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ABSTRACT

A bismuth leadtelluride mineral with variable Pb contents (upn 12.7 wt.Vo)is presentwith orwithout altaite in the volcanogenic
massive pyritic deposit of the Yanahara mine, southwestem Japan. The mineral constitutes a solid solution between @i'Sb)2Te3
and PbTe, with small amounts of Ag2Te. The member of the solid solution coexisting with altaite is rhombohedral' a4.397(2), c
41.43(2) A, and has a2|-layer stru6tor". The chemical composition conesponds closely to (Pb,Ag,Bi,Sb)3Te4. The member

coexisting with alaite thus is rucklidgeite, ideally (Pb,Bi)rTea, whose Pb-rich end-member composition is- srygested to be
PbBi2Te; Incorporation of the Ag2Te -omponent ihifts the tomposition to (Agfbr-z,BizJ3Tea; thus the variable Pb contents
ofrucklidgeite samples known so far can be explained.

Keywords: rucklidgeite, solid solution, Yanahara deposit, Japan.

SouruAnn

Nous avons trouv6 un tellurure de bismuth et de plomb i teneur variable de Pb (usqu'd 12.7Vo enpoids), associ6 d I'alta'ite ou

non, dans un gisement volcanog6nique de pyrite massive exploit6 i la mine de Yanahar4 dans le sud-ouest du Japon. Le min6ral

est en fait une solution solide entre 6i,Sb);T% et PbTe, et condent une faible proportion de la composante Ag2Te. I 'exemple qui

coexiste avec I'altaite est rhomboddriqu 
", 

oq.igl (4, 
"q 

.43(2) A. et possbde une structure d 21 couches. Sa composition chimique
est proche de (Pb,Ag,Bi,Sb)3Tea; c'est donc un exemple de rucklidgei'te, dont la composition id6ale est (Pb,Bi)3Tea, et dont le
pdle plombifdre serait lbBirTeo. L'incorporation di la composante Ag2Te d6placerait la composition selon la formule
(Agfbr .!Bi2J3Tea, qui rend compte des teneun variables en Pb des exemples connus h date de cette espCce.

(Traduit par la R6daction)

Mots-clds: rucklidgei'te, solution solide, gisement de Yanahara Japon.

INTR.ODUSIION

Zav'yalov & Begizov (1977) discovered a bismuth
lead telluride mineral having an ideal formula
(Pb,Bi)3Te4 in the Zod (Armenia) and Kochkar (Urals)
gold deposits, and named it rucklidgeite. Rucklidge
(1969) had earlier noticed a mineral of analogous
composition in the Robb-Montbray deposit, Quebec.
Since then, this mineral has been reported from several
gold deposits worldwide (e.9., Harris et al. 1983,
Sakharova et al. 1984). Although few in number,
available electron-microprobe data indicate that the Pb
contents of rucklidgeite are variable, ranging from2l.65
to 9.4 wt.Vo (Table 1). Knowledge of the nature and

extent of Pb incorporation is needed in order to under-
stand the widely variable Pb contents of this mineral.

A bismuth lead telluride mineral with variable Pb
contents is present, associated or not with altaite' in the
Yanahara deposit, Okayama hefecture, Japan. The
mineral seems to constitute a solid solution from
(Bi,Sb)2Tq toward PbTe, with small amounts of Ag2Te.
The member of the solid solution coexisting with altaite
was revealed to be rucklidgeite. The solid solution is thus
called rucklidgeite solid-solution in this paper (hereaf-
ter, rucklidgeite,). We describe the mode of occwrence
and chemistry of this solid solution and is deparnre
toward the end-member PbTe, and discuss the substitu-
tion relationships of constituent elements.
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l{eight percent
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TABTE L. CHB!{ICAI. COI.IPOSITIONS AND FORMUTAE OF
RUCKLIDGEITE AVAII,ABLE IN TI{E LITERATURE

No.

pyrrhotite, jamesonite, arsenopyrite and bournonite (Hi-
gashimoto 1960). It is likely thatrucklidgeiteo described
in the present paper is related to this episode of
hydrothermal mineralization.

