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JHEL i AN ) b 30 B e A AR AR A A R AR TR RUBE B R AR IR L X K e B 5 5
LIS ARG R SRR A E AT S R e s s) SR UTRRYI
FOMPRE SRR ShERSE . RLEE S SBACHIARARE,  JF Rl SCHIE FE LA 1 R Ak
R AR H 4 DLR AR AR R TE S — AR . AL A e 4 Dok, Rl
X SR 1 BB T PR A AR ARSI A e A i — B2 AR T 302, gh4th,
UBRIRIR 2 AN R A DL GAE L X R P AT OGS, #E0 “4.2 ka BR.” “URFHFL /K
) (Little Ice Age, LIA) S SRFAFHUETZIS 0], K INACE 08 M AERHE 2 . 2Rk
P, Rl X ARAR AR SR S R b AR R, TR Bk R, 18] /5 A
BB DT Jie B 2 v 0 R A B AR T AT

B BRI 1 XA b 5 U AR AAE S, 2 B X ] A PR B ARG (T SE 4R b 2 —
(3141, RS UL Ry L () Bt AR B 3 T A W FEAS R, 2T AMSHC SR ——IR R, (K
RO LG RFAE,  SsE 7E IX A B 4 T DIOR A 5 I 3L 2

1 W XL

Hh R L AP AT 5 TR RT 1) 43 KU, R 1 LU BRI 1 1 22 1L B) st A, e
BEL A B Y, ZIX TR, AP TREL T o) BB R B R, R T A R
B, AR AT RS e BUREARE, D W= DU S, i AR A
It B T e A 0 L Pk B R R S (B D) .

PRV 8 iR KSR, FHE 8 C~9.2 C, 1 AF#RR-10 'C, HIHE
-37.4 °C, 7 A FHAHE22.5.C~23.4 C, st 39.5 C, RMFEEKR. THRERFEMN
B S AR T 70 R BRI R PG L T 2, P8 4E P/ & A 400~600 mm, 3 XU b AT
15 800 mml' 5161, G AL il 73 e gt T LMt 5 P W5, ARSI VR R 2L Y 411 2 R 4 L 45 B A DR R
AR .

i 5eEE—R 5 (900~1 100 m) = AREFHK AR B IR (drtemisia borotalensis) -
HE T (Artemisia terrae-albae) JYRHBFNERIEEL, WK E MR ES (Stpa
caucasica) « WVE S (Stipa sareptana) , AR W/N%& (Nanophyton erinaceum)  Hiigk
39l (Caragana turkestanica) “% .

MR ARARA (1100~1 500 m) : R ILUSER (Malus sieversii) « B145 (Armeniaca vulgaris)+
Mk (Juglans regia) %54 AU FOMRAE R LB G540 v SRR RR IO AZAE . SY AL i

M 100~150 m & R 5 f), FEFRNE (Brachypodium pinnatum)  JoT-# % (Bromus
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inermis) Wi (Vicia sepium) %% .

H AR (1500~2400m) « ATIEZAZ (Picea schrenkiana) NFEFEM, AEA= K
W% (Populus tremula)  FiILi#E (Betula tianschanica) « FENI (Salix xerophila) “5/NFEAK .
Wi 25 i AR KA B4 (Populus densa) « /NHH#E (Betula microphylla) %%

Wt s AT (2400~2900 m) : &t &% (Cobresia capilliformis) « PEAHFL

L& (Alchemilla sibirica) ~ = LkESS (Phlomis alpina) « &5 (Iris brevituba) %5
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Fig.1 Nalati Section in the middle Tianshan Mountain basin

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

2.1 #HMEFIIRESERNZE

ASRLHE R I AR 2021 4 7 AFEBHALM S BN EGEHTR,  RFE AL T BB AR LB
RIS EE X (43°19'N, 83°53'E) , RAERT ESETHRR NN B, BERZHBEME, 5
FONT LR SERAE, B3k Re i i se B e 2, BRI MR B AL AN SE . TR A )52
240 cm, 240~128 cm [A] M ZHds COA R, ASCIEHL 128~30 cm [FFE S A 9B FERL R, 128~90
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2

em AKEEMFFLE, 90~62 om NIRKEIRYE, 62~30 cm NAKBEIRIR . /> HIER L2
LT NSt N Sy 1 b NI = S b e v b = U e [ ST N B T
Hi 2% 7 S8 AT AMS!C AR, R b AR A& I B AR TR AR DI AR A AR
YA HLR, AMSC FAUEH CalibRev 7.0.2 AR IEN,
22 TEMRBS%E

