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East Asian Summer Monsoon CIS— 8 event and its sub-cycle features
recorded by precisely-dated high-resolution stalagmite from Xianyun
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Abstract The Greenland Interstadial 8 (GIS—8) event during Marine Isotope Stage 3 ( MIS3) is

characterized by significant warming at northern high latitudes. However, relatively few high-resolution
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geological records have been used to reveal its detailed structure and global response. In this study, nine
high-precision **Th ages and 442 oxygen isotope (8"°0) data were measured from a stalagmite ( XY2
-10) collected from Xianyun Cave in Fujian Province. These data enable us to reconstruct the evolution of
the East Asian Summer Monsoon ( EASM) intensity with an average temporal resolution of 5 years over
the period of 38.20-36. 10 ka B. P. ( Before Present, “Present” refers to 1950 AD), which covers the
Chinese Interstadial 8 (CIS—8) event. The §'°0 time series exhibit a stable negative characteristic during
the CIS—8 period, consistent with the trends observed in 8"0 records from other stalagmites in the Chinese
monsoon region, such as those from Hulu Cave, Yongxing Cave, and Xiaobailong Cave. However, the
strengthening trend in summer monsoon intensity recorded by the stalagmite in Xianyun Cave during CIS—8
contrasts with the cooling trend evident in the Greenland ice core 80 record. The analysis suggests that
during CIS-8, enhanced cooling in Antarctica strengthened the Mascarene High and the transequatorial
flow in the Southern Hemisphere, resulting in an overall stronger EASM in southern China, as reflected in
the stalagmite §'°0 records. Our sub-decadal resolution record also identifies 21 centennial- to interdecadal-
scale summer monsoon enhancement events within the CIS-8 interval. These events correlate well with
corresponding events in the Greenland NEEM ( Northern Greenland Eemian Ice Drilling) ice-core 50
record and the core albedo record from the Arabian Sea Basin. This correlation indicates that the EASM
enhancement ( weakening), warming (cooling) of northern high latitudes, and northward (southward)
shift of the Intertropical Convergence Zone (ITCZ) are strongly linked on centennial- to interdecadal-
scales. These connections are likely driven by rapid air-sea coupling mechanism, which is influenced by
changes in the Atlantic Meridional Overturning Circulation (AMOC) in the North Atlantic.

Key words Chinese Interstadial 8 event, stalagmite, East Asian summer monsoon, Xianyun Cave
of Fujian Province, sub-cycles
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AR ORI R 3 8 R AL 2K 56 3 BB (Marine Iso-
tope Stage 3, MIS3) DL — & #1] JiL B (1) T 4 RBE
Dansgaard-Oeschger (DO) Ji€[E] 45 ( Dansgaard
et al., 1993; Hinnov et al., 2002), L BkykiE . K
PR 5 Je CO, ¥ B2 2 40 F b 45 K - ( McManus
et al., 1999; Sachs and Lehman, 1999), Jt KP4
FEMARE, B EETHEREAMEED (Dans-
gaard et al., 1993) , A% 22 UIGE 5 B 22 UK A7 55
ol VAR A X (J5 ORI RR At
47 ) PR AZ R 5K W H A= X (East Asian
Summer Monsoon, EASM) & 3d 3% 5 (1) < % 28 4% 5
8, 23 BIERR J s B 22 B VKB ( Greenland Intersta-

dials, GIS) 5w [ET[E] vk B ( Chinese Interstadials,
CIS) ( Johnsen et al., 1992; Cheng et al., 2006) ,
5 &M, TAERFRE | GIS 5 CIS i B A R
W —— X2 & (Wang et al., 2001, 2005),
WA = 43 FE AR A% B2 =2 VKOs ie sk K BLAE GIS FHAF I
FRAFAE A 4E 2 AR Bn RUBE 9 5 el 4, R B Dk A
TRy W = F M A8 e A B2 E ((Capron et al.,
2010, 2012; Rasmussen et al., 2014) , Z VKb ic 5%
L R WU T4 RUBE A 98 728 4 1) I Jig [m] = 1
& TR R KU AATE X T B e 58 A8 A
IKSh L B B2 L, Ak, CIS S A th
T R 7 T R B 22 DGR R AR T R SE A — B, T
SR I A B AR KO AR AR A R AL, B P
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( Rohling et al., 2003; Cai et al., 2006; Chen
et al., 2016; Wu et al., 2020) ,

