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ABSTRACT

The Pamir Mountains are one of the highest mountain systems in the world; they act as sources of fresh water for
the main rivers of Central Asia: the Amudaria and Syrdaria. Throughout the Quaternary, the Pamirs played a
major role in controlling atmospheric circulation and land-surface processes, and provided great volumes of
terrigenous sediments for transport by large rivers to the depressions in the Aral and Caspian regions. These
ultimately provided broad aeolian cover in the sandy deserts, and finer dust for the widely distributed loess-
palaeosol sequences. The glaciation history of this highly dynamic region provides an important basis for un-
derstanding climate change, sediment source and landscape evolution in Central Asia during the Quaternary. The
question of the number, distribution, extent and timing of Pleistocene glaciations in the Pamir is debated. One of
the main obstacles to research, together with difficulties of access and severity of current climate, is the varying
degree of preservation of traces of previous glaciations in the western and eastern Pamir. As a result of a
geological survey, we for the first time identified a thick lacustrine deposit at high altitudes in a tributary of the
Panj — the valley of the Sary-Shitharv River — this records the damming of the Panj River valley by a large glacier.
Luminescence measurements were undertaken to obtain the age of the Sary-Shitharv glacially-dammed lake. As
often in mountain catchments the quartz OSL signal was unsuitable for dose estimation, and so the chronology of
the Sary-Shitharv section is based entirely on post-IR IRSL signals from K-rich feldspar. We used pIRIRs50,299 and
PIRIR200,290 protocols and obtained indistinguishable ages from both protocols. Given the high sedimentation
rates deduced from the structure of lacustrine deposits, the entire sequence must have been accumulated rather
quickly, over a period of no more than a few thousand years. The average age over the whole series of dates is
165 + 11 ka. This places the existence of the glacially-dammed lake at Sary-Shitharv in late MIS 6, a result that
fits well with the general course of the glacial history of the Pamirs.

1. Introduction

sediment, which was then reworked into the Karakum and Kyzylkum
deserts. The Pamir Mountains are also located on the border of two at-

The Pamir Mountains in Central Asia are one of the highest mountain mospheric circulation systems — the Northern Hemisphere westerlies
systems in the world. Pamir glaciers are sources of fresh water for the and the monsoon. It has been speculated that strengthening of westerlies
main rivers of the region — the Amudaria and Syrdaria. Throughout the and monsoonal circulations in the past could lead to increased precipi-
Quaternary these large rivers also transported great volumes of tation and so glacial advances even in warm periods (Rohringer et al.,
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2012); if so, this would decouple glaciations in different parts of the
Pamir from global climate trends. Glacial, slope and fluvial sediments
from the Pamir are the main source of Quaternary deposits in Central
Asia. The Pamir provided material for the large rivers; these filled de-
pressions in the Aral and Caspian regions with sediment, ultimately
providing broad aeolian cover in the sandy deserts, and finer dust for the
widely distributed loess-palaeosol sequences. Thus, studying the glaci-
ation history of this highly dynamic region provides an important basis
for understanding the general patterns of climate change, sediment
source, land-surface processes and landscape evolution in Central Asia
during the Quaternary.

The question of the number, distribution, extent and timing of
Pleistocene glaciations in the Pamir is debated. One of the main obsta-
cles to research, together with difficulties of access and severity of
current climate, is the varying degree of preservation of traces of pre-
vious glaciations in the Western and Eastern Pamir. In the west, the
terrain is sharply dissected vertically, with the relief of up to 5-6 km,
giving rise to mainly erosive landscape forms with little preservation of
glacial deposits. In the east, in contrast, the mountains form a highland
plateau, the valley bottoms are located at ~4 km above sea level, and so
the slopes are only weakly dissected. As a result, ancient glaciations in
the east can be determined from the almost continuous cover of glacial
deposits (Kotlyakov et al., 1993). The first stratigraphic scheme of
Pleistocene deposits of Tajikistan was based on the Quaternary glacial
complexes of the Western Pamirs (Badakhshan Upper Pleistocene com-
plex, Bartang Middle Pleistocene complex, Kokbai Lower Pleistocene
complex) and Eastern Pamirs (Alichur Upper Pleistocene complex,
Murgab Middle Pleistocene complex, East Pamir Lower Pleistocene
complex) (Vasilyev, 1962). Chedia (1972) divided the glacial history of
the broader Pamir-Alay region into three distinct stages. The first
occurred during the Early Pleistocene and was characterized by dendrite
glaciation covering the river valleys of Western Pamirs and an ice cap in
the Eastern Pamirs. Then in the Middle Pleistocene, the glaciers reached
their maximum extent for the region. The third glaciation stage in the
Late Pleistocene was affected by tectonic uplift in the Western Pamirs;
glaciers filled the main western valleys, while in the eastern Pamir
glaciers only occupied cirques and kars. By the end of the Late Pleisto-
cene, glaciers began to retreat and left ridges of recessional moraines
(Chedia, 1972). Based on geomorphological and stratigraphic analysis,
Dodonov (2002) identified four generations of Quaternary moraines in
the Eastern Pamirs. In the west, Early and Middle Pleistocene glaciations
are only recorded in erosional forms as two complexes of glacial troughs,
while for the Late Pleistocene and Holocene at least two generations of
moraines can be distinguished (Dodonov, 2002).