The samples studied are thin sulfide veins, up to 5 mm
thick, in rhyolitic pyroclastic rocks taken from the
hanging wall of the massive pyritic orebody in the mine.
Fyrrhotite, boulangerite, meneghinite, arsenopyrite, py-
rite and qtartz ue major constituent minerals of the
sulfidb veins. Rucklidgeite* and altaite are present in
lesser amounts. Galena" chalcopyrite and sphalerite are
ubiquitous in small amounts. Minute grains of electrum,
up to l0 pm across, are present sporadically in and
around the rucklidgeite* grains, the atomic fraction of
Au ranging ftom about 0.5 to 0.7.

The rucklidgeite* is present as discrete gains with
granular and tabular formso up to I mm across, com-
monly associated with altaite, and as thin lamellae in
boulangerite, usually less than 0.01 mm wide. In the
discrete grains with altaite, thin lamellae of altaite or
boulangerite commonly appear along the perfect basal
cleavage (Fig. l). The optical properties of rucklidgeiteo
under reflected light are very similar to those of
tellurobismuthite; the white reflectance has a faintly
pinkish tint. The mineral is distinctly anisotropic be-
tween crossed nicols.

ELEcTRoN-MIcRopRoBE DATA oN Rucrmcutrss

An electron-microprobe analysis of rucklidgeiteo and
related minerals was carried out on aJEOL electron-mi-
croprobe andyzer operating at 25 kV and 0.02 pA
specimen currents, as measured on copper metal. The
standards and X-ray lines used are pwe elemental Ag
(Zcr) and Sb (Io), synthetic Bi2Tq for Bi (.Lcr) and Te
(Lcr), synthetic BirSe. for Se (Ka), galena for Pb (la),
and chalcopyrite for S (Ko). The correction procedure
was that of Sweatman & Long (1969). Examples of
compositions of rucklidgeite* with or without altaite are
listed in Table 2, along with a mean composition (21
analyses) for this mineral where it coexists with altaite.
Figure 2 shows the atomic ratios of (Bi,Sb), Pb and Ag
for rucklidgeiteo with or without altaite.

Figure 2 suggests that a continuous solid-solution
exists from the (Bi,Sb) corner toward Pb, with small
amounts of Ag. Figure 3 indicates the solid-solution
relationships between Pb and related elements of ruck-
lidgeite*. The atomic fraction of Bi + Sb (Nrt*ro) shows
a good linear negative correlation with the fraction ofPb
(Nm) Grg. 3b). The least-squares regression is Ns1*pb -
-0.91N* + 0.40, with a conelation coefficient of -{.98.
With increasing N"6, the atomic fraction of Te (N1J
decreases according to N7"= -{.2)N* + 0.60 (Ftg. 3a),
where Se and S contents are included within N1" (treated
likewise hereafter). The correlation coefficient is -{.86.
Ag contents (Na) also are related to Npb, according to

1 L .  L
r . 5

{ o .  6
0 . 3

44,8

9 8 .  1

Atonlc IErcent
Pb L2 .2  7 .2
A g  1 . 8  2 . 4

BJ.  29 .4  30 .2
s b  3 . 8
T e  5 6 . 6  5 6 . 0
Se

L3 .2  14 .47  10 .5  8 .7
2 . O

0 .  09
29.4 29.rO 3I .2 3r .?

o . 4
57 .4  20 -5A  58 .3  57 .2

r / . r u
18.  70

Based on 7 total atons p6r ult fornul-a*
1. ( Pbo.ssAgo.lBlr.or)r.*T€r.ru
2. (Pbo.loAgo.?oBl....sbo.rr)..*Ter.r,
3. (Pbo.e2Blr.6)..rrT6..0,
4. ( Pbr,orcuo.olBi.,o. )r,ouTgr."u
5. ( Pbo.7.Bi2.rs )..rrT€..*
6. ( Pbo,6rA90.1aBl..r.sbo.o. )..*T€.-*

Results of eLEctlon-nicloprobe analys€s.
1 and 23 Kochkar, Ura].s ud zod, Ares1a,
lesp€ctLvaly (zavryaLov & Bagj,zov L9ZZ),
3: Robb-Montbray, euebec (RuckLtdge 1969),
4: O1alrlchov, BohEnta (Cedt e Vaviin 19?9),
5: Ashley, Onta!1o (Hanls et aL. 1983),
md 6: Kanchatka (Sakharova et al. 19g4).
*Nunbers of Se ed S are lncluded ,ithLn
thoss of, Te.

