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MH Mg/Ca5St/Ca RERKEARABR(BFELRPELHAKPYRE A~
FHEIAA EHFREABR ABAEDIE W AL AEFRENFTENRES
B, (DT YEREAMMg/Ca 5S/CaE— R WEH  BHNEXFLAENF BT
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BYER .
1 E7CRERFIMg /Ca 5Sr/Ca BATESE

RAREMBTRIERERTKBEARESRE
20 BEXRAFHZRERM, HPXTFMg/Ca 5§
Sr/Ca BI85, RAEE N Mg .Sr MR RZBZERE
¥ MATF T A% Mg Sr ERRBEEZLTH
B X Hlim7E1983 4F ,Gascoyne @S XK 5 B A
' Mg.Sr S BEE R B BF 5 A h Mg/Sr BI1E 0 & iR
B . A, X —3ER REEMe.Sr A VA T2
—HHERTABESBIERERERAL. Huang
and Fairchild™s33@ 53 #3015 ¥ 1 7C B9 3R 38 4% 44, SIE 32
T BB W )5 #EA P Mg B4 BC R 3, 325 T 8 Wi 7
AW Mg/Ca HAE ; At fth 1A K Sr 894 B2 2 300 AT

BB EFAKHEELW ., Roberts et al IR K E
FRESIMOBEARGH T HE =B FHittaF =
¥ Mg/Ca 5 Sr/Ca HAE , I\ Mg/Ca HIERN L
B iR R 5E, {2 Mg/Ca KA R EEN A
1B AR AR AR R, T AR IR 2 B A B B A R A

Verheyden et all**I%t b Fi| it £ 57 it 75 45 Mg/Ca
5Sr/Ca FRRKAXTE AN LR IBIRZ B WK B 8 Bt
&7 5% Wil , T & T 7K Hir B8 B (B S BR T Sh R T R AR
4L . Johnson et al®*" %5 & a5 B ALK (37°C.3"0) %t #i
e A% HS-4 HBTRIEEHFHTT 4. X3
Mg/Ca 45 Sr/Ca B R IEM X, fEH AN WRER B
RESMUITRIEAEMYER . ETEETE, KR
HEBTIREA RSB A FE+H Mg/Ca 5 Sr/Ca £
FHLFA. Cruzet " RABTHIMETREE
PR AFEFBT2 8§Mg/Ca 5Sr/Ca, K BB A BT
B B (116 ka E4)XFHA L EHB M IEAH XX
. XWEANRBERIENTIFEANER. XE
Mg/Ca 5 Sr/Ca ERBUA M FTRE B T MR T8 & 14
HZAE 4L, 7€ Treble et all™I%t MKk F| 1L 76 o5 3 5 &%
MND—S1 # T E SR FEHMBTES T, EHIA
NS FiKEE B e EMBRRESCHTBEA LR R
#7KMg/Ca HLE , B FEKEEXNS §RGHW,
X Mg WIS AR A,

Fairchild et all®7E X} : E B§ #RClamouse 1 1 &
KFIFKALEE Ernesto 1 ik 7K A1 iR PIBUK 217 5F 5 B
R TR Mg/Ca 5Sr/Ca 94 MHRE . (DFEA
HBMEZRTHZA. T SEHHK S E At a5
85 A B i 8, S 3K Mg/
Cad8K. (D)F7fEEG F Mg.Sr B4 BL R ¥ (Duig. Ds.)
I /NTF 1,CO; Byt , BEREL SEHAVT AR 46 A b3k,

B Mg/Ca 5Sr/Ca EFt. QOFBESHZAEM
TEEEFRE, Az ABBYR, HEETRAN
TE. WEFROBERRELSEES , Mg.Sr i
HYEFE . TR RAXTTEY M Mg/Ca 5Sr/Ca
S5HKXFRBAETER, R THIFFREAHFE
.

