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Fig. 1 The sampling site and location of Lake Kusai in northern Tibetan Plateau
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Fig. 2 The characteristics of varved sediments from Lake Kusai under a microscope (a) and biological debris (b)

(light yellowish-brown and bright half-moon-shaped fragments are cladocera and ostracod shells, respectively)
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Fig. 3 Points of energy spectrum analysis on coarse
particle layer of varved sediments from Lake Kusai

under the scanning electron microscopy
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Fig. 4 Points of energy spectrum analysis on fine particle
layer of varved sediments from Lake Kusai

under the scanning electron microscopy
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Table 1 The results of mineral compositions by energy spectrum analysis on coarse particle layer of varved sediments from Lake Kusai

s SERAR ) ~

R C 0O Na Mg Al Si S Cl K Ca Fe RUT 4
S1 29.23 40.12 1.57 0. 80 3.49 19.72 0.73 0. 36 1.08 0. 33 2.58 pag s
S2 19.72 45.57 3.21 0.75 5.75 20. 28 0. 44 1.37 0.28 2.63 pag i3
S3 17.27 47.83 0.76 1.20 3.46 23.84 0.53 0.83 0. 36 3.91 =tk
S4 17.23 49.78 0. 24 0. 31 32.13 0. 31 1YL
S5 14.68 51.70 0. 34 32. 64 0.22 0. 44 pag
S6 20. 14 A47.47 0.22 0.37 31.21 0.59 15
S7 15.73 46. 83 1.72 0.24 6.38 21.97 7.13 KA
S8 24.92 44,72 0. 54 1.93 3.83 16. 67 0.49 0.41 1.35 1.49 3. 66 = E
S9 28.02 44. 25 0.66 2.12 4. 60 11.82 0.78 0. 46 2.00 2.05 3.24 =B
S10 16. 54 50. 17 0. 34 32.68 0.27 A1
S11 16.77 50.02 0.28 32.59 0. 34 Pag
S12 18. 06 49.23 0. 38 32.10 0.24 1YL
S13 18. 82 46. 67 4.71 0.24 6.02 21.63 0.47 0.61 0.82 KA
S14 19. 48 48. 05 0.32 31.67 0. 47 FaE
S15 19.33 49.14 0.33 30. 85 0. 34 Fag
S16 19. 57 47.33 0.31 0. 45 1.71 28.51 0.70 0.41 1.01 1YL

*2 ERVUETHATHNETWARMEESTER
Table 2 The results of mineral compositions by energy spectrum analysis on fine particle layer of varved sediments from Lake Kusai
— 0,

RIS C O Na Mg )Ahl%éﬂﬁi( A;l S Cl K Ca "WYY
S1 17.82 46. 10 1.73 1.02 1.28 3.76 0.98 0.41 26.90 A
S2 22.52 44.51 1.62 1.11 1.18 3. 66 1.31 24.10 A
S3 20.62 43.42 1.57 1.21 1. 10 3.45 1.32 0.35 26.95 XA
S4 20. 86 43.12 0.99 1.12 1. 10 3.67 0.67 0.41 0. 40 27.67 XA
S5 23.98 39.93 0.75 1.12 1. 10 3.74 0. 60 0.35 28.42 p¥a

X — R )2 1) XRD s Ar 5 R R R A )20
R FPHT YIEFEEAE KO A+
IR RS KRB CA (B 5, % 3. HEE ik 13%
~20%.

xk3 ERHLER-RBEMXREE
¥R 4> %t Eb (#& Liu et al. ,2014)
Table 3 The comparison of mineral compositions between

single dark and light layers (after Liu et al. ,2014)

- WA L0

Witk Taam|ana] ko A2 imG] X6
LL-1 34 10 5 29 3 6 14
LL-2 41 8 2 17 2 9 20
LL-3 51 7 4 21 — 3 13
DL-1 81 6 1 11 — 2 —
DL-2 72 7 3 15 — 3 —
DL-3 67 8 5 19 — 2 —

TE:LL-1~LL-3: Hi—#&k )2 ; DL-1~DL-3. H—%HAJR,
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Fig. 5 The XRD diffractograms and mineral compositions of a single dark layer (a, measured on the area

between the red dotted lines) and a single light layer (b, measured on area between the red dotted lines)
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Fig. 6 The results of electron spectroscopy analysis in varved sediments of Lake Kusai (a)
(b, c are results of silicon and calcium respectively)
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Fig. 7 The uXRF scan results of element Ca in varved sediments from Lake Kusai
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Fig. 8 Surface textures of quartz grains formed in different sedimentary depositional environments
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(a)—The coarse particle layer in varved sediments of Lake Kusai; (b)—the mixed coarse and fine layer in varved sediments of Lake Kusai;
(c¢)—aeolian dust samples deposited in the ice of Lake Kusai; (d)—dune samples near the road from Hutugou town to Altun Mountains;

(e)—dune samples near the highway from Golmud to Manya; ({)—{fluvial sediments in paleochannel in lower reaches of Golmud River
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Abstract

The varved lake sediments are one of important archives for high-resolution paleoclimate and
paleoenvironment studies, and studying their sedimentary mechanism could provide an important basis for
high-resolution paleoclimatic and paleoenvironment reconstructions. In this paper, observation of
petrographic thin sections under microscope, and micro-area analyses, such as scanning electron
microscope, as well as X-ray diffraction analysis, and synchrotron radiation X-ray fluorescence analysis,
are used to study morphology, deposition and mineral characteristics of varved LLake Kusai sediments in the
Hoh Xil region of Northern Qinghai-Tibetan Plateau, and thus to investigate their sedimentary process and
mechanism. The results show that Varved Kusai L.ake sediments are very steadily and well rhythmically
laminated with interaction of light and dark layer.. The dark layers are made of grey brown or black brown
coarse material with middle rounded and poor sorted grains, composed of quartz, feldspar, mica, and clay
minerals, among which quartz accounts for about 73%. The features of the dark layers are quite similar to
those of aeolian deposits. The light layers are made of gray and white thin material, composed of quartz,
feldspar, muscovite, and clay minerals. The light layers contain authigene minerals such as aragonite.
Meanwhile the light layers include many half-moon-shaped ostracod shells and cladocera remains. Thus,
we suggest that dark layers are formed by coarse sand and silt that were deposited on lake ice by aeolian
processes during winter when the temperature is low and the wind is strong. Upon ice thawing during
summer, these sands and silts may be released and deposited into lake sediments to form dark layers
(coarse particle layer). We interpret the light layers (fine particle layer) to represent summer season
accumulations, when thin materials are transported to the lake center by high discharge caused by snow
melting and high precipitation. Authigene minerals such as aragonite deposited under the condition of high
evaporation, and ostracodes and cladogram grew in warm temperature conditions. In Lake Kusai,
authigene biological action and chemical action enhance, biological activity strengthen. Thus the light

layers include thin materials, biological debris and authigenic carbonate precipitation.

Key words: northern Tibetan Plateau; Hoh Xil area; lLake Kusai; varve; micro-area analysis;

sedimentary mechanism





