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Arsrnacr

Friedrichite is reported from tlree westem Romanian loaalities: the Antoniu magnesian skarn deposit, the "Blidar Contact"
and "Secundar Contact" calcic skarn deposits, in Btrfa Bihor, in the northern Apuseni Mounteins, Romania. Friedrichite oc-
curs as isolated, short-prismatic grains up to 500 x 100 pm in size, usually included in cuprobismutite or cupropavonite, and
as aggregates with Ag- and Bi-bearing galena. In plane-polarized light in air, friedrichite is creamy yellowish white with a
brownish tint. Bireflectance and pleochroism are weak, and anisotropism is strong. No internal reflections were noted. The
average chemical compositions of friedrichite from the three skarn deposis (basis of calculation: S + Se = I 8) are, respectively:
(Cur.rAgo.6t)15.a1(Pb5.mFq.e,)>5.0a (Bi6.E2Sbo.0rx.sS1s (Antoniu), (Cuo.eAg6.61)25.q0(Pba.62Fq.61);a.63(Bi7.22Sb0.o.b725(S,r.s6Seo.oo,,>rB
("Blidar Contact") and (Curr6Ago.or)x:z (Pb+.prFeo.or>o.rg(Bt.e5sbo.or)>u.puS,e ("secundar Contact"). All of them deviate slightly
from the ideal formula, CurPbrBirS's. X-ray powder pattern and reflectance specfi'a for the Antoniu friedrichite are given. The
calculated unit-cell parameters are:. a 3 x 11.299(5), b 11.640(5), c 4.034(2) A. Electron-microprobe-derived compositions of
sulfosalts in the system CurS - PbS - BirS3 from the above deposits are concentrated on the join BirS, (bismuthinite) -
CuPbBiS, (aikinite), with a deviation to the Cu-excess side, as pointed out by Cook (1997) on nortlern Romanian materials.

Kewords: friedrichite, X-ray diffraction, chemical data, optical data, Antoniu deposit, magnesian skam, "Blidar Conracr"
deposit, "Secundar Contact" deposit, calcic skarn, Bhila Bihor, Romania.

Sotvuuens

Nous d6crivons ici la friedrichite de trois endroits en Roumanie occidentale: les com6ennes magldsiennes d'Antoniu, et les
com6ennes calciques de "Blidar Contact" et "secundar Contact", dans le Bbta Bihor, dans le nord des montagnes Apuseni. La
ftiedrichite se pr6sente en amas isol6s de grains prismatiques trappus jusqu'd 500 X 100 pm de taille, g6ndralement inclus dans
la cuprobismutite ou la cupropavonite, et en agr6gats avec la galdne enrichie en Ag et Bi. En lrrmidre polaris6e en plan et dzns
I'air, la friedrichite est blanc jaundtre crdmeux avec une teinte brunefte. La bh6flectance et le pl6ochroi'sme sont faibles, mais
l'anisotropie est marqu6e. Nous n'avons pas d6ce16 de r6flexions internes. Ia composition chimique moyenne de la friedrichite
provenant de ces trois gisements est recalculde sur une base de S + Se = 18: (Cus.+oAgo.or)>s.ar(Pbs.osFeo.o,)rr.,
(Bi6.82Sbo.0rt6.soStg (Antoniu), (Cua.eeAge.e,)>s.66(Pba.62Fes.61)54.63(Bi7.22Sbo.03)27.25(S17.e6Se6.6a)r,, ("Blidar Contact") et
(Cur.rAg6.et)2rr7 (Pbo.etFq.6)2n.*(Bi6.essbo.or)x.e6s18 ("secundar Contact"). Dans chaque cas, il y a de l6gers 6carts d la formule

I E-mail address: mshimizu@ssi.toyama-u.acjp



862 THE CANADIAN MINERALOGIST

id6ale, Cu5Pb5BirS13. Nous pn6sentons des donn6es de diftaction X et les spectres de r6flectance pour la friedrichite d'Antoniu. ks
paramdres r6ticnlaires calcul6s sont: a3x 1,1.299(5),b I1.&O(5),c 4.034(2) A. En termes du systbme Cu2S -PbS -Bi2S3, les compo-

sitions de sulfosels de ces trois gisements, telle que d€riv& des donn€es de microsonde €lectronique, montrent une concentra.tion le long

de Ia s€rie Bi2S3 @ismuttrinite) - CuPbBiS3 (aikinite), avec une ddviation vers un exc€dent de Cu, comme I'avaient indiquds les rdsul-

tats de C@k (199) sur des dchantillons du nond de la Roumanie.
(Traduit par la Rddaction)

Mo*-cVs: friedrichite, diffraction X, donn6es ghimiques, donn6es optiques, gisement d'Antoniu, corn6ennes magn6siennes,
gisement de "Blidar Conract", gisement de "secundar Contact", corn6ennes calciques, Blita Bihor, Roumanie.

