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Arsrracr

Kieftite, CoSb3, is a new mineral species from the Tunaberg Cu-Co-sulfide skam ores, southeastem Bergslagen, Sweden.
It occurs as large (up to 400 pm) tin-white subhedral to euhedral crystals in chalcopyrite, associated with bomite, galena,
native bismuth, native silver, dyscrasite, gudmundite and tetrahedrite. The mineral is opaque with a highly metallic luster, grey
strealg and conchoidal fracture. The calculated density D* for CoSb3 is 7,63 g crrra g = 8); I41Nro6 is in the range 420-5L4,
In reflected plane-polarized light, the mineral is white and isotropic. Reflectance values (nrn, 7o) we 470,59.0;546,58.7; 589,
58.7; 650, 58.7. The average of 30 electron-microprobe analyses gives (in wt.%a): Co 12.8, Ni 0.7, Fe 0.3, Cu 0.2, Sb 85.8'
Cl 0.3, sum 100.1. The average chemical formula is (Co6.erNi6.65Feo.62Cu6.62)>r.oo(Sb2.e7c10.03)x.e6 or, ideally, CoSb3.
A crystal-structure determination shows kieftite to be isostructural with synthetic CoSb3 and skutterudite CoAs3; the cell is
cubic,space grotplm3(.{o.204), a9.0411(3)L,VlSS.O\qA'.l]h"rtong"steightXlraypowder-diffractioniinesldinA
(D (hkt)) are 2.859(10X310),2.416(6)(321),2.022(8)(420), 1.773(6Xs10), 1.s51(6)(530), 1.333(7X631), 1.051(6X7s0), and
0.933(8)(932). The name honors Dr. Cornelis Kieft for his contributions to ore mineralogy.

Keywords: kieftite, new mineral species, Sb analogue of skutterudite, reflectance data, electron-microprobe analyses, crystal
structure, Tunaberg, Sweden.

Sov:uanr

La kieftite, CoSb3, nouvelle espdce min6rale, provient des skams d sulfures de cuiwe et de cobalt de Tunaberg, dans
le secteur sud-est du Bergslagen, en Subde. Elle se pr6sente en cristaux blanc-6tain sub-idiomorphes i idiomorphes alteignant
400 pl dans la chalcopyrite, en association avec bornite, galdne, bismuth et argent natifs, dyscrasite, gudmundite et t6tra6drite.
C'est un min6ral opaque dont l'6clat est fortement m6tallique, la rayure, grise, et la fracture, conco'idale. La densit6 calcul6e est
7 .63 (Z = 8), et la duretd V//1f166, ente 420 et 514. En lumidre r6fl6chie polaris6e, la kieftite est blanche et isotrope. Les
valeurs de r6flectance (nm, Vo) sont 470, 59.0;546,58.7; 589, 58.7, 650, 58.7. Trente analyses d la microsonde 6lectronique
ont donn6 la composition moyenne suivante, exprimde en 7o (poids): Co 12.8, Ni 0.7, Fe 0.3, Cu 0.2, Sb 85.8, Cl 0.3, total
100.1. La formule chimique correspondante serait (Coo.rrNi6.e5Fe6.62Cue.e)p1.66(Sb2.e7C1e.e:)::.00, ou, plus simplement,
CoSb3. Une d6termination de la structure cristalline montre que la kieftite est isostructurale avec le CoSb3 synth6tique
et la skutterudite (CoAq). l,a maille est cubique, groupe spatial Im3 (no. 204), a 9.M11(3) A, V 739.03(4) AJ. Les huit raies
les plus intenses du tracd de diffraction X lm6thode des poudres; d en A(D(hkD] sont: 2.859(10)(310),2.416(6)(321'),
2.0nG)@20), 1.773(6)(510), 1.551(6)(530), 1.333(7)(63L), 1.051(6X750) et 0.933(8)(932). I.e nom honore Cornelis Kieft
pour ses nombreuses contributions i la min6ralogie des minerais.

