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Fig. 1 Location and geological map of the Duck Lake, Qaidam Basin,
Qinghai Province (modified after Wang Guocan et al., 2014&)
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Fig. 2 Photos of the landscape features of semi-submerged Yardang landform in the Duck Lake area, Qaidam Basin
(a) BEAFIRTEST s (b) IREPHEFS ; (o) FEPHEFS ; (d) HEARTE S
(a) Whale-backed Yardang; (b) Wall-shaped Yardang; (c¢) Columnar Yardang; (d) Conical Yardang
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Fig. 3 Geological sectionand outcrop photos of Semi-submerged Yardang in the Duck Lake, Qaidam Basin
(a) WER Fr; (b) 55 1~4 2 (55 3 ERRIRICHZ 47 4 2 T2 ) (o) 5 6 2 PATZ B (d) 55 7 AT Z
(a) wind erosion monadnock; (b) Layer 1 ~4 (Layer 3 trough cross bedding —Layer 4 parallel bedding) ;
(¢) Layer 6 parallel bedding; (d) Layer 7 parallel bedding
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Fig. 4 Lithology andlithofacies columnar section and fossils of Semi-submerged Yardang in Duck Lake, Qaidam Basin
1~ 37—  1—HAE (Pinus) 55 4 J2 . 2—WIJE (Salix) , 55 9 J2 ;3—HF)E (Quercus) , 55 8 J2 ;428 ( Castanea) , 5 4 JZ;5—RA)R
(Rhamnus) ,%5 9 Z; 6—HME KB (Betula) , 55 4 Z; TV AKRJE (Alnus ), 55 9 JZ; 8, 9— K ¥ J& ( Ephedra) , 5 9 J2; 10 ~ 12— &
( Chenopodium) , %5 9 JZ ; 13—FEMIE ( Tamarix) 55 9 JZ ; 14— Hl & ( Nitraria) , %5 8 |2 ; 15— B Umbelliferae ) , 2 9 )2 16, 17—
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(65 ~50 Ma) &4 A £ KW L ( Yin An et al.,
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W 55748 (Yin An et al., 2008) ; [ 2.8 Ma 4E L4
K, SR AR A28 D7 5 R PR B e 4 e T 4R
ik 30% ~ 40% ( Wang Erchie et al., 2006; Zhang
Weilin et al., 2013 ; Zhou Jianxun et al., 2006) , J1JE
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T IFAE 2.4 Ma tHBL T RIGHEPT I HESL)  BIRE
T 214 2 — 25 Y Ak Rl Z2 i b 1) 2% 2% ( Heermance
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(1) 2T B4 T 38 T 25 2 00 R 0 i )
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Fig. 5 The control of the Yardang geometry by anticline strata and structure in the northern side of the Duck Lake
(a) T E X AR A . REHEBAER b o dETRTIAE, (b) HRHERX R 8 R B AT E R,
Wb B T HUZE R, (o) FEREELMS  KUEHESFAT THUZE R, (d) FAMRALX . & F A FTE N BT

(a) Pattern of influence of geological structure on Yardang morphology. The black rectangle represents the position of b, ¢ and d in the anticline.

(b) Anticline windward area: Alternates the soft and hard layer, developing the left lateral fracture, and the wind direction is perpendicular to the

direction of strata. (c) Flank of anticline: The wind direction is near parallel to the direction of strata. (d) Anticlinal hinge area: Developing the

right lateral fracture
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AR ARSI AR e B R e (] 5d)

32 HRiIRFHEH

AR AEAL G R T A& DR S
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S — U TR TR A R R s T R
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T 5 B FRH IR a6 6 5% DX L 3SR o i B 4k 18 3F
BeLE 0 8 db A, 200 ) s W B sh Pk 1 5ok
B #2 (T /NS 2008 3 Meemann Chang et al.
2008) , 3.0~2.6 Ma, AL BRI D BFFEIX AR
SE [A)E 2R H B i AR Ak Tt AR AR B i S AR
T b 57 5 LY A 498 e A A bR ) B R
i A , WA TTRR ) 2 2 B AR B S T3z, &2
ORI A TR Y R B e AR M E T2 KA
(77 /NL5E, 2008; Chang Meemann et al., 2008;
Heermance et al., 2013) . 8Btk 2 )5 KB4 10
HuFE A VKIRIE ) 478 T 2540, w8 oy EVE k2
WA, 1.2 Ma Ji7, 57 W AR S U 5 s i 45 58
IR — B T 5 M, A Wl i &
TR 0GE T AR UK A XU B (Heermance
etal., 2013)  BUUAR TN ARA I Z 5 E B (E
JYEY 1994 ) o SEIR R 2 U RE P b A — i LAY Y

