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SRR NS A SR s A AR, Bl e AR
B I 2% M A ol 5 2, A AR B 1 AT 55,
PTG RS L S AR
I A AR 1 T A R A W B BORE (kAT R A
2023) . AR, aFr A 2 0k
SRR, IR I R SR A 2 R E A, %)
R BT NSO A A 7 A T B 52 (Stager
and Mayewski, 1997; M 1 B 2%, 2013 ; Aubert et al.,
2017; Yao et al.,2017) . RAWFFE AR 7 F ik
X0l 2 S A g s A RUBE R BB X 3RS PIL i K
W5 5 N s ) A B B2

KL FR 2RI s AR ] HES (T —31,2013) ,

RRIR I i S S B s g T L R AR ) B SR A S AR
Be N2 52 24 KA R G52, AR AR b R
IO SR SR 9 ol S A AR A A FRAR X 3k . R A ]
Hi g B A AR A A, R KRt TR R B
TRATAIR L X AR T 20 SR 25 Ji AR A
Jay ) Al (Wk AT 245, 2020) o B TTRAK L 3% 1)
AT ek B+ UTRRY AESE  RE, SR
BRI (62 A S VA2 R U LI AW EE (7 AN AN =
20133 LI AF, 2021) , T JRAH 5T - LS 1 S
BCER  (E v s 4 T DA R A T B AR 1 AR T BB
—INH A A R G A T DIk, Rl X
2 7 T H IR T 5 W 254k (Chen et al., 2010;
PR, 20138 K AR 45, 2017) , A WA S
fi— B AR TR (GR 2545 ,2008) o A, S B AR
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T N2 A8 B G 7E I DX b J22 Hp g AH DG T 5%, 1 AN
“4.2 ka B.P." S A /K] (Little Tee Age, LIA )45
G A R TZ I R] 7K P B A O ) A 7E 1
w2z, g5 LAk, Rl X S AR ks 5 5 i
PRt b O A AR A A, S WA bk )@l 38 P75 2
T A% U X Sl T e T 22 5 40 R 1 2 45 AR
W

TR WAL SR T XA B 5 E R &
i X B N PR AR A A SR AR 2 — (T
2011 JHAUASE,2016) o A SCLLH K L]y 18] 2 b S
PR A AR, 2T AMS C AR —TR B
WKHEAE R B R AE , B2 X HP i 4 DAk i
PR

1 5T XA

H R LR AP BT 5 IR Y 43 KU e AR VR
(8 LR 11 224 L[] 25 b FD 2 b, FErp APH R T 45
IS A e TR Z NI (14 o O N E L S
R B AR b = 5 R R oA, R b
G3AT IR BT AR I D U= T4 B (o
05, 2010) , 7] ZR 3 T4 , BT 4 T v PN 1 L ok e 2%
TEERIE R (8 1) .

B AL 45 T T A O Bl P A L AR AR 8 C ~
9.2 °C, 1 HF¥H/IR-10 C, Meifikii-37.4 °C,7
PR 22,5 C~23.4 °C, R 39.5 °C, AURAR
IR o VIR 78 A A 2 A T 7 Uiy 2 B 7K
PLE AL 4 SP- 327 4R [ 7K R 400~600 mm, 310
AL AT 3 800 mm (HLHE , 2004 ; BRI, 2010) .
BTA] A AT DY T b R W AR A R A A
SERIPEE G ARCHOR VLT, 2004) 538 U0 T

L1 4 32 B — R 515 (900~1 100 m) : fIKHFH 45 b
K B IR E (Artemisia borotalensis ) \}b 17 (Artemisia
terrae-albae ) R UL HAF I 6 BT 0L, 1L BERL A & B
=5 & &F 3 (Stipa caucasica) . 1 £ 5 (Stipa
Sareptana) s {%ﬂ(ﬁ' W_,/J\%(Nanophyton erinaceum) \%ﬁ
$EE8 XY )L (Caragana turkestanica P

