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Djerfisherite, Alkali Copper-Iron Sulfide: 

A New Mineral from Enstatite Chondrites 

Abstract. A new mineral, essentially a potassium-copper-iron sulfide, occurs in 

accessory amounts in the enstatite chondrites Kota Kota (a find) and St. Marks 

(a fall), and has been identified visually in the enstatite achondrite Pena Blanca 

Springs (a fall). The x-ray diffraction pattern, electron-microprobe analysis, and 

its appearance in polished sections all serve to identify it. 

Djerfisherite was recognized as pos- 
sibly a new mineral by its distinctive 

appearance, under the microscope, in 

polished sections of the Kota Kota 
enstatite chondrite. In color, djerfishe- 
rite is darker than cream-colored troi- 
lite and has a greenish yellow tinge; it 
is close to khaki olive drab. It has a 
submetallic luster, is isotropic in re- 
flected polarized light, and lacks in- 
ternal reflections. An x-ray powder 
photograph of small amounts of the 
material scratched from surfaces of 
selected grains could not be identified 
with any pattern published in the vari- 
ous x-ray determinative references. 

Table 1. X-ray powder diffraction data for 
djerfisherite from the Kota Kota meteorite. 
Norelco powder camera (diameter, 11.45 cm), 
CoKa1a2, Fe filter; diamond dust used as an 
internal standard. Intensities are estimated. 

Indices Intensity 

100 5 
110 3 
111 5 
221,300 1 
310 4 
311 5 
222 7 
320 1 
321 1 
322,410 2 
330, 411 1 
331 6 
420 1 
332 1 
510, 431 1 
511,333 2 
440 10 
530, 433 1 
531 1 
622 2 
711,551 1 
731,553 1 
800 1 

dA 
(calc.) 

10.38 
7.29 
5.98 
3.43 
3.259 
3.113 
2.983 
2.852 
2.765 
2.504 
2.440 
2.367 
2.312 
2.196 
2.022 
1.985 
1.824 
1.772 
1.748 
1.558 
1.443 
1.347 
1.293 

dA 
(obs.) 

10.34 
7.31 
5.97 
3.45 
3.269 
3.118 
2.985 
2.868 
2.764 
2.508 
2.437 
2.372 
2.312 
2.204 
2.028 
1.990 
1.828 
1.773 
1.748 
1.559 
1.448 
1.346 
1.293 

Grains of this mineral in Kota Kota 

appear to be much softer than the as- 
sociated sulfide minerals and can be 

polished only to a matte surface; this 
feature probably reflects terrestrial 

weathering of the meteorite for an un- 
known period after its fall. The mineral 
occurs in rounded bodies, up to 0.4 
mm in diameter, with iron-nickel, 
schreibersite, and troilite. The fact that 
its borders with the enclosing silicates 
are often irregular and jagged also sug- 
gests weathering. Other associated min- 
erals in the meteorite are clinoenstatite, 

tridymite, cristobalite, daubreelite, roed- 
derite (1), alabandite (not pure MnS, 
but probably a mixed sulfide with the 
rock-salt structure), and graphite. 
Djerfisherite probably constitutes from 
0.1 to 0.5 percent of the meteorite; 
however, in some areas defined by the 
X 80 field of the microscope it is 
more abundant than troilite. 

Unlike its incidence in Kota Kota, 
the mineral in St. Marks may occur 
as individual grains in the silicate 

matrix; it is slightly less hard than 
troilite and can be polished to a finish 

equivalent to that of troilite. More 

commonly, the grains border on prac- 
tically any of the minerals present but 
then always have at least one border 
with the silicate matrix. Small dots of 
troilite occur as inclusions in a few 

grains, possibly indicating increased sol- 

ubility of iron sulfide at elevated tem- 

peratures. The largest grain observed 
in the section studied was 0.07 mm 
across; most ranged between 0.02 and 
0.04 mm. The straight sides and angu- 
lar habit of the grains, characteristic 
of the troilite also, are taken from the 
silicates. Djerfisherite probably consti- 
tutes less than 0.1 percent of this mete- 
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orite. Perhaps 100 grains are exposed 
in a surface area of about 5 cm2. In 
the distribution, grains are not uniform, 

being usually clustered in areas from 
0.5 to 2 mm in diameter; only two 
clusters were present in another pol- 
ished section 2 cm2 in area. Associated 
minerals in St. Marks include enstatite, 
clinoenstatite, quartz, iron-nickel, pla- 
gioclase, troilite, daubreelite, and old- 
hamite, a cubic mineral having a cell 
size close to that of alabandite, 
schreibersite, and graphite. Minor 
amounts of unidentified opaque min- 
erals were also noted by Ramdohr (2). 

Ramdohr pointed out to me that he 
had observed a mineral, undoubtedly 
identical with djerfisherite, in both St. 
Marks and the enstatite achondrite 
Pena Blanca Springs; he had correctly 
recognized it as a new mineral on the 
basis of its appearance under the 
microscope and referred to it as min- 
eral C (2). The largest of a few scat- 
tered grains in the section of Pena 
Blanca Springs available to me had a 
mean distance across of about 0.02 mm 
-it was too small to yield x-ray data; 
on the basis of appearance alone, this 
meteorite probably represents the third 
occurrence of the mineral. The fol- 
lowing enstatite chondrites were un- 
successfully examined for the presence 
of djerfisherite: Hvittis, Indarch, Adhi 
Kot, St. Sauveur, Atlanta, and Abee. 

