of the valley, the dimensions of
this area decrease quickly down-valley and the moraine sur-
face is either covered by debris accumulations or eroded
by undercutting. The height of the terrace increases down-
valley and has a maximum of around 400 m in the area
of the settlement Iskere at 2500 m (Photo 9). Below that
place, the moraine terrace is strikingly undercut, both by
the Kutwal river and, on the outer slope of the moraine, by
the discharge of the smaller left Godeli glacier (Figure 1).
A narrow ridge remains on which the cultivated fields are
subject to constant erosion (Photo 8). The narrowing of this
moraine ridge and the confluence of the two drainage chan-
nels coincides with a step in the longitudinal valley gradient,
with a base level of 2100 m. Wiche (1960, p. 194) termed
this locality an ‘unclassified terminal moraine’ and, together
with the GLM moraines, assumed a Last Glacial Maximum.
He also considers an overlapping of the last ice age (Würm
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age) and the one before (Riß age) at this point to be prob-
able (ibid., p. 195). Judging by its shape, it is a strongly
undercut lateral moraine terrace, which discontinues at the
step at 2100 m base level. It lies 5 km downstream of the
recent glacier end and around 3.8 km downstream of the
ice margin at 2200 m, but only 100 m below the latter, so
that a snow-level depression must only have amounted to
300 m here. The moraine accumulation can not precisly be
identified as an ice margin, but marks a reaching down at
least to 2100 m. Therefore it can be classified to the Post-
glacial in the narrower sense, to the neoglacial period (V,
Nauri stage). Haserodt (1989, p. 212) classifies the GLM
moraine and the Kutwal lake pointing to datings by Röthlis-
berger (1986, p. 86) of a comparable lateral moraine in the
Bagrot valley to the Postglacial, but without taking into ac-
count the identified ice margins. Starting from this locality,
the remains of a lateral moraine terrace are displaced to a
narrow moraine border on the left valley flank (Photo 10),
which continues with interruptions into the Haramosh valley
and there represents the settlement terrace of Dasu at 1900 m
(Photo 13).

A strikingly humped morainic remnant with a surface
height of around 2050 m is located close to the Kutwal valley
outlet, just before the confluence of the Phuparash valley
(Figure 1, Photo 7, 11). This shape stands out from the val-
ley flank, but is not mentioned by Wiche (1960). Haserodt
(1989, p. 194) attributes this moraine ridge to a Late Glacial
stage. It is difficult to place this morainic remnant in a
chronological context through further glaciomorphological
findings. It is older than Neoglacial, and yet is not con-
nected with the orographic left lateral moraine leading into
the Haramosh valley.

As can be seen in Photo 9 the Kutwal valley shows
a glacigenic trough valley cross-profile. The steep valley
flanks at the left side are covered with ground moraine while
the right side is characterized by flank polishings (Photo 11,
9) which prove a prehistoric ice filling up to a height of more
than 1000 metres above Barche (Photo 7). In the lower parts
of the flank ground moraine was formed to residual cone-
shaped debris accumulations, which was classified as a type
by Iturrizaga (1999, p. 282).

6. Phuparash glacier

In addition to the Kutwal valley, the Phuparash valley be-
longs to the catchment area of the Haramosh valley (Fig-
ure 1). With a valley length of 17 km, the valley flows
into the Haramosh valley at 1700 m. The average catch-
ment area altitude of 6839 m is formed by the Malubiting
(7453 m, 7200 m) and the Phuparash peaks (6500–6800 m).
The Phuparash glacier is larger in area than the Mani and
Baska glaciers. Here, too, the glacier end is south exposed at
2650 m (Photo 5). The glacier is again of the avalanche-fed
type, so that a surface moraine completely covers the glacier
tongue. The calculated snow line is comparable at around
4700 m.

A south exposed partial glacier has already lost contact
with the main glacier. On the lowest section of the tongue of

the Malubiting glacier coming from orographic left, Abies
have become established on the surface moraine, which
marks where the glacier has slowed down (Photo 5). The
recent glacier outlet has formed precisely on this component.

The tongue end at 2650 m lies deeply sunk into the
Great Lateral Moraine (Photo 6), which can be traced for
around 2 km further down-valley up to the terminal moraine
at 2500 m. An only minimal snow-line depression of 75 m
contrasts with a depression of 250 m in the neighbouring
Kutwal valley. However, the morphology of the moraines
is clearly comparable, which means that they are concurrent
accumulations. Also König (2001) points out the incongruity
from snowline depression to position of the ice margin de-
pending on relief. In contrast to the Mani and Baska glacier
end, the end of the Phuparash glacier lies on a largely flat
valley floor.

After this very flat valley course, there is a gradient link
of 200 m in the longitudinal profile, accompanied by a nar-
rowing of the cross-sectional profile of the valley. The river
cuts into a massive ground moraine in the area of narrow-
ing (Photo 12). Ground moraine covers both valley flanks
up to the valley outlet and beyond. It is noticeable that the
orographic right Phuparash valley flank (Darchan ridge) ini-
tially forms another ridge up to this narrowing, but then
develops into a broad ridge on both sides of the valley divide
(Photo 12, 9).

The altitude of the Darchan ridge is 4300 m in the region
of the pass (Figure 1) and is thus around 1700 m above the
recent end of the glacier tongue. Up to the valley outlet, the
ridge drops to around 2700 m and thus achieves a level of
around 1000 m above the valley bottom in the Haramosh
valley.

7. Haramosh valley

The confluence of the Kutwal and the Phuparash valleys with
the Haramosh valley is at 1700 m (Figure 1). From here, the
roughly 5 km long Haramosh valley runs southwards and
flows into the Indus river at Sassi at 1500 m. The valley
section from Dasu up to the start of the Kutwal valley is char-
acterised by a deep incision with a narrow V-shaped valley
profile, the sides of which are covered with 200-300 m high
ground moraine terraces and up to the Darchan ridge with
ground moraine (Photo 12).

The settlement Dasu at 1900 m is located on such a
ground moraine terrace which continues from the level de-
scribed at the Kutwal valley. Down-valley of Dasu, both a
higher moraine weal located 300 m above the Dasu level,
marked by the settlement Phuchui, and the Dasu level itself
comes to an end (Photo 13). However, this finds its coun-
terpart on the opposite side of the valley in the spacious
settlement terrace of Khaltaro E.