In the last 20 years cosmogenic radionuclide dating (CRN) of mo-
raines has allowed researchers to investigate numerical glacial chro-
nologies for various mountain systems in Central Asia: Altay (Gribenski
et al., 2016; Blomdin et al., 2018); Tian Shan (Li et al., 2011, 2014;
Lifton et al., 2014; Blomdin et al., 2016); Alay (Abramowski et al., 2006;
Zech et al., 2013); Western Tibet (Owen et al., 2002, 2006; Hedrick
etal., 2011) and others. This has given rise to various palaeoclimatic and
palaeoglaciological studies; chronostratigraphic schemes have been
proposed, and glacial events in different mountain regions of Central
Asia have been correlated (Owen et al., 2012; Stiibner et al., 2021).
These studies have provided new insights into climate change during the
Late Quaternary. A comprehensive study of the Pamir-Alay region
(Abramowski et al., 2006) identified eight stages of glacial advance in
the Late Quaternary and, for the first time, described the glacial ad-
vances at the end of Middle Pleistocene (~136 ka). It was shown that the
expansion of glaciation occurred during cold climatic periods, and that
the regional Last Glacial Maximum (LGM) occurred earlier than the
global LGM due to an increase in climate aridity in the Pamir at the end
of the Late Pleistocene. Moreover, glaciers located at high absolute al-
titudes reached their maximum during MIS 4, whereas those that
occupied the lower altitude levels peaked during early MIS 3 due to
aridization. The study of the Hissar Range to the west of the Pamirs
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showed that during the Late Pleistocene glaciers reacted to temperature
fluctuations more sharply than those in the Pamir (Zech et al., 2013) and
so the regional LGM took place here during MIS 4 and MIS 2, when
summer insolation and temperature decreased. This study also assumes
the existence of older glaciations that could have developed in the
Middle and Early Pleistocene.

Several comprehensive studies of the glacial history of various parts
of the Pamir Mountains have been published recently (Abramowski
et al., 2006; Zech et al., 2013; Rohringer et al., 2012). Traces of ancient
glaciations in the western Pamir have been studied in the valleys of the
Shakhdara and Gunt (Stiibner et al., 2017) and Bartang (Stiibner et al.,
2021) rivers. The authors concluded that the most extensive glaciation
of the Pamir occurred in the Middle Pleistocene, when a large part of the
southeastern Pamirs was probably covered by an ice cap. This ice flowed
west, filling the valleys of the main rivers (Shakhdara, Gunt and Panj).

In this paper we contribute to this understanding of the southern
Pamir — the region where glacial history of the whole region is best
preserved and where the largest Middle Pleistocene glaciations were
reconstructed. We present new data on the glacially dammed lake de-
posits in the tributary valley of Sary-Shitharv; these most probably result
from ice filling the Panj River valley. We use luminescence dating to
provide a timeframe for this proposed large glaciation of the Southern
Pamirs.

2. Study area

The research area lies in the valley of the Sary-Shitharv River, the
main right tributary of the Panj River, on the southern slope of the
Shakhdara Range (36°52'25.3'N, 72°05'37.5"E) (Fig. 1). Shakhdara
Range is in the most southwestern part of the Pamirs, located close to the
Tajikistan-Afghanistan border and separated from the Hindu Kush by
the deeply incised valley of the Panj river. The range rises to 6726 m. asl.
(Karl Marx Peak) and the modern snow line is located at ~5100 m asl.
(Zabirov, 1955). The spread of ancient glaciation in the southwestern
Pamir was first described by Zabirov (1955) and his map suggests that
the entire segment of the Panj river valley parallel to the Shakhdara
Range was filled with ice. The southern slope of the Shakhdara Range is
characterised by very steep slopes dissected by canyons. Within one of
these canyons, 1300 m from the confluence of the Sary-Shitharv River
and the Panj River, we identified a unique series of glacial lacustrine
deposits (Fig. 2). This series indicates the valley was blocked by a large
glacier that filled the valley of Panj River, forming a lake within the
Sary-Shitharv tributary. No previous Quaternary geologic studies have
been undertaken in the Sary-Shitharv valley.