INTRoDUcUoN

The structural derivation of aikinite advocated by
Moore (1967) has led to discoveries of new sulfosalts on
the compositional join aikinite - bismuthinite, among
which is friedrichite (Cben et al. 19'78). The intermedi-
ate phases on the join are interpreted structurally as
intergrowths of three fundamental ribbon-shaped units:
bismuthinite ribbons, krupkaite ribbons, and aikinite rib-
bons (Pring 1989). Both ordered and disordered
intergrowths are expected in natural phases (e.9.,
Mumme & Watts 1976, Ping & Hyde 1987, Pring
1989).

Friedrichite, a member of the aikinite - bismuthinite
series of the meneghinite homologous series, was frst
described by Chen et al. (1978) from the "Sedl" region,
east of Habach Valley, Salzburg, Austria. It consists of
an intergrowh of four ribbons of aikinite and fwo rib-
bons of krupkwte (e. 9., Pring 1989).

Recently, Romanian occurrences of friedrichite
have been reported from BIitra Bihor (Shimizr et al.
1995a, b) and Baia Borqa (Cook 1997). This work deals
with materials from three skarn deposits in BEi[a Bihor,
western Romania. We investigated these materials to
establish the compositional range and to obtain reflect-
ance spectra and an X-ray powder-diffraction pattern of
good quality.

OcCI,T,RENCE

In the Apuseni Mountains, Poiana Ruscd Mountainso
and in the Banar area in western Romania, late Cretaceous
to Eocene magmafism gave rise to so-called "banatite' in-
trusive bodies (granodioritic products of such magmatism),
considered to reflect Alpine subduction along the active
continenta.l margin. These granodioritic inrusions (65-43
Ma" e.9., Russo-Sandulescu et al. 1984, Krdutner et al.
1986, Cioflica et al. 1994) are considered to be genetically
responsible for Cu-Bi(-Mo-W) mineralization in Bbiqa
Bihor; there, the intrusive bodies are encountered, ap-
proximately I km below the current level of erosion, as
evidenced by the data from eight drill cores. In this are4
the formations of the Bihor Realm (Autochthon) and the
Codru Nappe System (Codru, Ariegeni and Pdiugeni
Nappes) are widely distributed, and thermally and
metasomatically affected by the intrusions.

The metallic mineralization is concentrated in the
marginal zone of plutons. The ores are generally em-
placed within skarns developed along the contacts of
the intruded rocks with the plutons. In the Antoniu
magnesian skarn deposit, the Bi-Cu(-W) mineraliza-
tion is developed within Carnian recrystallized
dolostones belonging to the Codru Nappe System. The
most common member is a clinopyroxene skarn in-
volving a diopside-dominant core passing to a narrow
zone that includes chondrodite, clinohumite, and
phlogopite. The clinopyroxene skam is partly replaced
by andradite skarn, similar to the situation at the
Nakatatsu deposits in Japan (Shimizu &hyama 1982).
The other constituents of the diopside-rich core include
some magnesirrm borates like kotoite, fluoborite, and
szaibelyite. The p'rincipal ore minerals are hosted in the
skarns as disseminated masses and veinlets. They are
chatcoprite, aikinite, bismuth, witichenite, cuprobismutite,
cupropavonite, cosalite, tetradymite, sphalerite, galen4
bomiteo molybdenite, and scheelite. Cuprobismutite and
tenadymite appear in direct association with friedrichite
(Frg. 1A). In the uppr part of the ore deposit, processes of
weathaing led to the fonnafion of coppe'r, cuprite' bismuttu
malachite, and azurite.

