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Palynological records and paleoclimatic significance during the middle and late Late

Pleistocene in the Qingshuihe Basin, Ningxia

Abstract: Desertification and drought in inland Asia are closely related to human habitation and social
sustainability in western China. The climate in western China has experienced multiple shifts in temperature and
aridity since the Late Pleistocene. Investigating this region’s Late Pleistocene paleoclimatic changes contributes to
predicting future climate trends. This study analyzes the pollen records from the Qingshuihe Basin in southern
Ningxia during the middle to late Late Pleistocene, revealing four distinct pollen assemblage zones from bottom to
top. These zones reflect paleovegetation and paleoclimate changes during the middle to late Late Pleistocene. The
results indicate that during the middle Late Pleistocene (75-50 ka B.P. ), the region featured a predominantly
Artemisia-dominated steppe landscape with a cool and relatively dry climate. In the late Late Pleistocene (25-15
ka B.P. ), the area experienced alternations between desert-steppe or steppe and forest-steppe, transitioning
gradually to desert-steppe. During this period, the winter monsoon strengthened, leading to progressively cooler and
drier conditions, with the climate shifting from cool and slightly moist to cold and arid. The further study of the
palynological records during the middle and late Late Pleistocene in the Qingshuihe Basin of southern Ningxia holds
significant implications for a proper understanding of the natural environmental history of the Loess Plateau and
informs decision-making for its management.
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Fig. 1 Regional geological map of the Liupan Mountain and the Qingshuihe Basin ( modified from Ma et al. , 2020)
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Fig.2 Histograms and sampling locations of the Jiubaihu section and Sanchacun section
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a—fthBL: WAZIE; b—MABL: BB, o—MARL: MR ARl BREZIE; e, (—HRIARL; o, Rt ERAL, iRt EAEA; j—
HE WATEA, kAR EAKER 1B R m— AR 0 2R o RAR, p— WA B HEE, —AER
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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. 5 Pollen diagram of the Qingshuihe Basin in southern Ningxia during the middle to late Late Pleistocene
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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
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