KU b 55 ( McCauley et al., 1977; Breed et al.,
1989; Brookes, 2001; Ritley, 2004; Goudie, 2007;
Panah et al., 2007; Al-Dousari et al., 2009) , Kt %
2= AR RO e b 3 R i A 2R O EE 2 Rl
FETRI VKB, oh T R TR A ke = AR B A A 20 RIS VR
—H A N e SR E ), 4R Kapp 5F
(2011) FHE, UKIBRIY DK 3 5% 38 A 235 b 75 34 XU ok
> 0.12~1.1 mm /a, MG Rl C 2832 8%,
SR BN AR L 2= UM B R 48 1L AR DX R B ZR RN
NACT J7 [ 3 Uk, 53 b 2 AN e 3 ek v 1
DURRAY b Ll 20 380 0% 15 A 3 XUm) — S 4
HE A BORE P . 456 DXIUBERE BT 16 T R i
AR R T XU 2 8 T 000 R 38
DX IRACHE P11 552 12 7 B 58 3 HE (Kapp et al.,
2011) ,

BF U DA BRI THE A — 4 AR it
T G2 D3ad AU UK 8 S8 T8 A Z L %) 2R I 2 X I B
Rl , S TT Uh 1] i 0 4 (25X, 20115 Thompson
et al., 2005) . M58 1 T B0rg A0 B A Ll ok )1 il
AT BRI IR B M ] ) AV A SRR AR i . AR
ARG (2017 ) X HR B A 3] w7 DU 28 i Ml OSLL 4%
R, TAFITL 235 T 13,1 ka F1 7.5 ka, BB S
BT LS 18] 56 5 T B S0 o B e AN B 1) A 4 3
ST A P AR BT 252 2 1 e BT S A
M E T TR RIBEES 2R T 2R P 6 5 TR WA
HIES S0 7 P 1 B T 98 ( A AR5 5, 1989) o X SE IR Y
Sy S R TR AR A S 4 T IR B A T b 2R
U, 20 b2 80 AU A I LK, 2k 22 fk
KEFCE B SEIA AR G S 1) R AL ORI
e P BUK S RIOK IS 2 | oK R R R 0 b s B
B R BT P S AR AR I i I 10, 34%10° m* (24K
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distribution caused by human salt production
in the Duck Lake area
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Fig. 7 The evolution diagram of waterborne Yardang landform in the Duck Lake area, Qaidam Basin, Qinghai Province
(a) FEFHHUSL; (b) K LTEFFHS

(a) Yardang landform; (b) waterborne Yardang landform

34 KEHEAMIRENL TR

ZE TR W00 1 X KT SRR A RT R
X530 5 BB (B 7)o

(1) dE ey B (o it - s R o X R
W, SAEARRERE T2, — B2 Ak HALAR T )
FEA S 1L AR B W 0 B DR (MRt , 2014) BT
— A AN = F DI AT SR T DR (K e
45020133 B4R, 2013;Zhang K X et al., 2013) .

(2) FEFY 2 B F AT BB B (B the— R 0
) F R IR BT, 5T X 52 B R AR P A L P )
(RN 73 1y | R U BY SUTE I | A g e b
[i) B IR b A b 2 25 T R B B S AR N A
— LB X IR K B S

(3) FESHIE B Be (rh—W B )« AR
e S8 N5 5 R 2 N L e e I B SR
T2 B g 3% | 78 WK AR i RN 58 20 19 45 3. 28 X
YERT , 38 o2 A Wl ik, oo R _Eahed
LLIZH B0 R4 T LR 1) b 3

(4) K AR B B (B 5 BT TR —4a 7 i)
A ) R R T | 5 A A K 1 Rl K B A e
A AL, DA Z AT TR B AR P8 & 5 R
I, WA ] %5 o0 HE PHIR I T K B oK
Fto

