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Fig. 1 Geographical location of Jinfo Cave in Chongqing (Black star indicates the location of Jinfo Cave)
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Fig.3 Chronological model of stalagmite JF2017
Note: Dark blue dots indicate the age and depth of the U-Th dating points;
error bars in dark blue indicate the dating error (+26); solid line in red
indicates the chronological model curve; solid line in blue indicates the 95%

confidence limit.
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Table 1 *"Th dating results of stalagmite JF2017

EET TR U “’Th d&u Th/*U **Th Age (a B.P.)

i /mm /ppb /ppt (measured) (activity) (corrected)
JF2017-1 23.0 50 639+100 42439 —118.1+1.1 0.361 7+0.0010 58 3684235
JF2017-2 28.5 35390+71 163+41 —120.6+1.1 0.363 7+0.0010 59 050+248
JF2017-3 42.0 52 946+106 2439 —118.6+1.2 0.365 9+0.0010 59 3454244
JF2017-4 49.0 50 680+59 98+15 —116.1+1.0 0.368 8+0.0006 59 728+159
JF2017-5 61.5 39 643+67 61+£33 —113.5+1.1 0.371 6+0.0009 60 076217
JF2017-6 71.5 38 075+48 182+19 —109.8+1.1 0.376 1£0.0006 60 681x177
JF2017-7 73.5 27 942457 610+47 —110.5+0.8 0.377 3+0.001 1 61 018+261
JF2017-8 88.5 57 510+98 32431 —119.4+1.1 0.374 6+0.0008 61 339+219
JF2017-9 93.0 34 514451 383+26 —116.1+1.1 0.378 1+0.0007 61 769+204
JF2017-10 107.5 49 708+94 91+£36 —119.5+1.1 0.379 0+0.0010 62 332+248

T A BUBE A Th=9.157 7x10 %a'; AU=2.826 3x10‘a '; 22*U=1.551 25x10 "°a'; §**U = (**U/~*U] L

)XIOJ, 5234Um;mﬁ7~%*&*)§m’rh AR, J

activity

8 U= Ugxe ™ s WA ThAEIR R 1E RS HE ™ Th/ ThP- I LUAE: 4.4x10°£2.2%10°°,,

Note: The value of the decay constant is A”*Th=9.1577x10 ‘a'; A”*U=2.8263x10

2 A7'U=1.55125%10 "' 87U = (PU/U

3 Q234 ;
) x 10 5 8 Uininnl value 18

activity

obtained based on **Th age, i.e. 3 Usnisat vatve = 8 Uppeasured vane € —"; The initial “°Th age adjustment was based on the average ratio of “*Th/**Th in the earth's

crust: 4.4x10°+2.2x10°°,
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Fig. 4 8"C records of stalagmite JF2017

Note: Dark blue curve indicates that the record is smoothed using a 20-point
running mean; the black dotted line indicates the average value of the data;

the error bars in red represent dating errors (+20).
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Fig. 5 Equilibrium fractionation tests of stalagmite JF2017.

Note: (a) 8"°C and 8"0 values with a depth of 70 mm; (b) 8"C and 5'"°O values with a depth of 81 mm (red dotted line: 5"C; dark blue dotted line: 5'°O.
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0 Z A AL 56 Z&, 626 R A7 45 JFYK 7870 id
SEUFTIRZEVEH Z N 250 a J54 (8] 6b), 1E 61 873~

60 969 a B.PI [H], 41 % JFYK7 50 i 3 i 1 &
1.72 %o; XF IV 7E 61 604~61 360 a B.P.I i) , £ 5
JF2017 8°C ic s 24 2.05%0. 73 4F, J& T AH4R X
BEEFIRA 5 YZ1 80 iRt R (8 6d), 7 62 012
+330 a B.P.I} 50 Wi 5, 2HH ASM &k 55%"
IEAL, 5% YZ1 i 8°C i 5% B 7E MIS3 A 3914
Y IE B BE X T Ha L HS S 78 MIS3 F|
MIS2 ()i it B i, 595 YZ1 8°C ig s 1 55 AR A~
BB T B B S H3 R H2 544G AR 47— S
Ui B 2 A s (R 67 22 O 2 B B o H 3544 Kk 4
15 YX55 (1 80 0 5™t B /R 7E 62 180~59 590 a
B.P. #[a] 80 fi &, F W ASM JE 55 . 54k, H §°C
IO R ™, 43 5IHE 48057 aB.P. . 56073 aB.P.f161932
a B.PAA =UE RS, XT3 I H F4, Hirr 61 932
a BP X1 H6 ZH1f.
25 FITIR, 75 61 811+204~61 369+219 a B.PJH[H],

