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ABSTRAC"T

A new occunence of nuffieldite, a rare lead - bismuth - copper sulfosalt, is reported from a pyrite-rich massive sulfide
deposit at Maleevskoe, Rudny Altai, Russia. The mineral occurs as platy crystals (0.3 x 0.08 mm) and as aggregrates of
aniredral grains up to 0.6 mm within a (Cu,Zn)-rich zone. Associated minerals are hessite, teftadymite, electrum, aikinite,
lindstrtimite, hammarite, cosalite, kobellite, galenobismutite, gudmundite, berthierite and nisbite. Optical properties, X-ray
powder-diffraction data and results of electron-microprobe analyses are compared with those of nuffieldite from both th9 type
iocality and other localities. The mineral contains as much as 5.08 wt.7o Sb, which supports the findings of Maurel & Modlo
(1990) and Modlo (1989) that Sb is essential for the stabilization of the mineral. Calculated formulae (based on an ideal formu-
la with 13 atoms) show an excess in Cu and a deficiency in S, which are correlated with Pb in mixed (Pb,Bi,Sb) sites. These
correlations may be accounted for by assuming compensation of the substitution Pb2* for Bi3+ by vacancies in th9 S site and
neutral Cu atoms in excess in structural interstices. Excess Cu may be mobile, as has been established in synthetic tetra-
hedrite (Makovicky & Skinner 1979).The compositional field of nuffieldite may be expressed by the formula
Cu1-fb2@bpi1-*.Sbr)Bi2Sr-y, where x and y may have similar values.

Keywords: nuffieldite, electron-microprobe data, reflectance data, X-ray-diffraction data Maleevskoe, Russia.

SolvrMarns

Nous d6crivons un nouvel exemple de nuffieldite, sulfosel rare de plomb, bismuth et cuiwe, ddcouvert dans un gisement de
sulfures massifs d Maleevskoe, Rudny Altai, en Russie. Elle se pr6sente en plaquettes (0.3 x 0.08 mm) et en agregaf.s de grains

x6nomorphes atteignant une taille de 0.6 mm dans une zone riche en Ct etZn. Lui sont associ6s hessite, t6tradymite, dlectrum,
aikinite, lindstrOmite, hammarite, cosalite, kobellite, gal6nobismutite, gudmundite, berthierite et nisbite. Nous comparons ses
propri6t6s optiques, les donn6es diffractomdtriques et sa composition chimique (analyses i la microsonde 6lectronique) avec
celGs de la nuffieldite de la localit6 t,'pe et d'auues endroits. Ce mat6riau peut contenirjusqu'i 5.087o en poids de Sb' ce qui

6taye I'hypothbse de Maurel et Moiilo (1990) et Modlo (1989), e l'effet que I'antimoine serait essentiel i la stabilisation de ce
minera:. Gs fonnules calcul6es sur une base de 13 atomes d6montrent un excbs de Cu et une d6ficience de S, qui sont li6es
l la prdsence de Pb dans des sites d occupation mixte (Pb,Bi,Sb). Ces corr6lations seraient expliqu6es en supp-osant une com-
pensation de la substitution de Pb2+ pour Bi3+ par la prdsence de lacunes dans le site du soufre et d'un excds d'atomes de Cu,
neutres, dans les interstices de la structure. Ces atomes de Cu en excbs pourraient bien 6tre mobiles, comme I'ont d6rnontr6
Makovicky et Skinner (1979) dans le cas de la t6tra6drite synth6tique. k champ de compositions de la nuffieldite serait bien
exprim6 par la formule Cu1-fb2@bpir-Fzsbz)Bi2s7-r, dans laquelle.r et y auraient des valeurs semblables.

(Traduit par la Rddaction)

Mots-cl6s: nuffreldite. donn6es de la microsonde 6lectronique, donn6es de rdflectance. donn6es de diffraction X, Maleevskoe,
Russie.

INTRoDUcrroN

Nuffieldite, a rare lead - bismuth - copper sulfosalt
with a proposed formula Pb,oBirsCuaS2T, was first
described by Kingston (1968) from the Lime Creek
molybdenum deposit, Alice Arm, British Columbia.

