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Fig. 3 Photomicrographs of selected spore-pollen from the Qingshuihe Basin in southern Ningxia during the middle and late
Late Pleistocene

a—Pinaceae: Abies; b — Pinaceae: Picea; ¢ — Pinaceae: Pinus; d—Pinaceae: Tsuga; e, f— Ephedraceae; g, h - Compositae:
Artemisia type; i—Compositae: Aster type; j—Compositae: Taraxacum type; k—Compositae; Echinops type; l-Ranunculaceae; m-—
Caryophyllaceae; n—Chenopodiaceae; o—Gramineae; p—Rosaceae; q—Moraceae: Humulus; r—Plumbaginaceae; s—Zygophyllaceae:
Nitraria; t— Gentianaceae; u— Labiatae; v —Sapindaceae: Koelreuteria; w — Betulaceae: Betula; x - Juglandaceae; y - Fagaceae:

Quercus; z—Ulmaceae; aa-Tiliaceae; ab-Polypodiaceae
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Fig. 4 Pollen percentage diagram of the Qingshuihe Basin in southern Ningxia during the middle to late Late Pleistocene
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Fig. 5 Pollen diagram of the Qingshuihe Basin in southern Ningxia during the middle to late Late Pleistocene

Wik, HRHHEATAL (0~8.9%), 34 F
3k #l (Compositae: Echinops type; 0~0.9%) FlH
g F25R (0~5.4%) e, B4R (0~
32.7%) . WE#EFE (0 ~5.3%) FEHE (0~
2.7%) WA Z, PAERAEYARAR (0~
2.2%). BB (0 ~0.8%). A4 SR (0~
0.9%) . IRIEF (0~1.8%) . AF (0~2.7%)
MW R (0~2.2%) AR, EEER
(0~1.1%) Aek & & TR, &P (0~10.5%)
womeE LT WD ERNIEEZE (Polemoniaceae;

0~1.8%) . WHEFL (Linaceae; 0~1.1%) FIA%Hf
Bt (Campanulaceae; 0~0.9%) fEH); T4 B A
WAHIBFF (0~0.3%) FIFHF (Typhaceae; 0~
1.8%) . RAMY LR & ETHE 1.7% ~14.8%, 4k
P2 YR B = HRWS A 1G 22 P g AL B AL B
(1.7%~8.0%) BEHE, ®UEGLEAIEZIE (Picea;
0~2.7%) FEIJE (Tsuga; 0~1.8%); HIMK
W R AR Ky #E R (Betula; 0~ 2.8%) , &R
(Corylus; 0~0.9%) ., ¥RJE (0~2.8%) . WIBEF}
(0 ~1.9%); B BEIE ¥ ( Tiliaceae; 0 ~
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2.8%) . BREMPAL KKK HE (0~1.8%)
fil+

(3) M4 uEPdlm (190~0 em), Kil
WH—B L (Qp'sd'), HE-ZER - AW

A A G I AT AR T M, R VR R AR
B, Bk 5184 KL/ v, FEASFIVE ARLEH b 45 % 1R
BN T7.0% ~99.7%; HEEHIE (57.9% ~
92.4%) . HFHEIER (0~14.3%) . 5 BFili A 0%
Al (0~6.0) FISGRLEERI LAY (0~4.4%) ALK HE
Az, RAZER (0~33.7%) . MEF (0~
3.2%) MARE (0~1.5%) F&EAEMLALSK; P
EREABEYWARAR (0~0.9%). S (0~
1.5%) . BER (0~1.0%) MZERJE (0~
0.3%) TraBgA w18 A B YA — R
TEFEAE (2.7%) 18k, RN YAE B ik B
0.3%~23.0%, HHWEHLAE (0~18.2%) , =i2
J& (0~2.4%), BJE (0~0.9%) MR
(0~0.9%) EBZMAK; FitiERHEE (0~
0.3%) ., ¥JE (0~1.5%) F#HBEE (0~1.5%)
BB & A TR R WK EM YT