At the valley outlet at Sassi, the Haramosh river has cut
a gorge deep into the solid rock. Sandy loose material, in
which large blocks are embedded, forms the primary sub-
stance at 1500 m. Precisely this material is also found a
little further up-valley of the confluence of the Haramosh
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and the Darchan valleys along the orographic right Indus val-
ley, where massive ground moraine lies on ledges. Haserodt
(1989, p. 196) describes these moraine findings at Sassi m
as subsidiary valley outlet moraines in a largely ice-free
Indus valley and attributes them to a Last Glacial Maxi-
mum (Würm) stage. This would mean that the Haramosh
component must have spread out into the Indus valley like
a hammer head. Photo 14 shows ground moraine terraces
indus-upvalley of the Haramosh outlet. However, since
moraines are also to be found further down-valley oro-
graphic right in the Indus valley up to the confluence of
the Gilgit river (Kuhle, 2001, Fig. 52–57), this cannot be
assumed. Erosion by a thick Indus glacier is also evident
on the orographic left Haramosh subsidiary valley outlet. A
solid rock with vertical layers is exposed by glaciofluvial
undercutting, while the flattened surface has been glacially
polished (Photo 14).

Referring to Kuhle (ibid., 1998, p. 90) a continuous Indus
glacier joined with the Gilgit and the Hunza glacier com-
ponent (Kuhle, 1989, p. 271–273; 1991b, p. 299; 1993,
p. 108–110) and ended at 980 m or probably below 870 m
more than 15 km downwards Sazin (Kuhle, 1988a, p. 588;
1997, p. 123). In the section of the Haramosh valley outlet
he calculates an ice filling (LGM) up to 3100 m altitude
(Kuhle, 2001, Fig. 57). Described valley outlet moraine in-
dicates a snow line depression of 600–700 m and is thus
to be attributed to the latest stage of Last Glacial (Sirkung
stage IV).

Already in 1988a, Kuhle (p. 588) proved that all the trib-
utary glaciers from the Karakoram S slope and the Nanga
Parbat group were united in the Indus ice-stream network
during the last ice age. He (p. 589) provisionally recon-
structed late glacial advances for the Bagrot and Batkor
valleys (Ghasa Stage I), which reached the Gilgit valley out-
side the basin at an altitude of 1300–1380 m. These valleys
of the Karakoram S slope are immediate western neighbours
of the Haramosh valley. In connection with the considera-
tions regarding a high to late glacial glaciation, the valley
head of the Mani glacier is of interest. Enclosed by peaks
ranging up to a maximum of 6400 m with the smallest of
hanging glaciers, an isolated ridge rises from 3500 m to
4200 m up to the steep valley flank (Photo 3). This crest
is completely covered by morainic material and displays de-
formations and striations that demonstrate ice coverage. The
related glacier filling requires a snow line of 3500 m, which
places it 1200 m below that of today. This value is within the
range of last glacial maximum snow-line depressions. Ac-
cording to Wiche (1960, p. 195), moraine terraces outside of
the GLM moraine represent accumulations from the ice age
before last. This opinion can be regarded as representative
of the state of research in the mid-1950s.

8. Conclusion

The post to late glacial reconstruction of the Haramosh val-
ley with its tributary valleys Phuparash, Mani und Baska
is closely liked with the overal glaciation history of the
Indus valley, into which the Haramosh (also called Phu-
parash) flows. All glacier valleys have a high Great Lateral
Moraine in common, which rises to a height of 200–300 m
at the glacier end. A more recent, historical level stands out
markedly from the GLM of the Mani and Baska glacier. It
was lying at 2200 m in a short distance to the recent end of
the glaciers at 2700 m. The previous ice margins, classified
to the latest neoglacial (Nauri stage) with a snow-line de-
pression of 75–300 m m, lie in a distance of around 5 km
apart. In the Kutwal valley, a clear identification as an ice
margin at 2100 m is not possible. In the Kutwal valley, a
lateral moraine terrace particularly well preserved on the left
valley flank marks an ice filling which could be attributed to
a latest Late Glacial stage. It too finds its counterpart in the
lower Phuparash valley and in addition in the Haramosh val-
ley. This level is probably continued in the Haramosh valley,
on which the settlement of Dasu is located at 1920 m. The
settlement terrace of Dasu is overlooked by a 300 m higher
level.

At the valley outlets massive ground moraine is ex-
posed, which Haserodt (1989) called tributary valley outlet
moraines of the High Glacial, but which were classified into
the latest Late Glacial with a snow line depression of 600–
700 m. After Kuhle (2001) an Indus main valley glacier
existed for this valley section as well.

An enormous ice filling of more than 1000 metres must
have taken place in the Kutwal and Phuparash valleys, be-
cause ground moraine is time and again found high up on
the valley flanks, along with strias and polishings from a
high glacial ice level. At a Last Glacial Maximum drop of
at least 1200 m in the snow line altitude at 3500 m, precisely
the large valley basins with a low gradient are reached, so
that an exponential increase in the glacier coverage, as de-
scribed by Kuhle (1988a, p. 587, Fig. 9; 1997, p. 117), was
possible. A further indication of a high glacial ice filling,
regardless of the geological structure, is the shape and the
glacially flattened top of the Darchan ridge, especially in the
section from Jutial to opposite Dasu. At the end, these results
complete and prove the findings of Kuhle (2001). It has to
be pointed out that it was hard to find clear ice margins of
the Postglacial period while ground moraine covers whole
valley flanks and is also widespread at the lower Haramosh
valley. Their very good preparation is an indicator for their
relatively young age of Late Glacial.
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n Photo 1. The glacier end of the Mani glacier at 2700 m is deeply sunk into the GLM moraine. The
orographic right postglacial lateral moraine of the Mani (�) transects the orographic left lateral 
moraine of the Baska glacier (�) to form an intersection (see Photo 7). In the background, the
Haramosh Peak towers to 7409 m. Locality from which the photo was taken: 2730 m, settlement
terrace of Gun above the Baska terminal moraine (Figure 1), 35°54′929″ N, 74°50′096″ E. Photo 
S. Meiners, 13.08.2001.

