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Table 1 U, Th isotopic composition and »°Th ages of stalagmite MSL from the Hulu cave at Tangshan, Nanjing

#%‘ %‘éﬁ Z38U ZSZ’I‘h 8 234U(D ZﬁOTh/ZSSU ZSOTh ﬁgm(a) 230’I‘h ff-“ﬁg\(a) 5 234Uinitial®
(mm)| (X109 (X10712) W EE GEED (RKIE)D (€:319) (&IE)
MSL-01 | 10 | 71.8940.05 127147 465.141.8 | 0.371940.0010 | 314724104 | 311304200 | 507.9+2.0
MSL-02¢ 1) 21 99.740.1 40544 525.041.8 | 0.4358+0.0022 | 360204215 | 359504218 | 581.1+2.0
MSL-02¢ L) 21 | 102.6+0.1 43845 532.54:1.7 | 0.438340.0018 | 360404175 | 35965180 | 589.5+1.9
MSL-469 | 41 | 120.240.1 246930 58745 0. 4800+0.0047 | 384204465 | 380601500 65445
MSL-453 | 57 | 118.840.3 55745 523.045.3 | 0.469940.0021 | 394104270 | 393204270 | 584.4+6.0
MSL-02 | 109 | 143.440.1 3944 579.241.7 | 0.523840.0014 | 428604150 | 42860150 | 653.8%+1.9
MSL-381 | 129 | 290.040.2 7224442 48742 0.508340.0026 | 445764285 | 441104370 55242
MSL-345 | 165 | 185.140.3 69348 451.143.1 | 0.505940.0020 | 45700260 | 456304260 | 513.243.6
MSL-03 | 215 | 190.3240.2 1763+9 459.741.4 | 0.5394+0.0013 | 49056+159 | 488804181 | 527.8+1.7
MSL-25 | 235 | 148.5%0.2 6102492 492.842.3 | 0.568140.0097 | 5081041080 | 5004041140 | 567.6+3.2
MSL-29 | 239 | 167.6=0.2 2262418 482.242.1 | 0.575740.0025 | 521314300 | 51880+325 | 558.442.5
MSL-57 | 267 | 161.740.1 5947422 558.541.5 | 0.623440.0025 | 53930280 | 53280430 | 649.3+1.9
MSL-79 | 289 | 129.140.1 3317£30 583.141.4 | 0.6586+0.0024 | 566004270 | 561904340 | 683.5+1.8
MSL-89 | 299 | 126.740.1 49244 564.541.5 | 0.656140.0016 | 572404200 | 571704200 | 663.5+1.8
MSL-125 | 335 | 242.840.7 1262422 508.445.7 | 0.656040.0025 | 60100+£430 | 600104430 | 602.446.8
MSL-219 | 344 | 135.440.1 | 16701043250 | 275.34+1.9 | 0.748940.0051 | 926904990 | 62010414000 328+13
MSL-134 | 361 | 265.1+0.4 6150427 451.34-2.6 | 0.65814£0.0019 | 636404290 | 632004360 | 539.6+3.1
MSL-150 | 366 | 281.8+0.4 | 125004111 | 368.8%1.4 | 0.6433+0.0033 | 670404470 | 661504650 | 444.641.9
MSL-155 | 372 | 317.24+1.2 | 732804960 | 340.5+4.3 | 0.662740.0040 | 719404690 | 67080+2500 | 411.645.9
MSL-161 | 403 | 284.340.4 7088470 284.9+1.6 | 0.625040.0023 | 706404370 | 701001460 | 347.4+1.9
MSL-192 | 410 | 390.040.4 1000410 307.11.1 | 0.649340.0015 | 725904250 | 725404250 | 377.0+1.4
MSL-199 | 430 | 365.3%0.4 10210440 318.441.5 | 0.660940.0016 | 734604270 | 728704400 | 391.2+1.8
MSL-239 | 442 | 118.740.1 | 1554004:4050 | 243.241.5 | 0.782040.0033 | 1036104750 | 69780414500 | 296.2413
MSL-05 | 450 | 146.140.1 | 127054149 | 260.8%1.5 | 0.6506+0.0018 | 768544335 | 74925+1012 | 332.342.0
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the Hulu cave at Tangshan, Nanjing
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2 TEREFRCRELSEHE L

