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Distribution characteristics of salt minerals on the surface in the middle east
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Abstract: There are many salt lakes in the Qaidam Basin, and topsoil salinization and salinization are well
developed. A large amount of salt dust produced by wind erosion of these saline topsoil will harm the ecological en-
vironment and human health of the basin. Therefore, the authors systematically collected 129 different types of top-
soil samples in the middle east of Qaidam Basin, and analyzed the composition and distribution characteristics of

salt minerals. The result shows that the main salt minerals in the topsoil include halite, gypsum and a small amount
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of thenardite; In the middle east of the basin, the high-value area of salt content is concentrated in the vicinity of
Yiliping Salt Lake, East-West Ginair Lake in the east of Gas Hure Lake and the area of the oasis front in central
Golmud-Nuomuhong area; the salt content of different topsoil in the basin is in order of playa, Yardang, saline
meadow, Gobi desert and desert. The comprehensive analysis shows that Yardang and playa are probably the main
source areas of salt dust storm, and other types of topsoil contribute less; the characteristics and distribution of salt
in topsoil may be influenced by many factors, such as structure, salt lake evolution, climate and hydrology. The

results of this study can provide important scientific basis for the formation mechanism of salt dust storm and disaster

prevention in Qaidam Basin.
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Fig. 1 The sampling location of surface soils in the study area
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Fig. 2 Various surface types in the study area
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Table 1 The surface soil material composition in the study area
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Fig. 3 Spatial distribution of salt mineral content in different surface soils in the study area(black triangle representing

the sampling location of the nardite)
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Table 2 Salt content of different surface soils in the
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Fig. 4 Content of salt minerals in different surface soils

in the study area

4.2 RIBEFY=TESHHIHEE

F L N ER I 0 2 (B) 43 A A% )= 5 Z i A P AR
RISk KA R 18 s B AT 43, 32 3 X A 1 1R
FHE 52, B 2 o b N e fs il T —
FLEP TR TR DA =8 MR TR X, 2 2R U4 K
WY AT LA 2 b p 5 R I K XS ) AR 1
(MEaE, 2009) , — HLPEER ) P9 & T9 /R Eh i A0
IR G T TR ER ) B LR DX 8% DA B A IR AR —35 AR it
—HPERUN T 2% XA R AR AR S B e & Y R
A, AR Y e 3 3 XA AR 2 4 T8 2 i i i



551 1174

B SRRTE M AR R LR 2R W) O A RHIE S S R A B TR R 127

ST R A ER I O H O (9 28 A s B 1) 224 301 f
DURRIX ok, 45 2 1l G 350 FH 6 T R B T 5 s 3 4
o, (R AT AR LB v, D PR E T 2 M P T
A LR FER R KRB, 2 iEissh
i), P B LB SR 2 TP 1 R 20 S 43l
K B b K A A X, 4 T A P R A
(78 R AE ] EAAE BT ( BB 4E, 2008)
1, 2 R I 3 12 3 S B T R 2 Y 2 A AR
KFERE Lim 7 8RR & & $h 2 i 2 o) o A
T

F s N ER 2SI 235 (8] o0 A A Jd 5 23 i PN K
R A R AR DA K 2R R R A [ AR B
—E R AR S, A N AR K R A 25 S
F BRI AR 1 P B /D S L DX RREIT Y
WKk TR XK A TRV, 201 2R B 30 0T I 48
B, PUALH T IR, 48 T A 20 A B 5 R K R
FICHATR] , 2By vh DO & L X pi) 2 P e Y04 | B b
IERNA A A T, A P AR 2K K R AE 1 200 ~
3 500 mm Z[a], Hoih X 545 5 K & A I, 752K
TFE KA 3 501. 6 mm, 75 7 1 PG # A4 7 12 VS 1] 1l
XA AH R H 5, 3 000 mm 2245, 17 R A 7R B 4 i
Ly DX B3I 1 2% K AR IR (B SEpR AT, 1996) , 4
AFE b P ) R R 7R SR X B I R A 3k B i
1o AE S, FE I L LK R 41, & dh IS Ol A — 3
WAL, Xl RN AR L AR TR KR X,
SR X A, R TR B bR K 32 D e AR
HE AR TR, RS BRI, ik
WX FEAT , 2% & bR, i K7 2 A v, Eh Ak A
FHIMsiE , AT S i 4R, Gl i B AR HIAE
HFHT KA W), th TR B 1
FEAFAE 25, BT DI AE 25 8] b B0 i i 8 i AR S+
Aoy Ve TE T K B I RBEA A A 6 OB
TR AR R i A5

