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Physical and chemical characteristics of surface sand in different types of dunes in Qingtu Lake, Gansu, NW China,
and their environmental implications

PAN Meihui, LI Na, GONG Yifu, CHEN Qing, ZHAO Huimin, WANG Jinyu
College of Geography and Environment Science, Northwest Normal University, Lanzhou 730070, China

Abstract: The physical and chemical imprints of surface sediments bear key information of the origination, sedimentation, and weathering of
sand. Field sampling and laboratory analysis were conducted to investigate the grain size and geochemical characteristics of surface sediment
with various types of sand in the Qingtu Lake, Gansu, NW China. Results show that the surface sediment is dominated by fine sand, taking an
average content of 72.08%, followed by very fine sand and a minimal amount of clay. The frequency distribution curve exhibits a unimodal
distribution, while the cumulative probability curve shows a three-portion pattern, indicating a relatively stable sediment environment. The
predominant constant elements are mainly SiO,, occupying 76.40% in average and then Al,05 and CaO, for 5.05% and 3.74%, respectively. The
trace elements consist mainly of Cr, Mn, Co, Sr, Ba, Ti, Ce, and P, in average concentration of over 100 mg/L. The two-variable chart (Y verse
Zr, Y/Zr verse Rb/Zr) and the A-CNK-FM graph demonstrate that the Badain Jaran Desert and Tengger Desert were key sand sources for the
study area. The abrasion and wind erosion in sand transportation are the main factors affecting the distribution of Fe and Mg elements. In
addition, lacustrine and alluvial deposits of the Shiyang River also provided a part of the sand source. The ternary diagrams A-CN-K and A-
CNK-FM indicate that the study area experienced weaker wind levels during the early phases of de-Na and de-Ca processes. However, in the
progress of sand fixation, pedogenesis was enhanced while eluviation was reduced due to the influence of vegetation, which caused semi-fixed
and fixed sand with higher Na and Ca contents.

Key words: sand dune; grain size; geochemical elements; wind deposit; weathering; Qingtu Lake
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Fig.1 Overview of the research area (A) and the distribution of the sampling points (B)

BDIJL: the southern edge of the Badain Jaran Desert !'";; TGL: the northern edge of Tengger Desert !'"). a: Fixed dune; b: semifixed dune; c: climbing dune.
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Table 3 Major elements in surface sediments of different types of dunes %
e it Sio, AlLO; Fe,0; Ca0 MgO K,0 Na,0
LDSQ 78.24 4.27 2.21 1.82 2.78 2.12 1.86
BGDSQ 74.12 6.05 2.11 591 2.71 2.21 1.91
GDSQ 74.08 6.02 2.10 6.28 2.88 2.24 2.26
FIME 76.40 5.05 2.16 3.74 2.80 2.17 1.98
b 5 ) 3w Tk A v A E v e (P<
3 e 0.001) o} [H 5 ¥ [ B9 40D &5 B R A, 6+ . WD

31 ARRBDERDVEUFENESR

F 58 2 B 190 X 70 e i L DL gnad ok 3=,
JLR R Ay s MO D, 4 RO B i i b
(#£2). H ANOVA J5 250 W1 Ja A7 e/ i 3 1k 22
SKE K (LSD) & B3 sh v e 09 3+ My b Rl 4m
Eri BT W E v A E 2 v B (P<<0.01), 4

FAS A & 2 4 A T ah v e 5 [ v 2 ] .
i1 5 V0 Fr i 2 4 L R b R AR B i A e (1 6) o
AN VD B R VD L BR AL 2E R AE A 7 B 1Y
Ak, 5 UCC A, M sh v B3 [ | [ e v
EXREINHEYFREILE CaO FE, MBITEN 7
M Sr w4 (F 4) . 1 ANOVA J5 2200 b7 I #4717 5%
AN E R 2 R K6 (LSD) & B, Jish v i | 2 [E &
W eV 2z 6] 4 FhE =ICE 9 FidiE TR



55 44 4 55 2 ) WS, A5 HON S 1 XOR R 28 B P Fre 1) 2 VD AL R AIE B JFE A 8 388 S 75
1.6 12 b
a —=— LDSQ
—e— BGDSQ
9} —#*— GDSQ
"""" 0
2 o
I
4
3 L
—=— LDSQ
—e— BGDSQ L i
—*— GDSQ ol
Si0, ALO, Fe,0, CaO MgO K,0 Na,0 La V CrMnCoNiCuZn As Sr PbBa Ti Y Zr RbNbGa Ce P
4 AFEEBV R BETRY) UCC bz kAL 18
az ﬁ%ﬁ%‘i, b: Tﬁi%fﬁ?ﬁ"{c
Fig.4 UCC standardized map of surface sediments from different types of dunes
a: Major element, b: trace element.
R4 TELBPERBARYMETREARK
Table 4 Trace elements in surface sediments of different types of dunes mg/L
bAne Sl La % Cr Mn Co Ni Cu Zn As Sr
LDSQ 9.60 65.70 190.10 262.20 114.80 29.20 10.60 31.60 0.40 171.80
BGDSQ 9.67 96.67 102.00 270.33 84.00 11.67 10.67 32.00 0.67 407.33
GDSQ 9.40 102.20 119.00 266.80 80.80 6.60 10.80 33.40 0.80 457.80
“TFE1E 9.56 81.00 155.67 264.83 100.22 20.00 10.67 32.17 0.53 290.50
fine il Pb Ba Ti Y Zr Rb Nb Ga Ce P
LDSQ 14.90 222.20 1446.60 11.10 89.50 64.50 8.10 13.40 104.20 334.20
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Fig.6 Significant differences in grain size composition (a) and parameters (b) of surface sediments from different types of dunes
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Fig.7 Significant differences of elements in surface sediments from different types of dunes
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