FER R BUR SRR, RSP AR IS B RE BN B0 T, N 3 Aka (10
135 K/ ) THEARURIKEE, e iNERERIR. A SRS R85 AP, 5%
PR SEERYIB, B ERET SkBRER (RAREL N 9:1) TR KBS bR 25 I A T, fdifi
BrTEAS QOB AT, 55 RE RS N8 AL i I H i OR A7 45 FH U8, S5 B LA 400 542
ADGF RGN E TR, PL (P EE YLk B 0490 (hEF 2R ER TS
W) UUNSE TR, AEAMFEREL 5~7 MEEF, Ziit 300 bl R ALK .
2.3 BIRALIE

il A= AR ) B T HEAR AN £ 1 43 R % 0 ¥ B A AR A0 K B O B, VB AR R AD
HARTITEN B 4 H U LSS 8 1 A Ak B O B B0 5, S A Tilia 2.0 B0 A 2 Hds
FEL IR B, T Tilia 2.0 B0F 47 10.CONISS R HEAT BRE A HT20, DAAR Jy &3 b
J ) B AR

AR B ) T M 2 A6 K 32 %4> 20 B (Prin€ipal Component Analysis, PCA) 7E Canoco 4.5
Bt e BRRY, [0 R 20T (Detrended Correspondence Analysis, DCA) EoR4 1 4k
(IR RE KA 1.05 (<2300, RUEMAL A SHBIE BRI K R, EHERH 5
B, Phik /78 5 DARGH S B ST 2.0%0) 17 M KT 704

3 4R

3.1 FERMRXER

AR FIT 4 MR ARG REEENE 1, HERESFERCRIE 2. HH)E
B TRHAR IEAE WS 20 5N 6 369+74 cal yr B.P.. 1 016+46 cal yr B.P., {EE PIANIIAEAE 18] (1)
DU A, 128~90 cm. 90~62 cm. 62~30 cm PR 50 24 0.13 mm/a. 0.20 mm/a.

0.26 mm/a.

* 1 ARREAEERMKER
Table 1 Dating results for the Nalati section
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TR Rl (] B e AT AR A S SRR

MI4F/a BP /cal yr B.P.

NLT31
30~31 1 12020 1 016+46
NLT63 62~63 2225425 2215461
NLTI1 90~91 3355425 3 601+44
NLTI129 128~129 5580+45 6 369+74

IR BE/cm H i % #/cal yr B.P.

AMS”CfEﬁé\/aB.P. 1 000 2 000 3000 4 000 5 000 6 000 7 000
20 L 1 " 1 L 1 L 1 " 1 L ]
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5580%45 L1 130
140] [O#+EER

P 2 BRI R B AR R
Eig:2 Depth-age relational graph of the Nalati section

6369174

SR BEERR)E

32 MEESER
321 @ik EARECER

TR ERHITH 99 MHLZFE LS w A 40 MR BRI 34 110 KifeAn, “FITAFE
fh 345 KL Fr. EARLEH 8 413 KL, IL20 MAFEEA, EFEK27.7%, LEKE (Picea) .
MEARJE (Betula) « WG (Ephedra) R, TEDHN9.0%. 5.6% 4.5%. FiEHEAE
TEYIAER 21 947 KL, AL 16 MASFEZRAL, &8N 72.3%, & & (Artemisia) 32 )& (Chenopodium)
ARAFEL (Poaceae) FEMIIET =, FENHIN29.2% 21.5% 16.3%. B4 OKAE) FA
HPek 3 750 KL, 4 DEM, F8EH 11.0%, UIFEEL (Cyperaceae) NE, FEHN 7.0%,
RELERWE (Gpha) 5EEFR (Ranunculaceae)

322 @& B MASIE



M1 (128~90 cm, 6369~3 601 cal yr B.P.) o F5. MEARIEM SE N 28.3%, =iZ)d. HE
RIBHNA 6.7% 3.7%, KEEJEN 9.6%. FEEFAMEYIIERH &8N 71.7%, EE. @y
AR 271% 27.4%. WA OKAED FEARMEDEH &K, Y 7.3%.