(5) N 32w [y BL (2003 ~ )« N8R AR
SRR I Bl U DX S A A R AR, S BOK EAfE
P A B2k, H 2010 45, BT AR ER IS SR
Wr T IRAEAR DU 7 9 R T E T K AR HC AR
RN 7K I8, B RSBl b L K P R e K
SR B R AT R0 A P T 1 X K SRS

K HEPRAR R B & S Ak, AN SRAUN [ SR T AR
PIZE RGBT, Fe— R K L HEPHIRHRE 32 K2 i, i
R EE RECKG SRR, ) 22 S XUARVERT 38
IKBRAVE IR 25 53 K DR 2t S 30l 9,
AP RET, HEK EREPHKAL R IS A —E
PRI (] 2) o H 0 i T U AU AN W A
OB B AN BT HE A, 5 SORS 190 Hh DX KA, B4 AN W 4
T, B LN 1 T U A D 1) A AT b DX TP
BTEA AR L HEFE o3 A0 DX bR [ sh 2 o)

HEPHAZ PR A IR (McCauley et al., 1977; Goudie,
2007; Li Jiyan,2016) , MR EMG AT LIE BB
s BT K S T TR R ) AR ) S T AR
Ji AR 35K S B R R DXl R b 30 25 K 22 E
IR (& 6)

4 g

(1) SETA A Z3 10 505 350 b DX ) K 1 b 550 )
HiJZ A AD L4 13, T AR A o i DR
FAGF BT RO & 5 S B AR A e s H oy
/b —rp R B A W FER AL S A b 4B s HS R
M5

(2) H— B B T 7 A i 5 R 0 ) KR
SRR R ANE IR, 3 2 AR Wk
I o TR A D L 21 5 0 A BT AL
HEPHHLSE , HEFHIE A 2 PR 0 32 36 v —g AR 1) 48
4 MR PR ST EE T AR i P4
AW W ALVh I RSP R 2,

(3) M5 B R Wl —aspr WK R A A
2003 A AR ERTE S BOHIA A 5 A AR AR A
2010 4EJAEAR (PO 65 75 9 /R 1) A 9T 18 8 R 6 Al B
Wt , T K i B T — FR PR ANTS ) , 76 B AN AL e
BB FHEPE, 2015 4R 7R PH A 3 TR A
— FL P4 A AR5, VT A A mR A S 3 A K
(L RN R O Bl i S Bl b b B 2 R
IR HAEIK A T R T LA 98 s DX K AP SR

Bt AR SCRFFE A5 20 b T R 2 () TRk
BRI 5485, i B b 5 B2 B i ) 2%
ST e B9 51 | [ b R R b 5 1N ) AR 5 T 2 A
ST R TR 2R B R DL 7 IR R

i ¥ / Notes

TR M SR A . 2017, 75 W45 B 203t RISt A 28 ORI
HIEE M 7 . 19915 154 KU 5.

2 % X # / References

('The literature whose publishing year followed by a “&” is in Chinese
with English abstract; The literature whose publishing year followed by a
“#” is in Chinese without English abstract)

HRKTT. 2017, T PR S XU BT AR IR i A% ] 3 B M R DI AR A Qs



1516 Mo R

it

2018 4F

FeFRAEETE S, S0 RO o R 2 B R (R
BETT it ER WO S I ) P2 (383 1~ 120.

R A MR T RS, &2 8, H SO, B 55, sk Az il 2003, 24k
AR5 X B ARG 5. JBRL, 38(3) :291~296.

T, s ZARbR, B PR T, M B 2013, SEIA R A S R T
I I M L R B AR RFIE 0BT W R4, 32(1) 2211 ~220.

Bk, 2018. 1976 ~2015 4 52 15 A £ W 18 A8 K OO A2 Ak
FIAZETE S Agm R WIAREY, 30(1) :256~265.

D5 /N, AR B OCEE , EWAR, SRASTE JRARAR. 2008, 1prtH—58
V70 228 I VM Rt 5 P R —— Sk AR o S 3 e R 26
PLFARFRUESR. SEIULHTSY, 28(5) :874~882.

W HLERSR A K. 1990. Hh S SV 240 3 11 /\ A OFE P b 5 28 B o [ v
,10(1) :1~12.

Tl B P AL, TN 2k AR i LR, TROE. 2016, 583k
ARG A AN 3 52 Bl B X Eh 8 A 14 S o R IR 5T
24(1):1~7.