The "Blidar Contact" and "Secundar Contact" skarn
deposis contain Mo-Bi(-W) mineralization. ores ftom
the "Blidar Contact'' deposit occur as veinlets in the cen-
tral part of the skarns, these veinlets are mainly
composed of wollastonite, grossular - andradite,
diopside - hedenbergite, and vesuvianite. The skarn is
about 15 m in average width and more than 100 m in
extent. The ores from the "Secundar Contact" deposit are
emplaced as veinlets within the skarn. The principal ore
minerals in these two deposits are bismuthinite,
molybdenite, scheelite, magnetite, hematite, pyrite,
chalcopyrite, sphalerite, (Ag- and Bi-bearing) galena,
galenobismutite, cosalite, bursaite (?), aikinite,
hammarite, gladite, pekoite, paderaite, kobellite,
emplectite, cuprobismutite, wittichenite, tetrahedrite,
cupropavonite, tetradymite (including (^y-tetradymite),
altaite, jos6ite-A, bismuth, and gold. The materials ex-
amined from the "Blidar Contact" include tetradymite
and, from the "Secundar Contact", Ag- and Bi-bearing
galena (<1.1 v't.Vo Ag, <3.2wt.Vo Bi) and tetradymite in
direct association with friedrichite (Figs. lB, C).
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Omrcer Pnoperrms exp Renr.ucrcNcE DATA

Friedrichite is opaque with a metallic luster and
black streak. Cleavage is developed on two directionso
{010} and { 100}, both perfect to good. Under the ore
microscope, it is discernibly bireflectant and weakly
pleochroic from crezmy yellowish white to yellowish
white with a brownish tint in oil. It is slightly lighter
than cuprobismutite and Ag- and Bi-bearing galena
(Fig. l). It is strongly anisotropic from dark brownish
gray to almost black with nearly crossed polars. Inter-
nal reflections are not observed.

Reflectance measurements were made against the
SiC standard (Zeiss No. 851). Immersion measure-
ments were made with Nikon oil, Np 1.515 at 20'C and
Nikon photometry system P100 including Optiphot-2
microscope photometer with photometer-controller
P101, monochromator G-70, and two-light-flux inter-
ference examination. The reflectance data for
friedrichite from the Antoniu deposit are summarized
in Table I and Figure 2. Chen et al. (1978) also re-
ported reflectance data measured in air. The present
measurements give lower values than tleir results. The
measurements in immersion are new data,

TABI.E, 1. REXLFCTANG, VALTIES
FOR FRIEDRICIIITE FROM THE ANTONru

DposIT, BATTA BIHo& ROMANIA

Air
R ,  R ? R ,  R 2

Fic. l. Photomicrographs of friedrichite. A Riedrichite (FR" light
grey), cuprobismutite (CB, dark gey) and tetradymite Grcy-
ish white) from the Antoniu magnesian skam deposit, Bdi 1a
Bihor, Romania- B. Friedrichite ffn, grey) and teradymite
(ID, greyish white) inclusion from the 'tslidar C-onact'' calcic
skarn deposit Bdip Bihor, Romania. C. Riedrichire (F& Iighr
grey), Ag-, Bi-bearing galena (GN, dark gey) and tetradf'mite
(greyish white) from the'SecundarConacf'calcic skam de-
posit, BtilABihoq Romania. All are in plane-plarized lighr

34.5 N.7 13.5 16.3
36.3 43.O 13.7 16.0
3'1.1 43.t l4.s 16.5
38.3 429 14.7 16.4

7.O
35.4 10.7
37.8 13.0
39.8 13.6
41.5 13.4
42.9 13.3
42.7 13.3
43.Q l3.s
42.8 14.0
43.1 t4.3
43.t t4.6
43.0 14.8
42.8 14.8
42.9 14.5
42.5 l4.l
42.3 13.4

cneIvIICAL cOleOSrrtONS

The chemical compositions of friedrichite and other
minerals of the aikinite - bismuthinite series in BIip
Bihor were determined using a JEOL 733tr electron-
microprobe analyz$ atthe Geological Institule, Faculty
of Science, University of Tokyo, using the methods of
Shimizu et al. (1986). The results of three electron-mi-

