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ABSTRACT

The Kangjiawan deposit, in the Shuikoushan district, Hunan Province, China, is a representative hydrothermal Pb—Zn—-Ag—
Au deposit in this region. The orebodies consist mainly of pyritic Pb—Zn ores. Silver minerals are associated with Pb—Zn miner-
alization. Ag-bearing Pb—Zn ores in the deposit are characterized by Ag > Cu > Sb content. Silver occurs mainly as silver
minerals, such as minor argentian tetrahedrite, freibergite and abundant polybasite—arsenpolybasite, pearceite and pyrargyrite—
proustite, and all are hosted in galena. The assemblages of silver minerals found in the major orebodies change from the southe
to the northern part, from argentian tetrahedrite + freibergite + pearceite + arsenpolybasite + pyrargyrite—proustitetiridhe so
polybasite—arsenpolybasite + pyrargyrite, and to pyrargyrite in the north.

Keywordssilver minerals, tetrahedrite, freibergite, polybasite—arsenpolybasite, pearceite, pyrargyrite—proustite, Kangjiawan Pb—
Zn—Ag-Au deposit, Hunan Province, China.

SOMMAIRE

Le gisement de Kangjiawan, situé dans le district de Shuikoushan, province de Hunan, en Chine, est représentatif des gisements
hydrothermaux a Pb—Zn—Ag—Au de cette région. Les gisements contiennent surtout un minerai pyritique a Pb—Zn. Des minéraux
d’argent sont associés a la minéralisation Pb—Zn. Dans le minerai Pb—Zn contenant de I'argent, la teneur du minerai répond a la
relation Ag > Cu > Sh. L'argent se trouve surtout dans les minéraux d’argent, par exemple tétraédrite argentiféere et freibergit
accessoires, et polybasite—arsenpolybasite, pearceite et pyrargyrite—proustite plus abondantes, et tous englobéesedans la galen
Les assemblages de minéraux d'argent des gisements importants varient du sud vers le nord, de tétraédrite argentifiéee + freiber
+ pearceite + arsenpolybasite + pyrargyrite—proustite dans le sud a polybasite—arsenpolybasite + pyrargyrite, et ddayrargyrite
le nord.

(Traduit par la Rédaction)

Mots-clés minéraux d’argent, tétraédrite, freibergite, polybasite—arsenpolybasite, pearceite, pyrargyrite—proustite, gisement a
Pb—Zn—Ag—Au de Kangjiawan, province de Hunan, China.

INTRODUCTION vides a good opportunity to study the Ag—Sb(As)-S
system because ores consist of a simple assemblage of
Silver minerals of the Ag—Sb(As)-S system, includmetallic minerals. A research project on silver occur-
ing pyrargyrite and polybasite, are very important corrences in polymetallic deposits of China was organized
stituents of the Kangjiawan Pb—Zn—-Ag—Au deposityy the Chinese National Nonferrous Metal Industry
Hunan Province, China. This deposit, which containSorporation (CNNMIC) over the interval 1983 to 1992;
relatively low levels of copper and antimony, thus prain this context, the mineralogy, parageneses of ore min-
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erals and coexisting silver sulfosalts in the Kangjiawafhe contact zone is tens of meters in thickness, more
deposit have been investigated in detail. than a thousand meters in lateral and vertical, and the
The major characteristics of mineralization in th&huikoushan skarn-type Pb—Zn—Cu deposit occurs in
Kangjiawan deposit, representative of hydrothermal Plthe contact zone (Song 1989).
Zn deposits in China, have been described by Yang The Kangjiawan Pb—Zn—Ag—Au deposit is far from
(1985) and Liu (1986, 1996). In this paper, we brieflyhe igneous contact zone, about 1.8 km northeast from
describe the characteristics of mineralization of the déhe Shuikoushan granodiorite body. Although another
posit, and focus our attention on the occurrence abddy of diorite porphyry (129 Ma: Yang 1985) is ex-

