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pH-logfo. and pH—loga for Pb—Zn paragenesis and separation
in the Zhaotong lead—zinc deposit

ZHANG Yan', HAN Run—sheng', WEI Ping—tang’, QIU Wen—long'

(1. Kunming University of Science and Technology, Southwest Geological Survey, Geological Survey Center for Non—ferrous
Mineral Resources, Kunming, 650093, China; 2. Kunming Geological Prospecting Institute, China Metallurgical Geological
Bureau, Kunming 650024, Yunnan, China)

Abstract: Located at the southern center of the Sichuan—Yunnan— Guizhou lead—zinc polymentallic mineralization domain on the
southwestern margin of the Yangtze block, the Zhaotong lead— zinc deposit in Yunnan Province is a typical representative in
northeastern Yunnan or even in Sichuan—Yunnan—Guizhou area. The deposit is characterized by vertical zoning from coarsegrained
pyrite, dark—color sphalerite + ferro—dolomite + quartz, rosy sphalerite + galena + pyrite to fine—grained pyrite from bottom to top

of the orebody. These typical features are different from known lead—zinc deposit types discovered both in China and abroad, such
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as Mississipp Valley Type (MVT), Volcanic Hosted Massive Sulfide Type (VHMS), and Hydrothermal Sedimentation Type
(SEDEX). The controlling of pH, logfo., loga over the main metal sulfides and their assembly as well as mineral zoning will
contribute to solving the formation mechanism of lead—zinc association and differentiation and the extreme enrichment of elements.
Metallic minerals in the mineral zoning are the main study object, and pH—1logfo., pH—loga phase diagrams of the Zhaotong lead—
zinc deposit at ore— forming temperatures (373 K, 423 K, 473 K, 523 K) were drawn. On the basis of these phase diagrams, the
characteristics of the mineral zoning in the Zhaotong lead—zinc deposit that are different from features of known lead—zinc deposit
types discovered in the world could be explained successfully. It is believed that the association of temperature, oxygen fugacity,
component concentration and pH caused the lead—zinc association and differentiation and controlled the precipitation of main metal
mineral assemblages and the zonation of mineral assemblages. When the temperature drops, the logfo, value rises, pH goes up, and
the sulfide will precipitate more easily.

Key words: phase diagram of pH—logfo,; phase diagram of pH—loga; mineral association and separation; Zhaotong lead—zinc deposit
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Fig.1 Simplified geological map of the Zhaotong lead—zinc ore district(modified after references [2,20])
1—Lower Triassic purple feldspar quartz sandstone and siltstone intercalated with mudstone, mud limestone, dolomite; 2—Upper Permian Emeishan
basalt; 3—Lower Permian carbonate; 4—Middle Carboniferous dolomite, limestone and bioclastic limestone; 5—Lower Carboniferous dolomite, flint
banding limestone; 6—Upper Devonian coarse—grained crystal dolomite intercalated with thin layer shale; 7—Middle Devonian sandstone and shale
and marl; 8—Lead—zinc deposit (ore spot), mineralization spot; 9—Stratigraphic boundary; 10—Reversed fault; 11—Plunge anticline; 12—River;
13—Geological section and its serial number; 14—Pyrite deposit (ore spot), mineralization spot; 15—Copper deposit (ore spot), mineralization spot;

