oK W R

19884 MINERAL DEPOSITS ik By

TR BRI SESEE IR FERNZRR

x| B 5B 4o
(BB R ZHRFD

AERE. WA LA Ttk PL—A B2k EEEh, BT RE& MU,
AR TN X R TR R A R iR Wf&%ﬂn%ﬁ@i,ﬁﬁﬁm e
RULSE M, dupH, fo. . st%1¢Ji%¥ﬁ%ﬁ$ﬁﬂl+ﬁ, HAEEY OV RE BETOR M
LSBT R I R T R AR T R S T R R AL

EREE. MOREVEYT ORTELE &N hEa Wik

DX 3 Ml Jo B B R L T R A

WA T ARCERE (B9 Sl SR, XAhERKNERRE, KR —-F
IR Fo PAERKIE R A% AR 1A Bk AL A5 ) WAL 3R #iE 038 il AL R 4
fi TR Rt 4, wABET WS, KNAKGHU LA E, 2RI tEEZREE
KA xR,

K ABCREYEET DAE R . (. R T, IESEA TR AN &, T HEEN Lk

PHEAZR, SVMBEFEN LRP S, B2 AGEER, 2R, Lo R
BREEH, ZUBREEER, AR IR A B e R FE RS, Wyt 5
Rsr P =W E—HLAE 4. Emﬁ‘ﬁmE %' . HREET. W, RETER
F, RAHRAETLOERET L. HLINELMRSEET L - A ZWmE =4, £
e TR L .

#1 EARKMTFEIESTHTHAEAS

Table 1.Mineral assemblages of the main stage mineralization in typical ore deposits of this area
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Table 3. Salinities of fluid inclusions
P 7 L= wosm oW W | EE AR REE | RENEEE%NaC | FEOTEER % NaCh
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o | OO FOHK 19
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Table 4, Liquid phase analyses of fluid inclusions (mg/kg sample)