paragenetic relations of the silver minerals. posed on the eastern side less than 900 m from the
Kangjiawan deposit, sulfur isotopic studies show that
GEOoLOGICAL SETTING AND ORE DEPOSIT pulse of magmatic activity had no link with mineraliza-

tion (Song 1989). The Kangjiawan deposit is a blind

The Shuikoushan mineral district, including thedeposit and occurs at a depth of 160 m from the surface
Shuikoushan skarn-type Cu—Pb-Zn deposit and tirethe northern part and 590 m in the southern part (Yang
Kangjiawan hydrothermal Pb—Zn—Ag—Au deposit, i4985). The deposit consists of seven large and 25 small
located in the central part of Hunan Province (Fig.1dre lenses distributed over a N—S-trending area of about
Basement rocks in the district consist of Devonian lime&500x 800 m (Fig. 1). Among the major orebodies (I-
stone and Carboniferous dolomite. Rocks exposed néét, Fig. 2A), five orebodies (I-V) occur in the silici-
the deposits are predominantly argillaceous limestofied breccia zone, which is in or near the unconformity
of Lower Permian age, clastic rocks of Middle to Uppébetween Jurassic and Permian rocks and caused by the
Permian age and limestone of Lower Triassic age, ambvement of Fault 22 ¢5), one of the major faults in
all these are unconformably overlain by clastic formahe area. Two orebodies (VI and VII) occur in the Lower
tions of Jurassic and Cretaceous age (Yang 1985, Sdteymian argillaceous limestone of the hanging wall of
1989). These sedimentary units of Lower and MiddIEy; (Fig. 3). The orebodies are stratiform or lenticular,
Permian age have been folded and locally overturnesirike N—S, mainly dip to the west, and locally dip to
A series of N-S-trending folds and reverse faults forithe east with an angle of 15 to°40he largest one
the structural framework of the region. The Shuikoushgorebody 1) has a size of about 1490520 X 9 m
granodiorite lopolith (K-Ar age in the range 143-15@QZhang 1990). The orebodies consist of massive pyritic
Ma: Yang 1985) has intruded Carboniferous and Pesre with significant amounts of sphalerite, galena, and
mian carbonate rocks, and formed a contact-metamoninor arsenopyrite, silver sulfosalts and electrum, as-
phic zone consisting mainly of andradite and diopsidsociated with quartz and calcite. The grade of the ore
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Fic. 1. Geological map of the Shuikoushan mineral district, China (after Yan 1985).
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averages 3.9 wt.% Pb, 4.5 wt.% Zn, 86.8 g/t Ag, andajor type of alteration, occurs mainly in the breccia
2.68 g/t Au (Liu 1986), but the copper content is vergone. White mica alteration (“sericitization”), carbon-
low, 320 ppm on average (Li 1991). atization and chloritization are limited to areas in or near

Some skarn and hornfels are found in the south tife orebodies. Otherwise, hydrothermal alteration is not
the Kangjiawan deposit (Yang 1985). Silicification, thextensive in the area.

F22 F22
139 ﬁ\ 1391 /r
N
131+ 1317
119 1194
1114 1114
1004 100+
vV
100 m 3 100 m
— VI —_—
1: Boundary of ore body I 4: Fluid inclusion sample
2: Boundary of 11-VII ore bodies 5: Arsenopyrite sample
3: Fault 6: Decrpitation isothermal of pyrite

N = northern part & S = southern part

Fic. 2. General plans of the Kangjiawan deposit. Exploration lines (E-W) are denoted by numbers 100 to 139. Left: Distribution
and shape of major ore bodies I-VII (after Zhang 1991). Right: Locations of samples for fluid inclusion and arsenopyrite
geothermometry. Contours of decrepitation temperatures for pyrite are shown (modified from Yan 1985 and Zhang 1991).
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Fic. 3. East—west cross-section along 100 line (after Yan 1985).

