eV | i

Vol. 56 No. 4

GEOLOGICAL REVIEW
July 2010

B FRE R SE 30 IR ¥ B SRR -
S.Pb [EfiiZ=#1 REE #l £}

RRE"? 2ExV REEY 27 EY FRp"Y TH A8
1) o FEL B 27 i M R 27 55 PR M 125 B 5T A 5200 % 9550002
2) op R B2 L5 100049 s 3) MM 24 47 65,40 I 8 2 J i A2 5 9 550005

WERE b B RBF R0 R AL T 47 7 ML 65 74 1 23 O 8 DU B A A R DX s, 2 AR X C R BRA 96 AR L/
B R RS RACER . AR B BT IR et =0 (AR 2, 6 J 8 AL (Ph+Zn) i i 0.2 M, AR SCHRGE T8
R A5 T P 90 4 0 A ) 7 28 2 B HL s o0 AR AR o 7 A BP0 87 Sy con 1 EZ R HAE 8. 400~ 14. 490 Z
] SR AT 8™ S, =67 S, = 8" S KA W LT WA B 38 B KT R U A R 8™ Sws (5 AN [F] B4R
J2: H i R R R 5™ S (15000) M - 22 W LA™ 3 % PP 00K D AS [ B AR S22, Oy A (] £ 3 )22 T T 12 £ 440 A = 38
JFCTSR) (9 7 9. 4 [l A 2 41 B 25 2 — . nC Pb) /n(* Pb) {i &y 38. 875 ~ 39. 057 (3F- % 38.945), n(*"Pb)/
n(**' Pb)fEJy 15. 708~15. 763 CF-1 15. 728) ,n(** Pb) /n (™" PO L [l Jy 18. 481~18. 544 (CF-1 18.516) , 5 ik iz #h

HZMIE . ZEnCPPh) /0 P)—n(**Pb) /n **' Pb) Flan(*"Pb) /n(** Pb)

n(** Pb) /n(** Pb) [ , ¥ ATk iR 5 b )2 11

Bl P 2 WY AT SR VR T 15 0 0 0 ) o7 3R AL B I A 2% I AR B R £h 30 )2 . B AL RE B B (R SREE(<C3X107°) F i By
Eu 59 (0. 13~0. 88) AL o 16 My 2 70 3 BOBL B 1 bR ol AL BT 20 B2 X 18] b L 2 A i B A LR AE L EL 5 )= b 0 B ik
B CR ARG R Cod) HUJZE A 78 Bt A AR P B — B i Bl 20 BN Eu G5 3 FR AL 32 W1 A 3 8
SRR S KT RERREL I . 235G S.Pb R R Al REE #i 3R 6% FAAE N 207 R LA™ 9 BRI LT it B 2 oK 1R

AR o 25 I3t )2 39 A ] 2 3t DAy B AT i 436 00 o Rt 1

KR : S.Pb [A 4L F ; REE; 5L 9 B AR I AR I8 RATF 40 B 7 K 5 35 PO AL 4% 4 L™ IX

7S N AR 2 A7 N A - it | e K = R P
s DA A X B R i A A TR £
AKX Hp RLER BERT DR Y B R AR R O X R & K
RV BERT R o [ B 20 DK T I 5% 95 A L » T 32 3 )
2 RUE BARVF 25 B X Z IR AT T 2 07 T i bt
5% AR B ) B AT AR R AR 43 4 - DA
AT ORI T AT JE AR B (BR 7. 1986) 5 @A A
Wt E ok B R Z SR OF AL £ ,1992) 5 DIk
N5 22k IR BRI 0 ok B AT E A W 0ok B R AR
M2 T K o AR AN AR A T A g
fE T HR AT BT BT (Y B AR SCER L 1999 B R g
25 .2004) s DI A X H BE 5 8 JE LU &0 A T i
PRIER AR RS [ 43 A B 354 (B S, 2006) , i
JSCES AU A B 3 T DR g R B b BK Ak A S
FRAE A A [R) 3 B o