Kohatsu & Wuensch (1973) determined its crystal
structure using Kingston's chemical data and gave the
structural formula as Pb2Cu(Pb,B0Bi2S7. Recently'
Modlo (1989) described an occunence of nuffieldite
from France that contains 2.2 wt.Vo Sb. Since
nuffieldite had not been synthesized in the system
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PbS-Bi2Sr-Cu2S, Mo€lo (1989) proposed that anti-
mony is an essential component for the stabilization of
the mineral. Subsequent experimental studies by
Maurel & Modlo (1990) were successful in synthesiz-
ing nuffireldite at 435"C with as much as 5 wt.7o Sb.
Taking into account the structural role of antimony,
Modlo proposed Pb2Cur*,(Pbpil , vSbu)Bi2S7 as the
forrnula for nuffieldite" in which x = 0.37 and the Sb
content is variable (0.19 < y < 0.55). According to this
formula, an o'aikinite" substitution of the tvpe Bi3+ =
Pb2+ + Cu+ takes place in nuffieldite. Harris (1993)
examined a cotype specimen of nuffieldite from
the Lime Creek locality, confirmed the presence of
L.33 wt.Vo Sb, and gave compositional data on a
second Canadian occlurence of nuffieldite from the
Izok Lake massive Zn-Cu-Pb sulfide deposit,
Northwest Territories. that contains 2.3 wt.Vo Sb. This
paper reports on another occunence of nuffieldite,
from the Maleevskoe deposit, Rudny Altai, Russia,
where it was previously described as "Cu-cosalite"
(Yudovskaya et al. 1992).

OcflnnsNcs AND AssocraloN

The Maleevskoe polymetallic massive sulfide
deposit occurs within metamorphosed (up to green-
schist facies) volcano-sedimentary rock sequences that
contain several subvolcanic bodies of felsic and basic
rocks. Concordant massive sulfide orebodies occur in
the zone of contact metamorphism associated with the
intrusion of the Zmeinogorsk granitic complex. The
orebodies display a zoning sequence from footwall to

R.7,
48

Fto. 1. Reflectance spectra for
nuffieldite in air from
Maleevskoe (1) and Lime
Creek (2, after Kingston
1968).

TABI,E 1. REFLECTANCE DATA FOB NUFFIEU)AE
FAOM MALEEVSKOE, RUSSIA

&RIhBr

c6u

600
920
MO

650
600
880
?00

400
420
440
4AO
470

480
500
520
540
560

48.46
u,57
45.88
46.30
48.50

46.56
46.80
48.65
46.26
49,L7

35.94

3',1,22
37.44
37,70

37.81
38.08
37 ,75
37 .14
37.73

46,0? 37,82
45.90 3?.40
45.85 91,26
45.45 36.94
45.11 36.88

44.8 36.70
4,88 30.54
u,42  38 .88
43.95 A8.22
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hanging wall of Fe - (Cu,Fe) - (Cu,Zn) - (Pb,Cu,Zn).
Pyrite, chalcopyrite, sphalerite and galena are abun-
dant, with minor tennantite and tetrahedrite.

Of particular note within this ore mineralization is
the youngest association, which includes rare and
minor minerals of antimony and bismuth, as well as
those of silver and tellurium (hessite, electrum,
tetradymite, among others). Nuffieldite occurs in
this assemblage, which is usually located within
the (Cu,Zn) zone. Aikinite, lindstriimite, hammarite,
cosalite, kobellite, galenobismutite, gudmundite,
berthierite, nisbite and other B! and Sb-bearing min-
erals also have been identified (Yudovskaya et al.
r99 .

Nuffieldite occurs as elongate platy crystals (0.3 x
0.08 mm) and as aggregrates ofanhedral grains (up to
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0.6 mm) in association with the main ore minerals
noted above. Tiny blebs of native bismuth together
with chalcopyrite commonly occur on the edges of
nuffieldite grains.