(4) Vai. =@ HM&Em (710~320 cm), /K
WA B (Qp’sd®), ZEFI-HJE-ME4L &4

AN A G S AT RE A 12 R, O R E AN
S, ek 5459 KL/ vE ., BCALA A I RE B A A
oI RGN, femik 78.5%; HEAFIVE R
Wk o BB, N 20.0% ~99.1%; % & & &
(7.0%~87.5%) it FREWIE,; R (0~
11.3%) . BFHHBA KA (0~2.8%) FI35F#E A
KA (0~3.5%) kS EAZMMAR; FERER
(0.7% ~62.9%) . KR (0~9.4%) . HHlJE
(0~1.0%) FIAEMIEL (Tamaricaceae; 0~1.5%)
AP, hAREAEYRAR (0~3.4%) |
TR (0~2.0%), BEF (0~1.7%)., FIEF
(0~1.0%), AR (0~1.0%), %A (0~
0.3%) MI+FAF (0~8.6%) & & WA 1,
BAEEARYIBER (0~1.9%) TEMH, AKX
WAL BEINE 1.0% ~78.5%, H PR
J& (0~56.7%) ., “A2J® (0~13.4%) . ¥ )&
(0~3.5%) ., BB (0~1.8%) KM HIE
(Larix; 0~0.7%) & & JF46 W &8 m,; ke
BIAE By 28 BRI FR A BT BS n, AS HEJE (0~
3.3%) . @ (0~3.7%) . HIBERL (0~3.3%)
MlE (Salix; 0~2.8%) . iRt (0~2.0%) Fik

WHL (Aceraceae; 0~1.0%), BRISH Y & B K I
HE (0~1.8%) FITH AB (Gleicheniaceae; 0 ~
0.7%) #F,

4 3tib

4.1 TEEBBEFUPBEBANETEEMERE

Lk 20 5 7l Al AR 4 A [ 9604 B0 28 7 43 Lh Y AR
A R R 0 A [R] A BT, AT R AR L S b
Wbl by BERAE B, 10 SRAS [R)AR 9 Al 1 R AR S AR 1k
JIT L7 5 R 50 5 2K T 25 b A A B D SR T
o L B B T AR 1 o R R oy R ) AR T R
4.1.1 BEHEFEL FA=ZRAHITLRK (75~

50 ka B.P.)

RIS OB A LA, A A Rk
FERAG, ARFAF ST X N TR ) bk I
by 2 A b AR R W A xR, A 92.5% ~
97.3%, RAMYFBRIHEY & 2R, #mas
W R T R AR E R 4T, & 65.0% ~
74. 6%, b S 0 2R A A X EIR, Y
6. 1% ~18.3%, Tif FHAM YRR E R . F1fil )& FL
2 BL o> A b BB, TR A A R R R
FET1.1% ~90. 1%, 1 oA BAS A P 6 =R & & 5
i, e as 17.2%, B A RS R Y A O
JBTEH G B, Wik 18.3%, WG ik
REITAAR, GR, AR, BERS DA
ST, AR R YR AR T 6.9% ~25.2%,
FEREMWIE (0.7%~6.3%) FI¥% M j&E -+ 4 46
¥y (0~2.6%), W RENANKRALK . Ak 4 &
AT 5B A P 4 T b X T RO A AR R
PAHEHfTx, ST hmE, 2, Al G
PG A AL T R A e, BT (xR,
1992) , % E4r#r, 75~50 ka B.P. Bf#, THRE
TS KT 43 b B A EE R AR, R LV R O E M
TR AR R, A A XA AR 28 AR R T
T o
4.1.2 BB AHHARFAAMEIAHITE (25~15 ka
B.P.)

