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AssrRAcr

This paper focuses on a new occunence of djerfisherite [approximately &(NaLrXFe,Ni,Cu)rS26Cl] from the Elwin Bay
kimberlite on Somerset Island. The small (up to 10 gm), subhedral grains of djerfisherite occur individually and as clusters in
the groundmass, suggesting that they are late primary magmatic phases of the kimberlite. Based on 84 compositions obtained
witlr an electron microprobe, compositional ranges (weight perceng are: K (8.7&-9.94),Fe (34.7G47.35), Ni (3.92-18.88)'

Cu (0.0q.49), S (31.t1-34.70), inO Ct (1.25:1.57). Crain-to-grain compositional variation exists, as does variation within
single zoned grains, characterized predominantly by a Fe-rich core and a Nirich rim. The analytical data indicate that Cl is an
essential component of the Elwin bay djerfisberite, as it is consistently present at a level of one atom per formula unit. The
compositions also show a strong relation between the total number of transition-element cations (Fe, Ni, Cu) per formula unit
and the number of d-shell electrons @SE). There are two types of substiurtion: (i) 2Ni <+ (1 +.r)Fe + (1 - r)Cu' where the
value of .r approaches 1, in the Eady and late stages, when the evolving composition of the magma controls the composition
of the djerfiiherite, and (ii) Fe <+ 0.5 Cu + 0.75, Ni <+ 1.5 Cu + 0.25, and Ni <+ 2.5 - 3Fe, reactions that stabilize the DSE at
6.50 in-the Intermediale sage. The stability of djerfisherite depends in part on fixing d-shell electrons in the cubig clusters of
transition elements. The iormula of tle putative iron end-member of the Elwin Bay djerfisherite is approximately
K6Fer.rrS26Cl.

Keytvord*: djerfisherite, potassium, uansition elemeng chlorine, sulfide, kimberlite, Elwin Bay, Northwest Territories.

Sotcuann

Nous d&rivons un nouvel exemple de djerfisherite, rdpondant I la formule approximative &(Nat0@e,Ni,Cu)zaCl, dans
la kimberlite de la baie d'Elwin, sur l'lle de Somerset, Territoires du Nord-Ouest. De petite taille (10 Fm au plus), les cristaux
sont soit isol6s, soit regrouSs dans la pdte, ce qui fait penser qu'il s'agit d'une phase tardi-magmatique. A la lumibre de
84 compositions obtenueJavec une microsonde 6lectronique, la djerfisherite contieot (en pourcentages pond6raux),

K (8.78-9.94), Fe (34.1647.35), Ni (3.92-13.88), Cu (0.09-4.49), S (31.81-34.70) et Cl (1.25-1.57). Nous ddcelons des
variations d'un grain i I'autre, ainsi qu'd l'int6rieur d'un seul grain; dans ce cas, le coeur est enrichi en Fe, tandis que la
bordure est enrichie en Ni. D'aprbs nos donn&s, le Cl serait un composant essentiel de la djerfisherite de cet endroi! 6tant
syst6matiquement pr6sent au niveau d'un atome par unit6 formulaire. Les compositions montrent une forte relation entre le
n'ombre de cationJ d'6l6ments du gtoupe de transition @e, Ni, Cu) par unit6 formulaire et le nombre d'dlectrons d dans
la structure. Deux schdmas de substitution seraient importants: (i) 2Ni e (1 + .r)Fe + (l - x)Cu, dans lequel la valeur de .t se
rapproche de l, qui semble rdgir la composition des stades pr6coce et urdif de la croissance i partir du magma en dvolution, et
(ii) Fe <+ 0.5 Cu,+ 0.75, Ni <+ 1.5 Cu;0.25, et Ni <r 2.5 - 3 Fe, qui stabilisent la structure ayant 6.50 6lectrons dans l'orbite
d au stade interm6diafue de croissance. Ia stabilitd de la cljerfisherite d6pend donc en partie de la proportion des 6lectrons d
associ6s aux m6taux de trausition en regroupements cubiques. La forrnule du p6le ferrifbre de la djerfisherite de la baie
d'Elwin se rapprocherait de K6Fg2.75S26Cl.

(Traduit par la Rddaction)

Mots-cMs: djerfisherite, potassiurn, 6l6ment de transition, chloren sulfire, kimberlite, baie d'Elwin, lle de Somerset, Territoires
du Nord-Ouest
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InrnotucnoN

Potassium, commonly regarded in geochemical
terms as one of the classic lithophlle elements, can

behave as a siderophile element under high-pressure
conditions @ukowinski & Knopoff 1977), and also as
a chalcophile element under conditions of high "(S2)
and low flOr). This ability of potassium to assume
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radically different types of geochemical behavior has
imFortant implications for its distributiqa among the
crust, mantleo and core of the Earth (Murthy & Hall
1970, Lewis 1971, Goettel 1973).