(Traduit par la R6daction)

Mots-cl6s: kieftite, nouvelle espbce min6rale, analogue antimonifore de la skutterudite, r6flectance, analyses d la microsonde
6lecronique, structure cristalline, Tunaberg, Subde.

INTRoDUc'iloN

Kieftite, of ideal formula CoSbr, is a new mineral
species from the Tunaberg Cu{o-sulfide skarn ores.
The mineral is named for Dr. Cornelis Kieft (born
I9A), n recognition of his important contributions to
ore mineralogy. The mineral and the mineral name

kieftite have been approved by the Commision on
New Minerals and Mineral Names, IMA. The type
material, consisting of several hand specimens,
polished sections and polished thin sections, is
preserved in the mineral collection of the Instituut
voor Aardwetenschappen, Vrije Universiteit,
Amsterdam.



180

OcctrnneNcs eNl Assocnteo Mnnnar.s

The Tunaberg polymetall ic sulfide deposits,
Sweden" are located in the southeastern oart of the
Bergslagen ore province, about 20 km south of
Nykiiping, at longitude 16"55'and latitude 58039'
Mineralization occurs in a metatuffite formation. in
the upper part of an Early Proterozoic (1.9-1.8 Ga)
volcanosedimentary sequence metamorphosed to the
upper amphibolite facies. A central zone of Cu-
Co-sulfide skarn ores is hosted by ooskarned" marble,
and a peripheral zone of Zn-Pb-sulfide ores hosted by
metatuffite, graphitic slate and marble.

Kieftite was found in polished sections of
chalcopyrite-rich ore collected from dumps and
exposed rocks at the abandoned mine, in Cu-
Co-sulfide skarn ores of the central zone. Kieftite
forms subhedral to euhedral crystals up to 400 pm
across in aggregates enclosed in chalcopyrite (Fig. 1)
that occurs associated with bornite, galena, native
bismutl, native silver, gudmundite and tetrahedrite.
The kieftite may contain inclusions of chalcopyrite,

native bismuth and dyscrasite. Other minerals identi-
fied in kieftite-bearing specimens include allargentum,
antimony, arsenopyrite, breithauptite, cobaltite,
(para)costibite, covellite, cubanite, electrum, graphite,
molybdenite, nisbite, safflorite, sphalerite, stannoidite
and uraninite.

CHSMIcAL CouposrrroN

Electron-microprobe analyses were performed with
a Cambridge lnstruments Microscan-9 electron micro-
probe equipped with a Link energy-dispersion X-ray
aaalyzer operated at an acceleration potential of 15 kV
and at a beam current of 40 nA. Counting times
were 15 s. Kcr lines were measured for Co, Ni, Fe, Cu,
Cl and S, .Lcr lines for Sb and As, Mo lines for Bi.
Pure metals (Co, As), heazlewoodite (Ni), troilite Ge),
chalcopyrite (Cu), stibnite (Sb, S), bismuthinite
(Bi, S), and marialite (Cl) were used as standards.
A ZAF correction procedure was applied using
Wilson's JlZ and Yakowitz's absorption correction
(Reed 1993). To avoid errors in the determination of

FIc. 1. (A,B) Kieftite (Kf) crystals in chalcopyrite (Cp). Symbols: Bn bomite, Gn galena, Bi native bismuth. (C) Kieftite
in chalcopyrite is rimmed by native bismuth, native silver (Ag), gudmundite (Gd) and tetrahedrite CId). Sp: sphalerite.
(D) Kieftite with inclusions of native bismuth and dyscrasite (Ds).
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TABTE I .  CHEMICAL COMPOSITION OF KIEFTITE

co, wlo6
Ni o.7 0.6 0.7 0.3 0.4 '1.6 1,4 2,6 0.7
Fe O.2 O.4 0,3 0.3 O.2 O.2 O.2 1,7 0.3
Cu 0.3 0.4 O.2 0.3 O.2 O.2 0.1 O,4 O.2
sb 84.7 84.8 85.0 86.5 86.0 86.2 85.2 85.3 85.8
Cl 0.5 0.A 0.2 n.d. 0.3 0.1 0.9 O,4 0.3
Tolol 98.8 99.4 98.8 100.6 100.4 99,9 99.9 100.2 100.1
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1 2 3 4 5 6 7 8 4 v 9 . '