OcctrnnsNcs

The Yanahara mine is located about 35 km northeast
of Okayama, southwestern Japan. The volcanogenic
massive sulfide deposit, about 500 m wide, 1000 m
down dip and up to 100 m thick, occurs conformably in
the Permian sfata of the Maizuru Group, closely
associated with rhyolite lavas and pyroclastic rocks
(Mitsuno 1988). The ores are dominantly composed of
fine-grained pyrite, with small amounts of chalcopyrite
and sphalerite. Gangue minerals, chiefly quartz and
chlorite, are very minor.

Granitic rocks intruded into the Maizuru Group in the
Yanahara area in late Cretaceous time imposed a thermal
aureole on the surrounding rocks and ores. Pyite was
convefied into pynhotite or magnetite in the marginal
parts of the orebodies. Hydrothermal mineralization
related to the intrusion of granitic magma resulted in the
formation of thin sulfide veins composed mainly of
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Itaight tErcot
P b  4 . 2  5 . 8  8 . 6
A g  0 . 8  0 . 8  1 . 1
Bt  45 .2  43 .7  4L .3
s b  2 . 5  2 . 3  2 . 4
T €  4 7 . L  4 7 . 7  4 6 . 6
S e  O . 4  O . 5  0 . 5

s  0 . 1  0 . 1  0 . 1
Sun 100.3  X00.9  100.6

1 1 . 1  1 2 . 0  r 2 . ?  1 1 . 9
1 . 6  1 . 6  1 . 5  1 . 5

3 4 . 5  3 8 . 0  3 7 . O  3 6 . 4
5 . 1  2 . 2  2 . 6  3 . 5

4 6 . 3  4 5 . 4  4 5 . 5  4 5 . 8
0 . 9  0 . 4  0 , 7  0 . 7
o . 1  0 . 1  0 . x  o . 1

9 9 . 6  9 9 . 7  1 0 0 . 1  9 9 . 9

TABI,E 2. CIIEMICAI] COMPOSIT1ONS AND FORMUI,AE O}'
RUCKITDGETTE!. WMl OR rrrHour ALTATTE rN TIIE
YANAHARA DEPOSIT

No.

FIc. I . Back-scattered electron image shov/ing the tlin lamellae

of altaite (light) occuning along the basal cleavages of

rucklidgeite*. Width of field of view is 0.22 mm.

the relationshiP Ne* = 0.20Npb + 0'0033 (Fig' 3c), with
a correladon coeflicient of 0.89.

In contrast with the widely variable Pb contents in the
overall compositions of rucklidgeite*, its variation in Pb
content where associated with altaite is limited' between
I l.l and 12.7 vtt.Vo, with a mean content of 11.9 wtVo
(Table l). The coexisting altaite contains 46948.6
atomic Vo Pb,0.2-1.lVo Ag, 1.5-l.8%o (Bi + Sb) and
49.7-50.5VoTe.

X-RaY-DmT nncnoN REsuLTs

X-ray powder-diffraction data were obtained for
ruckfdleiie* samples associated with altaite with a
Guinieicamera, with silicon as the internal standard; the
data are listed in Table 3, along with those for ruck-
lidgeite in the Kochkar deposit, Urals (Zal'yalov^&
Belgizov 1977). No powder data could be obtained for
maierial not associated with altaite because of insuffi-
cient sample. Several reflections in the sample of, the
Kochkar deposit are not observed in the sample of the
Yanahara deposit, but the characteristic reflection near

AtoBlc Iscent
P b  3 . 1  4 . 3  6 . 5
A g  L . 2  r . 2  1 . 6
Bt 33.7 32.4 30.7
s b  3 . 2  3 . 0  3 .  X
Ta 57.7 57.8 56.9
s €  0 . 8  0 . 9  0 . 9
s  0 . 3  0 . 4  0 . 3

