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ProkmmcsE, JCHSE EUR BRI LUK, RURAYII SIS i S TR AR T E T ZAER L
WBE R AR NI, TR AR b XA AR S R A R b B

HEWENE D 2 BRIl i 28 58 1 B B AR 23, S R 5 o A Bl 2 ) R LSS ey
I, RERS RIS AL A S DIAR ™, AE B A B AT A D DX Ao 5 R A2 fL )
HEER FEZAFRLIX, MPEEE S 2R R B MBI R, Mg
AR AR R FORPORES , AR IR+ /s RS 24 R AR A AL T AR
B FEIE Ty, ZHE LIRS ST Kb BUE BB REEY ., EZ2ER LR
MBS, AR—IR L — R B T EAE I SC R, M B 2 4R R L PR
ARG AT IR S SR AE Y AT AR R B GRS DR A B R B0 4R R,
o JZ DU AY BB E T, AT LA 880 S A I [ ROBE M R A 8 25, faon U 5 IR E A2 AL
AU, FF A S B2 A R A B 5 R S BB AR A A ANl U A8

REZZ W BT 73 M v ) SR g 2 B AR R A X, L BRI K il 22 4R R i R
G, H AR SIS B TSR £ K R HE NS A UIEE
H R RO Wt R SIS E A A TAEC R TIT I, WP AR R 7 LI AR A
FLAE S PUIT IR ks LR 2D AR L SR A G e 1]
PARFERLZZH0 ACLLIR Y IR R R A . PSRBT, RS IE T
SRR G P RS Z B ERCRE | PEXC IR KLE S R ARE S E 2 EIN R
YRy, (EA AR O AR X 3 S B, R SRR OB R IESE, K
LR . RS, WA S 2 . RN 55 sl s I AR G

SR, X LERF ST T2 BEHE AP AR RS U R RIS, X TR e LR 2 A 0 £ X 1Y
WA S IF AT ST BN B =, R AR b XA B 5 AL A R A TR AN T T 5
I HLFFE A ) ) 28 P fE AR R VKT T (16—10 ka BP) LISk, it/ A R VKBS & 2 iy
A UM BRI SCUE AL SR o AR SCHRE TR % 22 e U BT 4 M 224 R o s id %, B
ST BT IE Y] (30 ka BP) DISRAEWECE I s, W46 78 247 R £ XU e feid 72
PRUHE R X DK ) PR 2247 O - SR A A R WA 7, LIk ] 2 4 R e XU 5 30
SR 22 SV SRR o WFSEAS RAUER A 1 i 1l i A DR 22 W ] 4 b U fik 5 PR 5
ARAERTAEIC SR, 0o T PR AT ok 22 AR R e IX RS A i B G 2R S R Al

2 WFEE X AR

98 X AL TR 242 08 U 3B EET Z 3 (52°10'N~53°33'N, 121°07'E~124°20" E, 1),
IR A50 m, SME LR D H R L, EER1396.7 mo FEHINOK R kL, E
BRI R PRIV S S AR AT FVER A ZRA0] o YT 2 M AR KR 2 AR R AP R & X, TR
TAELZAFR L IX, HIERA R TEZ R, 4252 5800 B — P9 R & 52 m
FEVRM T HEZICPHERRE M, W HEE 2w, 1 FHRIR-29.7 °C, & ZEi)
WA IR-52.3 °C, THF-HSIR19.8 °C, 4EFHRAF-4.9 °C, XK F2468.9 mm, 7
—9H K 5 A2 AE80% A I . MR BRS8N H, Ml H AR IRFF0 °CLLR, I
Z4—9 H AR, B 2GR T MR v R 43~5 m, 20K LR AR
60 m, HHARFEEAIA120 m™, ZAER LA AR Z1.84x10° km'®,

LN R B AR, AR S IR A R A o B UK, TSR LLARAMIE 1R
¥, MW OLIE LI5S (Larix gmelinii) . F8 T8y (Pinus sylvestris) . £L.¥5 (Pinus
koraiensis) . 4L} =A% (Picea koraiensis) . FAME (Betula platyphylla) . E 5% (Alnus
hirsuta) F1F# (Corylus heterophylla) %5 , WK ZE B X% M 8% (Rhododendron
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Fig. 1 Location of the Eurasian permafrost zone and the Mohe Basin
dauricum) FEEME (Betula fruticosa) 53475 AR X I BOK A AR Z24F VR + U o VR VPR A,
R E FKE & 210 em, HIEDR K EFBEEL N E, MY OFEE L (Carex
meyeriana) . /KIH (Polypodiode snipponica) . MW= (Epilobium hirsutum) Fl& &3S
(Bryophytes) 2%,

3 BRI

3.1 $HEAER

R T E TR A BB SE L, 201749 H AR RRIZRE T, BN T T LA AR g 78
AT FRAR A 25 2 40 1 5 AN INATE 58 ol 6 X N 2 AR TR R i s, AT RRAL AR (53¢
28'17"N, 122°19'47"E, #3298 m) . TEICARIEHLUTRLFN Z24F U 4 K B s 19 oo I
ffHXY20005 3 i s F1 4N T 58 T Z4E L2 BT IEE, BNET42 emiZE B UURUEL, Ay
ABIC-340, A BCR2.5%,, DIBUAM A i L K ARG P2 (742~640 cm) |
R R AP 2 (640~530 cm) . K EIRIEZE (530~270 cm) . AR )2 (270~
170 em) . M EJERIZ (170~80 em) . WA ARG )2 (80~70 ecm) . B K)Z (70~
15 cm) . BEFHTZ (15~0 cm) B8NS IZMAAL, KT A AL G 42 fil (1) VR 2% (6 46
PR, AR BB DUE N 2 (F2) . Z4EG B A R bl ARgEg)2
(742~530 cm) . ZAEFHLEE (530~180 cm) . 15312 (180~0 cm) 3N ENIM A, (K43
KRR AL IR Y55 ), ZAETRGSIZUZ IRk £ (B12), RS K EE36%. a4l
BURE VR IHEAPVCE, BA-5 CIRIRFIR RENE, LI/ D FAN IG5, iz
250 %E 80 CHRRAIRARIET T IRAT o
3.2 FRNZE

MR A R UURUE Y E I Z AR E AT, SR AMS CAERARES , I T 5 85
EARF G RGBS AR RZE (G2, ek t)2 GEsh2TR) . FRERR)Z
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Fig. 2 Lithology and age-depth model of BJC-3 core in the Mohe Basin