SAMPLES AND ANALYTICAL METHODS at the laboratory of Research Institute of Geology for
Mineral Resources, CNNC, and a JCXA-733 electron-
In this study, 385 specimens of ore were collectgarobe microanalyzer at Kyushu University, Japan. The
from orebodies I, lll, IVand VI on the =198 m and —23@nalyses were done at 20 kV, 004 beam current and
m levels (Fig. 4). In addition, two samples of ore (20 kg0 s counting time, using PbS, Ag, Cuge® S, MnS,
each), for the study of mineralogical balance, were cdbb,Tes, COASS and BSe; as standards, with ZAF cor-
lected from orebodies IV and VI (=230 m level). Aboutection. Wavelengths employed wereMry AglLc,
100 polished sections and thin sections were examin€dKa, FeKa, ZnKa, MnKa, SH.«, AsLa, BiLa, SKa
optically, and some polished sections of galena weand Séa. X-ray diffration data were obtained by using
observed after chemical etching with dilute nitric acica Rigaku type-2001 X-ray diffractometer (XRD) with a
Electron-microprobe analyses were carried out with @u target and quartz as an internal standard. The 220
Shimazu 810-Q electron-probe microanalyzer (EPMAgnd 440 reflections were used for calculation of the unit-
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Fic. 4. Plan of orebody IV (-230 m level) with the variations of Ag, Pb and Zn grades in some tunnels.

cell edge of galena. Specimens intended for chemical ORE MINERALOGY

analysis were obtained by channel sampling, and mea-

surements of major metallic elements were carried out Ores in the Kangjiawan deposit consist of three ma-
in the laboratory of the Shuikoushan mine by a wejer types: pyritic, pyrite—Pb—Zn and Pb—Zn ores (Figs.
chemical analysis method for Pb and Zn, and atomi@, B). Ore minerals are mainly pyrite, sphalerite, ga-
absorption method for Au and Ag. Some samples welena, small amount of arsenopyrite, and trace amounts
re-measured by atomic absorption method in the cheroi-chalcopyrite, pyrrhotite, bournonite, silver sulfosalts
cal laboratory of the Research Institute of Geology fand electrum. Gangue minerals are quartz, calcite, and
Mineral Resources, CNNC, and the results from bo#mall amounts of white mica and chlorite. Trace amount
laboratories are in agreement. The levels of some tragidine-grained euhedral K-feldspar of the adularia habit
elements like Cu, Sh, As and Bi were investigated witlvas found associated with quartz locally.

bulk samples at Kyushu University with a Rigaku RIX Pyrite is the most abundant sulfide mineral, and it
3100 X-ray-fluorescence (XRF) spectrometer. Tentan be divided into two generations on the basis of min-
peratures of freezing and homogenization of fluid ineralogical features and occurrences. The earlier genera-
clusions in quartz were obtained with a Linkam—600PMon consists of euhedral to subhedral pyrite having a
heating—cooling stage, with a rate 6C4min. for heat- grain size mainly between 0.02 to 0.5 mm, and gener-
ing measurements and @@min. for cooling measure- ally showing zoning (Figs. 5A, C, D). EPMA analyses
ments. show that the pyrite is chemically pure in the core, and
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Fic. 5. Photographs of ores and silver minerals. A. Massive pyrite—Pb—Zn ore. B. Massive Pb-rich ore with two generations of
galena. The later fine-grained galena (Gn2) fills in the fractures of coarse-grained galena (Gn1l) ore. C. Photomicrograph of
zoned pyrite (Py). D. Back-scattered electron image of zoned pyrite with the high-As rim. Black dots are points of EPMA
analyses. E. Back-scattered electron image showing exsolusion-like inclusions of polybasite (Poly) and pyrargyrite (Pyr)
occurring along {100} of the early coarse-grained galena. F. Back-scattered electron image of silver minerals in the early
galena. Proustite (Pro) is surrounded by arsenpolybasite (Poly). G. Photomicrograph showing the early coarse-grained galena
(Gn1l) is cross-cut by the later galena (Gn2) with abundant pyrargyrite (Pyr) and calcite (Cal). H. Photomicrographs of

