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ON GERMANOCOLUSITE FROM KIPUSHI (KATANGA)
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Bornite from the Kipushi ore deposit was studied in Sample 64332 from the collection of the Fersman
Mineralogical Museum. It was revealed to contain small oval inclusions of germanocolusite associated with
renierite, tennantite, chalcopyrite, and sphalerite. Germanocolusite from Kipushi contains slightly more Zn
and V and less As, as compared to germanocolusite from the type locality. A new crystallochemical formula
proposed for germanocolusite takes into account the isomorphism Zn2+ + Ge4+ — Ass+ + Cu+, characteris-
tic for complex sulfides of Ge. This is the first find of germanocolusite at the Kipushi deposit.
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Germanocolusite was approved as a mineral
species in 1992 (Spiridonov et al., 1992); but
even earlier, «yellow germanites» were distin-
guished among germanites, in whose composi-
tion significant amounts of V and As were
determined and which referred to as vanadium
or vanadium — arsenic germanites. Spiridonov
et al. (1992) demonstrated that varieties of the
V or V—As germanites, in whose formulas Ge
prevailed over As, represented germanoco-
lusites. These researchers (Spiridonov et al.,
1992) presented 3 analyses of germanocolusite
from the ore deposits Urup, Russia; Tsumeb,
Namibia; and Chelopech, Bulgaria (Table 1,
An. 1—3). Another analysis of a Ge sulfide
from Urup, compositionally close to ger-
manocolusite, was published by Kachalov-
skaya et al. (1975) and later repeated in the
work by Spiridonov et al. (1986) under the
name «colusite-Ge» (Table 1, An. 4). The con-
centration of Ge in this mineral exceeds that of
As. The crystallochemical formula proposed
for germanocolusite by Spiridonov et al. (1992)
is as follows: Cut,gCuz+,(Cu2+,Fe,Zn),V3+,X4+.S,,,
where X4+ = Ge*+, (As,Sb5+ + As,Sb3+) : 2;
Sni+, Moi+, Te++,

A recalculation of the germanocolusite
analyses presented in the work (Spiridonov et
al., 1992) to this ideal formula revealed that 2
analyses from 3 ones were not electrically neu-
tral (valence balances 4.2 and 3.5%) (Table 2,
An. 1 and 3). Analyses are considered electri-
cally neutral if their valence balances are no
more than 3%. If to take into account the iso-
morphism Get+ + Zn2+ — AsS+ + Cu+, char-
acteristic for complex Ge sulfides, than the for-
mula proposed by the discoverers can be pre-
sented as Cut,g,Cuz+,(Cu?+ Fe,Zn),_,V3+,
(Getrg_ AsS*,)eSy, or Cuty,, Culr Me?, [ V3t,
(Get+, _ As5+ )6S;, where 0 < x < 3. On recal-

culation to this formula, all analyses from the
work (Spiridonov et al., 1992) are electrically
neutral (Table 2), which is evidence in favor of
the formula that takes into account the isomor-
phous substitution Get+ + Zn2+ — As5+ + Cut.
We found germanocolusite in Sample 64332
that was registered as bornite from the Kipushi
(Katanga) ore deposit in the collection of the
Fersman Mineralogical Museum. The ger-
manocolusite is present as small oval grains up
to 10— 15 pm in size, confined as a rule to
renierite that, in its turn, is enclosed in bornite
associated with tennantite, sphalerite, and
chalcopyrite. Under reflected light, the ger-
manocolusite is pinkish lilac, isotropic. The
reflection intensity is lower than that of chal-
copyrite and tennantite and higher than that of
bornite and sphalerite. The particles are so fine
that their X-ray identification is impossible.
The electron probe microanalysis was real-
ized on a JEOL JXA-50A microprobe with a
TRACOR-Xr energy-dispersive spectrometer
(accelerating voltage 20 kV, beam current
30+ 10-2 A). The concentrations were calculat-
ed using the ZAF correction. The following
standards (analytical lines) were used: ZnS
(Zny, and Sy,), GaAs (Asy, and Gay,),
Cu,FeSnS, (Cuy,, Feg,, Sn;,, S, V and Ge me-
tallic (Vin Gegy GeKﬁ). The composition of
germanocolusite from Kipushi is presented in
Tables 3 and 4. A pronounced positive correla-
tion is traced between Cu and As, also between
Zn and Ge, and negative correlation is traced
between Ge and As. All analyses calculated based
on the formula taking into account the isomor-
phous substitution Ge4+ + Zn2+ — Asst + Cu+
are electrically neutral within the admissible
range of 3%. As is seen from Table 5 that
exhibits variations in the principal components
of the germanocolusite composition, the
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Table 1. Electron microprobe analyses of germanocolusite: in wt. % (upper row) and in f.u. (lower row).
(An. 1-3) after (Spiridonov et al., 1992); (An. 4) after Kachalovskaya et al., 1975

