4 . ~ o[ Y, .
M Z b B 20255 #H70% % 2H:275~287 0 CPERRE) 2ot
SCIENCE CHINA PRESS

CrossMark

& click for updates

A A AL AR I e 5 T B R VA
R, A, M, KA, FRE, THE,

P2 AZ R e BRIME AR ISR, P22 710054
* PEFR A, E-mail: zhanghaiwei@xjtu.edu.cn; cheng021@xjtu.edu.cn

R
w
w

T :;,*
£ A2

2024-07-05 Wik, 2024-09-18 &[0, 2024-11-12 $:3Z, 2024-11-21 MK+
ER H AR 542 (42261144753, 42488201, 41972186)FITH 443538 KB AER I NAA T H %)

WE LAARERERBINABAEE FRATFHNARD, ARG FRECRARERZNEZILEKNTESHA
HICFAARLBATIXRIUE. ETEHNEFCRERKRAMCELFEAR, ARAELANE FEREKE
EMNRERGRAARTEEN, FTHETREEERF NI EEUAARRETEAXN T EE. AFH LN
HR AR I R BB AT R AL R S RITEWR R E AR LSRN BEENERAY &, Bl T YR EiTE
ARERTHRAMKEAXEENERE, ANFRELTHREHARNEZTEERAX. EATZRERFFAMER
EREWNAFAERKAZRIEE 5 KR LK 247 {Picarro L2140-i# # 4 R MR R 5, 2477 M XAHAR
BEHAREAAL, AFRMLEGOD. 6 OVARK, HAFATS LB E AR T HE T EIRIF N A2 xT IR E
AB R A KRR A FQREAR LR MR 47 BOAR 77 ik o KA A RE B9 T 2 XX 46 74 05 B X 7
ERHET ERHRAMER E.

Kgtinl AR R, ARMEK, HKEHOLE R OLE B A(WS-CRDS), KA AKL, #3105 E

T i UK PR S BRRE AR 1 5 S T AR S Fs St
)2 R, AR URIC R B R AR, kG
(1 3t J3E 90 S EE A R T R S P I AR Z
—US AR, B RESE R AR AR L vkl
AR S BRI FUTIE AR Y, e i 21
M. BRI AR R AL 1 SR R
TR, (RS BE s o MR 4 Xl AR A SR AT D
34k, T ANEIE bR AT e 52 B AR A TR i [ 1
AN, EOX LI L SR AT RETC i EEUEF= 11
55, ATRETCIE S R AR B itk F G, 2
P IAIX B K3 1 — S8 [ ik B IS ) 28 A 3 4 1L
BEFR AR, ST IR R A
A T Y A SRR B A RAF AR A )
(AR ARES, 3X— IR A - At L R 21,
YRRt b it R T A T SR A I R s R BRI A

SR B (B4 299~7 ka) J5 RREEFEAR L & Tk 4
T IR B RS T ARASE B Y REALL 4 SRR ] 2
TH PR S BRART- B B R . AT, 51 HE
FRIC RN 2 SR 22 53 () — D F 2P ] R R 0
FEFR bR BT AT MR A s R g
F W, X TR PAEBFAOTR 7ORBE, R PR SEAR S5 [F]
T UM, AR A A R B A T
FEF A, T LIAR G bk ol B 2 AR 1] (s
I, TR A RA DAz IR
SERERERS . RAEE B R s A i 20, R T
AFRB AR THIREERE, JFAE HAK SR
AR b gr & IFE DXk K BV (L B A IR R, A
TN AR GEHTT R O S AR R T AR, A
FHAIR 7 BA R A I s BRA AT A T A0 A AR K
it J3E R A T 0 )RS o A 36 I B A R A B A S B

SR SRR, Sk, R, 45, A oRn i e iR o i B R4l Rl AR, 2025, 70: 275-287
Liang Z Y, Zhang H W, Tian Y, et al. Evaluation of modern processes in the method of temperature reconstruction using stalagmite fluid inclusions (in
Chinese). Chin Sci Bull, 2025, 70: 275-287, doi: 10.1360/TB-2024-0726

