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MINERALOGICAL NOTES

PLUMBIAN IKUNOLITE FROM KINGSGATE, NEW SOUTH WALES

N. L. Manr<nnxr, School of Mining Engineering and Appl,ied Geology,
Uniaersity of It/eu South Wales, Kensington, N.S.W.

Inrnolucrror.t

The bismuth sulfide mineral ikunolite (Bi4S, was first described by
Kato (1959) from the Ikuno mine, Hyogo Prefecture, Japan. A second
occurrence of this mineral has recently been found in specimens from the
bismuth-molybdenite pipes at Kingsgate in the New England district of
New South Wales. The following note gives details of its mode of occur-
rence and chemical composition.

The general features of the many pipe-like deposits of bismuth-molyb-
denite ore in eastern Australia are well known through the work of An-
drews (1916), Blanchard (1947) and Garretty (1953). Mineralization
occurs in a series of irregular pipes in granite that are localized along a
granite-sedimentary rock contact. At Kingsgate some seventy pipes have
so far been found. They are composed dominantly of quartz together with
a little fine-grained sericite and altered feldspar.

MrNnn.o.rocv

Molybdenite, bismuth and bismuthinite are the three principal metallic
minerals at Kingsgate with galenobismutite, cosalite, ikunolite, joseite A,
joseite B, pyrrhotite, pyrite, arsenopyrite, galena, chalcopyrite, sphaler-
ite, wolframite and cassiterite present in minor to trace amounts (Law-
rence and Markham, 1962).

The ikunolite itself occurs as well developed plates and foliated masses
up to 3 cm. in dimension associated particularly with native bismuth and
molybdenite. It shows the perfect {0001} cleavage and spiendent lead-
gray color characteristic of all minerals of the tetradymite-joseite group.

Polished section study reveals that ikunolite is associated with bis-
muth, bismuthinite, joseite A, molybdenite and gold. The most common
assemblages recorded are:

1. Ikunolite-bismuth
2. Ikunolite-bismuth-bismuthinite
3. Ikunolite-bismuthinite
4. Ikunolite-bismuth-bismuthinite-joseite A

though any combination of the above four minerals may be present in
portions of the sections (Figs. 1, 2). The assemblages noted above give no
clear-cut textural evidence of disequilibrium. Ikunolite and bismuthinite
are commonly intergrown.
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Frc. 1. Ikunolite (ik) in association with bismuth (bi) and bismuthinite (b0. X150.

The optical properties of Kingsgate ikunolite agree well with those
given by Kato (1959). Although possessing a grayish-white color inter-
mediate between that of bismuthinite and joseite A its positive identif i-
cation in polished section necessitates using r-ray methods.

C hencic al C o m p o s'iti o n :

Ikunolite from Kingsgate has the following chemical composition
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1. Ikunolite, Kingsgate. Analyst:

J. Pyle
2. Ikunolite, Ikuno mine, Japan.

Kato (1959).
3. Bi4S3
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Frc. 2. The association ikunolite-bismuth-bismuthinite-
joseite A in molybdenite (Mo). X t5O.

This yields a calculated formula (Bi Pb)s sr (S, Se, Te)3 which may be
compared with Bia.zg (S, Se)a for the type material from Japan. The most
noticeable feature of the new analysis is the high content of lead which
appears to be in atomic substitution for bismuth in the structure.

X-nav Dara

Powder photographs of Kingsgate ikunolite have been taken using
Co xq radiation. The d-spacings and intensities agree well with those
listed by Kato. spacings and intensities of the strongest l ines are 3.02
(10 ) ,2 .21 (6 ) ,  6 .55  (3 ) ,  4 .36  (3 ) ,  3 .53  (3 ) ,2 .07  (2 )  and  1BZ  (2 ) .

Drscussrow

The compound BirSs has not been reported in the artif icial system Bi-S
(Hansen, 1958) but may be a stable phase at very low temperatures. On
the assumption that ikunolite has a field of stabil ity in the binary system
Bi-S, phase rule considerations suggest that some of the Kingsgate as-
semblages are clearly not in equil ibrium. This is particularly so in the
case of assemblages bismuth-ikunolite-bismuthinite (Fig. 1) and bis-
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muth-ikunolite-bismuthinite-joseite A (Fig. 2). The rarity of ikunolite

and the commonly reported association of bismuth with bismuthinite

suggest that very special conditions are necessary for its formation.

Ikunolite may, perhaps, be stable over a limited P-T range or form only

in the presence of significant amounts of selenium and tellurium. A solu-

tion to this problem, however, must await a detailed study of the system

Bi-BirSrBizTeg.

Acr<NowTBoGEMENTS

The writer is indebted to Mr. R. O. Chalmers of the Australian Mu-

seum and Dr. L. J. Lawrence of the University of New South Wales for

the loan of Kingsgate specimens and to Mr. J. Pyle of the New South

Wales Department of Mines for carrying out the chemical analysis'

RennnrNcrs

Amnnws, E. C. (1916) The molybdenum industry of New South wales. GeoI. Surtt'

If..S.trY., Mi'n. Res. No.24.

Br,nNcueno, R. (1947) Some pipe deposits of Eastern Australia. Econ. Geol,.42,265-3M.

G,rnnnrrv, M. D. (1953) Bismuth molybdenite pipes of New England. Proc. Fifth Empire

Min. Met. Cong. VoL l,962-967.

HaNsnN, M. (1958) Consti,tuti'on oJ Binary Altroys. McGtaw-Hill Book Co', New York,

1305.
Karo, A. (1959) Ikunolite, a new bismuth mineral from the Ikuno mine, Japat Min'

four.  JaPan,2,397 407.

LewnrNcn, L. J. ,wo N. L. Mr*rHev. (1962) A contribution to the study of the molybde-

nite pipes of Kingsgate, N.S.W. u'ith special reference to ore mineralogy. Proe . Aust.

Inst. Min. Mel. (in press).

THE AMDRICAN MINERALOGIST, VOL. 47, NOVEMBER-DECEMBER, 1962

THE DISTRIBUTION OF Ni, Co, Cr, Cu, Ba AND Sr BETWEEN BIOTITE-
GARNET PAIRS IN A METAMORPHIC SEQUENCE

Kenr K. TunBrrax AND WrLuAlr C. PnrNNnv,

Yale (Jni,aersity and Unioersity of Minnesota'

INrnooucrrou

one of us (Phinney , 1962) has made a systematic study of the mineral-

ogy and major element chemistry of a sequence of rocks from a regional

metamorphic terrane in Nova Scotia. The rocks, collected from St. Paul

Tsland and Cape North, Nova Scotia, are represented by one from the

garnet zone, 19 from the staurolite zole, two from the kyanite isograd,

and one from the kyanite zone. The results of that study indicate that

though the rock as a unit might represent an equilibrium facies charac-

teristic of the temperature and pressure under which it was formed, there




