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Figure 1 Overview of the study areas and locations of the sections. For locations of the sections in southern and central parts, please see Fig. 4. The
ancient towns cited in the text are: O Yuansha; @ Kaladun; @) Niya; @ Yatonggusi; ® Andier. Data about glaciers are from the National Earth System

Sciences Data Center (http://www.geodata.cn)
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Figure 2 Distribution of sand drifting potentials in the Taklamakan Desert. 6 m s™" as the threshold wind velocity; vu: Vector unit
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Figure 3 OSL decay curves of natural doses and regenerative doses of 10 Gy (a, d, g), D, determination using the regenerated OSL responses (b, ¢, h),
and D, distributions (n=19) of the samples H-OSL-1, H-OSL-2 and J-OSL-1 (¢, f, i) (n=19)
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Figure 4 Sedimentary sequences, hydrological network and landforms in the catchment of the Niya River, Taklamakan Desert. White dots are silty,
slack-water sediments identified during field work and/or interpreted from remote sensing imageries. See Fig. 1 for the location of section K
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Figure 5 Field photos showing changes of sedimentary facies. (a) Dry cracks on the top of slack-water deposits in the lower part of section A; (b)
sedimentary features formed by former eddy currents in rivers in section A; (c) overview of section B; (d) ripples formed under water at the bottom of
section B; (e)—(h) showing overviews of the sections marked on the photos. For the sketches of the profiles please see Fig. 4.
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Table 1 Optically stimulated luminescence (OSL) ages and values of associated parameters

5 % (em)  U(ppm) Th(ppm) K(%) PIKE%) FEF(Gyka) WHEN)  FRGEGy)  F#(ka)
A-OSL-1 414 1.62+0.03 7.50+0.22 1.59+0.03 10£5 2.48+0.09 19 14.2+0.9 5.7+0.4
A-OSL-2 349 1.59+0.03  7.58£0.23  1.67+0.03 10+5 2.57+0.10 19 14.3+0.9 5.540.4
A-OSL-3 334 1.73+0.03 8.11+0.24 1.86+0.04 10£5 2.82+0.11 19 14.4+1.5 5.1+£0.6
A-OSL-4 319 1.66£0.03  7.66+0.23  1.61+0.03 1045 2.54+0.10 19 9.8+1.0 3.9+0.4
A-OSL-5 289 1.83£0.04  8.04£024  1.69+0.03 1045 2.68+0.10 19 8.8+0.9 3.3+0.3
A-OSL-6 186 2.1240.04  9.68+0.29  1.76£0.04 1045 2.94+0.11 19 12.6+1.4 4.340.5
A-OSL-7 154 1.95:0.04  8.65£0.26  1.62+0.03 1045 2.72+0.10 19 12.2+1.2 4.5+0.5
A-OSL-8 44 224+0.05  9.51+029  1.65+0.03 1045 2.95+0.10 19 12.6+1.2 4.3+0.4
B-OSL-1 175 1.8240.04 8454025  1.62+0.03 1045 2.65+0.10 19 36.7+1.1 13.8+0.7
B-OSL-2 150 1.95+0.04  10.09+0.30  1.36+0.03 1045 2.56+0.09 19 28.2+1.7 11.0+0.7
B-OSL-3 135 1.88+£0.04  8.75+0.26  1.95+0.04 1045 3.01+0.11 19 27.7+1.3 9.240.6
B-OSL-4 40 1.90£0.04  9.80£0.29  1.49+0.03 10+5 2.71+0.09 19 24.942.2 9.240.9
B-OSL-5 30 1.82+40.04 8724026  1.57+0.03 1045 2.72+0.10 19 8.6+0.7 3.240.3
C-OSL-1 150 1.6240.03 7474022  1.62+0.03 1045 2.55+0.10 19 45.6+1.2 17.9+0.8
D-OSL-1 75 1.5740.03  7.94+024  1.46+0.03 1045 2.46+0.09 19 45+0.4 1.8+0.2
E-OSL-1 172 1.43+0.01 7.08+0.21 1.63+0.03 10£5 2.48+0.10 19 5.1+£0.4 2.0+0.2
E-OSL-2 75 1.39+0.01  5.98£0.18  1.65+0.03 1045 2.47+0.10 19 3.240.2 1.3+0.1
F-OSL-1 342 1.494+0.01 7.20+0.22 1.60+0.03 10£5 2.45+0.09 19 94.8+1.3 38.8+1.6
F-OSL-2 292 1.6840.03  8.1740.24  1.72+0.03 1045 2.67+0.10 19 57.5+2.1 21.6+1.1
F-OSL-3 270 1.56£0.03  7.25£0.22  1.67+0.03 1045 2.54+0.10 19 49.2+1.8 19.4+1.0
F-OSL-4 167 1.41+0.03 6.44+0.19 1.81+£0.04 10£5 2.61+£0.10 19 36.4+2.7 14.0+1.2
F-OSL-5 114 1.79+0.04  8.96+£0.27  1.61+0.03 1045 2.70+0.10 19 56.2+0.8 20.9+0.8
F-OSL-6 82 1.56+0.03  7.38+0.22  1.61+0.03 1045 2.56+0.10 19 58.2+0.8 22.7+0.9
H-OSL-1 85 1.6240.03  8.07+0.24  1.56+0.03 1045 2.56:0.09 19 191.946.7 75.043.8
H-OSL-2 35 1.5140.03  7.08+0.21  1.57+0.03 1045 2.52+0.09 19 188.7+5.5 74.843.5
J-OSL-1 115 1.53+0.03  6.48+0.19  1.62+0.03 1045 2.48+0.09 19 135.343.6 54.742.5
J-OSL-2 50 1.3120.01  6.32+£0.19  1.67+0.03 1045 2.50+0.10 19 124.342.2 49.742.1
K-OSL-1 212 1.474+0.01 6.83+0.20 1.52+0.03 10£5 2.35+0.09 19 5.1+0.1 2.240.1
K-OSL-2 167 1.6840.03 8354025  1.38+0.03 1045 2.39+0.08 19 5.440.5 2.240.2
K-OSL-3 152 1.61£0.03  6.89+0.21  1.81+0.04 1045 2.68+0.11 19 5.8+0.2 2.240.1
K-OSL-4 72 1.73+0.03 8.41+0.25 1.70+0.03 10£5 2.74+0.10 19 5.9+£0.6 2.2+0.2