OP,rcAL PnoPsnrFs

Under the reflected light nt'croscope, nuffieldite is
light grey; its color is slightly darker than galena.

TABLE 2. X-RAY POIfDM-DIFEBACTION DATA 8OR NUFI'IELDITE

MALEEVSKOE AKCIIATAU IJ}IE CBEEK txs goucuEs

d|lM hkl d*b d* d*b dt@ hkt d.b drm

0.5
4

4

1

108

0.5
I

0 .5
0 . 5
0 .5
0 .5
0 .5

1
0 . 5

I
8+p

1

10

t
3

0 .5
10
2

4
1

3
5
3

7.20 200 7.30
6.48 130 8.39
6.19 220 8.O2
5.39 040 5.:14
5.10  230 5 .10
4.68 310 4.75
4.48 320 4.43
4.32 050 4.2',1

u0 4.31
4.09 150 4.10
3.98 330 4.02
3.8? 011 3.96
3.?9 l1X 3.82
3.82 400 3.650
3.5? 060 3.55?
3.51 031 3.504
3.46 420 3.4U
3.3X 227 3.#',1

3.16 231 3.159
3.13 141 3.139
2.978 327 2.979
2.5& %l 2,U2
2.909 510 2.893
2.880 151 2.872
2.8ff9 3ll1 2.W
2.8t2 270 2,874

520 2.8t7
2.772 450 2.774
2.747 7 2.718
2,897 530 2,702
2.U9 1S1 2.822
2.527 4Sl 2.524

