$764 H M Hi L o2E R Vol.76, No.9
202149 J1 ACTA GEOGRAPHICA SINICA September, 2021

Zmit XA SFE L EN TR
KRBT BEEY, R AR

(1. W R FHEREL 4 B8 BT 310027 2. H EIRLF# B A 45 5 BRAR 72 7, 58 A5 830011
3. FE A B M S R G E R B NRLF UL 5T 5, A 8483005 4. HERRF B
TS HOER DRI ST T, AL AT 1000295 5. [ B DY A2y by s B2 52, T 363000)

FEE: PR R 2 R AR A ISR M 5| AT 5G 1 , X TR AR AR iRl e S 5
P o VEATEFT ST 25 B S 44 L, 20 A YA b DORE TR HIE 25 i R e R A2 2 PRI 42, SR
Stz DR P HE S RRAE AN A B AL B AIR AR SR B = o AR S -A B A S Kt fl UAV
(NBITE AL B e s A5, SR FH MR 207 A VA SR B A0 D 1d 258, 126 8 TR A8 S 80U 1R
R RMESIE RS ECEIE , 35T UL s AT 58 SR S 2 A0 1 s DR 2SR E
FEXFZ XS A AR Fie . FEE5ISAH O P ATA M X BE A A 78 20 m L
TP RKE> 160 m, SEEERAMHIES m AT, ML 2 m LI, 280 IX YRS PR BAR 1A
BN RSBS00 P 5 PO 52 B34 S A 0 738 Al R | e i v 2 1) 14
I S8 LUAE GG, B 2: 1B B KB 41, IR 2 1001 L L B A dE b F 22.5°~
67.5°, 5 R AHSSRL, AP TR 1T 25 5 I 228 Ab e B 5 P A AR A1 A P BB 4E v A
TE 3~4 A4S SF-H T ] B 2 A 76 < 20 m 1 40~80 m X [W] , S 7 %' A7 i i DX P23 [ SR 1E 1) 2 4
Vo FEARFEFHEZS LIS, 200 B PF RN P35 e B G 2 2 A b X F2 A7 A 1 2 Fi A AL
FHEERI . @ B A5 1 0 AP BUAR AR = 20 7 ) B 75 47300 L s A T 4 A By
B, T Z A M R R KA SR R 2, it T 28R 4 ARb 2R T
A XAEFHESBUK . @ PAAMIXHEFHE & HA 2k, 58 a0 Lok B4 A BB
R e A A N K A8 4 R W, S5 5 TR 2SRRI AN IS 8 A7 000 e 3 A 1 e M
HEPIE B B BBt 458 22 A i KA PR B A i, 2% > v U ERHE S 2 50% L T W 48
T TR 2% M DX PSR HE PR B /N ok 30T 5 A0 4l b 23 A A RORIOHE P v B2 3l , 1354539 0.5 ka B.P.
Ji g 24 st ik BT P 2 KU 08 6.2 mm a o AEA A 2 A Y b DORE PR A R PR
AR 6T T A PRSP R SRR IR AT X el XUl A B TR S

SR MR RUIIEZS s P B AIA

DOI: 10.11821/d1xb202109011

HEPE (Yardang) J2—RhS B WU sse, )z 7040 THUER T 5 S FRHIX"Y, 7E4
FEACRATHGE . Hedin 7 88 27 A 1A M X B2, B AR TS — i) dn 44 B
A CBEINAZ” FROER X B )5 Blackwelder XFHESFIY B SCVE T RS RIRR 2™, A

Wim -
E&UWH:

EEEN:

BIRIEE:

2021-07-07; 1&ITHHA: 2021-08-24
[ Z B} H L Atk 9% 5 8 A 4 391 (2017FY 101000) [Foundation: The State Scientific Survey Project of China,
No0.2017FY101000]
REPE(1993-), W, VEIRmI A, AR, R AGEE8 UL A XU SR 38 56 5 THT 19 o
E-mail: songhaoze@zju.edu.cn
F/NF-(1964-), B, TEEFEN, B2, A 900, E2NFPEHA TR XA AR Tk AR
FBA TS DO S K BEE SIS HT 5T . E-mail: xpyang@zju.edu.cn
2187-2202 1t