K-OSL-5" 62 1.8740.04  8.824026  1.68+0.03 1045 2.79+0.10 19 2.120.1 0.7+0.1
K-OSL-6" 37 1.92+0.04 9.21+0.28 1.70+0.03 10£5 3.39+0.14 19 2.6+0.1 0.8+0.1
K-OSL-7" 2 2.13+0.06  10.58+0.32  1.66+0.03 1045 3.61£0.14 19 1.5+0.1 0.420.1
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Figure 6 Examples for the frequency distribution of grain sizes of
various types of sediments (Letters indicate the names of the profiles,
and the numbers refer to the depth of sampling). Compared to aeolian
sands, fluvial sediments contain a larger range of particle sizes and with
a lower degree of sorting. Lacustrine sediments are finer and with an
intermediate level of sorting while the slack-water deposits are the finest.
The mean grain size and frequency-dependent magnetic susceptibility of
all samples are presented in Fig. S1.
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Figure 7 Palacoclimatic changes during the last 80ka in the
Taklamakan Desert and its surrounding regions, reconstructed from
various records. (a) Moist periods identified in the interior of the
Taklamakan Desert. The green bars are from this study and the light
green is cited from Ref. [21]. (b) Temperature anomalies in comparison
to that of the last 1 ka, reconstructed using JD in the ice core of the
Antarctic®?”. Light red line was from the original Ref. [27]. The red
shows the 1 ka moving average and the orange arrows indicate periods
of rapid warming. (c) Rate of changes of temperature in the Antarctic
with Ska time window. Orange and blue lines indicate distinctly
(P<0.05) warming and cooling, respectively, while black represents
trends without significance. Grey indicates the error bar of +20. (d)
Moist periods identified in the interior of the desert during the last 10 ka.
The green bars are from this study and the light green is from Ref. [21].
(e) Ancient towns in the interior of the desert, including Yuansha and
Kaladun in the lower reaches of the Keriya River™; Niya in the lower
reaches of the Niya River™ and Andier in the lower reaches of the
Andier River™. (f) Moisture changes interpreted from environmental-
magnetic features in the loess sections located in the northern slope of
Tianshan Mountains””. (g) Moisture evolution in Central Asia,
reconstructed from a Kyrgyz loess section”". (h) Lake level changes

