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Fig. 1 Locations of Xueyu cave group, Yangkou cave and Liangtian cave, Furong cave in Chongqing
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Fig. 2 Photo of stalagmites in the Xueyu
cave (captured by Zeng Ze, in 2017)
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Fig. 4 Monthly variations of air temperature, precipitation, subterranean river temperature and PCO, at the Xueyu cave

B AHJEFE A R I, WX COo, ARk S5 R (H
B RN /T 250 mm) 1926 R % V) (R=0.41, p<0.01) .

CO, FIK I 25 Vs BTG P4 v e 0 R L e S B 1y A
o CO, #EAKH, JEBURIR, I fRIRIREE 5 CO, A
KR, SRR R R I TTIES. 2 E TS
EIF CO, M FTT AR (kA7 3 B3, T 450 Rk
WA 2 5 3R A 23S CO, L R Al PCO, 1716 B ik
B9 ZE 45 R0 (2 000~10 000 ppmv), H =% HA B4
#1328 A HLAEE (R=0.97, p<0.01) . 7EIF ] £ 41 |-,
Hu R PCO, fR fE AMILE B2 T s <, bR
T3 B SR A AR, T TR S COo, AR L

Faimon %5 "' %} £ 57 Punkevni jeskyn&Fll Sloup-
Sostivka #5/~ 7¢ 7 + 3 CO, Fi P CO, #47 T
W, AR AR FAEHE T ) 3 co, FTREREKR,
HAFE R 7R CO, WeBE . THeRedE™ it 78+
SEFNTR 7K 2E B A W2 SR % B, 4 COo, Wk
(A5 AL Al T T K A2 | i SR AR AL B — B
HE— 25 Rl PCO, Al 43 CO, i [a]A8 Wiiil % #X,
H B ) | ol MU B, Ho R PCO, XF 3 CO, 48
A B4y iz A ™, W T 3 Co, & B %k
5 V] 2 Hb 52 Wi R ) PCO, R 7028 5 €O, +
HE CO, 1 3 7 A7 2B ] LA B 42 0E AR R S,
HRAILFA R T — 2B, 526, £ 5
IK G378, FEALBRAG BT IR P A SR 2 0 A 3 5 T

TRV B, - HEOK SR, Joik Y BGE IE, F3 CO, 7E T
Py SRR, 3 b A DX A TR A 2R CO, TR R 1)
FEJEAY, AT T A ORI GEA , HEER
P2, AR, TR IO SR B T A P Y
23 (0], PR AT ) T N s ) e SR BE CO,. 7
R W, A 2 4 COo, #E AT E ;KR
AR 2T, SR 7SN B 58 CO, 3 /b, T 7T COo,
W A A A1 5 L B 0 2R AR A ARSI T 3 — ™
B 1T DAY A -4 CO, 38 AHL R /X, B mT DL i
15 FEON - RN 2B T Y CO, ELHE R AR X, ff
137 CO, Rk Al B AF k7K T +3% CO, 1y [A]
N FERHE(E S), I HLRENS M i v e AR 55 R U
F 1 CO, T Y LB T 47%~76% Z [A]™, il
a2 T 1) 25 3 bR VAT ) 3 i DA &% DIC A5 4y
M B, I T 30 ) 2 6 310 b ™ YT ) s 3 e e = 8
FEZ PRI R, A DIC TR %
i, 2009-2015 AFfRim it T34, M 3.46tC-a ' -km
ETFE) 5.64 t C-a 'km %, 7 4F 8] 1 R KRR G I
T 38%, iAWk K IE A BRI C R .

22 EXRRBKMIKUEFIESEFER

A1 FHFUISAIE T A FEEE 5 1] S (1) PR E AR
JHPERIPLER JCR B R A% (2) o HEsal AU
o HEPR K AU Y T R AR L RE A AR L i S Ak



At 3 S FRFERE EIR AR QI 5 v PR S ] 2 419

0-
LF: y=3 977.9x—19.54 o Jp =55, (I N)

—51 R>=0.99, p<0.01 o L F73S (I D)
MZ: y=3 598x—20.546  Jf#}2s 5,

~104 R?=0.76, p<0.01 R

. """“‘"""".".'Z‘.'l'.'l‘.'l'.'f.'f.'l'_ .............
-20 g;ﬁ:?:::';'::':::‘i ...... - .

