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ABSTRACT : The chemical composition of the arsenopyrite Ib adjoining “triple mutual contact”
arsenopyrite + pyrite + hexagonal pyrrhotite may serve as a useful geothermometer in Stage II. In this
study it corresponds to temperature T=330C and f{S2)=10"" atm. And the pyrite-hexagonal
pyrrhotite buffer curve indicates the probable range of the two variables; T= 315~345T, and f{(S;) =
10"°~10” atm. The present antimony-bearing arsenopyrite (arsenopyrite Ic) is characterized by
relatively high content of antimony, ranging from 4.95 to 8.91 percent Sb by weight and excess of
iron and deficiency of anions are evident. Such a high antimonian arsenopyrite has never been known
within single grain. But being the high content of antimony as in the arsenopyrite Ic, it does not
serve as a geothermometer.

The results of microprobe analyses for four pairs of asenopyrite and sphalerite in Stage 1Il indicate
the temperature range from 310 to 340°C, and sulphur fugacity range from 10'°~10" atm. These
values seem to correspond with those inferred from the Fe-As-S system.
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Introduction

Arsenopyrite, a sulpharsenide of iron (FeAsS)
is familiar mineral, being distributed widely in
nature and occurs in varying amounts in many
metallic deposits of different genesis. The ideal
formula of arsenopyrite is FeAsS, however, nat-
ural arsenopyrites usually contain small or trace
amounts of nickel and cobalt which substitute
for iron, and those of antimony and bismuth for
arsenic. In spite of its common occurrence, the
mineral has not been received the careful ex-
amination, and its crystal structure has been
believed to have orthorhombic symmetry on the
basis of AX, type marcasite structure for a long
time (e.g., de Jong, 1926, Buerger, 1936, 1939).

Recently, Morimoto and Clark (1961) have shown
that arsenic and sulphur in natural arsenopyrites
can be mutually substituted to the limits of
FeAsooS11 and FeAsi1Soo. From the results of
study by means of single crystal X-ray dif-
fraction method, they concluded that the increase
of the content of arsenic leads to transformation
from the space group P1 with triclinic sym-
metry to P2 /c with approximately monoclinic
symmetry, to the unit cell approaching an
orthorhombic symmetry. They also noted that
changes in the position of the 131 reflection of
arsenopyrites are a sensitive indicator of differ-
ence in arsenopyrite composition. The 131 re-
flection on the X-ray powder-diffraction pattern
of arsenopyrite has sufficiently strong intensity
and separates well from most extraneous mate-
rials, and since it appears at a relatively big 2 6
-region (FeK,:26=72.6~73.1°), the d-spacing
may be measured precisely.

Clark (1960c) determined detailed phase re-
lationships in the condensed Fe-As-S system
between 400 and 750C and also investigated
the effects of pressure up to 2,070 bars. More-
over, recent experimental study by Kretschmar
and Scott (1976) has shown that the composition
of arsenopyrite is very sensitive to sulphur
fugacity, but if sulphur fugacity is buffered with
sulphide assemblages, such as pyrite + hexagonal
pyrrhotite and bismuthinite + native bismuth (Bi
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melt), the composition (As/S atomic ratio or
atomic percent As) in arsenopyrite (FeAspxSix
0<x<0.1) is mainly a function of the
formation temperatures.

This study is made to presume temperature
and pressure condition applied at formation of
ore deposit using the chemical composition of
the arsenopyrite. It may serve as a useful
geothermometer adjoining arsenopyrite + pyrite +
hexagonal pyrrhotite.

Location and Geologic Settings

The Yeonhwa 1 mine lies about 5 km north
of Seogpo station on the Ryeongdong Line of
the Korean National Railway, and the mine
Province, approximately at lat. 37°04 N and
long. 129°02 E (Fig. 1). In the mine area, the
basement rocks of Precambrian granite gneisses
- “Taebaegsan Gneiss Complex” (Lee and Kim,
1984) and the overlying Cambro-Ordovician sed-
imentary rocks of the Joseon Supergroup are
exposed extensively. The results of K/Ar ra-
diometric dating on three members of the gneiss
complex given by Yun and Silberman (1979)
are as follows ; Dongjeom gneiss : 1,744 52
Ma for muscovite, pegmatite in Dongjeom
gneiss : 1,754£53 Ma for muscovite, and
Hongjesa granite : 73022 Ma for biotite. This
indicates that at least two phases of Precambrian
intrusive and/or metamorphic events took place
in the district.