B & W90 5 KUIF AR 08 55 , A1 55 TF2017 /9 §°C id
SEZ TR TR, 22 BRI, XK SR AR AL
B IR YRR 1 3 CO, P, NS
T 7 CF 5 81°C A 1o Ml AN A= 4 e S S A AR A
AR, Fn ks He FTFH IR 55 BBk 61 280~60 201
a B.P, %M BeAY B AE R 8°C S e K TR
(—3.40%0) SRl L3 3281k, 7E 61166 a BP B, i}
LT 4155 87C AR, iR B KA 1.44%0 0 3X—
SYHET S JFYK T 80 iE7 s (I 6b), 7E 61 506~60 969
a B.P.H PSR E, 2 HH ASM 28 SRS, (4K s /b
A YZ1 80 il L FE W (& 6d), 7E 60 9324376 a
B.P. B0 1E, S 53 28 XU 55 , % ) DX ek K SR
S, o R FEAE B 32 B S R, A A A AL
B J57E 61 160~60 201 a B.PIW (] 1 %4 JF2017 8°C i
SR (B 6a), 7EJ BT[] P H 322 i, 302
P 5% #4, AR AR AR B/ T F- 34 08 BLAE B B 30
IR AR X ) A7 45 Y Z1 (R 48R ) 7 230 St @R
1) s e A s 7284k (K 64,14 6e). PRI, HHE
TEZ I B 1 28 XU B I A S A 98, Eiujz?iﬂi
D, FEIX AR R 5 =B
60 201~59 507 a B.P. I [a], 8°C & #i i 5% (/J\?¥i’9
{H—3.40%0) F- U s 251k, 7 59 654+159 a B.P.Af Hi B
8°C e KA {H—4.92%0, H % B A1 4% JFYK7, YZ1 Al
YX55 5 80 ic 3% (& 6b, [ 6d, € 6f), 13X — 7]
SR R 2 W e, 2% B I 9 B 2 XU b i, A

R G 1% 1] i W2 W Vi 4% % . B Je R 59 507~58 000 a



596 AR

2023 4E

B.P., %} B A1 45 8°C B AR K T F 34 (8 Ik 3h 28 1k
(& 4), o0, A% JFYKT 105 B H6 41y
25 S IHA] 59 4024191 a B.P., X [t JF2017 8"°C i 5%,
R ACK PG HoF X7 1 v [ 75 g 2= XLIX 61 811+
204~59 716+159 a B.P.HJEL, BAFHAHFERZ 2 095 a.
1% JF2017 8"°C fE LA 60 900 a B.P.Zc A5 vy, LASE
B 5 2 W 1 e, R R VY
ShR, XA A A e ST R H R L
BHE L.

