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Abstract: This overview discusses old and new
results as to the controversy on the past glacier
extension in High Asia, which has been debated for 35
years now. This paper makes an attempt to come
closer to a solution. H.v. Wissmann's interpretation
(1959) of a small-scale glaciation contrasts with M.
Kuhle's reconstruction (1974) of a large-scale
glaciation with a 2.4 million km2 extended
Qinghai-Xizang (Tibetan) inland glaciation and a
Himalaya-Karakorum icestream network. Both
opinions find support but also contradiction in the
International and Chinese literature (Academia
Sinica). The solution of this question is of
supraregional importance because of the subtropical
position of the concerned areas. In case of large
albedo-intensive ice surfaces, a global cooling would
be the energetical consequence and, furthermore, a
breakdown of the summer monsoon. The current and
interglacial heat-low above the very effective heating

panel of the Qinghai-Xizang (Tibetan) Plateau
exceeding 4000 m, which gives rise to this monsoon
circulation, would be replaced by the cold-high of an
inland ice. In addition, the plate-tectonically created
Pleistocene history of the uplift of High Asia — should
the occasion arise up to beyond the snowline (ELA) —
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would attain a paleoclimatically great, perhaps global
importance. In case of a heavy superimposed ice load,
the question would come up as to the glacio-isostatic
interruption of this primary uplift. The production of
the loesses sedimentated in NE-China and their very
probable glacial genesis as well as an eustatic lowering
of the sea-level by 5 to 7 m in the maximum case of
glaciation are immediately tied up with the question
of glaciation we want to discuss. Not the least, the
problems of biotopes of the sanctuary-centres of flora
and fauna, i.e., interglacial re-settlement, are also
dependent on it. On the basis of this Quaternary-
geomorphological-glaciological connection, future
contributions are requested on the past glaciation, the
current and glacial permafrost table and periglacial
development, the history of uplift, and the
development of Ice Age lakes and loess, but also on
the development of vegetation and fauna in High
Asia.

Keywords: Approach; methods; inland ice; glacier
reconstruction; High Asia; Qinghai-Xizang (Tibetan)

Note: The study area of this paper covers Qinghai-Xizang (Tibet) Plateau, West Sichuan Plateau, Himalaya, Karakorum, Pamir,

Kuenlun, Tienshan.
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The space available here for an overview as to the
state of research of the glacier reconstruction in High
Asia and a critical approach to the methods which have
been applied, demands an exemplary evaluation of
glacier research. To this naturally belongs a report on
important positions with regard to an Ice Age glacier
cover and their classification into the global Ice Age
concept. As to the method as well as to the empirical
findings, only prominent examples can be cited and
discussed in place of a great number of individual
publications. Accordingly, this has to be carried out
exemplarily, so that methods and working techniques as
well as research results that go beyond the local finding
are introduced and discussed with regard to their
correctness and importance.

Introduction

For over 150 years, glacier history and the
reconstruction of the Ice Age glacier cover has been
pursued with great success by glacio-geological and
glacio-geomorphological methods. Thus, our
knowledge of an at least three-times greater land-
ice-cover of the earth during the Ice Age is only
based on investigations of this kind. The essential
characteristic of the methods is not the absolute
dating — as it seems to be the strange opinion of
several authors — but the position-specific arrange-
ment of the sedimentological and geomorpho-
logical indicators with regard to the process of their
glacial genesis. Only the three-dimensional
arrangement of the positions of the individual key
forms of a glaciation to each other provides
evidence of a past glaciation. This true and classic
method of the empirical paleo-glaciology is the
criterion of this study on High Asia.

Flint wrote in his 4-page chapter on the
Quaternary of Central- and Southeast-Asia: "
Nevertheless there remain many areas on which
information is hardly more than conjectural ...
Detailed studies of glacial stratigraphy have been
few". (1971:672). In the meantime, the author has
already carried out Quaternary-geological and
glaciogeomorphological researches in Qinghai-
Xizang (Tibet) and its marginal mountains for 34
years (Figure 1). Several of these expeditions led
into remote, hardly visited areas. The investi-
gations were done by means of those classical
sedimentological and geomorphological methods
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in the field and laboratory with which the Ice-Age
glaciations in other parts of the earth have also
been reconstructed (Kuhle 1990b, 1991a). In High
Asia the glacier reconstruction took place with the
help of a whole system of glacial indicators forming
a genetic network, which gives proof of the flow
and shaping behaviour of glaciers and the nece-
ssary glacier climate. These detailed researches led
to the synthesis of a Qinghai-Xizang (Tibetan)
inland glaciation during the High Glacials (Riss
and Wuerm; pre-LGP, LGP, LGM, MIS 5-2).

The Qinghai-Xizang (Tibet) Plateau is the
Earth's largest high plateau with an area of more
than 2 million km2 and an average elevation of
4600 m. Owing to its subtropical latitude (27-39°N)
extreme insolation values ranging from 800 to
more than 1300 W/m2 have been recorded in the
summer months (Kuhle & Jacobsen 1988a).
Heating of the plateau's debris surfaces causes
about 80 % of this insolation and is converted into
heat radiation, generating a pronounced low-
pressure system over the plateau (Flohn 1981). The
cooler and moister air masses of the summer
monsoon drawn in from the Indian Ocean are
deflected from east to west by the Himalayas and
so do not reach the interior of the Qinghai-Xizang
(Tibetan) Plateau. Hence, the Himalayas act as a
climatic divide with convective precipitation of
>6000 mm/a on their southern and <300 mm/a
on their northern sides. Precipitation is low over
the entire plateau: between 700 mm/a in the east
to <50 mm/a in the west. Evaporation rates are
high, ranging from 2500 mm/a in NW-Qinghai-
Xizang (Tibet) (Van Campo & Gasse 1993) to 3200
mm/a in the Qaidam Basin (Chen Kezao & Bowler
1986), and the climate is semiarid to hyperarid, as
the numerous saltwater lakes on the plateau bear
out. This aridity was the decisive factor in assessing
glacier size during the Last Glacial Maximum
(LGM). Although in the first half of this century
various authors reported evidence of significant
local glaciers (Huntington 1906, Tafel 1914,
Trinkler 1930, Norin 1932, DeTerra 1932, Odel
1925, see below), it was generally assumed that
glaciation was not extensive, with maximum ice
margins only a few kilometres away from the
modern ones (v.Wissmann 1959, Shi et al. 1992,
see below). In recent years, however, results have
shown that the late Pleistocene climate was
substantially more humid than today's, with large



freshwater lakes in the Qaidam Basin (59,000 km?2;
Chen Kezao and Bowler 1986) and in the Tengger,
Gobi (Pachur et al. 1995, Wuennemann et al. 1998)
and Zunggar (Rhodes et al.,1996) deserts bordering
Qinghai-Xizang (Tibet) in the north. At the same
time, the argument that aridity is, in principle, a
limiting factor for glaciation has proved to be
obsolete. Spitsbergen with <300 mm/a precipi-
tation and Ellesmere Island with <30 mm/a were
long considered to have had little ice cover during
the ice ages. However, it has since been shown that
during the LGM, Spitsbergen was an integral part
of the 2000 to 3000 m thick Barents Ice Sheet
(Mangerud et al. 1998, Landvik et al. 1998) and
Ellesmere Island was covered by the =1000 m thick
Innuitian Ice Sheet (Denton & Hughes 1981, Dyke
1979, England 1999). Evidently, the decisive
control of the extent of glaciation is not precipi-
tation, but an increase in the area available for
terrestrial glaciation owing to the lowering of the
ELA (Equilibrium Line Altitude). The present
mean ELA in Qinghai-Xizang (Tibet) is 5600 m asl,
i.e., still in the steep relief of the peak region. Here,
ELA variations of +/- 100 m induce differences in
area of ~10,000 km2. Below 5600 m asl, however,
the plateau region begins, with exponential rates of
area increase of 120,000 to 150,000 km2 per 100
m of ELA-depression. Even an ELA anomaly of
-300 m means that ~25 % of the total area of
Qinghai-Xizang (Tibet) would be ice-covered, -600
m would mean an ice cover of about 55 % (today: 6
%) (Kuhle 1997a: Figure 41~48; 253~255; Kuhle et
al. 1997a; 2001a, c¢; 2002a, c). Sensitivity
experiments all show that the growth of an ice
sheet covering the entire Qinghai-Xizang (Tibetan)
Plateau is much more probable and starts earlier
than in the high latitudes of the Laurentide and
Fennoscandian ice sheets (Verbitsky & Oglesby
1992, Marsiat 1994).

1 The State of Research in Relation to
the Author's Observations since 1973

A synopsis of older results and views on the
Pleistocene glacier cover in High and Central Asia
has been provided by v. Wissmann's compilation
(Wissmann 1959, see also Bobek 1937). The glacier
cover of Qinghai-Xizang (Tibet) is discussed in the
recent Chinese literature by Shi & Wang (1979),
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and has also been reproduced by CLIMAP (Cline
1981). These authors speak of a 10 % to maximum
20 % ice cover of the mountains and plateaus of
Qinghai-Xizang (Tibet). Even in the "Quaternary
Glacial Distribution Map of Quinghai-Xizang
(Qinghai-Xizang (Tibet)) Plateau" published in
1991 by the scientific advisor-, chief editor-, editor-
and author group Shi Yafeng, Li Binyuan, Li Jijun,
Cui Zhijiu, Zheng Benxing, Zhang Quingsong,
Wang Fubao, Zhou Shangzhe, Shi Zuhui, Jiao
Keqin, and Kang Jiancheng et al. (cf. Shi et al.,
1992), this opinion is to a great extent repeated and
supported. However, there was a first restriction:
Zhou Shangze, a member of this group, agreed with
the author's (Kuhle) reconstruction of an inland ice
as for the Qinghai-Xizang (Tibetan) Plateau area on
A'nyemagen (cf. Figure 1 No.3) (Kuhle 1982a-d,
1982/83, 1984b, 1985a, b, 1986a, c, 1987a-e,
1988b). In this map he put down a plateau glacier
area of 400 x 300 km in size. But time and time
again, from as long ago as the turn of the 19th to
20th century, there were individual researchers,
such as v. Loczy (1893), Oesterreich (1906),
Handel-Mazzetti (1927), Dainelli & Martinelli
(1928), Norin (1932), De Terra (1932) and others
(cf. Kuhle 1988e: 416-417, 1988j), and they
described ancient ice margin sites scattered
throughout the high regions of Asia. According to
the author's calculations, the above work
represents ELA (equilibrium line altitude) de-
pressions of more than 1000 m and indicates,
locally, significantly more glacier cover than that
the v. Wissmann scheme had acknowledged.
However, the authors neither drew nor gave voice
to such conclusions. Other early researchers, such
as Huntington (1906), Tafel (1914), Odell (1925),
Prinz (1927), Trinkler (1930) and Zabirov (1955a,b)
(cf. Kuhle 1988e: 416-417), making more or less
direct use of the data they obtained by observation,
reconstructed larger glacier areas which, de-
pending on the altitude of the mountains of
plateaus, had built up only a few hundred metres of
ELA-depression. The author has been fortunate in
being able to carry out about 37 expeditions and
research visits since 1973 (cf. Figure 1), some of
which extended to seven months, with purpose of
reconstructing the extent of glaciers in Asia during
the glacial periods. The location and large number
of areas under investigation permit reconstructions
of the glacier areas to be made for the whole of
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Qinghai-Xizang (Tibet) and parts of Central Asia.
Reconstructions are supported by the data from
some earlier authors (see above) and are in glaring
contrast to the negligible ice cover published by
CLIMAP as late as 1981 (Cline 1981) and the
"Quaternary Glacial Distribution Map of Quinghai-
Xizang (Qinghai-Xizang (Tibet)) Plateau" (Shi
Yafeng et al.,, 1991). For example the extent of
glaciation of High Asia during the Last Ice Age is
given as approximately 2.4 million km2, and is
estimated to include a central thickness of about 2
km. Breaking up on the edges, ice discharged
through the surrounding mountains as steep outlet
glaciers (Figure 2) (Kuhle 1985b, 1986a, 1987a-c,
1988b, 1989a, 1993b, 1998a, 2001e, 2002b, 2004c,
20050).

2 Previous Ways of Research with
Data Collection and Methods of
Argumentation in Detail

To reconstruct the Ice Age conditions, the
search for past glacier margins by means of
moraines and their topographic classification is
necessary. In High Asia, this has been carried out
by different researchers up to c. 1935. They mainly
followed the caravan routes. It was especially Sven
Hedin (1904-1907, 1909/1912, 1917/1922) who
suggested a relatively insignificant glaciation of
High Asia and Qinghai-Xizang (Tibet).