pyrargyrite in the later fine-grained galena veinlets. Photomicrograph (right) showing grain boundary of galena (etched with
diluted HNG).
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has higher arsenic (maximum 4.75 wt.% As) at the rim. Trace amounts of bournonite were found in the ga-
Approximately 95% of the pyrite can be classified akena. Like chalcopyrite, it commonly occurs in the
belonging to the earlier generation. The later generatisnuthern part of a given orebody. It is fine grained and
consists of euhedral to anhedral pyrite having a sizeiofegular in form, and intimately associated with
0.01-0.2 mm, and associated with sphalerite and galeargentian tetrahedrite. The bournonite seems to be
that fill fractures in the pyrite orebodies. It is chemiformed during the replacement of argentian tetrahedrite
cally homogeneous. by galena.
Sphalerite in general has a high FeS content, which
shows zoning from 8 mole % in the core to 2 mole % in  SiLVER DISTRIBUTION AND SLVER MINERALS
rim. The FeS content also decreases from the southern
part to the northern part in each major orebody. In the Silver minerals show an intimate association with the
southern part of an orebody, some zoned grains Bb—Zn mineralization (Fig. 4). They occur mainly in
sphalerite include fine-grained blebs of chalcopyrite &b—Zn ore or the pyrite—Pb—Zn ore. The silver grade
the rim. The sphalerite commonly contains about Or&nges from 2 to 1180 g/t, averaging 86.8 g/t (Liu 1986).
wt.% Cd, and the Cd content in some grains increasEse silver grade increases from the southern part to the
to about 0.8 wt.%, but does not show a clear zonatiamorthern part in the deposit (Li & Liu 1984), and in each
A small amounts of reddish sphalerite, which may shomajor orebody. The results of chemical analyses for 285
a rhombic dodecahedron morphology, is distributesamples show that amount of Ag is positively correlated
mainly in the northern part of the deposit (north of 11with Pb ¢ = 0.85) and Znr(= 0.5). A mineralogical
exploration line in Fig. 2A: Li & Liu 1984). It is very balance based on a modal analysis of polished sections
low in Fe content (<0.2 mole % FeS) and without anguggests that about 90% of the silver is concentrated in
Cd. The reddish sphalerite commonly cuts or replacgalena, mainly as included silver minerals. These silver
the earlier iron-rich sphalerite. minerals are electrum, argentian tetrahedrite, freibergite,
Galena also is present in two generations. The eg@earceite, polybasite—arsenpolybasite and pyrargyrite—
lier generation forms the major part of Pb—Zn orebodiegroustite. Although Li & Liu (1984) reported that strom-
The galena is characterized by its larger grain-size (>G§erite is one of major silver mineral, we did not find it.
mm), and the presence of fine-grained tetrahedrite ré&ative silver and hessite were reported as trace amounts
ics, or polybasite and pyrargyrite inclusions. The galertd minerals associated with electrum in pyrite, and a
commonly forms massive aggregates. The later geneminor amount of acanthite also was reported to occur in
tion was observed in orebody I. It is fine grained (<0.@alena (Yang 1985, Li 1991).
mm), and occurs as veinlets that cut the earlier galena. Electrum occurs in microfractures or interstices of
The later galena is intergrown with abundant coarspyrite, sphalerite and quartz. Most of the grains are
grained pyrargyrite and calcite, and no inclusions of@out 0.2 to Jum, and the largest domain is about 53
silver mineral were found in it (Figs. 5E, G, and H)pm across (Lin & Yang 1986). Commonly, the elec-