(ZHFHLEZ) . BRANRZSB O LM ELRE (RS ZETR) MK AR
AW E GAERLEZ) . WAk, BUREE 55025 18 T DURUZ O & s N Fr ki, R s
BILJTE 5 v L UK AR 2 O R A . BURE R R 2 O U R J5 , AR A R A 0 v ]
BHEERE D 50~200 g, 2 APEASS 5 % & o AE S BUR T AMS" CEZ 56 I RE A AE (5 R 1) 3k
R (3.6% HCl) =i LLLBRTHLIR, A m#Js 2= hm:, BT 5805 5 A L
(CuO) HAATFAIE T IEITI00 CRABEA R CO,, )5 T Maifbfa s )m AL
K, MHIAZFCE E BetaS2 5 = 817 .
3.3 WM

R ZAEGRLE Z AN G oy BIRRAT , HA S £ RIS & Bk, B RIKZEn&E
A BERRAR A RRTE , SRECT At AR BE A BORE =, Hhis gh)2 (180 em) LA LAY €
JEFERZE . BREWRIZE . TR . TS IR )Z FHE R )2 LIS om Sk R] HE LR
368, HRE5ZFAEZREEE (180~742 cm) WK+ Z . HKEIIRIZE . 8 ER £ 5H
WIZRROBRA RS Z L0 e A [ BEILERESobk , JLARTFO2BAE M . SE6 5 4 E AR N
FEHELZ100 glan ke S AT HE T 320.3 mm T, ARARARE S A PR A AR 5 30~50 g, fin
AHHE 1031587/ /(48 m HEAE R A AN AL o SEER 5 R R AR R (36% HC) — &%
14l (10% NaOH) —&R (36% HF) JFikile, fEdKimmase =, i HH
PR 10 pm MG, A ZEE (95% C,HOH) DALk, s THh (CH0,)
HORAE I R0 B i 2 {3 Olympus BXS32E W) W B K 4004, 45 5 A
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BT (PEMEPAARIES) 5 (PESNLME KLY 52>, b S E g8
ANLF300K: . Bl G il Excel®kF, R4 5 0 AT 4011, BILL 43R a0 A
BOMRBOH AT, R Tilia 2.0.453F 7 0 B 1% ) VE Fn B 28400

4 ZERIrHr

4.1 EEEK

BJC-3 4 I AMS "CAEAREE R T 2 E g IR HEST (1), il Calib 8. 14K+
Intcal 200 BRIl bR v L EAT R AR I R A TE, CRUIEAF I R I ELAR X AL R 92 o
ARV FELRT B AR IR, I T RIE 7 Bacon iU S @A AA—IRERIRY . 5 ABAITH
AR, B PRGSO A (E AT A B T em PR EE A X R AFARE, R FEAFEA
SIOREE(E A S s BOR 2R (K12) o S a SR #20.025 cm/a, R4
#5430 ka BP,

®1 FETZHBIC-3 51K AMS C £
Tab.1 AMS'"C dating of BJC-3 core in the Mohe Basin

W MCHRMAER  UCRIE4R  “CiH4ER

HokE g Mikgs  BRRAR RN IR R

(cm) (ka BP) (20 ka BP) (ka BP)
XAB-1 621829 N2 A 20 1.4 12—13 13
XAB-2 621831 2 ek 110 2.0 1.9—2.1 2.0
XAB-3 621832 62 HHLY 190 3.1 32—33 3.3
XAB-4 621833 ZAEURSE 2 e 430 12.8 15.1—15.5 15.3
XAB-5 621835 ZARRES )2 ST 530 17.4 20.8—21.2 21.0
XAB-6 621834 ARk )2 HHLY) 710 24.5 28.6—28.9 28.7

T MCAREREWIY 5568 4F IR IA [ 1950 4F5 AT
42 BMAE
4.2.1 HMPEHE AR BGHE UM 763, LA E M40k AP R, BEHG 2 Fh
&I EA A e (BI3), HAWsFFIE: #4%F (Rosaceae) . & HJ® (Xanthium) .
U#} (Leguminosae) . 1545 #} (Campanulaceae) . 2 £} (Polygonaceae) . JFIEF} (Labia-
tae) . 2JEFRF (Umbelliferae) . jifif} (Solanaceae) 7F4% )27 H B & AR AL, ANH
-9

Lk A BRI HER (583%, F¥ & & FR) &iEme, Hog iR
(35.1%) Afrth e, FMHFEAR (22.9%) HWR, #A (03%) &#&E, FiELARE
(Pinus) . ¥&J& (Betula) . =42 (Picea) FFEANIE (Alnus) NE, DI/ EATEIAE
(Larix) . BkJE (Quercus) . )@ (Ulmus) . #J& (Tilia) . #LAS4EF (Ericaceae) FI{EHL
J&  (Zanthoxylum) ; i £ & A& (21.9%) Fh J&8 VL & & (drtemisia) . 2 F}
(Chenopodiaceae) I ARAFl (Poaceae) K+, MM/ AFE (Compositae) . %856 &
(Aster) . WAYEJE (Taraxacum) FlTF4EFF (Cruciferae) 4F; KAEFRAR (9.7%) Fig
PIVBFRL (Cyperaceae) FIMIITEEL (Onagraceae) b3, #4502 00 i A7 /b it 45 3 J&
(Typha) 43Ai; BRIEHEEE (10.1%) FiE LUK ESFE (Polypodiaceae) ik, HAhH
JE A KEERL (Fontinalaceae) =41 (Triletes).
4.2.2 MM ERIS RIS SHUR R AR, Rl 1 s AR e f kA (&
3), fEMAA RN
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Fig. 3 Percentage of for main pollen taxa of BJC-3 core in the Mohe Basin

T (740~670 cm, 30.0—27.1 ka BP) P B A (45.4%) SEfcmE, UHEE
(16.4%) . ZEF} (9.7%) FIARAEL (8.6%) MEH; TRHEAR (29.6%) FaHIK, LS
(10.5%) . #5J&E (10.4%) M=k JE (6.4%) AEH; KEFAR (21.3%) WA —E S &,
DI ERL (16.7%) % dEHADENIRIEEEE (3.7%).

IR (670~520 cm. 27.1—20.5 ka BP) B8 A (59.9%) & W EHm, L
B (18.1%) . HIE (17.8%) FMARARL (12.1%) ML FRHEEAR (31.2%) B
i, DasE (11.5%) . #EJE (10.5%) FiatZim (7%) RPEHs KAERAR (6.8%) Flk
KEEE (2.1%) Fd)n ERAL.

AIBHFIIT (520~350 cm, 20.5—11.3 ka BP) AT HIK FFRHEAR (53.8%) FHEIHE
B RiAERAR (309%) & EREAR; KAERAR (11.2%) SEEGM; LS &
(4.1%) F¥hn. A4 AP

R Ila (520~440 cm, 20.5—15.9 ka BP) TR (47.1%) S &N, F%
FESIE (30.5%) B9, AEWHEIT AR (1.2%) . HEE (0.8%) FEREMN A
FhE; BiEEA (25.9%) R EFEAG; KERAR (19.7%) MRS (73%) F&
¥ ERm,

B (440~350 cm. 15.9—11.3 ka BP) K (60.6%) Sadksgeibhn, Hrp
HeJ® (31.6%) &R, WE (9.2%) WEREAL, 5= 8% 0 TR A TR A B IS ¥ ih i 22
HEL, WMk E (2%) . e (1.8%) FIFEASERF (1.8%) %; FhiEHA (35.9%) &
FROM; KAETEAR (2.8%) FIRIEEEE (0.9%) EaIfEg.