16—Iron deposit (ore spot), mineralization spot
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Fig.2 Geological plan view of the Zhaotong lead-zinc deposit(modified after references [20] and @)
1-Lower Permian Qixia and Maokou Formation: dolomitic limestone; 2—Lower Permian Liangshan Formation: sandstone and shale; 3— Middle
Carboniferous Weining Formation: dolomite; 4—3rd submember of 2nd member of Bazuo Formation: limestone and dolomite; 5—2" submember of
2nd member of Bazuo Formation: limestone; 6—1* submember of 2™ member of Bazuo Formation: limestone and dolomite; 7—1* member of Bazuo
Formation: dolomite; 8—3" member of Bazuo Formation: limestone intercalated with layered shale; 9—2" member of Bazuo Formation: limestone;
10—1* member of Bazuo Formation: layered shale intercalated with sandstone; 11—3" member of Zaige Formation: fine-grained crystal dolomite;
12—-2" member of Zaige Formation: coarse-grained crystal dolomite; 13—Fault; 14—Stratigraphic boundary; 15—Orebody;
16—Normal attitude of strata; 17—Attitude of reversed strata; 18—River;19—Anticlinal axis; 20—Road
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Fig. 3 Profile distribution of No. I, II, III orebody in the Zhaotong lead—zinc deposit(modified after references [20] and @)
1—Weining Formation: limestone; 2—1" submember of 2nd member of Bazuo Formation: limestone and dolomite; 3—2" submember of 2™ member of
Bazuo Formation: limestone; 4—3" submember of 2™ member of Bazuo Formation: limestone and dolomite; 5—1* member of Bazuo Formation:
dolomite; 6—3" member of Bazuo Formation: limestone intercalated with layered shale; 7—2" member of Bazuo Formation: limestone; 8—1" member
of Bazuo Formation: layered shale intercalated with sandstone; 9—3" member of Zaige Formation: fine—grained crystal dolomite; 10—2" member of
Zaige Formation: coarse—grained crystal dolomite; 11— 1* member of Zaige Formation: coarse—grained crystal dolomite and layer shale;
12—Interlaminar fracture; 13—Stratigraphic boundary; 14—Orebody and its serial number; 15—Roadway and its serial number; 16—Level
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Fig. 4 Photomicrographs of typical textures of ores in the Zhaotong Pb—Zn deposit
A—Pressure texture; Py: Well-developed cracks at the surface, the product of I, replaced by Sp or Ga in harbor or replacement texture; smoothness of
the boundary between Sp and Ga, common edge texture; mineral generation order: Py( I )—Sp( Il )+ Ga( Il ); B—Poikilitic texture; Py surrounded by
Sp and Qtz, meaning the formation of Py earlier than Sp and Qtz; Sp replacement by Ga in harbor texture; mineral generation order: Py( I )+ Qtz

(I)—=Sp(II)+ Qtz( Il )— Ga( Il ); C—Common edge texture: the coarse crystal and the smooth surface indicates that Py is the product of 1I; Ga and

Py are the same stage products; and replacement texture: Sp replacement by Ga; mineral generation order: Sp( I )—Py( Il )+ Ga( I ); D—Common
edge texture: Ga and Qtz are the same stage products; poikilitic texture: Py surrounded by Ga; the coarse crystal and the smooth surface indicates Py

is the product of II; and replacement texture: Sp replacement by Ga; mineral generated order: Py( I )+ Sp( Il )—>Ga( Il )+ Qtz; E-Common edge
texture: Cc and Sp are both products of the latest stage; interstitial texture: Ga fills the clearance of the Sp grain; mineral generation order: Sp(1ll )+
Cc— Ga (II); F-Common edge texture: Ga and Qtz are the same stage products; and replacement texture: Sp replacement by Ga; mineral
generation order: Sp( I )y Ga( I )+ Qtz
Abbreviation: Py—Pyrite; Sp—Sphalerite; Ga—Galena; Qtz—quartz; Cc—Calcite
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Table 1 Equation of chemical reaction of pH—logfo,
SV G ANE =Y SN G SRR SN G SN R
(1) 2H,0=0,+4H +4e (2)  H,=2H'+2e (3)  HSO,=SO/+H'
(4) S+4H,0=HSO, +7H +6e 5) S+4H,0=S0,> +8H +6¢ (6)  H,S=S+2H+2e
(7)  H,S=HS +H" (8)  HS +4H,0=S0,* +9H+8e 9)  HS =S*+H'
(10)  S*+4H,0=S0,> +8H +8¢ (11)  H,COs=HCO; +H' (12)  COy+H,0=HCO; +H'
(13)  COyH,0=CO5* +H' (14)  HCO; =CO;> +H' (15)  PbS+20,=PbSO,
(16)  PbSO,+HCO; =PbCOs;+HSO,  (17)  Pb*+S> =PbS (18)  Pb*>+H,S=PbS+2H’
(19)  Pb**+HS =PbS+H' (20)  PbCl'+H,S=PbS+2H"+ClI (21)  PbCly+H,S=PbS+2H +2Cl
(22)  PbCl; +H,S=PbS+2H +3Cl (23)  PbCl +H,S=PbS+2H +4Cl (24)  Pb(HS),=PbS+H +HS
(25)  Pb(HS); =PbS+H +2HS (26)  Zn*+HCO;* =ZnCOs+H’ 27)  Zn*+S8* =ZnS
(28)  Zn*"+H,S=ZnS+2H' (29)  Zn*+HS =ZnS+H' (30)  ZnClI'+H,S=ZnS+2H +ClI
(31)  ZnCly+H,S=ZnS+2H+2Cl (32)  ZnCl; +H,S=ZnS+2H +3Cl (33)  ZnCl? +H,S=ZnS+2H +4Cl
(34)  Zn(HS),=ZnS+H +HS (35)  Zn(HS); =ZnS+H +2HS
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Fig.5 The pH—logfo, facies map at different temperatures
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BT K, FHE R E fEFE IS Zn* . ZnS . ZnCOs, H
TR (26) I AG<0, K 1T Zn* 5 ZnCOs f)-F- 1 28 B
H 13 Sk, IR N (26)~(29) K5 AR 43R Zn**
ZnS . ZnCO; 3 >R By A3 X Il o AR 48 S 1 (20)~
(25), (30)~(35), FEAHE 1 th Y RE 4 & W AR =
KA WIRI IR S HL