2188 i B 2E 76 %

ZHON AR AR A i Rt Fhe, BET— B R R T TR ISR
P FE S VTR Y XU AR b SR

NIEEERIEE 2R, WTERR R HE 2 IS 0CHE Jrikae s,
A PG ESE (i, T8, ®%) EEMARHFPESM, Kb R
DRI Ward 3 o8 S b 8 A ARG 00 32 H A AR B A i e B, K SE A 4:1; Bl
Ja BRI E Y RIS SE RS S A =, 455 BoR 2800 IX P HEPHES TR
RI R LA, HR TR, fAEHAE G R Z A . AR AR 1
K, [diH/NMIJCAMNL (Unmanned Aerial Vehicle, UAV) 1145 H g0 5600 - 832 37 548 FE AN
T AR A (Digital Elevation Model, DEM) [0 M B AR BT 108 A0 A5 B #E 0,
TEBEIEA LA A S U M S ) & R R, R B O B s S R FHE 8

T HABRIDBOEE, HEPF A B b e — Hik = REMTT . FI2RE e
TR, G0 Hedin £ H 3 /K T BT 5, XGRS D 7K 0380 T RS 8 98 A 1O B0 HE 5
McCauley S8 S RI R PR FRY >, 8562338 1 3ede e XU R it 7 v s bl
B T EZANEH; Brookes 3 T3 MR HPHEFHE S M K322 St THEPH A BR", BIfE
Bl X R A T REPHE S AT R BIRB A i IR R, X —Bi15 2] T Dong
F SR SE 5, T bR A bt R R RIS 1, MEDL ST SO PR A, I ILTESS &
FATMEAE LR L, A 2F8 R EE AL S50 A TP & AR,

BT A A M X AP oA )z HIE S 2R, AR FACH I BT S, BiA T
VEM T HEPHE B W @ PERR SRR 7, BV ROE SRR & B i A B i e o
ARSCR B A5 52 rp3RAF I SEMV B, DL S Br UAV Ird st 52 42 B Y DEM,  7E %
FEFEFHESSEIEAE b, XS A M DOREPHE S SE T & o R R S 5 s 00 20 40 b &
ATA L XHEFHE SRR, 45 G TR AR I N Z 50T X & B fbad B, DL Ewrsext
TR HE SR N2 R, WA T XX FE B A S8

2

BAAMIX (39°N~41°30'N, 88°30'E~92°E) v FHiiE LR A AR L, JbHERILL
Wk e, mlmBT R Al (1) o A KAt 5, BEE AyA e 150 km (1)
A I B YRIR M 115 °C, ZAPRFRIREKE N 17.4 mm™; FKEZRKRKA, BT
P A3 AR R s WIS X AR R T A 2L, ASCFLAE 0T T Wik 3 i 25 A1 Y T s A AR A
(Tamarix chinensis Lour.) . ZAK (Apocynum venetum Linn.) EMERAEHIHIZE R0

WX NAEPE 2R T TALARR =AM e ESE™, 2015—2017 4R BFAhE 4
PEHC 10 MHEFHE U8 X e UAV 4048 TAFE,  Horb 4 0488 7 T e 0HE S 53 A DR 1
TeHEREPE A X, KN Zm KRR 225 7 A, HBJZ2 T A2 Rt Ay 6 s
TS A X, K HB ST, )2 2o 20 i AR DO, HEPHRCO IR, &
JEZAE 1 m AR, BEAMERS HEPH 310 DR TR T S bl & T4

3

3.1 BARSREHEHRFURE
BANAMIX G S, SRS A G I, [FRPHEPH A2 s 216 1 m



94 RGEPE A BHATIAN DR HE AR IE B 8 fld fe 2189

%) — BRI SN

R (m)
[ 718~780

1 960~990
1 990~1020
[ 1020~1050
[ 1050~1080
I 1080~1110

| Ef
< @ Mihks

]
]
]
s BARAGORAS | B8 15101350
o AERBERRAEL £ 1350129
o aamcen | S 1o
9l
----- S B 2 T B A — b
J T K T Y 1 1890~2009

T EHEK H Google Earth™; &b /Rl W [ a RO AESL L ;
A b Fh K R AR AL T R F A A A TR A K el Hrh B A T 1972 458 4Tl
Fl1 WSS X A B AP BOR A