IR IV (350~95 cm, 11.3—1.9 ka BP) A7 EAK EFRHEAR S BN (62.8%) ;
FRIEEEE (153%) FmEdn; AR (13.1%) SEEAK; KAEFEAR (9.6%) FiElE
e AH 50 RS TEAT -

I H TVa (350~240 cm. 11.3—5.8 ka BP) 5 2L, FFHEA (58.1%) &%
ARAS, HrhinE (15.3%) BEIGIN, =AM E RE L. WRARE (9.4%).
B (5.7%) . Hild (4.3%) AR (2.5%) %5, BRI TR (6.7%); [FFHES
(12.1%) . 5 (0.6%) FlaAZ (0.1%) SEERTHEARFEFAEAR (1.4%) PIFEAL;
FiAERA (14.5%) SHEFFERAL; KERAR (11.6%) FREEEE (17.2%) SE3G,
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fRHIVD (240~95 cm, 5.8—1.9 ka BP) T AK (67.6%) & W&, FEU
g (37.6%) FIFEARIE (9.4%) BIREMAILE:, BB TRARFE R REAR: RS
(2%) . g (1.9%), JH#BE (1.4%). hEdE (1.3%) fifijE (0.8%) FEAW L
P, FEAR (0.1%) WARDHI; BiAEREAR (11.6%) . KAEFAER (7.5%) MEEEH
(13.4%) FahBRE(L,

RV (95~0 cm. 1.9 ka BPES) AWK LR (70.1%) & ag4kaesimn;
PREEEE (11.7%) . BiERAR (10.3%) FKAERAR (7.8%) & RIS, AH450N
[ RIAG

By Va (95~50 cm, 1.9—1.6 ka BP) 5 LJEZMIL, A (66.6%) g,
HAisJE (43%) Faks (2%) Freesim, HeJE (10.5%) JEARRAS, =B Fr AR
JBARBEFRAR . WMEARIR (4%) FItEIE (0.7%); BEAERAR (12.8%) SEEEMM, IEE
(10.2%) Mil#s; KAEFA (72%) FBRZEHFE (13.2%) FEAEAR,

k3T Vb (50~0 cm. 1.6 ka BPES) JrREAR (73.5%) Faimzlesomk, £
BUEME (49%) FInAs (6%) WEHM, SBEMMTRAF RIS . WA (5.1%).
IR (1%) FIRE (0.7%) %5; BEAERAR (7.9%) SEEME, TEUERE (6.3%) k%
i AKAEFAR (8.4%) FEHM, DV ER (82%) MILHE, MAKHEE (102%) & &
FEA .

5 e

51 BAAMEERLXAMNKESSEETREX

BIC-35 M TR e L Bl g oA, DURIETIOR A, AU iy b f s
IR, RN o B AR R o B sz BB AR T, A1 F GEAR R,
RO KRG E e A YN BLLPK, 2t R IX B T AR, i oK Ai R, B
T ZAFR LM, FEARAZFEPRORMBIRITZ /N SREETLA, B
HE SR ENR S RS (CAnIA R ) AR A DURR S IE K XU AR K AR K
DXAS T AR OIAOG, ET] Z b ARy S R PR 15 I /K AR R R A I AL AR TR, R OK
AR XS 3 b R A BT LL B AR S 5 T A AR FE XA %, 2 KA RIE I
AN, FRUARM MY E, AFLPEIEm oy, SRR N AR X T
BT R A s AR X TR TIED, — e84 Zh T gh i ias VE Rt A ol 2000

FERR AR OB, KU . KA KIS as e T, 2o 2 i . 353t Fn o
P L1 3t A B PR g AL, W A DU B & B 2 AR R4S BB, Ik, T A
iSRRI 07, BIC-345 5 AU 4 5 R LA i sz 1 25 b % A/ Pl Ll A 2855 0
ey o BIC-34n M A AR DR, (A BRI R IR 2 A 0= 50 00 2 (o Aty 75 4
BAR, REEBBIGETHE S, 0T fE e 4 Z MU 5 3 R B DU X IR P, 18 T4t
B XSO R, DAL R A A Ve J= 8 /s i MK X T g sz 31 1tk efil $e2l o

B BT ST R W], A 415 — S OGS A g B A T 2R AR R R T, ik
55 DXL BR8N Z A O RN, — S BRI T SR AL ) AL 76 U
RS T AT AR AR DA A A AR SR A R, AT LRI AR R O R
AL AR

PAE AR DR WA B TR, R AAE RO LI ILER MR RE, LR A I FE TR A,
— B E K B IR F300~400 mm bk, 3 AR FE VIR B MR AE K B2 )R
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TRk, HEEESNSESM, FTEAE1000 mPh AT AR ; HeEdid K
MW X R AR, S G Y i B LB I AR 3, X FE A PR N A R
AR REE . BE . AR . KRR R E A R I I A A AR AR 5 AR XY
AR IR AR AL R OE AR, L, XS R R I T AR 0 R 43 HAE AT DAY R TR
FHE e e

TV R IHT, RIEEARAC TG R, RARFIE 8 416 hy MLl 5 JFRAE
& TR 2L B PG ERIEAS DL R 2 R ) EA B AR R AR W R TR T
LK PFE R, A BRI K FI200~600 mm, 522 H 5 2R A6 HE X PG AR 110 b 5 A
O, R A i A A R R N AR TR s KA R BRI A ) R R R T
B BG5BT L HJE R SR YRRl L AR MUK EERL SR, B
ST LA ERC = D INMAPI NI N (27 1 7 NS I el = A L R 737 52~ (BN S P N P SR Y N
wAE, NEAREE.
52 BiAZEREERETNSEFIRSBRTAIRE

30.0—27.1 ka BPHIB LAHAS A F2, 8 F /D RETHEARMBRRET#E, K H MK AR,
DAIVSEL . MO SR o s B AR —E SR, UEE . ERAMAAR N E; FF
RACE D, HAVEB I —, RS, AR 32, JFEWT RS 20 FE L oA 4T 2Rk
FHKRE T — AR, K AR5 B A AR oA, T ) 1 b U
Fe R A METER I

27.1—20.5 ka BPFfiE AP Y 7k, FEONM AR . 2R FTRARLIFERIRL |
MERmAZ R F 5 K AFEB R BRIS E #4000 b st 300 70 i Vi b K i RS 4 T 2, 7
DA K A1 BBl L 5 B o B, AR AT LR L s BT RS, T R L R T
BFIF AR SEUL, X -5 4BAT A9 78 7 b DX R AL RAR ALY, FE R AR AR T FE S T 5, AR
RHIE S5 AR KB RRIEAH AT

