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#IfEA.
1 ENRENEEIMg/Ca 5Sr/Ca HRHR

FRAOFMEBETRCRERTSKBIREERE
20 ZERA FIEZ R EMM, HPXFMg/Ca 5
St/Ca %K, B EENMe .St WA RABZRE
EWMAF FITTAEMe. St R RBEELTH
B X BImTE1983 £, Gascoyne ™ B X K 5 RA
 Mg.Sr 7 BE R BB T, A0 Mg/Sr A{E R iR
E#EIR. A, X —P5 R EMg. Sr a2
— BT AREEN I A HEEZEA, Huang
and Fairchild 5@ 53 B804 ¥ R X B R 88 4 14, IE 36
TREZLWTBA T Mg #9575 8RR 5, 370 % w7 iR
AR Mg/Ca HU{E ; Rt A Sr #45-FE R BOU ]
BIEEZEKEELM. Roberts et al P IRA-KE
FRiECIMHOBRLGN T H =B LFitaEFS
¥ B Mg/Ca 5 Sr/Ca HAH, Ay Mg/Ca HIERZEL
HBEFLTFIE,{EMg/Ca 9KIEARENA
BET KRB, 2R H B R,

Verheyden et al®*I% b 1| i 42 357 i 5 2 Mg/Ca
5Sr/Ca MRERAXB N TREIERZE WA R E ot
B %W , T 8 T 7K # B B R T Sb R F IR A
4k . Johnson et al®1%% & % 5 [ {1 & (3*°C.8%0) 3t ¥
R EAEFHS-4 HBLRKICHEETT 4. ER
Mg/Ca 5 Sr/Ca IR IEX. fEH AKX T HERBR
REEMTREAEZEHNER . ETEETE KR
HEMARERA MRS BT EF Mg/Ca 5 Sr/Ca B
B EF. CruzetaSRABFHE{RETRAE
TR E M A FBT2 Mg/Ca 5Sr/Ca, R R EE B
BBRF 116 ka ZE4)XHMHLEZHBRYEMHELRE
. XBBIAARBRLEHITERANER. X8
Mg/Ca 45 Sr/Ca HBOIA N TTRER B T SM R FRAEH
#7854k . 7E Treble et al® IRt M A FI LA MG F
MND—S1 #47# & 4 M B TR ST EER
SR i 7K B 88 oot 18] 0 5k Bk S SR UU R AR A SL 1R R iy
H7KMg/Ca WIH BREHFEKEEXS FRAEW,
Xt Mg MEMAK .

Fairchild et al'®)7E %¢ g B 8§ ¥ Clamouse iif #1 &
KFZ AL EB Ernesto 1 i K F i 1 BUK AT R R B,
RETHEMMg/Ca 5Sr/Catf4a MEE . (DFBA
HBRMEERTAEA. TRE/KN GG
. BZANEREE HLEZ N, 5 B0KFH Mg/
Ca K, (2)F G P Mg.Sr 5B & (D, Ds)
I /NF 1,CO, #yi% H , BB R Se 3 T BLPE A 3R,

B Mg/Ca 5Sr/Ca EF. Q)FRAESATAEN
AHBBERE, B A ERO RN, FEETRAH
TR, WETRABRIES TR, Mg.Sr ik
B S, RITARRERYE Mg/Ca 5Sr/Ca
SEAKXFFEEAE IR, RBT AR TRBEGE
.

Tooth and Fairchild®™7 3@ 5 % 2 /K 22 76 &5 &
Crag FHIBEK B, LK REEKES A BN
(1997. 08~1998. 01) ,#FiT T A WK shER (L2 £ IR
5K BEMEETRAXER, UREBEKIFENR
FMBRTRERNILW AL GTA DR KRR
(235 Mg/Ca.Sr/Ca) Z R MK B . EBKKE. L&
TRHMBEERAURREERZE R LM HEER
MR EMAREASEZXFEZ W, Karmann
et al®%} B 7 4 B #B Santana AT T AER R ,
BT 2K K. HPABRKH Mg/Ca 5 Sr/Ca tb
B, {12 B Mg/Ca 5 Sr/Ca WAEE LK . FHAKM
FRBRKZEREER, ANARK—EHEER. M
HefEMKREEHIRIEASE R R Z RN S
R

