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ABSTRACT : Freibergite is found in lead-zinc (-silver) ores from Dongjeom and Myobong

are deposits, which were formed at later stage of the Yeonhwa 1 mine mineralization. This min-
eral is intimately intergrown with galena, pyrargyrite, pyrite, pyrrhotite, alabandite, Mn-bearing
magnetite, sphalerite stannite and guartz. Its chemical composition as determined by electron
microprobe in WDX shows that it is characterized by relatively high contents of silver up to
about 40.5 weight percent Ag and negligible amount of zinc which in some grains is less than
the detection limits of microprobe. Also some grains of the freibergite contain appreciable
amount of lead up to 1.70 weight percent Pb. The chemical composition of Yeonhwa freibergite
has some what peculiar features, which involve marked S-deficiency and Sb-excess compared
with formula Me,,Sh.Sis.
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INTRODUCTION

The name “freibergite” was first introduced
into the silver-rich variety of tetrahedrite from
Freiberg Germany, containing about 18 percent
of Ag by weight. The general formula of frei-
bergite which naturally occurs tetrahedrite-
tennantite (fahlore) series is (Cu, A2\{Zn, Fe, Cd,
Hg Cu){Sb, As, Bi)Si: Recently, however, high-
silver phase containing up to about 48 weight per-
cent of Ag which is close to the end member com-
position of the silver analogue of tetrahedrite,

AgFesSbS; (Pattrick and Hall, 1983) has been
recognized in nature (Riley, 1974 ; Imai and Lee,
1980).

As will be mentioned later in detail, Riley
(1974) has stated that the value of about 20 weight
percent of Ag (about 14 atomic percent of Ag)
provides a useful division between argentian tet-
rahedrite and freibergite based upon his study on
high-silver tetrahedrite from Mt. Isa mine; ie,
the terms, argentian tetrahedrite and freibergite
are restricted to tetrahedrite-like phases contain-
ing less than, and more than 20 weight percent of
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Ag respectively. Following this division, the pres-
ent Yeonhwa 1 materials in question belong to
“freibergite”.

Hall (1972) already stated that there is no va-
lence restriction for the silver substitution, ac-
cordingly, the composition of AgdFe, Zn)SbS:
for half unit cell is theoretically possible. The oc-
currence of high-silver tetrahedrite with more
than 6.5 Ag atoms per formula unit is quite rare,
however, Riley (1974), in his study on Ag-bearing
tetrahedrite from Mt. Isa, Queensland, Australia,
has found the Agrich variety containing up to 46
weight percent of Ag (=Cu,Ag). Subsequently,
from the Janggun mine, Republic of Korea, Imai
and Lee (1980) have found the Agrich tetrahe-
drite containing 47.8 weight percent of Ag which
represents the highest value ever known. It has a
composition (CuarAgraa (FeraZnowszzis SbSis
(Sb=4), close to the theoretical end member com-
position of the silver analogue of tetrahedrite Agg
FeS;; although most microprobe analyses of
tetrahedrites from this mine show Ag<5 atoms
per half unit cell

With respect to the site occupancy of Ag
atoms in synthetic tetrahedrites, Kalbskopf (1972)
already suggested that Ag substitution for Cu
might start initially at the six Cu atoms in trian-
gular planer site ("Cu', Cu(2)) (Fig 1), and only
when these are “full”, silver would displace the
four Cu atoms in tetrahedral coordination (* Cu'",
Cu(l)).