20.5—11.3 ka BPFR AT 4 @80, Hoh LIANE fHeE P ok il 8 fliA B AR
T R00E R MZER B D s KA FATI RIS E SR A3 . HE o e 309 S i e
0%, AN oK S @b e F T b sy g b, iR Gy R A E , P )E %=
R 159 ka BPZJ5, BRI INIE St R AR b o0, F5 /R SIRTF R mE, (H
SAEATFER IR, SAFE 5 R UK T SRR A AT o

11.3—1.9 ka BP . F FRAF 2 A9 B0 AR R AR B i, R (11.3—5.8 ka BP)
EWERE . RS . BRSO AR, Bl AR A AR I R A
KA BAFI R IS BRI, AnyB SR RIK IR B RE o W7 L s b P b RS R B B
Il 3 ke AR A B A AR S A, AR L R AR R R A AR S I, TR A R TR S
AR, H8 7 H DU XA R K A A, TR R /K S 45 B0, S R %
MR, SARERE S it aE B AR . e (5.8—1.9 ka BP) FREARY K LI JE
BnomAR s, SBEAARE . FRIE . BRI R AR D T G Bl AR RK A
L DR BB S i T LA RRAG . HERT ILINE 4 2R 7 1 TR S ARl S 0, (HL A A% Jmy ]
R TARME, e AANE L E AT Tk, TR ARG ZR X, 0 M E R AR
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Fig. 4 Pollen-based climate from the BJC-3 core in the Mohe Basin and comparisons with regional and global records

P R27.8% . FE I AK29.6% it A BE AN 15.2%) , KA B A FIR R S B4 B27.4%, ik
WHAP,, HLR> 0448 /R K A A TR A A Ry 320 X FWATR HLI . G P 33008 —fe 5 T g
TR TR, AEEIN AN 42204 v b5 A ] 2 1 AT I 04 38 Y 37



2290 B 2E 4 79 %

— 7 TGS AT H i 2 ARk 7K A A R AR B TR i 2 AR A 2, 9] 2 s R e
WG R e T & XM, 22 FARBE I S BUK IR I, AR PRI 32 4 2 X
SRS 5, AT ioRBR I 26 | 280058 S EOER s 55— Jr i 2 4R R L5 1R /)
PRBERFIRAI AL AN T 2200, AR UK A9 9k W R R B AR K e TR B R R MR R R
Kar . HESIFIAR ZR AR s (] A AR AR (1&15), AT X+ B 2 0

TRPIRER [l HE

ERERA

- «<— 0C 0C —— +

P 5 DI A PR 2 45 U A8 P R R TR ) 52 )
Fig. 5 Impact of permafrost changes on vegetation succession during glacial and interglacial periods

TEAR US| A5 T B R 2 20 AR - DX PR A2 A 2 1 i 3 1) 32 2B 5l
J1, FERAMRAMET, SR ERY IR EE, ZAERLER T A SFEHRIERT
0 CCHYMRIRAR N , 23 FEARAT B A 2R X 5 43 FK 43 A W™, Ikl AE ) A4 o Bl IR 1Y)
BEAIG, VRES)Z BA XU URESRRVE™, OBl R BT, A URES AR R AR
WRATHAK, BT KEUKRIGHRE R, MR TRERY, XEH R FER L
W 22 4 - BB B3 T SE I R AR R s s . 2R R SRRl AR A B A, MR
ANREIE N 22 A R L PR GO F T, SOOETRTU L WA L B R A R il DCRE B BT A
o I, m T 2R KRB IEEO, KOG F G0 W8 T 245 11X
GRS I AH b — VS B T 5

e AT R S DU AR B, = T v 850l 15 Y] 00 b N 8 e8] 22 48 o - 3 e A Ak
FIIR A, E DR oo 4 B P TR S B0 T IO F R e iR ™, BEE L BRA, L
SR TE S FIURR T T R, AU T R RIR F O IR A K 3 R, B A AR B
AL TR S AR ] T ORRIAL B ZAERESZ R RRKPE T, 6 SR 20K, M
FOKARE T B M, MK MG 20 ORI , A A T8 A 7 & A AR
R, HEFER R E AU B R T A Ty, AR A A B TR
Y, R I 2 AR AR AE KT 2 IR K B et T R AR ARG, d
AT 2 AR A IR B K, 33t 2 YT 2, A S T T S e AR i S R PR, YT
i Hb RIS 0 A A A 1) DD R R BE O 0 T OK AR R . B SR A RN A Y R
It HLIX Bl 08 7] 224 Ok 1 I BB 0, B0 2 AR R S TH PR B A S R,
T AR, R T 5 RG2S AR Ik BRI P R A e L v B Y
W25



9 1] X 48 252 30 ka BP LR KDL ZAWE TR0] 7 M 224 1 - IX A s 5 R B AR 2291

BSRUL, ZAEGR T S EKINE R TERNAES RS, K. Bk h T 2405%
52k AELL, SR T KRB AR, BOR T A K IVERME , REgE X 24
5 XA B AR Ak g o 107 5 R SRR (BRI AR, 241 VR X R T ) 2 ) 2 K BT 3R
BRERZE MR, & 2565 X TRAIE R AE AR & & A, (AAR B T R Mg 26 &
FEA AT IE N, ) R Al R AR A AN 2 X R A R e AR R
6 4t

FF B Z M BIC-3 7 TR 40 AT 2 B, ARy = R U A0 455 100 b R 0 174 D A7 6L A9 U7
L, DARCAE K . KL K sl A5 i VR T K A1 61 L A ) 8 i A Z . B8 ZR TR UL
BUEBEA =2 TR 025 B, oM LA 2RSSR UIRUZ, B 07, s
A - sz R T T 3 b R A R L bR 2 B S, AR X G AT A R R R
FIFHALR R o] DL S A fad 72

T 25 130 ka BP LA AR 4 8 B 5 7R A kAR TSI E AR AL R, 30.0—27.1 ka
BPE i ) {500, FE /R A FESEN 5 27.1—20.5 ka BPIE AT AR JF 500, 4871
SAEAIXTFES T8 20.5—11.3 ka BP 1 &F H AR b [ &1 F TR S MOB S % 48, F5 7R
IRIFIREEWE , (B ZER IR 11.3—1.9 ka BPIE AT MR AT HE BE W0, F8 7 S
TRBZIEIE s 1.9 ka BPEATE AT AR SO0, F5 78 SR BRI

LAV T i 5 T R e R e R B AR e R R L KAy AR AR R AE K
AR, AR AR B 5 A X SRR BT RN , A B T AR R vk L TRl vk A
AR R ALE] . AEARRVKEEI, T 2R ORGP 5Kk, XK IR IG I S FEREAIR,
MR A TEES, SRR LIS E RSN T IEMN 5 RARERNER . 228 %k
ARG, FRY K AR I ORBR IR S, 224 R 1 R il Ak R 45 AU A Bk
BET BRSO A T s LAY K, R T R KRGS, W
BT Z2HHE LXK, KR . BREEEEEMTTAN K5, B RARMIE
Soll. FIt, TGRS ZNY aRMattt, BOCT SRR ARRE, X247+
DX PR A A g 1 B A AHURK

5 2 3k (References)

[1] Zhang T, Barry R G, Knowles K, et al. Statistics and characteristics of permafrost and ground-ice distribution in the
Northern Hemisphere. Polar Geography, 2008, 23(2): 132-154.