470
546
589
650

E.3
t2 .6
15.6
16.3
16.2
15.9
15.8
16.0
16.2
t6.4
t6 .6
16.7
16.5
t6.2
15.5
14.7

400
420 29.7
44n 31.9
460 34.1
480 34.8
500 35.4
520 35.5
540 36.0
560 36.2
s80 3't.l
6@ 37.4
620 3'.1.8
@o 38.0
660 38.6
680 38.8
700 38.9
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croprobe analyses offriedrichite from theAntoniu de-
posit, and two each from the "Blindar Contact" and
"Secundar Contact" deposits, Bliqa Bihor, Romania are
given in Table2. The analyzed grains are large enough
(>50 pm) that the results are not affected by neighboring
minerals. The results lead to the following empirical for-
mulae (basis ofcalculation: S + Se = 18):
(Cus.ooAgo.o r )x.0, @b5.63Fe6.0, )pr.sa(B i6.s25be.92)26.8aS 1s

(Antoniu)
(GtoseAAorhrm(Pbr62F%, Jx63@irrsb0.d:?2s(S't.xSeoou)>,,

("Blidar Contact")
(Cur.26A9o o,)p527@ba.e 1Fes.or2a.e3(Bi6.e5Sb0.0r)>6.e6S r 8

("Secundar Contact").
The best fitting formula of the material from Baia
Borga to the above formulae is:
Cuo.rr(Pb..6rFes. 1 6)2a.s5(Bi6.ssSbo.oo)>o.so(S,r.rnSeo.oo)>,,
(Cook 1997).

It is worthy of note that all the empirical formulae of
friedrichite, including the one originally described by
Chen et al. (1978), deviate from the ideal formula,
Cu5Pb5Bi7S,r, proposed by them. They discussed the crys-
tal chemistry of phases in the aikinite - bismuthinite
series, and proposed the general formula Cu,Pb,Big.-.Srz.,
where z represents an integer that represents the multiple
of the a parameter of the superstructures in terms of that of
the aikiniie cell, friedrichite having z = 3. However, this
needs revision in that the Cu > Pb relation exists in all of
the examined materials, whereas Pb contents are less than
those expected from the ideal formula" If the minor excess
of Pb + Fe in the first empirical formula is neglected, the

5.0

0.0
400

LamMa (nm)

Frc. 2. Reflectance spectra of friedrichite from the Antoniu deposit, Bnila Bihor, Romania,
in air and in oil.

700600s00

most probable scheme of substitutiono next to lRi+ for
Cu*PbF*, is to be given as 3Cu for Bi. According to Moore
(1967), aikinite is regarded as a fully snrffed form in the
aikinite - bismuthinite series, and has the relation that total
cations = S + Se. Since all the empirical formulae of
friedrichite here obey the relation total cations < S + Seo
the Cu-excess state is still within 1trs range of variation
allowed. The Cu > Pb relation is also seen in the figure
drawn by Cook (1997). Although the crystallochemical
background ofthis off-series deviation needs further con-
sideration, the present material has extended the degree of
deviation, and the marerial with this characteristic coexiss
with a more Cu-bearing phase, cuprobismutite.

One of the electron micrographs of minerals of the
krupkaite - aikinite series (Pring 1989) indicates the
disordered intergrowths of krupkaite units in aikinils,
and the other is interpreted as an intergrowth of units
dimensionally conesponding to krupkaite and
friedrichite in aikinite. This finding implies that a regu-
lar intergrowth of two bands, krupkaite and aikinite,
can constitute a "phase" compositionally conesponding
to friedrichite, where identification with the aid of an
X-ray or electron micrographic study is necessary. In
the present case, the Bi-rich material from the "Blidar
Contact" is interpreted as having the composition of
friedrichite. In the materials from the skarn deposits
formed under similar genetic conditions, a different
combination of bands is to be expected. It is likely that
the formation of different combinations is controlled by
such local factors as Chemical environment.
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TABLE 2. REPRESENTATTVE CHEMICAL COMPOSMONS OF FRIEDRICHITE FROM
TIIE ANTONIU DEPOSIT, BATTA BIHOR. ROMANIA
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10 .13  10 . t6  10 . r2
0.05 0.00 0.04
0.03 0.00 0.00