TR R B S| WKy | L Na* K* Ca®* Mg?* F~ cr- 50,2
o ox il Cc-29 A ] 1244 578 244.8 | 238.0 12.4 51.0 | 1431.2 90,7
%
i C-3 A % 5.8 1854.7 | 194.0 | 2086.5 | 153.1 | 126.2 | 4945.0 | 233.0
! Q-2 A kS 6.6 439.4 | 206.6 | 287.0 28,0 7.7 802,11 274.9
= m 0-6 A k' 8.6 393.2 | 45.9 | 410.4 51.6 15.0 1292.8 5648
1 0-7 =i 3 4.0 102.7 | 41.6 44.9 4.3 2.0 245.0 50,8
KO ‘ 1l D-4 ] N & & ‘ 0.1 ’ 352.9 ) 152.4 ’ 265.0 4.2 ‘ 12.2 } 936.4 |(4510.0)
EA i ‘ w-10 ] Az ‘ 3.5 635.0 ’ 323.7 ‘ 274.0 7.3 ] 15.3 l 1277.0 | (1580.0)
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Table 5. Gas composition of fluid inclusions (mg/kg sample)
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0-2 A * 49.2 2,02 25.8 1.63 24,74 207.45
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Fig.1l. 13fs,~7T diagram showing mineral stability relationship.
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Table 6. Eleciron microprobe analyses of sphalerite and calculated lgfs.
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Table 7.lgfg, values of the main stage mineralization
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Table 8. Thermodynamic data used in calculation
1gK,
200°C { 300°C \ 350°C
(1 )21“c;04+—;—02(g)=3Fcz03 19.72 15.0 13.3/ |'Hass, Robie(1973)
( 2 )3FeSe + 202(g) = FezO4 + 35:(g) 38,11 33.93 32.36 Helgeson (1969)
(350°C{HSME)
(3)2FeS; + %Oz(g)=[“6304+352(g) 31.72 8.19 25.60
(4)MnS+COz + l?oza\mco-g +%s2 15.57 1.1
( 5)MnS +SiO; +—;—O:=Mnsi03+%52 11.53 11.8 Ho!land(1985)
. ) 1o . 3 , -
(a)casomcug:cuco.,+?sz+ ?Oz —64.04 | —31.36
(7)YCO. = C+0, -43.58 - 36 ‘ I Robie 3 (1968)
¢ 8 YMnCO; + Si0; = MnSiO;: + CO, -1 ‘ 0.78 ’ ’ Holland(1963)
[
( 9)H-S (uq)+%02(g)=HzO(l)+%Sz(9’) 17.53 13.60 ‘ '
(10)ES(ay) =HeS( 8) 1.54 ’ 1.46 ’ ‘ Heigeson(1969)
(11)H:S(aq) = H* + HS” —7.2 ' —8.12 l !
(12YHS =H*' +87 -11.1 ] -11.7 } , Naumov#(1974)
v 2HLOC Ty = 2H* + 251S0.7 8. . .4
(13)30:( 8 ) +S:(8) +2H,0C 0 y=2H"+ ] 108.19 ’ 84.01 ' 75.4 ’ Helaeson(1969)
(1)HSO,” =SSO +H~ - 4.49 ‘ -7.06 1 -9.2 l
(17)3KAISO. + 2H Y = KAlSnO(OH) 2 + 6510 + 2K 9.2 l 8.42 ’ l Barnes(1979)
TR IR ALS 1y, 1%+ 30 = 2A1LSHOS (O
\]6/2[\:\}1.5|-:U;‘\(()H)3+ZU + 300 1) ALSLOL(OH), 7.04 5.44 1 Helgeson (1969)
+2K*
(17)HCO:(F ) = HY + HCO-" -7.08 ’ ~8.86 ’ } Barnes(1979)
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(18)HC0 = 1* + COu- -10.73 | -11.83 Bames(1979)
(18)CaCO;s = Ca?* + CO,2" -11.37 | 14.10
(20)2FeS +Ss( & ) = 2FeS; | 31.72 | 28.19
‘ ‘ . Helgeson (1969)
(21)3FeS + 205 £) = FesO1 + 35, 8) 63.56 51.39
(22)5CuFeS; +52( 8 ) = 4FeS; + CuskeS, | 10.68 6.67 | Schoeeberg(1973)
(23)HO( 1) =H* + OH" ’ -11.26 —11.04 | Fisher#(1972)
(24)2Na* + SO2" = Nua,SO+ l 2.1 3.0 l
(25)PbS = Pb2* + 52 | -21.89 Helgeson (1969)
(26)ZnS = Zn®* + 2 ' l —22.15
(27)Pb2* + CI” = PbCI* l 2.1 | |
(28)Pb? + 2CI = PbCla (aq) ] 2.6 l ’ BvrcsC 1960}
(29)Pb?* + 3CI™ = PbCly” | 3.0 l
(30)Pb? + 4C1™ = PhCl2 3.2 [

BREEY - SRR REXRR . L RE LU L REBE 0 -5 e A - A iE,

fMnCO; + SiO, =MnSiO; + CO,, qg?5f002=6 bar (IgK L% 8), WBH Y RS RER
LT BRI, A T IR 1k fco, =6 bar, Holland (1965) ff - ik B™ Bk 300 CHH Y fco,
#1—100 bar, ZEAXTHEERE MEIK KW ERF B R, THFEHE H fo, B
Jy10 bare 200°CH,Holland3t feo, My fi Tt B A 107" —10%bar, ZE&H - I 4 3 A I feo
J30.1 bar, BT 8 FEEREAT M, #K fco, BEAT 0.1 bar, RIFEESE RN LIRS
KRR, B foo, BUEA0.1—1 bar, HRERLTHRIG fco,1g/fs, B L (B2, E3),

(R) BEEEES)

A Kullerud(1961) Bgft, £ EAEEXHPHESYE fo, JEEN, REAMENINRK
EHERBPRE. BERGPXERFATRING R MELEE, WA EEREEAmE
WERAK 8 B9 B (1) XUE, HELERETE2, B3, BAEAER. KEO. £
TR LR {bmESAH1015—10-2% (mol, TR ZA4A, BMH =SH10*—10"F% 10—
107, BT RE U9 L&A pHERE, ZS>1072 (<10 7E7E) K <10-'—10,
ChHR EREXHISEAE, #EBarton, 1977), W HAH L S4H10-2—<<10-*5, iE
2 B3I E N, BRIBEERI, FAXAETHRRETELTRERLEEK,

WO RAEARE P (R4, £5), BEUMFLERKRE 10 —10-"5, BmH
A0, SRS RN —H.