Tooth and Fairchild®™? & it %t 3 /R 22 75 88 &
Crag jR 6 BE/K & | 138K KA ¥ KE 5 A A BTl
(1997. 08~1998. 01) , T T H I K i Hy BRAL Z E R
Sk EE L IBAX R, U REBKXFENR
EHBRITRAIEE A TR 7T K U BR b R
(8#% Mg/Ca.Sr/Ca) ZFIpEKE . BB KRE. L H
TIAMBIERUREEEREE R EMHERER
MBRELEPHRER SR ELILF LW, Karmann
et al*' 1%} B ¥4 R B9 & Santana fAFEFT T ARV ,
ET A HKFEABKE Mg/Ca 5 Sr/Ca
8, i1 %X B Mg/Ca 5 Sr/Ca HL{EFE 38K . RAKF
HARKZEEEEZR, ANVRK—EHELER. &
Bt E MR CHTBIEASE R WML
R,

SEAHEE, B 3R 7K A R R E VLR Mg/
Ca 5 Sr/Ca iy SRR B U REXME L, W
SEETERMXERR 1 SEEFSEAFE4BA
% CaMg.Sr REHWEMPHR.FERRMRIER
Xt E 44 B0 A R 7K A TLER Y 1 # Ca Mg . Sr
EHE AT BRTHRERE 5K & GHEL.
LRSI MEGERK & BEEAN, BB KO FE R
HE MM, Mg/Ca 5 Mg/Sr FEFRTFIHFEREY
B TTURKHFRRERE B EFTIT Mg/Ca &
Mg/Sr FERRFREKEZFNEL. BEFEER
b HE A KR A % ZFFS-1 #47 T Mg.Sr.Ca 4
. HEGZEMNETBRERERME TS, KT
TAFREBHR DT E3 ka KW HBESKL. Exds
WaEFREL EFRKMg/Ca 5 Sr/Ca il , 3 Sr
SEERIEMg EVHRBRPHTL, B Mg 1
5 BEH Dyvercn» B5 Mg/Sr LERIEMX, KRBT
BRI TR MR ERL,

EFPEINTREIRE K AETIRY Mg/Ca
RBT SR TR ZAHHEL. HKPMg/Ca LEFR
EHBEEYEA . BEEEEAMHEERS, ENEVH
H B R B 3h .l 43 TR 7T R - AR P B
IR, 1IN T R K & Mg/Ca B3 3h
R P Mg R B IRIE BT B, = ESIER
BRRMGHE Mg/Ca AT KBEFRBEENHTT 2
W2 AAGAHFEMg/Ca SRRFEMERGHBIEMXX
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R, e A K 7T B SRR AR S I LB A A SR 3R/
A%, BT RN T MK 2L . {Hl T Mg/Ca
R AL 04 5T et B Mg /Ca 12— LB S AR
BERBIBERZY, LGSR MERETSEGERS
¥, HERAE, 4 B — S RE T IR E RN ETE.

il A b B JR] 40, 8 OR A R ER AR Y Mg/
Ca 5Sr/Ca I SEIFRERBXRE LM, T
BEARFRM SN REZGERERRANLEL
WEER B AR BB R 22 1E A A RSN R
KEIFREWZRA XMW/ HF RS FTRL A
HRE L HEEERSE, LY MBEMg/Ca §
Sr/Ca Byt LRIFRE L. EHRITHEE BEEMET
ROTAURBE AR HE—P KR, B THARFEEEREY
MAEHFFBETRERTFRE LR E LN RER S
R BIFLR.

2 WMEBRTRIMWER

B RS T HBITRSTHARH LR, &
RABEH D HREGERIEER, ST A% E, 5

WRARL . BEiH A — S EREELS HIFEL
S SIERLSHTFE, MR R FERES 1.2.3,
4 RRALAHT,5.6 HIERAAHT. TEANBL L6 F
WETEROFTERSTENRR L. B FHRE F &
(Electron Microprobe) i . 517, BRHMBRS. —
KEFREESIMS) FERMEETRMRBS,H
MFEKEBHEFER, NEREEH S FRYE,
X St &R 2 8| %K & R (Micro X-ray
fluorescence  spectrometer using synchrotron
radiation) B 8R4 A BE B2 48 , (H B VT DAk SR b
B REBHOTR TR BOCR th b BB S S B T
¥ (LA —ICPMS) J7 %5 AT EABRGE .40 A7 A S &y
WRECEF G TENETFINHRE  ERELESE
BFREZSEEJCP—AES) EHEBASE T&
B JCP—MS) 77 A T XS HRE BT HREN
BRI . SIMS 5LA—ICP—MS S X
®’ED T LWERR, BT 75 B & B ' et 5 4K 0 W
L ERKRAERB TR RPEFERIFERRRE
BERERD,