30.78 30.80 30.78
42.31 42.36 41.76
0.07 0.07 0.04

17. i l  r7 . t  r  16.9s
0.00 0.00 0.00

100.48 | 00.50 99.69

Atomic proportions based on (S+Se) = I 8
5.378 5.395 5.424
0.0 t6 0.000 0.01 3
0.0r8 0.000 0.000
5.01 |  5 .0 t5 5.059
6.830 6.839 6.8M
0 .0 r9  0 .0 r9  0 .0 r1

I 8.000 I 8.000 I 8.000
0.000 0.000 0.000

5.401 4.89 r 5. 100 4.994
0.009 0.009 0.000 0.006
0.006 0.000 0.006 0.006
5.029 4.5 | I 4.'140 4.623
6.823 7.32t '7.1t9 7.220
0.0 r 7 0.039 0.0 t7 0.028

l 8.000 I 8.000 l 7.9 l8 t7 .957
0.000 0.000 0.082 0.043

I I

9.79 9.84 9.82 8.66 9. I
0.03 0.00 0.02 0.00 0.0
0.05 0.0 | 0.03 0. I 8 0.0

29.99 29.91 29.95 29.30 29.7
42.96 42.44 42.70 43.34 M.2
0.00 0.07 0.04 0.2t 0.0

t7 .M t6.92 16.98 t6.77 t7 .2
0.00 0.00 0.00 r.56 0.0

99.86 99.19 99.54 100.02 100.2

5.222 5.285 5.255 4.521 4.806
0.009 0.000 0.006 0.000 0.000
0.030 0.006 0.0r8 0.r6t 0.000
4.905 4.926 4.9t4 4.690 4.810
6.966 6.930 6.947 6.879 7.099
0.000 0.020 0.01 r 0.056 0.000
r 8.000 r 8.000 18.000 17.343 18.000
0.000 0.000 0.000 0.657 0.000

,) 3 4
Mean ( l-3) Mean (5-6)

9.28 9.54 9.41
0.03 0.00 0.02
0.00 0.01 0.0 |

27 .9t 28.9 | 28.41
45.69 43.80 M.75
0. t4 0.06 0. | 0

11.23 16.92 17.08
0.00 0. 19 0. r 0

100.28 99.43 99.88

9  l 0
Mean (8-9)

Cu
A q

Fe
Pb
Bi
sb
s
Se
Total

Cu
A s
Fe
Pb
Bi
Sb
S
Se

10 .  I 4
0.03
0.0 r

30.79
42.14
0.06

17.06
0.00

100.23

Provenance of tbe saryles: columns I !o 4: the Adoniu mAnmian skam deposit in Bdita Bihor, 5 to 7: the *Blidar Contact"
calcic skarn dqosit in Bfu Bihor, 8 to l0: the "Secundar Codact" calcic skam deposit in Blila Bihor. Colum I I : sample
number [BBl47 2.2] ofCook (1997). Colunn 12: average result ofsh aoalyses by Chen et al. (1978). Atralytrcal
conditions: Instrument: JEOL-733tr, accelerating voltage: 20 kV, beam currenl 2.00 x l0+ a.mperes on Faraday cage.
Standards used: analyzed chalcopyrite (Crf Fe), q,nthetic AgBiS, (Ag BD, PbS (Pb), Cu,6Zn Sb,.nAq4SB (Sb), ZnS (S),
pure Se metal (Se), pure Te metal (Te).

Representative chemical compositions of the other
minerals of aikinite - bismuthinite series in B [F Bihor,
Romania are shown in Table 3. They are plotted in
terms of Bi2S3 (+ SbzSg) - Cu2S (+Ag2S) - PbS (+FeS)
in Figure 3. The presence of aikinite, friedrichite,
hnmmarilso gladite and pekoite equivalent phases can
be seen. The spread of compositions also extends along
the narrow region befween aikinite and bismuthinite,
and Cu-excess phases are also in direct contact with
such a high-Cu phase as cuprobismutite. Gladite and
pekoite are observed to occur together, but other mem-
bers of the series here do not coexist. Gladite and
pekoite coexist with -tetradymite (BirTerSr) and gold;
where the other members of the series coexist with
tetradymite and gold, tetradymite is normal (BizTqS).