The Cambro-Ordovician sediments belonging
to Duwibong (platform) sequence have been
divided into the following nine formations in
ascending order (Cheong, 1969) ; the Jangsan
Quartzite and the Myobong Slate; the Poongchon
and the Hwajeol Formation ; the Dongjeom
Quartzite, the Dumudong and the Magdong
Formation ; and Jigunsan Slate and Duwibong
Limestone. The boundary of Cambrian and
Ordovician has been defined at the base of the
Dongjeom Quartzite for convenience, though the
biostratigraphic boundary lies at the upper ho-
rizon of the Hwajeol Formation (Kobayashi,
1953). Stocks of dykes of lamprophyre (K/Ar
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Fig. 1. Map showing the location of the Yeonhwa 1 Mine district.

age:213£4 Ma on muscovite; Yun and Si-
Iberman, 1979) have intruded into the above
basement rocks and the sedimentary rocks of the
Samcheog Group. Dykes of quartz-monzonite
porphyry and diabase of unknown age also crop
out in some places.

Structurally, the Yeonhwa 1 mine area occu-
pies the eastern segment of the southern limb of
Hambaeg syncline, whose axis trending approxi-
mately EW~NW and plunging westwards. The
structure of strata on the surface in the mine
arca is fairly steep;they strike NE and dip
between 40° and 60° NW in general, however,

in the underground dips become gentle, from
25° to 30° NW. In some places, the strata have
been overturned due to local disturbance of
faultings. Minor foldings and warpings are
developed locally. The dominant faults in the
mine area include (1) steep reverse fault of EW
strike with a steep dip of about 60° in north of
the mine workings, that places the Pungchon
Limestones over the Hwajeol Formation, (2)
steep reverse fault trending NS ~N30°E, and (3)
steep reverse fault striking N20~30°W with
dips of 45°~85°W-SW.



Young Up Lee -

Occurrence

In the zinc-lead (-silver) ores from the
Yeonhwa | mine, the arsenopyrite is widespread
and relatively abundant. As for the features of
metallic mineraizations in calcic Fe, Cu, Zn-Pb,
W and Mo skam deposits in Japan and Korea,
Miyazawa (1976) has stated that the ore deposits
have three stages in time evolutionary trend;
Stage [: oxide stage, Stage II: sulphide stage (1),
and Stage III: suphide stage (2). The arseno-
pyrite in the mine may be divided broadly into
two species on the basis of chronological order
during the stage of metallic mineralization; (1)
early arsenopyrite formed Stage II (arsenopyrite
[) and (2) late arsenopyrite formed Stage III
(arsenopyrite 1I).

The arsenopyrite 1 usually representing the
earliest mineral in Stage II, may be also
classified into the following three types accord-
ing to the difference in chemical properties, the
assembled minerals, and in the textural rela-
tionships; the arsenopyrites Ia, Ib and Ic.

The arsenopyrite la is “ordinary” arsenopyrite
and occurs as grains euhedral to anhedral in
shape, closely associated with sphalerite, pyr-
rhotite (both hexagonal and monoclinic phases),
and occasionally with pyrite, galena and mar-
casite. The size and shape of the grains are
quite variable, from 20 ym to ! mm across, and
they frequently show euhedral rhomb, about 100
ym across. Lamellar twinning may be observed
on some occasions. Among grains of the arse-
nopyrite la, those adjoining “triple mutual con-
tact” arsenopyrite + pyrite + hexagonal pyrrhotite
(Fig. 2(1)) are designated as the arsenopyrite Ib
for convenience in the present paper.

It has already been pointed out that arsenopyrite
is refractory mineral, which is “strong” against
the retrograde alteration, however, as shown in
Fig. 2(2), replacement of arsenopyrite by pyr-
rhotite may be recognized on some occasions.
Also, in rare cases, pyrite or pyrrhotite may
occur as veinlets along the fractures of arse-
nopyrite.

The arsenopyrite Ic, on the other hand, is the
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antimony-bearing variety (antimonian arsenopyrite)
formed in Stage II, closely associated with
bismuthinite and native bismuth (Fig. 3). It was
found in pyrrhotite-rich ore from the orebody
on - 360 m adit level. Especially, the reflectance
of the arsenopyrite Ic seems higher than those
of others and the isotropy of it is somewhat
stronger.