8 . 2  9 . 1  9 . 5  8 . 9
2 . 3  2 . 3  2 . L  2 . L

2 5 . 3  2 8 . 5  2 7 . 6  2 7 . L
6 . 4  2 . 9  3 . 3  4 . 4

5 5 . 7  5 5 . 9  5 5 . 7  5 5 . 9
L . 7  0 . 9  L . 4  1 . 3
o . 4  0 . 4  0 . 3  0 . 4

Based on 7 total atms tFr uit fomul-a*
4. (Pbo.sAgo.1681...Sbo..r)r.r.T"o.*
5. ( Pbo.sAgo.168lr..sbo.ro )".*T8..*
6. ( Fbo,6"ago.15Blr.rrsbo.r, )r.r"T€..o.
7. ( Pbo.6?A90.15Bl..rosbo.". ).."uT€..0,

ResuLts of eLectrcn-elcloprob€ saLygeE. SmpleE
fron 1 to 3 are not aas@l.ated wl.th altaLte anal
theLr f,omulae are rct ah(m (aee teat). Suples
frm 4 to 7 are wlth al"taLt6, l.n shicb 4 8d 6 are

conpositionE with the ilininun and naainun Pb
contsts, snd 7 ts the nean of, 21 saLyssa with
6l-taite. *Nu[b€rs of, se and s 6re Lrc]-udled wlthin
thoss of lle.
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4.6 A in the Kochkar sample also is present in the
Yanahara sample. The powder patterns of the samples
from both deposits are thus essentially anatogous (Table
3). All of the reflections for rucklidgeite* in the
Yanalara deposit are indexed consistently in terms of a
rhombohedral cell with an a of 4.39i , ani c of 41.43 A
(Table 3). The cell dimensions are very similar to those
in the Kochkar deposit (Table 3). The powder pattern
and cell dimensions also are very similar to those of
pilsenite (Bi4Tg3) ftom Deutsch-Pilsen, Hungary (a
4.446, c 41.94 A: Ozawa & Shimazaki 1982).

Neruns eND ExrENr oF Pb IxconponerroNs AND
CHEMIcAL Foruuuta or RUCKLIDcEITEsS

The Ns1*56 and y'y'1" of rucklidgeiteo in the Yanahara
deposit are negatively correlated withlfp6. The slopes of
least-squares regression equations for tlese relation-
ships are -0.91 and,4.29, respectively. Supposing that
rucklidgeite,, is on the Bi2Te3 - PbTe join, N' and Nr"

s

sPbAg
Ag

Ftc. 2. Atomic rafios of (Bi,Sb), Pb and Ag of rucklidgeiterr. Solid circles: altaite is
associated. Open circles: no altaite is present.

are related to Npb: NBi = -O.8Ntu * 0.4, and N1" = -0.2Npb
+ 0.6. Incorporation of Ag2Te makes the slopes of these
equations steeper. The compositions of rucklidgeiteo in
the Yanahara deposit are, therefore, explained by the
substitution of PbTe for (Bi,Sb)2Tq, not of Pb for
Bi,Sb), accompanied with a limited incorporation of

AgrTe, indicating that rucklidgeite* is a compound
where electrostatic neutrality is maintained, with
charges of the constituent elements as follows: Bi and
sb (+3), Pb (+2), Ag (+l) and Te (-2).

Discrete grains of rucklidgeiteo associated with al-
taite commonly involve altaite lamellae, exsolved from
the solid solution. Therefore. the maximum extent of
PbTe substitution is expected in rucklidgeiteo coexisting
with altaite. The Pb contents vary only slightly, but are
not fixed in the Yanahara deposit.

