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(2) PO MAED = EMES =FMLIL,
A RA BRI 8" Oyoy (i, HEMEAZHRH
W7 R A 8" Ogyon B B AR o B E BR IR 2R 5 19

Slicrns (%“)

BIESER

BrX
(keller et al., 1995)

DETEE
OMERZE
ABRBERA

-35 ! i 1 l L ] L 1 i l L
0 5 10 15

SIROSMOW (%0)

BS RHHRET 37 Copp-d" Ogon B UK EENRFES,
2004)

Fig.5 87C,y, vs 8" Ogyow diagram for the Tiangiao Pb
— Zn ore deposit ( modified after Liu et al. ,2004 )

8" Copy Tl 8" Ogyoq fH 7 A B 5 1 1 40 B TR 41 &
(8" Cppp =0 £4%0, 8" Ogyoy =20%0 ~ 24%0) ( Hoefs,
1997) JE I W, 5T 8 B & 8 VT RRBK BR £h & 1) 3t T
FIER—BUW. MR EMMMBH %A C.O[FH
PR H A TIRA KR & MMk R Eh & 2 1a], i
TAS AR 8" Copp (. AR A K I
fRAT 8" Copy (LN 8" Ogyon HEHIAR K, BRI N
AT _HAES, S = A F A
50, i E " C,

(3) 7E 8" Cppy — 8" Ogyon MM E EF 1 (H 5),
RO BIR T B A 1 3° Copp (5 8" Ogyou HE
VLKA AR T R AR AR B =&,
MR a5 EAERRI A W 2EKF 6.

3.2 BITEBE

R2LARMBET KRR TR LTRT R
AT EE R B AN T RRAE

(1) %A H 8 SREE 5 B&A%, B EE
BSE, 4 6.80 x10°° ~49.1 x 10 °, SLREE 28 {7
Bl%5.3x107°~39.2 x10 ", SHREE A5 4L i Bl

K2 AFRBUEARAMERLITRSR( 10 °)RBHMEITR

Table 2 REE contents ( x 10 °) and statistics parameters of calcites from the Tianqiao Pb-Zn ore deposit

2= TQ-08-01 TQ48 TQ-13 TQ-10 TQ-08-03 TQ-08-02
i FH=HA AR 1Y oA iR AR
La 0.501 4.58 0.615 0.591 0.815 2.33
Ce 2.19 13.9 2.42 1.66 2.45 7.04
Pr 0.525 2.31 0.51 0.317 0.517 1.25
Nd 3.26 12.9 3.07 1.85 3.02 7.31
Sm 1.46 4,67 1.34 0.763 1.26 2.6
Eu 0.132 0.806 0.129 0.084 0.112 0.323
Gd .11 4.29 1.17 0.639 1.05 2.02
Tb 0.150 0.592 0.169 0.077 0.125 0.26
Dy 0. 640 2.9 0.791 0.393 0.516 1.13
Ho 0.101 0.524 0.161 0.071 0.073 0.203
Er 0.188 1.11 0.420 0.180 0.137 0.474
Tm 0.017 0.099 0.053 0.022 0.008 0.047
Yb 0.077 0.4 0.308 0.129 0.034 0.285
Lu 0.009 0.042 0.039 0.020 0.003 0.044
T REE 10.4 49.1 11.2 6.80 10.1 25.3
LREE 8.1 39.2 8.1 5.3 8.2 20.9
HREE 2.30 9.96 3.11 1.53 1.94 4.47
LREE/HREE 3.50 3.90 2.60 3.40 4.20 4.67
3Eu 0.32 0.55 0.32 0.37 0.30 0.43
8Ce 0.92 1.02 0.97 0.91 0.88 0.98
(La/Sm) 0.22 0.62 0.29 0.49 0.41 0.56
(Gd/Yb) 11.63 8.66 3.06 4.00 24.97 5.73
(La/Yb) 4.40 7.72 1.35 3.09 16.26 5.51
(La/Pr)y 0.38 0.78 0.48 0.73 0.62 0.73

I - #¥ i TQ-08-01,TQ-08-02 F1 TQ-08-03 45| B (PRI % ,2011),
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1.53 x107° ~9.96 x 10 *, SLREE/SHREE 75 {k i 100 @ oo eton rom
BlA2.60~4.67T, B AREHtEE, Eu AREMH e T*oTQ0803 ~=-TQ-08-02
i ,8Eu AL FE B #0.30 ~0.55;Ce REAHE, glo
8Ce 75 {2 0.88 ~1.02, £