Fig. 1 Location of the research area and data collection sites in the Lop Nur Lake region
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Fig. 2 Collection and extraction of yardang morphological data
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Fig. 4 Morphological parameters of yardang spacing characteristics
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Tab.1 Names and definitions of yardang morphological parameters
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Tab. 2 Names and definitions of yardang morphological parameters

eSSl YD-1 YD-2 YD-3 YD-4 YD-5 YD-6 YD-7 YD-8 YD-9 Mean

Lm 4.46 60.23 6.02 220.2 20.35 23.8 250.91 286.95 270.4 -
Wm 1.48 7.14 1.3 53.5 6.56 7.94 45.58 54.75 35.92 -
Hm 0.59 4.9 0.89 18.23 4.94 3.5 23.27 26.24 15.75 -
La 4.37 58.17 5.85 211.35 18.59 21.86 243.33 278.39 258.76 -
Wa 1.54 6.76 1.18 49.3 6.26 7.52 43.25 52.8 335 -
Ha 0.63 4.5 0.97 19.12 5.14 3.26 23.87 25.62 15.15 -
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RE-H 6.78 8.16 8.99 4.88 4.05 6.86 2.58 2.36 3.81 5.39
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Fig. 5 Characteristics of yardang size in the Lop Nur Lake region
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Fig. 6 Frequency of yardang's orientations and wind rose in the Lop Nur Lake region
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Fig. 8 Characteristics of yardang's spatial distribution
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Fig. 9 The ideal process of yardang's evolution in the Lop Nur Lake region
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Geomorphology and origin of yardangs in Lop Nur Lake region

SONG Haoze', YANG Xiaoping', MU Guijin*®, QIN Xiaoguang®, LIN Yongchong’
(1. School of Earth Sciences, Zhejiang University, Hangzhou 310027, China; 2. Xinjiang Institute of Ecology
and Geography, CAS, Urumgqi 830011, China; 3. Cele National Station of Observation and Research for Desert-
Grassland Ecosystems, Cele 848300, Xinjiang, China; 4. Institute of Geology and Geophysics, CAS, Beijing
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Abstract: Yardang is a typical, aecolian erosion landform widely distributed on Earth and
discovered on other planets (Venus and Mars) too. Because of its various forms and volatility,
yardang's morphological characteristics have attracted attention for generations. Lop Nur is
located in the eastern part of the Tarim Basin in Xinjiang, China. Although there are many
yardangs with various types in the area of Lop Nur, there is a lack of study about this impressive
landform there. On the basis of field investigation, the authors found that UAV drones can
efficiently and effectively collect yardang morphology data. Based on collected yardang
morphology data (including field survey and DEM from UAV), using the terrain digital
extraction method, after measuring the morphological parameter data of yardang, this article
attempts to clarify the morphological characteristics of yardangs in the Lop Nur area, and to
discuss its formation processes. The main conclusions are as follows: (1) The lengths of
yardangs in the Lop Nur area are often < 20 m, although a few of them are even > 160 m. The
widths of yardangs in our study area are mainly < 8 m, with a height of mostly < 2 m. It shows
that the sizes of yardangs in the study area are generally small, although some large ones occur
too. The ratio of length vs. width (R) of yardangs ranges from 2:1 to 4:1, and even > 10:1. The
orientations of the yardangs in our study area are mainly toward 22.5°-67.5°, consistent with the
predominant wind directions. Our observations suggest that the morphology of yardangs in the
study area initiated from a dome-shaped form and then changed to drop-shaped, and finally to
linear forms. The number of yardangs occurring nearby is often 3-4, and the distance between
them is often < 20 m but occasionally 40-80 m. (2) The most likely evolution processes of
yardangs in the Lop Nur area can be summarized into four stages: embryonic, juvenile, mature
and decay periods. However, due to the influence of various controlling factors such as stratum
sediment characteristics, wind erosion, and flowing water, yardang's morphology in the Lop Nur
area become quite complex. (3) The developments of yardangs in the Lop Nur area have
multiple periods. Since the Quaternary, there have been four main development periods in late
Pleistocene (ca. 90 ka B.P.), early Holocene (8-9 ka B.P.), late Holocene (after 1.6 ka B.P.) and
Little Ice Age (around 0.5 ka B.P.). According to morphological characteristics and
environmental evolution, we infer that yardangs in Longcheng and Bailongdui were formed in
the late Pleistocene, the northern Loulan grand yardangs formed in the Early Holocene,
yardangs in central and northern Loulan formed in the late Pleistocene and the small yardangs in
Loulan area formed probably during the Little Ice Age. Based on the chronology and yardangs'
height, the average wind erosion rate near the Loulan site after 0.5 ka B.P. was calculated to be
6.2 mm a™'. Accurately describing the morphological characteristics of yardangs in the Lop Nur
area and understanding its evolution procession is of great significance for analyzing the
morphological development of yardangs and the regional wind erosion process.

Keywords: geomorphology; wind-eroded landform; Yardang; Lop Nur