X-Rev Powpen-DnrnacrIoN Sruov

A sufficient quantity of available materials from the
Antoniu deposit, Bdta Bihor, Romania enabled the ac-
quisition of X-ray powder pattern of good quality
(Table 4). The diffraction maxima are indexed accord-

ing to a supercell with a' 3 x 11.299(5), b ll.640(5),
c 4.034(2) A, where only the maxima with indices h
equal to O or 3n 2mong the major peaks are observed.
The c parameter seems to be longer than in other mem-
bers of the aikinite - bismuthinite series, except aikinile

t4.039(1) A: Ohmasa & Nowacki (1970)1.
The described materials from the two other localities

were also examined by X-ray powder diffractometry.
The results conespond to the tabulated one, though with
fewer diffraction lines. The present dataate in accord-
ance with the previously reported pattems for friedrichite
(Chen et al. 1978), but owing to the quality of the pat-
tern, measurements are extended to d = 1.30 A.
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TABLE 3, REPRESENTATIVE CHEMICAL COMPOSMONS OF MINERAI-S OF THE
AIKINTTE_ BISMUTHINITE SERIES, BATTA BIHOR, ROMANIA

4.O9
0.00
0.02

t2 .51
65.22
0 .1  I
r8.03
0.00

99.98

Cu
Ag
Fe
Pb
B i
Sb
s

totat

1.2'7
0.04
0.  I0
3 .88

75.85
0.08

t8.4'1
0.00

99.69

Atomic prcponioN based on (S+Te) = 18

o.625
0.ot2
0.056
0.585

I 1.340
0.021

18.@0
0.000

0.636
0.641

I 1.361

E.52 9.08
0.00 0.00
o.o2 0.03

26.30 27.49
47.93 46.2't
0.06 0.07

t'1.29 11.24
0.00 0.00

l m . 1 2  l @ . 1 8

4.4'77 4.'.785
0.000 0.000
0.012 0 .018
4.238 4.442'7.658 '1.4t3

0 .016 0 .019
t8.000 t8.000
0.0@ 0.000

4.4'7't 4;185
4.250 4.460'7.6'74 

7.432

Cu

Pb
B i
sb
s

Cu+Ag
Pb+Fe
Bi+Sb

2.32
0.00
0.00
8.66

70.05
0 .1  r

18.09
0.00

99.23

1 . 1 6 5
0.000
0.0@
1.333

10.694
0.029

r8.000
0.000

t . 1 6 5
r.333

t0;723

2.060
0.000
0.01 I
t.932
9.988
0.929

18.0@
0.000

2.060
t.944

10.017

'/.68

0.03
0.00

23.61
5 1 . 1 5
0.00

t'7.37
0.00

99.U

4.0t7
0.009
0.@0
3.787
8.133
0.000

l 8.000
0.000

4.026
3.781
8 . 1 3 3

8.M
0.00
0.00

24.97
49.t3
0.06

l'1.32
0.0r

99.93

4.425
0.000
0.0@
4.015
7.832
0.016

t 7 . 9 9 1
0.003

4.425
4.015
'1.u8

Ana.lydcal condirions m the sme 6 those in Table 2.

Cu *Ag Pb* Fe

Flc. 3. Chemical compositions of aikinite - bismuthinite series in BdF Bihor, Romania
in terms of the system BLS, (+ Sb2S3) - Cu2S (+ Ag2S) - PbS (+ FeS). Symbols: bs:
bismuthinite Bi2S3, pk: pekoite CuPbBi,,S1s, gd: gladite CuPbBi.Sn, kp: krupkaite
CuPbBi3S5, ld: lindstrdmite Cu3Pb3Bi7S15, hm: hammarite CurPbrBroSn, fd: friedrichite
CurPbrBirS,r, ak: aikinite CuPbBiS3.
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TABLE 4. X-RAY POWDER-DIFFRT{CTION DATA FoR FRIEDRICHITE
FROM THE ANTONru DEPOSIT, BAIIABIHOR, ROMANLA
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I  rne-dnchi le trom lhe Antoniu magnsian skun deposit .  Bdts [ t ihor.  the Apseni Mountains. Romania.
Diffractometer merhod. Cu/Ni radiation. This srudy. Calculiterl ccll pammere6 of friedrichite:
a  3  r  I  L 2 9 9 =  3 3 . 8 9 ' 1 .  h  1 1 . 6 4 0 , c  4 . O 3 4  A .  P h  2 , n .