KiEHFFEERY] S.Pb [F £ 5 B A B0 B R &
Z 4 & ot % i) 3k PR (Ohmoto, 1972; Rey and

Sawkins, 1974; Ohmoto et al., 1990; Zheng and
Hoefs, 1993;Seal, 2006; Basuki et al. , 2008 ; T4 %
A, 2000) s BPREDTIRIVBET ) REE #i Bk b 4R
R AR Ok IR 5 A AR B T )z N
(Lottermoser, 1992; Subias et al. , 1995; Whitney
et al. , 1998; Hecht et al. , 1999; Ghaderi et al. ,
1999; Brugger et al., 2000; Monecke et al.,
20005 Li et al. » 2007) . 1 T B — %4l T BE 2 T 2
S5 A SCHGE TR BET IR S Pb [F]
7 R A REE i BR Al 2/ B 5845 28 LU S 4 1 A
VAN ik AR E 27 N R |V RTINS 3

1 DX S ™ R Ml 5 77 5t

1.1 RERES

VGG B B BT X AL T T e B VY % R
A 2 B R A XY A
WarE D, HFma iR =274 T

T AR SO I T i B0 T 5 % R0 (973 31 RID IR (4 %5 2007CBA11402) [ 52 [ 4R B} 2 26 G BT B 30T H (45 40573036) AR .

W H 457 :2009-11-18 5 2 181 H 48 :2010-01-20 5 374 4 4 S FIJE. .

PEE N K E 55,1982 484 LR s A N0 W12 % 0 R 2 R AL R BR AL 2 BF 58 . Email: jarcyz@163. com, @IRAE

F . W K55 . Email: huangzhilong@vip. gyig. ac. cn,



514 o

e

2010 4F

ERRG Tl R R AR B s R
TG A AR T A0 e AR B K I AR s B2
BT AR S R e A R R e A . X T
R HEARBR RV R P BER P, L
B TRAESHRK. FTHE=ZRGEER) HFUR
TENM, UOARREN _BR. =&RNELS N0
JTRUURE BE KON RRAE . S g 0 g S
U i JE 1L IR 4 X, YRV A T DU IR
AN T IUAE WERZ . Hd Ak RERR L 5 e
HYRERT BB JE A (4 E L 2008) . AR X 1
PARSEH R A4, K E NW [a  NNE [ #4 1 , I DA
BT 2 B R A O SRR AIE L 3 A 3 1 T AR R A
R 7 BT B AR % 1 /N VTR R T 24 VTR o i v
Zx B AR5 = IR K R 2445 OBAZ 8. 1992) . A
¥ 35 R A & o A DX 3 R AR W] LR 43 R D 4 (4
[ ,2008)

OHE S — 58 2= T R W7 24 48 15 45 < 400 T VL e oy fili
V9 %% b 5 B 5 TR X il AL, J& — SRR VI LR
MW JZ, B — &R P AR e e )2 R, )
NW310°, fii /5 70°~85°, NW [i] ik A = » SE [i] B
HEIF I —F 5 T K W 24, 78 5t M4 5 K ik 350

Lo IR DT AR A 22 S g I X A
ol AR A B AL LR R TR S AR M B AR SR A
A S 1) 1 A o 2 B0 A X T RRLJRE B 0 I R 8 1
P . W AR S ) VR B Je AE 2t — A Al
e 1) PR 07 4 0 ol 0 IXC W 2R P8 O 5 22 P AT A TR
BB R Z o BOK OBCT — 7S 8RO Wi b o 7ESEAT
TGRS H - PE— a7  Hdm K R T 1500m, 2 it
Y [ A T2

@ K UK B #3417 < Bl 7 BT B 7 9 LA R — 5%
o W 2R D B VA LAOK TR R W 2R O B AR
Wi 4 KECOF AT, MRS 30 km., 7K 36 17 24 1 Bl it
JOY GG T ST A T 2R LR L T A 3t R )R
JE FTC AR 55 75 A1 A HG S AT — WA W7 2/ . %
AR A B TE U6 1% Bl 75 T 74 3065 W B 7 3t P4 19
A1 e L UUBVAR ANURUS B2 A A S i 3l AR . Bk
W [ T o T T A DA R 98 A T A i 48 R
s BLULRG ) A B A R A s R B
& SLBEVE A IR 3t 578 A W R A A8 00 L s I b
ARG 30 55 5 B A 2 B R 1) e
RMRNERAL . FEAT—r =& i 07 B 4
AEPL T B VU T B R AR A 8 — &
BUE (BBt 5. 2003) .

km, %W RGO AR 2002 3l . B 2 i B

5 e _ll
sy o T 20 40

60km &

N N [e] [e] |o

Ot Ak /e LR T S AR I P, i
stratigraphic laulls medium-sized small-sized city
boundary Deposils Deposits