2.1. Geomorphology

The evolution of the Sary-Shitharv valley is reflected in two sediment
sections on the left bank (Fig. 2b). The first sequence is about 2300 m
from the confluence of the Sary-Shitharv River with the Panj River
within an erosion shadow behind an outcrop of gneiss bedrock. It con-
sists of, at the bottom, alluvium, then glacial sediment with lenses of
lacustrine material, and, at the top, deglaciation alluvial deposits. The
river has incised ~50 m at this site and the valley base is approximately
at an Hyp,s (absolute height) of 2860 m. Bedrock deposits are represented
by gneiss. The lower alluvium base is at an Haps of 2869 m, and is rep-
resented by ~15 m of boulder pebbles with gray-brown coarse sands
interlayers. Sand interlayers have inclined stratification recording the
direction of river flow. The moraine deposits are approximately 20 m
thick with a base at Haps 2880 m, and are covered by sliding blocks of
palaeolacustrine silts up to 1 m thick. These blocks of lacustrine deposits
begin to appear within the diamicton at Hyp,s from 2884.5 m up to 2891
m. The deglaciation alluvium lies on top of the moraine deposits and is
the highest layer at this site. The alluvium consists of angular granular
material within a sandy matrix. The top of the section lies at Hyps of
2905 m and corresponds to the highest Sary-Shitharv terrace.
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Fig. 1. The Pamir Mountains; a — location of the area investigated in this study in the Southern Pamirs.

The second sequence is about 3300 m from the confluence of the
Sary-Shitharv River and the Panj. This 50 m series lies on a diamicton
and is covered with alluvium (Fig. 3). The whole sequence forms a
terrace at the left side of the valley (Fig. 2A). The lacustrine deposits are
visible as separate remnants on the southern and northern slopes of a
moraine block partially covered by colluvium. We studied the glacio-
lacustrine sequence on the northern slope of the moraine block. The
glaciolacustrine-moraine contact is ~32 m above the water level of the
Sary-Shitharv river (Hyps = 2982 m). In the upper part of the section
~82 m above the water level (Hy,s = 3032 m) there are large erratic
granite blocks (~4 m across). Silt layers under these blocks are crushed
plastically. These ice-transported blocks probably fell to the bottom of
an ancient lake. We interpret the upper deformed layers at the corner of
the lacustrine deposits as deformed layers and consider them to be the
top of lacustrine series. Deposits of the ancient lake are represented by
silts with sandy interlayers, interleaved with layers of well-washed
sands. Alluvium with accumulation islands of mobilised boulders (up
to ~1 m across) covers the lake sediment sequence.

2.2. Glacially-dammed lacustrine deposits

The section consists of eight units (I-VIII) of glaciolacustrine silt
deposits and two thick glaciolacustrine sand layers separating units VI
and VII, and VII and VIII (Fig. 3). A major part of the section is composed
of thin-layered pale, light beige silts with pale fine sand layers. The silts
have a flat platy structure. From the base of the section, silty layers are
progressively replaced via medium sand interlayers by coarse-grained
material lenses. These lenses are clearly visible at depths of 49.0 m,
45.0 m, 44.5-43.5 m, 42.0-41,5 m, 40.8 m, 38.2 m, 18.0-17.5 m, and
4.0-3.2 m, as folded thick sand layers. Well-sorted massive sands lie
between the units in the upper part of the Sary-Shitharv section.

- Unit Iis 1.5 m thick. The base of this unit lies at Hyps 2982.0 m. It is
represented by a parallel subhorizontal layers of fine sands. The

middle part of the unit consists of thin-layered pale, light beige silts
with pale fine sand interlayers. OSL sample 228427 was taken at 0.5
m. A layer of mudflow deposits with granules and pebbles in sandy
matrix forms the upper part of unit L.

Unit II is 1.2 m thick and includes silts with layers of fine sand. Base
of this unit lies at Hyps 2983.5 m.

- Unit III is 1.4 m thick and has intensively mixed horizons of fine
sands and silts obscuring the pattern of primary sedimentation. The
base of this unit lies at Hyps 2984.3 m. Samples 228430 and 228431
were taken from the lower and upper parts of this unit.