However, Pattrick and Hall (1983), on the
basis of examination over three hundred micro-
probe analyses of Ag-bearing tetrahedrites con-
taining Fe and Zn as the divalent elements, have
revealed that most Ag-rich tetrahedrites are also
Fe-rich. They also pointed out that the normal
upper limit of Ag substitution in (ZnFe,) tetrahe-
drite is 2 atoms of Ag per half unit cell, but for Fe
-rich tetrahedrites the upper limit becomes
higher, to 6.5 atoms of Ag Referring to the exper-
imental data for the solubility of silver in Fe-rich
tetrahedrite given by the increasing contents of

Lower

Fig.1. Crystal structure of tetrahedrite. Upper:
Diagram showing the crystal structure of half unit cell
of tetrahedrite. The tetrahedral site may be occupied
by Zn and Fe as well as Cu and Cd as shown (Pattrick
and Hall 1983). Lower: Diagram showing the
arrangement of polyhedrons formed by metal atoms
coordinated about sulphur atoms in tetrahedrite, the
Sb locations are represented by small circles; all other
vertexes of the polyhedrons represents Cu sites
(Wuensch, 1964).

silver with increasing Fe contents, Pattrick and
Hall (1983) emphasize that the Ag substitution in
tetrahedrite is strongly controlled by the Fe sub-
stitution.
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The substitution of the Ag for Cu would be ex-
pected to increase the cell size of tetrahedrites, be-
cause the size of Ag atom (covalent radius :1.53 A
for Ag") is larger than that of Cu atom (1.35 A
for Cu'"). Riley (1974), in his study on Agbearing
tetrahedrites from Mt. Isa, has found that the cell
size of tetrahedrites increases with increasing Ag
contents up to (CusAg) per formula unit, but with
further progressive Ag substitution cell size begins
to decrease. He suggests that this phenomenon is
caused by the substitution of the Ag for the Cu
occupying two different sites, i. e, "Cu and "Cu
sites, and may be related to the differences in
packing and to the difference in ionic character
of Ag-S and Cu-S bonds. The reflectance data for
the Ag-bearing tetrahedrites from the Janggun
mine given by Imai and Lee (1980), showing the
relation between reflectance (R precent for A=
500 nm) and weight percent of Ag appear to con-
firm this structural change.

Lee (1980) suggests that, in case of natural Ag-
bearing tetrahedrites, the Ag substitution for the
Cu would begin from the four tetrahedrally coor-
dinated Cu atoms (" Cu, Cu(1)) and change to six
remainders of the Cu atoms in 3-fold coordina-
tion ("Cu, Cu(2)). Pattrick and Hall (1983) ex-
press the same opinion in view of the expansion
and subsequent contraction of cell size with in-
creasing Ag contents recognized in the Mt. Isa as
Ag-bearing tetrahedrites by Riley (1974), but they
stress the belief that it also could be a feature
unique in natural Fe-rich tetrahedrite.

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
emplaces approximately at lat. 37° 04 N and long
129° 02 E (Fig 2).

In the mine area, the basement rocks com-
posed of Precambrian granite gneisses-“Taebae-
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Fig. 2. Map showing the location of the Yeonhwa
1 mine district.

gsan Gneiss Complex” (Lee and Kim, 1984) and
the overlying Cambro-Ordovician sedimentary
rocks of the Joseon Supergroup are exposed ex-
tensively. The results of K/Ar radiometric da-ting
on three members of the gneiss complex given by
Yun and Silberman (1979) are as follows;
Dongjeom gneiss: 1,744+52 Ma on muscovite,
pegmatite in Dongjeom gneiss : 1,754+53 Ma for
muscovite, and Hongjesa granite: 730+22 Ma on
biotite. This indicates that at least two phases of
precambrian intrusive and/or metamorphic
events took place in the district.