WAHAHNETEZRE, %1 mm FEEZRER
S REERIA FE RN RAR . AR RAE
RESBERFEE ALRAFNERBERREREER, %
ZF1 mm #ESFTEKFE MR, KB 294 M
B 7 7 Z 308 . R A McCrea (1950) 85 4| Bt CO,, 4%
BriX 88 MAT-251 %) S, B3 o BBl 24 Be i X i
JR oy A 0 BF 9% BT R AL R SE 30 = 58 AN, PDB AR i, &
MRk 25 <C0. 1%, i F Hendy (1971 M 2 —, %t &
% 50 1 0 PC HATMH MR (B 2) , 55/ KM, 0
B0 f1 6 BC BEH AR G=—0.62), A HFLK
WA RS R TR K A B R LR P A
RE A, SR—FARA X ABFERMES TGS
B (K #%,2000a,b) L5, B & #E54~ 36 ka BP
i BTy 0 PO WM RNBEA -, WAL R A F
8 O F1 ¢ *C (A AT PA R Bl 7SR S AR A ER IR AR AL
BFE.
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Fig. 2 Correlation of 8 '®0 and & "°C values for stalagmite

MSL from the Hulu cave at Tangshan, Nanjing

E34H THEA T2 mm £425 mm Z B
8 BOFI & *C {H KE 8] A5 fk Bl 28 .6 °O {E &AL TE H
3 —9. 165%,~ — 5. 456%0, F ¥ {H K — 7. 85%0.
S PO R 2R BRI FF1E . K& L7 LRI 43 P
A2 Bt ,60~36 ka BP Bt,0 O {E 4R £t , X BL T
WA RN E (MIS) 3/ Bt ; 75~ 60 ka BP, 8 O {HAH
SR IE , X0 F MIS4F1 MISsa SEHMERE, A%
i 28 MIS3FN MIS4 2 i) 43 R84 4 59. 7ka BP 5 0
BO HRAHB,O PC AL EUZRENWEANER,
HAETETE —11. 283%,~ —1. 524 %, JEE N , F ¥ {E K

—5. 73%0 WX A BREREL T4 0 *O L F BRI T
KA R AL E A 5 A R E (Hendy et al. ,
1968) . = # % F W] A1 O'Neil 4 (1969) [{] fi & F
BABARKRE EHET LN AR KFEMRA
BAZE B R R BB ik14~18C, 4
AMELLE 15 BB A B K KRR K R AL 2 B
43— P I EsF 1] 77 ZE , 4% R DX B AR R K TR AL 3R
RER CRRESE,1983), RRFEKM 0 *OHZET
MG K 9%, . IE B8 & M BT R, RRBEK B F R
T 3K 7 %0~ 8% (B SE 8146, 1994) . B I, R K
AL AR AL A BB R I LR /A %56 POZR IR X 30~
A% W EEEHIEE B BRIE NS F A X
AHESPOBERENR, RZNE 6 *O E AL EMW
(JEK#%,2000a,b), FH I, A% 6 O LhiER T
X HEEZREBEEHEHKEL. AF 6 °C ZBL—&
R BN IR X BB £ B B 2 B (Dorale et
al., 1992),C;/C.RIMY L REREAF 6 "CHE
) EZHE A E 30] 51, C; BYAE B A0 XT3 £ i 38
X R F B T SRR &, X R B R B R
FiEmma R F REZEZFCESME TR (RILES,
2001) , REHR.

F3mFE . RFEMEE A EARER T AL
ERXAEAFEETFEEROKBEEA M AEE
PRBEREIER X FRXMIBEAREERFE.BF
LREEANFRT I Z FEABBFFR Dansgaard %
(1982) 38 s B 7T #% B 22 ko> 6 1°0 Hli 2R, B4R H 60
~10 ka BP HiH| FETEREKBRESFH XK
{4 7R AR B 22 57 vk .0 (GRIP il GISP2, Dansgaard
et al. , 1993;Alley et al. , 1993) FAJL K FHIEE L
#1 (Heinrich, 1988;Bond et al. , 1993, 1995)ig %
15 2 3 B B B R B . 3 — B R R R B, X B SRS
iL#HAER B TR R F B X, K Santa
Barbara % # (Behl et al. ,1996) £ EQ B ¥ 31 % 18 UT
F(Schulz et al. , 1998)iCFHE R T 5K Z 1K
> 0150 Hi LR AR LA L B SR 9 B =X KRt DTARIE
Frhd U EKMBRESAERBRTEUNTER
BE S B A5 4L BE [, 40 db 38 Searles (Phillips et al. ,
1994) #l Tulane ¥} (Grimm et al. , 1993).BX ¥l La
Grand Pile #1 les Echets # #1 X (Guiot et al.,
1993) ., 51 [ # 1 % J/ (Porter et al. , 1995)#8A 5iX
oS R AR B R B VTR IE R TR R IEE A
SE 2% BA 46 K T 3 b X B9 SR 2 4 (40 Heinrich A0
Dansgaard-Oeschegar F4) BH 28 E L.