¥1 ARXRERBRETIRDUATRITER

Tab.1 Methods used in speleothem trace element analysis

ST KR

BRTR SR PR/ FHKD

1 Electron Microprobe 100 ppm

2 SIMS 0.01~10 ppm

3 Micro X-ray fluorescence

Mg SHE-HRT

lpm spot

H, F, Na, Mg, Si, P, Ca, Fe, Mn,
Pb, Sr, Y, Ba, U, Bt TR

1.8~10 pm spot

0.1~1 ppm REHTR 2 pm
spectrometer
0~1 000 di |
4 LA—ICP—MS 0.1~10 ppm KEHTR 2 ) pm diameter ablated
spo
5 ICP—MS ppt~ppb REBEPREBTR 100~5 000 pg powder
6 ICP—AES ppb~100 ppb WS W H Na, Mg, Ca, Sr, Ba, 100~5 000 pug powder
3 RIS A7 B S R K A B R

MARKRECEDFHHBTRFIERETES
EEETE R RSMERTBBLRETLEET
HANRATRYF(E1), Mg .Sr FEREFEFLEE L
A EE SR RS , B B T K AR O B
AGIRYF ., Bk, #7K AP Mg/Ca 5 Sr/
Ca MMUERPF L M E A AR MER, S RkTF
BERKZRER EREAEEN K-S HEEMR
FEER . AXEFEENUTILFERITCRERKAE
T4 Mg/Ca 5 Sr/Ca I WaHLE .

3.1 ERER

EMMBETEN EEREEDSL, XWIREHEH
MR TEEEFERKYER, HILE (I TR
AR AL B A B W 1 7R A R ER ER VTR Mg St T AR
WHEEFRENZ —, THREERIFENEL, X
HORFE SRE R A R AT RE S R MR AR L I
MR, FRBERENSEFRERT . LEL
i b2 AL 7R B 2038, BB BCE 2 89 Sr A3
Tk e T R e R R UUR RIS B K Sr/Ca b
EC, MR RFZRAGH SIS B Sr SRS K
SHAEMIEHHE X, FREARELNHRR AL
ATRER SI3 H Sr Wy R EREEEZ DY,
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Fig.1 Schematic flow chart to indicate sources of elements and processes including their transportation and

deposition in speleothems (Arrows denote element separate out in form of particulates, colloids or solutes)

3.2 BERK—EBENR
BRKEH KIS E A B EH K —EHEE

H,#H 5 Mg/Ca 5Sr/Ca RliZEL. BEWR,K
— 5 M L VR PR B BT A 68 B IR A W B R E
K, K—BEMeTEE M, REBZE. T RAER.
HZE9Mg S BETHFRG.BEAZGHBEEER
EFRABRE, hTF A58 aMBmE
EAR, XBHFRAOEBARESH, =B LB %EE
W, AR Mg B3, B B o R EE
K—EERMEEHNFRATEF Mg B
T #F & B 1] 55 A0 R TR A A B K B AR AL 5 YT A
Ko KEREKEM, SN BB KER M, —%F
R E M T WA YIS SRS ERE
Y T 7K pH R, 7K — F A B 4E A g B —
FTE, KKREKEI, B ZmHKFEE MR, LS4 E
# e utE, MK — 5 M EEH. Musgrove and
Banner®™ A N B R AKX LE L E REBRES5THR
HEmMEMEREEAREFEEZR,. ERARFRAR
B R £ S A% K Mg/Ca 5Sr/Ca Z5IMR k. Hit,
KSBEKELFE M Mg/Ca 5Sr/Ca FIELNELE S
HMFRIERES%E. XthREMg/Ca 5Sr/Ca B
BIF R EEN — AR,