The sequence of Cambro-Ordovician sedi-
ments in Duwibong (platform) belonging to
Joseon Supergroup have been divided into the
following seven formations in ascending order
(Kobayashi, 1953); the Jangsan Quartzite and
Myobong Slate-Yangdeok Series ; the Dongjeom
Quartzite, Dumugol Shale and Maggol Limestone
-Great Limestone Series. The boundary of Cam-
brian and Ordovician has been defined at the
base of the Dongjeom Quartzite for convenience,
though the biostratigraphic boundary lied at the
upper horizon of the Hwajeol Formation (Koba-
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yashi, 1953). Stocks of dykes of lamprophyre (K/
Ar age: 213+4 Ma on muscovite; Yun and
Silberman, 1979) have intruded into the above
basement rocks and the sedimentary rocks of the
Yangdeok Series. Dykes of quartz-monzonite por-
phyry 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 (called Baegunsan syncline by
some authors), whose axis trending approximate-
ly EW~NW and plunging westwards. The struc-
ture of strata on the surface in the mine area is
fairly steep ; they strike NE and dip between 40°
and 60° NW in general, whilst in the underground
mine they dip more gentle, from 25° to 30° NW.
In some places, the strata was 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
faults of EW strike with dips of about 60°in north
of the mine workings, that places the Pungchon
Limestones over the Hwajeo! Formation, (2) steep
reverse faults trending NS~N30°E, and (3) steep
reverse faults striking N20°~30°W with dips of
45° ~85°W-SW.

OCCURRENCE

An occurrence of freibergite in zinc-lead (-sil-
ver) ores from the Yeonhwa 1 mine is rather rare
and seems to be restricted to galena-rich ores
formed in later stage. Accordingly, among numer-
ous ore specimens, freibergite has been recognized
in only two specimens; (1) galena-rich massive
ore taken from the West ore body on the
-300 m adit level in Dongjeom sector (No. YH&2-
101), and (2) galena-and rhodochrosite-rich
banded ore taken from vein type deposit, which
cuts clearly the massive skarn ores of the
Myobong deposit on ~360 m adit level (No. YH84
-301). These two ore specimens are respectively
called “Dongjeom ore” and “Myobong ore” for

convenience in this paper.

On the basis of the mode of occurrence and
optical properties, freibergite now under investi-
gation may be divided into three species; i. e,
freibergites I, II and IIl. Among them, frei-
bergites I and II are contained in “Dongjeom
ore”, where as freibergite Il in “Myobong ore”.

The freibergite I is usually contained in gale-
na and closely associated with pyrargyrite, pyrite,
pyrrhotite, alabandite and Mn-bearing magnetite.
It is anhedral in shape, and on some occasions
shows spindle-like shape, with a grain size up to
200 tm across, but grains 20~50 (n across most
common.

On the other hand, the freibergite I is always
enclosed in galena as “silver carrier”. In some
parts of the polished section, it occurs as small
platy bodies oriented parallel to (100) of galena .
The plate attains to 100 /m in maximum lengh,
but length 50~60 tm of it is most common. In
other parts of the polished section, it occurs as
minute inclusions with rounded shape in galena,
ranging from 20 to 30 sm across. The textural re-
lationship not same above suggests the exsolu-
tion (Fig 3(3) and (4)).

The freibergite III also occurs as a member of
polymineralic particles in galena and is closely
associated with sphalerite, stannite and gangue
minerals (mainly quartz). It is anhedral in shape
and its grain size is commonly about 10 :(m
across.

OPTICAL PROPERTIES

Under the ore microscope, some contrast may
be recognized in optical properties among
freibergites I, II and Il. The freibergite 1 is
white-greenish grey in colour and no bireflec-
tance is recognizable. Between crossed polars, it is
optically isotropic and no internal reflections are
observed.

On the other hand, the freibergite II is white-
brownish grey in colour and no bireflectance is
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Fig.3. Photomicrographs of the polished sections (one polar), showing the mode of occurrence of freibergite.
Bar scale indicates 100 mm in length. Abbreviations; ap: angenopyrite, bl: boulangelite, fs: freislebenite, fr:
freibergite, gn : galena, mt : magnetite, po : pyrrhotite, py : pyrite, sp : sphalerite, st : stannite, £: gangue mineral 1~4:
Specimen No. YH82-101, 5~6 : Specimen No. YH84-301.

also recognizable. Between crossed polars, no in- similar to those of freibergite I, i. e, it is optical-
ternal reflection is discernible, but it is anisotrop- ly isotropic.
ic with colour effects changing in colour from
bright brownish grey with greenish tints to dark CHEMICAL COMPOSITION
brownish grey when the stage is turned.