#1-1 (128~106 cm, 6369~4 766 cal yr BP.) o 7¥. HEREM SE N 30.8%, HKEEN
6.6%, ZAZIBEEN 8.8%, N T 2.7%-16.7% [0 Fiti EFEAEYITEN 8N 69.2%, )&
IR AN 23.0% 24.1%. B4 OKAD BARRYITER &8N 9.0%.

# 1-2 (106~90 cm, 4 766~3 601 cal yr B.P.) . F5. MEARIM & EN 24.8%, =28
F 3.6%, MERBEA, BREEEN 14.1%, LA -1 8007 4.4%. FidSAREMEN N
75.2%, &)@ ZIBOHIN 33.1%. 32.2%, HIEX 10.1%. 8.1%, AAFHEEZE 6.7%.

H# 1 (90~68 cm, 3601~2 512 cal yr BP) o 77+ MEREMEEN30.7%, =i )E. HE
KIE MR (Salix) 535108 14.7%. 2.8%- 2.5%, WIEIRIL 1.3%. BEEEAMYIEN S8
N 69.3%, HEE HJEHN 24.8%. 14.8%. RAFA 24.4% P12 Hn 1 17.7%. {4 OK
4D BRI TN 16.6%, IHELN 10.9%, FiHIEAS.7%.

HI (68~30 cm, 2512~1016 cal yr BP) o 77, MERIEM S EN 252%, HEARESE
N 9.3%, B TN T 6.5%, BEARALK & EIIA L 1.5%. bl AR &8N 74.8%,
EIE. ZE. RARHES BN 33.8%194%.16.1%. {85 OKE) AN & EA
10.9%, PEFEENT5%, &HHE. BRAYAL 2.5% (B 3) .

—Trees— 7 —Shrubs—> — Upland herbs > Waterland herbs
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Fig.3 Pollen distribution and content percentage map of the Nalati section
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A ST S BT 4 B EREAE 4 M 0.545. 0.221. 0.066. 0.047, ZFHfERE 87.9%,



SRR A Rl ] G b A AR AR

B 2 HUAERE 1 B 76.6% AL, BT Ik 7 Ak 4 & 22 53 SR K RV B 1

PCA axis | BB AR AAFR PEAESHRENERE. 8. WEBELL 5
K&, PCA axis 2 ¥ =5 HmHKIMAE (Pinus) « 2 )EE S ESRNMER)E B0k 4t
PCA axis 1 JR W SURFIRAESE, o2 () A SR P e, DF i K, IER 5 2 /) PCA axis
2 FRARAMRABOIRGL, th RBRIR Y, AR, fCeRREE R (4

. odr¢ L 6369-3601 cal yr B.P,
(a) Epne b 3601-2512 cal yr B.P,
02512-1016 cal yr B.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
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4.1 ARXEZFBRMAEHEEESIETLFFE

W1 (128~90 cm, 6369~3 601 cal yr BP.) . 7. ¥ERM LLERIKIEZ)E . i E KR
WIENE, EEILEME, BAEREAEYEn T ERE . R SR RAUE, RAREERZ .
1EH) PCA axis | 95 Z Mk E . #geT 5. BT R XREEE, HEAES RSN E
TGSy, REE F G TR, T RAE L RO, A 5 E RS i
R, ZEMASETRIEEIE, DT RE. FFRX 240~180 cm [8] & 12 s B e
8 602~6 369 cal yr B.PJYIAH WAZ & . W& S5 BRI T ARLE R U, ZAL % LA I
E, 5 PRI B RRHERCY — 802, BRSNS, K AARE AN
HRERM . RILBBMIER A G 2 R4 BRAEARKER . SRSEARmY, PAKk
IKAETERTLZ, TRIBAE N AT R, B J5 0y 3223240 o o 3 vy A0 K S 94 P8t BB 1A
LLRAE FRE (Nitraria) NFEP, T2 X Valikhanov W4 JLF A WA ARE 0K,
W UL 5 A A e KRR B AL MR R SO &, O SRR BY, AU BB B R0, JhE Bk
1o 20 P AR AP R It DX JE O PR B8 B H B T (S s R R (I sb) o WX AT
NERRRHE S AT R X O AR EIC R R A — B