The arsenopyrite I may be classified into the
following two types; the arsenopyrites Ila and
IId. The Ia is “ordinary” arsenopyrite, which
also represents the earliest mineral in Stage III,
and is closely associated with pyrite, monoclinic
pyrrhotite, sphalerite and carbonates (mostly rho-
dochrosite) and in rare cases with galena,
stannite, chalcopyrite and marcasite. It is euhedral
to subhedral in form, and the grain size is quite
variable from less than 10 ym to 1 mm across,
but the grains 100 ym across are most common.
In some euhedral rhombs of arsenopyrite, optical
zoning may be visible, and replacement by
chalcopyrite may be observed.

The arsenopyrite IId occurs in the carbonate
and/or quartz sulphide veins, and is considered
to have been formed in Stage III. These veins
occur near the orebody on the -540 m adit level.
The ore Specimen has been subjected to a close
examination, a narrow vein about 10 c¢cm in
thickness has the symmetrical structure, in which
central part is occupied by white or pinkish
white part, and both outer sides consist mainly
of sulphide. This arsenopyrite IId is closely
associated with sphalerite, pyrite, galena and
wolframite. In some parts of the polished (thin-)
sections, the arsenopyrite seems to occur as the
cement filling the interstices of the aggregates of
lath-shaped ~ wolframite, together with other
sulphides. The arsenopyrite is coarse-grained,
ranging from 100 ym to more than 1 mm across.

Chemical Composition

As far as the arsenopyrite Ia, Ib, Tla and IId
are concerned, since the qualitative microprobe
analyses by spectrometer scans detected Fe, As
and S alone, the other elements such as Ni, Co,
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Fig. 2. Photomicrographs of the polished sections (one polar), showing the mode of occrrence
of arsemopyrite. Bar scale indicates 100 ym in length, Abbreviation: ap = arsenopyrite. po =
pyrrhotite. py = pyrite. ¢p = chalcopyrite. g = galena. pr= pyrargyrite. sp = sphalerite.

Sb and Bi, which may enter into arsenopyrite
structure were below the detection limits of
microprobe. On some occasions, natural arse-
nopyrites contain minor or trace amounts of
antimony and bismuth, which seem generally
missing (Ramdohr, 1980). The present antimony-
bearing arsenopyrite (arsenopyrite Ic) is char-
acterized by relatively high content of antimony,
ranging from 4.95 to 8.91 percent Sb by weight
and excess of iron and deficiency of anions are
evident. Such a high antimonian arsenopyrite has

never been known in within single grains and
at the study of it, the X-ray diffraction method
seems desirable. In the case of the arsenopyrite
lc, in addition to Fe, As and S, Sb was
detected, but Ni, Co and Bi were not detected.

Arsenopyrites la, 1b and Ha
Based on quantitative microprobe analyses

(Table 1), the arsenopyrites la, Ib and Ila are
characterized by the excess of sulphur and
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Fig. 3. Photomicrographs and the back-scattered clectron (compositional) images, showing the mode of
occurrence of arsenopyrite Ic. (1) and (3) : Photomicrographs in the reflected light (one polar). (2) :
Back-scattered electron (compositional) image of the area of rectangular marked in (1), counter clockwise
rotation. (4) : Back-scattered electron (compositional) image of the area of rectangular marked in (3),
clockwise rotation. Bar scale of (2) indicates 30 ym and that of (4) 40 ym in length. Abbreviation: ap =
arsenopyrite. bi = native bithmuth. bs = bithmuthinite. g = galena.

deficiency of arsenic deviating slightly from
stoichiometric composition FeAsS. Careful mi-
croprobe analyses were made for ten spots in
the optically and chemically homogeneous area
near the “triple mutual contact” of arsenopyrite
+ pyrite + hexagonal pyrrhotite (Fig. 1(1)) and
the results are listed in Table 2. The arithmetic
mean value of atomic percent As for ten anal-
yses is 30.56£0.59.

Arsenopyrite Ic (antimonian arsenopyrite)

The photomicrographs of the polished sections

and the back-scattered electron images of the
area of rectangle showing the mode of oc-
currence of the arsenopyrite Ic are reproduced in
Fig. 3. Also, X-ray scanning images correspond-
ing to the Fig. 3(4) by characteristic X-rays of
Aska, SbLa, FeKa, BiMe and SKa are
given in Fig. 4. These figures qualitatively show
that marked concentration of antimony is taken
place within the arsenopyrite Ic.