FESRARAE T, LA 2R 100 5 /K ST 7K 1 b X2
LR KBS R R MBS . 7E 95 [ 1 2R OR WA B 3l
T H At — S 55 ST 1A o A X R A - 858 v 2 % B A
I (KRS 20065 King et al. , 2011) , BF5%
A S PR A Y XU & 6 1) 1 K S 5 380 7K S
] 0 o, 0K R R g e s R
KB R b, SR AR AT 5, SR IRIT R
WEE M AL 223K 1 000 km? |, I H 51 X 58 XU R S
% ARG F K CIRMAZ R, XA 1T e 2 A b
PERBIIX B R - SRR Em S — 1R, B

Z TR BRI K | e M T AR U LA K AR
St S5 Z RPN R Z 18] AR AR T, 25 N ER 2604
Sy TAE & th M E AR ) X AR, 3k b b i
TR ph 1L X 1) rs [T D2 TS I, B A
R30I LA AR ) — HL LRI V6 6555 J 5 2K AR
87 YRR AR rp s IR AR —i ARt — 7 2
E A = N R 3 o 2 e LT (P
fiEJ2 Z2 b IR S AH B i AN A P A 45
4.3 SEEAREMER R RY BRIBEL T

AR RS Eh A R BRI A
R — B 2 3 AR AR S KT AR TR
ATRE W= RS, FE R TR BRI Y
JRFERE (EHFAE, 2001) o AN [R]) H A ai JE DR 52
M 28 = B9 XU B T, R T S0 A5 2B O HE T, TR
T L 18 3 A AN [ B 2 Y 1 b R U B R i — 2D
0 5 7 P R S DXl mT LR Ay e A R A B A R
TRIX,

KL/ T WA — A AR, U &

wh g, (H G 295 Y SR8 AT DL A8 /b 2T 32 AUk
WREST, ELAE R 4 Uk A R TR 25 i R e T
225NN 2 RN e T AT BR A9 22 U ( Macpherson et

al. , 2008; Baddock et al. , 2016) ,{H—Suhf55 LB,
2 3ak 8 5 3 T (1% BRAS JHURE I8 A2 A Ui 174 J85 1ok 42 o R
FH R A 22 B Ok 42 B9 T 8K 5l P 2R (Shao et
al. , 1993 ; Macpherson et al. , 2008 ; Baddock et al. ,
2011) , AT I, RS R A A R 7 T AR 1k XUk {H
2 BN PR piUE HRAR AT Ll dE A Ry AR IR X TR
IF, T WIS & SR TORR Y 1 4 e 8 BRI 245 56 5 2 A
SR A R KRR AR AL K SCRRE
SR I AE BRI I 28 b S e AT AR e
T8 75 0361368 42 40 A 9 45 97 2 5% ( Reheis, 2006
Reynolds et al. , 2007 ; King et al. , 2011) , 4¢ikK
A ER W R A0 An )iz, TR T R e S T AR 2
10 000 km®( 3K 2, 1987) , 7€ £ DX BRI A 7] 1 4t
PRALE SRR IR R T 25 5 9 BE A AE 22 5, AL
B85 45 50 10 2R TR AR XGHAE F R A 9 i, T 2
ZIE ) W R SE A 52 3 BR B UKLy 48 o =i XUk
i R R R ST IR W RE R I — e A,
WAV T 2 b P ) T R R S ER AR R (O )
- BEARERSN T, 2012)