600
071

2,372 820 2,373
2.33X 361 2.338

470
2.W2 830 2.303
2.288 550 2,257
2.777 3?1 2,175

840
2.159 480 2.!u
2.137 0.10.0 2.134

281
2.707 5?0 2.109

551

1.998 4?1 2.023
831 1.999
7t2
722

!. s 140 1.943
202

1.93X 212 1.93:l
1.906 222 1.909
!.8U 742 1.868

651
1.8t1 312 1.853

aL2
1.805 t52 1.807

061
1.?83 491 1.783

402
1.?50 ?41 1.760
l .?92 1 .11 .X l .?36

2.72.0
690

1.884 850 1.678
Lw 780 1.643
1.619 831 1.019

1 7 .30  2@ 7.30  0 .5  1 ,28

3B
2
2

8B

3

2

5.03 5 .09
4.U 4 .75

4.U 4 .29

4.15  4 .10
3.98  4 .02

3.58  3 .S5

3.43 3.45
3.35  3 .35
9.33  3 .25
3.15  3 .16

2.98  2 .  2

2.86 2.872

2.?9 2.814

2.70 2.778
2.U 2 .688
2,81 2.622
2.53 2.528
2.46 2.4U
2.43 2.437

2,4 2.3:18
2.UO

2. 2.257
2.20 2.775

2,274
2.75  z . lu
2.73 z.ru

2.728
2.06 2.109

2.068

2.01 2.O2s

1.98n 1.988
1.961 1 .960
1.S43 1.943

1.889 1.888
1.8?0

1.829 1 .823
1.?98 1.807

1.7s7

t .?60 1 .763

1.?28 1.736
7.728

1.693 1.898

1.825 1.829

0.5 5.38 040
0.5 5.09 230

0.?5 4.75 310

7 4,25 050

5 . U
5 . 1 0
4.75

4.24

9 4.00 330 4.O2

10 3.06 4@ 3.65
10 3.54 201 3.53

0.5 1.44 420 3.46
0.5 3.:ttt 221 3.35

8 3.X6 231 3.18

3 2.98 327 2.98
2 2 .U An 2 .U

3 2.8? 151 2.4'l

1 2.81 270
520

2 2.78 450
2 2 .72  7

0.5 2.67 080
0.5  2 .62  161
10 2.54 460

2.42
2.82
2.78
2.71
2.47
2.82
2.55

2 2.40 771 2,40
2 2.U 470 2.U

2.37 527 2.31
2.22 840 2.22
2.16  UL 2 .16

0.5  4 .29

5 3 .97

10 3.85
9 3.54

0.5  3 ,47
0.5  3 .34

I  3 .16

4 2 ,98

2 2 .87

7 2.40
7 2 .35

2 2 .30
1 2 .23

8 2 .03

1 1.989

0.5 1.9:11

8B 1.878

I  1 .8@

3 7.7U

I 1.7@

2 t.8:!9

3  2 .73
|  2 .87

2
1

0.5

I
0 .5

2

1
1

t

2

1
3

3

4

1 2.13 2a1 2.13

g 2.M 821 2.U
3 2.02 4',17 2.O2

2 1.90? 561 1.969
2 7. 0 2A2 1.941

I 1.8?1 651 1.872

2

z
1

o

2

2

3
4

1
0 . 5

0 .5
I

1.821 810 1.819
1.?98 661 1.?98

\.765 2 7.757
1.751 ?41 X.750

1 1.89? 6S0 1.899

1 1.631 452 1.829

CaUdlreEloBofnufn€ldi t€fem![al€v6l@: gX4.602,!21.3?5,94.0284(*-emdlaeoteD114.59

@. FeKd.gmdtadon).  cel ldlnsEloBof nufneldl tofFEAkcbstau(Ef lEovetal .  1990):  914.80'
q Zi.gelg t. Og A (@"m dlamet€r b?.3 @, FeEd,P Edtadon). C€U dimsnslo6 of nuffleldlt€ frcm Llns
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Bireflectance is weak and noticeable onlv on the
contacts ofdifferently oriented grains. Refleciion pleo-
chroism is absent. Anisotropism is strong, but without
color effects. No intemal reflections are present.

Reflectivity was measured in air on randomly
oriented grains using an Opton microphotometer, with
WTiC as the reflectance standard and a 20x objective.
The results are given in Table l. The spectral curves
over the wavelength range 400-700 nm for both R,
and Rr, along with previously published data for mate-
rial from the type locality, are plotred in Figure 1. The
reflectance curves are very similar, but the bire-
flectance of the mineral from Maleevskoe is more
intense. This can probably be explained by different
orientations of the grains studied.

X-Ray Powpnn-Dnrnacrrox Dar.q.

X-ray powder-diffraction data for nuffieldite were
obtained for an analyzed grain using a 1 14.6-mm

Debye-Scherrer camera and unfiltered Fe-radiation.
The results are given in Table 2 and arc compared to
those of nuffieldite from Akchatau (Efimov et al.
1990), Lime Creek (Kingston 1968) and Les Houches
(Modlo 1989). Our results agree rairly well with previ-
ously published X-ray data, although more lines were
obtained. All the d-values except the one at7.67 Acan
be indexed on an orthorhombic cell having parameters
a 14.602, b 21.375, c 4.026 A and space group Pbnm.

CnsNtrcAr Dere

Ten electron-microprobe analyses were obtained
for nuffieldite from the Maleevskoe deposit. Results of
these analyses, along with published data from the
four other localities, are glven in Table 3. Analyses l,
2, 44, and.8-10 were obtained with a JEOL IXA-5
electron microprobe using the following standards
(and analytical lines): PbS (PbMc and SKcr,), Cu,
Sb and Bi pure metals (CuKa, SbZc, BiMcl). Anal-

TABLE 3. RESUI]TS OF EI;ECTRON.MICBOPROBE ANALYSES OF NT,'FFIEI]DITE

Pb Bt s Total (rt.t) Fomlae (based m 13 atom)

11
!2
13
14

loal@vsk@ detDslt

l. 5.30 33.85 1t9.38 5.08 1?.?r 101.1t
2' 5.74 U.!6 42,M z.tl 17.29 1@.94
3 5.26 U.22 42.!9 2.01 1?.55 101.6?rr
4. 5.48 33.12 42.73 t.8t 1?.50 100.63
5 5.87 34.59 43.16 1.84 16.83 101.?9
I 5.& 33.31 42.88 1.38 16.98 99.09
? 5.50 33.80 43.29 1.96 1?.01 to1.?8r..
I 5.61 33.60 42.A4 1.?? 16.?1 100.43
9 5.?0 33. 42.83 1.87 18.90 100,34
l0 5.85 34.09 47.74 !.98 16.51 100.1?