The selected electron microprobe analyses for
ten spots in the discrete four grain are listed in
Table 3, from which it is noted that the present
arsenopyrite Ic is characterized by the relatively



Mode of Occurrences and Depositional Conditions of Arsenopyrite from the Yeonhwa 1 Mine, Korea

Table 1, Selected electron-microprobe analyses of arsenopyrite

Weight percent

Atomic percent

Po Gr. Fe As S Total Fe As S 100As/S
1 A 34.90 4475 20.85 100.50 33.37 31.90 34.73 91.85
2 B 34.76 44.75 20.85 100.36 33.28 31.94 34.78 91.83
3 C 34.57 45.01 20.62 100.20 33.23 32.25 34.52 93.42
4 D 34.93 43.60 20.96 99.49 33.60 3127 35.13 89.01
5 E 3445 43.37 20.50 98.32 33.61 31.54 34.84 90.53
6 F 35.38 43.97 20.54 99.89 34.04 31.54 34.43 91.61
7 G 34.66 44.45 20.56 99.67 33.45 31.98 34.57 92.51
8 H 34.82 4424 20.50 99.56 33.64 31.86 34.50 92.35
9 I 34.46 43.25 21.16 98.87 33.27 31.13 35.59 87.46
10 J 34.29 42,77 21.14 98.20 33.29 30.95 35.75 86.57
11 K 35.47 43.94 20.64 100.05 34.05 31.44 3451 91.10
12 L 35.80 43.14 21.39 100.33 34.02 30.56 35.41 86.30
13 M 34.87 43.52 20.44 98.83 33.88 31.52 34.60 91.10
14 N 34.29 43.75 20.34 98.38 33.51 31.87 34.62 92.06
15 0] 34.95 44.20 20.47 99.62 33.75 31.82 34.43 92.42
16 P 36.44 43.19 21.26 100.89 34.48 30.47 35.05 86.93
17 Q 35.01 42.99 22.49 100.49 32.95 30.17 36.88 81.81
18 R 34.49 42.99 22.50 99.98 32.62 30.31 37.07 81.76
19 S 34.53 42.82 22.54 99.89 32.66 30.19 37.14 8§1.29
Po. : Point number. Gr. : Grain number.
Table 2. Selected electron-microprobe analyses of arsenopyrite with “triple mutual contact”
Weight percent Atomic percent
Fo ar. Fe As S Total Fe As S 100AS/S
1 A 36.12 42.66 21.67 100.45 34.18 30.09 35.72 84.24
2 B 35.93 43.49 21.25 100.67 34.10 30.77 35.13 87.59
3 C 35.97 43.72 21.40 101.09 33.98 30.79 35.22 87.42
4 D 36.07 43.07 21.46 100.60 34.17 30.42 3541 85.91
5 E 36.37 42.66 21.77 100.80 34.28 29.97 35.75 83.83
6 F 35.92 4347 21.27 100.66 34.09 30.75 35.16 87.46
7 G 3591 43.53 21.41 100.85 33.99 30.71 35.30 87.00
8 'H 35.74 43.61 21.44 100.79 33.84 30.71 35.30 87.00
9 I 35.85 43.51 21.36 100.70 33.97 30.75 35.28 87.16
0 J 35.87 43.52 21.48 100.87 33.93 30.68 35.39 86.69

Po. : Point number. Gr. : Grain number

high content of antimony, ranging from 4.95 to
8.91 weight percent Sb and marked excess of
iron and deficiency of sulphur from the stoi-
chiometric composition and the compositional
heterogeneity within the single grains. In order
to clarify the mutual relationships of these atoms
of metal, semimetal and sulphur, these chemical
data obtained by microprobe analyzer were
processed in the following several manners for
the assumed chemical formula Fe(As+ Sb)S,

indicating substitution of Sb for As.