n Photo 2. The lateral moraine valley of the Mani glacier is blocked by
garland-like moraines (o) above the settlement of Kutwal. In the
middle is the Kutwal lake, 3200 m. At the time of its maximum
postglacial stage, the glacier lapped over the lateral moraine at this
point. The internal walls represent post-Postglacial fluctuations in
glacier levels. On the opposite side, two avalanche-fed glaciers fed by
the Haramosh north side flow into the westwardly flowing Mani
glacier. After Wiche (1960) this moraine outburst was due to the Mani
glacier giving way to the pressure of the hanging glaciers. Locality
from which the photo was taken: orographic right valley flank, 3745 m,
35°53′253″ N, 74°54′495″ E. Photo S. Meiners, 10.08.2001.

m Photo 5. The Phuparash glacier, an avalanche fed glacier, is
completely covered by debris. The catchment area altitudes of the
south-exposed Phuparash range are between 6500- 6785 m, whereas the
south to south-west side of the Malubiting rises up to 7453 m. Parts of
the great lateral moraine on the inside have subsided en bloc (s). On
the left side of the glacier tongue, tree stocks point to a relative lack of
movement of the glacier (�). 2 km down-valley of the recent glacier
end at 2650 m (�), the great lateral moraine comes to an end at 2500
m. Locality from which the photo was taken: valley flank of the
Darchan ridge (Figure 1), 3355 m, 35°59′411″ N, 74°46′462″ E. Photo
S. Meiners, 16.08.2001.
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Photo 4
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n Photo 3. This photo shows the valley head of the Mani glacier,
which undercuts the north flank of the Haramosh (see right behind
the trees). The 4800 m high Haramosh La (�) in the centre of the
picture is glaciated. Widespread, flat mudflow cones (�) are
heaped into the broad lateral moraine valley at 3300-3500 m. The
enclosing peaks achieve low altitudes of 5500- 6400 m. Only small
flank glaciers have formed below the erosion channels, ending at
around 4500 m. The isolated ridges set into the valley head of the
valley flank show strias of a prehistorically higher ice level in the
ground moraine, which covers the grassy slopes (n) It belongs to
the latest Late Glacial stage. Their maximum altitude is 4150 m, so
that ice filling was at least 650 m thick. Locality from which the
photo was taken: lateral moraine valley floor, 3370 m, 35°54′788″
N, 74°55′022″ E. Photo S. Meiners, 9.08.2001.

n Photo 4. The Baska glacier fits snugly onto the orographic right side
of the valley below the south-east exposed Malubiting, 7453 m, so that
the left lateral moraine valley is very broad. Under high debris
production, massive mudflow cones are heaped onto the lateral moraine
valley floor (▼). The orographic left great lateral moraine (GLM) at 3500
m has been destroyed at its start by a large ice avalanche (m). Part of the
firn and ice cover of the steep glacier component of the Malubiting
crashed down at high speed parallel to the fall-line and surged over the
moraine. The ice masses buried the entire livestock of the village and cost
two human lives. Locality from which the photo was taken: Lateral
moraine, 3470 m, 35°56′55″ N, 74°53′171″ E. Photo S. Meiners,
12.08.2001.

p Photo 7. View into the Kutwal valley onto the area of confluence of the Mani (�) and Baska (�) glaciers in the foreground up to the confluence of the
Phupharash valley into the Haramosh valley (t) from an altitude of 4120 m. In the foreground is the wooded intersection (∧) between the Mani glacier on the
left and the Baska glacier on the right. While the main level of the great lateral moraine continues down-valley to below Iskere at 2100 m (o, see Photo 8)
particularly on the orographic left side of the valley, a more recent glacial stage (historical) can be identified at 2200 m – on the basis of the gradient of the
lateral moraine walls (�). The ends of the Baska glacier and the Mani glacier are at an altitude of 2700 m. Down-valley, bordering the settlement and farmland
of Barche at 2000 m, a round moraine ridge rises abruptly and in isolation from the valley flank (see Photo 11). In the background, the Darchan ridge 
(�, Figure 1 2) rises to an altitude of 2500 - 2700 m, about 800 – 1000 m above the valley bottom of the Haramosh valley. . As a result of the roundness of
this plateau-like ridge and a ground moraine coverage, high glacial ice-filling to above this level is assumed. This corresponds with flank polishings 
(Photo 11, 9) on the right side of the Kutwal Valley flank above Barche, which prove a prehistoric ice filling up to a height of more than 1000 metres. Locality
from which the photo was taken: intermediate valley head Baska/ Mani, 4120 m; 35°54′800″ N, 74°56′146″ E. Photo S. Meiners, 10.08.2001.
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n Photo 6. Parts of the great lateral moraine (GLM) ridge have subsided to a more recent lateral moraine
level, the remains of which at 2600 m are covered by mudflow (�), which break through the GLM. Here, too,
the postglacial or historical GLM moraine achieves a height of 300- 400 m above the valley bottom and
corresponds morphologically to the GLM moraine of the Mani und Baska glaciers. Locality from which the
photo was taken: orographic left GLM inner slope of the former Phuparash glacier, 2725 m. Photo S. Meiners,
15.08.2001.

o Photo 8. The contur of the orographic left GLM lateral moraine comes to an end in the central Kutwal
valley with a base level of 2100 m at a step in the longitudinal valley gradient, without forming the shape of
a terminal moraine. The postglacial lateral moraine wall has already been eroded away by undercutting. The
base of the valley filling is made up of a typical ground moraine, which incorporates larger boulders in loose
material. The moraine is undercut by the discharge of the left Godeli glacier and the Kutwal river (Figure 1).
In the lower part on the orographic right valley flank ground moraine was formed to residual cone-shaped
debris accumulations (�), insofar as it has not been washed off polished sections of the valley flank (�). In
the background of the valley on the right edge of the picture, the historical to postglacial great lateral moraine
of the Mani and Baska glaciers can be seen (o). Locality from which the photo was taken: orographic left
Kutwal valley slope, 2260 m. Photo S. Meiners, 7.08.2001.