Akchatau (fflmv et al. 1990)

cur.06Pb2(Pb0.0jBb39sb0j2) r0.96Bl2s6Js
CuLGPb2 (Pbg.t lBbsz$O:a) aO.S6Bi2S7.Or
cur.06Pb2 (Pbg. I lBhSg$O:t ) m.90El2S?.O
cur.1lPb2(Pb0.03Bto.63$o.rs)=0 858!2$/ oa
cut. l0Pb2 (Pbg.l?Bb.es$ord :r.mBlzso.s4
cul.l2Pb2 (PbO.l0Dlq.69sb6.$ ) r0JaBt2s6.9a
ct1.12Pb2(Pbg.1 1Bb.Ce$q21 )x16Bt2s6J6
cuLr6Pb2 (Pbg.uBb.OS$O.rg ) :1mBi2Se3a
cul.l7Pb2 (Pb0.09Bb.66Sb0r0) !0.9j8r2s6.8j
cur jrPb2(Pbo.t7Bb.62sb02t ) rt.mBr2s6?s

cul.l3Pb2(PboogBbjr$o.40):lmBtzse.e?
CuLrTPb2 (Pbg.r rBb.aggbg3l ) r0.91 812S6.93
Cu12sPb2 (Pbo.riBh.47sbo3o) r094Bt2S6Jl
Cut jSPb2(Pbog8lO;r$631 ) 6.98t2s6r,

culrPb2 (Pbm3Bb.41sb0r2) r0968t2s6.?8
CuUSPb2(Pb93lBrO OSb921 )59.98t2S61
cut j3Pb2(Pb033Bb 35sb0a4 ) r092BEs6?6
cul3aPb2 (PbO36Blff T$bqr/) 111918123676
CuU4Pb2 (Pbm rBl6g$bg2a) r09aBt2S6.7a
Cul34Pb2(PbB4Bb-rrsbg2a) 2g.95Bt2S6r,
cul jrFb2 (Pbm2Bb9sbor4) !09j8t28671

Cul. tzPb2(Pbo.l2BbJ8Sbot4) roJ4Bl2S?.m

cul. t6Pb2(Pb0.l7Blo4sSb025) tj0Bl2s6.94

5.5  33 .3  40 .3  3 .?  16 .9  99 .7
5.7 33.6 40.O 2.9 t7.7 99.3
8.2 35.2 40.6 2.5 1?.1 101.9
8 .4  56 .2  39 .1  S .0  1? .1  101.s

Is gmch6 (Mdlo 1989)

15 8.05 36.15 3?.85 2.00 10.30 98.35
l8 6.20 36.35 38.10 1.90 10.60 99.15
17 6.45 38.80 37,50 2.2.5 16.55 99.65
18 0.55 36.80 38.05 2.20 16.65 100.05
19 6.50 36.60 88.20 2,20 1S.65 100.05
20 6.55 37.15 37,s5 2.25 10.50 100.40
27 8.65 30.?5 38.15 2.95 16.115 t@.18

Llme C&€& (S8ns 1993)

22 5.81 34.12 42.00 1.33 1?.62 100.?8

Izok I€k6 (Earr.rs 1999)

23 5 .6  34 .1  89 .4  2 .3  10 .9  98 .3

:^3?o1"d * Cu-@sallta (Yudovskaya eX al. 1992). r. Inolude 0.34 wt.g Ag.r.r Include 0.20 wt.t Ag.
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z
22
3
7

23
72
11
7

TABIE 4. CoMPARISON oF S AToldS VEBSUS Cu EXCESS (Cuw)

AND Pb IN MrXSD SITES (Pbd:) IN NUFI'IELDITE

A!81. S s Fb6" A!al. f s Pbo.

ideal formula with seven atoms of S. The deviations in
proportion of S are comp,red with the excess of Cu
and the Pb mixed sites in Table 4. The results indicate
that with decreasing S contents, there is a general
increase in Cu and in Pb contents in the mixed site.
Thus both of these values are negatively correlated
with concentration of S in nuffieldite.