The freibergite Il has the optical properties Chemical analyses, both qualitative and quan-
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titative, were performed with electron microprobe
operated in a wavelength dispersion X-ray spec-
trometer (WDX). In this study, the microprobe
with three-channel detecting system and a 40° X~
ray take-off angle was used.

Qualitative microprobe analyses by spectrom-
eter—scans indicate the presence of Cu, Ag Fe, Zn,
Sb and S, and on some occasions Pb and other el
ements such as As, Hg Cd and Bi are below the
detectable limits of microprobe in spite of the
careful peak searches.

In quantitative microprobe analyses, acceler-
ating voltage of 20 kV, specimen current of 20 nA
on Mg0 and spot size of 2~3 1m were employed.
The analyzing crystal and characteristic X-ray
are as follows ; LiF for FeKa-, CuKe- and ZnKa-
radiations and PET for SbLa-, PbMe- and SKa-
radiations.

As microprobe standards, the following mate-
rials were utilized ; natural chalcopyrite of known
composition for Cu and Fe, pure metal and
synthetic AgSbS; for Ag synthetic ZnS for Zn,
natural galena of known composition for Pb and
natural stibnite of known composition for Sb and
S.

The chemical compositions as expressed by
atomic percent and numbers calculated as total
atoms=29, and those as Sb=4 are tabulated in
Table 1. Also, the composition (atomic percent) is
plotted into enlarged parallerogram in the trian-
gle diagram of Me-Sb-S, where Me=Cu-+Ag+Fe
+Zn+Pb. From these tables it may be seen that
the present materials are characterized by rela-
tively high contents of silver up to about 40.5
weight percent of Ag and negligible amount of
zinc and in some grains it is less than the detec-
tion limits of microprobe. This is consistent with
the statement by Pattrick and Hall (1983) that
“the solubility of silver in freibergites is strongly
controlled by Fe substitution”, These tables and
figures also show that the chemical composition
of the present materials has somewhat peculiar
features, which involve marked S-deficiency and

Sb-excess from the composition Me,SbS;. Also,
some grains of this mineral contain appreciable
amount of lead up to 1.70 weight percent of Pb.
However, Bishop et al (1977) found tennatite at
Sark’s Hope mine, Channel Islands with up to
4.64 weight percent of Pb. This incorporation of
lead into tetrahedrite-tennantite cannot be easily
explained, because it exists in other sulphosalts in
poorly-defined sites of large coordination number
(usually 6-fold coordination) and variable bond
length (Pattrick and Hall, 1983).

Fig 4 shows that the composition of the
freibergites I and II is plotted ipto the two sepa-
rated areas near Cu.SbS:. (Me:SbS;)) composi-
tion, whereas that of the freibergite IIl into elon-
gated area ranging from CuSbSi; (MeSbS:s) to
CuiSbS:. The composition of the Janggun
freibergites and argentian tetrahedrites is plotted
in the area around CuSbS; (MeSbS:s), and S-
deficiency and Sb-excess are not recognizable, ac-
cordingly two sets of chemical formulae calculat-
ed on the basis of a Sb=4.00 and total atoms =29
per half unit cell are approximately identical In
case of the Yeonhwa 1 freibergite however,
marked differences may be recognized between
them as shown Table 1.

In Fig 5, the variation of Cu-Ag contents ver-
sus Zn-Fe substitution in tetrahedral sites of
freibergites from the Yeonhwa | mine is com-
pared with that of the Janggun freibergite and
argentian tetrahedrite. This indicates that Ag con-
tents of the present materials lie in the blank in-
terval in the Janggun materials, and that,
although Ag>4 in the present materials, the
freibergite Il is characterized by relatively lower
contents of iron.