4  pH-loga tHIE

SR fEAH P 5 BB T M A TRAT AR SGTE I (], X
FFR2PRMFML N ILMEE, OY4%EpH 54
J& B R B2 18] ¢ R B, fBE [HS 1=0.1 mol/L, [S™]=
0.01 mol/L; @47% J& pH 5 [HS 18] K& A& I, 5% &
Pb.Zn .Fe [H] /¥ LG C &, B @AV ERD R4S e
IR Pb . Zn \Fe MTE Wi 38—, DU 7 AT 48R =3
(] A9 EU 3 56 2R, R AR > R YR A T R AR
- ) P Zn Fe (A &t a5 =& AW HUAE R 1:2:
2o PR A S W YRR R LT R T 7E 352 %
10°~661x10° Pa, F 4L 1 7E 500 10° Pa 22 47, i
E 1378 500%10° Pa, KL FARIACAZK 3 T pH
— PR 153 log[ 43 JB 1 F1 log[HS ], FF#E4fE Pb.Zn  Fe
] e 3] ] log[ 42 J&@ 1 %% 1k A log[Pb* "], X F pH-
log[HS TH A7 36.37.40.,43 46 Bk H K FR 5, 1133
AR EIE 6 1A 7,

5 ZERTHE

X HEAS [A) RS TR 19 pH—logfo. A K (81 5), AT LA
A

(DY VBEAS FA7AETE 201 pH—logfo, FUE X 3k
KEES, LHIE NG A5 e g XU L-F—
2, BN BEDT RSO B DX ] B T I R e
X, HZ &AM EY . Hit, 8y E i
BRAGA M T 0 AR UM 2 S BN B R T 3 A
P8 B LR T A R A ) W DN B 1
N T 2 TS N e RS T AR A 227 3y NS
2 H e B Ik B4R RS, AR T BB B AT 1R AN, BT
DL A 1T 75 BRI 5 T8 (N 24 T=473 K, JrEe™
DUVE R pH I BBl R 5~8, INEET N 5.3~7.4), 4HTITTE

IR A DATE R kST B8, X st i T RE )
I3 5te

QL) T=473 K Jy 5, i Y Fp A A pH=5.65,
FE S A AR R, R 2 3 PP A5 1 (pH<S.3)
T, HYEE LA Ao AR S, WAE R E &%
1 (pH>8) T, &Y U A4S W 8 B R,
Hh P B T (S<pH<8) W 2 4% B8 it £k 4 1 DT Ve Fa
X FrUA, fERR s B e b, M L &Y
TE 2RI AL i, IITR P R 2 A 55 TR P — 55 M
AT Y SRR LR A 2% S IR T B, HOR
P A AR Shy 55 B P — 55 R M e Ak AT, BT RAIA)
R R 5 #5 TUUE DA 58 Bl — 553 R M A TP T A,
HR B TR ok A AR T 530

It LB IR EE FEAR, B Ak DT 0E i3 Bl 1) R 1 1
KI5l 78 523 K473 K 423 K. 373 K F, Fifk
YUt vE 1Y pH IX 8] 43 51 R (6, 9), (5, 8), (4.1, 7.1),
(3.1, 6.1), BIEEEBE R [ 50 K, Ak PriiiE i) pH [
R —A B, T DAY HRGROR FE AR T 423 KB AL
BRPEE W AT, YRR B KT 473 K IRk
Py BRI T