X — A 3] 2 KT 98 4L U AR, ARy 4
ara g, WA ANV A, e kRl 2 A g A0
1517 o (N = DA O U 7 -0 N A i ) = (U U
HAL, BwAn S ENILTREILA R, L2
ko dem, Brfih&SELa 2L TR, AT
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S R T UORR B R B A S B I, fR A AT
DABCAKE W) o 4 %P 035, AR ASHE W) R0k S A W
AR BAE R ORI TR AR Bk, 1T RE
ST DL E O 0 T B EOR DA ZE R O Y T
2R B L

AN R ROkl | I N UF ) B s B &l
BEREN, PTRE R M ASHEEE A EY LK,
AR VORI, RS R ME R F A EAK,
T € 3 B 55 50 20 = 00 4 B il A S AL B ER A
AR AR, AR AR RS B L A RHE R
L, TR = EZMESAR, ok
wmiZ, B —EREHERE . BEIE. BRE Bk
BHERY, T B AR Bk . B
T 5 B 22 0 A1, e 95— R D AR bR R Ji A2
B, R IR i T SO T

LRy 20 A A At 608 b 288 R L A 40 g
AUk D, FIRE SR AR BB, T € 45 Bl 5 s Al
E8 € N NV =R T S S e /NS U B o A S
FRFIER LR S L, MILEHR LR, K
UR=RT4; 7 =0 R S 2 o 2 L B S N o v e e
AR TR R, UE B A L R B B T A
O ) B R AIG, AR SRR LT R R 3
SR G T

B2 A IV A, BT PR AR Ry B 1 B
ik 78.5%, nEBMEGEELE -2 T &,
18 WLERAZ T s i b JE AR By . B 43 B R i S
R &S THE R, TEEPHER & & 8K
R, AR VE R R AR, BIRE K, %
R S09 F) A 0 A o R ARG, A A DA B R 5 R R Ry
F, BROR AR IR Fm Ak 1 X, KT, IR
LRy S5 W 9 AL B PTG R T R A R T M X
MIRE B HEAT X E, # T ML X AE 29~ 17 ka B. P. 1
L 2 3R By e R R TR D 1 A L K O 1)
Fie f w7 I AL (FE AR AR, 2007) .

ZE EOrMT, 25~15 ka B. P, B33 7K 907 3 M b
Bl 25 R ARAR, AR e S R bR R T — T R R R B AR
Ji A2 A 0 32 i ok Y ) e ) A e R T R
ML R T
4.2 HREEX

S AL LAk, A BRI AR X O 28 AR O 4
W E ARV, A SR AR IR R R B, UK
FIE] vk 39 %2 & ( Zachos et al., 2001; X i JfE,
2002; Kawamura et al. , 2007) . H[E PG &5 3#b X B B

LR NS R 7 3y <RI O A V-
R, T RCT R R RAE B WO B R,
AT a&Wm D, YR Z (RS,
2016) , B & 7 8 = RS Wi B T, B S T L
K, AR ZE AU AR T R g A R Y T R
JERAbiD G X, KRR pE 2 kAT (F
JyEr, 1994; Tk %424, 1997; Liu and Dong,
20135 Sun et al., 2020) . “fE 728 4k B 51 S A4 A8 8
WO, TE T S X U R A R o H R
Rk e B i 26 B A RAF R, BT Rk iy <
B 05 5[] 4 Bk 1 1 <M B 1 A AR 4 09 T E
UEAE SR T a5 H T 20 7 2w i X,
AR B 1) A 0 T A AR b B A AR 5 ) R