GOBEFEEW
WIBR I B 87, FrihNa" 5O Bk, Hik, /AT ESFERTECY
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Fig.2. 18fs,~18fg, diagram showing mineral stability relationship at 3007C.
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Fig. 3. Igfs,~lgfs, diagram showing mineral stability 'relationship at 200°C.
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Fig.4. 18fo,~pH diagram showing mineral stability relationship at 300C.
Se—Sericite; Kaol—Kaolinites K-felds—Potash feldspar.
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Fig.5. 1g8fo,~pH diagram showing mineral stability relationship at 200°C.
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1. F UG BN B S fRETHE.
() ALBEREERBAE: 5% EOAET 2FRE (22 0®") ATRITE
ZZD2+=m2nz")4: Ba(ma-)"

u= 0

,H\:EP: d =B (YZBZ+7C1')’ g,= 32( Vazut+ (Ycl')z)’
Vzaci* Y zac,
+ L =)73 24 RY
{?’3:33(72"2—(7‘“)), ‘9/4=B4(72n (Yar-) )
Yasciz : Yzac12”

Bre 8o Bse Ba4rBIHZ0Cl . ZnCl,. ZnCly™. ZanCli W EPUEEF 5, BEH 300°CH 2
BI2G10%-°, 109, 1077, 10%-*(Helgeson, 1969), 7:{ZEIEADebye-HiickelditE, ik
Yy Y BUM R Yoo, 16 (Helgeson, 1969), 247#rh H.S BBty P2k MK TR,
Mza+ B R B Z0S + 2H* =H,S+Zn?* 53], H lgKoopc = —2.48, MEIMLHLK GHLEMHE
W, T L TR R R R B 8. L SR TG, B th & 5 R fo,~pH
T Ed.

(2) WA ER AT HiEBarnes(1979), HMRKASWEEN Zn (HS);, &£
EVEJLR SIRIE K% Ak,  5E & A Pk 0 AR R R Z0S+ H,S(ag) + HS =
Zn (HS);it8, K{EH200°0H%(E, 1gK=—2.9(Barnes, 1979), }E 482 TFHES,

2. GBI 5 B v A Lk B

(1) L% 1ERAE: BERKATEN HHETTIER SRS HE yien
Wil VFELT R B B 36 B 0 B B0 8, HHEEE RATHET, :

(2) Belets A EAE, MiEBarnes(1979), 200 CHEHYHI R4 4 HEIPb(HS) %%,
75550 WO AR BE ph SR Ry Pbs + HLS (aq) = Pb(HS), (aq) M8, 1HELBATET, HERGX
IR B, 9 S 8 B 8 :

(D) EEHGBITRSTERNTENLGT

1. M6 P, EEEHETRETREN, S 15 LNy RasEfse b E,
7= H: [ BRI BE 9 n—n x 1000 ppm, M th AR B 21 S RO BEH B AR, 765K
%K, TIEMTRERGHE: Oac- Fh; OpHIEHE; OB E FH: OSSHE (B%EF
W5 R —MERERGES, BAGRAIERRXx—HERER,

ac-3EPO* A I 8 B WMET &, SRIRESEH1FER %NaCl i fn,
Wi FREE) 8 FRE %NaCl ChikMsid B by M, wik73% MSEiite. LUOBET
X5 R DLt AR — i 1 o
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Bl 6 300°CHI% RGP MK
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Fig.6. Solubilities of sphalerite in typical mineralization envirouments at 300°C.
5 =10"2(dominantly reduced sulfur species region)and 107''5 (dominantly oxidized sulfur species region).
Solid lines stand for zinc concentrations caused by Zn-Cl complexes, while broken lines for the concentra-

tions caused by Zn-S complexes.

B 7 200CH %R IREPHRT HIERE
£5=10"% = 0,58y LR KPb-ClEE AW EHBRE, BRARPL-SEKL W™ EHRRE
Fig.7. Solubilities of ‘galena in typical mineralization environments at 200°C.
sohd lines stand for lead concentrations caused by Pb-Cl complexes, while broken lines for the concentra-
tions caused by Pb-S complexes.

le(Za}(ppm) 18(Zn ) (ppm)
2.5
2
2|
1 S=10"?
1.5 I=1.15
0 ax*=0.03
t
' iR % NaCl 1
0.5 “ a4 L "
0 5 1 T5 250 300 350 1(C)