© 2024 (PEPYE) Atk

www.scichina.com  csb.scichina.com


http://crossmark.crossref.org/dialog/?doi=10.1360/TB-2024-0726&domain=pdf&date_stamp=2024-11-22
emailto:zhanghaiwei@xjtu.edu.cn
emailto:cheng021@xjtu.edu.cn
https://doi.org/10.1360/TB-2024-0726
www.scichina.com
csb.scichina.com
https://doi.org/10.1360/TB-2024-0726

M Z L 20005518 £70% F28H

A1 FALEARTE BT B R 46 A AR R Z5 A b, A
H A 7R 5 B SR TR e LAY B B —JF
A THRL. TEERIERUG, XERIR A Z 2] 5h
FIRGE s, AR K AkR TR 2 KSR
IRFZIE T A 7K, A FRIRESTE T, 7K -k
FRAS AE Rl 3= K A= VA i, 4V RS TR ORI A
O, T A e A A K 5 B I R PR S 4R 467
FIEPY. BRI SCH A BRI AOK &
R, XATRE S SO A BEUE R SRS A
K. Ty A ALK IEA A S AR fe ek, (A
wESCATREZ, HHA AREAOK RS R R
TAEEBERLEITfAA FF RS2, 435
T SRR 57 A 0" OfE,  FIHZK-J7 A
ST 43 1R T R A AT DA T SR 2 AR TR B A TR
JEPS2L VR R AN SRR R, i R A A
DX Ayt FE AR AR Iy s PO 2 B B R 52 7 k-
fife A A o T R e R R B B 4% . L AARIKIE
J5 AT RES SR 5 A R AR A R R S, S E
BEOK ST A B0 SO T g2 B — e Y, A2
HEM I EERK DI TIREEE. A BRI
PREGEILER, M EERKS SO T iEZ 5 I sc
s, AR IODA S KA MU, RERS IR LAk
AR 7K I SDAR . SR, 3K — 5 i /5 A Y b
KAEIKLR, IR EEAIK oD ek " OfH, i)
P TIREE R, AR ST, R RKL AT
REA2AL, D, WA BA LS, FEEZH
) 7 IR RUBE T SR A 728 XA 56

A AR o T, B TR R . G
SchwarczZ: A% HarmonZi APYLL K2 NormanFlSaw-
kins" /7 Bigeleisen: A P¥ HlFriedmant® (57 Fefili |-
THE T A P AOK R Z IR, Dennis®E AT
Sl A TEEAOKE . AR RIREGMR 2. Arien-
zo % N PHTFQ M st 08 1 U K R e I 2 0 g R
(wavelength scanned cavity ringdown spectroscopy, WS-
CRDS)FE AR AT A FEAOK FEM R IR, IR T
A AR EOR IR ICK K 5 HWS-CRDSHR
17 TAER K R 2 431 Picarro 1.2130-1(Picarro, Inc.,
Santa Clara, CA, J¢[E)ZE A M AEAEKNL RS,
Affolter® NPT 3 2e A KV A f PR K 42
OB E, JfRiPicarro L1102-H1E $220 i o 22 PR K it

276

ARG, PHEEAC K Tian N ST 147 S 32K K 0D
HoBOMIR 2 i 7F Arienzo® NP SLml - vEAT T ik
HE, AT T N Se kK R 2R S {Y Picarro L2140-i,
FEEH LASELAE R 3K B0 ) B2 AR B 2%, [RIRh ig
PET IR R, Uemura®s \PHRGBFST R, KR A5
TEMFABI105 CH AT, HALZEAIK 196045 0.7%ol1)
Ak, AR R AR R R E, I AR T
7 e 2 515 5 oy 1) 6, A AL o A ZE AR A i 19 292 %..
RIL, SIS T AR B AR R AR IR
SRR, FIFHEE AR 0y SR 2R A T I R E T D)
B A R37 ZR A 1Y 7T RESE .