SUMMARY AND DISCUSSION

Throughout the present study, it has been
shown that minerals of the tetrahedrite-freiber-
gite series have complex mineralogical features
and involve many mineralogical, in particular
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Table 1. Selected electron-microprobe analyses of freibergite.

Weight percent

Atomic number

Atomic number

No. on the basis of total=29 on the basis of Sb=4
Cu Ag Fe Zn Pb Sb S Total Cu Ag Fe Zn Pb Sb S Cu Ag Fe Zn Pb S

1 12043616 531 — — 25651926 9842 384 676 193 — — 427 1217 360 636 18 — — 1141
2 1201 3644 530 — — 25941937 9906 381 681 191 — — 429 1218 355 634 178 ~ — 1134
3 12453645 505 — — 25821911 9888 397 684 183 — — 429 1207 370 637 171 -~ - 1124
4 12273642 512 — — 25741957 9912 388 678 184 — — 425 1226 365 639 173 ~ — 1155
5 12553614 504 — — 26121952 9937 396 672 181 — — 430 1221 368 625 168 — — 1135
6 12433480 572 — — 26001923 9818 396 651 207 — — 432 1213 366 604 192 -~ — 1123
7 12683569 540 — — 25771938 9892 401 665 194 — — 425 1215 377 625 183 ~— -~ 1142
8 12443591 537 — — 25901960 9922 392 666 192 — — 426 1224 368 626 181 — — 1150
9 12523603 541 — — 25651896 9857 400 677 196 — — 427 1199 374 634 184 — — 1123
10 1084 3740 500 083 — 2651 196410022 341 693 179 025 — 436 1225 313 637 164 023 — 1125
11 11.84 3643 455 111 — 26381879 9910 379 687 166 035 — 441 1193 344 623 150 031 — 108
12 1131 3699 483 094 — 26381903 9948 360 694 175 029 — 439 1202 329 633 160 027 — 1096
13 1047 3911 434 047 — 25991949 9987 333 733 157 015 — 432 1230 309 679 146 013 -~ 1139
14 1051 4042 396 034 — 2636193210091 334 757 143 011 — 437 1218 306 692 131 010 - I1LI3
15 1056 4058 385 044 — 2593 192210058 337 763 140 014 — 432 1215 312 707 129 013 — 1126
16 1291 3663 495 — — 2732199510076 399 666 174 — — 440 1221 362 605 158 — — 1109
17 132013516 517 — — 2703195210008 413 649 184 — — 442 1212 374 587 167 — — 1097
18 1348 3563 523 — — 2643199910076 417 649 184 — — 426 1225 391 609 173 - — 1149
19 12433660 516 — — 2754197910152 386 669 182 — — 446 1217 346 600 163 — — 1092
20 12723619 541 — — 2708195810098 396 664 192 — — 440 1208 360 603 174 — — 1098
21 1307 3461 556 — — 26881962 9974 409 638 198 — — 439 1217 373 581 180 — — 1109
2 1313348 531 — — 26371942 9906 414 647 191 — — 434 1214 38 59 176 — — 1119
23 12633636 540 — — 2705194410088 394 669 192 — — 441 1204 358 607 174 — - 1092
24 12343559 507 — — 26781935 99.13 391 665 18 — — 443 1217 353 600 165 — — 1098
25 12723573 510 — — 27052001 10061 395 654 180 -~ — 439 1232 360 596 164 — — 124
26 12143627 489 — — 26111926 9867 387 68 178 — — 435 1218 356 627 163 — — 1121
27 12753574 5371 — — 26872001 10074 395 652 189 — — 439 1229 364 601 174 — — H3i
28 13603473 528 — — 2693195110005 425 639 188 — — 433 1209 387 58 171 - — 1140
29 1261 3496 567 — — 26281943 9895 398 650 204 — — 461 1216 368 601 188 — — 1123
W' 12273607 550 — — 2782186510031 390 675 199 — — 4551175 338 58 172 — — 1018
31* 12003559 507 — — 26871849 9804 389 680 187 — — 457 1189 342 598 164 — — 1045
32* 11933658 537 — — 2757188410029 379 684 194 — — 45 11‘.86 332 599 170 — — 1038
33" 11883626 529 — — 27191914 9976 377 678 191 — — 454 1204 335 602 170 — — 1069
34* 1251 3579 560 — — 2743187610009 397 668 202 — — 459 1179 349 589 178 — — 1039
35" 11873473 548 — — 27281873 9809 383 660 201 — — 388 1197 333 575 175 — — 1043
36" 1254 3596 536 039 169 2363 1972 9929 395 667 192 019 016 391 1230 407 687 198 012 017 1268
37 1266 3618 548 039 078 2380 1970 9899 398 670 196 012 008 390 1227 408 686 201 0i2 008 1257
38 1244 3581 538 039 080 2366 1971 9819 393 667 194 012 008 403 1236 403 683 198 012 008 1265
39 1266 3544 515 033 119 2454 1988 99.19 398 656 184 010 011 402 1238 395 652 183 010 011 1231
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. Atomic number ~ Atomic number

