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Abstract

The climate during the Last Glacial Period (LGP) was highly unstable, marked by a series of mil-
lennial-scale abrupt climate change events, primarily including Heinrich events (H events) and
Dansgaard-Oeschger events (DO events). The discussion on their driving mechanisms has been
afocal topicin the paleoclimatology community. This study, based on speleothem oxygen isotope
records from the Asian monsoon region, integrates multiple proxy indicators such as the strength
of the Atlantic Meridional Overturning Circulation (AMOC), the position of the Intertropical Conver-
gence Zone (ITCZ), and solar activity reconstructed from 1°Be, to explore the driving mechanisms
and global connectivity of millennial-scale abrupt climate change events during Marine Isotope
Stage (MIS) 3. Research indicates a significant teleconnection between the variability of the Asian
Summer Monsoon (ASM) and high-latitude Northern Hemisphere climate. Strengthening of the
AMOC can lead to warming in Greenland, northward displacement of the ITCZ, and intensification
of the ASM. More importantly, the speleothem §180 record and solar activity records exhibit high
structural and phase similarities, indicating that solar activity may be a potential driver of millen-
nial-scale abrupt climate change events. Further analysis suggests that solar activity could mod-
ulate the North Atlantic air-sea circulation, heat storage processes, and background climate state,
thereby influencing the stability of the AMOC and the coupled dynamics of the atmosphere-ice-
ocean system, leading to the occurrence of DO events. This study highlights the potential role of
solar activity in triggering and amplifying millennial-scale climate oscillations, providing a new per-
spective for understanding the mechanisms of glacial climate abrupt changes through a multi-proxy
integrated analysis.

Keywords

The Last Glacial Period, Millennial-Scale Abrupt Climate Change Events, Asian Summer Monsoon,
Stalagmite, Solar Activity

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

KIKVKI(Last Glacial Period, f&#K LGP, 115~11.5 ka BP)ZEEE A H il ()— ok, SRR&IEH A
FosE, RAET —RITHERESERLDEM, FEARERF B4 F 1 (Heinrich events, WFE H FF) A
Dansgaard-Oeschger JE[FI(fAFK DO FH44) [11-[7]. H A2 I8 K TUEERIETTRY o & DL 7S ORI
VKR IS )2 (Ice-Rafted Detritus, f##% IRD), J&7~ ARSI i@ A A4 a, R AR5 7= AR T 3 K520
[1]1[4][7]. DO HAF 248 AEME B 2= UKE AU RIAL 22 10 S B IR i) HE B RIS | 4 IR i =g B 1 U fige R AR
1, Faun 7RG 2L DXIR B AR 3], LR RS 22 UK (Greenland Stadials, f&j#% GS)Fl[a] UK (Greenland
Interstadials, fii#K GIS)[5]. ¥ E 2= X (Asian Summer Monsoon, &FR ASM) T4 RUEE (65 JE AL HAF Ak
B2 22 M X IR AR B R RIS O R [8], 5 2 % 7 2 v A S 38 f v [ VKB (Chinese Stadials,
fai AR CS) A eh [ A UK (Chinese Interstadials, f&#K CIS) [9]. HMIXEEFHALEIL A HIX KB LLK,
PKGES[10] [11]% BE[12] RT3 VAR 7RI IE SR (8] [14]55 Hofth 8k i rh s 52 30 HA S ABL AR < A i
SNENTE, (HAN R 0 3% (SR R AR AT ERRE A S5 M A T THAFE B35 22 57, Xl T %R
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o HBR B ML BSR4 T3l J2 7 VR W R [F) 437 2 (Maarine Isotope Stages, i #% MIS) 3 Bt B (30~60 ka BP),

BT ERM AN, T8 RBE AR AL A 5 R VG 7 28 10§l 7% PR i (Atlantic Meridional Overturning
Circulation, fFX AMOC)sEEAZNA K, AMOC 5 A &= T B AR AR I H B 7B [18]-[21], F1E#H
Wi 48 A7 (Intertropical Convergence Zone, f#FK ITCZ)FIRGILREEN[13], #EMsm 4 ERSFEH . (H2, FE
FHOR I Z S AL I L, XS R ) R R S OX — R AR T, 8 TR R K
ik AMOC R RIAEA[22], HSBR BRI P RE R AL TR R L JG[23]. FIIRUKEIL W 523
(1) DO FAAEEARFAE E 5B 22 UKEL AR B 2 7, RINE M HE[16], HHAR T Rk
TSR E 0 X AL SR SCHRF, R B R AR R AR P REAE R BRVE 2 AETE[24]-[27]. AL, #iF K S
28], KUNESN[29]. ARFHIESN[30]55 3 Mg o th mEAEH . Rk, ROGKHISET THERES
15 AL A B IR BHL TS 2 — N EN G IR T, 7R BE45 G 2 A R IX e 23 2 1) 2 P F FR b id %
AT IR BT o ARSI S &4 55 DL R Al AU, @k 2848 A A R il s 5 HoAl = AH
FEPRIC AT R LG, 4R T4 RUZE AU RAZ A PT B R SRS DA A 3RSk Z TR R TG &R o