AR DN T B DAl R P opT H
FEA S BRI . A R Crerar(1978) 42
Y pH R A AR B IR Y FER R 1Y pH Ry 4.42~
4.55, JEIRHZEPE5 250°C .69 MPa Fl C . =0.89 51
LSRRI pH N 4.9~5.3 TN M2 R 1
BT R, T SRR SN R B VA BT O
Bl 5 1l AR 1) O A5 R S Y AR R 1Y pHE R
PE—5508 ) o

) — &R E T, pH Tt = — A A7, 5 i B
1%, R T B2 2 B G0, VIR A5 T i fd 1)
4 I B R SR R 1 10~100 J7 4% o

(4) 1 B2 BEARR, TNBERT T E5 07 Fo e 1Y logfon B
1%, BERA R TFERAL BT H, M523 K 473 K 423 K,
373 K, Bt Ak W U ¥E B4 logfo, IX 8] 43 5l Ky (— 43 .4,
—29.3), (—48.6, —35.9), (—55.5, —39.8), (—63.1, —54.5),
R BB R 50 K, BRACITTVE I logfo. AR 5~8 4~
BoE.

BT LA, X F Y BRI AR B 2% G 1, 1R R,
T A7 AR e BV I, i T e R T DN R R 4
W ULTE, BT AN Y2 pH T R, S A YT UTTE, T i
SBCAYINAE pH AR & A= DTTE
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&2 EIFASY pH-loga HEIF S RIUFER M FERX
Table 2 Equation of chemical reaction of pH—loga in the Maoping Pb-Zn deposit

iy IR EEY G AN ETRS SN 5 R X
(36)  H,S=HS +H' (37) HS =S’+H (38)  Zn*+S* =ZnS

(39)  Pb*+S*=PbS (40)  Zn>+H,S=ZnS+2H (41)  Zn*+HS =ZnS+H

(42)  Pb*+H,S=PbS+2H' (43)  Pb>+HS =PbS+H (44)  Fe* +S” +H,S=FeSy+H,
(45)  Fe*+2H,S=FeS,+Hy+2H (46)  Fe?+HS +H,S=FeSy+H,+H’

G5 Wil A PO T S Y B PR U A AR U
FH B B O SO B9 A I e B BE 5, 7 R
JH 5 N 7 S LR DT RO T A3
PRELZEA, CI & L KT SO/ 5 i, £ 2RI
I SO, i L W 388 B% B B R FL AT 5 v 1 i o2, (Pb+
Zn: 25%~35%, o3k IL 60%), A I HHE W i G 4
"R BY B RO R R BEL S s e T A

AEYSZ AN o 1) 4 Ja 15, EL PR PR R 72 DAy 553
% — S B B D A R B AT

MIE 6.7 AT IR EI LA AR

(1) BEGA INBR 7 50 21 B 7EAR K1Y pH
T P ] ek HAE R R Ok T — e IR
TERE IR, HA Y logaws >—6.6(1=373 K)
il logans->—4.3, pH>9.7(T=373 K) I}, i 5k | N 4E

%3 REIRETHpH SETFERHOLRR

Table 3 The relational expression of pH—loga at different temperatures

RN, 7=373 K 7=423 K

TRsY pH log[ b pH log[Pb*
(36) log[HS 1+6.6 pH=5.6 log|HS 1+7.1 pH=6.1

(37) log[S?]-log[HS 1+11.7 pH=10.7 log[§% |-log[HS ]+11.3 pH=10.3

(38) log[S? +log[Zn* |=-22.4 -20.7 log[§? J+log[Zn* 1=-21.6 -19.9

(39)  0.5x(-4.2-log[zn*]) (0, -4.5)(6,-16.5) 0.5%(~3.2-log[zn?]) (0,-3.5)(6,-15.5)
(40)  ~10.7-log[Zn* ]-log[HS ] (0, -10)(6, ~16.0) -10.3-log[Zn* ]-log[HS ] (0, -9.6)(6, -15.6)
(41)  log[S* J+log[Pb* |=-24 -22 log[S? +log[Pb? ]=-22.3 -203