IR L AR AT (1 100~1 500 m) « K 1LSE R (Malus
steversii) \ BF 7Y (Armeniaca vulgaris) . B¥ ¥ Bk (Juglans
regia ) 55 25 JI Y BY SRARTE K LA BICHT 454 v s e 9
MAFTE . T3 HMAA 8 A 100~150 m ) &5 o fa), 32
A 8 WK ¥ (Brachypodium pinnatum) | JC 75 € 7
(Bromus inermis) 2% 5. (Vicia sepium)%o

Ll AR AR A (1.500~2 400 m) @ L 18 = K2
(Picea schrenkiana) b ¥ T FF , £F A= Kk W 1L 47
(Populus tremula) . K IUHE(Betula tianschanica) . FEH)
(Salix xerophila) % /NRA o 1L HBTR] 45 rh A= KA %
Vi (Populus densa) /N HE( Betula microphylla JE

W L R L AR AT (2 400~2 900 m) « £R I i B
(Cobresia capilliformis) | V4 A A . 3} 52 ¥ (Alchemilla
sibirica) . &5 L BE 75 (Phlomis alpina) VA B R (Iris
brevituba ) SR H W, o

2 BHRHS T

21 #HRFIRESFERNE

PR AR HIRE i R i AEZH 2021 4F 7 H £E A AL
AP AN BTSSR A s TS 45 L BRI %) A
TAEX (43°19' N,83°53" E), RFEN B o id b & m
KAL), BB gt 2, 5 A R i b SR
FE, BTARAE b ) T 56 B 28 , BT T 3R J2 AR ARAE
B ] RS AR JEL B O 240 em, 240~128 em [A] b JZ K
PO K2, A TR 128~30 em [A]RE 5 1E R T8 44
B, 128~90 em Ny WK (8 i R )2, 90~62 em i
JKETRVE , 62~30 em N KBTI . 73 HIERL L )=
S N 7 N = 9 T I < S o 2 S 1
— AR R AL TR A SO B RN o S
AT AMSHCARARINR 51 T o A LA 3 14 i A A
YIBRIAR  DAE AT RS TR A HLBT, AMS"CAFAY
fifiFH CalibRev 7.0.2 {14 1E (Reimer et al.,2009)
22 TEMMERSEE

e PEBOCR A RURR 1, R P FREGE R AL T
FERA B O I 3 B A Fa 5 (10 135 %/
ROTPREAEREE , e R A GE iR A Ak A
TRV WL BR 2285 AP FR A AL R SR i,
T T 1 I 5 W i 1R (AR R LE A 9+ 1) T B i R
AR AL AS S T I T UL, B S A
& A FR B g i H I 2R AE & (Faegri et al.,
1989) . 457 W) LA 400 15 4% 7 2% W S8 LR T
B DL ESE U2 k%) (S5, 2016) (b
T 5o T B X AL T S5 ) O LA RN T
£,1994) S ORL, B RENOIEE 5~T MR, 5
1130047 LA B AE A AL
23 HURALE

i A A ) S T RE AR ARG T B Ay AT
E W ki 2B A AR R B AT TR OKAR) FEAR KLY
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Fig.1 Nalati section in the intermontane basin of the Middle Tianshan Mountains

(a) geographic location; (b) elevation map; (c) remote sensing image

AER3 & 1A 53 O DS 1y ey ey BEio
B8, 35 JH Tilia 2.0 Ak BRECHE -2 H ALKy 3, 4
i Tilia 2.0 £ A 47 (1) CONISS )3 4T R 2 43 B
(Grimm,1987) , LAICAR A3 7312 ) F B0

TR iz £ 7] 17 b JZ= AE A T 43 43 BT (Principal
Component Analysis, PCA ) 7E Canoco 4.5 84 52 i,
(ter Braak and Smilauer, 2002) , [% i 3 X B 43 #r
(Detrended Correspondence Analysis, DCA) i 7~ 25 1
TR R BE(E R 1.05(<2.0) , RUIEM AL 5 530
AR R M OCOC AR L ] o b i R IR
45,2013) , BRk 2 A0AE 5 AR S R T 2.0% /Y
17 A AERR R BEA T 04T