J5r Ja i |aor ".fJ-r" . \.\IEU" P
7% = 2 'y BE 3 A alF
= r | { e & ) - P G|
o, e & L~
L 2 e i i< r
-h_J’_ i F A5 5 | o i
N _ ! i
'|| 1 (e (R R i e
v e % . :
e ] W Bs
Aral - L >, ETAT ~-.. Bogdo
: . - Altai21 i _14%
. y <Ll : o
r,‘ A
a0
: R
\ Jote -4 LI
Kum g 7k
TR
K % ,
L) y
a: |
e GG' = s
¢
: i 74
By gl ndr i r
0 A am @ @0 mlm : el
EE [ree Y 5
1: 1573, 1974 2: 157, 1977, 1995, 1998, 2000, 2002, 2005 3: 1581, 1998 4: 1982 2003  S: 1984 € 1985 T 1987, 1592, 1555 2000 @ 1588 @ 158569
10: 1589 11: 1997 12: 1890 03: 1584, 1997 14c 1585, 1952 15 1952, 2006 16: 1593 17: 1563, 1995 1B: 1503, 2004 1% 1554 20: 15455, 2000
21: 1955 22: 165 23: 1595 4: 1897,2006  25: 1568 26: 16 Z7: 1095 2000 2B: 00 28:2000  30:2002 302004 322005
Dratt: M. Kz {20086)

Figure1 The areas in Tibet, High- and Central Asia under investigation by the author since 1973
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Figure2 (top) The reconstructed 2.4 million km2 ice sheet or ice stream network, covering the Tibetan Plateau (Kuhle
(1980-2006¢), with the three centres I 1, I 2, I 3. Only peaks higher than 6000 m rise above the ice surface. (bottom)
Cross profile of the central ice sheet from Hindu Kush in the west to Minya Gonka (Miya Gongga) in the east.

The same did Bobek (1937) with regard to the
western foothills of High Asia — the Iranian Zagros
Mountains. Due to political reasons, several areas
could not be investigated until after 1950. In a
great standard work v. Wissmann (1959) — who
himself did not visit High Asia — has collected and
written down all observations inclusive of the past
snowline-depressions (ELA-depressions), the data
of which he had calculated. Here, the glacial
depression of the snowline, which approximately
corresponds with the equilibrium line be-
tween the nourishing and ablation zone of a
glacier, is used to measure the glacial cooling. With

his compilation of literature v. Wissmann tried to
show a harmonious comprehensive picture of the
glaciation during the last glacial period. To avoid
contradictions, he gave new meanings to some
findings cited in the expedition literature that
seemed to be out of place. This applies for instance
to the observations of Weng & Lee (1946) with
regard to the north slope of Quilian (Nan-) Shan on
the northern margin of the Qinghai-Xizang
(Tibetan) Plateau, to those of Odell (1925) with
regard to its south margin, and also to the
observations of Oestreich (1906) and Wiche (1958)
as to the Deosai Plateau in the west and the Nanga
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Parbat massif. Furthermore, the indications of
Huntington (1906), Dainelli & Marinelli (1928) and
Trinkler (1930) of a glaciation at different places in
western High Asia have to be quoted in this
connection. Zheng Benxing's (1999: 284) presen-
tation of the results of Trinkler is wrong. Trinkler
(1930) describes an Ice Age glaciation covering
only one part of western Qinghai-Xizang (Tibet),
but not a complete inland ice! V. Wissmann, who
suggested that the interior of Qinghai-Xizang
(Tibet) was not much strongly glaciated than today
(v. Wissmann 1959:264), quoted a snowline
depression of only 200-300 m for the West of High
Asia and in excess of 1000 m for the outermost
East (see below). Klute (1930), however, assumed
in his map of snowline depressions — the only
basis of which were studies of literature — a
stronger glaciation of the currently arid West of
High Asia during the Ice Age and a slighter
glaciation of East-Qinghai-Xizang (Tibet) due to a
weakening of the monsoon. In theory he calculated
a global ELA-depression of 1400-400 m between
50°N and 45°S (Klute 1928). Up to the present,
contradictions such as these can be found in the
papers of those scientists who disagree with an
inland glaciation of Qinghai-Xizang (Tibet) and an
extended ice stream network in the surrounding
mountains (Kuhle 1980-2006¢). So, Frenzel
(friendly personal information in Mainz, 1987) was
of the opinion that an ice stream network glaciation
in the currently arid Karakorum — first described
by the author (Kuhle 1987a, f, 1988b-e) — might be
true of the Last Ice Age, whilst at that time the
currently monsoonal-humid east of the Qinghai-
Xizang (Tibetan) Plateau ought to have been more
arid and thus completely free of ice. In 2003,
however, Frenzel retracted his opinion insofar as
he explained (friendly personal information in
Potsdam) that on the western margin of
Qinghai-Xizang (Tibet), in the Karakorum, the
findings he had presented on the meeting did not
argue in favour of an Ice Age glaciation. In this
connection, early publications of Frenzel (1959,
1960) are worth mentioning, who at that time — in
the same way as Klute and v. Wissmann, i.e.,
without having visited the area concerned —
suggested that Qinghai-Xizang (Tibet) was not
glaciated during the glacial period. However, in the
Atlas Mira (1964) the fringing mountain chains of
Qinghai-Xizang (Tibet), in contrast to these
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authors, are presented to be strongly glaciated,
though a reference to empirical findings in the field
did not exist. Very similar, i.e., in a speculative
manner, Central Qinghai-Xizang (Tibet) is depicted
as ice-free during the Ice Age. In this respect the
Atlas Mira (but without quotation) seems to have
followed v. Wissmann's opinion. V. Wissmann's
interpretation (see above) as to a snowline
depression in West-Qinghai-Xizang (Tibet) of only
200 m (v. Wissmann 1959:1321) during glacial
times and 200 to 300 m in the west-adjacent
Kuenlun and East-Pamir, as well as to 1000 to
more than 1150 m in the outermost east of the
highland, inclusive of Minya Gonka (Gongga Shan)
in Sichuan, was supported by the climatologist
Flohn (1959, 1982). He explained this insignificant
ELA-depression — in the European Alps, the Rocky
Mountains and numerous other high mountains it
was about 1000 to 1500 m — as dependent on the
extraordinary aridity of those areas during glacial
times. As for this, the traditional view of A.Penck
and F.Machatschek (1913) from the beginning of
the last century was pursued, postulating an
insignificant Ice Age snowline depression in arid
areas. During the following two and a half centuries
Flohn's explanation has stabilized v.Wissmann's
approach to such an extent that inconsistent
moraine findings have been explained as wrongly
diagnosed pseudo-moraines, i.e., accumulations
originating from masses of mountain slides or —
during more recent times — also from debris flows.
Some authors have done this and still do it with the
indication that the aridity of High Asia and
Qinghai-Xizang (Tibet) is too important and
therefore findings such as these are impossible.
What has been neglected was that the observations
which had already been selected were the basis of
Flohn's attempt of interpretation. This is not the
first stabilizing circular reasoning of this type in
science. However, apart from this, the cause of the
scientific logical flaw is the abandonment of
empirical, i.e., inductive research in the field in
favour of a deductive, no longer empirical assertion
that due to the aridity during the glacial period no
glaciers could have existed in Qinghai-Xizang
(Tibet).

1) It is not immediately possible to evidence
the aridity of that time.

2) In the centre of the Arctic the annual



precipitation is only 37 mm (Schwerdtfeger 1970),
i.e., it is highly arid. Nevertheless, the Antarctic
inland ice has been built up and today shows a
positive, 1ie., well-adjusted mass balance
explainable by the low temperature. This low
temperature was also in Qinghai-Xizang (Tibet).
Due to the still existing permafrost in Qinghai-
Xizang (Tibet) (Kuhle 1997 : 243) and an even c.
10° colder high plateau during the Ice Age this is
very plausible. In addition, in every single case,
evidence had to be provided whether it was a
pseudo-moraine or a real glaciogenetic accumu-
lation. But this has never happened or at least was
very seldom. The author only knows about the case
of Heuberger, who due to a change of opinion like
this, retracted at least part of his findings on the Ice
Age glaciation of the south face of Cho Oyu (Central
Himalaya) (Heuberger 1956). Heuberger, who in
1956 published a short study on a section of the
research area, repeatedly retracted his findings and
ice margin positions; so, e.g., on the "German
Geographers' Day" in Géttingen, 1979. (Quotation:
"Diese Morédnen erfreuen sich inzwischen einer
anderen Genese".). So, his opinion stated here
cannot be considered as still valid. However, he
had originally suggested (1956:356) an Ice Age ice
margin position at c. 2500 m asl in the Dudh Koshi
Nadi south of the Ghat settlement, providing
evidence by erratics described c. 400 m above the
talweg.

Back to v. Wissmann's interpretation of an
insignificant glaciation of High Asia during the Ice
Age:

To clear the last glacial period of contradictory
moraine findings situated very low, his argumen-
tation follows two different paths.

a) The indicators of the ice margin positions
concerned are dated back into an older Ice Age
(Mindel, Riss, middle Pleistocene?). Several
authors have done this and still do it today, which
means at a time when absolute datings are still
lacking for the Last, pre-Last and pre-Last but one
Ice Age in High Asia (see below Chapt.8). The only
approximate datings are provided by radiometric
14C-dating. However, these are merely minimum
ages of moraines reaching back at most 50 Ka (MIS
3-2), but not into the Riss Age (pre-LGP). Surface
datings fulfil the necessary chronological frame,
but due to rearrangements, weathering and exhu-
mation they do not reveal the chronological
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connection as to the time when the moraine was
deposited and thus to the age of the past glaciation.

b) Tectonic amounts of uplift are suggested to
explain Ice Age moraines which — even in the
sense of v. Wissmann — in some places are situated
too high up. In fact they belong to the Late Glacial
Stages after Kuhle.

With regard to a) v. Wissmann is in company
of Dainelli (1922), De Terra & Paterson (1939) and
others as, e.g., Han Tonglin (1991, 1999) who
supposed several preserved moraine deposits to be
older than the last glacial period. With that, the
problem of explaining a corresponding snowline
depression climatically (hygrically and thermally)
has only been shifted into the pre-Last or pre-Last
but one Ice Age, and the subsequent problems
grow. So, v. Wissmann's conception is forced to
explain why the difference of the altitude of the
snowlines from the Riss- (pre-LGP) to the
Wuermian Ice Age (LGP) was much more than
100-200 m, i.e.,, 500-600 m. 100-200 m also
applies to many other areas on earth (Penck &
Brueckner 1901-1909; Kuhle 1976). In addition,
since the pre-Last Ice Age some 10 000 years more
are available for tectonic uplifts (b), so that
moraines, classified as belonging to a corres-
ponding age, must have been deposited still lower
than this would be the case for the Last Ice Age
(LGP, Wuermian). This means, the further back the
dating of the glaciation reaches, the lower the
glacier margins are. Owing to this, the necessity
occurs to explain a far greater climate change. The
problem of backdating becomes especially striking
with regard to the interpretation of Han Tonglin
(1999), who at the time of the most important
glaciation of Qinghai-Xizang (Tibet), ie. —
according to his opinion — during the "middle
Early Pleistocene" is forced to suppose "a snowline
about 2000 m asl" for Qinghai-Xizang (Tibet)
(ibid.: 312), being 3000-4000 m lower than that of
nowadays.

Last but not least, in the very steep relief of
High Asia and the surrounding mountains of
Qinghai-Xizang (Tibet) it is not very probable that
clayey loose rocks like moraines remain on the spot
for a rather long time, i.e., since the pre-Last or
pre-Last but one Ice Age. In extremely high
mountain areas with steep gradient curves, the
reworking of the relief on valley flanks and valley
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floors, where the water is bundled, is very intensive

and thus short-termed. V. Wissmann knew this, too.

Nevertheless he suggested a cut of 400 m into the
Mekong gorge since the Last Ice Age (LGP), that is
within c. 20 000 years.