Although research chemists produced synthetic
potassium sulfide compounds more than a century ago
(Schneider 1888), the discovery of djerfisherite
[approximately K6(Na,Li)(FeNiCu)2aS26Cl] in
meteorites established the first natural example of the
chalcophile behavior of potassium (Fuchs 1966).
Since that discovery, djerfisherite has been found in
several other settings, notably in xenoliths from
kimbertte diafiemes and in various types of mineral

deposits (Table 1). Compositional variations in
djerfisherite mostly involve the transition elements
(Fe ;= Ni = Cu substitutions), although the possibility
exists of Na .-- Li + Cu substitution in one of the tran-
sition-element siles, possibly coupled to S = Cl in the
anion site. In general, djerfisherite compositions in
meteorites are low in Ni and in Cu, those in mafic-
ultramafic igneous rocks are high in Ni and low in Cu,
and those in various types of mineral deposits compo-
sitionally reflect the type ofdeposit.

In this paper, we describe a new occurrence of
djerfisherite from the Elwin Bay kimberlite on
Somerset Island, and consider its origin on the basis

Frc. l. Location map for the
Elwin Bay kimberlite dia-
treme (after Clarke &
Mitchel 1975). Symbols:
P€ Precambrian base-
ment. € Cambrian sand-
stone and dolomite, OS
Ordovician and Silurian
dolomite and dolonitic
sandstone, S Silurian
limestone and shalY
dolomitic limestone. D
lower Devonian conglom-
erate. sandstone, and silt-
stone.
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of textural and chemical data. Also, the wide range of
djerfisherite compositions at this locality lead to an
examination of the mechanisms of substitution. and a
probable formula of djerfi sherite.

GEoLocIcAL Ssrrnc AND Psrnolocy

The Elwin Bay diatreme (73" 30'N, 91. 7.5'W;
Fig. 1) forms a small circular intrusion ca. 2O0 m n
diameter lying near the east coast of Somerset Island,
Northwest Territories (Mitchell 1976, L978). The
ultramafic rocks apparently intrude the surrounding
Silurian limestones, but their surface exposures are
expressed only as frost-heaved regolith. Uranium-lead
age determinations on perovskite grains from related
kimberlitic rocks elsewhere on Somerset Island vield a
Cretaceous age in the interval from 88-liO Vu
(Heaman 1989, Smith et al. 1989).

The Elwin Bay diatreme is a hypabyssal root-zone
intrusion of monticellite - calcite - serpentine kimber-
lite (Mitchell 1986). It contains abundant rounded
macrocrysts of serpentinized olivine, rare rounded
macrocrysts of phlogopite, and titanian pyrope with a
kelyphitic rim, in a predominantly uniform, fine-
grained groundmass consisting of spinel, perovskite,
and pyrite set in a mesostasis of phlogopite-kinoshitat-
ite, calcite, and primary serpentine. Coarser-grained
segregations of phlogopite-kinoshitalite and calcite are
common.

The grains ofdjerfisherite occur as small subhedral
to skeletal crystals in the kimberlite groundmass
(Fig. 2), suggesting that they are late primary mag-
matic phases of this diatreme. This contrasts with most
described examples of djerfisherite, which occur in

mantle-derived xenoliths entrained by kimberlite, and
in which they are normally secondary after pyrrhotite
and pentlandite. To date, djerfisherite has been found
in only one hand specimen @L-8) at Elwin Bay.

MNSRAL CnsrvflsrRy

Analytical methads

A JEOL 733 electron microprobe equipped with an
Oxford Link eXL energy-dispersion system was used
for the analyses. Resolution of the energy-dispersion
detector was 137 eV at 5.9 keV. Operating conditions
(accelerating voltage 15 kV, beam current 13 nA,
and bearn diameter ca. I ltrn) resulted in a count rate
of - 11 000 cps on chalcopyrite; counting times were
40 seconds. The raw data were corrected using the
Link ZAF matrix-correction progftrm. Instrument cali-
bration was perforrned on cobalt metal (t 0.5Vo), and
accuracy for major elements is tl.5 to 2.0Vo relative.
Geological standards and pure metals were used as
controls: chalcopyrite for Fe, Cu and S, arsenopyrite
for As, tugtupite for Cl, cobaltite for Co, sphalerite for
Zn, barite for 84 galena for Pb, sanidine for Si, Al,
and K, kaersutite for Ti and Mg, MnO2 for Mn, syn-
thetic Ag-Au alloy for Ag, and pure metals for Mn
and Cr. Images were collected using a two-part,
annular type pn-jwcnon back-scattered detector at a
512 x 512 pixel resolution.