12.4 12.8 12.4 13.2 r3.3 'r  ' l  .6 l2. l  9.8 12.8

Co, form. unit
Ni

sb

0,95 0.84 0.86
0.03  0 .12  0 .10
0.01 0.0 r 0.01
0.01 0.01 0.01
2.96 3.01 2,92
0.04 0.01 0. r0

0.69 0.91
0.19 0.05
0. 12 0,o2
0.03 0,o2

n n <  n n 2

0.90 0.92 0.90 0.94
0.05 0.04 0.05 0.o2
o.o2 0.03 0.02 0.02
0.02 0.03 0,01 o,o2
2,96 2.9A 3.00 3,00
0.06 0.04 0.02

Anol. l, 2,3 reter lo spoi onolyses of Fig. 2; (*) number of onolyses = 30;
S, As, Bi nol deiected; n.d. = not detocted

As concentrations due to overlap of AsIo peaks
with the second-order SbLp, lines, the apparent
concentration ofAs in a pure stibnite (Sb2S, standard
was carefully measured; this gave an apparent concen-
tration of L.LO wt.Vo As for 71.73 wt.7o Sb. After
correction for this overlap of lines, the arsenic content
of kieftite was found to be below the detection limit
of about 0.03 wt.Vo. Selected results of analyses
illustrating the range i1 sqmFosition of kieftite are
presented in Table 1. Kieftite has the ideal formula
CoSb3; Co shows substitution by Ni (up to 0.19
atoms per formula unit, apfu), Fe (up to 0.12 apfu),
Cu (up to 0.04 apfu), whereas Sb shows substitution
by Cl (up to 0.10 apfu). Chlorine usually shows an
irregular distribution, with Cl-rich patches and rims,

but also with Cl-rich domains in the kieftite Gig. 2).
Schmidt et al. (1987) noted that the unit cell of
synthetic CoSb, crystals appear somewhat enlarged
compared tq that of synthetic ̂CoSb3 in powder form
(a 9.0385 A. versus 9.0356 A). They ascribed this
enlargement of the unit cell to the structural
incorporation of Cl, used as a transport agent in the
experiments; the unit cell of kieftite from Tunaberg
(a 9.0411 A; see below) is still larger than that of
synthetic CoSb3 powder. On the basis of 4 atoms in
the unit cell and assuming that Cl substitutes for Sb,
the average composition of kieftite from Tunaberg is
(Co6.e1Nie.s5Feo.ozCuo.o)>r.oo(Sb2.e7Clg.o3)x.*. Kieftite
is isomorphic with skutterudite CoAs3 (see below),
and is its antimonian analogue.

Frc. 2. (A) Euhedral kieftite (K0 crystal in chalcopyrite (Cp). Other symbols: Bn bomite, Bi native bismuth. @) Electron
microprobe Cl Ko X-ray image showing domains with different Cl-contents in kieftite crystal shown in Figure 2A.
Numbers refer to spot analyses in Table 1.
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Psysrcer em Opncal PnopEnrns

In hand specimen, kieftite is opaque, with a highly
metallic luster and tin-white color. The mineral is
characterized by a grey strealq and brittle, conchoidal
fracture without cleavage. The equant crystals show
{100},  {110} ,  {111}  as the most  common crysta l
faces; twinning is not observed. The calculated density
D" for stoichiometric CoSb3 (Z = 8) is 7.63 glcm3.T1'rc
VHNrco microhardness has an average value of 464
(range 420-514 for three indentations). These data
agree with those given by Zhuravlev & Zhdanov
(1956) for synthetic CoSb3: D^= 7.2 gicm3 (the
measured density D- is low, probably because of
the porous nature of the material), D*= 7.68 glcm3
and VHN26= 455 (420490). The polishing hardness
of kieftite is higher than that of chalcopyrite and
tetrahedrite, aad is very close to that of gudmundite.