8C/%o, VPDB

0.000 50.001 0 0.001 5 0.002 0 0.002 5 0.003 0
1/CO,
5 FEEIR CO, iRE. HIEMES CO, RERE
8"Cypps FILERYEER™
Fig. 5 Correlations of CO, concentration and its 8" Cy ppg in

. . . [49
Xueyu Cave air, soil air and external air™”

FLIRBEEAAREY 25 TR AN K T 3 7K K Ak 2 2R
#B A HCO,-Ca 1, FEZRK A R, ik =™
XFE EAR AT WD, & B K 0 2 BK A 2AFE AR AR
— AR SCAE P HAG B R T AR R e R o 2
K Ca® 1 Mg™ He B v/ T 2T K, Mg/Ca R B
AR, B2 ARRE, 1T LR IS R B K 20
1L

KA HH AR FH A B I R OT R BB AR
W E R, W R AT LA BeAE K R, 7R
Fe 1 i HE A W Tl “RBURR” TR K S G R 1~63
mL/min) Fl “F&22” i 7K 55 (0.9~5.0 mL/min), 1 & 7]
DAAR G- b S e > ) R R 2, i o8 X B2 TR 1) g i HL A
AW R Y, F R A3 S Mg/Ca Sl 0.59%~
3.53%, J& TAREE ™. F/K A 7K 1) Mg/Ca v
FEl 23 53 4.96%~35.94% 1 2.39%~11.95%., K&
IKA B DA e HEXE 4 e A I A A R DA, 2 (A
IKFA SR Mg JCE BN, Mg & B URIK A
Ve A A | B DL Rk i Sk 454 5, T H.
T R 5 TR AL R KB RS A A 5B, e K R
F A 7CHT CaCO, MR SETTRL(PCP), K 3 B K
) Mg/Ca HLFF R FEANR ST R AT, FEK
Wb, HEAFKZ T RNA K D BRSNS, A
VS 7KAE B 7K J2 R0 i B R (RIS 0, 7 A B AR FH RS 58
F£ Wombeyan i i) Wi il 2 EUE 1% 7K Mg/Ca By3E K
5JE/R 2 i (2002-2003 4F ) 47 3k iy + 5 A1 PCP 1E H
B A P, 2006 AF VT UL A T R A,
i I i 7 X35 2R B K D 30%, I 7 7K R
XoF [ 7K R I 07 TR AT B AR AR A Y, 5 [ A
TR R T AGE R 25 R K T 2 CO, i

R, KA PCPYER, Ca B+ ik B AH XS B AIK, Mg/Ca.,
Sr/Ca fhifi. P, &5 KA 7K Mg/Ca, Sr/Ca 754k
TESEFP AR B b T DU TR

T 7R K FR Y Ca® 1 Mg™ i JBE X6 IX s K ek
A WL A e b, HAS R K S R T s B R
AN, i o7 ML A R A AN TR], 7R R R “Faae”
K S Mg/Ca 7T DL A ) i AR 45 3
et s ) RUE 1) 7% Ak AT B Bl T AR AR FH A 1 S 7RI /X
DU, anf 5, DI A e o3 ey A i o
PEALY) BT

3 MREREENRHE

) 7 5 B TR B 8 S B A AL S A PR AR Ak
R 7N FR b BT 5 AR AR B 25 A dR AR, RN
fBETHAR | VA R Ao A DA S e 7 i A5 A TR s s
22— BEEREET=8F Wlixd, Ran
WOk E, How Ol i AR Iy e o =5 TR
T 7K HP Y Mg/Ca HEAARG, M F2 2E U A= DT AR )
A — 30 2k 7R BE AR Mg/Ca FRAE, — 1B ) 4
K, TR A TSR BE US| 3 3 i 1 U™

A1 SR UURR R 0] DL ) 1 40 B9 U-Th P45
AAT, HR A 5 A0 T DUKS B T 45 I BE R DT
U R, Bk RIEH E BG4S R BT LIk
330~268 ka B.P., i 5% T MIS9/8 [y % et 1] Ky 278~
281 ka B.P."" A AR A 1 T DA $R AL B[] 43 2R 5k
la Bt 25 500a A9 A5 B iD % 5P X /T
AP UIR B RZ FRR (R 2) . T/ ETBEAIRE
T YU R A, X FE R RS ML
T G IR A TR . MR, AN [A] B A A A
T, A BT BORAFAE 22 5, B 2[R — AN 7T,
A FURE WA 2257