The cell parameters of the rucklidgeiteo coexisting
with altaite are analogous to those of pilsenite and of
rucklidgeite in the Kochkar deposit; the chemical for-
mula can be discussed in terms of an analogy with

(Bi ,sb)
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TABI,E 3. X-RAY POWDER DATA
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,31
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20

L 2  1 . 6 0 1  1 . 6 0 1  4 0
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1 2  1 . 3 9 S  r . 3 9 9  3 0

40

TO
5

5  1 . 2 9 5  L . 2 9 4  3 0
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o' .02

.01

a 4 .397(2)A a  4 .422A

c  4 1 . 4 3 ( 2 ) A  c  4 1 . 4 9 A

v  6 9 3 . 7 ( 8 ) A 3  v  7 0 2 . 6 A 3

Heaagonal, REB, z-3, Alpha-B€ta'90, Gre'120'

.03 .04 .os .06 .07 .08 '09 .l 0

A t o m i c  I  r a c t i o n s  P b

Ftc. 3. Relationships between Np6 and (a) Nr"' (b) Ns1a56 and
(c) Nan in rucklidgeites. Atomic fractions of Se and S are

includ6d within N1". The correlation coefficients for three

regression equations axe referred to in the text. Symbols as

in Fig. 2.

layered bismuth chalcogenide phases, as Zav'yalov &
Begizov (1977) did. According to Strunz (1963) and
Stasova & Karpinskii (1967), the number oflayers in the
unit cell of bismuth chalcogenide phases is three times
the number of atoms in the formula unit. The number of
layers in the rucklidgeite* coexisting with altaite, with a
c periodicity of about 4 1 .4 A, is expected to be 2 I (Strunz
1963). Accordingly, the number of atoms in t}te unit
formula must be 7. Based on 7 total atoms per unit
formula the chemical composition of the present min-
eral is calculated to be very close to @b,Ag,Bi,Sb)3Tea'
or ideally (Pb,Bi)3Tea (Table 2), which is identical with
the ideal formula given by Zav'yalov & Begizov (1977).
Rucklidgeite is thus considered to be the member with
the maximum extent of Pb-for-(Bi, Sb) substitution and
incorporation of Te in the solid solution from Bi2Tq
toward PbTe.

A balance of electrosotic charges is maintained in
rucklidgeite, and thus the composition of Ag-free ruck-

L! Ruckltdgel.te- ass@Lated with altaite {n the

Yeahara depoElt. Gutni'er crera mathod.

Nl-flltered cu-raillatloD wLth sili@n aE the

intemal Etsdard. 23 Rucklldg€lte ln the K€hkar

deposit, UralE (zavryalov & BegLzd 1977).

lidgeite is considered to be PbBi2Teo. Actually, the
compositions represented closely by this formula are
known in the Robb-Montbray and Oldrichov deposits
(Table 1). A small extent of incorporation of Ag into the
structure may shift the composition of PbBi2Te-a to
(Ag.Pbt-"BirJ3Teo. The relationship in numbg.r of ag'
pU anA bi'atoms expressed by this formula qualitatively
corresponds to that in the Ag-bearing rucklid-geite
repor6d previously and in the rucklidgeite of the
Yanahara-deposit. Widely variable Pb contents and a
number of Pb + Ag atoms nearly always smaller than
uniw in the chemical formula of rucklidgeite described
so far are well explained by a small extent of incorpora-
tion ofAg (see Table 1). Pa5ava et al. (1986) reported
the oresence of Cu-rich rucklidgeite (tp to l-77 wt'Vo
Cu)in theJflov6 deposit, Czechoslovakia. Itis likely that
Cu plays the same role as Ag, but the formulae calculated
from tleir compositions deviate significantly from the
ideal, and the hypothesis is not proven.

In order to obtain the chemical formulae of ruck-
lidgeite* with intermediate compositions, -we need to
tn6w ti'e number of layers in the unit cell, which is
probably variable in accordance with the variable com-
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positions of this solid solution. For the members with a
fixed number of layers in the intermediate solid-solution.
the constraint that a balance of electrostatic charEes is
maintained sugges8 that Ag contents should corielate
negatively with Pb contents. The positively correlated
relationship between them indicated in material from the
Yanahara deposit seems to be inconsistent with this rule.
The inconsistency probably arises from the fact that the
relationship was obtained for members with various
numbers of layers in the solid solution.
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