Chemical compositions

Compositional ranges based on 84 analyses of
djerfisherite from Elwin Bay are (in wt.Vo):

Ftc. 2. Back-scattered electron images and X-ray maps. (a) Djerfisherite *6 soexfuting phases in the groundmass of the Elwin
Bay kimberlite. O) Typical single grain of djerfisherite showing zoning from Cu-riih interior to Ni-rich rim.
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K 8.78-9.94. Fe34.7647.35, Ni 3.92-18.88, Cu
0.094.49, S 31.81-34.70, and Cl 1.25-1.57. Grain-to-
grain compositional variation exists, as does variation
within single grains, characterized predominantly by
an Fe-rich core and a Ni-rich rim. Table 2 presents
eight representative compositions of djerfisherite from
the Elwin Bay kimberlite. These data show that Cl is
an essential component of djerfisherite at the level of
one atom per formula unit, that probably no S S Cl
substitution occurs, and that Na is not an essential
component in these samples. We cannot analyze for
lithium. but Li concentrations in tle hosts of most
djerfisherite-bearing rocks (meteorites, kimberlites,
mineral deposits), includi"g the Elwin Bay kimberlite
(kimberlite meaDj.29 ppm Li; Mitchell 1986), are gen-
erally so low that Li is probably present only in trace
4mounts in most naturally occurring djerfisherite,
unlike the compositions of some synthetic djerfisherite
(e.S., Tani et al.1986).

DrscussloN

Origin of d.jetfisherite at Elwin Bay

Alrnost all of the djerfisherite glains at Elwin Bay
have a Cu-poor, Ni-rich rirn, unlike zoned djerfisherite
from kimberlites described by Dobrovol'skaya et al.
(L975), which are zoned outward to a Cu-rich rim.
Figures 3a-c show bivariate plots of the three transi-
tion elements, and an interpretation of the growth his-
tory of these grains. We recognize three stages in their
growth: (i) Early stage: high Fe, low Ni; all transition
elements negatively correlate with each other; substi-
tution is of the type 2Ni ;_ (1 + .r)Fe + (1 - .r)Cu,
where the value of .r approaches 1; (ii) Intermediate
stage: intermediate Fe, intermediate Ni; Fe-Ni and
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Ftc. 3. Transition-element (Fe-Ni-Cu) variations in samples
of djerfisherite frbm Elwin Bay. Positive and negative
interelement correlations govern the selection of bound-
aries demarcating Early, Intermediate, and Late stages
(see text). Scales in numbers of cations per fomrula unit
(pfu) based on 26 atoms of sulfur.

Ni-Cu negatively correlate, but Fe{u positively cor-
relate; substitution in the three-component system is of
the type Fe <+ 0.5 Cu + 0.75, Ni <a 1.5 Cu + 0.25, and
Ni <+ 2.5 - 3Fe, forming a straight line in Fe-Ni{u
space; and (iii) Late stage: low Fe, high Ni; Fe-Ni
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negatively correlale, but Fe-Cu and Ni{u positively
correlate; substitution is of the type 2Ni = (1 + r)Fe +
(l - .r)Cu, where again the value of r approaches I
(Fre.3d).

Overall, Figure 3d shows a substitution approximat-
ing 2Fe i= Ni + Cu. In summary, the skeletal to sub-
hedral nature of the grains, and the occurrence of
djerfisherite in the groundmass, suggest that it is a late
primary phase of the Elwin Bay kimberlite. The com-
positional zoning indicates rapid (i.e., disequilibriumt
growth.

Transition-element subsrttution and
chzmicalformula

The debate conceming the nature of the mechanism
of substitution in all structural positions in
djerfisherite is largely unresolved for two reasons:
(l) restricted ranges of djerfisherite composition from
single localities, and (2) interlaboratory analytical
differences that prevent rigorous comparison of
djerfisherite compositions from different occurrences.
Our analyses of the Elwin Bay djerfisherite grains
allow us to circumvent both of these problems, and
permit us to comment on possible mechanisms of
tansition-element substitutions in this mineral.

The general formula of djerfisherite is
A6-pM24-rS2;4 _, where A = K; B = Li, Na, Cu; M =
Feo Co, Ni, Cu; S = S; and Z = Cl (Tau et at. 1986).
The structure of djerfisherite consists of cubic clusters
of eight transition element atoms bonded to 14 sulfur
atoms. Evans & Clark (1981) noted the similarity of
these FerSla clusters in djerfisherite, bartonite, and
pentlandite. Published analytical data on djerfisherite
@mitrieva L976, Czamanske et al. 1979, Tant et al.
1986) show that the sum of the transition elements
ranges ftom slightly less than 23 (randomly occupying
the 24 available sites) to slightly more than 24. A
central question is whether the control on transition-
element occupancy is charge balance or, given the
metallic bonds among the transition elements in
the cubic clusters, whether the control is constancv of
d-shell electrons and, if so, at what number of d-shell
electrons.