Fig. 5 shows the relation of Sb versus As,
from which it is seen that, the content of As
exhibits approximate reverse relationship to that
of Sb content, suggesting As — Sb substitution.
Also, compositional relationships of Fe, As and
Sb are plotted into the enlarged parallerogram in
the triangle diagram Fe-As-Sb (Fig. 6). Although
not so clear, the iron content tends to increasing
with increase antimony content (Fig. 7). This is
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Table 3. Selected electron-microprobe analyses of Sb-bearing arsenopyrite

Weight percent

Atomic percent

Po Gr. Fe  As _ Sb S Total Fe  As _ Sb g 100As*/S
1 A 3545 3913 495 1996 9949 3487 2869 223 3420 9041
2 A 3568 3790 612 19.04 9874 3571 2828 281 3320  93.64
3 A 3515 3707 891 1879 99.92 3529 2774 410 3286  96.90
4 B 3511 3865 7.76 1869 10021 3510 2880 3.56 32.55  99.42
5 B 3485 4277 528 17.98 100.88 3468 3173 241 31.17  109.53
6 C 3508 4012 595 1807 9922 3536 30.15 275 3173  103.69
7 C 3490 3727 785 1849 9851 3543 2821 366 3270 9746
8 D 3465 4124 534 1779 99.02 3506 31.11 248 3135 10711

Po. : Point number. Gr. : Grain number, As * represents As + Sb

:
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Fig. 4. Back-scattered electron (compositional) image and corresponding X-ray
images, showing the textural features of arsenopyrite Ic. The area corresponds to the
area of rectangle in the photomicrograph as shown in Fig. 3(4). (1) : Back-scattered
electron {compositional) image. (2)~(6) : Characteristic X-ray images.
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Fig. 6. Enlarged parallelogram in the triangle diagram of the system Fe-As-Sb,
showing the chemical composition of arsenopyrite Ic.

also suggested from Fig. 8 showing the reverse  Arsenopyrite 1ld
relation of iron content versus arsenic content.
Finally, the analytical results are summarized by

Quantitative analyses of the arsenopyrite IId
Fig. 9 of triangle diagram Fe-(As + Sb)-S.

have been made for only four spots near the
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Fig. 9. Enlarged parallelogram in the triangle diagram of the system Fe-(As
+ Sb) - S, showing the chemical composition of arsenopyrite Ic. Full small
circles represent the compositions from the Yeonwha 1 mine. Open circle
shows the composition calculated from the ideal formula FeAsS.

contact with sphalerite. The results are listed in
Table 1, showing the deficiency of arsenic and
excess of sulphur deviating considerably from
the stoichiometric composition; namely, the con-
tent of arsenic ranges from 30.17~30.47 mole
percent As. These compositional data for the
arsenopyrite IId and those of the co-existing
sphalerite will be utilized as “arsenopyrite-
sphalerite geothermometer”.

The enlarged parallerogram in the triangle
diagram Fe-(As+ Sb)-S as shown in Fig. 10
summarizes the chemical compositions of all
arsenopyrites from the Yeonhwa 1 mine. Also,
Fig. 11 represents the histogrammatic representa-
tion between frequency and atomic percent As
for major groups of the arsenopyrites.

Composition of Arsenopyrite as a
Indicator of Temperature and
Sulphur Fugacity

General statements

The composition of arsenopyrite, the atomic

ratio As/S or atomic percent As, is very sensitive
to sulphur fugacity (activity), f(S2). The experi-
mental study on the phase relations of the
system Fe-As-S by Kretschmar and Scott (1976)
shows, however, that the compositions of
arsenopyrites (FeAs;+xSi+x 0<x < 0.1) is
mainly a function of temperatures, only when
the mineral comes from sulphur-buffer assem-
blages, such as arsenopyrite + pyrite + hexagonal
pyrthotite and arsenopyrite + native bismuth +
bismuthinite. Arsenopyrite having the most re-
fractory nature is unlikely to change its com-
position in response to the subsequent variation
of the conditions, and it is a useful tool for
deciphering the physicochemical environments
during its crystallization.

Morimoto and Clark (1961) has suggested that
the atomic ratio As/S of arsenopyrite decreases
with increasing confining pressure (S-rich trend).
However, Kretschmar and Scott (1976) have
given a pseudo-binary T-X diagram along the
pyrite (FeSy)-lollingite (FeAs,) join, based upon
their experimental results for the condensed
Fe-As-S system. In low pressure region, they
have ignored the pressure effects on the phase



Young Up Lee - Jae II Chung

Fe

N AVA AV4 A4

32 30
atomic %
As 4+ Sb

Fig. 10. Enlarged parallelogram in the triangle diagram of the system
Fe-(As + Sb) - S, showing the chemical composition of arsenopyrite Ic.