TR LA, R , ey T, R, K 8 9% 42013, 755
o0 DT T A 3 R ol M T 40 B 4,32 1) 119~ 30.

ZRUKEZ  EEVA . 2011, SRR A AR ERRE PR L SROB S S B AT K
T ARFFER, 31(4) :122~125.

YR WA T, R, T T 20130 ZIRVE R IUHE PR AR XX
SAME. BV 33(5) 11293~ 1298.

ABK, HLTHE, ZR2T M, 1 AR, 2015, Sk AR A AR AR T i K I8 8
FERIREBTTE. 1 ARBTRFAR , 30(4) :641~650.

ZEXL.2011. SETRAH A W DR 4 0010 55 1) 22T S R 458
G0 SRR 2N R # A S 1~ 55,

ARHE. 2014, SETR AR AL S TR IR R b X —H0 I R I8 53 5 EAR
ARWFSE. S0 2 R AR IR T2 A L 2 B 3 1~ 63.
ARV S R 2R WO KA, B PRAR. 2011, HES b SR A

TR SR, HBRRL R, 26(5) :516~527.

FHIFAME BRI L OF5ERE. 1988, Sk R =4 B2k
SHYIRE. TR AR A

NI, L TIRK S5 BUAR, AR ER 25, T3 . 1994. 37 58 3 44 147 ) 4% %)
FilIE 14000 4R LK R A Bt PRI, SRIUZLRH ST, 14(3) 1239~
248.

FEAL, k5 AE , T, R, EEL,AE. 2014, 3 50 SR A 48 R AE
A BT K5 W45 (1: 1500000 ) . 503« H [ 3 SR 27 1 A 1
~166.

I, w3 2009, KUsHERIE S S RO ST I . HiERAL A S PR
42, 31(1) :100~105.

BRtEIA. 2013, FFREK BT 0 XHE P AR E s A B SO S 25 5
WHE. B S5 TR, 13(33) 19908 ~9912.

SRR, FIR, B4 2 BROEZR. 2008, S8R AR IR EL I DL Se 3@ &)
UG BB X LT, 28(1) 1103~ 111.

s fE, R SR, TR R RO AR RIS, 4F. 2013, 7 R
5 B 408 DX A AR 3 — 2 AT oyt 34 1] 2 6 15 (1:3000000)
L5 Hb 5T A

RS, 2530 RAGSE XU BUAK. 1989. T4 S8 15 A 4 b — HLIE AN
R UE TR BIHBEHIAR. #BIETT,35(6) 558~ 565.

Abrahams A D, Parsons A. 1994. Geomorphology of Desert
Environments. Geographical Journal; 3~7.

Al-Dousari A M, Al-Elaj M, Al-Enezi E, Al-Shareeda A. 2009. Origin
and characteristics of yardangs in the Um Al-Rimam depressions (N
Kuwait) . Geomorphology, 104(3~4) :93~104.

Breed C S, McCauley J F, Whitney M I, Thomas D S G. 1989. Wind
erosion forms. Arid Zone Geomorphology. Belhaven Press, London,
284~307.

Breed C S, McCauley J F, Whitney M I, Thomas D S G. 1997. Wind

erosion in drylands. Arid Zone Geomorphology: Process, form and
Change in Drylands. Chichester; John Wiley, 453 ~460.

Brookes I A. 2001. Aeolian erosional lineations in the Libyan Desert,
Dakhla Region, Egypt. Geomorphology, 39 (3 - 4).189~209.
Campo E V, Gasse F. 1993. Pollen- and Diatom-Inferred Climatic and
Hydrological Changes in Sumxi Co Basin ( Western Tibet) since 13,

000 yr B.P. Quaternary Research, 39(3) :300~313.

Chang Meemann, Wang Xiaoming, Liu Huanzhang, Miao Desui, Zhao
Quanhong, Wu Guoxuan, Liu Juan, Li Qiang, Sun Zhencheng and
Wang Ning. 2008. Extraordinarily Thick-Boned Fish Linked to the
Aridification of the Qaidam Basin ( Northern Tibetan Plateau ).
Proceedings of the National Academy of Sciences of the United States
of America, 105(36) ;13246 ~13251.

Chang Qiufang. 2017&. Optically Stimulated Luminescence chronology
and palaeoenvironmental implications of Aeolian sediment and the
Nalinggele river terraces in the Tibetan Plateau. Instructors: Lai
Zhongping, Han Fengging. University of Chinese Academy of
Sciences ( Qinghai Institute of Salt Lakes, Chinese Academy of
Sciences) PhD thesis: 1~120.