T E BT KT FE b B TR b i (75 ~
50 ka B. P. ), FHBLA 6 BEAIR, MBS B R T
e B SRR by R L R e B AR, Y
Lk 20 A i B/ i 0 2R AL JE i, R R Ah
KAEHT, Mo E L 30% B, A AT DL B Y
A RSP Y I (22 ASE, 2005) . %
N EREAEYERENSERS, BRMZH
A3 T BT RN 1 PG R AR L (oA B g A
Zhi4s, 1980), FRiX il FAMBET R, EBRAHH
WA (Li et al., 2005), M #E5 E 0i%
(2009) MIBFFY, 767507 AR 45 o
TEOLT, 455 - 2 5 8 45 Rkt /8 T A Sy A< A 0 i
o R B AR AR, TR A7 I A AR R K 2
B R MR R E R S R, U0 W] Y I 2 A
AR W N A R B AR Y R A, M LA R
JE, SRR AR S RS, WY
BFAAREE AN AR T 7 E AL T AR 3= KX
PO AL 5 DR e M 9E R IR S U, eI
R DU I R R BAR, E R A ) 2 T IR
B, DR AE b 2 9608 20 5 v, RS R ) 0 R ViR
Wowm HA Y R s i £ w i, R S W R R
RERHAE Ry 3, A H I &7 A R, W R
AR A M, #E 75~50 ka B. P, /K%
TR EE LA XUSAE (3 ORI i Ao 8 A A
WEVRIAR Ry 32, 2 b X AL A X E S R A
o, IEXT R T UG A A R it 2k MIS4 BB (5
JEA, 2021), Z5 LTIk, I KT ZE M i i AR
T T

SIRE (2021) kPR TIET S, LR
JEW AR B T PO AE R B R RG 1k A 4
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BTN Ry, T B R K T Z M g R
Mel] (2950~25 ka B.P. ), TEBEH 39541 5K
T Z ) R A=l A G e i, U B 77 B R AR I K
T B 7E 29 50 ~ 25 ka B. P. B & A T BLTE) B
(IR, 2021), [FkE, T HLLSF A2 58 ~
36 ka B. P. BRI P9 5208 5% 47 5 050 2 56 ~
38 ka B. P. B 7E B% 57 12 95 41 5 /KR 78 41 2 [A] b
FEAEVURRRI BT (B AR SE, 2018), T E MK
T 2 b 28 D U AR R B J, 0F A M B R R A (25~
15 ka B. P. ), DL EAFIARAER A 8 m, 304
SIET S A AW A I K L
PRARRE | TR A L Uz T SR R A DU AR
(EJEF, 2021), FaRkAE By 7 iz B 1 25 7 84
MR R B TRE L BASHE, 7L
Bl ARAT ARG () BE B, BRI AR R 4L G P il B 30%
DU RAE AE By &5 A T RE AL F TC A Hal (2% S,
1998) . 2= S AIBEAL S (1990)  FIr fil 14 TS #A A8 1
KEXB PN SRR EMETASR 55.5%, FB
HiSE (1996) WFFE R IR LR i 60. 9% I,
ANBE UL JE B L — A AR AEAE . A2 R K2
ek EBESE, FEEAM, EamnEnX,
CATHERE AR X B, HARRM R E B M i, B
HAA BAATE, R REHE N B = A2 308 2 1
FEFE (ZE3CHE, 1998) ., ZBF BIVTBUIT LR A 3, 7%
L R e e = o 2 = I A =T B A |
OB A L R it 5 R e b,
W RREFAE R B W 2, SR ERE A AL
KB W, T A R R A A — HOR A T
i 5P R B R B W B . ZE A AT R, K
T] 2 Hb 7 2 B R A 2 R A R R 1 R A, 3K
SR W AR AR T, TR B BRI A B &
KE=HA4 ( Younger Dryas, YD) W EE, Al K5
T2 2R YR UK U ) 4 e TR] UK 0 5 6 o B P ) B R
— IR KR o T T, LR R A R 1 e ] B
B, 7 ST S 33t K T I o R (2 14~
11 ka B. P. ) FE/KING A5 48 5 Z A 0 = A
BAEEM, TREEE KN EBAAED 14~ 11 ka
B. P. BHI0 & A T UURU R (ZJKA, 2021) .