No. Weight percent on the basis of total=29 on the basis of Sb=4

Cu Ag Fe Zn Pb Sb S Total Cu Ag Fe Zn Pb Sb S Cu Ag Fe Zn Pb S
40 1274 3528 534 033 1.19 2466 2003 9957 398 649 190 010 011 402 1240 396 646 189 010 011 1234
41 1289 3539 542 033 119 2471 1990 9983 402 651 192 010 011 403 1231 400 647 191 0I0 011 12
42 1276 3524 522 033 119 2441 1991 9906 401 651 187 010 012 400 1239 401 652 18 010 011 12
43 12753538 534 033 119 2448 1981 9928 400 654 191 010 012 401 1232 399 652 190 010 011 12
44 1267 3569 516 033 119 2420 1975 9899 399 623 185 010 011 398 1234 401 666 186 010 012 12
45 1274 3581 491 033 119 2398 1980 9876 402 666 176 010 012 395 1239 407 674 1.79 010 012 12
46™ 1277 33.18 443 161 153 2660 21.67101.79 385 589 1.52 047 014 418 1294 368 563 145 045 014 12
47" 1452 3161 445 161 OlI1 2702 21.70 101.02 434 557 152 047 001 422 1287 412 528 144 044 001 12
48™ 1322 3357 405 239 — 26751911 9909 418 625 146 073 — 441 1197 379 567 132 067 — 10
49" 1214 3476 511 108 — 26402022 9971 377 636 181 033 — 428 1245 352 594 169 030 — 11
50" 1215 3480 511 108 — 26432022 9979 377 637 181 033 — 428 1245 352 594 169 030 — 11
51 1208 3406 548 1.14 ~— 2683 2066 10025 371 616 191 034 — 430 1257 345 5.73"1.78 032 - 1
52" 1878 2447 426 135 — 2831 21.53 9870 563 432 145 039 — 443 1278 508 390 131 036 — 11
53** 1865 2443 461 149 — 27902162 9870 557 430 157 043 — 435 1276 512 395 144 040 — 11

Po.:point number, Gr.:Grain number.

Point No. 1-18:Specimen No. YH82-101-(5). Point No. 18-29:Specimen No. YH82-201(1).

Point No. 29-35:Specimen No. YH82-2017). Point No. 36-45:Specimen No. YH&2-101(1).

Point No. 46-51 :Specimen No. YH84-301(1). Point No. 52-53:Specimen No. YH84-301-2).

—:Its content represents less than the detection limits of microprobe.

* represents freibergite II. ™ represents freibergite Ill. No asterisk represents freibergite 1.

{# represents fribergite of analyses by using an electron microprobe with energy dispersion X-ray spectrometer (EDS) and oth-
ers are analyses using an electron microprobe with wavelengh dispersion X-ray spectrometer (WD X).

crystal-chemical problems.