- A glaciolacustrine sandy layer between Unit III and Unit IV is rep-
resented by two layers of medium sand (~0.6 m and ~0.2 m thick)
with inclusions of very fine to fine pebbles and two layers (~0.3 m
and ~1.1 m thick) of granules and pebbles in sandy matrix.

- Unit IV is 1.1 m thick and consists mostly of interlayered silts and
fine sands. The base of this unit lies at Haps 2987.8 m. A layer of
medium sand in the lower part of unit lies close to the contact with
glaciolacustrine sands. Two samples (228432, 228433) were taken
from the Unit’s IV lower part.

In between Unit IV and Unit V is a layer of coarse sand and the layer
of pebbles with sandy matrix.

- Unit V has a thickness of 3.44 m and consist of interleaved silts and
fine sands. The base of this unit lies at Haps 2990.1 m. Silty layers
contain floating surfaces with microbial disturbances. Within these
layers there are two layers of rounded granules and pebbles with a
sandy matrix in the lower and in the upper parts of the unit. From the
lower and the middle parts of Unit V two samples (228435, 228436)
were taken.

- Unit VI is 3.44 m thick and represented by silty deposits with fine
sand layers. The base of this unit lies at Haps 2993.9 m. Six OSL
samples (228437, 228438, 228439, 228440, 228441, 228442) were
taken here.

Well-washed massive sands lie between Unit VI and Unit VII, total
thickness ~15.5 m.
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Fig. 2. (a) Physiography of the Sary-Shitharv valley, with the location of the profile A-B (see Fig. 3); (b) general view of the Sary-Shitharv canyon with lacustrine
deposits on the right side of the valley (1) and of the southern slope of Shakhdara Range with series of the moraine ridges (2); (c) sections of lacustrine deposits in the
northern slope of the moraine block; (d) structure of the lacustrine silts and fine sands.

- Unit VII consists of layers of silts. The base lies at Hyps 3012.9 m. In
the lower part, there are coarse sandy layers. In the middle of unit
there is a layer of rounded granules and pebbles within a sandy
matrix. Total thickness of Unit VII is 2.9 m. We took four OSL samples
(228443, 228444, 228445, 228446, 228447) from the lower part of
the unit with sandy interlayers.

- The interval between Units VII and VIII is represented by sands (8.3
m thick) with a 3.8 m thick layer of silts on the top.

Unit VIII has thickness of 2.1 m. The base of this unit lies at H,ps
3027.9 m. There is a 1 m thick layer of coarse gravel in a sandy matrix at
the bottom of the unit. Two OSL samples (228449, 228450) were
selected from silts above this layer.
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Fig. 3. Sary-Shitharv valley transect with the left bank section. See the location in Fig. 2A.
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The uppermost part of the glaciolacustrine deposits is found at the
level of 50.5 m above the water level (H,ps = 3032.5 m).

3. Sampling and experiments
3.1. Sampling and processing

Fieldwork was carried out in 2022-2023. Within the surface and the
northern slope of the inner moraine in the Sary-Shitharv valley seven

sections of lacustrine sediments were identified, and 50 m of deposits
described. To determine when the lacustrine deposits formed, we took

25 samples for luminescence dating by inserting at least one metallic
cylinder into each of the seven sections after cleaning the sediment
surface (see Fig. 3, sections are marked with Roman numerals). Poten-
tially bleached material from the ends of the cylinders was removed and
used to determine the dose rate (about 150-180 g). Sample preparation
included standard chemical procedures (Murray et al., 2021): wet
sieving to obtain a fine sand fraction (63-90 pm), followed by treatment
with 10% solutions of HCl, H,O5, HF, HCl. Chemical cleaning was fol-
lowed by density separation of quartz/plagioclase and K-rich feldspar
using a 2.58 g cm™> sodium polytungstate solution. The heavier
quartz/plagioclase fraction was further treated with 40% HF for 1 h for
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clean the quartz and remove any feldspar and remaining accessory
minerals, before a final 10% HCI treatment. From the twenty-five field
samples, we obtained K-rich feldspar and quartz grains for twenty-three
(two samples were lost during sample preparation).