SR 8 7 R AR DL B S Wb B SRR R4
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Fig. 3 Comparison between stable isotope of the stalagmite MSL and GISPZ ice core & **O
B 8~ 20 4% B 22 A1 vk B (GIS) FFB 5 Ha~H6 It K 70 ¥ K B 8B 3 4 (Heinrich) 47 5
Toba $§ 7R % A 75 Ef B JB V6 T 88 — YK 1L B8 & =44

The numbers 8~ 20 represent the interstadial stage in Greenland ice core(GIS) ;H4~HS6 represent the North Atlantic ice rafting events;

Toba indicates the last volcanic eruption event in Indonesia

Xt b AETE A R RE B AR TR AMS “C Jll
4 Bl AT 1% 40 ka BP,{H Xt % F40 ka BP By #EAH UL
f, KZ % SPECMAP St L EE R B E SBERGF R
A Bt [, F 5 AR M UK O I8 SR #F 4T X B (Bond et al.
1993; Schulz et al. , 1998) . JEE Iy MSL A F
o ot I 4 b 0 EURK [F) L K 4R, T DAY b3 fe]
BFEAVE  ME3FR, T HEMAR &L
B4 3T EE AR R, BE 2 K D SRR B I A %6 0
0 % 5 PR A LAY B 3 B X, #& Dansgaard %
(1993) 7 S H [8) vk B2 5 (GIS) K At K 7 vk i %
JB = {4 % 2 (H1 ~H6) (Heinrich, 1988) , ] ¥ 71 %
8 PO £k 15 R KW B I 24 TR T A B P 5 . A GIS17
% GIS8 (M %4 F60~36 ka BP #L ), A &5 kL
8 *OiT 3 Z [ Xt Eb 1% M , L BE [a] . {H 7 GIS20 %
GIS17(# ¥ F75~60 ka BP B BY) , X f1 26 *Oih
LARETFBIHARE E— T, Hp X GIS191&
BT 2 E R IR R T LR R XTI, B E W
T XA TH—BIT. ANEBXT LR, AT IR T

SIS EEGFR:

ORI BEESREENSBEETE—BFER
B A TEB AR B FLRZE GISP23K.0 6 O HZk
BRERNESBEREBEHYANEAFIOERP——
RIS KR, AL K EFEE VRS M IKERE
B (H4 . H5 . H6) ZE A 5 6 O B &k b 2 B 5 8
B R IEREE) FRE, KRB — A% U L. EH
WRAHE, AR BEHRERBRFE—-EFHH
ok at ] AR IR IR F E R E A -3 H i, % LR
ROPOIEFH—HIEL T XETERERDHMN
RERAE SWERERE L

(2)#& B 22 vK 0 5 2 30 73GE % 3 [/ — KR
PR E WERA X B3R, X F AMS “C il
4E 75 Bl B HAE i, GISP2 I A SC 48 H SE e F A —
2 (38 ka BP £4). 5 F40 ka BP W, A %
TIMS 4 #— B bt GISP2iK L E#R E1~2 ka £ .
Blunier 48 (2001) #& &5 . Jb 4% K. B %8 (CH) ¥ 3 X
LR R ALERRBEF A FENERRAA .
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% See-saw # X, (Broecker, 1994; Blunier et al. ,
1998), YL K VG IKIER B B4 K A0, KER R
ERBRTEAREBEFB. XHER LS E
BT AR B ARGt B R B 22
GISP2UK-L 5B R AN A FRRBEILN T ERF,
B0 M 3 B A R A F AL 2R 2R A8 B 2 R s A AR
W F XA R X R B [ R AR A SRS 4 1 5 B )
B . GISP20K 0 BUR L FT 3450 ka BP £ 4 . 1145k
%40 ka BP, {1112 2315800 a; i+ $ E 50 ka BP, &
iR 2 355000 a(Meese et al. , 1997), &% & ik
REME, TARKLAAFERHNKIBEEGEAR
#AEX — IR 3 T A A 5 S EER
PIESE