B B AR Y B, R A A R i s
FIRLEE AR AR Y TAE I k. FERRSEHA X, John-
stonE A3V A 11 2 KR BT R B3t L 47 5%, SR TR
WIE Pk (Last Interglacial, LIG)AYJIREE. Affolterds
STt I Hh B 1) £ S A BE A TR R AT T 4%
Mr, HE T — KIS LR 2R, Wilcox % NPT E#EE T [
— R[] DK I BAT /R B Hr L AR AR Ak, Warken % AV
I8 T % 2B O SRR AR SR LRI
Rk, IR U vk I A L L AR IR2~3 °C.
Wortham% A58 T2k A McLean’s Cavefi Ff AL
FIRE AR R, DAz XA s — Ik
VKA 0K 7284k, I, Fernandez® A4 H
T FPRE T AR AR K B R, T ELR
PRI 2 52 T Sl 1) S 50 N G 4 THE 3R 5 01 A
B O A VA I AR B A . TianSF
T35 96 11 ) % B 2 Quin IRl A 7 1 S f S AR K [l 43 2%
W45 G e PRl sk DL R SARBERI AL o3 A A B, 7K
TRIR AR AL AT BESZ e A1 SR AU 2R (fluid  inclusion,
fiy KA . RN R (0Dg-0"00g) L K i M40, 32 AR
PR R AU R 2 0 O MUAHSE I R, X T 24 iy v [ it X
Ay SR B BOBESE, Dus AR b E AR R
tEEE N = A AR R T TR s,
S5 5 SN R R A —

AAIEFEHFH v VP 4 e e e i AR A AR
FEAOKFN Z AT R, 25607 TAE# T
Y, LA IE A7 S0 5 A K R i Ay i R
THEA AE BN 7O A i ad M. 30K AR
A AR TR IR B E A, e Bt
R . DI - 18] P K oI T 30 1 1 R 72 A i 3 4 ol
A ] R A I ST Y B il



1 WFFEDXI SRR DL
L1 WFFEXIR

TR, HARYT e At hds,  igemi R v,
SRR, AR, A TIhAi28°30~28°54", 7R
Z2116°47'~117°15"Z [a]. #HACE (117°15'N, 28°42'E, [
DA TIIPEE Beemi a8 . B4R B IR23 km, HE#E
HR A 76 km, 383 m. ARIERT A BIRFZEIS0), %
T 7CR B F A5 R AL -3 e 21 iR IR 46 25 122 v
ERZRIRER A T, TR E20~80 m, “F-XJEE
50 m. IR CHIAN YT R BRI A ma 12, JE T B
X, MW AR A PEACMRL 2016~202 AR pfAR B TS
W 5 AR SR IRBE 18.9°C, B LRIH B A B #4944 km
) SRR G2 02016~202 14F 1Y SAE S HR E M 19.1°C;
E 3 bNa 7 iy

sD=8.26" 0+ 13.34. (1)

Pl AR B IR 2R 4 L BH R -1 T T L 1 (2l B
Zhang NI Tian ¥ AP FR, %R R G4 Kl
17000 m, Hrh FIREI500045K, S2IF2000 m, #igk
T RN B ORI RS m, e TEAb40Z
K, M PR 137 mAK 2 T REE 1) T ifE AR
(RFF I 2 0], 752215596 m.

1.2 FESHES

AF 5 R A AR B R 7 IE AR AR K 3 B R R 17T
FHEESR(1K12): SNN2, SNN3., SNN4., SNNS. 3 F ik
ERTURRRE SR 7 KRR 5 B 25 S SR R st ] 2 7 45
B P el o N 1 Y AW ST <IN 1 VAN 4RI B
PR 5 VTR A SR o5 4 7 B B 31 7 R 3R] 11 245200 miAh
AL AR S5 LR 3 (121 1).

2 Wisitk
2.1 MEXJiiE

(1) HhEbEdr. RIAE TAEAE P %388 Kep 4
BRI AU SR B[Rl o 3L B8 = 58 k. I E4£0.3 mm
B 584y IAESNN2 . SNN3 ., SNN4 . SNNS5AUR A Bk
AR AR _FSPAT A 2 AR RAECRE S, B
F30 mg. fh2EgrE Maife S B Lawrence Edwards
A NSy MrASCs A 22 32 U el B 5 55 88 1 A
(MC-ICP-MS), 51 /5122 #8 Cheng % N\ A 7%

B e s R - 7 2 P B I s AL A AR (XRY)FI
D1

Figure 1 Plan view of Shennong Cave with monitoring sites:
Xianrenyi (XRY) and D1

(i) BrSR e FA 2. B ek n Bt A A
FEURRE SRR S R AR AT ST IS, TERF B R
an FPORURE 24 15 pg A T SRR TR 25t X il /¢
WIS B B UTRR AR IR ERFE &, AR T B U
R, FEATBIREES Je A T SRR R R . Akl T
VEAEPG A8 R AF R R S g 3 e i, RS i
A RIRER B 3l FE25 E (Kiel Carbonate Device)Delta
VAR Z AL, M R, B20 MBI
AVMARHERE S TTB L LRI S e 1, S5 3 om
OIS CHYIMIRIR #£<0.1%0(20, VPDB).