3.3 HESEREMIRAR

BRBEHVIBRESBRH T AKIAZGEEH

A HERAOZH R ENRRLEFR. B F Mg.Sr
EF RO GRARRYEET YY) MER 2 6/ 4R
RBORE /DT 109, SRR 2 i AUH S B E WU FE

BRI IR Mg . Sr WS BAN EF., 520
TR B T PRI TR RUTHE Mg.Sr &
BN, W5 7E 1964 48 ,Holland et al“Jgi$8 H 5%
BRI SEHITTRE 5 %K Mg/Ca 5 Sr/Ca 3 K;
Fairchild L BB TTBRIERELRAK
#) Mg/Ca 5 Sr/Ca F &, #E T B Wi SRR E LR Y
i) Mg/Ca 5 Sr/Ca HbE 20363,

EHYTEHFEEEHBRRETRERS X
4, BT XA XTI Mg/Ca 5 Sr/Ca M E N
. Hl— SR aH Meg/Ca §Sr/Ca LS K
SFHEK.EZRSBEME/REEARKEZEE, Hlm
Karmann et al®7E X} B 7 4 B B Santana i 57X Mg/
Ca 5 Sr/CatFRFPHEH, EEXNTHE, FKEE
B BRI KT EMBER, RRESCHAREARSRRHA
B.METESEYE, BRI EHHITRER &, Mg/
Ca 5Sr/Ca #e k. Cruz et alV" iR E T F 2 0-HA%
A BRBRELSEBA VTR E 5 % Mg/Ca 5 Sr/Ca F#
& . McDonald et alf"MA R R AFI TR EFH A HMg/Ca
1 Sr/Ca A& 4k 3} 2002 — 2003 #Y JE /R J&. 16 & 15 i
R , B JE. /R B i 9 T 2 SAR 5 88 7K i A sk
BRL S HAVTAR 1 F nsi , 1R 7K By Mg /Ca 5 Sr/Ca
¥x. :
3.4 SHEEHK '

SEREABEE—ERMET M. Sr BRI —K
P #H 2 (8] 35 B -4 B B9 ¥k BE B, # BA Dy D /7R »
B

(X /Ca)caco,= Dx (X /Ca) solution
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Hd, X #5t Mg BSr. REIST-4 (A FH
BT Mg.Sr AR RZEOREIYH, 1o, BB A
KBS Dy WE B,

1 #E Gascoyne™ B R4, £ 5~90CTEH
W, Dv EEHBEYE , 78 7°CH 23 CHY, Dygd3 HI 4
0.017.,0. 045, Ds51RBE TR ,Gascoyne A
BELASr & B, A Mg/Sr WEHR R EREZL.
Goede 1 Vogel I3t B R L — X A FH RS
B — &, H Goede M FE—#HX B —FAH
BB ICLE B & B 98~55 ka HAH Mg ¥ B . Mg/Sr 5
MO ZEHBEMFHMMEXLE. Ktz IEHE
CaCl,—MgCl, BB EHHRET AR A G R
B I Dy, 5B EEAIFR, Dy 7E 25°CHY % 0. 0 573+0. 0
017,35°CHt50.0 681+0.0 019,50 CH50.0 778+
0.0 022, 70°CH} 2 0.0 973 +£ 0.0 021, 90°CHf 2

0.116340.0 034(&2) . Mucci* R T —ffa g .

FHEERBET 5C.25CH0CHALAREKSP
FRAHLEAR, FREERERGT . FRAT
Mg BSBREVIRBERELR, IEERER  BER
KW Dy NEERRZ — BEBS,DwiB K, H
FRAFRFMe S8, Rt kSERBERN
EREABN BMERREBESIRNGETH
Mg/Ca ZBALIEH WS ; HEKMERE L, HRBEE
AL A S 3~6C, BB F GBI Mg/Ca H
EAELN,
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Fig. 2 Plot of Dy, with change of temperature.