SN\

(%)
LT

FUNEE ONG P
oy FRE L

SELR W L (SEF)
)

P 1 B8V AU A B s DX DX gt B s P (B 4 P T 2008 & B0
Fig. 1 The geological sketch map of the northwest of Guizhou province (After Jin Zhonhguo, 2008).
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Fig. 2 The geological map of the Tiangiao Pb—Zn ore

deposit, Hezhang, northwestern Guizhou ( After Jin
Zhongguo, 2008).
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Table 1 Sulfur isotope compositions of the Tianqiao

Pb—Zn ore deposits, Hezhang, northwestern Guizhou

FE 5 X% | AL | 8% Sv-cor (%) | 26 error| £ iE
TQ-19 Py 14. 44 0.05
TQ-18 Py 13.69 0.04
TQ-60 Py 13.18 0.03
TQ-24 Py 12.87 0. 04
TQ-23 Py 12.81 0.02
TQ13 LC Sp 11. 66 0.06
TQ18 MC Sp 13.05 0.02
TQ-60 MC Sp 12.42 0.03
TQ-10 BC Sp 13.69 0.12
TQ-3 BC Sp 14.00 0.05
TQ-16 MC Sp 13.65 0. 04

TQ-24 BC Sp | &% 12. 32 0.03 | &3¢
TQ-54 MC Sp 12.19 0.02
TQ25 LC Sp 12.09 0.11
TQ-24 MC Sp 11.93 0.02
TQ-24 LC Sp 10. 87 0.03
TQ3 Gl 9.83 0.02
TQ-13 Gl 9. 26 0.03
TQ-24 Gl 8.86 0.05
TQ-65 Gl 8. 66 0. 04
TQ25 Gl 8.51 0. 04
TQ-54 Gl 8.4 0.03
TQ-52 Gl 8.35 0.03
HTQ-TIS1 | Sp 11.54 0.06
HTQ-T1S2 | Gl 11.05 0.07
HTQ-T2SI Gl 12.55 0.05
HTQ T2S2 | Sp 14.23 0. 04
HTQT3S1 | Sp 12.38 0.04
HTQ-T3S2 | Gl 25 10. 74 0.03

HTQ-T5S Gl IS 10. 95 0.05 @

HTQ-T6S1 | Sp 11.58 0.03
HTQ-T6S2 | Gl 11.42 0.02
BHTQ-T4S1| Sp 11.51 0.02
HTQ-T4S2 | Gl 11. 88 0. 06
HTQ-T7S Py 13.44 0.04

T Py—38k9 s LC Sp—R (N B H"; MC Sp—#7 (2 [N 4%
W5 BC Sp— RO INEEF s Gl—Jr 50 @ HIs L. 2007,
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Fig. 4 The Canon Pb isotope histogram of the Tianqgiao Pb
Zn ore deposits, Hezhang, northwestern Guizhou ( After
Huang Zhilong et al. , 2008)
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Fig. 5 The lead isotope histogram of the Tiangiao Pb—Zn ore deposits, Hezhang,
northwestern Guizhou (After Huang Zhilong et al. , 2008).
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1991; Mills and Elderfield, 1995), REE f£—E#i
RHSBR A2 10T o1 FLAT AL 0B L5 05
{2247 4 (Wang et al. » 1989), T M 4 it {37 {27 B
& (Dai, 1987),REE’" fl Ce'" \Eu’" HAG A [H A P
J#i (Chen and Fu, 1991; Chen and Zhao, 1997; Ma
and Liu, 1999) . Rl 75 — 26 4 2R 46 57 5 A2 o i 3
Eu'" 5 REE" /3, R EEER 1) Eu 79 . 8
7K 45 RN 3ok AR v R X I SR iR A IE Eu
# % SREE & & & 19 LREE/HREE {# . i AH %t
A &1 W 48 F2 (Chen and Fu, 1991; Ma and Liu,
1999) . XFR Ny REE H3k A 27 5 1k 1 A AL — 3k JUpe
# (Chen and Fu, 1991),

— kPt REE ALK BT A 4808 Xk A i 1k
YA, B, Bife¥) REE $R4E Rk T80 9 U0 vE
I A B REE B 21 5 F1ITC3E I A9 T BE L R0
pH {EF1 Eh {55 ¥y B4k 2% 55 1F 5w (22 )8 R 4%
2003) . AR AR 1T R BORL A AR TE AR A0 B 2L, R
Bran B R AR 0 ) REE B 70 8 AR L (& 6a)
LR B N BT REE S 43 8 AR T (& 6b) . &