[2] LuoJ, Niu F J, Lin Z J, et al. Recent acceleration of thaw slumping in permafrost terrain of Qinghai-Tibet Plateau: An
example from the Beiluhe Region. Geomorphology, 2019, 341: 79-85.

[3] Mu C C, Abbott B W, Norris A J, et al. The status and stability of permafrost carbon on the Tibetan Plateau. Earth-
Science Reviews, 2020, 211: 103433. DOI: 10.1016/j.earscirev.2020.103433.

[4] Qiu Guoqing, Cheng Guodong. Permafrost in China: Past and present. Quaternary Sciences, 1995, 15(1): 13-22. [Ef[=
IR, FRIEMR. P Y 2 AR5 1 ik IR, SR ST, 1995, 15(1): 13-22.]

[5] Jones M C, Grosse G, Jones B M, et al. Peat accumulation in drained thermokarst lake basins in continuous, ice-rich
permafrost, northern Seward Peninsula, Alaska. Journal of Geophysical Research: Biogeosciences, 2012, 117(G2). DOI:
10.1029/2011JG001766.

[6] Zhao L, Jin HJ, Li C C, et al. The extent of permafrost in China during the local Last Glacial Maximum (LLGM).
Boreas, 2014, 43(3): 688-698.

[ 7] Bonan G B, Pollard D, Thompson S L. Effects of boreal forest vegetation on global climate. Nature, 1992, 359(6397):
716-718.


file:///https://doi.org/10.1016/j.earscirev.2020.103433

2292 H B2 4 79 %

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

(20]

[21]

[22]

(23]

[24]

[25]

[26]

Keller F, Kienast F, Beniston M. Evidence of response of vegetation to environmental change on high-elevation sites in
the Swiss Alps. Regional Environmental Change, 2000, 1: 70-77.

Tong Guobang, Yang Xiangdong, Wang Sumin, et al. Ecotype exploration of polynoflora from Zhalainor since the Late
Quaternary. Acta Geographica Sinica, 1997, 52(1): 72-79. [Z[E %, £ AR, IR, 5. FLOTHH/RIGEE U4 /8 Y
FEO AR AR B4R, 1997, 52(1): 72-79.]

Fritz M, Wolter J, Rudaya N, et al. Holocene ice-wedge polygon development in northern Yukon permafrost peatlands
(Canada). Quaternary Science Reviews, 2016, 147: 279-297.

Kolari T H M, Korpelainen P, Kumpula T, et al. Accelerated vegetation succession but no hydrological change in a
boreal fen during 20 years of recent climate change. Ecology and Evolution, 2021, 11(12): 7602-7621.

Soja A J, Tchebakova N M, French N H F, et al. Climate-induced boreal forest change: Predictions versus current
observations. Global and Planetary Change, 2007, 56(3-4): 274-296.

Chang Xiaoli, Jin Huijun, Wang Yongping, et al. Influences of vegetation on permafrost: A review. Acta Ecologica
Sinica, 2012, 32(24): 7981-7990. [# W, 4x 2374, T, 55, MU ZAR0R R 2 mafFo¢ ik . AR 25244, 2012, 32
(24): 7981-7990.]

Liu H Y, Cheng Y, Anenkhonov O A, et al. Dynamics of the climate-permafrost-vegetation coupling system at its
southernmost zone in Eurasia under climate warming. Fundamental Research, 2023, 9(14): 114-125.

Gatka M, Swindles G T, Szal M, et al. Response of plant communities to climate change during the late Holocene:
Palaeoecological insights from peatlands in the Alaskan Arctic. Ecological Indicators, 2018, 85: 525-536.

Bazarova V B, Klimin M A, Mokhova L M, et al. New pollen records of Late Pleistocene and Holocene changes of
environment and climate in the Lower Amur River basin, NE Eurasia. Quaternary International, 2008, 179(1): 9-19.

Wu Jing, Liu Qiang. Pollen-Recorded vegetation and climate changes from Moon Lake since Late Glacial. Earth
Science, 2012, 37(5): 947-954. [{1L1f, X5 My I LSk A 52 W 70403 T 51 52 e ) by il w5y AR e Ak . R 272,

2012, 37(5): 947-954.]

Wang Lixian, Liu Qiang, You Haitao. Climatic variability since Late Glacial Period inferred from biogenic silica records
in Moon Lake sediments. Earth and Environment, 2012, 40(3): 328-335. [ A%, XI5%, W#isE . W vk Lok A 52 4=
Wik S AR AR U X b ER 5 EREE, 2012, 40(3): 328-335.]

Wau Jing, Liu Qiang. Palaeoclimatic evolution as reflected in the Late Glacial Period Moon Lake charcoal debris record.
Scientia Geologica Sinica, 2013, 48(3): 860-869. [ffLlf, XI5t Ma vk A 530 5B 1 55 B Wy vy S A Ak SRk~

2013, 48(3): 860-869.]

Liu Jiali, Liu Qiang, Chu Guogqiang, et al. Sediment record at lake Sifangshan in the central-northern part of the Great
Xing'an Range, Northeast China since 15.4 ka BP. Quaternary Sciences, 2015, 35(4): 901-912. [ XI5 1, X158, fif [E 34,
A RS IUTT IR 15.4 ka B.P. DISKRBINATIRUS S, S U0 5E, 2015, 35(4): 901-912.]

Liu Jiali, Liu Qiang, Wu Jing, et al. N-alkanes distributions and compound-specific carbon isotope records and their
paleoenviromental significance of sediments from Lake Sifangshan in the Great Khingan Mountain, Northeastern
China. Journal of Lake Sciences, 2017, 29(2): 498-511. [XI3# i, X158, (LA, 45, K622 Uy 1L Kb 49t DL SR 5
T A ek oA LA ) (3 AR AIE B oy PR B S i3A)2%, 2017, 29(2): 498-511.]

Wen R L, Xiao J L, Fan J W, et al. Pollen evidence for a mid-Holocene East Asian summer monsoon maximum in
northern China. Quaternary Science Reviews, 2017, 176: 29-35.