It has to be stated that the entanglement in
increasing subsequent problems introduced here
provides evidence of a fundamental methodical
mistake in reasoning. To be reliable, the scientific
method demands solutions of problems, but no
creations of problems, i.e., simplifications and not
complications to be sound. The primary question
ought to be that one about its existence, i.e., in this
case about the past existence of a reconstructed ice
face and not about its age. This needs a
reconstruction by means of position-specific glacier
indicators (trough valleys, glacier striae, roches
moutonnées, ground- and end moraines, etc.). A
dependence on the chronological classification
exists only insofar as the state of preservation of
these indicators is concerned. The climate change
necessary for the physical explanation of the
glaciation is independent of the time during which
it has been developed, i.e., it does not vary due to
chronological distance. V.Wissmann, who followed
the premises of Machatschek (see above) and other
epigonal authors as Goudie et al. (1984),
Derbyshire et al. (1984, 1988) and Shi Yafeng &
Wang Jing-Tai (1979) noted no very extended past
glaciation, but one that — on the basis of purely
hypothetic age datings — was very limited during
the Last Ice Age. As if it were not the maximum
extent of the glaciers that had to be settled, these
authors led a diplomatic rearguard action by
placing the stress on "Last Ice Age" (LGP, Wuerm).
But this is only a weak shifting of the goal in order
to escape the question "were High Asia and
Qinghai-Xizang (Tibet) heavily glaciated or not".
Accordingly, the hierarchy of the questions is as
follows:

1) How heavily glaciated were Qinghai-Xizang
(Tibet) and High Asia in the past?

2) When was the maximum extent of the
glaciers there?

So long as no reliable absolute datings are
available (see Chapt.8), the maxime to use no
additional assumptions has to be accepted as far as
possible. This means that because — according to
the previous research — the global ice ages had
taken place simultaneously, the maximum
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Qinghai-Xizang (Tibetan) glaciation had also taken
place simultaneously with the global coolings
during the pre-LGP (Riss-Glacial) and lastly during
the LGP (Wuerm-Glacial). There is no reason to
suppose a breaking-off of an extended glaciation
during the Last Ice Age (LGP), whilst a similar
glaciation as this has existed during the pre-LGP,
because the global-climatic difference of the ELA
between the two ice ages was only 100 to 200 m.
This applies the more, as there is no observation
indicating a greater height of Qinghai-Xizang
(Tibet) and High Asia during the pre-LGP than
during the LGP. Rather the opposite is the case, i.e.,
¢. 120 000 to 150 000 yrs ago, Qinghai-Xizang
(Tibet) was according to the principle of actualism,
which implies the current uplift, at least 600 m
lower than during the LGP. Thus, the glaciation —
if its extent was not nearly the same as during the
pre-LGP — was probably greater during the LGP.
This debilitates the assessment of v. Wissmann
(1959), Dainelli (1922), De Terra & Paterson (1939)
and others as, e.g., Han Tonglin (1991, 1999) as to
an only minor glaciation during the Last Ice Age —
however small or large it might have been —
against a more extended glaciation of High Asia
during the pre-LGP.

As an author, v. Wissmann (1959) is
remarkable not only as an exponent of a minor
ELA-depression during the Ice Age, but also
because of the inner contradictions of his
argumentations. So, he explains the insignificant
snowline depression in the interior of Qinghai-
Xizang (Tibet) by the lee position of these areas
where it is not only dryness but also foehn.
Accordingly, the luff side of the Himalaya as a
guard against the rain must have been heavily
glaciated. Because not only the lee position, but
also the postulated foehn could have been
especially effective, the Himalaya luff side must
have even been very heavily glaciated. However, v.
Wissmann denies this, too. He suggests — without
observations in the field — an ELA-depression of
merely 600-700 m during the LGP. In the
meantime extensive findings obtained in the field
in the course of several years yielded ELA-
depressions of 1200-1500 m for the Himalaya
S-side (Kuhle 1980, 1982e, 1983, 1987a, 1988g,
1990a, 1991b, 1997a, 1998a, 1999a, 2001b, 2002b,
2006b; Jacobsen 1990, Meiners 1999: 370/371,
2000:127, 132, Konig 1999, 2002, 2003, Wagner



2005, 2007, Zech et al. 2003).

3 The Maximum Ice Age Glaciation of
High Asia after Kuhle 1974-2006 ¢

Especially with regard to several Qinghai-
Xizang (Tibetan) areas of High Asia, authors like
Cui Zhijiu (1964), Zheng Benxing & Shi Yafeng
(1976), Shi Yafeng & Wang Jing-Tai (1979), and
Zheng Benxing & Li Jijun (1981) are in accordance
with v. Wissmann's (1959) opinion of a minimum
glaciation (cf. also Zheng Benxing et al. 1998,
inclusive of the literature cited there). However,
these are rather short, general and summarizing
articles with no field and laboratory findings. Thus,
they cannot be understood in detail. Generally,
observations of a very limited spread of ground
moraines, as well as end moraines situated not far
from the current glacier margins have been
interpreted as indicators of a maximum past glacier
extension. Kuhle, however (1976, 1980, 1982e,
1983, 1986b, 1987¢, h, 1988a, 1990a, 1991b, 1994a,
1997a, 1998a,c, 1999a, 2001b, 2002b, 2006b), has
classified these glacier indicators as being Late-
and Neoglacial glacier advances in connection with
a general postglacial retreat of ice of a High Glacial
(last glacial period = LGP, MIS 3-2), much more
extended glaciation with an ice stream network and,
in central Qinghai-Xizang (Tibet), with dimensions
of an inland ice of 2.4 million km2.

Kuhle is in diametric contradiction with the
interpretation of an insignificant Ice Age glaciation.
First, this emerged with regard to the W-margin of
High Qinghai-Xizang (Tibet), i.e., to the even just
4000 to 4200 m high E-Iranian Mountains. Here,
the author (Kuhle 1974, 1976) strictly argued
against the results of Bobek (1937) who for the
Zagros Mountains in the NW indicated an
LGP-snowline-depression of only ¢. 600 m, which
was completely in the sense of Machatschek (1913)
and later v. Wissmann (see above). Thus, Kuhle
reconstructed an entirely different Ice Age climate.
Also, the information of Frenzel (1960) about the
course of the Ice Age snowline are in strong and
fundamental contradiction with the findings in the
field, because several hundred kilometres further
to the N, Frenzel marked in his map a 440 m
higher ELA of the last glacial period. Here, at
29-30° N, in the semiarid high mountains of Iran,
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the author gathered the following results in the
field: Evidence has been found of two mountain
glaciations in the 4000 m-high, currently
non-glaciated Kuh-i-Jupar in the semiard Zagros:
an older period during the pre-LGP (Riss-
glaciation, c. 130 Ka) and a younger one during the
LGP (Wuerm-glaciation, MIS 4 or 3-2: 60-18 Ka).
During the pre-LGP glaciation, the glaciers reached
a maximum of 17 km in length, and during the
LGP-glaciation, they were 10-12 km long. They
flowed down into the mountain foreland as far as
2160 m, i.e., 1900 m. The thickness of the valley
glaciers reached 550 m, i.e., 350 m. During the
pre-LGP, a 23 km-extended, continuous piedmont
glacier lobe has been developed parallel to the
mountain foot. During the LGP, the glacier termini
mainly remained isolated in the mountain foreland.
During the pre-LGP glaciation, the ELA ran at
2960 m and during the LGP-glaciation, at 3060 m
asl, that is 1590, i.e., 1490 m below the current
theoretical snowline. Thus, a temperature de-
pression of c. 11-16°C, i.e., 10-15°C is proved for the
SE-Iranian highland, c. 130, i.e., 60-18 Ka ago
(Kuhle 1974; 1976). These results of a heavy
mountain glaciation during the last glacial period
have been confirmed by the research group of
Hagedorn et al. (1974) as to the also arid Shir
Kuh-massif located 300 km to the W.

Against this background it is not amazing that
in the same geographical latitude but under more
humid climate conditions and at much greater
heights above sea-level of Qinghai-Xizang (Tibet)
and its surrounding mountains, the author could
demonstrate a nearly total glaciation of High Asia
like an inland-ice or ice-stream network.

From 1976 to 1984 the author carried out
expeditions and investigations in the field lasting
altogether 19 months. They led to remote areas of
the Himalaya and S- and N-Qinghai-Xizang (Tibet)
nearly not investigated so far. His geomorpho-
logical, Quaternary-geological, i.e., sedimento-
logical findings (Kuhle 1980, 1982a-e, 1982/1983,
1983, 1984a-d, 1985a, b, 1986a-f, 1987a-h) dia-
metrically contradict the results of v. Wissmann
and his epigones (see above).

After this first phase of research on which his
approach of a total glaciation is based, up to date
(2006), the author gathered further data from
nearly all key areas of High Asia. During 37
campaigns of field investigations, all in all lasting
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many years (Figure 1), Qinghai-Xizang (Tibet)'s
inland glaciation during the Ice Age and the ice
stream networks of High- and Central Asia could
be reconstructed on the basis of classic glacigenic
forms of erosion and accumulation as well as on
the accompanying sediments, that means on
hundreds of petrographic- (sorting coefficient, C/N,
lime content), grain-size- and morphoscopic
analyses and the arrangement of the positions of
these kinds of indicators. Absolute datings,
obtained by different methods, classify this
glaciation as being from the LGP (Kuhle 1988a-k,

1989a,b, 1990a-e, 1991a-c, 1993a,b, 1994a-c,
1995a-c, 1996a-c, 1997a-d, 1998a-h, 1999a-e,
2000a-f, 2001a-e, 2002b-f, 2003a,b, 2004a-f,

2005a-¢, 2006a-c, Kuhle et al. 1989b, Kuhle et
al.1994, Grosswald & Kuhle 1994, Grosswald,
Kuhle & Fastook 1994, Kuhle et al. 1997a,b, Kuhle
et al. 1998a,b, Kuhle et al. 1999, Kuhle et al. 2000).
The most important indicators of the past glacier
cover of High Asia are the following: Data of the
lowest past glacier margins are provided by the
lowest ground- and end moraines (e.g., Kuhle
1982d: 68pp., Kuhle 1993a: 135). Hard indicators
in the mountains surrounding Qinghai-Xizang
(Tibet) are glacigenic valley- and slope forms with
glacier abrasions, -smoothings, i.e., -polishings and
-striations (e.g., Kuhle 1994a: 153 pp.) and findings
of erratics situated at high slope positions and on
high valley divides (e.g., Kuhle 1989a: 265). On the
Quinghai-Xizang (Tibet) Plateau, the E-Pamir
Plateau and the Tienshan Plateau the ice cover has
been evidenced by forms of roches moutonnées
and ground moraine covers (e.g., Kuhle 1993a: 139
pp.). According to polish lines, here too, minimum
ice thicknesses have been recorded; the most
important ice thickness was estimated at c. 2700 m
(Kuhle 1989a: 265). By means of glacigenically
rounded mountains (glacially streamlined hills)
and polish lines, ice levels could be reconstructed
on the highest summits of the Tanggula Shan in
Central Qinghai-Xizang (Tibet), situated here at
least 1000 m above the height of the plateau (Kuhle
1991b: 133 pp, 145, Photo 2). Further to the S, in
the lower plateau and basin areas, ground
moraines with block-sized drift and roches
moutonnées have been found as far as down to
4500 m asl (Kuhle 1991b: 151 pp., Photos 12-20).
From these findings an exhaustive inland ice has
been reconstructed in the region between the
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Kunlun and Tanggula Shan (Figure 1 No.10 and 12).
On mountain ridges and summits in the area of the
Kunlun Pass (La or Shankou) decametre-thick
moraine material and erratic granite boulders on
bedrock schist have been documented (Kuhle
1993a: 140, Figure 12; 1995a). At this place this
provides evidence of a thickness of the outlet
glacier of over 600-700 m. Further detailed
findings as to the middle Kunlun can be found in
Kuhle 1987e (266 pp.). In the meantime they are
confirmed by Hebenstreit (1999).