(2) #WH#AEH SLREE/SHREE # X B &, @ |8
H(La)y < (Ce)y < (Pr)y~(Nd)y < (Sm)y,(La/ =
Yb) , (LB A 1.35 ~16.26 . (La/Pr) y ZE{k7E
% 0.38 ~0.78,(La/Sm) LT El 4 0.22 ~0.62, 0.1 7 Ce Pr Nd Sm Eu Gd Tb Dy Ho Er TmYb Lu
(Gd/Yb) ELTERE S 3.06 ~24.97, 3 8 LREE # 10

HREE 7 8] 4> 48 %5 /], Ti LREE #1 HREE } 84>
B,

(3) AR AR A 1# L B AH R
(B 6a) , RAAREAR BRI %A KA HFEHH -
KR, By [8) Y5 A [ B BR U Ak 1 7=, 5 b S R 2% T
RAARFHAR R, FEa L — R Ty
f#f1 SREE S it AE =5, MEmiHR
PR A SREE HAK Y,

(4) WE 6a A LUE & , %8 RIKA 5 4 #1K
75 %A R L TR BB A AR LB S R R R
TEER EREFHLIEELER BNEHR KM A,
BERLIUAEARN , BRI S S EEFT BHCR
FEAR LR ER B, WA R T 2% kA B
REBKRTT 8 A (BEE K% ,2004a)

(5) TEE 6c 1, AR FBA ST ALY .H
AfE MARE BBEPHEEYT EVEARR
FEABL A AR 1 70 B BROBL 5 A AR v AL i A B X, 3R B AR
A B R I R AR (UK R ) W
YA R R BRI A -

4 Wk

4.1 B REDP CHRESREL

ARBTREIF, C R R H R R BB WP C
HUF A R (B e % ,2004a, 2004b; Span-
genberg et al. , 1996; Huang et al. , 2003, 2010),
RS PRE THRRES CHEZREZRER
C.O FfrRMHE,MEEHFHT KR ETAX3 Y
B9 M EELE™ 4 C i, HFE AR HRB
FaF (NZKEESE, 2004) . 40, 8 2 48 & &
B THEREEE RS R ABEER C i, H s"C
ERHETHEX, MERBEEESS, X— £ 58
R TRVRE Y A IR b o B Y 4 S, T BRI A Ak
REAENWERMLRKETHR, MHKRRMERNKE
BB . R 1L MES T LRVHET REIED

(b) - - TQ-60py
--€F- TQ-34MCSp —h— TQ-10BCSp —6— TQ-24LCSp -4 - TQ-24MCSp

--¢-- TQ-24BCSp - %+ TQ-19MCSp —e— TQ-3BCSp —B~ TQ-13BCSp

—¥~ TQ-60LCSp ~em= TQ-26BCSp --=- TQ-18MCSp B

-0 TQ-19Py  =—+— TQ-25LCSp ~#— TQ-16MCSp

001 i A i 1 Il i i 1 1 1 1 1 i 1

== HT-160re
~2— TQ-0R C1dPy —e— TQ-13BCSp
e TQ-19Py

0.01 L 1 1 1

—o— HT-22Altered Rock —«— HM-29Dolostone
—&— TQ-13Cc

1 1 1 L 1 i 1 1

1 H
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

(a). #WJ7# A REE B (b). BiLY REE B4 E R
(Zhou et al. , 2011);(¢c). BEIEMBERY A .74 REE RAHER
(%788, 2001),

6 RAEHRTABITREINMAREUESER
(#% Boynton,1984)
Fig.6 Chondrite-normalized REE patterns of calcites,
sulfides, host rocks and ores from the Tiangiao
Pb-Zn ore deposit ( after Boynton, 1984)

BBl 8 Copp fEL N 8" Ogyyou 1 7 A MG AR IR BR £1 55 V5
WLHC EEREKEME AR RERRES, 5
Hh FURRAEA . AW A EA C.0 R R AH
BERE BN TRAKRRE SEBHEBREBRIE S ZH
B /INYE [, R KA SE 0 I MR H R C VT RE
F VR F O 8 £ A8 1 F 19 UTBUAE 1R Yo 30 8 R0 5%
EQEG MRS B RIER