3 Toba k1l1ZE 572 ka BP Rif&IE
BB R

[ B R 3 LR XA % 6 O B R 7E72 ka BP
EABR—KEREREH (GISI9RT MR A, K
8 BOME AR MR K 2. 5%, . Al — P& IR 5 5 #£ LA 8,51 Soreq
1 78 (Frumkin et al. , 1999) F1 2 E Crevice ¥ 7T
(Dorale et al. , 1998) AFHFICFHPHFHE B . ]
AN, X—2REBRERFHSREENERA
. Toba X INEHFH—KMEFHAX FEFUT
ZHEBE:

(1)Toba K LI K EF R @4 F AL TERE R
T TE M B E Toba KINHRE—IRBE R RE N
LHERERKOKXLBER FETHFSEENRE
B o 45 R R 1B 45 BB K L R i B9 K-Ar 2 4F %
H75+12 ka BPGRRBH #)M74+3 ka BPGEK
A5 %)) (Ninkovich et al. , 1978) , i J§ » Chesner 2§
(1991) F*° Ar/% Ar 35 W %€ % 2 K W K % K A 4 i
73000+4000 a BP, 45 & LR K-Ar %, 4
Bk LR K B AEF IR RN 7412 ka BP EF X —4F
BEBLAARE,NEEAXLEHWEREFFR
(725404250 a BP)E:A—3,

DORBHEFERMEAFLNLEEEZHRE
14, BB Toba K ILME & ST HUER A E MK MBE=4ET
BEARW. EREHENHUNEESEEEZ—.
Zielinski % (1996) 1A 7, #8 & = GISP27K.L> H171100
+5000 a BP 5 # & 89 K LB R B fk ) 5 Toba k
MR X RBEY . BRAY SR IKZEFESE6 a BfH,
SR THE1000 a EEMEREH BREENIESR
REEPEFEBAHAIBER . EMBLABFSHEILE
> 5, Toba K LK J2 43 i F MIS4H MIS5a 7 £k it

it (Leuschner et al. , 2000), EJ B ¥ 136KL 1
111KL P L% 4k 28 il 4% 5 4% B 22 GISP2u#K .06 O
Hh 2 B AR LAY R SR AR L 4R 1E , B Toba X 1L K 2
BN F GIS1970 GIS202 [6] #) ¥ 4 (Schulz et
al. , 1998) . 1 4Bk [F] 7 10 F X F 35X — 4 fif
FHBEE,0 *OEHEMDSIRER BN A i, H
TR HI 140 a F170 2, B B EREERFA] 700 a £
pag

(DR MERRL: X F GIS19Mt i % B R 1R
B R K L ERS R F B IRIE R P&
PR EAR — FEM B 2 ko0 60 8 F H, GIS1914%
25 M 3T 04 VR AR R N 3000 m KA E R PR K
A WEZ — 0. 67%,/°C4 18 % # (Johnsen et al. ,
1992)3+58 , HiIB F A IEA10C A A . Lang % (1999)
PPN, /PN, BRI E IR E AR IRi5 16 C AR, X
KiEERBRETHENLKRAES S PFBEREBIERS
(4m DSDP609, Bond et al. , 1993) 1 FE B REH & , b
FEE1I5KL giflid X —FBEFHEFHE
FY W B 5% Z& (Schulz et al. , 1998) ,{B H & E RF 1K
DAEAL/ 2K BRI R B R R X X —
HFRD R 2RO R KIEE S, "OEE
B2 5%,0 *CHFET2 ka BP EARANE K
AR BN, N —11% 73 R — 1. 5%, Ja & BEIL G H
RAMRPLRAR, R T KREFEBEET 1
MG AR RR +BE A= FE R ELL

B F XX — 34 18 2 3R b R T R O ik
2 AT HMEUESE Toba K L FHHHE K T 72 ka BP
EREHNBEREF  BEEARELERER:O 72ka
BP 7 745 ) Toba K ILBE & &5 W4 F & &R
B KL B &5 TR B0 K L TR AR K L AR AR L 800
km, BEZ T /MHERFEHEB 1% (Rose et al. ,
1987, 1990) HFARKBHHE B KWKTLLIELR
£ BRMEFRIE (Zielinski et al. , 1996).@) H &M M F
KA TR I AR B AR AL 9 S A58 & vk R XA
¥)7E72 ka BP 24 KIS0 IR B B B K FHE 8%,
# Toba K INFEHHBELBER T X —REREMH, I
24 A6 K P FE B2 /K K 1) 7= 2 48 4k (Broecker, 1994)
AT BB 2MEE RS IEF 4R ME—DLH .