T R R G I AR AE 11 H =K
45 A1 HAE U R 6.94 mg-d ', RT3
ST AR Y B B R TE TR /¢ CO, Yk BE SR Y & 5 271
HYTHR L 0.33 mmea ', 1] i 2 5 & /s S
CO, WJETH i, S A Co, IS, AR T
fif A AR AR R BRI S R CO, e AT K
R ZE T AR AL SRR R TR A o A
FER PRI 3 AN TR 7K R B M, 2 TR R 1Y)
IR TN 0.445 g, AT E R 0.249 g,

DU R 78.7%, RN . TR



420

A 2022 4

®2 HRMXAESH U RERFTRER

Table 2 U-Th dating and deposition rates of stalagmites in Chongqing
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Abstract Karst caves are well developed due to karstification in carbonate reservoirs. Speleothems in the caves are

of great significance to evaluate the evolutionary history of past climate and environment as speleothems record all

climatic and environmental information when they were formed. A comprehensive link between paleoclimate change

and modern climate based on detailed monitoring, precise chronology and high-resolution records is essential to

explore the correlation and interaction between climate and the earth system in the geological history. Here, we review
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a series of modern monitoring and stalagmite-based Asian Summer Monsoon (ASM) records spanning the past 120
thousand years (ka B.P.) from Xueyu cave group, southwestern China. The Xueyu cave group includes Yangzi cave,
Xueyu cave, and Shuiming cave, Xueyu cave is also a famous show cave. The three caves are all located in the Triassic
limestone strata on the left bank of the Dragon river, which is the tributary of the Yangzi river, Fengdu, Chongqing.
The overlying vadose zone is thick, and the elevations of the three caves are 10-100 m above the level of the Dragon
river. Yangzi cave, Xueyu cave and Shuiming cave are respectively located at high-, middle- and low-elevation. These
caves from different altitudes are excellent for modern monitoring and paleoclimate reconstruction. Since 2008, regular
modern process monitoring has been carried out in the Xueyu cave to observe the transmission, transformation, and
recording process of climate and environmental information. External air, overlying vegetation and soil, rock,
precipitation, cave atmosphere (temperature, humidity, CO, etc.), hydrochemical properties of the subterranean river,
drip water, and cave deposits are monitored to understand the detailed mechanisms connecting cave environmental
variables and properties of cave deposits. A monitoring program conducted from 2009 to 2016 recorded the
characterization of external air temperature, precipitation, and the subterranean water temperature and PCO, dynamics
in the cave. Monthly measurements of cave air CO, in the Xueyu cave show regular seasonal variations. High-
resolution monitoring of cave air CO, revealed the effects of rainfall events and tourist activities. Precipitation is one of
the main factors responsible for transferring the CO, signal from the soil to the cave. On a short time scale, PCO, is
significantly affected by tourist activities, but the magnitude is far less than that caused by seasonal or rainstorm-driven
variation. Cave drip-water flow can be classified into two types-'fast flow' and 'slow flow', which reflects climatic
events in different ways and may result in distinct speleothem paleoclimate records. Variations in drip water chemistry
(Mg/Ca, and Sr/Ca) indicate that the Prior Calcite Precipitation (PCP) may occur when drip rates are slow. Only the
'slow flow' could reflect wet-dry variations as the drip rate variability can provide the primary control on trace element
variations that are finally trapped in speleothems. The deposition rates are relatively high in winter, which could reach
up to 0.33 mm-a '. The isotopic and chemical variability observed in Xueyu cave drip waters also support previous
interpretations of speleothem records from Yangzi cave and Shuiming cave where a series of stalagmite proxies is
published. The stalagmite records of the Shuiming cave and Yangzi cave indicate that the stalagmites in this area have
fast depositional rates. From 120 ka B.P. to 3 ka B.P., the variation of 80 is basically consistent with the change
curve of solar radiation at 65°N.The resolution of the dating in some periods was 269a, while the time resolution of
isotopic composition is close to 88a, which successfully records some abrupt climate events at the scale of hundreds of
or thousands of years , such as the Heinrich event, the 7.2 ka event, and the Little Ice Age. 8"C records of the
stalagmite confirmed that the "7.2 ka event" started from 7.29+0.03 ka B.P. and its summit was 7.1+0.04 ka B.P. and
the main drought period sustained about 50a. During the Little Ice Age, especially from 1,400-1,650 AD, §"°O records
of stalagmites showed severe fluctuation, which indicated Asian summer precipitation was also in the fluctuating
period. To sum up,the comprehensive comparison of paleoclimate changes based on accurate chronology and high-

resolution records has good research potential in the Xueyu cave group.

Key words modern process, cave air CO,, stalagmites, paleoclimate, Xueyu cave group
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