7EE S 87 Copp 5 8" Ogyon B A BT K FE 43
i, iR C.O MU EABRMEERXRREHIIHAR
Y Ve P SR R4 AR A AT B, AR R X 4k O )
MEHABRWERIFERHE, WX C B E AR HY
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W RE AT S BN ZBE RIS T fMa, K C
Ao & 28 AR b 2 3 (#F7K %, 20015 Zheng, 1990;
Zheng and Hoefs, 1993), @R, X 5K RAH
FFo PR, JUER A TR G2 7F P 8 m I 0 S71E TR 1 2
FERR, BHKREENVHEBIERSELRKS
FEl & Z 1] 7K /56 BB, 3 AR 87°C 5 870 B
F(FBK K, 2001; Zheng, 1990; Zheng and Hoefs,
1993) , ZERIR PR o, J7 % 1 9 Y A 5 TR 2 0
AR T - 5, i s F7 9 g A1 T o6, T 7 5 P 4R &R TR Y
PO ARERE T A N BRI R E. FTLL,
RUTEFET R BK A1 B W) P T e A DTV R i E B
2 | K/ B AR B R AR AR5 SFE BT B T,
KU EET R W R P A C W] BESK IR T B 5 b
2 BB R VS IR E R B G (T 0 R R
HEBEBARRE B SN K/ ERM). B
B (2000 ) Xt K BF 8 SF 07 IR IE W 1 A2 B 45 S im0 [
EERIREE A C.0 R BB R, 4 i i ik
i C 2B MK ER Hh A I M E Ik /& RO 72 4
T

WAz Bz s MR 07 R A 5 A R s A
H, BA B BAREY 8" Oy B, T4 — A FIEE — i
BT 8 A 858 SRR 0 B AR
3" Ognow 18, BT 0 M BLT WK R & 5 BlA AT
AL R AL, BLAh, 5 — AU RS AR T i
F Y 8" Cops (E tHAR AR H = 8 F LA BR AR 2R 51K,
T =HARRABFBAL 3 Cop S5 F A MBI E
A2, R A F RIS R ik 5 Bl &z C
R R AR HR B TR OF8 . B UEHIK/ & R
i R R CLO0 [FALE 418, [R] Bt A TiE
B A R A C SR B BR R R A v R AR LAY o
4.2 MW iRED REE HRESRUE

PR T RO RRGEHT REAET ah&a N+
BHKOT Y, RERBRFENRT TR, 7 Am
B ERBR T30, APWBLTEE
BEPEF O F (Zhou et al. , 2011) o HT, K
T RO LT R BRI 2 R TR IR R
TR R IR AR, R R T 5 R
WAERRREREASTEHNERFR. METRE
— R M BR L BR AL 27 0 R o B AR BB L BRI AT R
FRFAE (RIS, 1989) o AR #18 BC Az 1k B g,
REE’' 5 Ce** 1 Eu** B A& A [A # #% f& ( Chen and
Fu, 1991; Chen and Zhao, 1997; Ma and Liu,
1999), BT, 76— & # Rk 22 i R vh & i B Eu®”
5 REE 43 WARESAM Eu BE, BE

KRB SRS, FEMEMEREZET, HIHIE Eu
5% A% SREE &% B f1 & #) SLREE/SHREE b {H;
i AR X 48 Ak 2% £ W) 48 F2 ( Chen and Fu, 1991; Chen
and Zhao, 1997; Ma and Liu, 1999), X#R A REE
HER AL B AL W E AL - 3 R X (Chen and Fu,
1991; Chen and Zhao, 1997),

R 1 T BB B A b AL D 3 B, R
B R AT AR IR T A W £ oo E BB U I
HEALEC B T 40 (B 6a) , 3 55 AR
FICR BRI A bR AL B A B A R (B 6b) , %
HET AT YRKAT YU, B h LT &
B B R B M B SR B REVI B
fb. BE, T LM REE M EERETYRBE T EA
% T T R OR BT R AR Sk IR 5 AL .