Dai Junsheng, Ye Xingshu, Tang Liangjie, Jin Zhijun, Shao Wenbin,
Hu Yong, Zhang Bingshan. 2003&. Tectonic units and oil—gas
potential of the Qaidam Basin. Chinese Journal of Geology, 38(3) :
291~296.

Dai Sheng, Shen Hongyan, Li Lin, Wang Zhenyu, Xiao Jianshe.
2013&. Analysis on climatic transition characteristic from warm-dry
to warm-wet in Tsaidam Basin. Plateau Meteorology, 32( 1) :211 ~
220.

Duan Shuigiang. 2018&. Lake evolution in the Qaidam Basin during
1976 ~ 2015 and their changes in response to climate and
anthropogenic factors. Journal of Lake Sciences, 30( 1) :256~265.

El-Moslimany A P. 1990. Ecological significance of common nonarboreal
pollen: examples from drylands of the Middle East. Review of
Palaeobotany & Palynology, 64 (1) :343~350.

Fang Xiaomin, Wu Fuli, Han Wenxia, Wang Yadong, Zhang Yizheng,

Zhang Weilin. 2008&. Plio—Pleistocene drying process of Asian

inland
central Qaidam Basin. Quaternary Sciences, 28(5) ;874 ~882.

Goudie A S. 2007. Mega-yardangs: a global analysis. Geography
Compass, 1(1):65~81.

Gutiérrez-Elorza M, Desir G, Gutiérrez-Santolalla F. 2002. Yardangs in
these miarid central sector of the Ebro Depression ( NESpain ).
Geomorphology, 44(1/2) ;:155~170.

Heermance R V, Pullen A, Kapp P, Garzione C N, Bogue S, Ding L,

Song P. 2013. Climatic and tectonic controls on sedimentation and

sporopollen and salinity records from Yahu Section in the

erosion during the Pliocene—Quaternary in the Qaidam Basin
( China) . Geological Society of America Bulletin, 125(5~6) :833~
856.

He Zhao, Zhang Xiying, Huang Yuming, Ma Haizhou, Li Yongshou,
Miao Weiliang, Yu Chenguang. 2016&. Cenozoic tectonic
movements of the north Qaidam Basin and their effects on the
evolution of salt lakes. Journal of Salt Lake Research, 24(1):1~7.

Holmes J A, Allen M J, Street-Perrott F A, Ivanovich M, Perrott R A,
Waller M P. 1999. Late Holocene palaeolimnology of Bal Lake,
Northern Nigeria, a multidisciplinary study. Palaeogeography
Palaeoclimatology Palaeoecology, 148(1~3) :169~185.

Hu Chengqing, Chen Ninghua, Kapp P, Chen Jianyu, Xiao Ancheng,
Zhao Yanhui. 2017. Yardang geometries in the Qaidam Basin and
their controlling factors. Geomorphology, 299.:142~151.



% 6 3]

B SRR MG ) 1 DK B FEP AR R R B 1517

Ji Junliang, Jiang Shangsong, Zhang Kexin, Chen Fenning, Wang
Guocan, Yang Yongfeng, Luo Mansheng. 2013&. Pliocene tectonics
and lithofacies paleogeography of the Tibetan Plateau. Geological
Bulletin of China, 32(1) :19~30.

Kapp P, Pelletier ] D, Rohrmann A, Heermance R, Russell J, Ding L.
2011. Wind erosion in the Qaidam Basin, central Asia: Implications
for tectonics, paleoclimate, and the source of the Loess Plateau.
GSA Today, 21 (4):4~10.

Li Jiyan, Dong Zhibao. 2011&. Morphological parameters of Yardangs in
southeastern Qaidam Basin. Bulletin of Soil and Water Conservation,
31(4):122~125.

Li Jiyan, Dong Zhibao, Li Enju, Yang Ningning. 2013&. Wind regime
of Yardang lanform regions in the Qarhan salt lake. Journal of Desert
Research, 33(5) :1293~1298.