(i) KR ZE K. 7K AR A P R
IKEES A SRR 2R P 20 38 K2 [l o 35K
157 K Picarro L2140-i/K [FI Z ML SERL. A 5940,
KA, ERN RN %2 1 Tian % AP IFSE,
IR AERE A LABL(6'0=—2.24%0, 0D=—15.62%o).
LAB2(8'%0=—11.65%0, 0D=—78.76%0). LAB3(6'*0=
—17.9%0, 0D=—136.45%0). LAB5(6'*0=—7.57%0, dD=
—57.46%0) AT HE, 45 H W80 SO OD A IR 22
<0.1%0(20, VSMOW). BTG4 B T BRAR A7 F8E 5 T
TOEES, 50 W21 R AU . R SR
FE 110 CRUPURBB Y3, 75 25 55 T 452 minf5
e, AT AR KR A Picarrof a4 T .
FEUGHEATRE S IR, 75 2 S i i I AR TRk
JE AR K ST R E AR, AT B B AR K B9 OD
56" OfE T 5 15 A A A K9OD . o' OfE .
A5 U 7K 3 PG 2 A28 R [l v 2R S0 3 hn ik
XISO-2i47%F LEil .

(Av) B MR, PR R IR RS EEAED L
AL 5 E Onset HOBOR IR E e FAN (R E IR E N
£0.21°C)PEAT WM. AE X %) W Eicote s R A i
AT TR R B 3R OF Z= 4E B HHM70) Y 5

277



M4 E L& 2005518 £70% F£28

B2 eI RS (a) SNN2; (b) SNN3; (c) SNN4; (d) SNNS. £I {2k 4 AR RAR X I, DB (0 B 2R HE g Vi AR f SR SRR IX ik
Figure 2 Modern secondary carbonate samples from Shennong Cave. (a) SNN2; (b) SNN3; (c) SNN4; (d) SNNS. Red areas indicate dating samples,

black dashed boxes indicate fluid inclusion samples
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Figure 3 Optical microscopic images of modern stalagmites from Shennong Cave. (a, b) Show elongated columnar primary calcite crystals;
(c, d) areas with fluid inclusion clusters; (e, f) micrographs of fluid inclusions. Red boxes indicate areas with widespread inclusions, yellow arrow points

to typical pear-shaped and spiky fluid inclusions
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Figure 4 Stable isotope variations of drip water and modern calcium
carbonate in Shennong Cave, and 'O, reconstruction using Equation
4). (a, b) 6D4 and "0y of drip water in Shennong Cave; (c) 5'%0, of
calcium deposited on glass slides(black) and HOBO temperature
monitoring (gray); (d) comparison of theoretical 6'%0, values (red)
from Eq. (4) and observed values (black); (e) continuous relative
humidity monitoring with HOBO (gray) and monthly Vaisala HM70 data
(black)
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(gray) in Shennong Cave. (a) Temperature reconstruction using Eq. (5);
(b) temperature reconstruction using Eq. (6); (c) temperature
reconstruction using Eq. (7)
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Figure 6 Comparison of different meteoric water line equations with
isotopic distributions of cave drip water and speleothem fluid inclusions.
Isotopic data of speleothem fluid inclusions from CB Cave (blue dots),
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isotopes from local precipitation at Shennong Cave from 2016 to 2021
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(orange triangles), and isotopes from modern fluid inclusions (red dots);
global meteoric water line (gray dashed line)
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SNN2 356.1+0.9 1824+37 8+1 0.0024+0.0003 402+3 7+80
SNN3 338.2+0.5 1729435 17+1 0.0051+0.0003 41342 221+79
SNN4 266.2+0.6 7579+153 6+0 0.0102+0.0004 400+3 1354421
SNNS5 269.4+0.8 5961+121 9+0 0.0115+0.0004 402+4 3644327
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Table 2 Water isotopes in Shennong Cave stalagmites for temperature reconstruction
FEdhG S FR@BP)  HREMREC)  BE(C) AFMRE(C)  BRE(C) 80 s(VSMOW %) SD(VSMOW %))
SNN2 7+80 17.95 1.61 20.90 0.33 —5.96 —34.205
SNN3 221479 16.23 0.70 19.30 1.33 —6.39 —37.215
SNN4 1354421 19.69 1.95 22.06 0.68 —5.885 —35.31
SNN5 364+327 16.33 0.78 18.58 0.80 —6.44 —37.725
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Evaluation of modern processes in the method of temperature
reconstruction using stalagmite fluid inclusions
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Temperature is a key indicator in paleoclimate records, and high-precision reconstructions of past temperatures are central
to paleoclimate research. In East Asia, scientists often rely on geological proxies such as tree rings, ice cores, and lake
sediments to study historical temperature changes. However, high-resolution absolute temperature records remain limited,
and many reconstructions may be affected by seasonal biases related to growth or deposition processes. Cave monitoring
studies have shown that cave temperatures closely align with local annual averages, making stalagmite fluid inclusions a
promising tool for reconstructing past temperatures with reduced seasonal biases. By integrating hydrological and climatic
proxies such as hydrogen and oxygen isotopes, carbon isotopes, and trace elements, stalagmite fluid inclusions offer
significant potential for detailed studies of regional hydrothermal variations. To improve temperature reconstruction from
fluid inclusions, it is essential to calibrate and validate methods using cave monitoring data and recently active stalagmites.