From the very extended field and laboratory
findings covering Qinghai-Xizang (Tibet) on a large
scale, only a few key localities have been chosen to
be mentioned here. They will be completed by an
example from the most arid, lowest situated area of
Central-W-Qinghai-Xizang (Tibet) which is thus
most hostile towards glaciation (Kuhle 1999a). It is
the area of the Nako Tso, a lake, the level of which
is situated in a large depression of the ground at
only 4220 (4218) m asl and thus in a basin in a
topographically lowest position of the whole of
Central-Qinghai-Xizang (Tibet) (Figure 2 between
Nun Kun and Kamet; Photo 1). This lake is far away
from every currently glaciated mountain group. Its
shore-line undercuts the slopes of the surrounding
hill chains that fringe the basin of the lake, so that
fresh cliffs with wave-cut notches have developed.
This documents that the Nako Tso is a young lake,
filled into another relief than a limnically
developed one, i.e., it has been filled in later. The
undercut slope profiles are covers of ground, i.e.,
ablation moraines preserved in many places (Photo
1 and 2). Even glacially streamlined hills and
perfectly preserved, very young roches moutonnées
have been found just as frequently. Their slopes
have been limnically undercut (Photo 1). Thus, it is
proved that the Nako Tso, in spite of its driest and
topographically lowest position, occupies a flat
upland area which during the Last Ice Age (LGP to
Late Glacial) must have been covered with the
inland ice (Photo 1). In widely scattered positions,
erratic granite boulders have been found, which
confirm this observation. Some of the examples are
depicted in Photo 1 and 2. These are erratic
boulders in size from metres up to that of a hut,
situated at the eastern end of the lake, i.e.,
positioned towards the centre of Qinghai-Xizang
(Tibet). They either lie on ground — or ablation
moraines covering the relief or they are — and here



mainly the smaller granite boulders are concerned
— integrated into the moraine, i.e., embedded into
its fine material matrix. The ground moraine and
the light erratic granite boulders overlie the
outcropping dark metamorphic sedimentary rocks
(Photo 2). Erratic granite boulders such as these
have been found nearly up to the culmination of
hill- and mountain ridges. But also at places where
they have been deposited on the lower slopes,
bedrock granites are lacking on the upper slopes
(Photo 2), so that a pure down-slope transport of
the boulders can be ruled out. Thus, the
long-distance transport by glacier ice is unam-
biguously evidenced. At a distance of ¢. 50 km, in a
valley S of the Rutog settlement, the author has
mapped the occurrence of granite bedrock as a
possible area of origin (33°11'N/79°50’E). However,
this valley does not lead down from a high
catchment area (high mountain group) to the Nako
Tso basin. Its catchment area with its heights and
expansions rather corresponds with the rest of the
catchment areas surrounding the Nako Tso basin,
which with regard to their hill- and mountain
topography are very similar to each other and
therefore correspond as glacial catchment areas.
From this one can draw the conclusion that at a
same and on a large scale simultaneous ELA-
depression of c¢. 1300 m during the LGP up to
about 1000 m during the Late Glacial, the supply of
glacier ice from all surrounding areas into the Nako
Tso basin must have been equally rich and
intensive. This, however, makes probable that a
glacigenic transport of erratic granite boulders
could have taken place, too, from other valleys
where bedrock granite did occur. At the same time,
these considerations illustrate the complete ice
cover of this area proved by the erratic boulders.
For the area concerned, a snowline-depression of c.
4400 m asl, i.e., 200 m above the lake level of the
Nako Tso and — according to the additional depth
of the lake — a little more above the bottom of the
Nako Tso Basin, has been reconstructed (Kuhle
1999a, Figure 34). This was one of the few basin
and valley bottom areas of Qinghai-Xizang (Tibet)
situated below the High Glacial climatic snowline!
The Late Glacial to postglacial age of these
W-Qinghai-Xizang (Tibetan) lakes has already
been documented by the limnological study of Van
Campo & Gasse (1993) and thus tallies with the
results of a High (LGM, LGP)- to early Late Glacial
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inland ice cover of the relief and the following Late
Glacial to Holocene lake development on the
Qinghai-Xizang (Tibetan) plateau suggested by the
author (see, e.g., Kuhle 1999a: 45-47).

Summarizing this section, it can be stated that
the glacial-geological and glacio-geomorphological
findings, i.e., trough valleys with a U-shaped
cross-profile, glacigenically rounded and sharpen-
ed mountain forms (roches moutonnées and glacial
horns), rock abrasions with polish lines and glacier
striae as well as moraines without and with erratics
far away from a current glaciation, in all investi-
gation areas in the centre of Qinghai-Xizang (Tibet)
and also along its margins (Figure 1) argue in
favour of a completely covering inland- and
icestream network glaciation (Figure 2). As shown
in Figure 2 (bottom), the ELA (equilibrium line
altitude), reconstructed with the help of end
moraines of the marginal outlet glaciers, has run
on a large scale (83-86 %) below the level of the
relief surface of High Asia (of Qinghai-Xizang
(Tibet) and the surrounding mountains). This
applied to an equilibrium line depression of
1000-1300 m against nowadays. Due to the
self-heightening of the areas of glacier feeding by
increasing ice accumulation this effect has been
strengthened. Thus, from the uplift of Qinghai-
Xizang (Tibet) above the snowline (ELA) a c. 2.4
million km2 extended and 700-2700 m (mean
value about 1000 m) thick inland ice and ice
stream network has resulted (Kuhle 1998a etc.).

In 1991, part of the findings in the field has
been introduced during the INQUA EXCURSION
14 A (Kuhle 1991d, Kuhle & Xu Daoming 1999) and
discussed with Zheng Benxing & Jiao Keqin (1999)
in an open session. This debate has been taken
down and published by Osmaston (1999).

Six years after the author's first publications
on the reconstruction of the Qinghai-Xizang
(Tibetan) inland ice, the Brockhaus-Encyclopedia
in its edition of 1988 (Vol.6: 240 map:
Maximalvergletscherung der letzten Eiszeit)
printed Kuhle's (1985b) map of the inland ice
reconstruction. After eight years Liedtke (1990)
followed this new interpretation of a very extended
High Asian glaciation by taking over Kuhle's map
of the inland ice reconstruction (Kuhle 1985b,
1986a) into his LGP-glaciation map. Gellert (1991)
is also convinced. The LGP-world map of the
Glaciological Atlas of the Russian Academy of
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Photo 1 At ca. 4220 m (aneroid
measurement: 4120 m asl at high
pressure; lake level according to ONC
1:1 000 000 G-7: 4218 m), from the
easternmost end of the Nako Tso
(lake) (33°31" N/79°55" E; Figure 2
(top) I2 between Nun Kun and
Kamet) facing W. During the Ice Age
(LGP) the basin of the present-day
Nako Tso has been completely filled
by glacier ice up to a minimum height
of the inland ice surface (—o—) at over
5000 m asl — probably even up to ca.
6000 m asl (cf. Photo 2). This is to
be evidenced by the round-polished
mountains and roches moutonnées
(™) as well as by their ground and
ablation moraine overlays (H)
preserved in places. (/) marks an
erratic granite boulder, lying in its
formation of ground moraine cover

. on calcareous sedimentary rocks of
the roche moutonnee (“ white on the left). Since deglaciation, the down-flowing precipitation water has cut fresh
funnels into the ground moraine material (l), which has been newly deposited in the form of fans at the slope foot
(O on the left). Limnic undercutting has caused the steepening of the lower slope (B below). (O in the
foreground) is moraine material, reworked by the lake along its shore line and thus also heavily frost-weathered.
The roche moutonnee from limestone in the centre of the photo forms a small island in the lake (* white on the
right). With its Holocene to current shore line the lake has undercut the soft slopes of this glacially rounded hill ().
This confirms that the Ice Age glacigenic morphological regime has been relieved by a postglacial limnic one and
the lake is of postglacial age. Photo M. Kuhle.

Photo 2 5 km N from the locality of Photo 1, again at the E-end of the lake Nako Tso located towards Central Tibet,
several hundred meters away from its current shoreline, this large erratic granite boulder (O) has been deposited by
the inland ice. Locality: 4225 m asl.; 33°33'N/79°57’E; Figure 2 (top) I2 between Nun Kun and Kamet.
Direction: facing E (left margin) up to S (right margin). Here we are in the lowest (Figure 32: Na-K'ot Ts'o) and
most arid area of Central W-Tibet. (#¢) mark further depositions of erratic boulders on the highest slope
sections of the ridge, completely overthrust by the ice (® left). They are incorporated into a ground moraine cover
(m), lying on metamorphic bedrock (¥), from which the local glacially streamlined mountain ridges () are built
up. Late Glacial and postglacial slope rills, funnels and grooves (V) have been cut into the bedrock. (A) are small
flat fans consisting of ground and ablation moraine removed after deglaciation. (—0—) mark the Ice Age (LGP)
minimum surface height of the ice completely covering the relief, which probably ran at ca. 6000 m asl. (0— on
the right) (cf. Photo 1). Photo M. Kuhle.
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Science (1999) publishes the updated presentation
of the inland ice of Kuhle (1998a Figure 8,13). Also,
Xu Daoming & Shen Yongping (1995) as well as
Han Tonglin (1991, 1999) follow Kuhle's opinion as
to a complete glaciation of Qinghai-Xizang (Tibet).
The last-named, however, expects that this
happened during a "middle Early Pleistocene" ice
age (ibid.) and not during the last glacial period,
i.e., the LGP. However, this chronological
classification is based on methodologically un-
certain methods of dating (see Chapt 8). For the
Kunlun N-slope on the S-margin of the
Tsaidam-depression (Figure 1 No.3; Figure 2 top)
Drozdowski (1992: 39-40) reconstructs a Golmud-
valley-glacier of the LGP about 45-50 m in length,
which can also be interpreted as an outlet glacier as
defined by Kuhle (1982d, 1985b, 1987a,c, 1988b,g,1i,
1989a, 19933, 1995a).

A further author who agrees with Kuhle's
interpretation (1997a, 1998c) — this time with
regard to the likewise arid E-Pamir on the
NW-margin of High Asia (Figure1 No.15; Figure 2
top) — is Schroeder-Lanz (1986). He also
diagnosed lateral- and ground moraines in the
Gez-valley, in the valley chamber between 2400
and 2180 m asl (Schroeder-Lanz 1986: Figure 4
and 5, Kuhle 1997a Figure 14 No.3-12) and
describes the LGP Gez- glacier to be at least in part
a NW-outlet glacier flowing down from Muztagata
(Muztag Feng) and from the W- and S-side of
Kongurshan (Kongur) as well as from the
completely glaciated high valley of the E-Pamir
plateau (cf. Kuhle 1997a: Figure 14 No.19-11)
reaching down to the Tarim basin. According to
Kuhle's (ibid. Photo 14-37, Figurei4 above No.11)
reconstruction, the Gez-glacier flowed down to c.
1800 m asl (38°50'N/75°31'E). In these terms
Schroeder-Lanz writes (1986:40. "At a High Glacial
snowline depression of 1200, ie., 1600 m
according to Kuhle (1982a,c,d,e, 1983, 1984b,c,
1985b, 1987¢) these glacier tongues of Muztagata
and on the W- and S-face of Kongurshan must have
filled the high valley" (Schroeder-Lanz 1986 Figure
2). As to the N-margin of High Asia, the E-
Tienshan, more exactly the Bogdo Ul (Bogda Shan)
(Figure 1 No.14), in the N-sloping Sky Lake valley,
Schroeder-Lanz reconstructs a snowline depression
of 1200 m for the LGP, too (1986,Figure 8). The
author (Kuhle 1998a: 97) comes to the same value
for the LGP and to an ELA-depression of 1400 m
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for the pre-LGP glaciation in this valley (MIS 6-5?).
In the Daxi Gou valley (Urumgi-River valley,
43°50'N/88°20’E) a c¢. 50 km long valley glacier
reached down to the valley exit. The end moraines
of the LGP are situated at c. 1900 m asl, so that
here, too, an ELA-depression of 1250 m is proved
(ibid.: 97).

In addition, Zech et al. (1996) substantiated
with their agrogeographical observations as to the
Pleistocene and Holocene glaciation of the western
Tienshan (Uzbekistan) ELA-depressions of c. 800
m in spite of a relatively high aridity. At least part
of these findings supports the results of the author
(Grosswald & Kuhle 1994, Kuhle et al. 1997b, Kuhle
& Schroeder 2000). However, Kuhle et al. do not
consider the glacier stages introduced there to be
the lowest ice marginal positions of the LGP, but of
the Late Glacial. The reason for this is: the oldest
lateral moraines described by Zech et al. are
situated near to the valley floors of trough valleys.
Accordingly, the areas of trough valley flanks
towering above, have to be classified as belonging
genetically to a higher, older glacier level. This
thicker glacier must have had a clearly greater
ELA-depression and fits into the picture of an
ELA-depression of 1200 m (ibid.) reconstructed by
the author.

Here, the results of v. Klebelsberg (1922) and v.
Ficker (1925 and 1933) from the Transalai-
Mountains in western High Asia (W-adjacent to the
Tienshan) have to be acknowledged. Due to their
expeditive field investigations, these scientists
could provide evidence of ELA-depressions of 1000
to 1500 m. Zabirov (1955 a,b) who concedes at
most 800 m in this arid region, might have rather
placed the Late Glacial glacier stages (Stage II-III
after Kuhle 1982¢) into the maximum stage of the
LGP. Porter (1970), however, who originally also
found out a snowline-depression of ¢. 1000 m for
Swaat Kohistan during the LGP, told the author
about his doubts as to his own results and referred
to the rather inexact maps of this area (friendly
personal information, August 2003, INQUA,
Reno).