(42)  0.5%(-5.7-log[Pb* 1) (0,-5.7)(6,-17.7) 0.5%(~3.9-log[Pb?]) (0,-3.9)(6,-15.9)
(43)  -2.3-log[Pb*]-log[HS | (0,-11.3)(6,-17.3) ~11.0-log[Pb?* |-log[HS | (0, -10.0)(6, ~16.0)
(44) -22.4-log[Fe” |-log[$? ] -20.7 -21.5-log[Fe*'|-log[$* ] -19.8

(45)  0.5%x(-7.7-log[Fe”]) (0, ~8.0)(6, ~20.0) 0.5%(~5.9-log[Fe? ]) (0,-6.2)(6,-182)
(46) —10.8-log[Fe’'|-log[HS ] (0,-10.1)(6, -16.1) ~10.3-log[Fe”'|-log[HS ] (0,-9.6)(6, ~16.6)
AN 7=473 K 7=523 K

Gy pH log[Pb**] pH log[Pb*]
(36) log[HS 1+7.6 pH=6.6 log[HS 1+7.6 pH=6.6

(37) log[S?]-log[HS |+11.4 pH=10.4 log[§? |-log[HS J+11.4 pH=10.4

(38) log[S? [+log[zn* |=-21.7 -19.7 log[§% |+log[Zn? ]=-21.7 -19.7

(39)  0.5x(-2.7-lg[zn*7) (0, -3.0)(6, -15.0) 0.5%(-2.7-log[zn?]) (0, -3.0)(6, ~15.0)
(40)  -10.3-log[Zn* ]-log[HS ] (0,-9.6)(6, ~15.6) ~10.3-log[Zn* ]-log[HS ] (0,-9.6)(6,-15.6)
(41)  log[S? [ +log[Ph* =223 -20.3 log[§* 1+log[Pb* |=-22.3 -20.3

(42)  0.5%(-3.2-bg[Pb*"]) (0,-3.2)(6,-15.2) 0.5%(~3.2-log[Pb?]) (0,-3.2)(6,-152)
(43)  —10.8-log[Pb* ]-log[HS ] (0,-9.8)(6, -15.8) ~10.8-log[Pb* ]-log[HS ] (0,-9.8)(6,-15.8)
(44) —21.6-log[Fe? J-log[S?] -19.6 -21.6-log[Fe*'1-log[S* ] -19.6

(45)  0.5x(-5.0-log[Fe* ) (0,-5.3)(6, -17.3) 0.5%(-5.0-log[Fe*]) (0,-5.3)(6,-17.3)
(46) —10.1-log[Fe? J-log[HS ] (0,-9.4)6,-15.4) ~10.1-log[Fe* |-log[HS ] (0,-9.4)6,-15.4)
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T=373K

-5 Py+Ga+Sp

log[ Pb™]

log[Pb™]

T=423K

-5 Py+Ga+Sp

T=523K

Py+Ga+Sp

log[Pb™]
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[F=]seruz F-Joarama — {pyrwa  [—]sras

[l 6 pH—log[Pb* JAH &l
A0 Py— k" Sp—INAEN"; Ga—JT Bl
Fig. 6 The pH-log[Pb*"] facies map at main temperatures
Abbreviation: Py—Pyrite; Sp—Sphalerite; Ga—Galena

W 78T A A AR TR T L N R FR U, 43 L
H.S il S A AE

(2) FER—IRE R —4 )8 B T HS IG T,
& IR S AERE S R .

(3) 7E pH—loga A H, i b 4 Bt H T Ky
Py—Ga—Sp; 7£ pH - log[HS [HIFE H, BiAbYar i
J¥ k1 Ga—Py~+Sp, RIEG FIIAERD TE B 75 (1 HS
TG BEAFRET, 3% AT RE I I S BRIV (IR R 22—

(4) R PEREAR, T2 AR AL T 1 4 i 25 1%
JEFTHS ¥ B, B A AT B 9 I8 il

25 B SV IR YRR IR oy S I 9 I AT P
BV EE T BT I TE 1 logfo,—logrs: M BEZ I/ ], 48
FEIR B AE R 55, 0 R Y Bl 1) B A i R i Ak )