GIS—8 i {F 76 4% B >4 vkt 80 il s v i 5 4%
B [A] 422 95 1700 yr, JE G ik 4%c0 ( Andersen et al.,
2006) , & MIS3 [ Brig ML T Y GIS F{FZ —.
B 2= XX =R /ANl g5 @& 5 A
KP4 A 5 870 SRR EEE] T CIS-8 Hff (Cai
et al., 2006; {523 FZEETE, 2012; Duan et al.,
2014; Cheng et al., 2016; Liang et al., 2022) , H
H, VIR A1 5 670 SR CIS-8 F M 4h
LRk 870 id SEAEAE L S0 22 18 AR (L REAE
Ui b [ 2 XCXCAE CIS -8 3 1 0 4 I 32 21 5 g
T B2 AH OC Y e 2 BR K V6 2% RS2 R (Duan et al.,
2014) , S =2 A5 60 83t @R CIS-8 PFE
IBFEAE 4 YO JE M i, 78 E 4R 1% 22 Y N 4300 5
Bz 2% NGRIP pKits 6"°0 ic 5 ) Cariaco ¥ UL B
B HAE 3 — — X R, 2 WA 91 2 2= K 8 B i
. B S (Intertropical Convergence Zone,
ITCZ) L8 THEEAERE LAFEEML (f]
e MEBETE, 2012) 0 SR, BB A FIERIA
(R DAESA -7 S [ = R A Rl S ES = B SR e
T X, G, b TS E L i EASM 7 CIS
-8 WAy B A AR AR AR AR, TR H S R L U
MR ZR, A AL AR U 22 DXl vy A 32 2 4 1 1 0
RIS IR AT IR AR ST

SC P B T AR I 2 X DRI I Y v 2R e
AR =W A TR A% (%5 XY2-10), @
R B 97 Th A8 R RO 2 0 I, Ed T P
AR HLIX 38.20—36. 10 ka B. P. ][] 342 B K ik
5 yr BRI B 2= XU (AL P 51, 48 R AR
X CIS-8 i1 [a] EASM [y 28 fRHp ik, il i 5
CR R AUIC X b, R H AR ARAE S m] fE
FEAE R SR ShBIL ] .

2 MRXEHBMRE. RS FE

A1 FERE R B A PG S e A T L AR
15km A (4 fill = (25° 33’ N, 116° 59’ E)
(B 1-A), JF HEER 2 968 mo il 2 1 BT 7€ 1 3%
LA T ) R, A2 SRS AR R X
T AR e L SRR AR, R ARSEIR A, FEK
Foilic WAl = 59 km MY K LR G4 uh H 1989 &

2018 AEAE ISR 20 €, IR K R 1552 mm,
5-9 A EKEA N2 ERFEKER 60%
(B 1-C), BIAMEFT T & R/WMEN A KA,
B O m N R AR T E, 2K 2470m (5K & iR
A5, 2018) ] < A R R, TN 2 ISR
17.5°C, 1B HAEHI 100%, WA T KA
SERR)T, WK EARZE, WAEKRRIRKE R, W
JRBE R, MR, ELELLBAR. AR
TEAMEY N E,

Foin XY2-10 5% [ Al 2 3 A7 30 /Y g kT
(K 1-B), BAKSMERFEFEAR, K 532mm, JEH
HAEZ R S8mm (B 2-A), ¥AaFTE D OLAERK
HOIE . 0%, ot TE LT HICW L. 7E BRI
41 mm, 70 mm K 515 mm &4 SIFELE 1 D RALE
T, A 7] RE N DU ] T o

e A otm b, AR 0.5mm [ 2F
B AR EC LD ASBE S T OTh AR, (b
HIALFRAN 23 5 ¥ 2 MR Shen %5 (2012), 43 B AY
% MC-ICP-MS Neptune, 7E 5 75 K24 50K B i
HWER T E (HISPEC) 52K

R ER N 0.3 mm A5, WHAKH I,
MRS 1 mm SR T AAE AR, LRI 442
e HETRE R R, B9 MHEEREA 1A
PRkt (NBS—19), J@ i i iR £ B 2 7F FF 3% &
Kiel-1V 55 Finnigan MAT-253 Plus % [ $3% {3 B #/10)
RIE o AR 2R i 8 2R 4R 5 I A 7 A e U
T2 b BB 27 2 e At () A7 3R 92 36 =8 58 Al o