For the Himalaya, in the Manaslu massif,
which is E-adjacent to the Annapurna group,
Jacobsen (1990:70) confirms the investigations of
the author from the Dhaulagiri- and Annapurna
Himalaya (Kuhle 1982e, 1983). Due to his glacio-
geomorphological researches he is able to show
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that in the main valleys, also in the lower
Marsyandi Khola, the Wuermian (LGP) glaciers
moved down to nearly 1000 m asl. According to
younger field- and laboratory analyses of the
author, the Buri Gandaki glacier reached down to
680 m and the Marsyandi glacier even to 460 m as
far as to the current position of the Dumre
settlement (Kuhle 1997a, 1998a). Jacobsen (1990)
also comes to an ELA-depression of over 1200 m.

In the Macha Khola, an orographic right side
valley of the Buri Gandaki in the S-slope of the
Manaslu Himal, Zech et al. (2003) proved an
ELA-depression of 1300 m and — with the help of
14C-dating — classified it as belonging to the LGP.
Further confirming classifications are Ghasa Stage
(I) and Sirkung Stage (IV) after Kuhle (1982¢, 1983,
1998a: 82 Table 1) with 12.9 +/- 1.4 to 13.7 +/- 1.8
Ka BP. They are actually classified as being from
the Late Glacial and confirmed with an ELA-
depression of 1125 m, i.e., 650 m (Zech et al. 2003:
2259,2261).

In the upper Marsyandi Khola, particularly in
the Annapurna-N-slope, Zech et al. (2001) confirm
an arrangement of the Late Glacial glacier stages
after Kuhle (1982e, 1983) specifying them on the
Annapurna I1I-N-glacier. The results of pedological
tests and detailed ELA-calculations of Wagner
(2005, 2007) corroborate the glaciogeomorpho-
logical findings of the author from the upper up to
the lower Thak Khola between Annapurna- and
Dhaulagiri-Himalaya (Kuhle 1982e, 1983, 2006a)
inclusive of the sequence of stages from the LGP
through the Late Glacial up to the Neoglacial as
well as the corresponding ELA-depressions of over
1200 m on average.

Due to very detailed field investigations,
sediment analyses and ELA-calculations Meiners
(1996, 1997, 1998, 2001) found in the semi-arid
mountain-groups of the Tien Shan and NW-
Karakorum as well as in the monsoon-humid
Rolwaling- and Kangchenjunga Himalaya (Meiners
1999, 2000) a nearly corresponding number of 4 to
6 Late Glacial, 3 Neoglacial and c. 5 Historical
glacier stages. The ELA-depressions of the younger
Late Glacial stages are 500-850 m (Meiners 1996:
76, 118, 128, 131, 171; 2001: 434); those of the older
Late Glacial stages are already 900-1350 m
(Meiners 1996: 107; 1998: 62; 1999: 370/371; 2000:
127, 132). This corresponds to the results of the
author who reconstructed 1100 m for the Late
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Glacial Stage I and 1000 m for Stage II in the
mountains surrounding Qinghai-Xizang (Tibet)
(Kuhle 1982¢, 1983, 1986b, 1987a,e, 1988g, 1989a,
1990a, 1993b, 1998a). Konig (1999, 2003, 2004)
largely confirms the glacial (LGP) extensions of the
Rolwaling- and the Tamur glacier in the Himalaya-
S-slope, as they have been published by Kuhle
(1990, 1999). A minor difference is that Konig
(2003, 2004:282) reconstructed the Tamur glacier
6 km further down-valley and c. 100 m lower down
than Kuhle (1990a), i.e., up to 650-680 m asl. This
means a 50 m lower ELA. Konig (2003, 2004: 280)
reconstructs the end of the Rolwaling glacier at the
position of the Singali Bazar settlement at 950 m
asl; Kuhle (2001:391) at c¢. 860 m, down-valley
from the Marbu settlement. This is also a merely
insignificant difference of the glacier length with a
difference of the ELA of only just 50 m. A
far-reaching correspondence does exist, too, with
regard to the Late Glacial (Late LGP) glacier
history in the Khumbu Himalaya. The study of
Konig (2001:452 Figure1) on the Late Glacial
glaciation of the lower Bote Koshi Nadi and its four
tributary valleys provides considerations as to the
relativity of Late Glacial ELA-depressions and the
extension of glaciers. In the context of Kuhle's
researches (1986b, 1987a,h, 1988b, 2006b: 210-213
Chapt. 3.8.3-6) it has to be stressed that the Late
Glacial ELA-depression of 900 m compared with
the current snowline, established by Konig (2001:
453/454), due to the findings introduced in this
section of the valley area has also been calculated
and thus confirmed by the author for the late Late
Glacial, the Sirkung-(IV) and the Dhampu Stage
(IIT) (Kuhle 2006b: 97 Table 1).

In High Asia, Iturrizaga (1999a,b) showed with
great glaciogeomorphological accuracy that debris
cones and fans for the most part consist of kames
and High- to Late Glacial (LGP) ground moraine
material that has been displaced down-slope. This
concerns decametre-thick ground moraines very
high up, in part situated 1000 m above the valley
bottoms of the Karakorum and Himalaya.
Currently, they are linearly cut and moved by
solifluction, as well as secondarily dislocated by
debris flows and slides. In many places, very thick
Ice Age ground moraine pedestals and ramps are
cut by slope ravines and thus remoulded into
cone-shaped residual debris bodies (Iturrizaga
1999a: 84 among others). In addition, Iturrizaga



(2001, 2006) demonstrates that the lateroglacial
valleys and landforms in the Karakorum
mountains are transglacial landforms. The very big
moraine fringes of the current, rather narrow
postglacial and interglacial glaciers have merely
been formed - just as the debris cones - by the
rearrangement of Ice Age ground moraines (ibid.
2006:98, 102), which during the relief-filling, up to
over 2000 m-thick LGP-valley glaciations and the
develop- ment of outlet glaciers of the
Qinghai-Xizang (Tibetan) ice have come into being.
These findings (Iturrizaga 1999a: 124/125, 247 and
others) also confirm the glaciation reconstructions
of the author in High Asia (Kuhle 1974-2006c¢).

Whilst these publications corroborate Kuhle's
opinions, there are other researchers who do not
agree with them— not even in the early nineties.
They come to other or contrary conclusions which,
however, differ widely from each other. So, a
glacier extension of only 297 0oo km2 and a
snowline depression of merely 500 or even just
300 m on average is inferred from the height of
cirque floors or the position of end moraines on the
Qinghai-Xizang (Tibetan) plateau by Derbyshire et
al. (1991) in a summary of investigations of Chinese
authors. With that the old conception of wv.
Wissmann (1959) is followed again. To be
consistent, diamictic deposits outside of the glacier
areas are indicated as being "debris flood deposits"
or "debris flow deposits". Shi et al. (1992) show a
selection of the same findings. Even in the
"Quaternary Glacial Distribution Map of the
Qinghai-Xizang (Tibet) Plateau" published in 1991
by the authors-group Shi Yafeng, Li Binyuan, Li
Jijun, Cui Zhijiu, Zheng Benxing, Zhang Quingsong,
Wang Fubao, Zhou Shangzhe, Shi Zuhui, Jiao
Keqin, and Kang Jiancheng (cf. Shi et al. 1992) this
opinion is repeated and supported to a great extent.
However, there was a first restriction: Zhou
Shangzhe, a member of this group, agreed with the
author's (Kuhle's) reconstruction of an inland ice
as for the Qinghai-Xizang (Tibetan) plateau area on
Animachin (A'nyemagen) (cf. Figure 1 No.3; Figure
2 top) (see Kuhle 1982a,d, 1987a-e, 1988b). In this
map he put down a plateau glacier area of still 400
x 300 km in size.

Similar to these authors, Hovermann et al.
(1986, 1993) and Hovermann & Hovermann (1991)
investigated past glaciations in the marginal
mountains or in Qinghai-Xizang (Tibetan) moun-
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tain massifs. They also argued against the inland
ice in High Asia reconstructed by the author
(Kuhle).

Zheng Benxing (1999: 284) once more
summarizes the traditional interpretation he had
already formulated in 1988: "The main divergence
of the two different views lies in the different
understanding of the sediments, sedimentary
sequences and landforms on the plateau. Large
amount of recent sediments and geomorphological
studies show that most of the deposits regarded as
moraines, which were used to reconstruct very low
paleo-snowlines and extensive ice sheets are
actually debris flow and slope wash-related
deposits." With regard to this, the author (Kuhle)
remarks: Naturally, a glaciofluvial remoulding has
happened in correspondence with the Late Glacial
thawing of the inland ice, as well as a subaerial
remoulding since the complete deglaciation during
the Holocene. Accordingly, a glaciofluvial and
fluvial covering of the ground moraines preserved
on a large scale on the Qinghai-Xizang (Tibetan)
plateau, and an insignificant reshaping and
destruction of glacigenic forms of erosion, which
can also be met on the entire Qinghai-Xizang
(Tibetan) plateau and in its marginal mountains,
must have taken place. This is the case in all Ice
Age glacier areas on earth. Debris flows are
especially frequent in moraine areas, because
moraines are huge masses of loose material, the
clayey matrix of which favours the flowing process.
Accordingly, numerous debris flows can even be an
indirect indication of a past glaciation.

Further exemplary mistakes occur in the paper
of Burbank et al. (1991) "Relative Dating of
Quaternary Moraines, Rongbuk Valley, Mount
Everest, Qinghai-Xizang (Tibet. Implications for an
Ice Sheet on the Qinghai-Xizang (Tibetan) Plateau".
1. The weathering datings of the authors ignore the
hydrothermal decay in the outcropping source rock,
though an appropriate study of Heydemann &
Kuhle (1988) on the Mt. Everest N-slope is in hand
(see Chapt.8). 2. In their very small research area
of 8 km in length, the authors, in spite of the fact
that they have determined only relative degrees of
weathering, classify the lowest past ice margin
position — without any absolute indication of
dating — as being from Stage 6 (Middle Pleistocene)
(ibid.: 3,16). They do not consider the great
number (5-7) of lower end moraines and ice
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marginal positions mapped by the author (Kuhle)
in the adjacent areas. Due to his chronology of ice
margin positions Kuhle classified the position in
the Rongbuk valley as belonging to the oldest
Neoglacial Stage (Nauri Stage V, c. 5500 YBP,
Middle Holocene) (Kuhle 1982e, 1983, 1986b,
1987a,h, 1988a,g, 2006b). Burbank et al. reject this
classification of the author (that has been taken
incompletely from a minor publication; the main
publication on the Rongbuk valley is Kuhle 1988a)
with the pseudo-argument and assertion that
according to his (Burbank's) relative chronology,
the ice marginal position concerned must be the
lowest past glacier stage. Thus, in an inadmissible
manner, a relative chronology has been interpreted
as an absolute dating and classified as absolute age
dating "Stage 6" (Middle Pleistocene) (ibid.:3,16).
With this circular reasoning, i.e., on the basis of
relative dating — now declared as absolute — a past
glaciation of much greater dimensions with an
ELA-depression of over 1000 m (Kuhle 1980,
1982e, 1983, 1986b, 1987a,h, 1988a,g and others)
which among other things has been proved by
freshly preserved glacier striae far above the valley
bottoms at 2095 and 1800 m asl (Kuhle 1982e:
Photo 126, 95, 96) seemed to be excluded. However,
the corresponding ELA-depression of the Rongbuk
glacier stage discussed in Burbank et al. was only
100-150 m (Burbank et al. are wrong in speaking
about c¢. 400 m (ibid.16). This is impossible,
because the ice margin concerned is situated only
200 m lower than the current glacier terminus:
200: 2 = 100, but not 400). A depression of 100m
up to at most 150 m as a maximum snowline
depression of the Pleistocene from Stage 6 (Middle
Pleistocene; ibid. 3 Figure 2B) up to present-day —
as postulated by those authors — would be a
singularity on earth and does not have a
climate-physical basis. At the same time only two
further glacier stages have been mapped at a
horizontal distance of only 8 km from the current
ice margin position up to that of the supposed
Stage 6, classified as belonging to the Late
Pleistocene (MIS 3-2?) and the Holocene
Neoglacial. According to the author's investigations
(Kuhle 1980-2006¢) in many areas of High Asia
(Figure1), as a rule seven to eight glacier stages
(three in the Neoglacial and five in historical times
up to c. 1950) are situated only between the
Neoglacial and the current glacier margin (Kuhle
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2006b etc.). Zheng Benxing (1988, Figure3) gets
somewhat closer to the truth than Burbank et al.
(1991). Analogous to his assumed Late Pleistocene
ice margin position he comes 4 km further down-
valley than Burbank et al. with their Middle
Pleistocene ice margin position. Accordingly,
Zheng Benxing does not agree with Burbank et al.
despite their indications in this direction. So there
exist two different interpretations. The only
agreement is that both of them consider Kuhle's
opinion to be wrong. There is not much left than to
make a remark about the seemingly plausible
opinion that in the arid precipitation shadow of the
Himalaya and Karakorum no large-scale Ice Age
glaciation occurred. Already in 1987, however, this
has been unambiguously disproved by fresh glacier
polishings and -striae reaching down up to a height
of the valley bottom of c. 3400 m in the Surukwat
valley N of the Mustagh Karakorum and Aghil
mountains (Kuhle 1988c: Picture 4 and 5, 1994a:
Figs. 93,128,138 No.46 and 33). Here it is not only
extremely arid with an annual precipitation below
100 mm, but the clear glacier polishings are
situated c. 1500 m below the level of the Qinghai-
Xizang (Tibetan) plateau. This ought to be seen as
a further indication of the Qinghai-Xizang (Tibetan)
inland ice.