This study conducted isotopic analysis of fluid inclusions in modern stalagmites from Shennong Cave (117°15'N,
28°42'E) in southeastern Jiangxi Province, China, to reconstruct temperature. We validated these findings using cave
monitoring data collected from June 2022 to December 2023, aiming to confirm the methods and equations used for fluid
inclusion temperature reconstruction in Chinese caves. Four actively growing calcite stalagmites (SNN2, SNN3, SNN4,
and SNN5) were collected from Shennong Cave. Each stalagmite displayed dripping water and fresh deposits at the top
during sampling, confirming active growth and alignment with the uranium-series dating results. The D and ¢'*O values
of fluid inclusions were analyzed using a system developed by Tian et al. (2020) at Xi’an Jiaotong University, equipped
with a Picarro L2140-i water isotope analyzer and a vacuum crushing device.

Monitoring data revealed a long-term decline in §'°0 values of drip water, influenced by the El Nifio-Southern
Oscillation, whereas 'O values in carbonate deposits on glass slides fluctuated seasonally. Our findings showed that
during the dry season, when cave humidity was low, the actual 6'0 values in the carbonate deposits exceeded the
theoretical values, suggesting that increased ventilation during this period affected 6'*0 fractionation. Correlation analysis
indicated that temperature was more strongly correlated with 6'*0 in carbonate deposits than humidity, highlighting
temperature as the primary factor regulating variations in carbonate oxygen isotopes. By integrating previous fluid
inclusion and isotopic studies of atmospheric precipitation and cave drip water in the Shennong Cave region, we found that
isotopes in fluid inclusions and drip water were primarily aligned with the local meteoric water line. Therefore, we used a
local meteoric water line equation for the temperature reconstruction. By combining isotopic values from drip water and
0'%0 in carbonate deposits with the local meteoric water line, we reconstructed intermonthly temperature variations within
the cave. The reconstructed temperatures closely matched the monitored monthly averages, thereby validating the methods
and equations proposed by Johnston et al. (2018). We applied this approach to reconstruct temperatures from four recent
stalagmites in the Shennong Cave. The reconstructed annual mean temperatures fell within the range of seasonal variations
observed in modern cave temperatures, with a 4°C difference between the Little Ice Age and post-industrial periods. This
variation is consistent with the historical reconstruction of eastern China, although it has a slightly broader range.
Preliminary cave monitoring data also enabled us to establish an empirical temperature calculation formula specific to
Shennong Cave. Further research will incorporate additional cave monitoring and fluid inclusion isotopic data to refine this
formula for broader application across the Asian monsoon region. This study provides critical technical and theoretical
support for paleotemperature reconstruction using stalagmite fluid inclusions throughout the Asian monsoon region.

oxygen isotopes, hydrogen isotopes, wavelength-scanned cavity ring-down spectroscopy (WS-CRDS), meteoric
water line, absolute temperature
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