3 &R

3.1 U/Th &K

F1HET XY2-10 F%1E 41 ~530 mm J2 Bt
B 11 4> U-Th SE AR % DA SR 2535 Bl (£20) o E
ELER R, XY2-10 270 &85 (8.7~29.0
pe/g), Th & HK (33.5~12924. 1 pg/g), M4
RN 13~ 104 a, MAEHRGREE . 456 € 45 R A
HPERFAE 3, K AAE 70 mm | 515 mm 4k F] BB A7
TEGURRA] Wy (] 2-A) o SO 32 %8 45 B BE AR 70 ~
511 mm (22 B RS2 B, M4 9 4~ Th
FEAER, RGN, B TR — IR
A(K 2-B), bt & T 38.20—36.10ka B.P.
SIHERGR S yr IE AL R T I, e BAE KR
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Fig. 1 Sketch map of Xianyun Cave of Longyan area, and average temperature and precipitation per month of Yong’an weather

station in Fujian Province

7 0.13~0.30 mm/yr (& 2-C) ,

3.2 AHEFERMERIZR

B 344 T B S CIS-8 K [a) Wi R o B B A
VKB 4 ( Heinrich Stadial 4, HS4) B} ¥ il = 1
XY2-10 K&t RZFEMW R —F 7 XY-1 (Zhang et al.,
2021) Ay FF4E R 259 sk B e [ 3 Ak 7 5 o il [ 3
ATLUE Y, XY2-10 5 XY-1 A [FM RAERESAEK
I BT PR, R XY2- 10 A R4 B m 8
J157 . 15 HS4 BH, XY2-10 £ 55 % [ fi & 7&
=7.43%0~~1T7.08%c 2 [0] J5 Bl , F¥I{E J~7.24%0,
CIS-8 = { uf #1, % [W f & 4 K 78 - 8. 65%0 ~
~7.30% 2 A P By, SEHIME K 8. 13%0, & A CIS
-8 WP B XY2-10 % [7] {7 % {5 & o~ 7, M LT
HS4 B i 51 29 1%0, 5 W) — B B3 XY -1 7 55 %0 [
MERIEA —%, 38.19+0.10ka B. P. A4 XY2
- 10 A FA AL FE P i, BFE S XY-1 f15

SR ZR I sk 1Y CIS— 8 JT I Iy PRk £ i 78 & 4F 1%
ZEVLHIN—EL, 2 30O SR AR E T CIS-8 SifF
JFUE B (A A 38.19+0. 10 ka B. P., X 5l # 2 A%
TE A% B 22 pKiEs GICCO5 ( Greenland Ice Core Chro-
nology 2005, GICCO5) if#4xr T CIS—8 [ JT 4 I (8]
(38.34+0.07 ka B.P.) (Cheng et al., 2021) ik
M (38.18ka B.P.) (Liang et al., 2022) . /NH
JeilA (38.21ka B.P.) (Cai et al., 2006) . 2% 5% il
(38.27ka B.P.) (Duan et al., 2014) ig5%Hy CIS-8
FAF It i ) A 2 AR R 220 N — B 38.19—
36.29 ka B. P., AR[A7 R B EE KF-sl, JE&
IRZAFERETERRRENEG. H 36.29ka B.P.
i, A% 6"0 fHH (R IE, B 36.19ka B.P. ik
FIMKRIEZ G TRE RS . MU 5 A2 i A v )
FEIRLE, brE CIS—8 = {1 i 45 A ]y 36.24 =
0.02ka B.P., CIS-8 S pyHFLeffmh 2ka 247 o
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Fig. 2 Polished surface, age-depth pattern and growth rate of stalagmite XY2- 10 in Xianyun Cave of Longyan area, Fujian Province
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4.1 IZFAAHEERMLRETEX
WFFEIN A, P E A% 60 18 HUE & AR I A
FRUEE bR 72 Mo tR 28T 1 B2 28 XU B R R
JEAE H N K IR BARIE B RO (Liu et al., 2014;
Cheng et al., 2016) , {H H §if X T 5 7= K5 B2 19 fif
BEAFTEA R, 0 G B 2= K i 55 AR R K 5 1Y)
i (Wang et al., 2001; Zhang et al., 2020) . /K
RIRAEAL (Tan, 2014) | A& 5 A2 b R BR 20 5
& (Yuan et al., 2004; Ruan et al., 2019) %, %f
Xof o FE 2 R i XA A7 9 670 D sk, A B 5 K B
HAE AR BAEBR I ) RO b 8248 T /R e i/
® J7 %3 (El Nifio-Southern Oscillation, ENSO)