In reflected, plane-polarized light, kieftite is tin-
white in air and in oil. The mineral is isotropic; inter-
nal reflections have not been observed. Reflectance
measurements in air were made against a carborun-
dum standard (Zeiss WC-6); average reflectance
values for six grains (nm,7o) are: 470,59.0;546,58.7;
589,58.7;  650,58.7.

Cnvsrar--srnucnrnr Alelysrs op Krerrrrp

A crystal of kieftite with approximate dimen-
s ions 0.10 x 0.15 x 0.25 mm was studied wi th
an Enraf-Nonius CAD-4 diffractometer, using
a graphite-monochromated CuKcr radiation [l =
1.5418 Al. Structure determination was done using the
anisotropic full-matrix least-squares program (XTAL)
of Hall & Stewart (1990). Twenty-three reflections
in the 20 range 81-95o gave a refined unit-cell para-

TABTE 2. FRACTIONAL COORDINATES AND EQUIVALENT ISOIROPIC
IHERr,4At pARAMETERS 1A2; ron rtrrttrr

X Y Z U *

o.25 0.25 0.25 -0.034(l)
0.0 0.3352(r) 0.1575(r) "0.0321 (7)

TABLE 3. ANtsolRoprc THERMA! pAnAMETERs (A2) ron rtrrrtrr

"0.035(l) -0.035(l) -0.035(r) 0.014(8) 0.0014(8) 0.014(8)
-0.0354(8) 0.0297(6) -0.032r(8) 0.0 0.0 0.0010(3)

meter a of 9.0411(3) A. The intensity of 915 reflec-
tions [co-20 scan, (sin e)/I < 0.63 A-t, ranges
0 < h < 11, -11 < fr < 0, 0 < / < 111 was measured; of
these,431 reflections have an intensity exceeding the
significance level 2.5o(I), and 151 ofthese are unique.
Data reduction included background, Lorentz, polar-
ization and empirical absorption corrections (linear
absorption coefficient: p(CuKo) = 2L08.7 cm-1, trans-
mission factor range - 0.10 to 1.76; Walker & Stuart
1983). Two reference reflections (420,01, were mea-
sured hourly and showed no significant variation
throughout the 10 hours of the experiment. Structural
refinement proceeded from the positional parameters
of Schmidt et al. (1987) for synthetic CoSb3 in space
group Im3. The scattering factors of neutral atoms
were taken from the International Tables for X-ray
Crystallograpby Q97Q. The quantity Iw(AF2) was
minimized according to w = [06t'u1r-t. The refine-
ment in Im3 converged to an R -of 0.045 (R* = 6.637;,
(A/o).u" = 0.03, Ap = -6.5 eA-3 to 12.8 eA-3. The
final positional parameters for kieftite are presented in
Tables 2 and 3.

uzrur:U t :u33un

sb

Fto. 3. l,eft: A c-axis projection of the crystal structure of kieftite showing coordination of ions. Right: Three-dimensional
view ofthe crystal structure ofkieftite showing linkage ofoctahedra.
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TABLE 4. X.RAY POWDER DATA FOR KIEFTIIE
AND SYNTHETIC CoSb

KIEFTITE SYNTHETIC CoSb3
PDF r9-336

d(meos) |
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Kieftite has a cubic primitive lattice (Fig. 3). The
structure consists of trigonally distorted CoSbu octa-
hedra [<Co-Sb> = 2.5302(5) A]. The rectangular
axrangement of tle Sb atoms [<Sb-Sb> = 2.8478(15)
and2.9794(14) Al, is analogous to that in skutterudite
CoAs3 (Mandel & Donohue 1971), synthetic CoSb3
(Zuravlev 1956, Schmidt et al. L987), and MI3 syn-
thetic compounds in general (M = Co, Rh, Ir; Y = P,
As, Sb) (Zhuravlev & Zhdarov 1956, Kjekshus &
Rakke 1974, Lltz & Kliche 1982).

The X-ray powder-diffraction pattern of kieftite
from Tunaberg is presented in Table 4. It seems to
be virtually identical to that of synthetic CoSb3
(PDF l9-336).