2. RXERMAR
2.1. HREE

TN ZE KX A AR ML (R AKX 22—, R RS E A R, AEEERT AN, aTblE
PG AT JE R JE W - B /7 38)(El Nifio-Southern Oscillation, fij#k ENSO) LK 5 7718 <3 5 b E 4 X
POFRPER R B S s A AR [8] [31] [32]. [Hth, SEHZ XX & R e BRI AR AL, BESZ 4 BRS
AR ZIRE T, SXORSIREE S 53 . 78 W KX T4 ] A A AR S i BB 7,
A PR o R A D R Bk TR BN R ALK AR RS, R T IS
IR T4 R AU RAS AT IR0 (8], J5 2 A 2 2k 10 3 s WM 2= URIIL iy 26 (38 AH 5C [33] [34] 48
1M, B8 R 22 =R 8 8 AR AN 2 MR 0 S E SR B I, IR TN ZE KX CIS S 5% B 22 H X GIS
HAF AL 5 G5 M AP AE B35 22 R [25] [35][36] [RISL, NP9 XX -8 R RE S % 9 A8 A [ R B A L )
S AR e [N 4 3R A A AAT) T 1 — PR
2.2. RS

AU R BAT TS, AE RIS OR AERRBR B UTRRY), A 58 HH & 5 B S5 R AR B 1 TR g
IKIETR IR IR TG B e 7K R AR R RR E5 1A B VO FARAS B, BRIER ER A Wi AR HRUTE ,  FRAE TR SO A2 A
s 7l AURE R [37]. M A EEERE G URAEA T RENS: (1) TR Z(EREH XY
o Bl HB T AR R 15%, 7E55 VR 8 DX A7 CE IR /A 0T [38]5 (2) INAEREFE (B T U-Th #1 U-Pb ¥2:5E
SRR AT RIS B 48 5 AEARAESE) [39] [40]: (3) SRR+ (R E RN R fEiR. EK
WAR, WS (4) ICFOELEVETR . IR PR (A 5 AT B RIB K BTN B, 20 S R AT A
B THESE P H)[32]; (5) AHEXS EE PR BRI ARANAS [F] X3 ) A A B a0 B ) (6) SRFERUAREAK. B
AR A SR RO AR UK B BRI SR T SR TR S D K SR .

3. AFSRMNENSIEEX

1 F AR 25 (8180 2 ) FH A 8 i ddt oy AU M Aidaos s o 2 AR A b« AR4E Hendy (197 1) B[Rz
RO EIR[41], A 610 (55 E BTN KN 6130 AL /AR, 1 H R 78 1R
IRKZ R AT, AR BN E, BIA 5 6180 (55 FZRZEW K 6180 FHiE. %7K E
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Femm NOR SRR 6180 B4k, AP AISER Fadsk T R AR KE AL R AR, HEmife s 1 dZ K A&
Ho A ARACHFEAR A R AN KX ZAME K R R Z 500, (B2, fEAS %0 HHES %
B EAAFESL: R /AR LR [8]: IR BRI BR AT KPR 4 L AR b [42] . e B B
FEE Z X DK AR [43] [44];  “FRRBNL” [45)%% . RE A 580 BISEE X e im L fhfiks, (BR
FEHUE - THERE L, PEFERIXAH 6'%0 B&BE ASM 1AL, BIASE 6'°%0 fa it ST ASM
W, SR RLT ASM JRES, IXAFH] T XA 20 7O SR SCRF9] [32] [33] [46]. A, A5 6180
A DA S ASM 58 5% A2 A0 I ] SEFE A o

4. KPAERTTFRESEREEHRBEENIER

R, KIS AR E AR B, ] §e 2 SRS B R B R 2K [47]-[51]
KBATESN AR B 38 RPH B 7. KA AMC AT 1°Be., BARKPH 2 Fid SRR ) A RFRIE, (B3
BRI TBUH A 22 (0 14C F 1OBe) Bt TR HH AR I SR R K BH S B AR Ak 7 52 [52]-[55]. BT AMC AU Bt
KBATESARA, 1 FOEARIL T BRIE PR RN A K15 B [53] [56], BT LATE B G K PHYE 3N b BAA AN 1
1M 1°Be 13 AE NI SRR PRVE B IC S F8 05, 7EE @K PVES R T EA B &S . B, AT ZH
FRXAFIEF "Be B E AR PBHTE )15 LA H At -0 ROBE Mg TRAZ FARAH OGS Mg e = E (]
—AMEZR AT E, B SR S e R .