Open circles :
pyrite. Full triangles :

relations, and stressed its role as a geother-
mometer, provided that minor element content
does not exceed 1 weight percent. These authors
have observed significant variation for the
atomic ratio As/S of arsenopyrite grains in the
same specimen, even though the specimen has
sulphur-buffer assemblage, and they attribute this
to the local variation of f{S,) during its crys-
tallization.

Among the Yeonhwa 1| arsenopyrites with two
generations during mineralization, only arseno-
pyrite Ib having “triple mutual contact” arse-
nopyrite + pyrite + hexagonal pyrrhotite is per-
missible for geothermometer.

drdinary arsenopyrite. Full circles :
“triple mutual contact” arsenopyrite. Full squares :
arsenopyrite contacted with sphalerite.

Sb bearing arseno-

Experimental procedures

The arsenopyrite Ib having “triple mutual
contact” was searched for polished sections
under the ore microscope. In this case also,
distinction of hexagonal pyrrhotite from the
monoclinic modification was performed by the
Bitter’s colloidal suspension method using mag-
netite colloids. Analytical points within arseno-
pyrite grains were selected adjacent to the
“triple point” as near as possible, where the area
is homogeneous in both optcally and compo-
sitionally, and then careful microprobe analysis
was carried out. Special attentions were paid for
the analysis of arsenic, using the standards of
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Fig. 11. Histograms showing the frequency of the mole percent FeS in arsenopyrite.

extra-pure single crystals GaAs and InAs.
Results and discussion

The results of microprobe analyses were
already given in Table 2, indicating that the
asenopyrite Ib is S-excess and As-deficient
species, ranging 30.09 to 30.79 atomic percent
As, with arithmetic mean 30.57 atomic percent
As. The bismuthinite-Bi (melt) buffer curve lies
within the stability field of arsenopyrite in the
temperature-sulphur fugacity diagram of the Fe-
As-S system, accordingly the intersection of this
curve with isopleths of arsenopyrite indicates the
invariant point, showing the unique values of
both temperature and sulphur fugacity (Kret-
schmar and Scott, 1976; Choi, S.G. et al.,
1985). As seen in Fig. 12, which was given by

Kretschmar and Scott (1976), this corresponds to
temperature T=330C and f(S2)=10"" atm.
Shaded area along the pyrite-hexagonal pyr-
rhotite buffer curve indicates the probable range
of the two variables; T = 315~3457, and f(S,)
= 10"°~10" atm.

Arsenopyrite-Sphalerite
Geothermometery

General statements

In ore specimens containing wolframite, the
assemblage arsenopyrite + sphalerite + pyrite  is
observed. Also these three minerals show mutual
contact, suggesting that they were crystallized
simultanecously. If these three minerals represent
the equilibrium assemblage, the chemical composi-
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Fig. 12. Activity of S,-temperature projection of the stability field of
arsenopyrite, contoured in atomic percent arsenic (after Kretschmar and Scott,
1976). Abbreviation: ap = arsenopyrite. po = pyrrhotite. py = pyrite.

tions of arsenopyrite and sphalerite may serve as
geothermometer. As indicated by Fig. 13, pyrite-
pyrrhotite buffer curve lies within the stability
field of arsenopyrite, and the stability field of
arsenopyrite + pyrite is constrained to a narrow
belt. When the diagram showing the compoai-
tion in terms of mole fraction FeS of sphalerite,
XPFeS in equilibrium with pyrrhotite and pyrite
as a function of fugacity of sulphur, f(S,) and
temperature, T given by Scott and Barnes(1971)
is superimposed upon Fig. 13 given Kretschmar

and Scott(1976), the intersection of isopleth of
As (Atomic percent As) in Arsenopyrite with
isopleth in sphalerite (XPFeS) represents the
unique values of f(S;) and temperature.

Analytical procedures

“Triple mutual contact” of arsenopyrite +
sphalerite + pyrite was searched under the ore
microscope. Anlytical points were selected as
near as the triple point. Preliminary microprobe
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analyses for sphalerite were made to confirm the
compositional range of sphalerite. As a result, it
was confirmed that the average composition
yields the formula (Feo16Zn052Cuo01Cdoge) >
09951.00, Which lies within the stability field of
pyrite in Fig. 13.

