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Fig. 1 The geological sketch map of the northwest of Guizhou province (After Jin Zhonhguo, 2008).

?71994-2016 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



4 . S\Pb REE 515
® - « - 1.2
) NW - —
) s 60
120 km, 15~20 km, km, NW —
. ., NE C 2), NW
NE, 30 ~54°,SW . NW (Ci
. 60" ~90". d) ) Cib) —
, ,  Fw» .
. — Pig—m) (P
¢ ) , SW D, (C2m) (C2h)
NE, 70 ~80". (C1b) (Crd),
. (Ds3r) (D2d). (P
@ — D , 3
— , . C2h.Cib.Cid Dsr .
NE s
NE . NE15 ~30, . 45" ~
60, . NE —
, SW
. « )
) (
)\ (
) (
)\ ( . . .
) ,
. ( .
) J—
) . )
, 1999). ) ( 2008 ;
( - 1988): @ Fig. 2 The geological map of the Tiangiao Ph—Zn ore
( - ), deposit, Hezhang northwestern Guizhou ( After Jin
NO) Zhongguo 2008).
( _ )’ Pig— m— — ;s Prl— ;
’ ;© o i Crd— e ; Dyr— o ;
( — ), Drd—
, Pig— m— Lower Permian Qixia—Maokou Formation (Fm.);
Py /—Lower Pemian Liangshan Fm.;  Com— Upper
’ Carboniferous  Maping Fm.; Coh— Upper Carboniferous
’ ’ Huanglong Fm.; C;b—Lower Carboniferous Baizuo Fm.;
( ), ( C1d— Lower Carboniferous Datang Fm. ; D3 — Upper Devonian
), 2), Rongxian Fm.; Dyd—Middle Devonian Dushan Fm.




516 2010
. . ISOPROBE-T , 1#g
Fa . . *®ph/** P, <0 005% (20);
¢ 2). 32 ICP-MS , Finnigan MAT
) . , 400 Element s
m, 300 m, 15 . nxX10 © ~nx10 7,
(Di3r). (Cid); Cib 5%, Qi
II , 200 m, 100 (2000).
m, 13 ~18 m Pb 1 23%, Zn
5 69%. . 800 m, 3
500 m, 17 N s 3‘ 1
Cid C2h , 6. 1117 . 1
b 250 m, 120 m, 14~19 0 m, . S %
00,
P 1%, 7Zn 1 %; 1117 2
b35 A’ n 13 00 A’ 1If 320 m, Table 1 Sulfur isotope compositions of the Tianqiao
220m, L7-315m, 28 6 m, Pb— Zn ore deposits Hezhang northwestern Guizhou
Pb 3. 60%, Zn 6. 52%, 11+ 11 20 34Sy_cpr (X0 |25 error
. 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
TQ-13 | LCSp 11.66 0. 06
’ TQ-18 | MCSp 13.05 0. 02
; . . ’ ‘ TQ-60 | MCSp 12.42 0.03
. . . TQ-10 | BCSp 13.69 0.12
X TQ-3 BC Sp 14. 00 0. 05
A ’
TQ-16 | MCSp 13. 65 0. 04
. : : : : TQ-24 | BCSp 12.32 0.03
. , . TQ-54 | MCSp 12. 19 0. 02
i . . TQ-25 | LCSp 12.09 0.11
TQ-24 | MCSp 11.93 0. 02
N N o TQ-24 | LCSp 10. 87 0.03
. TQ-3 cl 9.83 0. 02
, TQ-13 cl 9.26 0.03
TQ-24 cl 8.86 0. 05
) ’ TQ-65 Gl 8. 66 0.04
, — TQ-25 cl 8.51 0. 04
, _ ( . ) TQ-54 cl 8.4 0.03
B B _ () TQ-52 cl 8. 35 0.03
HTQ-TISL | Sp 11.54 0. 06
- - . HTQ-T1S2 | Gl 11. 05 0. 07
HTQ-T2S1 | Gl 12. 55 0. 05
2 HTQT252 | Sp 14.23 0. 04
HTQ-T3S1 | Sp 12.38 0. 04
o HTQ-T3S2| 61 |2 10. 74 0.03 |
40 ~80 HTQ-TSS | Gl 10. 95 0. 05
HTQ-T6SI | Sp 11.58 0.03
' ' ’ HTQ-T6S2 | Gl 11.42 0. 02
200 . BHTQ-T4S1| Sp 11.51 0.02
HTQ-T4S2 | Gl 11.88 0. 06
HTQ-T7S | Py 13. 44 0. 04
b
0 : Py— ; LC Sp— ; MC Sp—
+0 2%u20), ; BCSp— ; Gl— NO) . 2007,
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10 9 %o~ 14 0 %s 12 5% (Ohmoto, 1972),  &'Sys =
3 Sv—cor 8 4%0~9 8%, 8 8% ds . &'
3*s , ; ( ) S
s = 3d8's =38 . S
( TQ24. TQ19. (Dejonghe et al., 1989; Dixon and Davidson,
TQ60.HTQ-T1 ), 3 , 1996; Seal, 2006; Basuki et al., 2008; ,
. 2004) .
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Fig.3. The sulfur isotope histogram of the Tiangiao
Pb—7%n ore deposit H ezhang,

northw estern Guizhou

(Dejonghe et al.,
1989; Anderson et al, 1989, 1998; Ghazban et al.,
1990; Hu et al., 1995; Dixon and Davidson,
1996; Basuki et al., 2008).