4766~3 601 cal yr B.P. WL H & H BRI A28 2 IR0, KBTS & 208 2 50 i g
i, FENEE. ZEaEARRERN, TR TRE. X—FAERIEAE TS
“4.2ka B.P.” SARFHWIA, FTUCHRIIRXIHZF MR . “4.2 ka B.P.” SRS
SRR BROIE Bl A T R0k R R AR SCI R S R A Il . Fam AL R
PO R BRI SR (B Se) o AR A/C E IS, fRRE (B 5d) .
Rl BRI SHRAE, drEARFR X A X BL K G BRG] 2 AN
FEEEMIRRIR S T 5, SIS AU T8 (B B R A 2 i B B3 (& Se) o Ml
R ERABE K G BT b R RGN, - FACRAIE R 35, RV IR < R AR 5
SR X A2 A IR TE 0, L BRVEH A R AL dEAE. JEE S A R T 5
TERRE L IR K SCHITE B I R L A R VR 34 B R K B A S a5 T R ALK T R
PRI NG, KR EIRE TR (BISD |, JbPRRE A [ R a0 sg, K Fe2 i #
FEINRAR DTS, FESRIERR G R IR RE AR, T RIRGRIS Ik gs, B TTIX s
TRAHEM.

PCA axis 1 R B 58 B H S b/ % e R AR B 4 /% A/C PCA axis 2
3 2 1 0 1 2 10075 50 25 0 4 3 210 0204060811214 3210 -1 -2
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Bl 5 TR &0 T rh i 4 R 5 IR A A B 5 IX S AU i i sfeoxf b

(a) PRI CRBFFD + (b)) ZRIGAFILE PS51/80-13 £ 0RT; (o) d/RPEBEFFMEE; () SdwiHme); (e
HOWIm RAGALEY: (D JLRPE UK B LRI 48 MD99-2269 FLB9: (@) FBWIAITHHY:  (h) 45° N AFERPHFAHET: (D
TRHLFRHITH (AR F)

Fig.5 Changes of humidity and temperature in the Middle and Late Holocene in the Nalati section and their
comparison with regional climatic records

(a) Nalati Section (this study); (b) Eastern Siberia PS51/80-13 core®; (c) Gurbantunggut Desert?®); (d) Wulungu Lake Section"; (e)
Chaohu Nanling Boreholel*!; (f) Northern shelf of Iceland MD99-2699 hole, North Atlantic*; (g) Bosten Lake Section™?; (h) Winter

solar radiation at 45°NP';(i) Nalati Section (this study)

W1 (90~68 cm, 3 601~2512cal yr BP.) . HMAS LN, =B KAR. ¥



SRR EAE R A B b P e AR e S U AR A

BAME RET ER I, BE. 2R TR, RERLTHER. ka2 R LA
AR AR R R, ST R BIREIE, KL XORAR IR R AR, A K fE
TR R T8 RIS, P ERMEYIAE R 78 X 3 250 A T MR IR I R Ay, R i i U
(1401, 74} PCA axis | 30 kMt (B 5a) . PCAaxis 2 B Z¥miE (B 5 , X—Hf
WA BE NV TR B o 1 438 TH AR 22 P RIS ) RUBE BB 08 T- Ji , JH0SRAR N R A2 4L,
XA AR AE R Ll PR IR AR S 9 DA R VDB TR D s rh A AR I o UM RAZ A S FR B I 678
SRR T BT KIRAR R, LIS K N, R JGRER R R, RAE, PRRER
R B, FERARMS0 EHEAK, S SEMAXEE, Rk, HREE R,
TS A/C TR (W 5g) , BEEE (Pediastrum) $EH0, WHFIKALTE &), o JREEIE
PRI RIERE, RPiEsiiREs (B So) , IR EANL R R E A%, TP EE
WL S R IR ZAZ IR PRSP N, AFAE B R I, KT RE vk 1|
Pk, 38 B I K AL TR R, B KIS Bl R AT 540k

AL (68~30 cm, 2 512~1016 cal yr B.P.) o mAZJR AR, HEAJE I B35 TH V&,
whE. BB, TEH PCA axis 2 1353 n) F 7~ IRBE 6 57004 . MEAC TR Sy B - pk B i,
HIRMEAEEE, HAECREI N ALAR K BT PRI WA R R R (R, YRR R, AU
ez to RACESF L Hewl . DU W AR TE 1 S A IR A, # A
fE i, BERERN AN S0 228 A, SRR T34, R L g R 4 i A 8 1) g T
(1247481, 275 BF 0 5 S MGG 4 7 7 S0 9B AR 22 WA AR SR, TR BN, &R, K
AR, B2 E BN, NSO R, AT IR B BT IR, TR
Jal, SRR A A AT RE A R AR I R T b ), BRI R AR B
W B, IR, HE . RS EAEYR T AR A R R, Rk
L4500,
4.2 HRWLLBEE M SIZT AR E R R