YRR AN, RIFSET RN DA s+
SR, FEABRRY AR BT M EA R
T R P FERENBESIER S XER
BEEMERBETRENALFRAE, RBTRA
SREE A E, 7 6.80 x 10™° ~49. 1 x 10 °, Eu
5 % B B (8Eu AR IE E 0. 30 ~0.55) , T H i
L BA KA SREE( <3 x10°°) , Ry Eu 5%
(8Eu 284k 5 B 0. 13 ~ 0. 88) ( Zhou et al. , 2011) ,
B REE f98 1t - B JE#i L (Chen and Fu, 1991;
Chen and Zhao, 1997) f1 EiRPGE T ## A C.O Az
RUFRGER, R 2K/ 8 R AE R, KB4
B RO J7 %A ) Eu % & 8B A B T 8, AT
BRI 2 (1) B ik kIR A & &5 Eu
HEQ)SRBRTBALENT AR AEERN
Eu %, BiC R K&, RFEET KT Amied £
ERNET EERF R TH, AE 6b 7] WL 5 #K
HEALEMT ARADEEFHEKN Eu 55
(Zhou et al. , 2011) , [k, & INHIZT KET R
WRERFEAGZETH Eu iy, WE 6c FATLT A
SH W AAY (ST NET) BKAT Y (R
FRA) B SE EEREREL A KR P E R
R LR AR W EA A B 5 Eu B ERE, R
REFEET RS WA OH L 22 REE AR
BREREL S, SHOR R A C.O R £ 4 B9 45 R
— B, BV 2 PR b A O D TR AR SR AL TR A
Co XEHIABIOA I KB BT IR BT i ik 2
R TIRY HZRIREL S A S (PR17,1986) —
By BAh, HEARX R C-H-0-S-Pb 45 Rl {3 % Hi 3R
2R BR AA R R Z RS A RERE
RS A RRE L RESEHIIREREN, 20K
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B R U AR R 2 SR R B, BRI AR R A R IRIR
BRHE” Py RS S RETHEEEREM
WEgih A (AR E%,2010; Zhou et al. , 2010) \REE
FEMKE SRR A (AKXE%,2010; KRS,
2011; Zhou et al. , 2011) .C F EHFMHKRIL 5
R R A (B 788 ,2000, 2001) , H,0 F 2 i 38 i
R (B MRS ) SRR EUK , H R R IR
R (& E,2008)

MR TRt A J7 #% 4 B89 ZREE & B 1E L,
AT LR — AP 7 ## G TREE 888 i UR%E =
AR, T fS PO TR BB 8 7 ZREE ZEAAR Y, i3
B WA R E R AR T B AR A 19 REE,
T M 30 i i 4 ZREE X 8 TR P48, 5 8 F
PR R AR 5 BlA R 3 S AR B 1o F 45 B9
it R,

5 4 ®

RFHET KRB 4 C.0 AA R REE
HBAEFRGE R, KU RT KT HERE £
RFIR G FFAE, BI AL AR (9 C o B 5 M AR B
FREE A A U AR AE RE W REE 2K/ 8 R 3 78 4k
REEKRRE &S RIRTHEF s R BMHRRKRLE
AT R (0B A S ) MR Bt T 28 ok, 5%
52 B f R K B

Higt: TEHERRRUMEHARTLHZTHR AR
FoA BB IRF  AETRARTFLT T # 56035
S, ALEFFERRBRETEROERELS
BB, AR T RS0 R
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C, O Isotope and REE Geochemistry of the Hydrothermal Calcites from
the Tiangiao Pb-Zn Ore Deposit in NW Guizhou Province, China

ZHOU Jiaxi' , HUANG Zhilong' , ZHOU Guofu' and ZENG Qiaosong’
(1. State Key Laboratory of Ore Deposit Geochemistry ; Institute of Geochemistry, Chinese Academy of Sciences, Guiy-
ang 550002, Guizhou, China; 2. CAS Key Laboratory of Mineral and Mineralization; Guangzhou Institute of Geo-
chemistry, Chinese Academy of Sciences, Guangzhou 510640, Guangdong, China)

Abstract: Hydrothermal calcites from the Tiangiae Pb-Zn ore deposit, NW Guizhou Province, China, were ana-
lyzed using Continuous Flow Mass Spectrometry and Inductively Coupled Plasma Mass Spectrometry (ICP-MS) for
their carbon and oxygen isotope and rare earth elements (REE) compositions. The results show that the C and O i-
sotopic compositions of the hydrothermal calcites are relatively homogeneous, and samples from different elevations
show similar C and O isotopic compositions. The 87 C,;, and 8'° Oy, range from —5.3 per mil to —3.4 per mil
and from 14.7 per mil to 19.5 per mil, respectively. In the §C vs. 3'*0 diagram, the hydrothermal calcite sam-
ples are all fall into the zone between igneous carbonatite and marine carbonate rocks. The SREE contents of the
hydrothermal calcites are low (6.80 x10 ° 10 49.1 x 10 "°), exhibiting enriched light rare earth elements, nega-
tive Eu anomalies (the Eu/Eu” ratios range from 0.30 to 0.55), and M-shape REE patterns, which are similar to
those of the sulfides. Comparing the host rocks, unaltered rocks, and altered rocks with the hydrothermal calcites
regarding C and O isotopic compositions and REE patterns, we believe that the ore-forming fluids were mixture of
multiple source fluids, within which the C and REE were mainly sourced from carbonate wall-rocks, the sulfur from
the thermo-chemical sulfate reduction of sulfates in the sedimentary strata, and the metamorphic water from underly-
ing basement-rocks such as Kunyang Group, and affected by meteoric water.

Keywords: C and O isotope; REE; ore-forming fluids; hydrothermal calcite; Tianqiao Pb-Zn ore deposit