3.5 RiE&EkR

mEERKEWNEGHE Mg/Ca 5Sr/Ca WE,EE
RAAWNIAE. H—  GETHRIEL. GFF
FETYRTBA,.CBLBRNXA. THRAREE
HAR SN, EFMe St FRFERBGERY . XAE
RAREC, BTFARETY, EMe. .St §EHES
FHRAa. CAMTBAETHIRTES EKMg.
Sr. BB IHA (C1~3 mol UMgCO,) th 5 £ KMg,

BEEMENAZEWH. U EHMEEHSSBGHE
Mg/Ca 5Sr/Ca ZEft. AEF XA EHBERER
EARASKERERE L ME KT HEILR
Drotsky’s HAEF X AESHBAEXLEER . AT
REBEAETL . TRAERBE S KKEKE YN
X, MXABEEFRESIIFRBEELMXY, L,
RFEHBAN A Y Mg/Ca 5 Sr/Ca LLER W, 5
EEKSEBRP, AL RFEEWAEHETER
4, P A B N SRS A B I Mg St BEA
A E &%, BIIMPO;~, %13 1 A SRBAAE A
& AU i Mg.Sr 3N A L #E T &M Mg/Ca
5Sr/Ca HufH,

4 FHEDSHITAR

MWW AEFRTRAARAERRETBR Mg/Ca §
Sr/Ca i WME R, KEFREE—-ERFAREKR
BX, BT ZHFEEEET. FEELEMNMZEmE
£RZ, M Meg.Sr IRE. BEHK—SHIIEM.
BREREL SEIAVTARME A . 4 B2 R 3. AR KL B2 Ja AL
EERS, B— AR KKK, Mg/Ca 5Sr/Ca Fits
KA H SEFE T UH B ER KBTI RAR,
¥ Mg/Ca fiSr/Ca 5E—1MEWEREEES. A
KATEL,

QRERNXVIBY Mg/Ca 5 Sr/Ca HE W EHE
EHXE R, X NERES B F X EFIRIC
RFRFREBT SRR ARFE— AR FE
R T NSRBI TAE XA TR P A & FiMg.
Sr 3 I8 69 A5 X 5 R M LA K 43, B T X Mg/Ca 5 St/
CaBMHRBRABEENMAERESHIE., X&
ERTSEH—EFRMNAEFNSH M. Sr XK
HEATVLEE AN Wi R/ 25 A0 B R B BT KUY
Mg/Ca R FH Hib—A R,

(OMBEFRE B BB ENTE R —E
B RIEFREERAEENS TSR BREHK
EFRE. BT, S0 RREEEGHFTREFRPL
HEEtTERENSERG S A BRAXRE, TEERU
B R —REE.
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Progress of study on Mg/Ca and Sr/Ca ratios of speleothem in caves

ZHENG li-na'*, ZHOU Hou-yun'?, ZHU Zhao-yu!
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2. School of Geography, South China Normal University, Guangzhou, Guangdong 510631, China;
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Abstract: Trace elements in speleothem are important proxies of paleoclimate. In recent years, investigation
on speleothem Mg/Ca and Sr/Ca ratios has got some important conclusions as follows: (1) Mg and Sr in
speleothems derive mainly from overlying soil layer and wall-rock. (2) Speleothem Mg/Ca and Sr/Ca ratios
are able to indicate paleoclimate, but they should be explained in combination with other indices such as
oxygen and carbon isotope ratios. (3) Speleothem Mg/Ca and Sr/Ca ratios are influenced by a variety of
climatic and environmental parameters including the composition and features of overlying soil layer and wall-
rock, interaction between water and rock, advance carbonate deposit, distribution coefficients of Mg and Sr
between solution and carbonate etc. Thus their interpretation is multiple depending on the dominant factor.
(4) Mineral and crystallization also have certain influences on speleothem Mg/Ca and Sr/Ca ratios.
Especially,it is easy to lost Mg and Sr during the transformation from aragonite to calcite,and lead to lower
Mg/Ca and Sr/Ca ratios; incorporation of impurity would enhance inhibition of Mg and Sr into calcite
lattice. In the future, more efforts should be paid in the mechanisms controlling migration of trace elements
in speleothems, particularly in quantifying the connections between speleothem trace elements and forcing
factors.
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