Li Mengzhen, Jie Dongmei, Li Nannan, et al. Diatom assemblages and paleoenvironmental change of the Hongshuipao
peatland in the middle part of the Great Khingan Mountains since the middle Holocene. Acta Micropalacontologica
Sinica, 2019, 36(2): 163-174. [Z8FFL, A 24Afg, A5, 48, T AR HE DR K22 i B 21K I8 S M ik 2 1 i S
M BT IAL. AT A I, 2019, 36(2): 163-174.]

Yang Yue, Jie Dongmei, Li Nannan, et al. Climate change recorded by humification degree and total organic carbon of
Hongshuipao peatland in the Greater Hinggan Mountains since the last 5 ka BP. Wetland Science, 2019, 17(4)' 424-435.

U A, &AM, 25, 45, ROCLEIE LK I8 AT FE A0 BE 5 SO FLIRIC S Y5 ka BPLIR IS A2 1L, TR,
2019, 17(4): 424-435.]

Li Xuelin. Inner Mongolia the Are Tianchi since the Little Ice Age lake drilling pollen characteristics and vegetation
succession [D]. Beijing: China University of Geosciences, 2012. [Z=ZHK. PN 5y Bl /K L 3t /N vk DJOK 3 1A 8 FL 76
FYRRIE B A (D], Lt rh [ BTR 7, 2012.]

Cui Qiaoyu, Zhao Yan. Climatic abrupt events implied by lacustrine sediments of Arxan Grater Lake, in the central



9 1] X 48 252 30 ka BP LR KDL ZAWE TR0] 7 M 224 1 - IX A s 5 R B AR 2293

Great Khingan Mountains, NE China during Holocene. Quaternary Sciences, 2019, 39(6): 1346-1356. [# 15 &, #X#i. K
LA BT IR LU ORI IO T SR ) 4 T AU 2 AR . SR DU 45, 2019, 39(6): 1346-1356.]

[27] Leng Chengcheng, Zhao Cheng, Cui Qiaoyu, et al. Paleoclimatic changes recorded by n-alkanes from the lacustrine
sediments of Arxan Crater Lake, in the central Great Khingan Mountains, Northeast China during the Holocene.
Quaternary Sciences, 2021, 41(4): 976-985. [V FF, B4, 415 K, 45, K24 /R L Kb OB i IE A ot 1 5%
7R B A I R AL, SR DZRHIESY, 2021, 41(4): 976-985.]

[28] Sun W W, Zhang E L, Liu E F, et al. Hydroclimate changes since the last glacial maximum from sedimentary
biomarkers in a crater lake in the Great Khingan Mountains, Northeast China. Quaternary Science Reviews, 2023, 312:
108175. DOI: 10.1016/j.quascirev.2023.108175.

[29] Zhao C, Li X Q, Zhou X Y, et al. Holocene vegetation succession and responses to climate change in the northern sector
of Northeast China. Science China Earth Sciences, 2016, 59: 1390-1400.

[30] Ma Xueyun, Wei Zhifu, Wang Yongli, et al. C,/C, vegetation evolution recorded by lake sediments in the Huola Basin,
Northeast China since the Last Glacial Maximum. Quaternary Sciences, 2018, 38(5): 1193-1202. [ 535 =, Bllakfi, £k
FI, A AR UK UK ZR Ul DX R A T ORI iE S 19 C/C MR AL, 25 P22 05T, 2018, 38(5): 1193-1202.]

[31] Zhao C, Li X Q, Zhou X Y, et al. Holocene vegetation succession and response to climate change on the south bank of
the Heilongjiang-Amur River, Mohe County, Northeast China. Advances in Meteorology, 2016: 2450697. DOI: 10.1155/
2016/2450697.

[32] Han D X, Gao C Y, Yu Z C, et al. Late Holocene vegetation and climate changes in the Great Hinggan Mountains,
northeast China. Quaternary International, 2019, 532: 138-145.

[33] Li Yiyin, Li Bowen, Xu Xin. Pollen-based climate reconstruction during the past 2100 years from the MG pest profile in
the northern Daxing'an Mountains. Quaternary Sciences, 2019, 39(4): 1034-1041. [Z=H3R, 21019, . K424 4k
ST U1 Y e At A9 B Y oE J2 L004F ol A fik. 35 DU ZE AT T, 2019, 39(4): 1034-1041.]

[34] Wang Lili, Shao Xuemei, Huang Lei, et al. Tree-ring characteristics of Larix gmelinii and Pinus sylvestris var.
Mongolica and their response to climate in Mohe, China. Chinese Journal of Plant Ecology, 2005, 29(3): 280-285. [ LTl
i, R AR, B, A MR VLB 2 TR AL 5 W A 48 AR AR IR B S iy i 17 AP 2 255741, 2005, 29
(3): 280-285.]

[35] Liu Changwang, Pei Fagen, Qiu Gengen, et al. Permafrost distribution characteristics of northern Mohe Basin in
Northeast China. Geophysical and Geochemical Exploration, 2017, 41(6): 1204-1214. [XI#% 4, 3 & AR, ARAR, 5. &
AL LS R o AR, PR S ALER, 2017, 41(6): 1204-1214.]

[36] Hu Lile, Li Junsheng, Liu Wenhui, et al. Colourful Pictures of Common Plants in Greater Hinggan Mountains. Beijing:
Science Press, 2014. [WIFAR, 2SR Az, X SCEE ) 45 KOLLE 5 WY R0 % JbRT: Blaf et 2014.]

[37] Faegri K, Iversen J. Textbook of pollen analysis. Journal of Biogeography, 1975, 2(4): 310. DOI: 10.2307/3038005.

[38] Wang Fuxiong, Qian Nanfen, Zhang Yulong, et al. Pollen Flora of China. 2nd ed. Beijing: Science Press, 1995. [ Lk /i,
Bemioy, sk, 45, HEMYIERIER, 20 LAt R i, 1995]

[39] Tang Lingyu, Mao Limi, Shu Junwu, et al. An Illustrated Handbook of Quaternary Pollen and Spores in China. Beijing:
Science Press, 2016. [%@Tlx/ﬁ’, EALK, FFER, . P ESE UL E % Jb et Bleg i AL, 2016.]

[40] Grimm E C. CONISS: A FORTRAN 77 program for stratigraphically constrained cluster analysis by the method of
incremental sum of squares. Computers & Geosciences, 1987, 13(1): 13-35.

[41] Reimer P J, Bard E, Bayliss A, et al. Intcal 13 and marine 13 radiocarbon age calibration curves 0-50000 years cal BP.
Radiocarbon, 2013, 55: 1869-1887.