3.2. Luminescence measurements

Luminescence measurements were undertaken on standard Risg TL/
OSL readers equipped with calibrated *°Sr/°°Y beta sources using Risg
calibration quartz mounted on stainless steel cups (Hansen et al., 2018;
Autzen et al., 2022). Quartz OSL signals, detected through a Hoya U-340
glass filter, were measured at 125 °C using blue-light stimulation for 40 s
using a SAR protocol (Murray and Wintle, 2000, 2003). The quartz OSL
signal was dim, with slowly decaying signals and is unsuitable for dose
estimation (Wintle and Murray, 2006; Murray et al., 2021); our chro-
nology of the Sary-Shitharv section is based entirely on post-IR IRSL
signals from K-rich feldspar.

The equivalent doses of K-rich feldspar fine sand grains (63-90 pm)
were determined using SAR post-IR IRSL protocols with first stimulation
at 50 °C or 200 °C and subsequent stimulation at 290 °C (pIRIR50,290 Or
PIRIR200,200) (Li and Li, 2012; Buylaert et al., 2012). IRSL signals were
detected through the blue filter pack (Schott BG3 and BG39 filters). The
preheat and cut-heat was 320 °C for 60 s and all IR stimulations lasted
for 200s. Late background subtraction was used for net IRSL signal
calculation using the initial 2 s minus the last 50 s of the decay curve. No
correction was made for possible signal instability. IRso, IR200, PIRIRs50,
290 and pIRIR200,290 dose response curves were fitted using Analyst v4.57
with a single saturating exponential to derive D, values (Duller, 2015). A
test dose of 30-50% of the measured D, was used (Yi et al., 2016).

3.3. Dosimetry

Radionuclide concentrations were measured using high resolution
gamma spectrometry calibrated using method described in (Murray
etal., 1987, 2018). Samples were dried, ground, ignited at 450 °C for 24
h, and mixed with high viscosity wax before casting in a cup-shaped
mould. These casts were then stored for 21 days to allow 222Rn to
reach equilibrium with its parent 22Ra before analysis. The resulting
225Ra, 2%2Th and “°K activity concentrations were converted to dry
infinite-matrix dose rates following Guérin et al. (2012). Water content
corrections were as described by Aitken (1985) and cosmic ray contri-
butions derived from (Prescott and Hutton, 1994). For the calculation of
the K-feldspar internal beta dose rate we used the standard assumption
of 12.5 £+ 0.5% K and a Rb concentration of 400 + 100 ppm (Huntley
and Baril, 1997; Huntley and Hancock, 2001)

228426

2.0 1

1.5 1
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E . 25045 l) 50 100 150 200
j 1.0 | g 2.0e+5
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4. Results

4.1. Luminescence dating results: dosimetry, luminescence characteristics
and ages

Dose rates were calculated from the gamma-spectrometry activity
measurements given in Table S1. The radionuclide concentrations are
relatively high and do not vary much down the section; total dose rates
to feldspar range between 3.25 + 0.15 and 4.19 + 0.18 Gy/ka.

The IRs0, IR200 and pIRIR5g 299 and pIRIR200,290 De values are sum-
marized in Tables S2-S3. As expected, the IRs( signal gives the lowest D,
values, the IRzgo De values lie in the middle and the pIRIRs0 299 and
PIRIR200,290 De values are the highest. The IR5¢ to IR29o and the IRy to
IR299 De ratios are 0.340 + 0.011 (n = 19) and 0.79 + 0.02 (n = 13),
respectively. These ratios indicate that both signals are not as stable as
the pIRIRyg¢ signal and therefore we do not use the IR5y and IRggp De
values for age calculation. The average pIRIRs0290 to pIRIR200 290 De
ratio is 1.04 £ 0.05 (n = 13) which suggests that an IRsg bleach was, for
these samples, sufficient to isolate a stable signal (Buylaert et al., 2012).
Fig. 4a and b shows a typical feldspar dose response curve for a sample
with the natural pIRIRy00, 290 signal in saturation (228426) and one for
which it can be easily interpolated on the dose response curve (228432).
We have measured in total thirteen pIRIR200,290 dose response curves up
to 1473 Gy for five samples (228426, 27, 28, 30, 31) and the average
2xD. value from the exponential fit is 773 + 8 Gy. Based on this value we
only give minimum ages for samples with a D, > 800 Gy.