WM E ZF/AE L F K] (Zhang et al., 2018a,
2018b; Lu et al., 2021), & ix, Qiu 55 (2023)
RETHRAETHERR 1y BN, A5
ENSO A 56 1 b it Xof 3 Fl R R 2800 i 4 1 o B AR e
Mo IX AEBR B Z T K 60 {H. TRk, 454 SR
R B (Qiu et al., 2022, 2024; Zhang et al., 2024) ,
SEFH NP E A XAl = A 810 TR R
T AR I A] RUBE b S e 1 ORRUBE 34 3 e /K A2 A R A
S, Bl EASM 3R . 4 8U0 fHEIE (fi),
EASM 55 (5%) .

4.2 CIS-8 HH4FMERELNH

GIS— 8 F R LEMS Iz 2= vkoes i 53¢ Hh 2 BLPL sk iR
—RELk B R — DB B A AR R AR A K
(Dansgaard et al., 1993; Wolff et al., 2010), FH
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BB 4> FR CIS o HS i, B AN K5 /m AT I gl s [H]
B 3w EA iz R XY2-10 5 XY-1 3% §"0 it
Fig.3  §"0 records of stalagmites from XY2- 10 and XY-1 of Xianyun Cave of Longyan area, Fujian Province

e ELE CIS-8 M In )5 S AE 2
FAFER (B 4-A) . B 4-D RAFEH XY2-10 £1 5
8"0 FFHILE CIS-8 5¢ T b J 2 B i ¢ 2 i £ A
fiE, AWz T 7 2830 3% A AR 0 B 2 X B 7 4
W e g R, X530 m AR E AR —
o Wb E R XA A D CIS-8 4R
[l 07 Z AL 8 BE AT Xt b, R B AR 45 4 5 670
SRS AEAE — 25 5%, X AT BE 5 R 1 AT
LR PR SE FREARA X, ] i8R 7 7
SRR A e AR R e R N A N I 1 B )
FEF AR AR b, AT RURE N B A
i (B 4-B) F/hA TR (K 4-E) 4% 80 {1
CIS8 F Rl dn & e Ayl 77, K %30 ([ 4-C) il
il (B 4-D) 2L, FBLH BT 8 0 0w k3,
Uk R KUK A 0 S ) EASM B (AR 3 O 3 2 .
ARV, 48000 EASM 76 T 45 R B 1w
Mt B 2 S fE R 38 ( Wang et al., 2001; Cheng
et al., 2009) , {H M35 2 (0] F1 52 o PR 2 19 X460 25 5
PEWTRE 2 (R 4 5 2 XA b R 26 T AR CIS A5 LA
X 2B AT RAE (Han et al., 2016

Duan et al., 2018) , FH I, CIS-8 A} EASM if J&F
b R A — B AR B, ATRERE R T
oA 98 3h 1 w9 1R . K AL = A 5 80 il R
(K 4-D) S5tk WDC iy 870 i s¢ (K 4-F)
PEAT LA, PR KGR R B A Hr 27218 5 EASM 1)
B BRI C R T HA iR — Bk
M A L B SR AR KGR . R AR ARl R
i b BT UE A B X e 2 B, EASM R 23k S
&R G — AR, T T LB Bk
RAHEAE I “BF " M, 232 202 B
“HES” MM (An, 2000, 2015; Rohling et al.,
2009) . X4 CIS-8 JFhr 5, T s 4 Ml X if J8E 45 2
ik, MR TR EERIREME, XTSI roike
JE (Mascarene High, MH) 558, 1 MH X 2R ¥
BN GA EEG SRR, MH 85 55 2 502 X
TEARE A, s RIE R S B 2w, i
T BV T KR 2 ik R I b DX, AT i g
EASM (Xue et al., 2004; Cai et al., 2006; fEJL)
&%, 2011; Chen et al., 2016; Wu et al., 2020),
B, EARAL & il AE CIS - 8 I 10 3% ¥ [
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