Similarly striking contradictions and dis-
crepancies have been published by Fort (2000
Figure3) — even with opposite results. Here, a
lowest LGP ice margin position (LGM c. MIS 3-2?)
at 2800 to 3000 m asl has been described for the
Miristi Khola on the SW-side of Annapurna
(Central Himalaya). This corresponds to an
ELA-depression of only 600 m for the monsoonal-
humid weather side of the Himalaya. On the
semiarid N-side, in the precipitation shadow of the
over 8000 m high Annapurna massif however, the
Late Glacial ice margin of Kuhle (1982e) is
confirmed near to the Kingar settlement, although
by mistake it has been put into the LGP. Despite
the aridity in the Muktinath basin, the ELA-
depression amounts to 1160 m. Fort (2000) thus
supposes an increase of the snowline depression
from 600 to 1160 m from the very humid to the
very arid area. This is absurd. At the same time it is
a flagrant contradiction to the results of Burbank et
al. (1991) who publish only 100-150 m (a tenth
power less!) ELA-depression as for their lowest
Pleistocene ice margin position (see above). This is



doubly remarkable, because Fort wrote a positive
review about the paper of Burbank et al., i.e.,
described it as being scientifically stable (see
Burbank et al. 1991:17).

With regard to the Seti Khola on the
Annapurna S-side, Fort (1986) publishes a "Late
Glacial glacial extent" (ibid.:108) as far as down to
c. 1150 m asl. However, this does not at all fit her
Miristi Khola ice margin position at 2800-3000 m
asl, classified as lowest LGP ice margin position
(LGM c. MIS 3-2?) (Fort 2000 Figure 3). It appears
unbelievable that she describes in all seriousness
the lowest LGP-(LGM) ice margin position as
situated 1600 to 1850 m higher than that of the
Late Glacial, particularly since both glacier feeding
areas are the same height. This is a further obvious
misinterpretation indicating no concept and
orientation. In the same paper, the author contra-
dicts herself once more, because 10 pages later
(Fort 1986: 118) she refers to the same accumu-
lations in the cross-profile of Ghachok as "debris
flow accumulations” (Fort 1986: 118) but not as
moraines. During the LGP the Seti Khola glacier
actually reached down to 1000 m asl up to the
junction of the Seti- and Yamdi Khola (28°16'
20"N/83°57'30"E), 6 km further than Ghachok
(Kuhle 1997a: 176). In contrast, Hormann (1974)
explained that due to terraces the Seti Khola to a
large extent was non-glaciated during the Ice Age.
Kuhle describes the gravel terraces as Late Glacial
gravel floors covering the LGP-ground moraines
only superficially (Kuhle 1982e: 116-119, Photo
100,135, 1983:334-342). In the Madi Khola, Fort
(in Owen et al. 1998: 103 Figure 9) determines a
lowest past ice margin position at 1200 m near the
Taprang settlement. Actually, the lowest LGP- ice
margin position was 570 m lower, at 630 m asl
(28°12'20N/84°05'20"E), i.e., many kilometres
further down-valley (Kuhle 1997a: 391; 1998a).
Unfortunately, Fort also quotes wrongly, main-
taining that Kuhle (1982e) describes a lowest ice
margin at 1500 m in the Thak Khola (Kali Gandaki,
Annapurna-Dhaulagiri Himal) near to the Dana
settlement (Fort 2000:106, Chapt.4). However, in
this valley, the author (Kuhle) found and provided
evidence of a lowest LGP-ice margin position about
1000 (910-1010) m asl, 25 km down-valley near to
the Ranipauwa settlement, down-valley from the
Sansar Khola junction (Aul Khola) (Kuhle
1982e:49-51,152, Abb.8e, 103,104, 1983:123-128).
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According to that, Fort (in Owen et al. 1998:103
Figure 9) confirms the former results of Kuhle
(1980, 1982¢) published 13 to 16 years earlier, with
her ice margin positions at 1200 m asl in the Madi
Khola and — against her earlier descriptions (e.g.,
Fort 1979,1986) — with 1130 m asl now also in the
Seti Khola. Both the wvalleys are situated
immediately E-adjacent to the Thak Khola in-
vestigated by Kuhle (see above). At the same time,
Fort retracts her results as for a very insignificant
LGP-glaciation of the Buri Gandaki (Fort 1979) and
approaches the interpretation of Kuhle (1998a: 87)
who in the Buri Gandaki establishes a lowest
LGP-ice margin at only 680 m asl, at 460 m in the
neighboring valleys of the Marsyandi Khola
(ibid.87) and at 1000-900 m in the Trisuli river
valley (lower Langtang Khola or Bhote Kosi)
(2001b: 391,387, Photo 192). This shows that Fort
gradually follows Kuhle's opinion as for a very
extensive ice stream network and valley glaciation
in the Himalaya on the S-margin of Qinghai-Xizang
(Tibet), though she originally was absolutely
against it. Now her past glacier margins reach more
and more down, but she does not concede her new
way of thinking in public. This makes the debate on
the glacier extension during the Ice Age so unclear.

Konig (2003:137) shows a further crass
inherent contradiction in Baumler (2001) who
describes the lowest past ice margin in the Beni
Khola at 2670 m asl at a height of the glacier
catchment area of merely 5800 m. The corres-
pondingly old, simultaneous ice margin in the
Dudh Koshi, however, he determines immediately
E-adjacent at a 1000 m higher position, though the
height of the catchment area of the connected Cho
Oyu-Everest-Lhotse area in the Dudh Koshi is
1500-1800 m higher. After Kuhle (2006b: Figure 3
below Pro.33; Figure 1 below Deku Khola) the
lowest ice margin of the Dudh Koshi parent glacier
tongue, which from the confluence of the Imja- and
Nangpo Tsangpo (Bote Koshi-) glacier was 38 km
long, was situated at ¢. 9oo m asl. The glacier
terminal was near to the Inkhu Khola junction
(27°28'30"N/86°43'20"E).

The study of Asahi & Watanabe (2000) on the
past glaciation of the Kangchenzonga Himal
neglects the findings of Kuhle (1990a), Meiners
(1999), Konig (1999) and Dyhrenfurth (1931). So,
Asahi et al. describe LGP-ice margin positions
fluctuating about 1500 m, i.e., between 3000 and
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4500 m asl. Whilst according to their opinion, the
currently largest glacier of the massif, the
Kangchenzonga glacier, during the LGM did not
reach down much further than today, the small
Yamatri glacier is supposed to have flowed down c.
1500 m, i.e., to 3000 m asl. The authors do not
discuss nor theoretically justify this strikingly
small-scale difference of the glacier variations (cf.
also Konig 2003:10). Accordingly, these results are
contradictory in itself. Asahi, Tsukamoto et al.
(2000) consider 2800 m asl to be the lowest height
of the LGP-ice margin in the Ghunsa Khola, whilst
Kuhle (1990a) proved that at that time the lowest
ice margin was situated at 890 m asl in the Tamur
valley. Konig's (2003:121) reconstruction even
reaches down to 650 m, 6 km down-valley, close to
Doblan. Asahi et al. explain their assumption by
the interruption of the trough form (U-shaped
valley form) at 2800 m asl. This is wrong, because
glacier striae in V-shaped valleys of the S-flank of
the Himalaya as far down as 2095 m asl showed
that in the decakilometre-extended ablation areas
of the LGP-glaciers in the cross-valleys of the
Himalaya-S-face, glacigenic V-shaped valleys are
dominant (Kuhle 1980, 1882¢: 50,59-60, 1983: 117,
154-155,159; 1991a: 1-8).

Though the results of Asahi et al. (2000) are
insufficient and not conclusive, Owen et al. follow
this interpretation blindly without presenting their
own field investigations. A critical discussion of the
author's researches (Kuhle 1990a) or those of
Meiners (1999) is also lacking. They have not even
taken note of the study of Konig (1999)!

A further exemplary case — and in this short
review of the state of research only paradigmatic
cases can be discussed — has to be added. In 1987,
the author described in detail an LGP-Indus
parent- and outlet glacier which drained the entire
c. 125 000 km2-extended Ice Age Karakorum ice
stream network to the W, i.e., flowed farthest down
the Indus valley up to c. 850-800 m (Kuhle 1988b:
588,j,k,1989a,1991¢,1993b,19964a,1997a,1998a,200
1b). Thus, an ELA-depression of 1200-1300 m has
been proved. Haserodt (1989) in contrast supposes
a much smaller Ice Age (LGP) glaciation of the
Karakorum where this part of the Indus valley was
without an Indus parent glacier. In this connection
he describes moraines in the right Indus valley
flank — which the author considers to be ground
moraines of the Indus glacier (Kuhle 1996a:Abb.2
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No.101, 1997a:Figure28 No.101) — as local end
moraines coming from the Barchaloi Gah (valley),
a tributary valley of the Nanga Parbat massif, and
suggests their transport across the valley-glacier-
free Indus main valley (Haserodt 1989: 208).
However, this explanation is inevitably wrong,
because the medium height of this small Ice Age
feeding area of the Barchaloi glacier was only 4200
m. An ELA-depression (depression of the snowline
limit) to at least 2650 m asl would have been
necessary, so that this tributary glacier could have
reached the Indus valley bottom and filled it up to
the height of the moraines, i.e., up to 500 m.
However, at such a limit of the snowline (ELA),
which then could have been lowered by 2150 m, i.e.,
about 850 m more than the author (Kuhle) has
reconstructed, the Indus valley - due to the extreme
increase of its feeding area - would have already
been filled up anyway by the glacier ice, which
flowed together from higher and larger valleys of
the entire Karakorum. In the meantime several
authors acknowledge this opinion of Kuhle as well
as his reconstruction of the LGP-Indus main
glacier (e.g., Hormann 2002:125). This is a classic
glaciological mistake made by several authors and
repeated by Haserodt (1989: e.g., also p.208:
rampart-like ridges immediately E of Gor are
supposed to be local moraines of the Luthi-Gali-
Chamuri hanging glacier; in fact they are moraines
of the Indus main valley glacier; cf. Kuhle 1997a:
118). In this connection, Hormann (2002:125)
writes: "Kuhle explains that they (the terraces near
Gor) are kame terraces and lateral moraines of the
Indus glacier. This would result in an important
glacier thickness (1500 to 1700 m), whilst Haserodt
classifies them as belonging to local glaciers. I tend
toward Kuhle's explanation ...". Sharma et al. (1996)
made a similar exemplary mistake as a result of
missing knowledge of the field and a wrong
geomorphological analysis. The cause of this might
have been the authors' convenient moving on main
roads and -paths on the valley bottom of the
Bhagirathi Nala (valley; Garhwal Himalaya)
instead of going up the valley flanks to look for
glacier traces. Obviously the authors seem to
believe that roads have been constructed to render
the reconstruction of Ice Age development of
glaciers possible. But this is a methodical mistake.
Be that as it may, 30 m above the talweg at the
roadside near to the Jhala settlement (2300 m asl)



they found a probably Late Glacial remnant of
ground moraine showing characteristics of an
undercut debris flow fan, which they mapped as
end moraine and lowest past ice margin position
(Sharma et al. 1996: Figures 2,7,14). However, at
3200 m asl, only c. 8 km up-valley of this locality,
the author (Kuhle 2006a: 210, Photo 3) mapped
far-travelled erratic granite boulders of over 1 m in
length, situated 750 m above the gravel floor of the
talweg (2500 m asl) in the left flank of the
Bhagirathi Nala, 2.3 km S above the Mukha
settlement, between the orographic left small side
valleys Tel-Gad and Khera Gad (31°01'20"N/
78°46'50"E). The metre-sized, round-edged granite
boulders "swim" in a ground moraine matrix rich
in clay. In the underground they lie on outcropping
schist. They have been transported from the E over
a distance of at least 7 km along the orographic left
flank of the Bhagirathi Nala. The glacier trim-line
of the last glacial period (Wiirm-glaciation) was
reconstructed with the help of glacigenic flank
abrasions and glacigenically truncated spurs
indicating a c¢. 1400 m-thick Bhagirati parent
glacier. Its lowest past (probably LGP) glacier
tongue end came down to c. 1050 m asl, c. 54-57
km away from this locality, 3 km down-valley of
Uttarkashi. There it reached the Slalam Gad
(tributary valley) (30°44'N/78°24'E, Kuhle 2006a:
197/198). Thus the result of Sharma et al. (1996) —
who determine the postulated ice margin position
at 2300 m asl as lowest ice margin position — is
wrong and the ice margin has to be classified as
belonging to the Late Glacial.