S5E4 T, BAXREAKEBRRIETTE Mg/
Ca 58r/Ca W KBEA BN RHEMEL . FEi
B EERR I SRESEAF1L5A
#Ca.Mg.Sr REWENTR, HS5ERMLRCH
X AT, W25 AR R XK E TR Y Y Ca Mg, Sr
REHEMNELBRT R ERESKXRGHEL,
LUKSARRFREE B ETHE, EHKOBRE
3k, Mg/Ca 5 Mg/Sr TER R TFHEREMN
T MU KSAREZLEXEREE LN Mg/Ca 5
Mg/St EEBRTRKEHHEL. SEBHFERT
FtEREKER G HE ZFFS-1 #47 T Mg.5r.Ca 4
WL HEREELRME S BERERMLRICR, FiT
TRAEEAEFBRT %3 ka RO HTRESL. BLH
HWEERK EHi#/KMg/Ca 5 Sr/Ca t{E, 3 Sr
HRFKIE Mg EFRERFHEL, BB Mg 89
4 BE & Dwsca» B 5 Mg/Sr HERIEMHX, KRBT
BRMETIREHBREZEWL.

EFPECIH TR R RFRKAETRY Mg/Ca
RERT SR FREMH L. HKF Mg/Ca HEFF
ERRENTH . EERRMWERS . ERETY
BB A ik B B A AR R B A P EBR
TIRBEE, 1A T K+ Mg/Ca By i3
B TP Mg g BRE IS TR, ZHEIER
BRFGHFEMg/Ca REHRBRFEZEGERTT &
W.ARAEMg/Ca SREIMRRFHBIEMHEEX
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M TN 9 T 88 55 B R 3R e A DUBUE B SR /b
A%, E T I HeHume B2 T MK #9384k . (B F Mg/Ca
R WL 9 S A A ¥ Mg /Ca fE I — M BOLEY SR
BRERERZ Y, L5 HERERE GRS
¥ BRI, A R — R Y R ERAERE.

i A B BURT A, 9 O A R R UL Mg/
Ca 5Sr/Ca T IR R EXRA ML, 7
RERRAMAR A REAFEZRAERLEL
BEEE BAER.BEWHRRLEERURSMR
KEFHENERAF XS T RAM A LA
R BEEEA SR, LB WHREMg/Ca 5
Sr/Ca e SRFHE X, BRMEE . EEHRET
RO iRy #E— P KR, b THARRE SR
XA F TR I RSB U LR R &
25 2R 2

2 WETRITRAK

BE#ESHH T HBETREMTERAET LR, &
AP S PRESERIERS, 7 ANEE, 5

FRARD  HET% A — AR B hREL
ST S IEROLMTF S, MR 1 M TP 1.2.3,
4 RRALSHT,5.6 RIEROLAMT. TEABL L6 Fr
HMELEAFTHERSEENRB A - BTRI &
(Electron Microprobe) il . 547, (HR MR R H . =
KB THEHCIM) FERUMBRTRMERS,H
MFEKEBOEFRR, RERBRIFERIE.
X 5 FE %85 %K H % AR (Micro X-ray

fluorescence  spectrometer using synchrotron

radiation) B SR /M o B 30, (BB T BA B R SR
WREBHITESI R BB SR TR
i (LA—ICPMS) 7 3 7] LA R #4047 1 S HE
MEETEF A TEEEFIINEE  BEREES
B ESHiE(CP—AES) 58 BB S SHF&K
Ri&ACP—-MS) A TFHREHRERIFEN
BERibEE R, SIMS 5 LA—ICP—MS ##iE 4 # %
REB T XERR, B 74 & 2 A 8 & 6 8] 1K 8 8
LD ERKRAEMBRTROHRPFERERERE
B EA,

F1 ANREBRETRMERTES R

Tab.1 Methods used in speleothem trace element analysis

S¥E o RMTR ZE S P /B RN
1 Electron Microprobe 100 ppm Mg SHEZ#&ETF 1pm spot
H, F, Na, Mg, Si, P, Ca, Fe, M.
2 SIMS 0.01~10 ppm e e o V™ 8~10 um spot

3 Micro X-ray fluorescence

Pb, Sr, Y, Ba, U, L TH

0.1~1 ppm XEHTR 2 pm
sSpectrometer
- 20~1 000 pm di blated
4 LA—ICP—MS 0.1~10 ppm KEBTR oo pm diameter ablate
5 ICP—MS ppt~ppb WBEBERPREHTR 100~5 000 ug powder
6 ICP—AES ppb~100 ppb ¥ 75 W P Na, Mg, Ca, Sr, Ba, 100~5 000 pg powder
3 BUALE) 70 B3 - A A R R R A BB R LR

MAREABYIHUBTEEERETFHES
SEE A . kERKPERIIRERZT LERET
HEARAXRESF(EL) . Mg St FERET LE T
WA A M i A IR, B 5 KGR 7O R R
AR F. B, @R ETRYH Mg/Ca 5 Sr/
Ca AALEHTF 1 38 1 B & 19 4 BRI, 3B B F
BRAKEBHRR BRESEN. K- SHEERN
B % H & A XEEN LTI ERITIRFE AR E
iR Mg/Ca 5 Sr/Ca gy ZmadLE .