[42] Li Liang, Sun Fengyue, Li Bile, et al. Geochronology of Ershi'erzhan formation sandstone in Mohe Basin and tectonic
environment of its provenance. Earth Science, 2017, 42(1): 35-52. [ZE K, 7hE A, 2R3 IR, 5. B0 20—+ vkl ab
I U B i DX 1 R . bR, 2017, 42(1): 35-52.]

[43] SunJ, Li X Z, Wang X W, et al. Latitudinal pattern in species diversity and its response to global warming in permafrost
wetlands in the Great Hing'an Mountains, China. Russian Journal of Ecology, 2011, 42: 123-132.

[44] Chu G Q, Liu J Q, Schettler G, et al. Sediment fluxes and varve formation in Sihailongwan, a maar lake from
northeastern China. Journal of Paleolimnology, 2005, 34: 311-324.

[45] Sun Xiangjun, Wang Bengyu, Song Changqing. Pollen-climate response surface analyses of some families in northern
China. Science China: Earth Sciences, 1996, 26(5): 431-436. [FMHF, EE:H, KK F. HEIC 5B REE M — ok
Wi 37 T 5347 A ERRS: HsRERSE, 1996, 26(5): 431-436.]


file:///https://doi.org/10.1016/j.quascirev.2023.108175

2294 H B2 4 79 %

[46] Odgaard B V. Fossil pollen as a record of past biodiversity. Journal of Biogeography, 1999, 26(1): 7-17.

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

Tarasov P, Williams J W, Andreev A, et al. Satellite-and pollen-based quantitative woody cover reconstructions for
northern Asia: Verification and application to late-Quaternary pollen data. Earth and Planetary Science Letters, 2007,
264(1-2): 284-298.

Zhou Yiliang. Geography of the Vegetation in Northeast China. Beijing: Science Press, 1997: 49-51. [J& Ll K. H[E 44t
R WL, AL B L, 1997: 49-51.]

Zhou Yiliang. Vegetation of Greater Hinggan Mountains in China. Beijing: Science Press, 1991: 88-91. [J&] L1 K. o [E K
NI TERE. bt BhaE G, 1991: 88-91.]

Shen Caiming, Tang Lingyu. The Climate in the Changbai Mountain and Lesser Hinggan Mountains during the Holocene:
The Climates and Environments of Holocene Megathermal in China. Beijing: China Ocean Press, 1992. [1 A4 B, J# 4
A AT FIL RN 20 S g rh ] A MR S S BRAG. b at: v 3R A, 1992.]

Davies C P, Fall P L. Modern pollen precipitation from an elevational transect in central Jordan and its relationship to
vegetation. Journal of Biogeography, 2001, 28(10): 1195-1210.

Wu J, Liu Q, Wang L, et al. Vegetation and climate change during the last deglaciation in the Great Khingan Mountain,
Northeastern China. Plos One, 2016, 11(1): e0146261. DOI: 10.1371/journal.pone.0146261.

Cui Qiaoyu, Zhao Yan, Qin Feng, et al. Characteristics of the modern pollen assemblages from different vegetation
zones in Northeast China: Implications for pollen-based climate reconstruction. Scientia Sinica (Terrae), 2020, 50(1):
134-148. [# 15 E, B, 2858, 5. i EARACR T ADR AL SRR AE KU S g iy 38 L. rh B R b aRB
2020, 50(1): 134-148.]

Sun X J, Luo Y L, Huang F, et al. Deep-sea pollen from the South China Sea: Pleistocene indicators of East Asia
monsoon. Marine Geology, 2003, 201: 97-118.

Liew P M, Huang S Y, Kuo C M. Pollen stratigraphy, vegetation and environment of the last glacial and Holocene: A
record from Toushe Basin, central Taiwan province. Quaternary International, 2006, 147(1): 16-33.

Bond G, Kromer B, Beer J, et al. Persistent solar influence on North Atlantic climate during the Holocene. Science,
2001, 294(5549): 2130-2136.

Wen R L, Xiao J L, Chang Z G, et al. Holocene precipitation and temperature variations in the East Asian monsoonal
margin from pollen data from Hulun Lake in northeastern Inner Mongolia, China. Boreas, 2010, 39(2): 262-272.

Li C H, Wu Y H, Hou X H. Holocene vegetation and climate in Northeast China revealed from Jingbo Lake sediment.
Quaternary International, 2011, 229(1-2): 67-73.

Vandenberghe J, French H M, Gorbunov A, et al. The Last Permafrost Maximum (LPM) map of the Northern
Hemisphere: Permafrost extent and mean annual air temperatures, 25-17 ka BP. Boreas, 2014, 43(3): 652-666.

Li Xiaoqiang, Zhao Chao, Zhou Xinying. Vegetation pattern of Northeast China during the special periods since the Last
Glacial Maximum. Scientia Sinica (Terrae), 2019, 49(8): 1213-1230. [Z5/N0i, X, JEIH7 26, A Y& vk 3 LSk v [ 4R
AU HL DCRFAE AR AR Jm . b B2 b ERELAE, 2019, 49(8): 1213-1230.]

Li Nannan. Response of vegetation dynamics to climate change since the Younger Dryas in the Longgang Region,
Northeastern China [D]. Changchun: Northeast Normal University, 2020. [ZEA##R. H1 A6 I8 b 3th X il AR S 44 L
KA B AR AL LB [D]. K7 AL R, 2020.]

LiJY, Ilvonen L, Xu Q H, et al. East Asian summer monsoon precipitation variations in China over the last 9500 years:
A comparison of pollen-based reconstructions and model simulations. The Holocene, 2016, 26(4): 592-602.

Stebich M, Rehfeld K, Schluetz F, et al. Holocene vegetation and climate dynamics of NE China based on the pollen
record from Sihailongwan Maar Lake. Quaternary Science Reviews, 2015, 124: 275-289.

Ma Ruifeng, Zhang Wei, Jin Peihong, et al. Palaco-vegetation and palaco-climate changes since 13.5 cal ka BP in
Jinzhou, southern of Liaoning province. Quaternary Sciences, 2021, 41(1): 43-50. [ %q =, 5K Jal, 4540, 55, 12 TR
S M IX B4 13.5 kall SRl A pl AU AR Ak, SR DU ZERIESE, 2021, 41(1): 43-50.]

Wang Na, Xu Qinghai, Zhang Shengrui, et al. Climatic and environmental evolution of the Baiyangdian area since the
Lateglacial. Acta Geographica Sinica, 2022, 77(5): 1195-1210. [ 15, V77518, 5k A= Hi, 25 73 56 M X vk 491 LK i
SEFAEE R, M =R, 2022, 77(5): 1195-1210.]

Zheng Y H, Pancost R D, Naafs B D A, et al. Transition from a warm and dry to a cold and wet climate in NE China
across the Holocene. Earth and Planetary Science Letters, 2018, 493: 36-46.