Photo 10
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p Photo 10. The middle to lower section of the Kutwal Valley shows a glacially eroded
trough profile. In the background the Darchan ridge towers c. 800-1000 m above the
valley floor and in the middle part the moraine remnant (�) as described at Photo 11 can
be seen. The level of the orographic left lateral moraine terrace (– –) down-valley of the
locality described in Photo 8 continues again on the valley slope and in part also finds
its counterpart on the right side. The old irrigation channel was directed along this
depression and often destroyed by slides. The new channel is under construction and has
not been built along a natural moraine remnant, which means that it will be even less
stable than the old one. Locality from which the photo was taken: on the upper edge of
the step in the Kutwal valley on the down-valley end of the ground moraine terrace
(Photo 8) , 2400 m. Photo S. Meiners, 8.8.2001.

o Photo 11. On the valley outlet of the Kutwal valley on the orographic right there is an outstanding feature at 2050 m (▼), covered with ground
moraine, which stands out from the valley side with a roughly 80- 100 m high reversal of slope. This is probably a glacially eroded, rounded outcrop of
rock, which achieves a height of 300 m above the Kutwal river. This accumulation is neither an end moraine nor yet connected with the left lateral
moraine leading into the Haramosh Valley , but should be provisional attributed to the latest Late Glacial period (see Photo 7). Locality from which the
photo was taken: orographic left Kutwal valley flank, 2090 m. Photo S. Meiners, 7.8.2001.
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p Photo 9. The Kutwal Valley shows a classical glacigenic trough valley cross-profile. In the background on the right, the most recent neoglacial (VI or VII Dhaulagiri) ice margin of the Mani and Baska glaciers at 2200 m is shown (�). The lateral moraine
terrace on the orographic left Kutwal valley side is the settlement area of the village of Iskere, 2500 m (�), rising up to 400 m above the valley bottom. The orographic right valley flank contains remnants of ground moraine (�). In the background on the
left, the Darchan ridge with its glacially eroded flat top can be seen (n). Locality from which the photo was taken: orographic right left great lateral moraine in the Kutwal valley, 2600 m, Photo S. Meiners, 8.8.2001.

m Photo 13. Taken from 1600 m near the
bridge below the settlement of Dasu at 1900
m. The latest Late Glacial (IV Sirkung)
moraine of Dasu (s) is linked with the level
at the opposite side (t). The terrace has been
overtopped by a ground moraine level on
which the settlement Phuchuli was build in an
altitude 400 m higher than Dasu. This locality
is only 2.5 km away from the Haramosh
valley outlet near Sassi at 1500 m. Photo S.
Meiners, 7.8.2001.



The post to late glacial valley reconstruction on the Haramosh north side 448447 S. Meiners

o Photo 12. In the lower Phuparash valley up-valley from the settlement of Jutial at 2200 m, ground moraine
covers both valley slopes to a high level. A massive moraine accumulation at a 120 m high step in the
longitudinal valley profile is particularly well preserved (o). A late to last glacial ice-filling of this Haramosh
partial stream is demonstrated by the ground moraine, which is also to be found further down-valley on the
Darchan ridge. Locality from which the photo was taken: orographic left Phuparash valley bottom, 2090 m,
35°56′706″ N, 74°45′208″ E. Photo S. Meiners, 7.8.2001.

Photo 9
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p Photo 14. The valley outlet of the Haramosh valley at Sassi at 1500 m, like that of the
Darchan (Khaltaro) valley, is characterised by massive incised ground moraines, through
which the Jeep road is also directed. An isolated rock with a flattened surface (foreground)
which rises around 200 m above the Indus valley (right side), demonstrates a massive, last
glacial maximum ice-filling. In the background at the true right side ground moraine
terraces of an Indus valley glacier stand firm against erosion. Locality from which the
photo was taken: Jeep road to Dasu, 1700 m. Photo: S. Meiners, 7.08.2001.
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Abstract

Based on geomorphological field work the mapping of former lateral/terminal moraines in the middle segment of the
Bhotekoshi Nadi is quite similar to the geomorphological findings of Heuberger (1956: Fig. 2). The deductive calculation
of the equilibrium line altitudes is oriented on the reconstructed types of former glaciers. Based on the geomorphological
findings of this valley segment the relation of Neoglacial and Late Glacial ice margins of the glaciers of the tributary valleys
of the Bhotekoshi Nadi is not conclusive. A post-late glacial maximum snow-line depression of at least 950 m has not
obligatory caused an ice fill of the Bhotekoshi Nadi below 3200 m.

Introduction

Bhotekoshi Nadi is situated in the eastern part of the
Khumbu Himal at the Himalaya South Slope. The valley is
about 30 km long between the Nangpa La Pass (5741 m) and
Namche Bazar (2840 m), where it flows into the Dudh Kosi
(27◦42′ N86◦43′ E). The article is mainly dealing with the
valley segment between the settlement of Tarnga (4000 m)
in the north of Thame and the valley exit of the Bhotekoshi
Nadi (Figure 1, Photo 1).

According to the geomorphological relief analyses the
arrangements of the positions are placed between selected
glacialgeomorphlogical shapes. The arrangements of the po-
sitions between the ice margins of the local glaciation of
the tributary valleys reaching the main valley are preferred
to the desription of the positions of the forms in the tribu-
tary valleys. The results of this representation are evaluated
concerning the remote glaciation and put into an abstract
system of snow-line-calculation. The latter bases mainly on
the method of Kuhle concerning the snow-line-calculation,
published in 1986 and 1988a.

The results of this article found on field works by the
author in March 2000. All photographies were taken by the
author during this time. The informations about altitude and
locality are taken from the official Nepalese Map ‘Namche
Bajar Sheet No. 2786 03’.