g A Br it Lok, ALk ERE ZER RS B s, “4.2ka B.R ARFEA AR
HH B 4 L P £ B 17 ¥4 e B [ 4 A 3 /K W B4, 1% 3 1 S R (K 28 A SRR A L e Bk i 4
b DX KBt VKSR 7k, AR A5 5 0 i A4 338 2 v 2 J5 L [X 1460, I K VG 137 3 J2 ¥ K UL 3 4 R C
SO, BTG A ET R R ORI T R R S B R . 52 AR, 45° N & ZE K BH R 5
FEME A FT LR B B8 (I Sho , BUSS T PRI & R R, WS IR BEA BT, <
15 AR IR o A7E T i 1) DA R v e 28 2 A B ) FRUPE (1800 PO A A 5 e ot s e 7 A B 4 e 8 9
X X Al P AR A 1 2 A



Hh At DLk B 2R K PHAR ST BT, LR TE PR R E MK IR B R R, T AR R,
AT X KR, AET R B, RS IEA IR B v IR 8, KRR
JE 5 03 R e s T) S 22 9N S BCIE R PG 3% 30 (North Atlantic oscillation, NAO) 5 31 67 AH
A7, 2 o r 8 bt DX 1) AU G 41, SSUTRIF 9 DX A B 4t S S IO R G PRI ik
KR, AR “A—I87 FHERE . T 5 XH R0 BE AR 210 ARG IR, I 4
R ay N LT B T N G A R 2 B2 | NP = S TR PO R A 2 ) Sy i
RIRGA ks, 7T R0 78 X A 100 B T (SR R o KR AR ST 5 A6 KV P /K2 3 1 Bk )
1 FH RTA A R AP 901X o g A 7 thE I P AR A P X 3 DR 3

5 4

(1) 6369~3 601 cal yr B.PJIE], el &g, 2 5%, 8 PCA axis 1 135
e AR IE A, AU LA WRRE,  FRAFAE — 2 IR LAl 4 766~3 601 cal yr B.P.Y][f]
FATEACH & RRIE, 108 PCA axis 2 1973 i 7] T4 I \tH L% R AE . 3601-2512 cal
yr BRI AEM A G SR a2 8 RAR WHEEHE RS, 168 PCA axis 2 1§/ 4L €
A, SAEHENAIEM B 2 512~1 016 cal yr B.PIIAI B IMEARJEIEM S B, 160
PCA axis 1 355 [FI1E, WEERIFE, AURERET P ATt DIk AL 3R 2 K PR AR S 1Bk 55
WA N, IR KRR, K E TR, AR, AR5, 5
SR [¥ TR VA S AGE 7 KR JRTE M At TR B2, 8 AL K VG 6 5 2l 7R A B AU v 2l 3 [
SR T IX AR KR 7RI, VA o 14t I A ZR X PR S 8 5, o 9 IX A T T
Bl b 28R NK, A5 RO R B AR T

(2) WX SAELE 4 766~3 601 cal yr B.P.I B & A2 LLA T N4 IE ) Sk R A L 4 5
“4.2 ka B.P.” SUEFAFAER DL G 5 A RPN . KBRS S BRI R 2
IR AR, VIR 5K, iRk e e sz, dERVPEHL M B IR, 7H X3
WAL, AR, FRIERAERLIH S

it RORMRFRERERBEITHALRENETELSHF.
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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 /Ecolegy/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
continent in the transition zone between the westerly and monsoon circulations. They are sensitive to climate
change. Researchers 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 Tien Shan 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 and Discussions] From 6369-3601 cal yr B.P.:
The period of Artemisia and Chenopodium was characterized by high content, positive pollen principal component
analysis (PCA) axis 1 scores, and wet-dry fluctuations in the climate, with dryness as the dominant factor and
abrupt climate change. From 3601-2512 cal yr B.P: The period of spruce Picea content was characterized by
elevated content, positive pollen PCA axis 2 scores, and a cold-wet climate. From 2512-1016 cal yr B.P: The

period of Betula was characterized by increased content, positive pollen PCA axis 1 transition scores, and a warm
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dry climate. [Conclusion] 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 winter. The
abrupt climate change characterized by cold and dry conditions during 47663601 cal yr 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.

Keywords: pollen; Middle-Late Holocene; middle Tianshan Mountains; vegetation; climate
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