5 %

(1) 5 117 5L 0 5 K 9T 4 0 6 L T P30
120 R 00T 0B 07 90080 40 07, 46 P4 B0 T

BB R 2R 4 AR A . AP SINT 2
KRR S HH BN ERE-SR -ERRHE
KT — BTN E R - R - R A S
W KIRIAH — B R E R - R - R A A
FK R Vo 20 — B (i 2 B 85 J& A B A5

(2) MR P (75~50 ka B.P.) T HE
TS KT 45 b B B B R AR, RE R R DU
J& R )RR, IR 5T XA A R e T
Mo BT P ] (25~15 ka B.P. ) AH B 5 ER
I, A 28 AR by 7 O — T R B R R R SE  H BE
27 3k U B U R D5 i N A S A 2R KU i
SR R, B A AR R AR, AU R
i W 3k VR B Ve T R KT R DT, T KA A b A
eI s, BT 5
i, mh AR >IN I LN TR, £
o BRI E

References

AN ZS,WUGX, LIJP, etal., 2015. Global monsoon dynamics and
climate change [ J]. Annual Review of Earth and Planetary
Sciences, 43: 29-77.

CAIM T, FANG X M, WU F L, et al., 2013. Pliocene-Pleistocene
stepwise drying of Central Asia: evidence from paleomagnetism and
sporopollen record of the deep borehole SG-3 in the western Qaidam
Basin, NE Tibetan Plateau [J]. Global and Planetary Change, 94-
95 72-81.

China Vegetation Editorial Committee, 1980. Chinese vegetation [ M].
Beijing: Science Press. (in Chinese)

CULJ W, LIZH, LIUF, ctal., 2018. Redefinition of the sedimentary
time of the Salawusu Formation in the Hongsibu Basin, Ningxia and
its significance [J]. Journal of Geomechanics, 24 (2): 283-292.
(in Chinese with English abstract)

DENG C L, HAO Q Z, GUO Z T, et al. , 2019. Quaternary integrative
stratigraphy and timescale of China [ J]. Science China Earth
Sciences, 62 (1) : 324-348.

DING Z L, RUTTER N, HAN J T, et al., 1992. A coupled
environmental system formed at about 2.5 Ma in East Asia [J].
Palaeogeography, Palaeoclimatology, Palaeoecology, 94 ( 1-4) .
223-242.

DING Z L, DERBYSHIRE E, YANG S L, et al. , 2002. Stacked 2. 6-
Ma grain size record from the Chinese loess based on five sections and
correlation with the deep-sea 8'*0 record [J]. Paleoceanography,
17 (3): 1003, doi: 10. 1029/2001PA000725.

FANG X M, ANZS, CLEMENS S C, et al. , 2020. The 3. 6-Ma aridity
and westerlies history over midlatitude Asia linked with global
climatic cooling [ J].
Sciences of the United States of America, 117 (40) : 24729-24734.

GUO Z T, FEDOROFF N, LIU D S, 1996. Micromorphology of the

Proceedings of the National Academy of

loess-paleosol sequence of the last 130 ka in China and paleoclimatic



672 W FFR https ; //journal. geomech. ac. c¢n 2023

events [ J]. Science in China (Series D), 39 (5): 468-477.

GUO Z T, RUDDIMAN W F, HAO Q Z, et al. , 2002. Onset of Asian
desertification by 22 Myr ago inferred from loess deposits in China
[J]. Nature, 416 (6877): 159-163.

HUANG T, LI Z H, LIU F, et al. , 2018. The current situation of
desertification in the Hongsibu Basin, Ningxia, and its main
geological controlling factors [ J]. Journal of Geomechanics, 24
(4): 505-514. (in Chinese with English abstract)

KAWAMURA K, PARRENIN F, LISIECKI L, et al. , 2007. Northern
Hemisphere forcing of climatic cycles in Antarctica over the past 360,
000 years [J]. Nature, 448 (7156): 912-916.

KOULL, LIZH, DONG X P, et al. , 2021. The age sequence of the
detrital zircons from the Guanyindian section in Longde, the
northeastern margin of the Tibetan Plateau, and its geological
significance [J]. Journal of Geomechanics, 27 (6): 1051-1064.
(in Chinese with English abstract)

LIW Y, YAO Z J, 1990. A study on the quantitative relationship
between Pinus pollen in surface sample and Pinus vegetation [ J].
Acta Botanica Sinica, 32 (12): 943-950. (in Chinese with English
abstract)

LI W Y, 1998. Quaternary vegetation and environment of China [ M].
Beijing: Science Press. (in Chinese)

LIY C, XU Q H, XIAO J L, et al. , 2005. Indication of some major
pollen taxa in surface samples to their parent plants of forest in
northern China [J]. Quaternary Sciences, 25 (5): 598-608. (in
Chinese with English abstract)

LIY C, XU Q H, ZHAO Y K, et al. , 2005. Pollen indication to source
plants in the eastern desert of China [J]. Chinese Science Bulletin,
50 (15): 1632-1641.