Results and discussion

The results of microprobe analyses for four

400
Temperature (°C)

Fig. 13. Activity of Si-temperature projection of the stability field of
arsenopyrite contoured in atomic percent arsenic and sphalerite contoured in
atomic proportion on the basis of 1 sulphur. Xps represents mole fraction
of FeS in sphalerite (after Kretschmar and Scott, 1976). Abbreviation: ap =
arsenopyrite. po = pyrrhotite. py = pyrite.

pairs of asenopyrite and sphalerite are listed in
Table 4 and 5. Also the results are shown as
shaded area in Fig. 13, which indicate the
temperature range from 340 to 3107, averaging
3307, and sulphur fugacity range from 107~
10" atm, averaging 10" atm. The tungsten min-
eralization with subsequent deposition of arse-
nopyrite + sphalerite + pyrite assemblage is con-
sidered to represent the initial phase of Stage III
and the temperature and sulphur fugacity values
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Table 4. Selected electron-microprobe analyses of arsenopyrite associated with sphalerite

Weight percent

Atomic proportion

Point Grain on the basis of total = 3.00
Fe As S Total Fe As S
1 A 36.44 43.19 21.26 100.89 1.035 0.914 1.051
2 B 35.01 42.99 22.49 100.49 0.989 0.914 1.051
3 C 34.49 42.99 22.50 99.98 0.979 0.909 1.112
4 D 34.53 42.82 22.54 99.89 0.980 0.906 1.114
Table 5. Selected electron-microprobe analyses of sphalerite associated with arsenopyrite
. . Weight percent
Point Grain Zn Fe Cu Cd S Total
1 A 56.84 8.90 0.15 0.25 33.05 99.19
2 B 55.51 9.73 0.05 0.33 33.23 98.85
3 C 54.81 9.11 2.71 0.13 33.76 100.52
4 D 56.61 8.73 0.07 0.22 33.43 99.06
Point Grain Atomic proportion on the basis of S = 1
’ Zn Fe Cu Cd Total
1 A 0.843 0.155 0.002 0.002 1.002
2 B 0.819 0.168 0.001 0.003 0.991
3 C 0.155 0.796 0.040 0.001 0.993
4 D 0.831 0.150 0.001 0.002 0.983

seem appropriate to the consideration from the
above Fe-As-S system.

Conclusions

Among the Yeonhwa 1 arsenopyrites with two
generations during mineralization, only arseno-
pyrite Ib having “triple mutual contact” arse-
nopyrite + pyrite + hexagonal pyrrhotite is per-
missible for geothermometer. The chemical com-
position of the arsenopyrite Ib may serve as a
useful geothermometer in Stage II, provided that
the assemblage is in equilibrium. The bismu-
thinite-Bi (melt) buffer curve lies within the
stability field of arsenopyrite in the temperature-
sulphur fugacity diagram of the Fe-As-S system,
accordingly the intersection of this curve with
isopleths of arsenopyrite indicates the invariant
point, showing the wunique values of both
temperature and sulphur fugacity. In this study it
corresponds to temperature T = 3307C and £(S:)
=107 atm. And the pyrite-hexagonal pyrrhotite
buffer curve indicates the probable range of the

two variables; T = 315~345C, and f{(Sy)=
10"°°~10* atm.

On some occasions, natural arsenopyrites
contain minor or trace amounts of antimony and
bismuth. But the present antimony-bearing arse-
nopyrite (arsenopyrite Ic) is characterized by
relatively high content of antimony, ranging
from 4.95 to 891 percent Sb by weight and
excess of iron and deficiency of anions are
evident. Such a high antimonian arsenopyrite has
never been known in within single grains and
at the study of it, the X-ray diffraction method
seems desirable. In the arsenopyrite Ic, however,
unfortunately it does not serve as a geother-
mometer, because of its high content of anti-
mony. The results of microprobe analyses for
four pairs of asenopyrite and sphalerite Stage III
indicate the temperature range from 340 to 310
C, and sulphur fugacity range from 107°~107
atm. These values seem to concord with those
inferred from the Fe-As-S system. It means that
in the zinc-lead (- silver) ores formation anal-
ysis, the arsenopyrite geothermometery and
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geobarometery can be also used.
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