3.1 XE

EMHBELTRHEERMAEC, XTI RENEH
HERTREEFERANESR, B E 1483 e
AL B A R WA R R A IR B TR o Mg Sr S R
KHERFRRZ—. RRREEURIMRHAEL, X
BN [5] R IR 9 A8 X AR AR ) B 2 & AR A AR AL I
MBTRESL, FRREENIEFARERT,.LEL
L KALYE R £ 038, BB BCE 20 Sr 3 A
Tk s R A LR #Sr F B K&Sr/Ca
HEY, MINARLERREAGFSI3H S SRS L
SMEWHENE R, FREAXELH KRR ELAS
FRER SI3 S EERMEFZ L,
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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 BEHK-EREEH

Bk +EHEEA B ERK—EMHEE
H . 8 5 Mg/Ca 5Sr/Ca R4k, BEWHN,K
— & M E{E FI 2 B B T W BR B (EK 48 . 5 B8 (]
K, K—FERNEEN, EHE 50 TBAEE.
HeAYMg S BETHBA BB ZANEREER
KT REEELS., AT HRASAZANERE
EXFE,,RRFBABARESEH, B AR ks
R EBRET Mg 8N, FE i # g et e E &
7K —F 15 A B s # F @ B Mg SR A1
T 28 Be [8] 5 405 18 244 0 B K B AR AL 35 1A
X, RRFBEKEHM, FABEFHKEEM, —F
H RGN LB MEY SN SERE
HHTKpH EMEME. EK—-SHE/ERA NS 55—
FE , KA BEAKBE, B EH K REE IR, &5 E
# R uk A, W55 K — & A EAE A, Musgrove and
Banner®™ A NBH AN FH T E HELBRBETHHKR
EEWEmEEFRBEREEZR FEARBR.AR
7] K #E S Ry i K Mg/Ca 5Sr/Ca ZHIR KA. B,
KRBEKELFHI Mg/Ca 5Sr/Ca WELEL S
HtBREiResEaEE., XtREMg/Ca5Sr/Ca H
A RN — N EE,
3.3 BHEEAHAR

BB EHIRIERBRH T KIAEAEF(FH
LA HERAZHAENBRETR., BF Me.St
EFBAGRRARGEET Y RERZ 8 5E
ABOZZ/ANTF 159, 56 B AR £ TRV 5 B0 W FbE

BRI RF M. St S BRET EH., FEH
RPHED T AHBREBEME AR M. Sr &
B &, MEFE1964 ££,Holland et al*oIgE 4R H45%
B2 th S HA UL AR AE FE {55 ¥ 7K Mg/Ca 5 Sr/Ca # K
Fairchild #1432 25 B £ 55 # U1 AR 1E Al B B K
B Mg/Ca & Sr/Ca F & , 3t Wi 5 W i 7SR AR LAY
# Mg/Ca 5 Sr/Ca H{E 2 %,

EMYTENFEEANBRRENEREEASE
A, BT X R XL Mg/Ca 5 Sr/Ca EWENE
%, B —BHRHRHFMg/Ca 5Sr/Ca Tl E5X
SHK.FZRSEMERBEIASBEZER. Fim
Karmann et al®#E %} 5 7 % B & Santana i 7¢ Mg/
Ca 5 Sr/Ca AR F I, HER L0, EKEE
B BRAKREMBRR . RBRECHTBIERRREH
B.METEEY R, BRI BUYER & Mg/
Ca 5Sr/Ca #§ K. Cruz et allIik 3B 7T F R #IE
A BB 2R SESAUTRR/E I A % Mg/Ca 5 Sr/Ca F#
& . McDonald et al™3A N AR LRI HEMg/Ca
1 Sr/Ca 4L Xt 2002 — 2003 # JE /K JE & 1 i wdl
B, A BEJE /R e i 1 F B SA% i 5 3% 7K 3R R AR £ %
RS RIER A, Yﬁ/\?ﬁﬂ(é’JMg/Ca 5Sr/Ca
K.
3.4 HEEH
S A B E— B & T Mg.Sr TR — K
BWHZ B =P FEARER, B L Dy Ds R R,
g,

(X/Ca)c.oo3=Dx(X/Ca).olmim
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HA,X R Mg Sr. RRIMT Y @AY
BA)H Mg.Sr AR ERAREND, it BEME
&3 LN Dy B KW .