Owen et al. (1998) give a short survey of the research
concerning the Quaternary glacial history of the Khumbu
Himal. Heuberger (1956: 353–354, fig. 2) descripes and
maps the majority of the moraines described in the follow-
ing and dates them into the Late Glacial. Kuhle (1998: 5)
understands the Last Glacial Maximum (LGM) ice filling of
the Bhotekoshi Nadi ‘as an outlet glacier of the S-Tibetan ice

stream network’ (cf. Kuhle 1999: Photo 23). The Bhotekoshi
Nadi Glacier, as part of the South Tibetan ice stream network
on the Himalaya South Slopes, reached down to 1800 m
asl (Kuhle 1988b: 587, Kuhle 1998). Kuhle (1987: fig. 18)
calculates for a small catchment area nearby Namche Bazar
‘a drop in the equilibrium line of c. 950 m during the last
Ice Age’, when the corresponding glacier has not shifted on
the main-valley-glaciation (c.f. Photo 1). In Heubergers &
Weingartners (1985: 79) and Heubergers (1986: 30) opinion
the Last Glacial Maximum (LGM) ice stream reached down
to the settlement of Tega in the south of Ghat in the Dudh
Kosi, which means down to c. 2500 m. Williams (1983)
shows ground moraines reaching down to 3500 m linked
with an in average 6500 m high catchment area. Williams
writes (1983: 209) ‘that the average lowest ELA can be esti-
mate quite precisely as about 4250 m’ (ELA = equilibrium
line altitude) based on the findings in the small and low tribu-
tary catchment area of the Dudh Khunda Khola in the north
of Ghat, i. e. a snowline depression of 1100 m to 1300 m
against the recent snowline altitude. On the basis of soil
weathering analysis Bäumler et. al. (1991: 240) postulate
‘that the ice of the last main glaciation never reached Lukla’
(2800 m asl., c. 400 m above the Dudh Kosi thalweg).

The lower Bhote Kosi Nadi – indicators on the
Quaternary glacial history

Thesubu Khola (length: 11 km) flows into Bhotekoshi Nadi
as a tributary valley from orographic left in 3320 m. Photo 2
shows the valley exit of Thesubu Khola. From orographic
right there is a rampart following the valley exit bending
over in the frontal area towards the thalweg to mediate to
a rampart with simular dimension and ridge altitude which
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Figure 1. Reconstruction of the former ice extents in the lower Bhotekoshi Nadi (Khumbu Himal).
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is situated orographic left of the Thesebu valley mouth.
Outcrops of these ramparts show there structure as being
composed of glacial prepared and transported sediment.
These ramparts described as lateral/terminal moraine pushes
far into the main valley. The tongue basin is conserved rela-
tively good and showes that in the point of time of its tongue
basin enclosure origin there was no icestream network in
the main valley. Supplementary to these findings there are
polished areas and glacial shaped parts of the flanks of the
Thesebu Khola which support the sumption of an ice filled
valley to at least 4000 m. In addition there are indicators of
a distinct higher ice fill in the valley (Photo 2, Photo 3).

The run-off of the Bhotekoshi Nadi is pushed towards
the orographic right flank because of the described Thesebu
Khola lateral/terminal moraine. It runs partly through glacial
sediment, which development is not clearly connected with
the lateral/terminal moraine of the former Thesebu Glacier
(Photo 2, Photo 4) but corresponds with similar sediment in
the upper part of the Bhotekoshi Nadi valley. The surface
of the Bhotekoshi Nadi moraine is overlayed by debris ac-
cumulations. The recent runnoff of the Bhotekoshi River is
still undercuting the moraine. The described tongue basin
of the former local Thesebu valley-glacier terminates in
about 3350 m. The corresponding catchment area reaches
a medium height between 5700 to 5800 m. Considering the
former glacier-type the equilibrium line must be calculated
to 4520 m. The recent local equilibrium line of this catch-
ment area is above 5500 m. Some isolated summits up to
5665 m are scarcely covered by glaciers (Photo 3, Photo 5).
The recent glaciers of the neighboring area show, that the
snow-line lies between 5350 to 5500 m. The summits being
steep and exposed could be the reason for shifting the local
equilibrium line above 5600 m. The Thesebu Khola valley
glacier ice margin in 3350 m depends to an average snow
line depression of about 1100 m in relation to the local equi-
librium line in 5600 m and about 830–1000 m in relation
to the middle recent snow-line altitude of the whole area
studied.

2,5 km up-valley in the Bhotekoshi valley there is a
lateral moraine reminder of an orographic right tributary val-
ley reaching down to the valley bottom of the main valley
(Photo 6, Photo 7). Both sides of the valley exit of this small
tributary valley show lateral moraine reminders depending to
a former glacier tongue coming down to 3600 m. The frontal
part of this glacier bassin is missing. It is likely that the
glacier terminus was nearby because of the form and the di-
rection of the moraine reminders. The position of the glacier
tongue to the extend of the glaciers of Thame Khola (c.f.
Photo 2) and the potential interaction makes it difficult to
interpretate. But it is morphological definite that there were
two separated glaciers down to 3600 m at least indicated by
two separate lateral moraines (Photo 7).

The highest summit of the catchment area is the Tar-
tikikhla with 6186 m (Photo 8). The Kuangde which
Heuberger (1956) takes into consideration is a nearly as
high. The middle elevation of catchment area amounts to
about 5800 m. The slopes of the valley end above 5000 m
are mainly more than 50◦ steep . Dependent on the po-

tential relief of the former glacier tongue the equilibrium
line according to the ice margin calculated in 3600 m lies
in 4550 m. With reservations Heuberger (1956) calculates
the former snow-line to 4900 m based on the method of v.
Höfer; in consideration of the glacier type the result of this
calculation seems to be too high (c.f. Kuhle 1988a, Benn &
Lehmkuhl 2001: Table 1). Heuberger (1956) shows a late
glacial tonque basin being closed belonging to the glacier
mentioned above. Photo 4 shows this moraine reminder in
position to the moraines of the former Thesebu and Thame
glacier tongues. The Thame Khola extends about 12,5 km
as an orographic right tributary valley to the Bhotekoshi
Nadi. Photo 9 shows the valley exit. The valley end is built
by a ridge with peaks between 6100 and 6700 m (middle
elevation of cachment area: 6570 m).

Near the valley exit besides the Thame Khola thalweg
there are elongated rampart-like forms. These walls of sedi-
ment start in about 3860 m being independent of the flanks.
The rampart-ridge falls in for a few deca-meters towards
the valley exit. Its end is in about 3800 m. The orographic
left accumulation pulls towards the opposite flank of the
Bhotekoshi Nadi crossing the valley exit of Thame Khola
(Photo 8, Photo 10). The right wall ends at the edge of the
recent outlet of the Thame Khola, respectively mediates to
a very dismembered moraine landscape, being interpretated
as a mixture of a platform moraine and a ramp moraine
(Photo 6, Photo 7, cf. Kuhle 1991). Both mentioned lat-
eral moraines set up on the platform built by the descriped
moraines with is base in 3640 m. The space of the tonque
basin between the lateral moraines near the recent surface is
filled with mainly glacio-fluvial accumulated sediment. The
base is built up with moranic sediment. An edge of the ter-
race below the settlement of Thame subdivides this area into
two levels. This terrace is to be interpretated as a result of
a fluvial cut of a tongue basin filling. Its level is in between
3760 m and 3840 m. Upwards 3840 m the valley descent
becomes clearly steeper. The influence of the sediment fill-
ing equalising the relief disappears. The profile of the valley
bottom declines eastwards of 4200 m. The descent leads over
to the historical lateral moraines nearby the recent glaciers.
The recent glaciers of the Thame khola catchment area do
not reach down to 4600 m. Based on morphological and
sedimtological results the valley-segment between 4200 m
and 4100 m , that means the valley part below of Gokpuche
Goth can be interpretated as a former ice margin.