of Lake Qinghai reconstructed from the thaumarchaeol production in the
core QH2011[32]
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The Taklamakan Desert, with an area of 337600 km” and located in the Tarim Basin of southern Xinjiang, is the largest
sand sea in the mid-latitudes on Earth. Previous understanding about palacoclimate of this vast arid landscape was mostly
deciphered from loess sequences found in the surrounding mountains, while only a few in situ investigations in the sand sea
were carried out. In light of the advances in the optically stimulated luminescence (OSL) dating techniques during the last
decades, reconstructing palaecoenvironmental changes via studying aeolian sands in the interior of sand seas can now be
achieved by careful observations in the field and by application of improved protocols of OSL dating methods. We used the
new multiple-aliquot regenerative-dose (MAR) protocol with carefully selected preheat conditions of 230°C for 10 s to
date all samples which are distinctly younger than the upper age limit of this dating procedure, confirming that our
chronology is scientifically robust.

This paper reveals facies changes and the OSL chronologies of nine sedimentary sections showing interactions between
fluvial, lacustrine (including slack-water) and aeolian processes in the central part of the Taklamakan. At present all sites of
these sections are undergoing aeolian processes. The occurrences of fluvial and lacustrine (including slack-water)
sediments in these sections indicate that many parts of the sand sea were shaped by rivers and inundated by water for long
durations in the past. The initiations of occurrence of rivers and lakes (including slack-water) show some cyclicity
according to the OSL ages.

Our palacoenvironmental interpretations of the different sedimentary facies in the field are supported by the data of
palaeoclimatic proxies including color, grain sizes and magnetic susceptibility. The nine sections collectively suggest that
three moist periods occurred in the Taklamakan Sand Sea since the late Pleistocene, i.e., ~70-50 ka (1 ka = 1000 years
before 2010 CE), the late glacial of the last glaciation (~17—11 ka) and the late Holocene (~5-2 ka). During these moist
periods, wetlands like fluvial channels, lakes (including slack-waters) occurred in the interior part of the Taklamakan, in the
lower reaches of the Keriya and Andier Rivers and in the southern side of the Tarim River. The timing of the moist
conditions in the Taklamakan Desert concurred with the intervals when global temperatures shifted from cold to warm
stages. Thus we deduce that the wetter conditions in the Taklamakan were likely associated with increased runoffs of the
rivers flowing into the desert with headwaters in the surrounding mountains. The amount of runoffs was dependent on
regional precipitation and more importantly on the melting of snow and glaciers in the headwater regions.

Palacoclimatic simulations indicate that moistures of the Taklamakan Desert were transported mainly by mid-latitude
westerlies both during the last Glacial Maximum and the Mid-Holocene. It is likely that the southward shift of westerlies
due to the intensifying of Arctic Oscillation resulted in more orographic precipitations in the surrounding mountains of the
Taklamakan Desert. We conclude that the increase of runoffs due to the increased melting of snow and glaciers during the
transitional periods from cold to warm intervals allowed for the development of wetlands and provided water resources for
the prosperity of early civilizations in the largest desert of China. Thus the features and driving factors of late Quaternary
palaeoenvironmental changes in the Taklamakan are different from those in the middle and eastern portions of the desert
belt in northern China where the palacoclimate fluctuations were largely triggered by the monsoon system.

sand sea, geomorphology, Quaternary, environmental change, optically stimulated luminescence (OSL) dating
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