XRD data show that the unit-cell edge of the early garum contains between 35 and 65 wt.% Ag (Liu 1990).
lena is 5.933 0.003 A, suggesting low levels of mi-  Argentian tetrahedrite — freibergite is a solid-solution
nor-element concentrations. EPMA analyses alseries, which can be written (Cu, AgJe, Zn}ShS;3
indicate that the early galena contains only several huje-g, Ebel & Sack 1991, Sack 1992). Riley (1974) first
dreds ppm to undetectable silver, less than 500 ppmrastricted the terms of argentian tetrahedrite and
undetectable antimony, and undetectable bismuth. Tfreibergite to tetrahedrite-like phases containing less or
silver, antimony and bismuth all are undetectable in tlggeater than 20 wt.% Ag, respectively. On the basis of
later galena. observations of the occurrences of argentian tetrahedrite
Arsenopyrite is minor but widespread. Commonlyand freibergite in Ag-bearing polymetallic deposits of
it is easily observed in the southern part and is rare southern China, we found that the argentian tetrahedrite,
the northern part of the major orebodies, especiallyhich is associated with sphalerite and chalcopyrite,
orebody IV. It shows a close relationship with Pb—Zoccurs as a major Ag-bearing mineral in many Ag-bear-
mineralization, and is mainly distributed in quartz andhg deposits. The grain size of the argentian tetrahedrite
pyrite, or sporadically in galena. The arsenopyrite is rather larger than that of freibergite. It mostly ranges
euhedral to subhedral, and its grain size is mostly infeam tens ofum to several mm. In contrast to argentian
range of 0.2—0.5 mm. The coarsest grains can be >1 netrahedrite, the freibergite, associated with some Ag-
and the finest ones are <0.01 mm (Yang & Lin 1987jich minerals like pyrargyrite, polybasite or miargyrite,
The arsenic content of the arsenopyrite ranges from @8curs only as a trace Ag-bearing mineral in Ag-rich
to 31 at.% in the deposit, as described later. part of the Ag-bearing deposits in southern China (Zeng
Chalcopyrite is a minor mineral in the deposit. 11.989). Freibergite is commonly less thanut0 in size.
occurs mostly as blebs in sphalerite, or as independ&wcause of the difference in their mode of occurences,
fine grains in quartz. It is observed normally in theve agree with Riley (1974) in dividing the solid-solu-
southern part and is absent in the northern part of ea@n series into two different terms, argentian tetrahe-
major orebody. drite and freibergite, and using four Ag atoms in the total
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12 Cu sites (about 23—-24 wt.% Ag) as the dividing poirtr as irregular anhedral grains in interstices of coarse-
of the solid-solution series. The chemical formulgrained or later fine-grained galena. The blebs in the
of argentian tetrahedrite can be written asy@wg coarse-grained galena are commonly less thapr20
(Fe,ZnyShyS;3 (x +y =10;x < 4,y = 6). across. The grains of the pyrargyrite—proustite series
Argentian tetrahedrite is a minor silver mineral irassociated with the fine-grained galena are coarser, and
the Kangjiawan deposit. It seems to have formed earlygn be tens to more than 10t in diameter. The min-
as it was replaced by galena, and occurs as a small relial occurring in the southern part of a major orebody
in earlier coarse-grained galena observed in the soudommonly contains higher arsenic (11 wt.%) and trace
ern part of each major orebody. Sparse blebs of chamount of copper (0.52 wt.%), and belongs to an inter-
copyrite can also be observed occasionally in sphaleriteediate member of the pyrargyrite—proustite series. The