It is rather impossible to discuss the papers of
Owen et al. in an argumentative way, because they
neither represent the state of research nor an
adequate glaciogeomorphologic knowledge. Nece-
ssary climatic and glacier-physical information are
not given — not even first signs of them. For the
main part, geomorphologically uncontrolled dating
techniques have been wused, which are not
applicable for glacigenic forms and accumulations.
In none of the Ice Age glacier areas reconstructed
worldwide, the authors' working method would
have led to results. In addition, the published
datings are often in contradiction to each other, so
that a glacier-historical connection to the near or
far areas cannot be established. An example for this
is the ELA-depression of 100 m which Owen et al.
(2005:72) reconstructed for the maximum glacier
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extension of the Batura glacier during the LGP.
Immediately on the right above the current tongue
of the Batura glacier a 3530 (3483) m high "riegel"
(bar mountain) is situated at the exit of the Batura
valley (36°28'30"N/74°52'E — 36°29'15"N/74°52'
05"E) partly consisting of evaporites (limestone
etc.). It has been polished into the form of a roche
moutonnée and is covered with remnants of
ground moraine and polymict erratic boulders up
to 1.5 m in size. These erratic boulders have been
observed at least 800 m above the current
terminus of the Batura glacier. Particularly the
erratic granite boulders in part are perfectly rounded
and lie in very unstable positions. In these positions
they are certainly not older than LGP, but probably
they belong to the Late Glacial (Stage IV = c. 13.5 Ka).
This observation (Kuhle 1996b; 1998a: 90,92, Figure
12; 2006c¢: Photo 5;Figure 2 No.112) provides evidence
of an over 1000 m thick past valley glacier in this
cross-profile of the Hunza valley. With regard to the
exit of the Batura valley the topographic connection of
the findings indicates an Ice Age glacier level at an
altitude of at least 4250 m. The joint ice level of the
two glaciers (Hunza trunk glacier and Batura
glacier), however, was about 4500 m asl. This
becomes obvious by the sediments of ground
moraine on the orographic left flank of the Hunza
valley eastward opposite of Pasu (Kuhle 1996b;
1998a: 90,92, Figure 12; 2006¢: Figure 2 No.113;
Photo 5). For this an ELA-depression of 700 m is
necessary but not only of 100 m as indicated by
Owen et al. (2005:72). At other places, moraine
boulders on valley flanks of the Karakorum
situated higher up the slopes have been dated to be
younger than the lower ones — but in terms of the
glacier history this is impossible. Summing up, it
has to be stated that the interpretations of Owen et
al. are not conclusive and cannot be correlated with
the geomorphological field evidences in High Asia
about the former lowest ice margins and maximum
past glacier extents. Besides the necessary method
to establish the geomorphological arrangement of
the positions, they also neglect the walking in the
field to get a certain state of knowledge of the few
areas they have investigated. This tradition to form
oneself an opinion without knowledge of the field is
rather widespread in newer glacier-historical
studies. It becomes obvious by a lack of photo-
graphical documentations as pieces of evidence.
They provide the necessary intersubjective
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verifiability of the arrangement of the positions and
thus are indispensable.

Probably it is a great difference whether one
has visited and investigated large parts of High-
and Central Asia with comparably well-developed
and — preserved glacial forms showing evidences
of a simultaneousness of a past glaciation or
whether one knows only a few, scattered localities.
In the last case one should not dare to infer the
whole from merely some spots. However, to
demand own caution also from those who have a
detailed large-scale overview would not be
appropriate. Accordingly, more or less scattered,
isolated findings without a concept are facing each
other, which totally differ from the data known of
the environment and, on top of that, even
contradict themselves within one and the same
paper. This concerns, e.g., Baumler (2001) and
Fort (1986, 2000) with regard to the Himalaya or
Haserodt (1989) as for the Indus glaciation at
Nanga Parbat and in the Karakorum (see above) in
contrast to the author's coherent conception of a
contempo- raneous complete glaciation which fits
in the global concept of a 1200 m-ELA-depression
without any difficulties. To this belongs, too, that
the geomor- phology of High Asia — which
according to Kuhle is only understandable in terms
of glaciation — ought to be explained by
alternatives of the genesis of forms. However, no
author tries an explanation such as this — with the
exception of the debris flow above-mentioned. But
this has already been disproved by erratics situated
many 100 to over 1000 m above the talweg. Forms
like roches moutonnées, U-shaped valleys with
roughenings up to a certain line without a
petrographic limit, overdeepenings with or without
the formation of lakes found in the whole of High
Asia, can only be explained as originating from
glacial times. In addition, today these forms of past
ages are getting dissected but are not on the point
of developing. This proves that in the past the
processes were different from today. However,
nobody explains which occurrences — except for a
glaciation — might have caused them. The
periglacial environment exists up to the present;
accordingly a change of the conditions is
impossible. To sum up: To be without a concept
and to have no alternative cannot be an argument
against a very extended glaciation in the past as it
is defended by Kuhle!
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4 Confirmations by Related Disciplines

The glaciogeomorphological observations of
the author and their chronological classification
(Kuhle 1999a: 45-47) in the arid W-Qinghai-Xizang
(Tibet) (Figure 1 No.23 Aksai Chin) are confirmed
by the limnological study carried out by Van
Campo & Gasse (1993) by means of the Tso Kaerh
Hu (Longmu Co; Kuhle 1999a: 265 Photo 196) and
the W-adjacent Sumxi Co, which attains only a
quarter of its extension. A 10.50 m deep drilling of
the latter indicated a basal Ci4 age of c. 12,700-
10,000 yrs BP. Accordingly, it has been classified
as belonging to the "Late Glacial period" (Van
Campo & Gasse, 1993:306). This corresponds to an
initial lake development about 13,500-13,000 yrs
BP, i.e., during Stage IV, in the sense of the author
(Kuhle 1999a: Table 1). Lake terraces of the Tso
Kaerh Hu (Longmu Co) have been dated as being c.
7290,7520 and younger than c. 6000 yrs BP (Van
Campo and Gasse 1993:302) (cf. Kuhle 1999a: 265
Photo 196). Thus, postglacial (Holocene; probably
also neoglacial) lake levels have already been
recorded (Stage V after Kuhle 1999a: Table 1).

As already described (Chapt 1), the climate
modelings of Verbitsky & Oglesby (1992) and
Marsiat (1994) show that the empirical registration
of the global cooling during the LGP indicates the
development of a Qinghai-Xizang (Tibetan) inland
ice even before the Laurentide and Fennoscandian
ice sheets. With regard to the climate this is
obvious anyway, because Qinghai-Xizang (Tibet)
and its surrounding mountains currently, i.e.,
during an interglacial period, show permafrost and
are situated above the timberline, but this does not
apply to the areas of the LGP Laurentide and
Fennoscandian ice sheets.

Recently, the Ice Sheet theory of Kuhle (1985a,
1986a, 1987a, 1988b, 1989a, 1995a) has been
evidenced, e.g., by geophysical measurements of
uplift (Kaufmann & Lambeck 1997; Nesje & Dahl
2001:127). Kaufmann & Lambeck have shown that,
on the basis of secular changes in geoid anomaly
and free-air gravity anomaly, it is possible to
distinguish the amount of glacio-isostatic uplift
from uplift caused by tectonic movements. The
predictable effects of the melting of an up to
2-km-thick inland ice on the Qinghai-Xizang
(Tibetan) plateau are so profound that the current
satellite missions CHAMP and GRACE would be



able to identify them.

The high viscosity of cold, continental glacier
ice with annual temperatures of around -6 to -10°C
at the ELA (Kuhle 1988¢,1990f,1994a) supports the
build-up of ice, provided that there is sufficient
precipitation. A modeling of the Qinghai-Xizang
(Tibetan) ice for the LGP yielded an ice thickness of
¢. 1000 m after 10 000 years at a precipitation of
only 100 mm/a and an average ELA at 4250 m asl
(Kuhle 1997a: 120 Figure 46). The model,
undertaken by Herterich and Calov, is based on the
empirical data obtained by the author, i.e., the
lowest LGP glacier margins, reconstructed with the
help of end moraines, and the ascertained ELA
depression and estimation of temperature and
precipitation in Qinghai-Xizang (Tibet) and its
surrounding mountains (Kuhle, Herterich & Calov
1989b). The model is based on the graph of the
annual snow balance (100 mm/a) as a function of
the height above the ELA and on the contour lines
(m asl) of the glacial snow surface (ELA = 4250 m
asl) in Qinghai-Xizang (Tibet). It fits the observed
heights of the glacial equilibrium line. An average
thickness for all of the Qinghai-Xizang (Tibet) ice
of approximately 1000 m implies that 2.2-2.4
million km3 of water was bound in the ice sheet of
Qinghai-Xizang (Tibet). This corresponds to a
lowering of sea level of about 5.4 m (calculated on
the basis of data provided by Flint, 1971).

In addition, the intervening High Glacial
breakdown of the summer monsoon during the
LGP (c. 60-18 Ka) is proof of the inland glaciation
of Qinghai-Xizang (Tibet). The current heat-low
changed into an LGP cold-high and the summer
monsoon stopped. The ceasing of the summer
monsoon is proved by the then enlargement of the
Tharr desert in India (Seuffert 1973) and the
significantly increased influx of dust (dust flux
records of Ocean Drilling Program) and
accumulation of eolian sediments in the northern
Indian Ocean and the Arabian Sea (Sirocko
1989,1995).

On the long term counts what is demonstrated
in Figure 3b) and c. The uplift of the Qinghai-
Xizang (Tibetan) plateau, as far as it can be
reconstructed from the onset of the summer
monsoon (Tiedemann et al. 1994, Quade et al. 1989,
Prell et al.1992, DeMenocal 1995) and winter
monsoon (Jin Xiaochi 1999, Ding Z. et al. 1992,
Kukla et al. 1989, An et al. 1990) and, derivable

Journal of Mountain Science Vol 4 No 2 (2007)

from this, the beginning of an autochthonous
glaciation of Qinghai-Xizang (Tibet) from ~2.5 Ma
BP onwards, was synchronous with the onset of the
global ice ages. Evidence that variations of the
summer and winter monsoon intensity docu-
mented by marine dust flux records (Emeis et al.
1995, Anderson et al. 1993, Tiedemann et al. 1994,
DeMenocal 1995) and loess-palaeosol sequences
(Rutter et al. 1993, Xiao et al. 1995, Ding Z. et al.
1992 and 1995) occurred in phase with glacial/
interglacial cycles (40 ky and ~100 ky periods), is a
strong pointer to the existence of a Qinghai-Xizang
(Tibetan) glaciation (Emeis et al.1995; Anderson et
al.1993). Gradual uplift of the Qinghai-Xizang
(Tibetan) plateau towards the ELA level enabled an
ice sheet of 2.4 million km2 to grow from ~1 Ma BP
onwards; the resulting cooling effect permitted a
maximum expansion of the Nordic lowland ice
sheets (-1200 m ELA). The now beginning
glacio-isostatic  depression, deglaciation and
following uplift of the plateau (see above) resulted
in the occurrence and duration of interglacial/
glacial cycles ( ~100 ky periods).