Jr e ¥ 3h, BV R St B A 1F B IR A A T 2R
BLAL Y B DTTE; TN BF B IE I8 75 1 logfo, | logfs: Fix
%, AR YL 7 88 B ERA, AP b =38 T o IX
AP & R R, BV e I i eI B, PRI
T YRR IR S, RETIE LT AT AR R E
TOURS A0 2 o) P 2L 5 el i P e AR AR
DRVEF A 9 ik J3E DR T 05 B0, A T 5 IR h i
PRV FE R B Y 1, J7 48T 1 LT R Y, X
L5 SR B T A S5 AT . AR, IR
I e — MR IR 2, 52 2 R A~ 21
MER5 i 29, S5 — A s UA S PF 2 I, 88
AN £ TR, TEME AR R e 2
SENC(BAEIVE
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Fig.7 The pH—log[HS™] facies map at main temperature
Abbreviation: Py—Pyrite; Sp—Sphalerite; Ga—Galena

P UG T DA WT: I 38 R PR B G 4
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B pH B, DR LA AT i ) sk & A TR 245
I ML SRR, FLER A5 T (| 5), Bk IE
T 1 B T3 S R I T s SE T Y BE IR E RS
TIREHE K 41 53 NS W AW 1, HE \HC1LH.O
S5 T D[ ) A A R 4 1R, LS VS A i T
R AT o, P 35 030 3 AN DT 3R A, 4 pHL kvl vp
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PF T SR UTE T 75 10 4 8 105 R AR
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VE T 1 logfo, logfs,, TiAR h R ke 14 5 ik A
TREER fi s B LA B 2 A A v, TR T IEE e BT
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logfo. logfs, i, K f B A T i, T2 i
B IR AN o X FEANEIE BT A R IS &R 3

http://geochina.cgs.gov.cn H1E LT, 2015, 42(2)



FA2E 2

TKHEAE o R BYRE pH —logfo. Il pH—loga MDA RESLAE 43 53 (1911 24 619

TAT 2L 45 15 B, BN M e — R
(O DB+ 47 Bk 11 25 40— M (0 BOB (8 B+
DA R A R TR A s, B
S T SR 0 3 0 2 5 O S
YR Rz —.

6 45 i

W IR BT R —A 5 28 i Z 1R 2 W BL i 3
J12E b B, BRI R A B () o sk b2 vk B A, a8
Z D PRA F A5 B R R 2 o BRI TR
J& 71 .pH . Eh . logfo, logfs, . 243 ¥k i S5 2 R E )
LA VER . INIRIE AN 7 pH logfos Jlogfs: N &
BLYE S5 T Z R P RE R ZE R

BEIRASOR AT ) 27 A0 B B ff e 1 I 3 4
BERT R BRI ) o0 X — b BT REAE, (HA 5
BT B THA B Tk - R B, X TR AR
AU 1 DX A HR AT A RN LIE L I8 75 itk — 2
TRAL, T8 75 4 FEAR LS 56 R AH 56 S 56 B0 LA UE I
IG5 AR

High ¥ RE X R AEH LB R
TERBHEN, El—IFEURBHHE!

5% Ak (References):

(1] 5KATE, P BE, BRI, S5, b YRR R R0 ) R 4 2

ZEIX[I]. HEHLER, 2013, 40(1): 248—272.
Zhang Changqing, Rui Zongyao, Chen Yuchuan, et al. The main
successive strategic bases of resources for Pb— Zn deposits in
China[J]. Geology in China, 2013, 40(1): 248—272(in Chinese with
English abstract).

[2] S, AREER, BIM, 55 S BITEVREGER JHDI R L i

FEAE B AR IR [T]. #1254, 2007, 23(9): 2109-2118.
Han Runsheng, Zou Haijun, Hu Bin, et al. Features of fluid
inclusions and sources of ore— forming fluid in the Maoping
carbonate— hosted Zn— Pb— (Ag— Ge) deposit, Yunnan, China[J].
Acta Petrologica Sinica, 2007, 23(9): 2109—2118(in Chinese with
English abstract).

[3] Anderson G M . The hydrothermal transport and deposition of
galena and sphalerite near 100°C[J]. Econ. Geol., 1973, 68: 480—
492.

[4] Anderson G M. Precipitation of Missippi Valley— Type ores[J].
Econ. Geol., 1975, 70: 937-942.

[5] Nriagu J O. Studies in the system PbS—NaCl—H.S—HO: Stability
of lead( Il ) thiocomplexes at 90°C[J]. Chemical Geology, 1971, 8:
299-310.