In contrast to the southern part, argentian tetrahedritentent of arsenic varies greatly, even in the same ore
and chalcopyrite were not found in the northern pagample. The mineral occurring in the northern part or
Argentian tetrahedrite in the deposit contains 15 to E&sociated with later fine-grained galena is the nearly
wt.% Ag, and is zinc-rich (>5 wt.%) with a very lowpure Sb-end member (Table 1).
level of iron (<1 wt.%), and the ratio As/Sb is about
0.02 to 0.06 (Table 1). GEOCHEMICAL BEHAVIOR OF SLVER
Fine-grained freibergite was found in samples from AND EvoLuTION OF SILVER MINERALS
the southern part of orebody IV. The grains are less than
10 wm in diameter, and occur in interstices of galena The occurrence of minor silver in galena has been
grains. They contain about 25 to 26 wt.% Ag. Comparexktensively documented.@, Fleischer 1955, Craig
to argentian tetrahedrite, the freibergite contains high#967, Hall & Heyl 1968, Karup-Mgller 1971, Scott
iron (1.48 wt.%) and lower zinc (<4.50 wt.%; Table 1)1976, Pattrick 1984, Fooet al. 1988, Foord & Shawe
Pearceite and polybasite—arsenpolybasite are co®89, Jeppsson 1987, Cabri 1992, Sharp & Buseck
mon in the deposit. The pearceite is found in the earli#®93). Silver is either present in solid solution, involved
coarse-grained galena of the southern part to the centralin isomorphous substitution for Pb, or as very fine-
part, and the polybasite—arsenpolybasite is mainly fougdained discrete minerals.
in the central part and northern part of each major The substitution model is believed to involve 2Pb
orebody. They occur as fine-grained blebs or lenticular Agt + Bi** (xSB"), and it causes a decrease in the
inclusions, commonly as exsolution-like intergrowthsinit-cell dimension of galena @, Karup-Mgller 1971,
along the direction of {100} of the galena (Fig. 5E)Foordet al 1988, Foord & Shawe 1989). The amount
Some grains of arsenpolybasite are found around Sif-silver able to substitute for lead withoutBin ga-
bearing proustite (Fig. 5F). The arsenic content in tHena does not seem to be significant. As mentioned
polybasite—arsenpolybasite series decreases from #im®ve, there is no distinct variation in the unit-cell di-
central part to the northern part (Table 1). mension of galena in the Kangjiawan deposit, and sil-
A member of the pyrargyrite—proustite solid-solutiorver, antimony and bismuth are less than 0.01 wt.% by
series is one of the most abundant silver minerals in tB®MA in most of grains of galena analyzed. The results
deposit. It occurs as blebs in the coarse-grained galeahexperiments in the system #8-PbS show that the
maximum solubility of AgS in PbS is about 0.4 mole
% at 615C (Hook 1960). The solubility of AgSh$
PbS was found to be less than 4 mole % at@GQ&ss
TABLE 1. RESULTS OF EPMA ANALYSES OF SOME SILVER MINERALS  than 2 mole % at 20C, and only minor amounts of Ag
FROM THE KANGJIAWAN DEFOSIT, CHINA and Sb in galena can be formed at room temperature
- T T T T 777 (Hodaé& Chang 1975, Amcoff 1976). Although the ex-
Sample no.  Mineral compasition (wt.%) tent of solid solution of galena toward polybasite and
(locality) name Ag Cu Fe Zn Sb As S total . . . .
pyrargyrite has not been studied comprehensively, it
K16 1V bt 17622070 088 5192651 070 2306 9913 seems reasonable to expect that it.Wi|| be very limited
K4:16 EIV:S; :::;:h:d‘r;:: 18t07 23:96 1:10 4:88 26;90 0:75 23:25 98:90 in nature. As a I’ESU“: Of a_decr_ease n temperature’ most
K4-18 (IV-S) tetrahedrite 1567 26,18 0.77 5.73 2679 1.832221 9918  Of the structurally bound silver in galena will be expelled