In terms of laboratory tests, recycling ratios were very close to unity
for all signals (e.g. for pIRIRs5g 290: 0.978 & 0.011, n = 136). We have
also carried out a dose recovery test using four samples (228432, 38, 41,
44; 6 aliquots per sample) that were bleached in a solar simulator for 2
days. Three aliquots were used to measure the residual dose and the
other set of aliquots was given a large beta doses of 450 or 600 Gy. After
subtraction of the residual dose we obtained dose recovery ratios
ranging between 1.14 + 0.07 and 1.39 + 0.17. Only the lowest ratio can
be considered as satisfactory although the larger is only just more than
20 from unity; this requires further investigation. One possible cause is
that bleaching in the solar simulator is causing an unwanted initial
sensitivity change for which SAR cannot correct; if so, this is not a
problem for measurement of natural signals and doses. Another possi-
bility is an initial sensitivity change during the first heat treatment not
successfully corrected for by the natural test dose (e.g. Qin et al., 2018).
A SARA measurement (Mejdahl and Bgtter-Jensen, 1994) can test for
this, but at the time of writing a suitable young sample to which to add
large doses is not available.

There is no trend with depth in the pIRIR50 299 ages of Fig. 3 (and

228432 b)
2.0 A
15— ———————
I
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Fig. 4. a) Feldspar pIRIR20,290 dose response curve for sample 228426 showing a fully saturated sample (natural level shown as a dashed line). b) Same as in a) but
for sample 228432 which is not in field saturation (interpolation of natural signal shown as dashed lines). Recuperation and recycled points are shown as open
triangles and open circles, respectively. Insets show natural stimulation curves measured at 290 °C.
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Table S2), and the average pIRIR,gg age (IR29o preceded by either IRsg or
IR300) for the entire sequence is 164 + 4 ka (n = 32, random un-
certainties only). Including systematic uncertainty component would
give an age of 164 + 11 ka as the best estimate of the time of sediment
deposition. Unfortunately, we do not have a reliable quartz OSL signal in
our samples which would allow us to discuss the completeness of
bleaching at an individual sample level. However, if we consider the
thirty-two finite pIRIRyg( ages over the 50 m sequence we observe that
these data have a relative standard deviation of only 15%. The pIRIR299
signals of these samples are not saturated and have clearly been uni-
formly bleached at some point in the past. If this set of finite ages was
affected by partial bleaching, we would expect the standard deviation
probably to be considerably larger, since it is difficult to accept that the
degree of partial bleaching would remain constant over the thousands of
years of deposition represented by this deposit. In our view, the most
likely conclusion is that these samples were sufficiently bleached, and
that this occurred shortly before or during the last sediment transport.

5. Discussion

5.1. Previous studies of glaciation history of the Pamirs and its
mountainous surrounding

The glacial history of the Pamir mountains has been reconstructed
earlier using basic geological and geomorphological data, mainly from
the correlation with the river terraces (Dodonov, 2002). The first study
using numerical dating CRN and **C was conducted in the southwestern
part of the lake Yashilkul basin in the Eastern Pamirs (Zech et al., 2005).
They identified four generations of glacier moraines that descended
from the Bogchigir Range into the valley of the Alichur and the Gunt
rivers. Based on '°Be dating, a first glacial chronology for the Late
Pleistocene was obtained: the oldest and most extensive glaciation of the
Late Pleistocene took place during the cold phase of MIS 4 (~60 ka),
when ice filled the main valley of Yashilkul lake. The next stages of the
glacier advance occurred at ~40 and ~27 ka during the cold phases of
the MIS 3. The last glaciation occurred at the LGM (~19 ka) and was the
smallest in area; this is explained by the increased aridity in Central Asia
towards the end of the Late Pleistocene, starving glaciers of precipita-
tion. Further clarification of the glaciation chronology of the Yashilkul
lake area showed that local LGM took place during MIS 5, when the
valley of the Gunt River and the basin of the lake were filled with ice
(Rohringer et al., 2012). The authors explained such scales of glaciation
by the intensification of western transport and monsoon circulation.
During MIS 2, there were two stages of glacial advance at ~28 ka and 24
ka, and the deglaciation of the area began ~21 ka ago.

A comprehensive study covering the Pamir-Alay region examined
traces of glaciation on the Muzkol, Turkestan, Alay, Southern Alichur
ranges and in the Yashilkul lake area (Abramowski et al., 2006). This
research identified the oldest erratic boulders in the Pamirs, and spec-
ulated that they could have been deposited during Early Pleistocene
glaciations. However, these yielded °Be age closer to the Middle
Pleistocene (>93-136 ka) and are considered to be underestimates. For
the Late Pleistocene, eight stages of glacial advance were determined
(~80-60 ka, ~55-40 ka, ~27-25 ka, ~22-20 ka, ~19-17 ka, ~16-15
ka, ~15-13 ka and ~11-9 ka), each becoming smaller in area towards
the present. Nevertheless, expansion of glaciation did occur during cold
climate periods, despite speculation to the contrary (see Introduction),
although the regional LGM occurred earlier than the global LGM due to
an increase in climate aridity at the end of the Late Pleistocene. More-
over, glaciers at high absolute altitudes reached their maximum during
MIS 4 due to increasing aridity, and those at lower elevations, during
early MIS 3.