W W 0 3 B O P REE 19 28 188 )2 0 9 B4k 2
FA A KR 0 AR Ak BT LA £ 0T R ORI
LA A4 TR

KRBT IR IR WA AR . FENER
A - 32 WY LA I A o A AR R S I B PR
SP7 L IX TC A R M R T A B IR S ER B T
ALY B A KA SREE (<C3 X 10 %), A % 4 & 1
LREE/HREE [ (1. 12 ~12.45) }k A i Eu S %
(0. 13~0.88), 4 REE A fb— i =X, R 40
BERT R AL P 2 A 3 5L 1) 30 58 5O AR R 4R IE R
o Eu W%k IE 58 10 R W% 7 Bt % Bt A P g
B O B AR S R A & 5 8 Eu; @ it fb 4 3L
ERIRKAT Y B AIEM Eu 4. BTk &, 5 f#
AR IR ELR AT Y. e kA e s &
FLAR L L 6d A) UL 5 A 3 A 1 ko O A B
AU Eu 8, K a0 kA 5 % A 9 REE 438
iR R Eu S0 AR OR & RER BRI
PAHERR 55 —Fh T 68, Pt L 2838 DA 0% DR LA i 14
B HORRA B 2 5 4 Eu 1Y,

F AW FEIN R AT H R A IR AT 37 A4 B ) o ok
V5T WA 2 1A B (PR 178, 1986) s A BF 98 & I
RIS e 3 L | S N i =8 VA (S
K H R AR HLZ CRE . 1992) , 3 2 43 1% Sl il
WY BT AAS J) (MIBE B AR SCIE L 19995 B
Je %5 ,20045 4 EL 2008), 7EE 6d P I T R
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Table 2 Lead isotope compositions of some minerals and different aged strata in the Tianqiao

Pb—Zn ore deposit, Hezhang, northwestern Guizhou

1‘3 % n(208Ph) | Std err |, (207 pp) | Std err n(2%Ph) Std err 1‘3 s n(28Ph) Std err |,;(207 ph) | Std err |, (206 pp)| Std err
'j; 2P| (26) [nCUPH)| (26) [nCPL)| (24) EJE 2P| (26) [nCUPH)| (26) [nCPL)| (24)
TQ-19 Py 38.983 | 0.004 | 15.731 | 0.002 | 18.526 | 0.002 || TQ-25| LC Sp | 38.888 | 0. 013 | 15.713 | 0.005 | 18.49 | 0.007
TQ-60 Py 38.901 | 0.002 | 15.713 | 0.001 | 18.506 | 0.001 || TQ-54 | MC Sp| 38.888 | 0.002 | 15.714 | 0.001 | 18.504 | 0. 001
TQ-24| Ga |38.962|0.003 |15.735|0.001 | 18.521 | 0.001 || TQ-24 | LC Sp| 38.93 | 0.002 | 15.724 | 0.001 | 18.517 | 0. 001
TQ-25 Ga 39.057 | 0.003 | 15.763 | 0.001 | 18.544 | 0.001 || TQ-24 | MC Sp| 38.929 | 0. 002 | 15.725 | 0.001 | 18.527 | 0. 001
TQ-52 Ga 39.04 | 0.003 | 15.76 | 0.001 | 18.537 | 0.001 || TQ-24 | BC Sp | 38.875 | 0. 005 | 15.708 | 0. 002 | 18.481 | 0.003
TQ-54 Ga 38.942 | 0.002 | 15.726 | 0.001 | 18.521 | 0.001
=3 n(29Ph) /n(2°4Ph) n(2"Pb) /n(**Pb) n(2%8Ph) /n(2°*Pb)
BRI y
¥ [ 22 ¥iH ¥ [ 2 ¥ifH BN W2 | HE
Wi —2F 04l 2 |18.189~18.759| 0.570 | 18.474 15.609~16.522 0.913 16. 066 38.493~38.542 [0.049| 38.518
A4 6 |18.120~18.673| 0.553 | 18. 388 15.500~16. 091 0.591 15.758 38.360~39.685 |1.325]| 38.844
EE UL 3 |18.245~18.842| 0.597 | 18.542 15.681~16. 457 0.776 16.012 38.715~39.562 [0.847| 38.998
JT 54l 10 |18.198~18.517| 0.319 | 18.360 | 15.699~15.987 0.288 | 15.818 | 38.547~39.271 [0.724| 38.909
[ BH B 27 |17.781~20.993| 3.212 | 18.789 15.582~15. 985 0.403 15. 686 37.178~40.483 |3.305]| 38.427
o R 6 [18.094~18.615| 0.521 | 18.287 15.630~15. 827 0.197 15.708 38.274~38.932 ]0.658] 38.585
[ ERIE = 8 |18.175~18.855| 0.680 | 18.568 15.528~15.662 0.134 15. 587 38.380~39.928 |1.548] 39.038