The layers of moraine sediment on the orographical left
flank of Thame Khola between Gokpuche Goth and Thame
support the assumption of a glaciation in this valley-segment
according to the moraine findings at the valley exit (Photo 9).
There are flank polishes and glacial sediment relicts in up-
per parts on both flanks of the Thame Khola showing the
valley was filled higher with ice of older glacial stades in
accordance to findings in the main valley. The ice accumu-
lation area of the Rolwaling Glacier joins westwards with
the Thame Khola glacier catchment area (Teshi Lacha La:
5730 m). At present the ablation tongue of the Rolwaling
Glacier reaches down to 4550 m calving into Tsho Rolpa
(König, 1999, Meiners, 1999). Geomorphological analyses
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in the Rolwaling Khola indicates a neo glacial dated ice
margin at 3800 m downvalley the settlement of Na (Meiners
1999: 367) and complementary the finding for the Thame
Khola valley exit moraines.

Some decametres north of the above mentioned narrow
gorge (Photo 10) there is a platform terminal moraine based
on the valley floor of the Bhotekoshi Nadi. This terminal
moraine is situated at the valley outlet of a small orographic
left side tributary valley (Photo 5). It is about 3 km long
starting in 5665 m. At the valley mouth (at about 3800 m)
a changing incline of the valley botton leads over to a plat-
form of loose material which is clearly separated from the
incline of the main valley. Up-valley of the described accu-
mulation glacial undercutting forms, polished rock surface
and rounded parts of the valley flanks helps to interprete the
platform as being glacial. The base of this glacigenic form is
cut by the Bhotekoshi Nadi River in 3650 m. The related out-
crops clearly shows moraine material which is genetically
attached to the platform moraine. The latter one marks an
ice margin of a former glacier between 3700 m to 3800 m
and an increasing platform shifts the ice margin in a higher
position. The catchment area is recently no glaciated. The
medium height is about 5400 m (Photo 5, Photo 9).

Following the main valley upwards one reaches the val-
ley outlet of the Lammuche Khola (Photo 11) 2,5 km north
of Thame. It is an orographical right tributary valley of the
Bhotekosi Nadi. The morphology of the valley confluence
of the Lammuche and the Bhotekosi Nadi Khola presents
glacial sedimented loose material, which is undercut by
the recent drain and partly overwork by the 1985 morine
dammend lake outburts flood (Vuichard & Zimmermann
1987, Cenderelli & Wohl 2001).

There are moraines of at least three catchment areas to
differ morphologically: beside the mentioned valleys there is
the Cchujunma Khola which is a tribute valley from the oro-
graphic left of the Bhotekoshi Nadi. Photo 11 shows lateral
moraine remnants added at the valley outlet in about 4050 m
to follow the descent of the main valley. Without reaching far
into the main valley these moraines describe an ice margin
in c. 3950 m. They overlay older moraines depending to
the glaciation of the main valley chamber as a part of an
ice stream network. These older groundmoraines reach be-
yond the valley outlets of both tributary valleys (Photo 12).
The genesis of the talus cones of this valley is linked quite
close to the accumulation of moranic sediments in higher
flank-segments (c.f. Iturrizaga 1999).

Considering the findings in this segment of the valley it
is difficult to define the position of the ice marginal of one
of the three involved glacier-catchment-areas. The glacier
coming out of the catchment area (medium height 5500 m)
of the Chhujunma Khola would be canaliesed in the lowest
quarter of the valley and therefore being typed as a flank
glaciation. A glacier alike has reached down to 3950 m. A
comparable ice margin is assumed for the bigger area of
glaciation in the Lanmuche Khola (medium height of the
catchment area about 6350 m). Photo 8 shows the main
valley segment in around 1,5 km north of the Thame Khola
mouth without findings of ice margins being jounger than

the described moraine of the Thame Khola in this segement
of the Bhotekoshi Nadi. There is only one valley segment
to place potential ice margins of former Lanmuche and
Chhujunma glaciers being the same age or jounger than the
Thame moraine. It is about 1 km south of the valley outlets
of the tributary valleys. Their potential length is therefore
easy to calculate. The end of the glacier in the main val-
ley has then been above the mentioned valley confluence,
that means above 4000 m. The corresponding equilibrium
line can be calculated in 5070 m in Lanmuche Khola and in
nearly 4600 m in Chhujunma Khola.

Results

The summarised description of glacial-geomorphological
forms in the middle Bhotekoshi Nadi proofs ice margins of
glaciers depending to the tributary valley glaciation in the
main valley. The corresponding glacier in the main valley
can not have gone beyond the ice margins of the tribu-
tary valleys when they were developed. That means they
are not attached to the LGM (Heuberger 1985, 1986 and
Kuhle 1988a, 1998). The morphological findings indcating
the former Thame Khola Glacier and the former Thesebu
glacier show in particular that there has been no confluence
of the Bhotekoshi Nadi glacier with the ones of the tributary
valleys at the valley bottom at the period of their origin.