Xing Wei, Bao Kunshan, Han Dongxue, et al. Holocene wetland developing history and its response to climate change


file:///https://doi.org/10.1371/journal.pone.0146261

9 1]

X 48 252 30 ka BP LR KDL ZAWE TR0] 7 M 224 1 - IX A s 5 R B AR 2295

[68]

[69]

[70]

[71]
[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

(80]

[81]

in northeast China. Journal of Lake Sciences, 2019, 31(5): 1391-1402. [Jib{H, ff14R 111, #E 45, 45, 4utit Lok Ak
XA R & B A M HH AR AR i 7 . IR, 2019, 31(5): 1391-1402.]

Osman M B, Tierney J E, Zhu J, et al. Globally resolved surface temperatures since the Last Glacial Maximum. Nature,
2021, 599(7884): 239-244.

Shi Yafeng, Kong Zhaochen, Wang Sumin, et al. Climate and environment during the Holocene Megathermal maximum
in China. Science China: Series B, 1993, 23(8): 865-873. [k X\, LWAR, E IR, 4. v Sopth A0z 1 o BRI B 11
S 5. TP ERNE: B4, 1993, 23(8): 865-873.]

Berger A L. Long-term variations of caloric insolation resulting from the earth's orbital elements. Quaternary Research,
1978, 9(2): 139-167.

Stuiver M, Grootes P M. GISP2 oxygen isotope ratios. Quaternary Research, 2000, 53(3): 277-284.

Wang Y J, Cheng H, Edwards R L, et al. A high-resolution absolute-dated late Pleistocene monsoon record from Hulu
Cave, China. Science, 2001, 294(5550): 2345-2348.

Spratt R M, Lisiecki L E. A late pleistocene sea level stack. Climate of the Past, 2016, 12(4): 1079-1092.

Liu Yuying. Vegetation and Environment history of Erlongwan Maar Lake since the late stage of Late Pleistocene [D].
Changchun: Jilin University, 2009. [XI| 3. 6 557 i 307 Lok — VS B I A b 5 PR AL 52 [ D). K& S MK
2%.2009.]

Luthin J N, Guymon G L. Soil moisture-vegetation-temperature relationships in central Alaska. Journal of Hydrology,
1974, 23(3-4): 233-246.

Peng R N, Liu H Y, Anenkhonov O A, et al. Tree growth is connected with distribution and warming-induced
degradation of permafrost in southern Siberia. Global Change Biology, 2022, 28(17): 5243-5253.

Dong X F, Liu C, Li M, et al. Variations in active layer soil hydrothermal dynamics of typical wetlands in permafrost
region in the Great Hing'an Mountains, northeast China. Ecological Indicators, 2021, 129: 107880. DOI: 10.1016/j.
ecolind.2021.107880.

Jin Huijun, Jin Xiaoying, He Ruixia, et al. Evolution of permafrost in China during the last 20 ka. Scientia Sinica
(Terrae), 2019, 49(8): 1197-1212. [& 27, G EH, MEHE, 2. WITAEAR T R Z AR HIE il iRz ek
BE2#, 2019, 49(8): 1197-1212.]

Shur Y L, Jorgenson M T. Patterns of permafrost formation and degradation in relation to climate and ecosystems.
Permafrost and Periglacial Processes, 2007, 18(1): 7-19.

Yue Y'Y, Liu HY, Xue J X, et al. Ecological indicators of near-surface permafrost habitat at the southern margin of the
boreal forest in China. Ecological Indicators, 2020, 108: 105714. DOI: 10.1016/j.ecolind.2019.105714.

Sun Guangyou. Discussion on the symbiotic mechanisms of swamp with permafrost: Greater-Lesser Hinggan Mountains
as examples. Journal of Glaciology and Geocryology, 2000, 22(4): 309-316. [#" /. iR 514 L SR HLEL: X
P RN 2 X R ). UK )TTR -, 2000, 22(4): 309-316.]


file:///https://doi.org/10.1016/j.ecolind.2019.105714

2296 H B2 4 79 %

Climate and environmental changes in the Mohe Basin permafrost
region of the Greater Hinggan Mountains since 30 ka BP

LIU Rui', ZANG Shuying', ZHAO Lin’, WU Xiaodong’, LIU Lixin', WU Shaoqiang',
LI Tianrui', ZHANG Zihao', HE Jianxiang', LI Biao', ZHANG Boxiong', CHENG Xiaofeng'

(1. Heilongjiang Province Key Laboratory of Geographical Environment Monitoring and Spatial Information
Service in Cold Regions, Harbin Normal University, Harbin 150025, China; 2. School of Geographical Sciences,
Nanjing University of Information Science and Technology, Nanjing 210044, China; 3. Northwest Institute of
Eco-Environment and Resources, CAS, Lanzhou 730000, China)

Abstract: Permafrost is highly sensitive to global changes, and it is important to reveal climate
and environmental changes in permafrost regions using vegetation succession. Based on
palynological evidence and AMS"C dating from a sediment core, vegetation succession and
climate history in the Late Pleistocene of the Mohe Basin (MHB) in the Greater Hinggan
Mountain permafrost region was reconstructed. The response of vegetation to environmental
changes was further investigated. Results showed that pollen assemblages effectively reflect the
vegetation composition in the MHB and surrounding mountainous areas. Based on the
relationship between key regional vegetation and climate indicators, vegetation has undergone
significant historical changes: from 30.0 to 27.1 ka BP, a meadow wetland landscape showed a
cold and humid climate; from 27.1 to 20.5 ka BP, a coniferous forest-grassland landscape
indicated a relatively cold and arid climate; from 20.5 to 11.3 ka BP, there was a transition from
coniferous forest wetlands to mixed coniferous-broadleaved forest wetlands, indicating the
beginning of a warming although the climate remained cold and humid; from 11.3 to 1.9 ka BP,
a mixed coniferous-broadleaved forest wetland landscape demonstrated a warm and humid
climate; from 1.9 ka BP to the present, a coniferous forest wetland landscape revealed a cool
and humid climate. A comparative analysis showed that factors influencing vegetation
succession include not only climate conditions related to latitude and land-sea location but also
regional factors caused by permafrost itself. Vegetation succession exhibited different response
mechanisms to permafrost changes during glacial and interglacial periods. During the Last
Glacial Maximum, permafrost expansion benefited the growth of cold and drought-resistant
terrestrial herbs with shallow roots such as Artemisia and Chenopodiaceae, leading to the
expansion of arid grasslands. During the Holocene Megathermal Period, permafrost
degradation provided favorable habitats for vegetation, and also facilitated the formation and
expansion of wetlands, promoting the extensive proliferation of aquatic plants, ferns, mosses,
and trees, forming a forest wetland landscape. Therefore, permafrost presence enhances the
effects of water and heat under different climate conditions on vegetation, making vegetation
more sensitive to environmental changes in permafrost regions.

Keywords: Mohe Basin; Late Pleistocene; permafrost; vegetation response; paleoclimate