— B RV EH R A IX T2k E
FEPHAN 2R R T B S E S Rk 1+
AR AR RS RAAE , B 2 Bl 4R il AR AT RE L 2 4R



128 b=

i W

2,
= % Gk

5 40 3

AR FERIRZ — T3 AN [8] DX R
FE VDb, PR Ay B R e AT LA Ry kA R Y
R AR RT LA T AU SR IR AR S e, A
b S RERE A 5 1) B i i AR, 3R R B XE L
W A7 BBk A FORLED |2 1) 55 X O VR T, AR T
DUFR M — T By A, (EAR e S DR e Y 35 R 20 AL
YoJsi, A FLESAE (2004) 5 4 B, AH HE G Al 1 36 B
SR N P YT R SN RS
JEE 0 5 SR B AR X (EUME AN ) W4 2R
AP AT A 2 EE AR AR IR BR T iR
2R AL, W3R B K B9 KUK L RT RE R R ER 2 Y

2, T ERERURE PH I 7 M P A e B Y
bt e Y, I HLAE o A 7E 2R W) DX RO, M 2R AR
e, FEAR WA A PORL 5, BRI AR RLRE JEE A A
[, SO AR B RE I A I 28 5 (ELK 2 J2 e A AT RES
A PRAER A X

5 ZEip

(1) SERARGHPARFE LY P S HBZH
WY, EEASE AR A E A B To K,
PSR 8. 79% . Asu] b, & A R LR
HRC 1) PO AT 5 A ) 2R 3R A 5 i R 3
AR MU D s e HE T R AR R I RE R
T,

(2) BRER A HEFFFN T Eh RS> A XAR TT fig
A M N R 2B v R R R R BEIRIX LAk
T 4 o T Eh i AR s AR T 377 | STRRAL )N

(3) WX 3R £ — B 29 XU il 5 6 7 A
KRR ER A, G AR M T K3 A0 — 7 P 8 1) A i
R X SR AR F i 1) A A PR RN SR A T 7 A G
A b BRIt 18 ) HeA A I AN M

Bt F BA A R AT AT e TR )
HRR FRFHAFLRABER FEERMT
FINTAR, ER FE BE KSR BEHREIE
AATLAZL T REW o, fe o —IF B

References

Baddock M C, Ginoux P, Bullard J E, et al. 2016. Do modis-defined

dust sources have a geomorphological signature?[J]. Geophysical Re-

search Letters, 43(6): 2 606~2 613.

Baddock M C, Zobeck T M, Scott Van Pelt R, et al. 2011. Dust emis-
sions from undisturbed and disturbed, crusted playa surfaces: Cattle
trampling effects[J]. Aeolian Research, 3(1): 31~41.

Bao Feng. 2016. Development Environment and Process of Aeolian Land-
forms in the Chaerhan Salt Lake Area, Qaidam Basin[D]. Xi'an:
Shaanxi Normal University(in Chinese).

Gao Xuemin, Dong Zhibao, Duan Zhenghu, et al. 2019. Grain-size char-
acteristics of long ridge Yardangs in the Northwestern Qaidam Basin,
China[J]. Journal of Desert Research, 39(2): 79~85(in Chinese).

Gill TE, Gillette D A, Niemeyer T, et al. 2002. Elemental geochemistry
of wind-erodible playa sediments, Owens Lake, California[J]. Nu-
clear Inst. and Methods in Physics Research, B, 189(1): 209 ~
213.

Han Tonglin, Lin Jingxing, Wang Yong, et al. 2007. Nature and control
of “dust storms” in the Beijing-Tianjin region, China—A case study
of the dust storm in Beijing on April 16, 2006[J]. Geological Bulle-
tin of China, 26(2): 117~127 (in Chinese).

Hu Ke, Chen Bing, Jie Dongmei, et al. 2006. Study on element compo-
sitions of alkaline dust aerosols in western Songnen plain, ChinalJ].
Journal of Jilin University ( Earth Science Edition), 36(3): 417~423
(in Chinese).

Jiang Xiaoni. 2019. Influence of Water and Salinity in Soil-groundwater
System on Vegetation Distribution in Southern Qaidam Basin[D].
Xi’an: Chang’an University (in Chinese).

Jilili Abuduwaili. 2010. Saline dust storms and their ecological impacts in
arid regions[J]. Journal of Arid Land, (2): 144~150.

Jilili Abuduwaili, Hu Ruji, Wang Yajun, et al. 2012. Lakes of Aridland
and Salt-dust Storms[ M]. Beijing: China Environmental Press, 1~
301 (in Chinese).