LIZH, CULJW, LI CZ, et al. , 2020. Late Pleistocene sedimentary
features and the palaeoclimatic background in Hongsibao Basin [J].
Coal Geology & Exploration, 48 (6): 233-242. (in Chinese with
English abstract)

LIU B H, WU F, ZHANG X J, et al. , 2023. Late Pleistocene element
geochemistry and its implications for environmental change in
Hongsibu Basin, northeastern margin of Qinghai-Tibet Plateau [ J/
OL]. Geological Bulletin of China: 1-16 [2023-08-11]. http: //
kns. cnki. net/kems/detail/11. 4648. P. 20230811. 1039. 002. html.
(in Chinese with English abstract)

LIUD C, GAO X, WANG X L, et al., 2011. Palaeoenvironmental
changes from sporopollen record during the later Late Pleistocene at
Shuidonggou locality 2 in Yinchuan, Ningxia [ J]. Journal of
Palaeogeography, 13 (4): 467-472. (in Chinese with English
abstract)

LIU H Y, 2002. Quaternary ecology and global change [ M]. Beijing:
Science Press. (in Chinese)

LIU J F, 1992. The spore-pollen records of glaciation-loess cycles in
Huining area in the west part of the Loess Plateau since 660000 a
B.P. [J]. Journal of Glaciology and Geocryology, 14 (1) 33-43.
(in Chinese with English abstract)

LIU X D, DONG B W, 2013. Influence of the Tibetan Plateau uplift on
the Asian monsoon-arid environment evolution [ J]. Chinese Science

Bulletin, 58 (34): 4277-4291.

LUHY, WANG XY, WANG Y, et al. , 2022. Chinese loess and the
Asian monsoon: what we know and what remains unknown [J].
Quaternary International, 620: 85-97.

LU Y C, WANG X L, WINTLE A G, 2007. A new OSL chronology for
dust accumulation in the last 130, 000 yr for the Chinese Loess
Plateau [J]. Quaternary Research, 67 (1): 152-160.

LUO C X, PAN A D, ZHENG Z, 2006. Progresses about the studies on
the relationship between topsoil spore-pollen and vegetation in arid
areas of Northwest China [ J]. Arid Zone Research, 23 (2). 314-
319. (in Chinese with English abstract)

MA Y Z, MENG H W, SANG Y L, et al., 2009. Pollen keys for
identification of Coniferopsida and Compositae classes under light
microscopy and  their ecological significance [ J ]. Acta
Palaeontologica Sinica, 48 (2): 240-253. (in Chinese with English
abstract)

MA Z Y, DONG X P, ZHANG Q, et al. , 2020. Sedimentary response
to the uplift of the Liupan Shan since the Late Pleistocene and its
environmental effects [ J]. Coal Geology & Exploration, 48 (5):
152-164. (in Chinese with English abstract)

MA Z Y, 2021. Sedimentary characteristics and geological significance of
Qingshuihe Basin since Late Pleistocene [ D ]. Beijing: Chinese
Academy of Geological Sciences. (in Chinese with English abstract)

PRESCOTT J R, HUTTON J T, 1994. Cosmic ray contributions to dose
rates for luminescence and ESR dating: large depths and long-term
time variations [ J]. Radiation Measurements, 23 (2-3) : 497-500.