I :Py— e #k#"; LC Sp— Ik @NEED

"3 MC Sp—#R @ N s BC Sp—WEWNET ; Gl—Jr . M2 ¥R 51 A 28 i 4. 2004,
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Fig. 6 The chondrite-normalized REE patterns of the Tiangiao Pb—Zn ore deposit, Hezhang, northwestern Guizhou
(after Boynton, 1984)
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(a)— chondrite-normalized REE patterns of different minerals; (b)— chondrite-normalized REE patterns of different colors sphalerite;

(¢)— chondrite-normalized REE patterns of the same samples; (d)— chondrite-normalized REE patterns of mineral, ore, altered rock,

dolostone and pyrite from stratum C;d (after Mao, 2001)
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Sources of the Ore Metals of the Tianqiao Pb—Zn Deposit in Northwestern
Guizhou Province: Constraints form S, Pb Isotope and REE Geochemistry

ZHOU Jiaxi"?, HUANG Zhilong"” , ZHOU Guofu" , JIN Zhongguo® , LI Xiaobiao" ¥,
DING Wei"?, GU Jing"?
1) State key Laboratory of Ore Deposits Geochemistry , Institute of Geochemistry ,
Chinese Academy of Science, Guiyang, 550002;
2) Graduate University of the Chinese Academy of Science, Beijing, 100049;
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Abstract; The Tiangiao Pb—Zn ore deposit, Hezhang County, is located in the southwest of the
Yangtze craton, the center of the Northwestern Guizhou Pb—Zn metallogenic province, and is a
representative of the Pb—Zn ore deposits in this area, where more than 96 ore (deposits) spots have been
found. There are three mainly ore bodies in this deposit, whose Pb+Zn reserves are more than 0. 2 Mt.
This paper analyzes the sulfur and lead isotopic compositions and REE contents of these ore-bodies. The
data show that the ore minerals in these ore-bodies are enriched in heavy sulfur, with 8 Sy_cpr values
concentrated between 8. 4 %, and 14. 4%,, and they have the feature of §"S,, >8&"S,, > 8&"S,., which
indicate the sulfur isotope in ore-forming fluids has attained equilibrium. The 8" Sy_cpr values of the
deposits are similar to that of the sulfates from carbonate strata of different ages in the ore-field (15%),
which suggests that the sulfur in the ore-forming fluids should be derived from the thermo-chemical sulfate
The n (*°Pb)/n (*'Pb), n (*"Pb)/n (*'Pb) and
n (*®*Pb)/n (**'Pb) values of the minerals are range from 18. 481 to 18. 544 (average 18.516), from 15. 708
to 15. 763 (average 15. 728) and from 38. 875 to 39. 057 (average 38. 945), respectively, which mean the Pb

isotope ratios are normal and similar to that of the host carbonate rocks of different ages strata, indicating

reduction of sulfates from the sedimentary strata.

All samples have the low
contents of SREE (<{3X 107 °), and negative Eu anomaly (0. 13 ~0. 88). On the chondrite-normalized

REE patterns, the characteristic of sulfides are accord with the patterns of ores, altered dolostone rock,

that these rocks may provided metals together to the ore-forming metals.

strata and the pyrite form C,d (the Datang Fm. ), which indicate that the ore-forming {luids maybe come

from polycomponenet system, the different chronostratigraphic units maybe make an important
contribution together, this accord with the S and Pb isotopes’ result, that is the ore-forming fluids and ore-

forming metals are poly-sources.

Key words: sulfur and lead isotope; REE; the source of ore-forming fluids and ore-forming metals;

the Tiangiao Pb—Zn ore deposit; Northwestern Guizhou Pb—Zn metallogrenic province