[6] Nriagu J O, Anderson G M. Stability of the lead( II) chloride

complexes at elevated temperatures[J]. Chemical Geology, 1971, 7:
171-183.

[7] Bourcier W L, Barnes H L. Ore Solution Chemistry— V. Stability
of chloride and bisulfide complexes of zinc to 350°C [J]. Econ.
Geol., 1987, 82: 1839-1863.

[8] Ruaya J R, Seward T M. The stability of chlorozinc ( II') complexes
in hydrothermal solutions up to 350°C [J]. Geochim Cosmochim
Acta, 1986, 50: 651-661.

[9] Seward T M. The formation of lead( II) chloride complexes to
300°C: a spectrophotometric study[J]. Geochim Cosmochim Acta,
1984, 48: 121—134.

[10] Barrett T J, Anderson G M. The solubility of sphalerite and galena
in 1—=5M NaCl solutions to 300°C[J]. Geochim Cosmochim Acta,
1988, 52: 813—820.

[11] Mark H. Reed, James Palandri. Sulfide mineral precipitation from
hydrothermal fluids[J]. Reviews in Mineralogy & Geochemistry,
2006, 61: 609—631.

[12] bR, B30, XSHEIE, 4. PR PR, B, BE3R 2 Ay S0

AR []. 592441, 2003, 23(1): 31-35.
Shang Linbo, Fan Wenlin, Deng Hailin, et al. An experiment
study on paragenesis and separation of silver, lead and zinc
hydrothermal solutions[J]. Acta Mineralogica Sinica, 2003, 23(1):
31-35(in Chinese with English abstract).

[13] bR, B0, W5 0, 55 PR, B, B A O

ZEBRVTI). 0241, 2004, 24(1): 81-86.
Shang Linbo, Fan Wenlin, Hu Ruizhong, et al. A thermodynamic
study on paragenesis and separation of silver, lead and zinc
hydrothermal solutions[J]. Acta Mineralogica Sinica, 2004, 24(1):
81—86(in Chinese with English abstract).

[14] 22/, B8 2, X F ARV A ZnS—PbS—FeS—H.S U4 /3

PRRIITIZEGMHT[T]. A 4141, 2010, 26(10): 3153-3157.
Li Xiaowei, Mo Xuanxue, Zhao Zhidan. Calculated low—
temperature phase equilibria in system ZnS— PbS— FeS— H,S[J].
Acta Petrologica Sinica, 2010, 26(10): 3153— 3157(in Chinese
with English abstract).

[15] Worley B, Powell R. Making Movies: Phase diagrams changing
in pressure temperature composition and time[J]. Geological
Society of London of Special Publications, 1998, 138: 269—280.

[16] Powell R, Holland T J B. An internally consistent dataset with
uncertainties and correlations: 3. Applications to geobarometry,
worked examples and a computer program[J]. Journal of
Metamorphic Geology, 1988, 6(2): 173—-204.

[17] Boudreau A E. PELE: A version of the MELTS software program
for the PC platform[J]. Computer and Geosciences, 1999, 25:
201-203.

(18] &Rl A, B, L 20, 45 MUARAL S SR 2 &m0 5 X
T ARBIAIT]. Hb2E4R, 2012, 86(2): 280—294.

Han Runsheng, Hu Yuzhao, Wang Xuekun, et al. Mineralization

model of Rich Ge— Ag— Bearing Zn— Pb polymetallic deposit

http://geochina.cgs.gov.cn H1E LT, 2015, 42(2)



620 i H

H

iy 20154F

[20] #I%E &, ROCIk

[24] B SCTE. = F R

concentrated district in northeatern Yunnan, China[J]. Acta
Geologica Sinca, 2012, 86(2): 280—294(in Chinese with English
abstract).

[19] SCHBYE, #hig A, RN, 55, Zr &SP HZT B RIS 1 =
R B A — M BRI 2 FR 0 FR AR [9]. P SR, 2014, 41(1):

235-245.

Wen Dexiao, Han Runsheng, Wu Peng, et al. Altered dolomite
features and petro— geochemical prospecting indicators in the
Huize lead—zinc deposit[J]. Geology in China, 2014, 41(1): 235—
245(in Chinese with English abstract).