The study of the Hissar Range glaciation showed that in the Late
Pleistocene glaciers in western part of the Pamir-Alay mountain system
reacted to temperature fluctuations more sharply than the Pamirs gla-
ciers (Zech et al., 2013). Therefore, regional main glacial advances took
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place here during MIS 4 and MIS 2, when summer insolation and tem-
perature had decreased. This work also presumed the existence of older
Middle and Early Pleistocene glaciations, when the Pamir-Alay territory
was at lower altitudes and monsoons could reach the Hissar Range.

In the southeastern Pamirs, studies were conducted in the Tashkur-
gan valley separating the Pamirs, Karakoram, and Tibet (Owen et al.,
2012), and in Waqia Valley, Chinese Pamir (Hedrick et al., 2017). Four
moraine complexes were identified in this region: the Dabudaer glacial
stage (Middle Pleistocene), the Tashkurgan glacial stage (MIS 4), the
Hangdi glacial stage (early MIS 2) and the Kuzigun glacial stage (late
MIS 2). In the Wagia valley glacial advances occurred in both early and
late MIS 6; these advances probably formed the Wagqia Palaeolake dur-
ing MIS 6, which then drained sometime between ~100 and ~60 ka
(MIS 4) (Hedrick et al., 2017). These researchers also noted that local
maximum glacial extent was at the beginning of the Late Pleistocene,
whereas it occurred during MIS 3 in more southern mountainous areas
exposed to the monsoon (Owen et al., 2012).

CRN dating of glacial deposits in the valley of the Muksu River in the
Northern Pamirs showed that the only preserved complex of moraines
(five lateral and one terminal) in the Fedchenko glacier area was formed
during the last glaciation ~17 ka ago during MIS 2 (Grin et al., 2016).
The timing of the last glaciation was determined only by one preserved
moraine, traces of previous glaciations had been erased either by the last
glaciation or by river erosion.

Traces of ancient glaciation in the western Pamir were studied in the
valleys of the Shakhdara, Gunt (Stiibner et al., 2017, 2024) and Bartang
(Stiibner et al., 2021) rivers. It was concluded that the most extensive
glaciation of the Pamirs occurred in the Middle Pleistocene, when a large
part of the Southeastern Pamirs was probably covered by an ice cap. This
ice, moving to the west, filled the valleys of the Shakhdara, Gunt and
Panj rivers. Our site of Sary-Shitahrv is located in this part of the Panj
basin.

5.2. MIS 6 glaciation from luminescence dating

The chronological constraint on the glacial-dammed lake at Sary-
Shitharv is based on thirty-two finite pIRIRy9y ages. The lacustrine-
glacial sequence probably represents a single rapid stage of accumula-
tion within a few thousand years or less. Formation of the lake began in
late MIS 6, when the glacier that filled the main Panj Valley formed
either an ice or moraine dam at the Sary-Shitharv valley outlet. Layers
alternating from silts to coarse-grained material within one stratigraphic
unit probably reflect changes in the lake regime. Oscillations of a large
glacier in the Panj Valley would have affected flow in the glacial dam-
med lake; lowering the ice level would have drained the lake and led to
accumulation of coarse-grained particles. Conversely, ice level increases
would have closed the lake, allowing fine particles to accumulate.

The assumption of a large glacier in the Panj River valley during the
most widespread glaciation was first proposed by Zabirov (1955). Ac-
cording to the altitude of the palaeo-equilibrium line altitude (ELA -
elevation where annual accumulation and ablation are equal, a direct
proxy for annual mass balance), Zabirov suggested that the dendritic
glacier was located along the southern foot of the Shakhdara Range in
the upper reaches of the Panj River. It formed at the confluence of gla-
ciers descending mainly from the lateral gorges of the Hindu Kush and
partly from the Shakhdara and Ishkashim ranges near from highest
peaks — Karl Marx (6723 m), Engels (6507 m) and Mayakovskiy (6096
m). The Pamir and Wakhandarya rivers valleys, which at the confluence
form the Panj river, were ice-free.