Wi 1 s, 78 MIS3 HE i, Rt AR (A 1(e)) [8IFNBIAL AR 1(D) [7145 550 i3I i
A HEF] T DO3-8 J& HS3-4 %5 T4 RS RARFM, Bonth T4 RBE E = A AL i 26 = i) g AH
Ko AMOC G FR(E] 1(b)) B0k B2 22 30 DX B THE (1] 1(a)), 51 A BRIAGE 1 H 40 BCA ITCZ (1 Fg L
sl 1(c)), MM T ASM. EAERIE, JEidxt thAH Be 52 KR FHIEsICR(E 1(2), Al
RIAF 6180 i3 5 HAFTER R A, K PHVE ShUEE BT BT ASM #38(R1 DO ), KZITFA.
DRI, b v RO AELABA A 2 B KRR ¥ 20 ] Rl i b 07 sNIR B o6 T4 ROBE AU R A AT, BRZIFE 0 4 A
A B IR AE RN 25 /AR 1E

KBRS 3 CLHIE I RE 05 52 m Sk R G0 1 SCRA RGES 43 QiR . R BRI IR R[5 7). WFFLR
B, BT RBHES S 8O RN (U V)5 2 I8 2 KSR E iR AR . X 5
FOPIJE R AR, T 1) A 4 e 5 M) b DR 78 9 e X DK SAE ERA AR E i A7 R [58]-[60]0 BEAF,
— AR, K BHE B 1 R AR A 2 B B BRUK SR Rl 51 R R KB B AR 6] [62]. BT
AMOC SEHEPERER IR BB B AL R 2y, LR S5 1 A2 A B R 3 /Kl ol () 2 3 B[ 63]-[65], A
IEBRATIN AR BRI 2 AR A0 5 B AL R PE PR SO . Vi A7 I FE AR /K S 1281k, 1 22 52 AMOC
(s AR E M. EARE RIS, KBV EN T REA 2 B g i AR RARFAF, MR AE Ry — o,
W5 AMOC IR, 285 AMOC JEUKIX LSS RAS 5 i g R v A Bk . IbAh, KPEVESh AR
WD T AR PEFEHLIX (1 SRR ES o 76 DO FHAFM AR R i p, —Lei R iR, DO F{f2&—Fh
CER” MREIRG, ALK X SR SR SRR, LB KR - K - RS
JIHAER[17] [66]o HIEHI—IUFFESE T — N EUER UL X AMOC FIEuK AR b o0 S5 - K
RGN HAEFFRGAESL, 122 BT SRR AT . X MEZLR B, DO JiE Bl n] e AR —FhiE
KA - WK - HEVE RGN BB AE B 5, 33T AMOC 284k % Uk 48 e s 1 RN vk 50 (0 52 5 0K 3530 77 2441
Ko MEIXMHEZE A, S AL S ALBRIK EAUK 25 A0 AR AN JE K TG X AMOC UK 78 o5 AR AL 4R
BET B, FBOBUKIEE R AMOC YR 2 [RIK B2 (671, BRIk, 1 ABH IS 328 Ak 3R 3 ) 5 5
ZAFMEAR, ARG L KU EE L X RS - WK - IR A S R, AR T DO A A
W -
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Figure 1. Comparison of Chinese stalagmite oxygen isotope records with solar activity records and other paleoclimate proxies.
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5. &t

AL CUA BN AR, B AN A SRR, AT T IR X TR R S R A R
(BRSNS A 3R AR A 2 T TR 2R WFFE R I, 7E MIS3 i), ASM AL 46 i oA BB R,
BRI AMOC S B B = i X 19280 . ITCZ AR & ASM [BG5E. Ak, MEPHZRRIX A 6180 id5x%
L5 5 G ) K PR i 3 2 TR = BEARBLE 2R BH R BH VG Bl T4 R S R AR A A7 TR A SRS
AT BE A2 I R AL K VG PR DO SR A R B S S AT SE I . 25 BRTR, FET IR TAER
JEE AR RAZ A (IR BB, 8278 43 7% &K V& 2l R A2 L ZEAE H .
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