3 4k

31 FRMRER

IRPA F5) T 4 R AR AR 2 R AR B AR
L, MR TR SAEAROC R IR 2, #ITHE R ES AR IE
FEWS 3N 6 369+74 cal a B.P..1 016+46 cal a B.P.,
ECAE 19400 A AR ] ) DR AR 128~90 em

90~62 cm ., 62~30 cm [T B F 43 5124 0.13 mm/a.,
0.20 mm/a.0.26 mm/a,
32 METELER
32.1 @ ERERER

IR LB F T 99 /4> b J2 A i e 3 40 5 40 1L
JB AN 34 110 KiAehy , VB R 345 K. T .
HEARAEK 8 413 KL, IL 20 AR RL, 54804 27.7%,
VA= 12)E (Picea) HEARE (Betula) WK ¥ J& (Ephedra)
HRE, B 9.0% .5.6% 4.5% . Bl FAE
Py AE K 21 947 Ki 41 & 16 A AR LA, & &
72.3%, & J& (Artemisia ) \Z2J& (Chenopodium) . RAF}
(Poaceae) & B FI T =, & 5730 h 29.2% .21.5%
16.3%. @A ORA) FAFEDI ALK 3 750 KL, 4 2K

F1 BRI EERMKESR
Table 1 Dating results for the Nalati section

. N—— ‘ AMS"C BEEAF#S
M4F/a B.P. Jcal a B.P.

NLT31 30~31 1 120+20 1 016+46
NLT63 62~63 2225+25 2215461
NLT91 90~91 3355425 360144
NLT129 128~129 5 58045 636974
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Fig.2 Depth-age relational graph of the Nalati section

B S8 11.0%, ITF R (Cyperaceae) i, & &
H1.0%, 5 A 8 F R (Typha) 5 & B B
(Ranunculaceae ) .
322 @\ & By AT AR

1 (128~90 cm, 6 369~3 601 cal a B.P.) . 7% .
VERAE N & = N 283%, = A28 HEARJE 4 51k
6.7% .3.7% , WK 85 J& 1 9.6% ., il A= W AAE ) A6 K53 25
N TLT%, )8 857 0 R 27.1%.27.4%., WA
OKA) FAAED AN & 1KY 7.3%.
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1 -2(106~90 cm, 4 766~3 601 cal a B.P.) .
Tr JEREK &8 24.8%, =K 8 P8 2 3.6% , HEAR
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] 33.1% .32.2% , B WK 10.1% . 8.1% , RARI BRI 2
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5 11 (90~68 cm,3 601~2 512 cal a B.P.), I¥ i
KRN B 80 30.7% , =12 I8 MERTE MIE (Salix) 73
BN 14.7% .2.8% . 2.5% , IR #5 SR AN 1.3%., i A B A
FEPIAC R 5 B8R 69.3%, 55 )@ T8 M 24.8% .14.8%
RARE J 24.4%, el T 2807 17.7%. 184 (K
) AR FEYIAE K R 16.6%, P E R 10.9% ,
BN 3.7%:

M7 I (68~30 cm,2 512~1 016 cal a B.P.), 7% i
AR 58 25.2% , HER & 5 58 9.3%, Beiii 11 3
INT 6.5%, FEARTEH Fr A 1.5%, Bl FAKE
YIAEH: & 50 74.8% , & & FE )R ARARHS 45N
33.8%.19.4% .16.1% . 1 KA BEARMEY AR &
K 10.9%, WHRIR S 8 7.5%, Tl )E B ERHY
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Fig.3  Pollen distribution and content percentage map of the Nalati section
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| & FeHr PCA 9 AT 4
PCA 53 H7 25 5L 117 4 3 19 FEAEAE 53 51 R 0.545
0.221.0.066.0.047 , 1 B 87.9% , iij 2 i g 1
JVAE R 76.6% BYASALARAE , W] 55 - S A M 20 5 22