The recontructed former Thesebu Khola, Thame Khola
and Lanmuche Khola glaciers are classified as firn hollow
glaciers in transition to firn basin glaciers. The remain-
ing glaciers mentioned are classified as flank glaciations or
avalanche basin glaciers (dependent on the proportion of the
equilibrium line sinking into the relief). The medium equi-
librium line of the reconstructed ice marginals of the latter
glaciers was between 4500 and 4600 m – these findings are
attached to late glacial advances (c.f. Meiners 1999). The
same with the Thesebu Glacier and the flank glaciation or
rather the cirque glaciation of the orographical right flank
of Bhotekoshi valley westwards of Namche Bazar (Photo 1,
compare Kuhle 1987: fig. 18). The equilibrium line of the
reconstructed Thame and Lanmuche Glacier was on an av-
erage of 5060 m clearly higher. That leads to a problem in
classification being illustrated at the Thame Glacier in rela-
tion to the Thesebu Glacier. An equilibrium line depression
in the catchment area of the Thame Khola down to the de-
scribed Thesebu Khola glaciation (snow line about 4500 m)
could not enlarge the Thame Glacier beyond the valley out-
let of the Thesebu valley in the Bhotekoshi Nadi because
of the described Thesebu terminal moraine. This difficulty
arises because of the distinct higher catchment area of the
Thame Khola compared to the Thesebu Khola. It is inten-
sified by the negligible horizontal distance of the valleys,
especially the valley exits. Concerning to a snow-line de-
presssion of about 900 m the late glacial glacier level of the
Lanmuche Khola and the Thame Khola would have reached
clearly below the down-valley attached moraines. But the
morphological findings deny that.



Investigations on the Quaternay Glaciation in the Khumbu Himal (Nepal, East-Himalaya) 456455 O. König

p Photo 1. The picture presents the lower part of the Bhote Koshi Nadi. Panbuk Southpeak (6757) can be seen in the background. The thalweg of the Bhote Koshi Nadi running for 3 km deeply, that means gorge
like, in the rock. The orographic right flank of this valley segment being exposed towards the east is slightly glaciated and rises up to 5800 to 6000 m (cf. Kuhle 1987: fig. 18). North of the valley mouth of the
Thesebu Khola (– –) the morphology of the valley bottom changes noticable (Photo 2, Photo 4). � marks the Thame Khola valley exit moraine complex (c.f. Photo 9). A Late Glacial ice level of the Bhotekoshi
Nadi part of the ice stream network was probably located in c. 3700 m, that means c. 600 m  to 800 m above the nowadays valley floor (—, c.f. Kuhle 1987: fig. 19 for indicators from the opposite flank). (The picture
was taken from a point 500 m westwards from Namche Bazar looking to NE from 3520 m). 
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p Photo 2. Shows the valley exit of the Thesebu Khola, an orographic left tributary valley to the Bhothekoshi Nadi.
The lateral moraines of a former glacier tongue basin join both sides of the valley mouth (– –). They start at about
3480 m. Moranic sediments can be found down to at least 3320 m where the recent runoff in the main valley is eroding
the glacial sediments. 
Upvalley the Thesebu Khola lateral moraine the loose sediment shows a mixture of the fractions clay to boulders with
a peak of the frequencey curve in the sand fraction. Therefore it seems unlikely that this sediment is accumulated
exclusivly fluviatil. The described sediment is not part of the lateral moraine of the Thesebu Khola Glacier but a
sediment which is accumulated against the outside of the lateral moraine (m). On the right there is a moraine terrace
seen which proofs a former ice fill of the main valley (�). In the area around the valley exit the orographic left flank
of the Thesebu Khola is glacially rounded. It seems rather likely that the glacier level had been up to 4000 m (—). 
The picture was taken standing in about 3520 m, looking towards south east, i. e. downvalley the Bhotekoshi Nadi. 

n Photo 3. The position on the described Thesebu Lateral Moraine (Photo 2) in the orographic left makes it
possible to look into the Thesebu Khola out of 3460 m. The summits in the background are around 5600 m high
without remarcably recent glaciation (c.f. Photo 5: The east slopes of the 5665 m peak are part of the catchment
area of the former Thesebu Glacier with the steep summit being without glaciation.) In the longitudinal profile of
the valley the rock threshold runs for about 1,5 km between 3800 and 4400 m vertically. The recent thalweg
passes below the position in a few decametres distance. Boulders embbeded in a matrix of sand and clay are to
be seen (�). The cross profile of the Thesebu Khola has the shape of a U-shaped glacier valley with over-
steepened flanks of the solid rock. (– –) marks flank polish in about 4400 to 3900 m which are probably High-
to Late-Glacial. Further up in the valley indicators for a higher ice level can be found (— in 5200 m).
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m Photo 4. The Bhotekoshi Nadi segment between the valley mouth of the Thesebu Khola and Thame
Khola is covered with hugh accumulations of loose material, which are eroded by recent runoff. The
settlement of Thamu (�) is built on a fluvial debris accumulation with moranic material influence
(Iturrizaga 1999,: fig. 4 d), which base on an older groundmoraine. There are parts of fluvial
sedimented material inside the moraine. The right as well as the left flank is covered with moraine
material to a large extent. Glacial polishing and triangular abrasision forms as well as prominent
slope-changes in the longitudal profile can be estimated as an indicator for an  ice fill of the
Bhotekoshi Nadi during the LGM.  × marks the relict of a lateral moraine bound on a former
glaciation of a steep tributary valley in the South of the Thame Khola valley exit. The moraine is
barely reaching the main valley (Photo 7). 

n Photo 5. The picture shows part of the orographic left flank of the Bhotekoshi Nadi opposite to
the valley exit of the Thame Khola. 
The summit to the right is 5665 m high. The peak as well as the flank are without glaciation, i.e. the
local equilibrium line of this W-exposed catchment area arise above 5600 m. A platform moraine
with a ridge at 3800 m is joining the valley exit of this tributary valley (– –). The recent runoff of
the main valley is eroding the moraine. Upvalley there are fluvial accumulated terraces on the
outside of the platform moraine in the main valley (�). This can be estimated as a time sequence in
the developement of the fluvial accumulation in relation to the glacial sediments. The latter are
older. 
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p Photo 6. The valley bottom of the Bhotekoshi Nadi at the valley exit of
Thame Khola impresses with the morphology of a hugh disintegrated
moraine. Glaciomorhologically the moraine has to be subdivided into
different glacier advances. It has been intensly cutted through fluvial
processes. The orographic right lateral moraine as to be seen in Photo 9 is
marked (– – –). The moraine-complex is genetically bound on the former
glaciation of the Thame Khola. The area of this valley-segment is
influenced by the glaciation of a small tributary valley , resp. the resulting
forms of accumulation and erosion (m, c.f. Photo 7). 
(�) marks ground moraine reminders at about 4200 m on the orographic
left flank of the Thame Khola. The moraine reminders can be explained
only by an ice fill of the Thame Khola up to at least this level. (The Photo
position is at 3520 m nearby the settlement of Thamu looking towards
north-west).