(TSR) (BSR).

100 ~150 ‘C(Basuki et al., 2008),

(Ottaway et al., 1994; Cheilletz
and Giuliani, 1996; i W Bet al., 2007). TSR

( 175°C).
. 3's (Ohmoto,
1990), BSR ( 120 O
&*S

(Machel, 1989; Jorgenson et
al., ;1992; Dixon. and Davidson, 1996; Basuki et
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al., 2008).,
. s 10 %o~14 %o
150 °C ~
240 C ( ), 3's =
s >3's
™S
8ASvchT
170 ~300 “C( AMg=
S, — &S, = 4 *10°/ 17, A

Czamanske and Rye, 1974),
(Jorgenson et al., 1992).

, S
( )TSR
3.2 Pb
2
Pb . 2
11 .
n C®Pb)/n C*Ph) 38 875 ~ 39. 057 (

207 204

38 945), n "' Pb)/n (""Pb) 15. 708 ~

15 763( 15 728), n C*°Pb)/n C*Pb)
18 481 ~18 544( 18 516).
( . 2004
. 2008).
, (

) ( )

Pb . .
n CPPb)/n C*Pbh): 17 781~ 20 993, 3212,
n C"Pb)/n C¥Pb).15 582~ 15 985, Q 403,
n C®Pb)/n C*Pb).37 178~ 20 483, 3 305,
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Pb (
, 1999; , 2004 s
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Fig. 4 The Canon Pb isotope histogram of the Tiangqiao Pb—

Zn ore deposits, Hezhang, northwestern Guizhou C(After
Huang Zhilong et al., 2008)
- o - O A
A ; L= 3 +— g O—
Shadow area—samples projection area; @ —Qixia—Maokou Fm.;
O— Baizuo Fm.; A*Zaige Fm.; A*Dengying Fm.; [J—H uili
Group + —Kunyang G roup; {—Emeishan Basalt



4 : S\Pb REE 519
40.0 Pb
. 1 / /
a) [ & v 4 ( , 1992;
Vi ‘/
] o . 1999
; A 4
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(La/Sm)n (Gd/Yb)n ( Q 28 ~ REE
220 0 .25~-3 92, 1 ), s
b A o
) ’
(REE) s
”
(Barrett et al., 1990; Bau, ST .
. . —6
1991; Mills and Elderfield, 1995). REE SREE < 3X 10 °),
LREE/ HREE (112 ~12 45) Eu
(Wang et al., 1989), 0. 13~0 88). REE — )
. 3+ 4+ 2+
(Dai, 1987), REE Ce .Eu
(Chen and Fu, 1991; Chen and Zhao, 1997; Ma Eu s
and Liuw, 1999), ;@ Eu; @
Eu’’  REE" . Eu . Eu . ’
J— Eu s
. ZREE LREE/HREE , 6d
(Chen and Fu, 1991; M a and Liu, Eu s REE
1999). REE — Eu ( ),
(Chen and Fu, 1991). , s
, REE Eu .
s REE
REE o ( . 1986);
pH Eh ( ) s ,
2003). s ( , 1992),
REE (  6a), ( . 1999;
REE ¢ 6b), . 2004; . 2008). 6d
2 Pb
Table 2 Lead isotope compositions of some minerals and different aged strata in the Tianqiao
Pb—Zn ore deposit Hezhang northwestern Guizhou
n(08ph) [Std err |n(207 Ph) |Std err [(206 Ph )| Std err n (28 Ph) [Std err (207 Ph)|Std err|n(06phL) | Std err
n(P*PH) | (25) [CHPL| (26) [n(P*Pb)| (20) nC%Ph) | (26) [nC%Pb)| (2) [n(PPb)| (20)
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|LCSp | 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
TO-54[ Ga 38.942 [0.002 [ 15.726 | 0.001 | 18.521 | 0.001
n (206Ph)/ n(2%4 Ph) n(27Ph)/ n(2%4Ph) n(28 Ph )/ n(04Ph)
— 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
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
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
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
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
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
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
: Py— ; LC Sp— ; MC Sp— ; BC Sp— ; Gl— . , 2004,
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Fig. 6 The chondrite normalized REE patterns of the Tiangqiao Pb—Zn ore deposit, Hezhang, northwestern Guizhou
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Sources of the Ore Metals of the Tianqiao Pb—Z7n Deposit in Northwestern
Guizhou Province: Constraints form S, Pb Isotope and REE Geochemistry
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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*Sv—cor values
concentrated between 8.4 Yoand 14.4 %y and they have the feature of S, > MSy> 'S, which
indicate the sulfur isotope in ore-forming fluids has attained equilibrium. The 3'Sv-wr 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 sulfurin the ore-forming fluids should be derived from the thermo-chemical sulfate
reduction of sulfates from the sedimentary strata. The n C°Ph)/n C*Ph), n C”Pb)/n C"Pb) and
n C®Pb)/n C*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 Ph
isotope ratios are normal and similar to that of the host carbonate rocks of different ages strata, indicating
that these rocks may provided metals together to the oreforming metals. All samples have the low
contents of ZREE (<Z3X 10 °), and negative Eu anomaly (0. 13 ~ 0. 88). On the chondritenormalized
REE patterns, the characteristic of sulfides are accord with the patterns of ores, altered dolostone rock,
strata and the pyrite form Cid (the Datang Fm. ), which indicate that the ore-forming fluids 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