S BRI AR DL

PCA VHERH ZAZ IR ARASRE 955 B2 S i
PR R BRI A 0, PCA 2K 5B
(A& (Pinus) A28 55 E B ATMEARE L F 70
PEILHEN PCA 1 S TIRAR L, e o) A7 R 5
Il , TR R, IESE R L /N s PCA 24878 U
WK BC , iy F 20 R I B 1, 1E R IEL AR, Al

MR (K 4) .

4 e

41 AREXBZEEMEMEESSSIETHIHE

A 1 (128~90 cm, 6 369~3 601 cal a B.P.), 7%,
RN IR A28 R AR R o £, & i
PETH A, Bl A BAAE AR s R R S R
Wi, RARMES RIRZ . 1K PCA 11353 25U IE .
HE EETE TR R EFEAS R
G 0 E B R A3, R VR B B T A Y
fiif 5 e L 2w (WA 4E,2020) . fEMAA S
BV T4 IR 3= AN 73 aells ) 1 T AN e )
F . BFFEIX 240~180 cm [H] & A 2 Hb 2 B8 R 78
8 602~6 369 cal a B.P. /8% WAz & M@ %5 = 1R 1T
BRI FEAACN (WA B 55 ,2023) | )2 007 /M LA BRI
J A, G A R I S A R Ay — B (G
F2AE,2005) , bifi Ji AR IE A B B, K I LR T
P EE R, RIS el G rh 228

e
=

PCA2

-1.0

FLEREAR KRR B RS RAEY) , T A BOKAEAER

FrZ IR B DA VR R R R Ry (e A
2004 ; WhAREE S5, 2015) o B 47 35 = SR AR Ay ek B
PR ARAE , LA 524 RS (Nitraria ) o 5 (R &R R,

2004) ., F T 5 X Valikhanov ] 48 JLF- A UL TR A

R—H

TR | A B D5 A 2 s B JRR 25 e 2 B 1 0 8
JFoh 32, FUR A AR AR B, A 3 B B (G 2 R
85,2017) o Jb2FBR S 23 2R A0 AR 0 DX i
A 38 o 1 U B = (S BBl R R (1 5b) o ifF5EIX.
DL B AERAE S S T R X AR e 3

4 766~3 601 cal a B.P. WI[HIEMH S HERN =
)RS BRI, R Ja & bl 5 0 e, SR
J& R E R R E AR, S A T RAE, X —

(a) Jre] ) $6369~3601 cal aB P
' v 03601~2512calaB.P
Ao i 02512~1016cal aB.P.
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Fig.4 Results of principal component analysis (PCA) in pollen record of the Nalati section

(a) pollen types; (b) pollen samples

2.0

AR R B 55 5 “4.2 ka B.P." S S
A, AN A S BF 5T XA % R 1 Y e R
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TR R RE R R SO R S MR AR k. BT
SRS T R B T R XD T B (B 5e) .
il A/CAE T B BN, el AIRAE (B 5d) o HR L
25 R 1 FE B R 2238 4K (Li et al., 20115 B 1 B %5
2013) o HEIZR R I X 2L bR
P38 AN [R) R B R R 5 T 2, SO R 8 R <
i FEV i R A Ak R 75 1 BH 3N (81 Se) o HHpifg
IR B I BN B K- i i U5 IO v XUV AR 7 34
e, TR RRAE 3, R ) S A S B i
Hi X A2 AR H B % (Cullen et al.,2000) , 2 BR3E
BN R G AESEM A AN R T2,
TR R e SC AR I IRE R e bR YR (f]

i
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2004) ; (i) IBHLF )17 (A5

Fig.5 Changes of humidity and temperature during the Middle to Late Holocene in the Nalati section and their comparison with re-

gional climatic records
(a) Nalati section (this study); (b) Eastern Siberia PS51/80-13 core (Bauch et al., 2001); (¢) Gurbantunggut Desert (Xu et al., 2023); (d) Wulungu Lake section (Xiao et al., 2006);
(e) Chaohu Nanling horehole (Fan et al., 2006); (f) northern shelf of Iceland MD99-2699 hole, North Atlantic (Andersen et al., 2004); (g) Bosten Lake section (Huang, 2006);