FRAE 42 03 A3 26 TF2017 8°C 5 HABIR 7 %40
SR (K] 6), 4 bl 4 55 JF2017 8°C id 54 7E H6 55
PR ] 5 A A S B Rl He M. B2, &R
A9 JF2017 8°C i sk 5 HAh g s E He = 4430 1) &k
INEER R . ARAE 4 OB A 55 JF2017 8°C HA LTS
Fil 7 —1.44 %0~—4.92 %o (&1 6a), 3 F1 i A 5% JFYK7
8"C 18 7 FEl S —0.28 %o~—5.48 %™ (&l 6c), “F ¥ il
YZ1 8"C Al FITE—7.56%0~—10.52%0""" (& 6e), 7&K %
7 YX558°C {HAMEAEEA—5.48%0~—8.04%0"" (&l 6g),
RIH: A JF2017 8" C([&l 62) 5 JFYK78"C ic5% (€ 6¢)
() 8°C H AR AL T R A 422 0T, (ELJE B 3 R4 MR K
— B, WIHER T AR AR 25 o PR AN [F] 1 3 A o
BEAR, PIAS A5 §°C e st A LR i R A (1) A
55 81C AR HE FHHUIRPEAN R (K 6a, [ 6¢);
(2) BRI SR TE H6 510 Rl A7 7 i 22, (AP
FE H6 =4 1) R 22 of 8] 7 158 25 ¥ Bl 9 KRB IR Y
SR T BB AT AE WIS 7 B3 7 KBS OE R R AR s
Foad A v () A Ak 22 S5 i e SRR TR . R, 6
TaX 4 AL T B A 43 AR SR LA SR 7
GERAEN— I, ARYEE TGS YZ1 8°C ids®
55 JF2017 4755 8°C Xt b, 7R 15 22 Y 16 P A 2 45 1 5
FHARL, #E H6 F 4 I i o B AT A 28 SR I 2 28 die KBS
A Ta) RUBE (9 D B2 3 . K %R A L sk
JF2017 7 55%F He, BARAE H6 S 4R T YX55 6°C
TSR L JE S sh AR AR, (R R K . 7E He
ghE], YZ1 8°C id 3 M YX55 8°C id % 5 JF2017
8°C HA — M mER i kash . Siab, A4 27
A5 85C L SR AE HE 410 e b, o i B 34, (1
55 JF2017 §°C (AR F A, W6 A9 A8 1k 38 BBl i R i 2,
AP 25 50T i AR IR 22 B BN A A O, Ay
AT AE R BR [ 9R L BE A7 B AN 7 ORI A R KR,
T4 bR R AT (2 080 m), AT 448 R I A s S
231 I — FR 51 b 2 28 P B DT R G R A B 52

M, A ARG L B K U B R 18, W R A PLR
(Dissolved Organic Carbon) 5 11 CO, 2 [A] ik 7T &
REEFESr e, (A K VTR P 87C iR K, &
T A5 81C (AR E . 7F H6 FF K A i Ak
eI, TR SIRARSE R R A4 55 87C (H Y
M) AN o 4 0 ) 38 RN 22, B 7 40 8 A AR X 358
/N, JF2017 47 55 8°C (HAS b E— @ R L2 3 T 4F
T NS ARAA

FE H6 HAT] v ] P4 g 1 DX S B 2 R 3 )
I 5 JF2017 §°C ISR AE 61 811~60 848 a B.P.
H 18] - s 576 % 7 Ml . 22 A KA, B & A e s i R
B3k sh7e Ak, B 5 AE 60 848~59 716 a B.P.1[H] 2518
% H6 L5, 78 H6 ik A4y, Fr e
61 312~61 166 a B.P.JI[H], JF2017 §"°C & 3 f ., 7
61 166+172 a B.P.A] ik i KAEH—1.44%o, Fifi J5 L5854 I
BE/NTVFHE, FFGB SR, 78 60 9594261 a
B.P. 72 A7 F R T K ) —1.96%0 7EIX —I[H], £7 %4
JF2017 8"C {E #& A Ak Bl e /N T 49 (i 0l 122 305 °F
YA g, PR, nTHENAE He 54 I 4R i X 35k
IKSCERAR AL, S R FE T, BT R B B4 5,
U XK SCAR A T s, SRR . 534, 18
H6 54 1] 47 55 JF2017 8°C iC st W AFRTE 1 4F-T4E
RO 72840 (] 4), o8 41 5% TF2017 19 8°C id
SRONF DX 8 1 2 XU 28 A e B BUR . TE 61 299 a
B.P.~61 166 a B.P.Y[H], £155 JF2017 §"°C f71E H 4-br
JRUBE B 8. 25 O 2, 0 T 2 R R RUBE P, S BOAR X3k
A IREEAZ 2N S g o (LR i SOPR R 3 Uk Bh &
INTF A, X0 BRI R AR XU S R G AR A2
H6 =514 1 [1) 63 105 A4 25 IR 28 W 0l 2 %) 5% e, - 380 X 3k
IKSCERA LA BB B %% BE A — o A% B iy o 1o, H R &k
T X, A2 R G LA