X-ray powder data on djerfisherite 
from both enstatite chondrites are com- 
parable in pattern; because of the great- 
er amount of material available, the 
pattern of djerfisherite from Kota Kota 
contained more lines (Table 1). I 
should point out that the techniques 
employed to obtain results from small 
amounts of material yield powder pho- 
tographs considerably weaker than 
those normally obtained from an 
x-ray capillary; the lines can be indexed 
in a primitive cubic cell with an edge 
of 10.34 ? 0.01 A. 

The unaltered appearance of grains 
in the polished section of St. Marks 
led to their selection for analyses by 
electron-microprobe methods; the aver- 
aged results from 12 grains appear in 
Table 2. The composition, after sub- 
traction of the chlorine content as 
FeC12 (3), is K2.93(Na0.17 Cuo.87)1.04 
(Fell.82 Ni0.18)12.00 S13.93; or, within 
the errors (about 1 percent) of the 
analyses, K3(Na, Cu) (Fe, Ni)12S14. 
The calculated density, if one assigns 
two molecules per unit cell, is 3.9 
g/cm3; I could not measure density or 
hardness. 

Synthetic alkali copper sulfides, as 
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Table 2. Chemical composition of djerfisherite 
in the St. Marks meteorite. Electron-micro- 
probe data averaged for 12 grains and cor- 
rected for background and dead time, fluores- 
cence (11), absorption (12), and atomic 
number (13). 

Elementi~ .Percentage Element 
P. (weight) 

Fe 50.7 
S 33.8 
K 8.7 
Cu 4.2 
CI 1.0 
Ni 0.8 
Na 0.3 

99.5 
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number (13). 

Elementi~ .Percentage Element 
P. (weight) 

Fe 50.7 
S 33.8 
K 8.7 
Cu 4.2 
CI 1.0 
Ni 0.8 
Na 0.3 

99.5 

well as some alkali iron sulfides, have 
been reported, but the only alkali cop- 
per-iron sulfides found in the literature 
are: K3Fe2Cu4S7, K3Fe2CugST, or 

K5Fe3Cul2S14 (4); none resembles djer- 
fisherite in composition. 

I have tried in preliminary experi- 
ments to synthesize the mineral, but 
it has been impossible to obtain a sin- 
gle phase by heating a mixture of ap- 
propriate chemicals, proportioned ac- 
cording to the formula, in sealed, evac- 
uated, silica tubes. Three phases are 
usually obtained: troilite; a phase of 
unidentified composition, yielding an x- 
ray pattern identical with that of nat- 
ural djerfisherite; and one unidentified. 
Temperatures of about 650?C appear to 
be necessary. A preparation contain- 
ing the desired phase, heated to 750?C 
in evacuated and sealed tubes, under- 
goes a transition that is not reversed 
by heating at 600?C for 3 weeks. The 
difficulties encountered in these experi- 
ments suggest a narrow field of stabili- 
ty, the successful determination of 
which would be of considerable im- 
portance to the problem of origin of 
those djerfisherite-bearing meteorites. 

Existence of the mineral is notable 
in several respects. It is the only sul- 
fide mineral known that contains po- 
tassium as a major constituent-or 
even as a minor element (5). The 
only other alkali sulfide-bearing min- 
eral reported is gerstleyite, a sodium 
sulfantimonite-sulfarsenite from the bo- 
rate mines of California (6). Thus, the 
chalcophilic nature of potassium is es- 
tablished in addition to its hitherto 
lithophilic nature; in meteorites it is 
the third mineral, in addition to the 
two recently discovered silicates, mer- 
rihueite (7) and roedderite, known to 
contain essential potassium. The pres- 
ence of native copper in Hvittis (8) 
contrasts with its chalcophilic be- 
havior in these two enstatite chon- 
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drites and marks another dissimilarity 
that many investigations have shown 
to exist between Hvittis and other 
meteorites in its class. 

Using the abundances of elements in 
various enstatite chondrites (9), I 
could not correlate the incidence of 
djerfisherite wth potassium content. 
Thus, the 1000-ppm K content of St. 
Marks is less than the 2700-ppm K 
content of Hvittis, which fact implies 
the existence of a potassium-containing 
mineral, perhaps djerfisherite, in 
Hvittis; however, the 3.3 (weight) 
percent S in Hvittis is less than the 
5.5 percent S in St. Marks. If all of 
the potassium content of St. Marks 
were present as djerfisherite, the min- 
eral would constitute about 1 percent 
of the meteorite-far more than the 
content observed. Even if one allows 
for the nonuniform distribution of djer- 
fisherite, it appears that the bulk of 
the potassium is contained in another 
mineral phase in the meteorite. No 
chemical data exist on Kota Kota, but 
it is interesting to note that this me- 
teorite contains the potassium-magne- 
sium silicate mineral, roedderite, as well 
as djerfisherite. A possible reaction 
that could provide potassium sulfide 
to, account for the coexistence of these 
two minerals is 

FeS + K2Mg5Si1203o0 K2S + 5MgSiO3 
troilite roedderite enstatite 

+ Fe + 7SiO2 + 1/202 
metal silica 

The removal of oxygen from the sys- 
tem favors the formation of K2S. 

For all classes of meteorites con- 
sidered, calculations, based on reac- 
tions concerning selected minerals 
present, show that the enstatite chon- 
drites have the lowest oxygen fugac- 
ities governing subsolidus equilibra- 
tion (10). At 1000?K (the upper limit 
for formation of djerfisherite, as de- 
duced from the synthesis experiments), 
log10f(02) (atm) is -30 and reduces 
to -55 at survival temperatures of 
600?K. An equilibrium expression that 
includes actual phases in the meteorite 
would be more meaningful than the 
above reaction in which potassium sul- 
fide is not an observed phase. How- 
ever, such an expression cannot be 
written until another copper-bearing 
mineral is found to coexist with djer- 
fisherite; this association is in fact pre- 
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