(h) winter solar radiation at 45° N (Laskar et al., 2004); (i) Nalati section (this study)

8445 2019 ; Ran and Chen,2019) . & 75 A BH 48 515
55 7] fE 1 R AL SV R T UK (XUVA 45, 2013)
K )2 IR R R (& 56) , b2 BRI 4 5 ] $h i
AR G, RV T L 1) BHG PR A2 12 (Hong et al.
2003 ; 555 ALAE , 2008 ) , 76 2% 3H 55 A5 rE A2 1 2[R
YEFITR , 78 AR i 34 7 0855 , A 5T X B e +
RASHAE,

5 11 (90~68 cm, 3 601~2 512 cal a B.P.) ., EH)

HE B, 28R ARAR I HRHE BT =

I R B E O R R B T k.
TG A2 S8 KL LR B SRR, 38 1V 98
TS (PR F4E,2013) , K 1L X RAFRL AR R
Bili A= AR, AR K R K B K TR (R,
2010; Wk e 55, 2018) o VS FBHE Y TE ST IX F2 %2
O3 AT T A ) ) AT | g s TR A (T AT
452023 WA 45 ,2023) . AEH PCA 145350 2 {4
1 (&l 5a) \PCA 2457 Z %0k 1 (& 51) , X — IS
AV TR B B o B AT i A 2 D 4 B 1] RUBE 78
FHOIG , MR XHEE A AR, X R AR 7E K1 R
PR BIA DL S BRI S A R, R

AR I RS TS SR D TS X KR ZE
R, RIS R EIG I, K L TG B R, R A
Bb VB RRNRER AR (MR A5, 2015) . B8 HUARIIY
P OR (5 A T N 1 e (7 E DO R T 2 R S ¢
MR HE 5 (Lan et al., 2020) . 1635757 A/C {H T (5]
5g) , 3% B ¥ (Pediastrum ) Y& N, W3A K AL 55 (BR A&
JRAE,2006) o /R BEE R UD G LR E KD
T a5 (K Se) , 3k B2 404k S i i < fige .
AR FE ST AL Sk R i = A2 S8 SRR A
WAL Ry 5N, A7 A 2 R T B 8 (Leroy and Giralt,
2021) o AERVEFEORNID 5K , 3 BRI rh 8T K A
T, BEK G 34T (Ramezani et al., 2016; S5 55,
2022).

w7 I (68~30 ¢m,2 512~1 016 cal a B.P.) ., =42
Ja& R A, MR 8 3k B B, W R R R g
B, 46K PCA 24553 i Tn F6 7n T B 1) 7 24 . HEAR
J& R R AR R, B TR AR 8, HATCR G R AR AR XS
% T AR5 CREER E45,2013) o I 43 T g 40 3
[l M T R, A e T . RILAE RS
T AR T T A ) T A [ R )
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fIK, BE AL SR AE R, R AT 52 1 22 T8 o 3, AR
XTI T (kR 55, 2015) o K L1 i SR 40 Bt e 22
T 1) e T AR (Bh 81 A5, 2001 ; 5K 2555, 20085 Bribe4r
5,2018) , 7% WIS A B WG T 1 B 300 36 A 22 )
THIRIFRY K i, g ) i, N283E s %
B2 Al [ BRGNS SO T U W 4 T
R NN S 0 2 e Ry 1) D e R B K 7 | A
S5 R A 22 S O 2k T R rh OB At
SRFEBEE R, 1983) . T RFEME A AR
W BT SR D, R B R S A )
KA 5 HEAR L MR B A B, A% T 5 (Sorrel et
al.,2007 ; Ramezani et al.,2016) .
4.2 HXRLEZ s SRR LAY 200 E R KAL)