Even though we take the precision of our elec-
tron microprobe analyses for sulphosalts, which
involve some difficulties at the present analytical
level into consideration, the S-deficiency and Sb-
excess in the Yeonhwa 1 freibergites could be
now evident. Especially, some grains exhibit the S
contents lower than the composition MesSbS:, as
shown in Fig 4. One possible explanation to this
is the sulphur-antimony substitution in the octa-
hedralsites ('S, $(2)) in the manner 1.5 > —Sb* +
0.5 L, because Sb* cannot occupy the tetrahedral
sites ('S, S(1)). However, this explanation seems
not to satisfy the scheme of tetrahedrite structure.
Further examination in this respect is necessary.

In spite of the differences in the mode of oc-
currences and the optical properties recognized
between freibergite I and II, no marked con-
trasts in chemical composition between them

were recognized as mentioned before. However,
in comparison of chemical composition in the
freibergite I and II of “Dongjeom ore” with
that in freibergite Il of “Myobong ore”, there
are some differences between two groups.
Namely, the former is characterized by high
contents of iron adhering to (Fe.Zn,) and higher
contents of silver, (AgCu)~(AgCu;). On the
other hand, the latter is characterized by lower
contents of iron, with a range of (Fe, :Zn¢ 9~
(Fei Zngs) and relatively lower contents of silver,
(Ag Cus9d~(AgCus ) as shown in Fig 5.

The cause of the differences in chemical com-
position recognized between the above two
groups is not still clarified. However, it seems im-
portant to notice that the mineral assemblage of
“Dongjeom ore” and that of “Myobong ore” show
somewhat marked differences, although these two
ore specimens are considered to have been
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Fig.4. The enlarged parallelogram in the triangle of the ternary system metal-Sb-S, showing the composition of
freibergite. Full small circles represent the compositions of freibergite-1 and 2 from the Yeonhwa 1 mine. Full trian-
gles represent the composition of freibergite-3 from the Yeonhwa 1 mine, Metal represents (Cu+Ag+Fe+Zn+Pb).
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Fig.5. Variation diagram showing the relation of Cu-Ag contents versus Fe-Zn contents in argentian tetrahe-
drite and freibergite. Numerical values are atoms per half unit cell represented by the general formula(Cu, A®dZn,
Fe)SbS:i: In case of Yeonhwa 1 mine, full circle depicts freibergite (I and II) of “Dongjeom ores” and open circle
freibergite (III) of “Myobong ores”.

formed by hydrothermal mineralization during of the former is galena-+sphalerite+Mn-bearing
late stage, separated perpectly from the earlier magnetite + pyrite+pyrrhotite +alabandite+ Ag-
mineralization during early stage associated with bearing sulphatimonides+freibergite, whereas
skarn formation. Namely, the mineral assemblage that of the latter is sphalerite+galena+pyrite+
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stannite + pyrrhrotite + chalcopyrite + boulan-
gerite+freibergite (+rhodochrosite). Also, it must
be remembered here that “Dongjeom ore” repre-
sents the massive ore formed by metasomatic
process, while “Myobong ore” the banded ore
formed by fissure filling These facts suggest that
some differences might exist in physicochemical
condition of the formation between them.

In the Janggun polymetallic ores, argentian
tetrahedrite and freibergite are the main silver-
carrier (Imai and Lee, 1980; Lee, 1980), but in
case of the Yeonhwa 1 ores, freibergite is minor
silver-bearer. Contribution of freibergite to silver
contents in galena of “Dongjeom ore” is greater
than that of “Myobong ore”, in which exsolved
freibergite from galena never exist.

Thus, it become clear that the Yeonhwa 1
freibergites embrace important mineralogical as
well as ore genetical problems, but the present
study is still unsatisfactory to understand these
features. Further investigation must be continued.
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