TFRACH B R ER BT (M
AL, 1999: 1-419.

Liu Hechang, Lin Wenda. Metallogenic Regularity Research of
the Pb— Zn Deposits in Northeastern Yunnan[M].
Yunnan University Press: 1999: 1—419(in Chinese with English

1 B R

Kunming:

abstract).
[21] 2R3 22, i AR, WM, 55, 2 Wi B PP AR R e ) Bk
PR A BT DS ——NE [a] W7 2440 38 25 i J0 3R R BLIA 143 A 4

. s SENEE, 2004, 40(5): 43-48.

Zou Haijun, Han Runsheng, Hu Bin, et al. New evidences of
origin of metallogenic materials in the Maoping Pb— Zn ore
deposit, Zhaotong, Yunnan: R— factor analysis results of trace
elements in NE— extending fractural tectonited. Geology and
Prospecting, 2004, 40(5): 43— 48(in Chinese with English

abstract).

[22] WAL, 14 IE S, 347 . 07 W) B e Ak & W B 2 e

WM. JE st BRf A, 1985: 50-148, 335-345.

Zhenghua, Zhang Zheru. The
Thermodynamic Manual Book of Minerals and Related
Compounds [M]. Beijing: Science Press, 1985: 50—148, 335-345
(in Chinese).

Lin  Zhuanxian, Bai

[23] Johnson J W. SUPCRT92: A software package for calculating the

standard molar aqueous species and reactions from 1 to 5000 bar
and 0 to 1000°C[J]. Computer and Geosciences, 1992, 18: 899—
947.

TR R
RIS, 2013.
Qiu Wenlong. Study on Fluid Geochemistry in Zhaotong Lead—

WA ER L 2E 5T [D]. B IAEE T K

[25]

[26] i R, wifFtE

[27] JAE . TE AR

[28] kP 5, TR e, B

[29]5KHe, wEIEA:, S8, 45, 2 F Wl HZT BBV R IR R

Zinc Deposit, Yunnan[D]. Kunming Unlversity of Sciences and
Technology, 2013(in Chinese with English abstract).
WM, whiE A, B PRV RET A R S AR T ] 1]
2003, 22(3): 295-303.

Hu Bin, Han Runsheng. The ore— controlling structure and ore—

P

prospecting direction of Maoping lead— zinc deposit[J]. Yunnan
Geology, 2003, 22(3): 295-303(in Chinese with English abstract).
IR IR BRI 4y B 27 2 ], AR 2
TAEREEAR, 1995, 22(04): 15-21.

Zhu Laimin, Yuan Haihua. On ore— forming physical— chemical
conditions of the Disu lead— zinc deposit[J]. Journal of Chengdu
Institute of Technology, 1995, 22(04): 15— 21(in Chinese with
English abstract).

I B R I 42 A, S T R AR A
AT HLEERIE]. 0 WA R 20, 1998, 17(1): 34-36.
Zhou Chaoxian. The source of mineralizing metals, geochenmical
characterization of ore— forming solution, and metallogenetic
mechanism of Qilingchang Pb—Zn deposit, northeastern Yunnan
China[J].
Geochemistry, 1998,

Province, Bulletin of Mineralogy, Petrology and
17(1): 34— 36(in Chinese with English
abstract).

UK, S YRR IR A PERRL AL W B R
PEVE W AT 2 —— L m Fg B AR R A B [0). 52 4R,
2006, 26(01): 53—58.

Zhang Zhenliang, Huang Zhilong, Rao Bing, et al. Are lead
sulphides and zinc sulphides of lead— zinc ore deposits
precipitation from acidic solutions? A discussion on the ore—
forming fluid of Huize Yunnan

Province[J]. Acta mineralogica sinica, 2006, 26(01): 53— 58(in

lead— zinc ore deposit,

Chinese with English abstract).

5
I ABGR L FIZI[]. KHAEIE S, 2014, 38(4): 898-907.
Zhang Yan, Han Runsheng, Wu Peng, et al. The restrictions of fo,
and fs, for Pb—Zn paragenesis and separation of the Huize type
lead— zinc deposit in Zhaotong, Yunnan[J]. Geotectonica et
Metallogenia, 2014, 38(4): 898— 907(in Chinese with English
abstract).

http://geochina.cgs.gov.cn H1E LT, 2015, 42(2)