g AT I DOk, b BRI 2R K PR 4 & R sk
D, 4.2 ka B ARFAE ATIA it e 4 iR
JEE o 1 v 2 B B A AR 23 K I (Ran and Chen,
2019) , ZFA 5 2 1Y FEV S AL AL 2k ks 4
JIE Hb DX KB VKR 5K ARV (5 5 n i L 3 2 v 2 i
Hi DX (R A5, 2022) , b RV 1 3% J2 i Kl B 4 47
A (BT 5E) , BIFE DX G 45 thE RS 5 2 i) IR T g
SEXF AR N o 5 Z AR, 45° N 428 K FH 4R 5 7R
e 4T HH W60 300 P S8 498 (&1 5h) L 15 1 P AR R I
JE SR B A8 DR BE A BT 1], AR 8 o A7 AE T
i Il ) LA R v 43 3 TR s [R] R A et 2 72 A A
G b 2 BT A B S e 559 A e X DX 3R i B AR Ak 1Y
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rh A Dok 5 2R O BH 4 i e i e b, 6K
VYRR Z KR EE TR 28 Wb, B IX
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Middle and Late Holocene Vegetation and Climate Change in the
Intermountain Basin of the Middle Tianshan Mountains

SU ZhanYi, YAO FuLong, XIA QianQian, HU XiaoFeng

Institute of Resources and Ecology/College of Resources and Environmental Sciences, Yili Normal University, Yining, Xinjiang 835000, China

Abstract: [Objective ] The Tianshan Mountains in Xinjiang are located in the inner part of the Asia-Europe conti-
nent in the transition zone between the westerly and monsoon circulations. They are sensitive to climate change. Re-
searchers remain divided on the Holocene environmental evolution in the region, and supplementing more high-
resolution climatic records in the sensitive areas is the basis for clarifying this issue.[ Methods ] Samples were taken
from the Middle Tianshan Intermountain Basin, and we reconstructed the vegetation and climate change processes in
the study area since the Middle and Late Holocene based on the AMS"C dating results and using sporadic pollen as a
paleoclimate proxy.[ Results ] From 6 369-3 601 cal a B.P.: The period of Artemisia and Chenopodium was character-
ized by high content, positive pollen principal component analysis (PCA) 1 scores, and wet-dry fluctuations in the
climate, with dryness as the dominant factor and abrupt climate change. From 3 601-2 512 cal a B.P: The period of
spruce Picea content was characterized by elevated content, positive pollen PCA 2 scores, and a cold-wet climate.
From 2 512-1 016 cal a B.P: The period of Betula was characterized by increased content, positive pollen PCA 1
transition scores, and a warm dry climate. [ Conclusions] The three pollen zones indicate that the Middle and Late
Holocene climate in the Zhongtianshan Intermontane Basin went through three phases of wet-dry fluctuations (off-dry)
-cold-wet-warm-dry. Since the Middle to Late Holocene, the study area has received less solar radiation in summer,
weak evaporation from the North Atlantic sea surface, and low water vapor carried by the westerly circulation; thus,
the climate has been arid. In the early Late Holocene, the westerly circulation shifted to the south. The superimposed
negative phase of the North Atlantic Oscillation (NAO) transported large amounts of water vapor, and the climate
was cold and humid. Then, the climate became warm and dry owing to the increase of solar radiation in the late win-
ter. The abrupt climate change characterized by cold and dry conditions during 4 766-3 601 cal a B.P. was a response
to the “4.2 ka B.P.” climatic event, which may have been caused by the weakening of the westerly circulation due to
the weakening of solar radiation, the intensification of the cold in the middle and high latitudes, and the lowering of
the sea surface temperature in the North Atlantic Ocean.
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