QI'L, QIAO Y S, LIU Z X, et al. , 2021. Geochemical characteristics of
the Tertiary and Quaternary eolian deposits in eastern Gansu
province : implications for provenance and weathering intensity [J].
Journal of Geomechanics, 27 (3): 475-490. (in Chinese with
English abstract)

SONG Y G, LAl Z P, LI Y, et al., 2015. Comparison between
luminescence and radiocarbon dating of late Quaternary loess from the
Ili Basin in Central Asia [ J]. Quaternary Geochronology, 30:
405-410.

SUNAZ, MAY Z, FENG Z D, et al. , 2007. Pollen-recorded climate
changes between 13. 0 and 7.0 " C ka BP in southern Ningxia, China
[J]. Chinese Science Bulletin, 52 (8): 1080-1088.

SUN A Z, FENG Z D, MA Y Z, 2010. Vegetation and environmental
changes in western Chinese Loess Plateau since 13.0 ka BP []J].
Journal of Geographical Sciences, 20 (2): 177-192.

SUN A Z, HAN X L, ZHANG D H, 2010. The holocene vegetation
change in difference area of the Chinese Loess Plateau [J]. Journal
of Southwest China Normal University ( Natural Science Edition) , 35
(6): 68-72. (in Chinese with English abstract)

SUN CF, LIU Y, CAI Q F, et al. , 2020. Similarities and differences in
driving factors of precipitation changes on the western Loess Plateau
and the northeastern Tibetan Plateau at different timescales [ J].
Climate Dynamics, 55 (9-10) . 2889-2902.

TANG L Y, LI C H, AN C B, et al. , 2007. Vegetation history of the
western Loess Plateau of China during the last 40 ka based on pollen
record [ J]. Acta Palacontologica Sinica, 46 (1): 45-61. (in
Chinese with English abstract)

TANG Z H, ZHANG J, JIA Z K, 2003. Sustainable using for agriculture



5 1

FRIAS, A LT KT G TR o O 0 3 B A 673

water resources in the dry land south of Ningxia [ J]. Chinese
Agricultural Science Bulletin, 19 (4): 189-194. (in Chinese with
English abstract)

WANG F Y, SONG C Q, SUN X J, 1996. Study on surface pollen in
middle Inner Mongolia, China [ J].
(11):902-909. (in Chinese with English abstract)

WANG N A, 1994. On forming times of East Asia monsoon []].
Scientia Geographica Sinica, 14 (1) 81-89. (in Chinese with

Acta Botanica Sinica, 38

English abstract)

WANG P X, 1990. Neogene stratigraphy and paleoenvironments of China
[J]. Palaeogeography, Palaeoclimatology, Palaeoecology, 77 ( 3-
4) . 315-334.

WU F L, FANG X M, MIAO Y F, 2020. Aridification history of the
West Kunlun  Mountains since the mid-Pleistocene based on
sporopollen and microcharcoal records [ J ]. Palaeogeography,
Palaeoclimatology, Palaeoecology, 547: 109680, doi: 10.1016/].
palaeo. 2020. 109680.

WYRWOLL K H, WEL J H, LIN Z H, et al. , 2016. Cold surges and
dust events: establishing the link between the East Asian Winter
Monsoon and the Chinese loess record [ J]. Quaternary Science
Reviews, 149:. 102-108.

YUH]J, HAND L, CHU F Y, 1997. Preliminary study on the desert
loess deposit group in the north shelf area at the close of Late
Pleistocene [J]. Journal of Geomechanics, 3 (4): 33-38. (in
Chinese with English abstract)

ZACHOS J, PAGANI M, SLOAN L, et al. , 2001. Trends, rhythms,
and aberrations in global climate 65 Ma to present [ J]. Science,
292 (5517): 686-693.

ZAN J B, FANG X M, YANG S L, et al. , 2013. Evolution of the arid
climate in High Asia since ~1 Ma: evidence from loess deposits on
the surface and rims of the Tibetan Plateau [ J]. Quaternary
International, 313-314. 210-217.

ZHU SY, WU H B, LI Q, et al. , 2016. Aridification in northwestern
China since the Late Cenozoic evidenced by the vegetation change
[J]. Quaternary Sciences, 36 (4): 820-831. (in Chinese with
English abstract)

B oh 3 5 3 3

BN, B0, X6, %, 2018, T EATHR A BE R 1 A AL B0 2

AR T B E SRS [J]. M2, 24 (2) : 283-292.