K4-18 (IV-S) freiber_gite 25.14 1845 148 4362629 1.0521.90 9867 to the nearest Weakly bonded planes (CleaVageS) or grain
K4-18 (IV-S) proustite 6430 037 002 0.08 451 11.00 1840 98.68

K4-18 (IV-S) proustite ~ 63.40 048 - - 5221049 18.68 9827 boundary, 51_5 observed in the Kangjiawan_deposit and
K4-18 (IV-8) pyrargyrite 60.61 0.02 - - 1706 3611840 9970  other deposng(g, Ramdohr 1980, Sandecki & Amcoff
Ka-3a (I-N)  pyrargyrite  61.20 - - - 1591 508 17.65 9984 1981)

Ka-3b (I-N)  pyrargyrite 6220 - - - 20123 0.64 16.48 100.55 :

Ka-3b (I'N)  pyrargyrite  60.08 004 - - 2127 042 1745 9926 Many researcherse(g, Hall & Czamanske 1972,
K1-1(I-C)  pearceite 6870 804 - - 402 482153210090

K4-18 (IV-S) polybasite* 71.83 439 - - 282 4491470 9823 Amcc.)ff 1976, Wu & Petgrsen 1977, J_eppsson 1987.’
K4-16 (IV-S) polybasite  69.44 633 - - 708 256 146110002 Cabri 1992) have recognized that the silver contents in

- Ag-bearing ores may be partly or principally accounted
N: northern part, C: central part, S: southern part of orebody; -: not detected; for by Ag'beanng mlneral_s, espeCIa”y_arg_entlan _tetra'
polybasite* = arsenpolybasite. hedrite. However, argentian tetrahedrite is rare in the
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Kangjiawan deposit, particularly in the northern part. A simplified evolution of silver minerals occurring
Amcoff (1976) suggested: “If Cu, Zn and other metalm the Kangjiawan deposit is summarized in Figure 6.
also are present at the time of crystallization, the Sb amte diagram shows that in Ag-bearing Pb—Zn ores, sil-
Ag will be incorporated into minerals such as tetraherer first enters tetrahedrite, then forms Ag-sulfosalts or
drite.” Johnson & Jeanloz (1983) proved that the mostilfides. Where the Cu content of ores is high, tetrahe-
stable structure of tetrahedrite has an approximate codrite will be the major Ag-bearing mineral; if the Cu
position of Cyo(Fe, Zn}(Sbh, As)S;3, and Pattrick & contentis very low, it will yield a complex Ag—Sb(As)—
Hall (1983) also pointed out that the substitution of AG mineral assemblage, as the arrow in Figure 6 indi-
for Cu in tetrahedrite is controlled by Fe substitutiorcates, or an acanthite — native silver assemblage.

The presence of a small amount of argentian tetrahe-

drite in the Kangjiawan deposit may result from a low CoNDITIONS OF MINERALIZATION

level of copper and iron in the mineralizing fluids, and FLuip-INncLusiON EVIDENCE

from the fact that coupled substitution of Ag + Fe for 2

Cu could not occur during crystallization. On the basis of our study, four stages of mineraliza-

The XRF results show that most of Pb—Zn ores ition can be recognized in the Kangjiawan deposit: (1)
the deposit are characterized by Ag > Cu > Sb contepyrite stage, (2) Pb—Zn—Ag stage, (3) Pb—Ag stage, and
From south to north, a decreasing amount of copper af#j late Sp (sphalerite) stage (Fig. 7). Ores in the de-
an increasing amount of silver are found in the maj@osit mainly formed in the pyrite and Pb—Zn—Ag stages.
orebodies. Corresponding to the changes in copper aflie mineralization that led to the Pb—Ag and late
silver concentrations, the assemblages of silver minerajghalerite stages was recognized locally, on a small
change from the tetrahedrite + freibergite + pearceitestale only.
arsenpolybasite + pyrargyrite—proustite in the southern To constrain the conditions of mineralization in the
part to polybasite—arsenpolybasite + pyrargyrite in thdeposits, fluid inclusions in quartz were studied for py-
central part, and to pyrargyrite in the northern part. Thiée-Pb—Zn ores from two locations, the northern part of
change in the assemblages of silver minerals in the Kammgebody | (117 line) and the northern part of orebody
jlawan deposit may result mainly from the evolution iV (127 line, Fig. 2B). Quartz samples from orebody |
the chemical environment of the hydrothermal fluid. are white euhedral crystals 0.3 to 1 cm across, and those

CwS

Tetrahedrite

Argentila.n
tetrahedrite

Stephanite
7797 7 7
AgS Pyrargyrite Miargyrite StS3(A%283)

Fic. 6. Triangular diagram of Ag—Cu sulfosalts. Black dots show representative composi-
tions of some silver minerals in the Kangjiawan deposit. The arrow indicates the trend
of evolution of silver mineral assemblages during mineralization. The compositional
ranges of silver minerals are shown by dashed lines for reference.
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Mineral Pyrite stage : Pb-Zn-Ag stage Ag-Pb stage Late Sp! stage
Pyrite — ....... : .
Pyrrhotite .......................