Jilili Abuduwaili, Xu Junrong, Mu Guijin, et al. 2007. Impact of saline
dust on soil salt and landscape change surrounding the Ebinur Lake
Region[J]. Journal of Glaciology and Geocryology, 29 (6): 928 ~
939(in Chinese).

Jill E J, Mitiasoa R, Humberto L, et al. 2019. The disappearing Salton
Sea: A critical reflection on the emerging environmental threat of dis-
appearing saline lakes and potential impacts on children’s health[]].
Science of the Total Environment, 663: 804 ~817.

King J, Etyemezian V, Sweeney M, et al. 2011. Dust emission variability
at the Salton Sea, California, USA[J]. Aeolian Research, 3(1): 67
~79.

Klose M, Gill T E, Etyemezian V, et al. 2019. Dust emission from crust-

ed surfaces: Insights from field measurements and modelling [ J].



51 1

Bk 225 SRR AR R R W) A R MO R R IR R 129

Aeolian Research, 40: 1~14.

Li Wanzhi. 2017. Research on wind speed characteristics of qaidam basin
in recent 54 Years[J]. Journal of Qinghai Meteorology, (1): 40~44
(in Chinese).

Li Yuhui, Zheng Mianping, Zhao Xiaoqing, et al. 2017. Sedimentary
characteristics and environmental significance of Yadan profile in the
Northern Dabsun Lake of Qaidam Basin, China[J]. Journal of Earth
Sciences and Environment, 39(6): 787 ~794(in Chinese).

Liu Dongwei, Jilili Abuduwaili, Lei Jiagiang, et al. 2011. Saline dust
storm and its ecological effects[J]. Journal of Desert Research, 31
(1): 168~173 (in Chinese).

Liu Dongwei, Jilili Abuduwaili, Mu Guijin, et al. 2009. Chemical com-
ponents and transport mechanics of wing-erodible playa sediments,
Ebinur Lake, Xinjiang[J]. China Environmental Science, 29(2):
157~162 (in Chinese).

Liu Lianyou, Wang Jianhua, Li Xiaoyan, et al. 1998. Wind tunnel simu-
lation determination of erodible particles in cultivated soil[J]. Chi-
nese Science Bulletin, 43(15): 1 663~1 666(in Chinese).

Liu Yanju, Han Tonglin, Pang Jianfeng, et al. 2010. Origin of the salt
dust storm, Beijing, China[J]. Geological Bulletin of China. 29
(5): 713~722(in Chinese).

Macpherson T, Nickling W G. Gillies J A, et al. 2008. Dust emissions
from undisturbed and disturbed supply-limited desert surfaces[J].
Journal of Geophysical Research: Earth Surface, 113(F2): 1~16.

Mei Fanmin, Zhang Xiaoye, Cao Junji, et al. 2004. Quantitatively asses-
sing the influence of various surface land cover types on wind erosion
intensity in dust sources in China[J]. Marine Geology & Quaternary

Geology, 24(1): 119~124 (in Chinese).

Osamu K, Masahiro H, Momoko C, et al. 2003. Respiratory symptoms
and pulmonary function among school-age children in the Aral Sea
region[ J]. Archives of Environmental & Occupational Health, 58

(11): 676~682.

Pan Y P and Wang Y S. 2015. Atmospheric wet and dry deposition of

trace elements at 10 sites in Northern China[J]. Atmospheric Chem-
istry and Physics, 15(2): 951~972.

Qi Guiming, Wang Fake, He Haicheng, et al. 2010. Surface and low
altitude wind field characteristics in Golmud city[J]. Journal of Arid
Land Resources and Environment, 24(6): 118~120 (in chinese).

Reheis M C. 2006. A 16-year record of eolian dust in Southern Nevada
and California, USA: Controls on dust generation and accumulation
[J]. Journal of Arid Environments, 67(3): 487~520.

Reynolds R L, Yount J C, Reheis M, et al. 2007. Dust emission from

wet and dry playas in the Mojave Desert, USA[J]. Earth Surface

Processes and Landforms, 32(12): 1 811~1 827.

Shao Y, Raupach M R and Findlater P A. 1993. Effect of saltation bom-
bardment on the entrainment of dust by wind[J]. Journal of Geophys-
ical Research: Earth Surface, 98(D7): 719~926.