6.7 6.8 6.9

atoms per formula unit).

7 , U
?.01

? . @
8.98
B .

a.u
6.93
8.8?
8.88
8.86
8.84

0.11  0 .03
0.08  0 .x1
0,x?  0 .x2
0.10  0 .11
0.@ 0.0s
0.12  0 .10

0.16  0 .1?
0.1?  0 .11
0.13 0.09
0.14  0 .11
0.1?  0 .09
0.10  0 .17

8
13

x0
ID

18
19
20
2t

6.84
6.8X
8.81
8. ?9
8.78
6.78

8.78
8.78
a, f4
0 .71
8,77

0.16  0 ,72
0.25 0.17
0.28  0 .31
0.28  0 .25
0.21  0 .1?
0.27  0 .33

0.33 0.3S
0.34 0.30
o.g4  0 .31
0.34 0.34
0.31i 0,32

ysis 3 and 7 were obtained with a CAMECA MS-46
electron microprobe using the following standards
(and analytical lines): PbS (Pbfo, SKa), CuFeS,
(CuKcr), and Ag, Sb and Bi pure metals (Aglcr, Sbl,a,
BiZcr).

As shown in Table 3, all examples of nuffieldite
contain between 1.33 and 5.08 wt.Vo Sb. The highest
Sb content occurs in a sample from the Maleevskoe
deposit; this composition supports the observations of
Maurel & Mo0lo (1990) that nuffieldite can be synthe-
sized with as much as 5 wt.Vo Sb. The existence of Sb
thus conflrms Modlo's (1989) proposal that Sb plays
an important structural role in nuffieldite. As much as
0.5 wt.Vo Ag also was detected in some grains.

Structural formulae calculated from the analytical
data on the basis of 13 atoms are given in Table 3.
These formulae show a significant deviation from the

61 6.8 6.9 7 7.1 S

Frc. 2. hoportions of a) Pb.i* and b) Cu"". versus S in nuffieldite (in

DrscussloN

The chemical data reported for nuffieldite from the
Maleevskoe deposit and those from other localities
permit some conclusions about possible schemes of
iubstitution. 1) Sb probably enters the mixed site by
the simple substitution Bi3+ = Sb3+, as proposed
by Modlo (1989) and Maurel  & Modlo (1990).
2j There is an uncertainty concerning the mechanism
of substitution of Pb2+ for Bi in the mixed site.
Positive correlation between Cu"*" and Pb.1 can be
interpreted in terms of the substitution scheme Cu+ -r

Pb2+ - Bi3+. However, the observed negative correla-
tion between S and Cu"^.n and that between S and
Pbn;^, do not agree with this scheme. Such correlation
mav be explained if we assume that the substitution
Pb2-* for Bi3* in the mixed site is compensated for by
vacancies in S sites, and that the excess Cu occurs in
structural interstices as neutral atoms. In this latter
case, the compositional field of nuffieldite may be
expressed by the formula Cu1*pb2(PbyBir )-zsbz)
Bi2S7-r, where x and y are commonly the same value.

It is not excluded that Cu"*. is mobile. On this
reasoning, an additional Cu site (one site per unit cell),
as proposed by Mo€lo (1989), has not been substanti-
ated bv the structural studies of Kohatsu & Wuensch
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(1972). These proposals need further investigation.
However, similar problems have been found in the
fahlore minerals. Reduction of S content and
the appearance of vacancies at the S(2) site in the
tetrahedrite structure, where Ag substitutes for Cu,
were found by single-crystal X-ray-diffraction struc-
tural studies (Rozhdestuenskaya et al. L989). Mobile
Cu also has been determined by structural studies on
synthetic retrahedrite (Makovicky & Skinner 1979).
Because of this feature, the tetrahedrite was referred rc
as a solid electrolyte.
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