5 The Hypothesis of the Development
of the Ice Ages Derived from
Empirical Findings

On the basis of empirical findings in the field
of the 2.4 million km2 extended Qinghai-Xizang
(Tibetan) inland ice (Figure 2), the author has
formulated a hypothesis of the development of ice
ages (Kuhle 1982a, b, d, 1982/1983, 1985a, b,
19864, c, e, f, 1987a, b, c, e-g, 1988b, d, {, g, i, k,
1989a, 1990d, 1991c¢, 1993a, b, 1995a, 1996b, 1997a,
1998a, b, d, e, g, h, 1999a-e, 20004, b, d, €, 20014, c,
2002a, ¢, 2003b, 2004c¢, 2005a, Kuhle et al. 1988Db,
1997a, 1998b). With the help of 13 climate
measuring stations, radiation- and radiation
balance measurements have been carried out
between 3300 and 6650 m asl in Qinghai-Xizang
(Tibet) (Kuhle et al. 1988a, Kuhle et al. 1989a. They
indicate that the subtropical global radiation
reaches its highest energies on the High Plateau,
thus making Qinghai-Xizang (Tibet) today's most
important heating surface of the atmosphere. In
glacial times, 70 % of those energies were reflected
into space by the snow and firn of the 2.4 million
km?2 extended glacier area covering the upland. As
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a result, 32 % of the entire global cooling during
the ice ages, determined by the albedo, was
brought about by this area — now the most
significant cooling surface. The uplift of
Qinghai-Xizang (Tibet) to a high altitude about 2.8
Ma ago, coincides with the commencement of the
Quaternary Ice Ages. When the Plateau was lifted
above the snowline (= ELA) and glaciated, this
cooling effect gave rise to the global depression of
the snowline and to the first Ice Age. The
interglacial periods are explained by the
glacial-isostatic lowering of Qinghai-Xizang (Tibet)
by 650 m (Kuhle et al.1997a; Kuhle 1999a: 272 ~
274, Figure.38), having the effect that the initial
Qinghai-Xizang (Tibet) ice — which had evoked the
build-up of the much more extended lowland ices
— could completely melt away in a period of
positive radiation anomalies (Figure.3a). The next
ice age Dbegins, when — because of the
glacial-isostatic reverse uplift (see Chapt 5) — the
surface of the Plateau has again reached the
snowline. This explains why the orbital variations
(Milankovitch-theory, Figure 3a) could only have a
modifying effect on the Quaternary climate dy-
namics, but were not primarily time-giving (Figure
3a) and b). as long as Qinghai-Xizang (Tibet) does
not glaciate automatically by rising above the
snowline, the depression in temperature is not
sufficient for initiating a worldwide ice age; if
Qinghai-Xizang (Tibet) is glaciated, but not yet
lowered isostatically, a warming-up by 4°C might
be able to cause an important loss in surface but no
deglaciation, so that its cooling effect remains in a
maximum intensity. Only a glaciation of the
Plateau lowered by isostasy can be removed
through a sufficiently strong warming phase, so
that interglacial climate conditions are prevailing
until a renewed uplift of Qinghai-Xizang (Tibet)
sets in up to the altitude of glaciation. The
chronology of a Qinghai-Xizang (Tibetan) glaci-
ation since ~2.8 Ma BP and its intensification since
~1 Ma BP has been confirmed by the weakening of
the summer monsoon and the intensification of the
Asian winter monsoon, respectively, which have
been evidenced by marine sediment drillings and
loess records (Figure 3c).

Gellert (1991) was the first who discussed in
detail the author's Ice Age theory with regard to the
influence of the Qinghai-Xizang (Tibetan) inland
ice on the atmospheric circulation.
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6 The Chronologically Extended and
the Chronologically Compressed
Glaciation Model

Obviously, it is possible to interpret the
maximum High Asian glacier extension by means
of a chronologically extended or compressed model.
The author does not consider the extended model
to be acceptable, which suggests that during the
entire Pleistocene up to the LGP past glaciations
have taken place in a decreasing extension. Among
other things, the reason for his rejection is that a
model like this is incompatible with our state of
knowledge as to repeated global glaciations of
similar extensions. The compressed model of the
author, who puts the largest glaciation — which is
glaciogeomorphologically preserved up to the
present and thus can be evidenced — into the Last
Glacial period (LGP, Wuermian Ice Age, MIS 3-2)
is methodically appropriate because of at least four
reasons:

1) The calculated ELA-depression of 1200-
1300 m fits perfectly with the global snowline-
depression during the LGP.

2) 10 to 14 glacier stages are globally registered
between the LGP and the current ice margins. This
number of glacier stages has also been evidenced in
High Asia (Kuhle 1982e, 1983). From this arises
the consistent picture of one High Glacial (main-
glacial) (LGP, i.e., LGM = Last Glacial Maximum),
four to six Late Glacial, three Neoglacial (Holocene)
and c. five Historical glacier stages. In the case of
the extended model, at most seven minor glacier
advances with ELA-depressions of merely 100-200
m (see above) remain from the LGP up to the
current glacier margins in High Asia. However,
obviously this does not stand to the global
comparison.

3) During the Last Glacial (LGP) from c. 60-40
Ka, High Asia reached its highest sea level (Figure
3c). Therefore, it would be illogical to suppose a
lesser glacier extension than in the middle
Pleistocene. For the same reason the middle
Pleistocene ice margin positions and end moraines
without exception must have been overthrust by
the glaciers of the LGP and thus destroyed. This
interpretation is confirmed by the nearly complete
lack of diagenetically lithified and petrified end
moraines in High Asia. In other words this means:



if there were middle Pleistocene end moraines,
they would be consolidated and petrified by
ascending solutions according to the soil formation
— especially under the semiarid and subtropic
conditions of High Asia.

4) The glacier traces found in High Asia have
only been preserved because they are young. This
argument in favour of a very extended glaciation
during the LGP in particular applies to the
marginal areas of Qinghai-Xizang (Tibet). In these
very high and steep mountains — the highest
mountains on earth — the modifying geomorpho-
dynamics which destroys the past glacier traces
actually is the strongest, so that middle Pleistocene
forms could be preserved nowhere (Kuhle 1982¢;
1983). What has survived are the lowest past
moraines situated exactly in the steep and deep
valleys of these high mountains. These lowest
preserved ice margins provide evidence of a very
extended glaciation of High Asia (Figure 2) and,
accordingly, of a globally consistent ELA-
depression of 1200 m against today.(Figure 3c)

To classify the last extended glaciation of High
Asia as being from the LGP we can also refer to
absolute datings (Figure 2). Due to radiometric
14C- and TL-datings the glaciation has been settled
between younger than 60 Ka and older than 8 Ka.
This has already been discussed in detail (Kuhle
1987e, 1994a, 1997a, 1998a,f, Grosswald et al. 1994
ete.).

7 Problems of Dating

In the literature which concerns the dating of
the past glaciation of High Asia, some serious
mistakes have been found leading to wrong results.

For instance it is a methodical problem to
apply weathering to relative dating. This is
especially unsuitable, because the hydrothermal
decay of the outcropping source rock is able to treat
the rock material so heavily even before the
weathering out and the glacier transport, that the
later moraine boulders crumble away and decay
within a few millennia without needing a longer
period of weathering. A hydrothermal decay like
this has been evidenced by Heydemann & Kuhle
(1988) on the N-slope of Mt. Everest and in the
trans-Himalaya.
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This rapid decay of rock fragments due to a
preceding hydrothermal decay of granites and
other unstratified rocks often used for surface-
datings, naturally makes the Cosmogenic Nuclide
Exposure Dating entirely impossible. This applies
the more, because the decay of the boulder surfaces
is especially rapid.

The following applies to the dating by means

of high mountain soils. Unfortunately, the climate-
dependent soil development is an indicator which
is not very appropriate as for the dating of Qua-
ternary sediments or even moraines in the
mountains in general, and especially in the
monsoonal-tropical Himalayas. A possibility of
calibrating the soil development in the Himalaya,
which would admit a comparison, does not exist.
The small-scale change of the petrographic
compositions of moraine surfaces in the mountains,
the small-scale climate change according to the
altitude and the change of the topographically-
dependent amount of precipitation on the moraine
bottoms, and also catabatic winds and special
conditions near to glaciers and ice faces as well as
this complicated spacious change against the
background of the extreme vertical shiftings of the
climatic altitude levels during the last 20 000 years
with shifts of the snowline by 1500 m, naturally do
not render possible an acceptable statement as to
the duration of the development of slow and
integral processes like weathering and soil develop-
ment of moraines (cf.Wagner 2005,2007).
Here is a classic example with regard to the absurd
datings of past glaciations due to a wrong
geomorphological arrangement of the positions:
Sharma & Owen (1996:340/341 Tab.4, Figure2)
published an OSL-date MIO4 = 84770 BP. It is
situated 60 to 70 m above the Bhagirathi river and
15 km up-valley of their date MIO1 = 62894 BP
located 30 m above the Bhagirathi river in the
Bhagirathi valley (Garhwal Himalaya; cf. Figure1
No.18). MIO1 dates their lowest past ice margin
position. But how could the dated gravels have
been left behind only 60-70 m (MIO4) above the
talweg, despite their having been overthrust by a
glacier tongue reaching 15 km further down-valley,
which inevitably must have been several 100
metres thick? This is impossible!

Finally, the Cosmogenic Nuclide Exposure
Dating (CRN-method) — which can be found in the
literature as a fashion — will be described. A
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Figure 3 a) Astronomical parameters of the earth’s orbit and rotation and corresponding insolation values for 65°N
for the last 6 million years according to Berger & Loutre (1991). b) Benthic oxygen isotope records from Ocean
Drilling Program Site 659 according to Tiedemann et al. (1994). The fluctuations in the 880 content of the
foraminifera reflect the fluctuations of the global ice volume, with high values corresponding to the glacials and low
values to the interglacials. Neither the beginning nor the intensification of the Quaternary glaciation period is
correlated with the insolation (a). c¢) Synopsis of the uplift and glaciation of the Tibetan plateau in their relation to
other geoecological events. A comparison between a) and b) shows that an additional factor apart from orbital
variations is required to explain both the start of the ice ages about 2.8 Ma and their increasing intensity from 1 Ma
onwards. The closure of the Panama gateway occurred too early to be the terrestrial cause. The uplift of the Tibetan
plateau, as far as it can be reconstructed from the onset of the summer and winter monsoons, and, derived from this,
the beginning of an autochthonous glaciation of Tibet from ~2.5 Ma BP onwards, were synchronous with the onset of
the global ice ages. Evidence that variations of the summer and winter monsoon intensity documented by marine dust
flux records and loess-palaeosol sequences on the Chinese loess plateau occurred in phase not with the insolation
variation but with glacial-interglacial cycles (40 ky and ~100 ky periods), is a strong pointer to the existence of a
Tibetan glaciation. Gradual uplift of the Tibetan Plateau towards the ELA (equilibrium line altitude) level enabled an
ice sheet of 2.4 million km2 to grow from ~1 Ma BP onwards; the resulting cooling effect permitted a maximum
expansion of the Nordic lowland ice sheets (-1200 m ELA). The now beginning glacio-isostatic depression, deglaciation
and following rebound of the plateau were responsible for the occurrence and duration of interglacial-glacial cycles
(~100 ky periods).
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face of a glacier fringe that has already been
exposed to cosmogenic nuclides, breaks out. The
broken-out rock boulder is rearranged in a
complicated, i.e., manifold sediment cascade in the
glacier ice, below the glacier ice and within
frequently interrupted periods in different lengths
as surface moraine on the glacier ice. This is a
process that cannot be reconstructed in detail. In
the course of this process, the rock boulder is
exposed to the radiation of cosmogenic nuclides on
all faces, the entirely fresh as well as those which
have already been exposed primarily in the rock
wall. How long and on which side is also not
reconstructable. In addition, the angles of the
boulder surfaces to the radiation and, accordingly,
the radiation itself are very different. It cannot be
ruled out, i.e., it is probable that the originally
larger boulder repeatedly shatters during the
rearrangement, so that fresh rock surfaces have
come into being. Naturally they have been exposed
to radiation over a shorter time. At any new glacier
regression these boulders are interbedded as
lateral moraines and — during a new glacier
advance — again taken up and dislocated. This
might led to a covering of the boulders in the
lateral moraine due to an overwhelming of the
moraine or to the boulders' position on the surface.
All these are possibilities to influence the surface
irradiation of boulders and its intensity, which
cannot be reconstructed. In the meantime the
lateral mo- raines are undercut by the glacier
margin and tipped over, so that a further
rearrangement must have taken  place.
Rearrangements of this sort, i.e., with coverings
and exposures, inevitably occurred during the
entire Pleistocene glacial and inter- glacial history.
During the interglacial periods small glaciers as
well as solifluction processes, debris flows and
fluvial transport have participated in the
rearrangement of the boulders which today can be
met in the lowest end moraines. It has to be added
that the sea-levels and the duration of all
irradiations which took place in the interbeddings
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