Sheng Yang. 2015. Physical and Chemical Characteristics of Dust Aerosol
from Golmud and Its Source Analysis[D]. Nanjing Normal University
(in Chinese).

Tang Mingjin, Zhang Huanhuan, Gu Wenjun, et al. 2019. Hygroscopic
properties of saline mineral dust from different regions in China: Geo-
graphical variations, compositional dependence, and atmospheric im-
plications[J]. Journal of Geophysical Research: Atmospheres, 124
(20): 1~14.

Tian Sen and Zhang Jiefang. 2017. Study on the development of chemical
industry cluster of salt lake in Golmud[J|. Chemical Enterprise Man-
agement, (11): 149(in Chinese).

Tuerxun Tuerhong, Jilili Abuduwaili, Aikebaier Yilahong, et al. 2009.
Impact of saline dust on the physiological properties of plants in the
Ebinur Lake Region[J]. Arid Zone Research, 26(4): 533 ~542(in
Chinese).

Wang Chunnan, Guo Xinhua, Ma Mingzhu, et al. 2008. Ore-forming ge-
ological background of K-Mg salt in Qarhan Salt lake[J]. Northwest-
ern Geology, 41(1): 97~106(in Chinese).

Wang Tao, Chen Guangting, Qian Zheng’an, et al. 2001. Situation of
sand-dust storms and countermeasures in north China[J]. Journal of
Desert Research, 21(04): 7~12(in Chinese).

Yang Guilin and Zhang Jingxian. 1996. The Hydrological Features of Qai-
dam Basin[J]. Arid Zone Reasearch, 13(1): 7~13(in Chinese).

Yang Jin, Huang Zhongfan, Dai Fugui, et al. 2009. Quaternary: The
time for Qaidam Basin fell into its final configuration|J]. Fault-Block
Oil & Gas Field, 16(4): 51~53(in Chinese).

Yuan Sihua, Liu Yongjiang, Ge Xiaohong, et al. 2008. Uplift period of
the northern margin of the Qinghai-Tibet Plateau: Evidences from the
Altyn Mountains and Qaidam Basin[J]. Acta Petrologica et Mineral-
ogica, 27(5): 413~421(in Chinese with English abstract).

Zhang Minsheng, Yuan Jianjun and Guo Yuwen. 2006. Cause, hazard
and ecological control of salt dust storm in Tianjin coastal area[J].
Journal of Salt and Chemical Industry, 35(4): 29~32(in Chinese).

Zhang Pengxi. 1987. Salt Lake in Qaidam Basin[ M]. Beijing: Science
Press(in Chinese).

Zhang Siqi, Chen Hui, Song Minghua, et al. 2019. Spatial and temporal
variation of fractional vegetation cover and its relationship with envi-
ronmental factors in the Qaidam basin during 2000 ~2015[J]. Arid

Land Geography, 42(5): 1 124~1 132(in chinese).



130 F=

i 9

2
¥R &

5 40 3

Zhang Xiying, Li Wenxia, Geng Jun, et al. 2020. Salt dust storms and
their impact on resources and ecological environmental in Qaidam
Basin[J]. Journal of Salt Lake Research, 28 (1): 11~17 (in Chi-
nese).

Zhang Xuefei and Zheng Mianping. 2017. Research progress of salt min-
erals in Qinghai-Tibetan Plateau[J]. Science & Technology Review,
35(12): 72~76(in Chinese).

Zhu Xiaomin, Kang An, Han Dexin, et al. 2003. Relation among quater-

nary environmental evolution, tectonic deformation in the Qaidam Ba-

sin and uplifting of the Qinghai-Tibet Plateau[J]. Chinese Journal of

Geology, (3): 367~376(in Chinese).

Bt 1 32 5% STk

] . 2016, SEIAARATHER IRV ER 4 DX XU VD s 0 % T BR B A 0
FE[D]. F%e: BRPGIRIE RS

MR W SE, A, SF. 2004, FHAMREESIR A SR IKE P S 0T
RYURARIERFIE[A]. P E BORL 2 45 2004 447 23 B 1 i 9
WURLE AR BT SR [ C. 746~ 751.

AL EIRE, BPIE, 4. 2019, kAR HLPTAL I I R A
DURPIRLBERRIE)]. TR EVDEL, 39(2): 79~85.