2 Friedrichire from lhe "Sedl" region, Salzburg. Austria.
I  l4.6mm Candoln cmera method. Cu/Ni radiat ion. Chen cr nl .  (197g).  Given cel l  parunrlere:
a  3 x  I I . 2 8 = 3 3 . 8 4 . 0  l l . 6 5 , c  4 . 0 t  A .

3 Fr iedr ichi te from the "Sedl ' region. Salzburg. Austr ia.
I  I4.6rnm Debye-Scherer cmera method. CuNi radial ion. Chen cr al .  (  1978).  Civen cel l  Damlnetem:
c  3 x  1 1 . 2 8 = 3 3 . 8 4 . 0  t l . 6 5 . c  4 . 0 1  A .



868 THE CANADIAN MINERALOGIST

Rr,r'nneNces

Cunrrr, T.T., KRcm.rER, E. & PAAR, W. (1978): Friedrichite,
CufbsBizSrs, a new member of the sikinite - bismuthinite
seies. Can. Mineral 16. l2'1-13O.

Crornce, G., JupB, R., Lupu-rscu, M. & Pscsrav, Z. (1994):
K-Ar ages of Alpine granitoids in the Hauzegti - Drinova
area" PoianaRusctrMountains, Romaniu Rev. Rown. GeoL
(Bacharest) 38,3-8.

Coor, N.J. (1997): Bismuthinite and bismuth - antimony
sulphosalts from Neogene vein mineralization, BaraBorga
area, Maramureg, Romania. Mineral. M ag. 6L, 387 409.

KRliurNER, H. C., Verone, E. & RoMANEscu, O. (1986):
K-Ar dating of the banatitic magmatites from the southern
Poiana Rusc[ Mountains (Rusci Montantr sedimentary ba-
sin). D. S. Inst. Geol., Geofiz (Bucharest)70-7L,373-388.

Moone, P.B. (1967): A classification of sulfosalt structues
derived from the structure of aikinite. Am. Mineral. 52,
187+18',76.

MuNaM4 W.G. & WATrs, J.A. (1976): Pekoite, CuPbBiltSts, a
new member of the bismuthinilg - aikinite mineral series:
its crystal structure and relationship with naturally- and
synthetically-formed members. Can- Mtneral. 14, 323-333.

Omaasa, M. & Nowncra, W. (1970): A redetqrmination of the
crystal structure of aikinite [Bis2 

' s ' cuNPbw]. Z.
Kristallo gn 132, 7 L-86.

PRNc, A. (1989): Structual disorder in aikinite and lruPkaite.
Arn. M ine ral. 7 4, 250-255.

& Hvoe, B.G. (1987): Structural disorder in
lindstromite: a bismuthinite - aikinite deivative. Can.
Mineral.25,393-399.

Russo-SANDUT-Fscu, D., VAJDEA" E. & TANesEscu, A. (1984):
Neoctetaceous - Paleogene subduction igneous rocks in
the Romanian Carpathians. Aa. Inst. Geol. Geofiz (Bucha'-
resr) LXIV, 111-119.

SHrMrzu, M., Clorurca, G., LwuI-sscu, M. & Smrtrzu, M.
(1995a): ore mineralogy of Romaniardeposits.I.Stlnjia and
Bhiga Bihor, the Apuseni Mountains andTincov5-Vdlipr,
Banat (SW. Carpathians), Romaniu Resource Geol. 45,28G
281.

& Irvavl, J.T. (1982): Znc -lead skam deposits of

the Nakatatsu mine, central Japan. Econ. GeoI. 77, 1000-
10t2.

KAro, A., CIoFucA, G. & Lr,'pur.pscu, M. (1995b):
Ore mineralogy of Romanian deposits. II. Friedrichite
from Blita Bihor, the Apuseni Mountains. Mineral. Soc.
Japan, Japanese Assoc. Mineral. Petrol Econ. Geol. &
Soc, Resource GeoI., Joint Meea?g' PA-9 (abstr.).

& Smozewn, T. (1986): Sakuraiite:
chemical composition and extent of (Zn,Fe)ln-for-CuSn
substitution. Caa Mineral. 24, 405-409.

Received December I 5, 1997, revised mnnuscript accepted
May 1, 1998.