n Photo 7. The picture shows a valley segment of the Bhotekoshi Nadi
between the valley exit of Thame Khola and the settlement of Para. The
orographic right lateral moraine at the valley exit of the Thame Khola
documented in Photo 9 and Photo 6 is to be recognized. In the middle of
the picture is the thalweg of the Bhotekoshi Nadi (at about 3500 m) which
is eroding among other things the lateral moraine below the orographic
right side of a small tributary valley and undercut a triangular shaped
erosion form build up of typically moranic sediment (�, c.f. Photo 4: x).
The orographic left lateral moraine - corresponding morphographic and as
well as morphological - lies below the  valley exit of Thame Khola (–
–).The ridge of the mentioned lateral moraine of this nameless tributary
valley lies between 3640 and 3700 m The base reaches down to at least
3500 m. The house-sized boulders embedded in the clay matrix are
impressing (m). (—) marks the orographic right side remnant of the
Thame Khola moraine complex. 
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n Photo 8. The orographic left lateral moraine at the valley exit of the
Thame Khola (– –, cf. Photo 9) „jammed" the Bhotekoshi Nadi and
shifted the base of erosion for at least 250 metres higher in the upvalley
part of the main valley. The background of the picture shows the
catchment area (6186 m) of the nameless valley (�) which flows into
the main valley from the orographic right, just nearby the Thame Khola
(Photo 7). (×) marks the exposed platform moraine which development
belongs to the glaciation of a further nameless tributary valley (Photo
5). The moranic material shown in the foreground is probably part of a
moraine of a former local glaciation of the Lanmuche Khola. The line
(—) points the polish-border to support the assumption of the
Bhotekoshi Nadi has being filled with ice up to 4200 m at the minimum
in former times. So the ice level must have reached above the valley exit
of the Thame Khola (– –).
The valley bottom is dominated by polymictic sediment of the clay-
fraction to boulders (edge-length with more than 6 m are quite often to
be found). The position is about 1,3 km north of  the settlement of
Thame, a few deca-metres below the valley bottom at about 3840 m.

o Photo 9. The valley exit of Thame Khola which is a tributary valley
of the Bhotekoshi Nadi. The picture was taken from a position at 4100
m looking eastwards. At the left is the well-known monastery of Thame.
The both lateral moraines at the valley exit (– –) enclose a glacifluvial
filled tongue basin of a former glacier, which ends at about 3700m.
Whereas the (—) marks the ice level lying higher in the valley-crossing-
profile between 4200 and 4400 m (c.f. photo6: �). The talus cones at
the right-hand site are to be interpretated as moraines being redeposited
because they do not have a suficient catchment area (c.f. Iturrizaga
1999: fig. 13). (m) points the position of the gorge as shown in Photo
10.
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p Photo 10. North of the segment where the thalweg of the Thame Khola joins in the run-off of the Bhotekoshi
Nadi becomes very narrow. The river of the main valley erodes the solid rock gorge-like about 20 to 25 m deep.
At 3640 m it runs below the main-valley flank. On the left-hand site an outcrop of glacigenic sediment is to be
seen (�) which belongs morphogenetically to the orographic left of the lateral moraine valley being at the exit
of the Thame Khola (Photo 9). Major parts of the left main valley flank are overworked by fluvial processes
reaching higher than the border between the solid rock and the moranic material at the opposite flank (×).
Therefore the former run-off has been higher than the superior ridge of the gorge. The deep incision is very
likely not attached to a glacier or moraine dammed lake outburst floods but rather bound on the erosion of a
subglacial meltwater stream (c.f. Kuhle 1991, Zimmermann et. al. 1986). The Bhotekoshi Nadi has been
blocked by the Thame Khola Moraine at least up to 250 m (c.f. Photo 8). 

p Photo 11. The Photo shows the valley confluence of the Lamnuche Khola
with the Bhotekoshi Nadi at about 3940 m. On the right hand-site the left
flank of the Bhotekoshi Nadi is to be seen, on the left hand-site the valley
exit of the Lamnuche Khola. The recent run-offs out of both valleys cut into
the moraine-like sediments in different levels. There are lateral moraines of
the Chhujunma Khola bending inwards and shows a local glaciation of this
small catchment area (– –). The line marks a glacier level glacier at about
4200 m to 4300 m (—, c.f. Photo 8).

m Photo 12. The wide open valley segment of the Bhotekoshi Nadi nearby
the settlement of Tarnga (�) join directly above the narrow segment of the
main valley (documented in Photo 11). The settlement of Tarnga covers 1
km between 4000 m and 4040 m asl. on a glacifluvial and fluvial plain area
which depends morphologenetical on the valley narrowness in the
confluence of the Bhotekoshi Nadi, the Lanmuche and the Chhujunma
Khola. North of Tarnga the lateral moraine reaches out of the Chhuchunba
Khola down to the middle of the main valley bottom, i.e. down to about
4080 m (X). The catchment area of the Chhuchunba is separated by a 4800
m high ridge from the Lanmuche Khola. The valley exits are separated by a
summit of about 5000 m. The foreground shows slopes covered with
moraines (m) which pass into fluvial accumuled sediments nearby the
valley bottom. The recent run-off cuts into these forms. Triangular abrasion
forms as well as polished and glacially rounded parts of the flank proof the
evidence of an ice level above 5000 m (—). They are indicators for an ice
fill of the Bhotekoshi Nadi during the Last Glacial Maximum (LGM).
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It would have been an ice fill of the Bhotekoshi Khola
below the valley exit in the late High Glacial to Late Glacial.
The in the text mentioned catchment areas should be inter-
pretated as parts of an ice stream network. This is proofed by
glacially overworked flanks and ground moraine reminders.
The level of such an ice stream network has been in the
valley segment dealed with between 5300 m up-valley and
4000 m down-valley, i. e. c. 800 m above the valley floor at
the confluence of the Bhotekoshi Nadi and the Dudh Kosi.
Large parts of its surface are attached to the accumulation
area of the former glaciation.
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