L %R

KL AR R 3% WL B 75 1 MSL A F R
SPREBRFEMR SHE 2L ARG EREIRID
FAREWEAMUYE LS, REGEEHH(75~35
ka BP) 7 W22 XL X F-4F R B S48 28 1k B H AR 4% ) L
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SR A4S R G0 R B 4 AFAE B AR RN . AR
% 2 GISP2uK L Fl i /X Z0 5E % 75~40 ka BP #
B SR E AT E AR, EERE T GISP2uK L4
EHHEERRENBARE N EETH PR
FEREBRZEAREX B EFHRBIIEFGRE
MR HERR, A ERAFIERS72 ka
BP 7 4 % $ Toba X 1L 28 44 7 4 A 0 <048 W) L 0
BELEBMER TREATERESBEFAHER
ERMES TR LFEEREMSERE.

TR 35 E B JB AR K R s BR A B R R AL R
SREEGELIE TIMS Fi#.

2 % X M

Tkl  BIE,244,%.2000a. RRKYPERAFEIRESE
g% 5 GRIP vt xf . FHERHEE,30(5) :522~539.

RS, RITE, ¥ INZ, BT R, 2000b. B R LW XA FRERNM
EHRRWEESFEE L. HR¥FMHR,74(4) :333~338.

T8 AEIF. 1994. BERSBEX R E KRR AR M.
AL ,23(1):33~41.

RITH, A, BN, % 200l RBILGERSPRAREAMLE
RS MRE A B . B2 R 46 (15) :1307~1311.
HWE,EEE,RER. 1983 REASBANWEERER VLR

3%. BH2E @] ,28(13) :801~806.
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Instability of the Late Pleistocene East Asian Monsoon Climate——Evidence
from the Variation of the Stable Isotope Composition of a Cave Stalagmite
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Abstract

In this paper the authors present a high-resolution record of the East Asian monsoonal climate during the
late Pleistocene (75~35 ka BP) from a 450 mm long stalagmite in the Hulu cave at Tangshan, Nanjing, based
on 23 TIMS-U series dates and oxygen, carbon stable isotopic results with an average resolution of 100~ 200
years. A time scale used for the stalagmite is established by linear interpolation between dates. The stalagmite-
based climatic time sequence provides a millennial to century scale high-frequency oscillations of the monsoonal
climatic changes during the dated period. Variations of oxygen isotopic compositions vs age, with a range of
—9.165%,~ —5. 456%, in & *0 value, can be explained with the isotopic compositional changes of the summer
monsoonal precipitation on the basis of modern precipitation data and isotopic fractionation mechanism of cave
calcites. As an indicator of monsoonal climatic changes, the oxygen isotopic curve of the stalagmite displays 16
events of climatic instabilities, which may be well correlated with the Greenland GISP2 ice core & **O records
and Ice-rafted events H4~H6 recorded in North Atlantic deep sea sediments. With respect to the curve config-
uration, the carbon isotope curve of the stalagmite displays a high oscillation pattern, similar to the oxygen iso-
topic record on a millennial time scale, indicating a rapid response of the local changes of vegetation types to the
climatic changes. The connection between the high latitude and mid-continental climates suggests that the East
Asian monsoon climatic system is dynamically related to atmospheric temperatures at high north latitude areas.
However, using the two independent time scales to compare equivalent events between the GISP2 ice core and
the Hulu cave stalagmite, the authors found that the climatic events older than 45 ka B. P. are deviated by 1000
~2000 years from those in the ice core time scale. It should be noted that a fast cooling event at 72 ka BP in
the stalagmite isotopic record approximately coincides to the Toba eruption event in Indonesia, probably sug-
gesting that the global climatic events during the late Pleistocene could not be fully explained with the wanning

and waxing of the North Atlantic deep water.

Key words: Nanjing; stalagmite; oxygen and carbon isotopes; climatic event
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