BEFEAR, BRERE, Bk, 45 2007, BUHRHLIX VbR SR i R
BR[J). HOBEAL, 26(2): 117~127.

BT, B AhAAT S 2006, RO I P RN A2 S ALY T
FAFMEASHT[T]. 75RO 2R G ERAL 24 0R), 36(3):
423,

Z2/NIB. 2019, AR 2 R E 48 Hb T 7K K R 3R BE XA Bk 4 A 14
MR [D]. P9 KR

FH I BIRERSN T, S, TWAR, 4. 2012, FREBIASH
BR(M]. JETE: P EAESERE R, 1~301.

HNJ BURERSNS, ok, B4, 4. 2007, 3 HC#IER LX)
i +3dh 5y BOR ML [T]. vkIR £, 29(6): 928

417 ~

~939.
ZEJiR. 2017, 3T 54 AFSEIA R A KGR AR IEREIT[T]. R4,
(1): 40~44.

ZEERME, FRARE, B/NK, FF. 2017, SRR EE IR A b T AL A PR
T UUBURFHE S IR BT 3 SC[T]. s BRBL 2 SR BE2E 4R, 39(6):
787~794.

XVZRAR, W13 BUAERAN T, Fmsg, S 2011, #hA B R HAE
OBE[J]. HEVEL, 31(1):

XWZRAE, 001 BURHERSN), AL, 5. 2000. 3¢ HL# T K

[

168~173.

A R SRR WGBSR J]. P EFREERE, 29(2): 157~
162.

XA, TR, 22/, % 1998, BEE 438 nl pl b s i) XU A5
LUME[T]. BlpmiR, 43(15): 1663~1 666.

XUHAG, whIEIAK, PEfdid, 4. 2010. JLmiX ShA B A R 1
FEORIE[]]. HETHER, 29(5): 713~722.

LR, 3/, BN, 25 2004, ERETM P E AL 7R A U X H
FERL R AN R 4 RV B R [ ] VT 5 5 DU 22 b
R, 24(1):

BB, ERBE, BHER, S 2010. HORAHLI RS KIGHRAE ST
[J]. TRXHFIESIE, 24(6):

A P 2015, ARIRACHE X VDA B BIAL RS AE B HOR IR AM AT [ D]
[EEBntl NS

M AR, BRI, 2017, AR ARERWIAL T AR RE L JRBESE ()] 1k
TAH, (11): 149.

nhRGR - nhoRdk Wiy BURHERSN )y, R FER - P, 4
2009. MR AR AT RE A IR RS ()], TR XS, 26
(4): 533~542.

FARF, HEE, DU, 4. 2008. ZURIFELBIANEE LT IR E Hb 5
HA[J]. PEALHbRT, 41(1): 97~106.

T, BREE, BRIEZE, % 2001, FEOEDT Vb BEBUR Ko
[J]. PRV, 21(4): 7~12.

Boehk, TR, 1996. 5L AR EHIK SCRIE[T]. TRXHBIFR, 13
(1): 7~13.

B, FERIE, ERREL, 45 2009. SEIA K ML I R 2 E B ——
U], WibemAH, 16(4): 51~53.

FEVUAL, XUKIT, 0T, 4 2008 R A0S0 T ——
oK FBTJR A2 LU AN S T K S O IESR [T]. A AT W2k, 27
(5): 413~421.

AR, EHZE, SE I 2006, KHEIERHX b R | faE K
AR BRI, k51T, 35(4): 29~32.

1987. SEIAAREHER I M]. Jbnt: Bhea b it

TRIEEE, BEOME, RUAME, %% 2019. 2000~2015 4F 58K A A
BRI SHERTFHXER]]. TR0, 42
(5): 1124~1132.

WP, ZREEE, Bk A2, 45 2020, SEikoRgmihob 2 K LR AL
IR []. ERBIEE, 28(1):

HRETR, AR, 2017, FHRGEEERET YOI ()]. B,
35(12): 72~76.

SRAHL, BE 27, WEEER. 4E. 2003, S5k ARALMLES UL IRER A
BRSO R )], HBRE, (3): 367~376.

119~124.

118~120.

353

11~17.