18 Gascoyne™ AR L R, #E 5~90CHEH
M, D EEHBERSE T 7CH 23 CH, Dv 2 514
0.017,0. 045, Ds 5B FIKLI% R ,Gascoyne™HA
RATELSr &M, Mg/Sr LR R HEBRESL L.
Goede fl Vogel I3t BB L—X A FHH AL
BXFEX A, B Goede M AR B—XAHF
KR4 R KB 98~55 ka Hi[6] Mg ¥ .Mg/Sr 5
MO ZEIFBRAMBH N XK, KatzlMi { &
CaCl,—MgCl, B, . EHAREP ARG . &R
& B Dy, 5B AR, Dy #E 25°CE H 0.0 5734+0. 0
017,35 CHE#0. 0 681+0. 0 019,50°CHt 0.0 778+
0.0 022, 70°CH} 3% 0.0 973 4+ 0.0 021, 90°CHf b

0.1 163+0. 0 034(E2) Mucci*IRAT —FiaEE

FHHAMRET 5C.25C 5 40 CH AT A RBK S
HRE AR, TR AT A
Mg SREVBELTR, IEERER, BER
R D) REH K 2 —  BE R, DuB K, F
FRRTURSMg & HU . it kS 5B
SRR B4R R R BRI 3 0 5 2500
Meg/Ca A AL 3 8 7K BRI R BE |, PO
AL 53] 3~6C, £ LASIE AU 9 Mg/Ca b
AT,

0.121

0.1 —

Mg SRR Dy
(=3
8
1

o
&
]
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20 40 60 80 100
g/

2 DR ET{RERE

Fig. 2 Plot of Dy, with change of temperature.

3.5 Ré4ER

REEEEWAEMg/Ca 5Sr/Ca W, EE
RANFENIFTE., H—, AETYRNEL. BFD
FETYRIRE . CELENNG. FRARAE
k&K, EHMg .St SR REAGRERY. XEE
BAYGE, BRFARETY. KM ST A RBFER
Fha . XA RERENIRTAESE KM,
Sr. BB A (>1~3 mol %$MgCO:) th 5 E £Mg,

BEMEMNFRZEH. U EFAMEEHL2SR S
Mg/Ca 5Sr/Ca Zfk, AEP XA S HBATER
EARMSKBEAREEL IHEEEATELR
Drotsky’s A EXE S FBAXEEN,. EBRT S5
RERBEFETH.TROFEREES KSR KETHE
X, MXABEETNESIIFBEEMLER, K,
REHBAXN GEFMg/Ca 55r/Ca HIEMEZW . &
EEESRY, ARERFEE MO FRETER
5 WP AR TSRS, B E Mg .S #EA
AEHE, FIMPO; . 23 R EHSBEREREAN
B 100, M Mg .St TR A, # T & W Mg/Ca
5Sr/Ca WiH,

4 FHEEBSHFREAK

ATAEFITHAKERREARMg/Ca 5
Sr/Ca I H Kod, KEWRE SR -FTREEEKER
EXR, AT EHEASEEHET. FLLEENMNERE
EBL, MMg.Sr RBE. BEFK-FHEIIEA.
BERECHRER .S REAR. EKHLH RE %
EERS, B—MHEEMEER. Mg/Ca 5Sr/Ca g
ROESEFREEX A BEREKETLERE,
1§ Mg/Ca M Sr/Ca SR HWEREEEH, R
KATHL,

(2)RERRXIIEY Mg/Ca 5 Sr/Ca I HE
R R, XHEMEIRES BRI HSETED
EHRFRET —ERR EAOFE—LH B EBE
R E INIRBF A6 LAE R TR P i & R Mg .
Sr 3 9 A8 X TR 4 LA X 4, B T %t Mg/Ca & S/
CaBUMHHESBIAERUNBZRAE ST, Xk
BERTFASEH—EHRANEFHEFH Mg, Sr KB
HEAT WL ZEAN M, 5k AT 260 M R B TR RIS
Mg/Ca BFEFH B —A .

GOOMESRE NE T BELENER—E
BB REFREEERAZEMNSTINE R
EFER. B, B PEREERFHFKBRTRFR
HFTERENSEREN S HRRYE, TERU
EHRM—HEYE.
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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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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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