4.3 JF2017 A% s “CieRELHKSEIERXTLE

JERTIFSE 2 B, 78 Heinrich F R0, KA VK
PR B AR K FE AL R PGV, 3 At R v A
HASAEH, B4, Heinrich F1F S 8O- E R 4L
PREUE 2H , X4 R 2SR AN TR R R 5
15 H6 FAFIT 4R T, JL IR VYA 22 1] BFE PR R (Atlantic
Meridional Overturning Circulation, AMOC) &b F 7% Bk
R, #H #8 &4 (Intertropical Convergence Zone,
ITCZ) M2l fo B A TRt i A7 o st K BHER
SR T BT 7o), BRI AT I 1 1 b



Fa2k H3W

20 HLFENT: . FRE bR A 55 5°C 10 3414 Heinrich6 18] S %IR8 25 1k 597

4F4%/a B.P.
258000 59000 60000 61000 62000 63000
| S
< _4| @ JE2017
S 4
O-3,
8 1 —r '_FI—_I:'_'I——i r—10 E
E 250y, L9 >
g &
. (b) JFYK7 L, 9
= 500 6 2
g g e -~ _s M
5 495 E
]&g .
= 4904 (c) Insolation
-36
X 38 @
Z 4854 10 &
e >
© 42 "
44 &
204 (d) NGRIP 46 2
48
&
=
w2
wn 5_
(€) MD95-2040 r0.04
0- l AMOC  10.05 _
W 10.06 &
£0.07 %
10.08 &~
AMOC &
601D 10.09
. 051 L0.10
= 70
¥ 75
E 80 -
g5 | (g) Cariaco
90 : . . .
58000 59000 60000 61000 62000 63000

4E % /a B.P.

E7 JF2017 A% °C RS LREMSIRITRILL

TE: (a) &b JF2017 4155 8°C T3¢ (RWF9Y); (b) 3 DR JEYKT £1%%
80 1R 5 (c)65°N E A FHARGT™; (d) Mo 22 vt 80 idi™ () b
KVGHE MDI5-2040 FIELE S SST ic55; (f) JL A P4#: KNR191-CDH19

PUBA S Pa/™ Th it (RZEERRERIRE)™; (o) FREAM G

MD03-2621 YU T 318 3 M HE LR 3R H6 (N HFH IR AIZETR

Fig. 7 Comparison of JF2017 stalagmite 8"C record with other
climate records in the rest of world

Note: (a) JF2017 stalagmite 5"C in Jinfo Cave; (b) JFYK?7 stalagmite §'°O in
Yangkou Cave; (c) summer solar radiation at 65°N""; (d) ice core 8O
record in Greenland™; () SST record of MD95-2040 sediment core in North
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end of H6.
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Climatic and environmental changes during Heinrich 6 recorded by 8" °C in
stalagmites from Jinfo Cave, Chongqing

Zulisaisi ', YANG Xunlin'*’, WANG Yong', HU Mingguang', XU Yibin'
( 1. School of Geographical Sciences, Southwest University / National Observation and Research Station of Karst Ecosystem in Jinfo Mountain
of Chongqing, Chongging 400715, China; 2. Chongqing Key Laboratory of Karst Environment, Chongqing 400715, China; 3. Nanchuan Field Scientific
Observation & Research Base of Karst Eco-environment, Ministry of Natural Resources of the People’s Republic of China, Chongqing 400715, China )