S, IR XUBE, %, 2018, ELT A F DAL IR K

HM B BN E (] W24, 24 (4): 505-514.

TEHRHE, 4R, ERRAA, 55, 2021, 5 5 RS b Gk B A 0L 3 i
TR AR RS 5 A A PP 9 S s RS S (9], B iR, 27 (6)
1051-1064.

20, WRALTE, 1990. 3R b RN JE A6k 5 A W )RR O R I BIE ST

FHRlZE (RERS) #RIEE (0SID) .
AT 4T R B0 T, AT T A B
VA R 2SR R

[J]. MW, 32 (12): 943-950.

30, 1998, HEFE ML S [M]. dbat. B2l et
ZE N, VRIS, MR, 4, 2005, hEJCTT AR R R B R LT
WA B AR R (U], SBAWES, 25 (5): 598-608.
YR, RN, ZREKE, &, 2020, 1T B 4 b R T BT I IR AE

Kb Zfgis s [J]. BB S5 H4R, 48 (6): 233-242.

XthAE | RI5 ) SReE L, S5, 2023, 75 R R AR b G A1 S R 4 i o
B UTFR W 70 2 M R AL F R AE R AR B F8 /R 5 X [J/0L]. HbJs
i Hiz: 1-16 [ 2023-08-11 ]. http: //kns. enki. net/kems/detail/
11. 4648. P.20230811. 1039. 002. html.

XN, WA, T e, %, 2011, FEAR KA % # L 2 5 g
B AR IE R R O[] H AR, 13 (4):
467-472.

XUPSME, 2002. B AEA¥ S5kl [M]. dbar. B
Ji At

XG0, 1992, HE A 1R JF PG 3B 4 77 b X 66 T3 AF LA oK vk - i [l
R fRiEsE [T, vk L, 14 (1) . 33-43.

BT, WA, FEL, 2006, PEILT R X % M SR
Mgt [J]. TRX#I, 23 (2): 314-319.

LR T, SEAT D, Sl 2%, 2009, 6 WM N M IR A AL AE
WM, B EARAETESL (1], WAEw¥ER, 48 (2):
240-253.

IR, WM, GRDE, 45, 2020. 754 R T T DLk 6 T AR UL
AR N B FRBE RN [J]. MEM LB SR, 48 (5) . 152-164.
HJRF, 2021, I K T ZE e TR T DL R 0 B R AE B M ST

[D]. dent. o E b B AR B

Bk, FFEN, XUSEFE, S, 2021, BARFELOE L EHE UL+
HBR AL SRR S IR R AR R R X [T, ML SRR, 27
(3): 475-490.

INEZ, BhIEEE, TRAEMR, 2010. B A4 = EAS [ Hb 50 26 A0 X 45
BTG (1], P IE R¥ =i (AARREMR), 35
(6): 68-72.

FEAIAY, 2R, RIS, &, 2007, ¥R R K 4 07 Z4E LR
W HEE A HE S (1], HAEYF, 46 (1) 45-61.
FEPRAE, Kk, TTRESE, 2003, TR X AR L K S IR S & 5 A]

FREEFIM [J]. hEA&EER, 19 (4): 189-194.

TEEH, REKFH, IVME, 1996. Wl pIE LMBISE (1], 48
YA, 38 (11): 902-909.

FET5E, 1994, AR W T X IE A4S (], 3B, 14 (1)
81-89.

TUEE ) SHfEAL, WK, 1997, BT T AR I 36 D5 Bl 42 X 70 155 - 3%
T HERBER RIS (], MU 225, 3 (4): 33-38.

r R B g R 2R B 2, 1980, EAEBE (M. dbmt. B AL

BUBURE , Sk, 23R 48 2016, M7 AR A LISk PG b R L
R weiy T2 2 ()], WAz, 36 (4): 820-831.