Arsenopyrite ........ : :
Sphalerite —_ f e

Chalcopyrite
Tetrahedrite
Electrum ....................... . .
Galena —E.-----________g

Ore

Bournonite e — :
Freibergite
Pearceite

Pyrargyrite?

Polybasite3

Quartz
K-feldspar
White mica
Calcite

Gangue

Major
Sp! = sphalerite

Pyrargyrite? = pyrargyrite-proustite series
Polybasite3 = polybasite-arsenpolybasite series

Fic. 7. Paragenetic sequence of ore minerals, Kangjiawan deposit.

from orebody IV are white and massive. Quartz ia mean of 31&C, although some lower (276) and
intergrown with pyrite, and fractures in the quartz arkigher (375C) values exist. Homogenization tempera-
filled by sphalerite and galena, suggesting that the quattzes range from 270 to 318, with a mean of 30%,
formed in the pyrite stage. for orebody IV.

Quartz contains a small numbers of primary inclu- Type S—b inclusions occur in samples from orebody
sions (type P), and abundant secondary inclusions (typend are characterized by a low salinity. The narrow
S) in healed microfractures. Both types are simple twoange of Tm, from -2 to°€, and a wide range of Th,
phase liquid—vapor inclusions, with no visible immisfrom 241 to 330C, may be the result of necking down.
cible CQ.. Type-P inclusions are large in diameter (20 he low-temperature-type S—c inclusions were found in
to 50 pm across) and have 15 to 20% vapor. Type-Quartz from orebody IV. Homogenization temperatures
inclusions are small in size (less thanu2), and have range from 122 to 13C, with a mean of 12T, and
5 to 10% vapor. Tm from -3 to —5.6C.

Type-P inclusions are characterized by low ice-melt- Primary inclusions (type P) in quartz from orebody |
ing temperatures (Tm), indicating a high salinity. Thand IV formed in the pyrite stage, and inclusions of type
values of Tm are —18.8 to —19G and homogeniza- S—a probably formed in Pb—Zn—Ag stage. The values of
tion temperatures (Th) range from 307 to 3 2with a Th for primary inclusions (type P) and secondary inclu-
mean of 310C, for orebody I. Only one primary inclu- sions (type S—a) show a slight decrease from south
sion was studied in quartz from orebody IV, and Tr{orebody 1) to north (orebody IV), suggesting that the
and Th are -1 and 303C, respectively. mineralizing fluids flowed from south to north, as re-

On the basis of the range of Tm and Th values, sqmrted by Yang (1985). Yang (1985) investigated the
ondary inclusions can be divided into three subtypedistribution of temperature in the Kangjiawan deposit
S—a, S—b and S—c (Fig. 7). Type S—a inclusions haveystematically using the decrepitation method (Fig. 2B).
moderate salinity, with Tm ranging from —8.8 toAlthough quantitative values of temperatures may not
—11.5C for orebody I, and -9 to —10 for orebody IV. be valid, the tendency of a northward decrease in tem-
Homogenization temperatures for type S—a inclusiomgrature can be recognized. We believe that the miner-
from orebody | range generally from 300 to 325with  alizing fluids in the Kangjiawan deposit and in the
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4007 TABLE 2. RESULTS OF EPMA ANALYSES OF ARSENOPYRITE
Type S-b ° FROM THE KANGIJIAWAN DEPOSIT, CHINA
(Pb-Ag stage) . Type P
e 00&- u (Pyrite stage) Orebody # composition in wt.% inat.%
3007 & o Fe S As total As
H ¢ °
3 Type S-a I 5 3563 2219 4223 10005  29.80
6 (Pb—Zn—Ag stage) 1 7 35.58 22.68 41.17 99.42 29.00
< 200 v 6 3565 2245 4187 9997 2940
=
#: number of grains analyzed.
@o®
100 Type S-c
(late Sp stage)
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