LiJiyan, Dong Zhibao, Qian Guanggiang, Zhang Zhengcai, Luo Wanyin,
Lu Junfeng, Wang Meng. 2016. Yardangs in the Qaidam Basin,
northwestern  China:  Distribution and  morphology.  Aeolian
Research, 20: 89~99,

Li Lin, Shen Hongyan, Li Hongmei, Xiao Jianshe. 2015&. Regional
differences of climate change in Qaidam Basin and its contributing
factors. Journal of Natural Resources, 30(4) :641~650.

Li Shuang. 2011&. Holocene climate and environmental changes
documented by sediments from Lake Gahai in Qaidam Basin.
Instructors; Zhang Jiawu. Lanzhou University Master Thesis: 1~55.

Lin Hong. 2014&. Provenance analysis and sedimentary facies of
Paleogene and Neogene in the Eboliang area of the northern Qaidam
Basin. Instructors; Li Fengjie. Chengdu University of Technology
Master Thesis: 1~63.

Ma Yuzhen, Liu Kam-biu, Feng Zhaodong, Sang Yanli, Wang Wei, Sun
Aizhi. 2008. A survey of modern pollen and vegetation along a
south—north transect in Mongolia. Journal of Biogeography, 35(8) :
1512~ 1532.

McCauley J F, Grolier M J, Breed C S. 1977. Yardangs of Peru and other
Desert Regions; USGS interagency report. Astrogeology.

Mustafa Halimov, Fritz Fezer. 1990&. Eight yarding types in Central
Asia. Journal of Desert Research, 10(1) :1~12.

Nickling W, Ecclestone M. 1981. The effects of soluble salts on the
threshold shear velocity of fine sand. Sedimentology, 28(4) ;505 ~
510.

Niu Qinghe, Qu Jianjun, Li Xiaoze, Dong Guangrong, Zhang Kecun,
Han Qingjie. 2011&. Review and prospect of Yardang landforms
Research. Advances in Earth Science, 26(5) :516~527.

Panah S K A, Komaki B, Goorabi A, Matinfar H R. 2007.

Characterizing land cover types and surface condition of Yardang

s

Region in Lut Desert (Iran) based upon Landsat satellite images.
World Applied Sciences Journal, 2(3) :212~228.

Qinghai  Petroleum  Administration Institute of Exploration and
Development. 1988&. The Tertiary Ostracoda Group in Qaidam
Basin. Nanjing University Press.

Ritley K. 2004. Yardangs and dome dunes northeast of Tavan Har, Gobi,
Mongolia. Geological Society of America Bulletin, 36(4) .33 ~36.

Staplin F L.1963. Pleistocene Ostracoda of Illinois; Part II. Subfamilies
Cyclocyprinae, Cypridopinae, lIlyocyprinae; Families Darwinulidae
and Cytheridae. Stratigraphic Ranges and Assemblage Patterns.
Journal of Paleontology, 37(6) ;1164 ~1203.

Sun Xiangjun, Du Naiqiu, Weng Chengyu, Lin Ruifen, Wei Keqin.
1994&. Paleovegetation and paleoenvironment of Manasi Lake,
Xinjiang, N. W. China during the last 14000 years. Quaternary
Sciences, 14(3) :239~248.

Wang Erchie, XuFengyin, Zhou Jianxun, Wan Jinglin, B. Clark
Burchfie. 2006. Eastward migration of the Qaidam basin and its
implications for Cenozoic evolution of the Altyn Tagh fault and
associated river systems. GSA Bulletin, 118 (3~4). 349 - 365.

Wang Guocan, Zhang Kexin, Xiang Shuyuan, Wang An, Cao Kai, et al.
2014&. The Cenozoic Geological Map and Prospectus on the Tibetan
Plateau and Its Neighborhoods ( 1: 1500000 ). Wuhan: China
University of Geosciences Press: 1~166.

Wang Shuai, Ha Si. 2009&. Advances in the study of geomorphology and
process of wind erosion landforms. Journal of Earth Sciences and
Environment, 31(1): 100~ 105.

Ward A W, Greeley R. 1984. Evolution of the yardangs at Rogers Lake,
California. Geological Society of America Bulletin, 95(7) ;829 ~
837.

Wei Kaihong. 2013&. Study on open Terme Rick Mine landform evolution
model and morphological differences. Science Technology and
Engineering, 13(33) :9908~9912.