B s HhEGNENRMEXRCER
1=800C; =S=10"%pH=5;1=1,15
Fig.8. Relationship hetween solubility of sphalerite and salinity of ore-forming solutions (left) .
H 9 pHEMAHTRENNEY HREDBEBEHR (GED
(pPHERRA-BRTREZEMN)
Fig.9. Accumulative effects of temperature on the solubility of sphalerite at buffered pH(right).
(pH is buffered by the reaction of potash feldspar with sericite).
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HEREALE, pHHEIN—AAAL e 99 % MEiiiE. HpHEMELENSEESR
K, BVBE A IR T, pHAE AT e I EPRE MR ER O I R ph T Ko EI97RES =107, mix - =0.12,
ma=1. 15 pHZ RG-SR B RPIME R &M0F, HESpHEXNNETHEREMNBR
REWRo th PR S, R HE TRE25°C, BTGB AIRE D T 5%, BRI {95 Y RIS, khR
by KRS WA BRI AR R R40—50C, FHgk, T4 0 ST ERERK
HE TR GRS, fEg. I, &I FROHER 32 B K A28 i T e 5 pHIE %
M, SRR RA el BER FUNZ —,

XA T EACIR R K BT K, fo, B9 T FET GE 20 R ItiE N Z —. ME6 Al i,
HEKMEAREN, lgfo, TRE0.5, NEEN AR T M 909, M bd W™ BR 45 01w by B2 ok
FHRERIUEM T X — e BHHIE fo, I (L& Z AT h SR LB/ SOB W h — = E R 2 oh,
WILEPH, fo, & 0h & F, EIE THR25 CIRAYEERE T8 % LA I,

20 WEE T p B MRS AL &, 8 Y By R RN A mikE,

GRS T SR T B AT R BRI 2 . OZSPRR: @M FE T e @ fo, ¥hn. 5 [ Rkn™ Bk iK =S
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Fig.10. 5Solubilities of galena produced by
sulfur complex and chlorine complex under dif—
ferent pH conditions at 200°C.

(Solid lines represent lead sulfur-complex, while bro=
ken lioe lead chlorine-complex).
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A GEOCHEMICAL AND THERMODYNAMICAL STUDY ON
THE VEINLIKE LEAD-ZINC DEPOSITS IN EASTERN ZHEJIANG

Liu Huifang and Yue Shucang

(Hefei Polytechnic University, Hefet, Anhut)

Abstract

The veinlike lead-zinc deposits in eastern Zhejiang occur mainly within
the Jurassic—Cretaceous acid pyroclastic rocks, having similar geological
-environments.

According to the homogeneous temperatures and freezing points of fluid
inclusions, the temperatures of the main mineralization period are about 270C
to 330°C for the second stage and 200C or so for the third; the salinities of
the ore-forming fluids are 7 to 11 mass percent NaCl equivalent for stage
two and 3 to 4 mass percent Na(Cl equivalent for stage three. On the basis of
the information about mineral assemblages, mineralization temperatures and
composition of ore-forming fluids, thermodynamic calculation and amnalysis
have been made for other factors of physicochemical environment,such as pH,
sufur fugacity, and oxygen fugacity. For stage two, pH is 4.2 to 5.7,
sulfur fugacity is about 107'!*5 to 107® bar, and oxygen fugacity is about 107
to 10°* bar; for stage three, pH is 5.6 to 7, sulfur fugacity is about 10~!'
to 10~'**" bar, and oxygen fugacity is about 107%®* to 10™*° bar. Although dif-
ferent deposits are slightly different in sulfur fugacity and oxygen fugacity,

they are mostly in an environment dominated by reduced sulfur species.
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The calculated minerogenic environments and the data on the solubilities
of ore minerals enable the authors to analyse and calculate the transporta-
tion and precipitation mechanism of the main ore-forming clements. During
stage two, zinc and lead were mainly transported as chloride compelexes and
precipitated as a result of decrease in temperature and increase in pH of the
fluids. Besides, mixing of the ore-forming fluids with a more dilute solution is
possibly another reason for precipitation. In a few ore districts dominated
by oxidized sulfur species, the decrease in oxygen fugacity might also have
caused the precipitation of considerable amounts of ore materials. At stage
three, lead and zinc were mainly transported in the form of sulfur complexes
-and precipitated most possibly through the decrease in temperature and in-
crease in oxygen fugacity. The ore-forming fluids at this stage had relatively
low capacity of metal transportation, suggesting the probable existence of a

large and prolonged hydrothermal circulating system.