Abstract  Of the six Heinrich events (H event for short) occurring during the last glacial period, H6 event has been
less studied due to its earliest occurrence time. However, using high-resolution stalagmite records to study climate and
environmental changes during H6 event can help people understand the response of climate change at high and low
latitudes to the H events. In recent years, much progress has been made in terms of studies on paleoclimate and
environmental changes with use of stalagmite 3"C records. Besides, some stalagmite 8" °C records have been used to
study the climate change of the events on a millennium scale during the last glacial period, but there is no detailed
record of the high-resolution climate change in Southwest China during the H6 event. In this case, the JF2017
stalagmite 5" °C may provide an excellent proxy for exploring the climate and environmental change during H6 event.
Based on the dating data of uranium series and carbon isotope data of JF2017 stalagmite in Jinfo Cave, we analyzed
the climate significance indicated by stalagmite 8"°C, and reconstructed the evolution process of the monsoon climate

environment in Southwest China during H6 event.
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Developed from the Jinfo-Yangzi Cave system, Jinfo Cave is located in Jinfo Mountain, Nanchuan district,
Chongqing, Southwest China, with an altitude of 2,080 m. The Jinfo Mountain area belongs to subtropical humid
monsoon climate, which is jointly affected by the Indian Summer Monsoon and the East Asian Summer Monsoon
(ASM). In this study, the age samples of stalagmites were tested by Neptune Plus Multi-receiver Plasma Inductively
Coupled Mass Spectrometry (MC-ICP-MS), and the carbon isotopes of stalagmites were tested by Delta-V-Plus gas
isotope ratio mass spectrometer and carbonate automatic sampling device Kiel-IV online. The experimental results are
based on Vienna Pee Dee Belemnite (V-PDB) with 8°C experimental analysis error<0.06 %o(26). According to data
analysis, the variation range of stalagmite JF2017 8"C is from -1.44 %o to -4.92 %o, with an average value of -3.40 %o.
JF2017 stalagmite 8"°C fluctuates significantly, and change amplitude is -3.48 %o. JF2017 stalagmite 8"C records show
that the value mainly presents a negative-positive-negative-positive trend during the period of 63,000-58,000 a B.P.
Due to the complex influence factors of stalagmite 5"°C, we compared JF2017 stalagmite 8" °C records with JFYK7
stalagmite 3'°O records in Yangkou Cave which belongs to the same cave system as Jinfo Cave in order to further
analyze the climate significance of stalagmite JF2017 5"C. The comparison indicates a similar variation between the
stalagmite stable isotope records of Yangkou Cave and JF2017 stalagmite 8"°C records. Through previous research,
JFYK7 stalagmite 8O is indicative of variations in ASM intensity, and the positive shift in stalagmite 5O
corresponds to weakened ASM. In this study, we observed that the stalagmite JF2017 §"°C value was slightly positive,
corresponding to the positive JFYK?7 stalagmite '°0. Therefore, under the background of weakening ASM, JF2017
stalagmite 5" C records can reflect the change of ecological environment caused by the change of regional hydrological
climate. In addition, the comparison between JF2017 stalagmite and the stalagmites from other caves indicate that
JF2017 stalagmite 8"C records were comparable with other climate records during H6 event. From 61,811 a B.P.to
60,848 a B.P., the values gradually became heavier, reaching to the maximum, and then fluctuated on a short-time
scale. Finally, from 60,848 a B.P. to 59,716 a B.P., they became slightly lighter to the end of H6 event. The
comparison between JF2017 stalagmite 5" °C and other relevant records in the rest of the world shows fluctuations in
the stalagmite 8"C record, so do the corresponding ITCZ and AMOC.

This study shows that the stalagmite JF2017 5" C value was significantly heavier during the 61,811 + 204 a B.P.-
59,716 + 159 a B.P. period, lasting for about 2,095 a, which may suggest that the monsoon weakened and the
ecological vegetation degraded during this period. This result corresponds to the North Atlantic H6 event. During H6
event, stalagmite JF2017 §"C records became heavy to the maximum value during the period of 61,811-60,848 a B.P.,
followed by the fluctuation change on the short-time scale. During the period of 60,848-59,716 a B.P., the values
slowly became lighter to the end of the H6 event. The trend of becoming light after a gradual increase of weight and a
climate shock inside on a centennial scale indicate that the local climate was unstable during H6 event. The monsoon
climate change on a centennial scale recorded by stalagmite JF2017 may be closely related to the Intertropical
Convergence Zone (ITCZ) and the North Atlantic meridional overturning circulation (AMOC).

Key words Asian monsoon, Heinrich 6, stalagmite 8"C, Jinfo Cave, Southwest China
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