Thick glacial deposits have been described before in the upstream
Panj and in the Pamir River and Wakhandaria River valleys (Stiibner
et al., 2017). These moraines were formed by a large valley glacier
which existed during the most extensive documented glaciation in the
southern Pamir. This dendrite glacier extended westward from the south
east Pamir Plateau; the latter was covered by an ice cap in the Middle
Pleistocene. The timing of this glacier was assumed from the CRN ages of
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two roches moutonnées (142 + 10 ka, recalculated in Stiibner et al.,
2021) located close to the lateral moraine ridge in the lower Gunt Valley,
200 km downstream. At this site, the moraine material is ~200-300 m
thick and roches moutonnées are ~110 m above the valley floor. The
boulder ages (188 =+ 15 ka) of the 50-100 m thick diamictic hummocky
deposits of the Bachhor unit (Stiibner et al., 2024), located in the higher
Gunt Valley, provide further evidence for the glaciation time.

Absolute dating of the Middle Pleistocene deposits in the Pamirs is
rare. In the overwhelming majority of the Central Asian regions, the
glacial chronology covers only the last glacial cycle (Zech et al., 2005;
Seong et al., 2009; Owen et al., 2012) with the oldest dated glacial
advance in Pamir placed within MIS 5 (Rhoringer, 2012). Our new data
fit well with the modern glacial chronology for MIS 6 in the Pamirs.
Glaciers of the arid regions of Central Asia, to which the Pamirs belong,
peaked between MIS 6 and MIS 4; during MIS 2-3, glaciation cover was
much smaller (Batbaatar, 2018). Boulders of a Middle Pleistocene
moraine (the matrix of which has been completely washed away) were
described in the Kol-Uchkol-Gurumdy area (SE Pamir). The moraine has
been left by an MIS 6 or even earlier glacial advance (Abramowski et al.,
2006). In Gissar Valley, to the west of the Pamir, the most extensive
glaciation(s) occurred during MIS 6 or earlier and had an ELA depression
of ~550 m (2300 m-3400 m) (Zech et al., 2013). As for the SW Pamirs,
based on the results of studies in the lower reaches of the Gunt River, it
was concluded that the most extensive glaciation of the Pamirs could
have been either a single stage or several stages during the Middle
Pleistocene (MIS 8, 10 or 12), up to MIS 6 (Karasu, Dabudaer stages)
(Stiibner et al., 2021, 2024).

Our new dating results obtained for the Sary-Shitharv are also in
good agreement with data from the Wagqia valley (Chinese Pamir),
where a large Waqia Palaeolake may have been glacially dammed
(Hedrick et al., 2017). The lacustrine deposits in this lake are also
composed of thick beds of laminated silts with thin lenses of granules
and pebbles clasts. The glacial advance in the Wagia valley began in the
early MIS 6 or earlier and took place up to the late MIS 6. During MIS 6
the Wagqia Paleolake had a stage of lacustrine and fluvial deposition
(~208-103 ka).

6. Conclusion

The glacial history of the Pamir mountains has been reconstructed
earlier mainly using geological and geomorphological data, and, in
recent years, CRN dating. In the southeastern Pamirs, a region where the
glacial history of the whole region is best preserved, traces of the most
extensive glaciation were identified for the Middle Pleistocene, when a
large part of the mountains was probably covered by an ice cap which,
when moving to the west, filled the large river valleys Shakhdara, Gunt
and Panj (Stiibner et al., 2021, 2024). As a result of geomorphological
studies and geological surveys we for the first time identified a thick
lacustrine deposit at high altitudes in the main tributary of the Panj — the
valley of the Sary-Shitharv River. These lacustrine series indicate that
the valley was blocked by a large glacier filling Panj River valley, and
formed a lake within the Sary-Shitharv tributary. We used two signals
from K-rich feldspars pIRIRsg 290 and pIRIR200,290 to obtaining lumi-
nescence age control. The ages from both protocols are indistinguish-
able, and do not change systemjatically over the 50 m sediment
sequence; these ages place the glacially-dammed lake at Sary-Shitharv
valley in MIS 6 (average age: 165 £ 11 ka, n = 32). The pIRIR age is
in good agreement with the existing CRN chronology on roches
moutonnées (142 + 10 ka) at the lower reaches of Gunt river, a valley
~200 km downstream from Sary-Shitharv. Our pIRIR ages are also in
good agreement with data from the Wagqia valley (Chinese Pamir),
where a large Wagqia Palaeolake may have been glacially dammed by
glacial advance in the early MIS 6 (Hedrick et al., 2017). Thus, we
conclude that The MIS 6 age of the Sary-Shitharv glacially-dammed lake
fits into the framework of the glacial history of the Pamirs.
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