Figure 4 shows the relation between the number of
transition element atoms @e, Ni, Cu) per formula unit
and the average number of d-shell electrons @SE) per
transition element. Most samples have compositions
close to DSE = 6.50, suggesting compositional control
by stabilization of the number of d-shell electrons ar
52 per (FeNiCu)sSr* cluster; however, considerable
departure from DSE = 6.50 occurs in the Early- and
Late-stage compositions, suggesting control by some
other factor, such as variation in the composition of
the rapidly fractionating kimberlitic magma.

Figure 5 includes four plots showing variation in
the level of transition elements. Figures 5a-c show
each of the transition elements as a function of the

0.50 t.o 1.60 20
CuGtu)

FIG. 4. Variation in level of individual transition elements
with calculated mean d-shell electron (DSE) densities.
Crystallization-stage boundaries as in Fig. 3. Constant
DSE (= 6.50) characterizes the Intermediate stage.

total number of transition element atoms (per formula
unit), and Figure 5d shows that for constant DSE =
6.50, the total number of transition elements (per
formula unit) ranges fuom23.25 to 24.25 (mean 23.78
x. 0.27 , n = 68). The role of Cu substitution appears to
be critical in maintaining the constancy of d-shell
electrons as Fe increases and Ni decreases.

These data seem to confirm that djerfisherite is nor
stoichiometric with respect to transition elements. In
the Elwin Bay samples, a plateau of stability occurs at
DSE = 6.50, where tle substitution is generally Fe +
Cu -+ 2Ni, as suggested by Dmitrieva (1976),
although in that particular example stability occurred
at DSE = 7. Rajamani & hewitt (1973) concluded that
DSE = 7 in the metallicly bonded, cubic clusters of
transition elements stabilized the composition of pent-
landite at - Fea.5Nia.5S6. The pure iron end-member
djerfisherite (DSE = 6) also is srable (Clarke 1979),
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Garanin et al. (L988, Fig. 10) showed a compilation of
djerfisherite compositions; those lying close to the
Fe{u join clusler at values of DSE of 6.25, 6.50, and
7.00, whereas those lying close to the Fe-Ni join
scatter near DSE = 6.50.

Finally, returning to Figure 34 linear regression of
the data yields a PearSon correlation coefficient r =
0.92, an intercept of 22.74 t 0.21 on the Fe axis, and
an intercept of 24.96 t 0.95 on the (Ni + Cu) axis
(note that in the case of the Elwin Bay djerfisherite'
Cu probably equals zero at the extremes of Fe and Ni
concentration). Thus, in general terms, the putative Fe
end-member djerfisherite at Elwin Bay could have the
formula KPor275S26Cl (DSE = 6.00, but not charge-
balanced. rintesJiome Fe occurs as Fe3+), or possibly
K6LiFer2.75S26Cl. These sructural formulae are
viituallf identical to that proposed for synthetic
djerflsherite (Tarrr et al. 1986). With the inability of
the elecfron microprobe to detect Li, we cannot distin-
guish between these two alternatives.

CoNcLUsIoNs

The presence of djerfisherite in the Elwin Bay kim-
berlite is unusual in two respects. First, the djer-
fisherite appears to be a primary magmatic phase
belonging to the late stages of kimberlile crystalliza-
tion, like those in the Coyote Peak diatreme (Table 1),
and unlike most known occurrences in kimberlite
xenoliths, which are secondary after pyrrhotite and
pentlandite. Secondly, it shows a wide degree of
chemical zonation consistent with disequilibrium con-
ditions of crystallization. The chemical zoning permits
an investigation of the mechanisms of transition-ele-
ment substitutions in djerfisherite, which correspond
to three stages in the crystallization of the kimberlite
groundmass. There are two types of substitution: (i)
ZNi = (1 + .r)Fe + (1 - r)Cu, where the value of r
approaches 1, in the Early and Late stages, when the
evolving composition of the magma controls the com-
position of the djerfisherite, and (ii) Fe <+ 0.5 Cu +
0.75, Ni <+ 1.5 Cu + O.25, and Ni <+ 2.5 - 3Fe reac-
tions that stabilize at DSE = 6.50 in the Intermediate
stage. Also, from an analysis of the chemical data' we
conclude that the chemical formula of pure iion end-
member djerfisherite may be approximately
Kfe22.75S26Cl, or possibly K6LiFq2.75S26Cl.
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raising a question about the systematic stabilization of
such compounds, where plateaus of stability may
occur at DSE = 6.0 + n*(0.25), where n is an integer.
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