Yin An, Dang Yuqi, Wang Licun, Jiang Wuming, Zhou Suping, Chen
Xuanhua, Gehrels G E, McRivette M W. 2008. Cenozoic tectonic
evolution of Qaidam basin and its surrounding regions (part 1) ; the
southern Qilian Shan—Nan Shan thrust belt and northern Qaidam
basin. Geological Society of America Bulletin, 120(7), 813 ~846.

Zhang Hucai, Wang Qiang, Peng Jinlan, Chen Guangjie. 2008&.
Ostracod assemblages and their paleoenvironmental significance from
shell bar section of paleolake Qarhan, Qaidam Basin. Quaternary
Sciences, 28( 1) :103~111.

Zhang Kexin, Wang Guocan, Luo Mansheng, Ji Junliang, Xu Yadong,

2013&.
Palaeogeography of the Qinghai—Tibet Plateau and Its Adjacent
Areas and Its Specification ( 1: 3000000 ). Beijing: Geological
Publishing House.

Zhang Kexin, Wang Guocan, Xu Yadong, Luo Mansheng, Ji Junliang,

Song Bowen, et al. Cenozoic  Tectonic—facies

Xiao Guogiao, Wang An, Song Bowen, Liang Yinpin, Jiang
Shangsong, Cao Kai, Chen Ruiming, Yang Yongfeng. 2013.
Sedimentary evolution of the Qinghai — Tibet Plateau in Cenozoic
and its response to the uplift of the Plateau. Acta Geologica Sinica
(English edition) , 87(2) :555~575.

Zhang Weilin, Fang Xiaomin, Song Chunhui, Erwin Appel, Yan
Maodu, Wang Yadong. 2013. Late Neogene magnetostratigraphy in
the western Qaidam Basin ( NE Tibetan Plateau) and its constraints
on active tectonic uplift and progressive evolution of growth strata.
Tectonophysics 599 (4), 107 - 116.

Zhou Jianxun, Xu Fengyin, Wang Tiecheng, Cao Aifeng, Yin
Chengming. 2006. Cenozoic deformation history of the Qaidam
basin, NW china: Results from cross-section restoration and
implications for Qinghai—Tibet Plateau tectonics. Earth and
Planetary Science Letters, 243(1~2) :195~210.

Zhu Yunzhu, Li Wensheng, Wu Bihao, Liu Chenglin. 1989&. New
recognition on the geology of the Yiliping Lake and the east and west
Taijnar Lakes in the Qaidan Basin, Qinghai Province. Geological

Review, 35(6) :558~565.



1518 B T T Y 2 2018 4F

Research on the Genesis of Semi-submerged Yardang Landform
in the Duck Lake Area of Qaidam Basin

MAO Xiaochang" , LIU Xiang” , DONG Ying” , BAI Yongshan® ,XU Yadong” ,SONG Bowen®’
1) China Geological Survey, Beijing ,100037;
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3) China Institute of Geological Environment Monitoring, Beijing, 100081
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Abstract: Through the study of the stratigraphic sequence, sedimentary facies, formation age of the strata that
make up Semi-submerged Yardang landform and the tectonic conditions, climate and human factors of the evolution
of Yardang landform after the formation of stratigraphic in the Duck Lake area of Qaidam Basin in Qinghai
Province, the formation of Semi-submerged Yardang landform in the study area is the Miocene Upper Youshashan
Formation, and the ostracod assemblages indicate that the formation age is late Miocene. The analysis of
sedimentary facies and sporo-pollen assemblages reveal that this area was warm and arid climate in late Miocene and
it was covered by the ancient lake and accepted lacustrine facies and lacustrine delta front facies sedimentary. In the
Pliocene, the ancient lake shrank and disappeared under the dual role of regional tectonic uplift and arid climate.
Pleistocene in extreme drought and strong monsoon environments, the upper strata of the Upper Youshashan
Formation was lifted up to the surface, formed Yardang landform under the action of wind erosion-dominated
external forces. From late Pleistocene to early Holocene due to the arrival of the last interglacial, the climate turned
warm and moist, and the lake invaded to form three lakes. In recent years, the distribution pattern of lakes has
been changed under the action of human activities, which presents the landscape of today’ s Duck Lake. Today, the
lake area of Duck Lake drowns some Yardang and becomes a peculiar Semi-submerged Yardang landform
landscape.

Keywords: semi-submerged Yardang; genesis; geomorphic evolution; Upper Youshashan Formation; Qaidam
Basin
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