Ne. Element contents 5 Me/S
Cu Fe Zn Ge As Sb \4 S

1 49.69 0.47 0.91 8.62 5.19 0.08 3.22 32.10 101.4 1.064
24,96 0.27 0.44 3.79 2.21 0.02 2.02 31.96 66

2 49.22 1.56 0.15 6.55 5.90 0.12 3.19 31.97 100.31 1.059
24.91 0.90 0.07 2.90 2.53 0.03 2.01 32.06 65.99

3 48.04 1.54 1.28 9.13 3.38 0.40 3.17 31.05 100.66 1.073
24.50 0.89 0.63 4.08 1.46 0.11 2.02 31.39 65.99

4 47.8 1.00 5.5 10.6 29 3.1 32.0 102.9 1.102
23.66 0.56 2.65 4.59 1.22 1.91 31.40 65.99

Notes: Trace elements: (An. 1): Sn 0.14% (0.04 f.u.), W 0.03 (0.01), Mo 0.67 (0.22), Ag 0.13{0.04), and Bi 0.15 (0.02); (An. 2): Ga 0.35 (0.16), Sn 0.06
{0.02), W 0.06 (0.01), and Mo 1.18 (0.39); (An 3): Ga 0.17 (0.08), $n 0.17 (0.08}, Ag 0.09 (0,03}, and Sc 1.08 (0.44). (An. 1 and 4) from the
Urup deposit, (An. 2) from Tsumeb, and {An. 3) from Chelopech

Table 2. Recalculated germanocolusite analyses presented in Table 1

Ne Formulas calculated based on the ideal formula proposed by Valence
Spiridonov with co-authors (1992) balance
Cu~ ;Cuz- (Cu?~, Fe, Zn),V3+,X4+ .Sy, *A %

T (CutiaAg godisosCut (Cu?t g gFe? o070 51056 (V37 0 Wi+ 0 MO3 = 45)5 05
[Get= 57054 0, (AST*55, S~ (uBI** 4 g0) 23] 6.0031-96 +2.79 4.2

2 CU = pCu (Cu=, g Fe2t 0gZng g7) g 0 V3% 00 WA 0 M3 30, )

[Getty 0, Gad 1S~ 1o (AST* 2 555D5  g3)a 6] 6eSm0-00 -1.78 2.7

3 (Cut 1A toos)10Cut (Cu? by Fe2 550700 530500V 00
[Get - gaGas+ SN+ 4 (AS" 1 16SD* 011} 15600 (Sara0S€o b1 +2.32 3.5

4 Cu~ Cu+ (Cut gFe? 2Ny s) 5 Vit +3.13 4.7
(Get 4 0AS™ | ) ymSara
Cut yCur (Cutty gFe? =) nZn, ) (V3 1 Fed o) s +3.22 4.9
(Get y50AS | po)s51S410

Ne  Formulas calculated based on the ideal formula \b/allence
Curyy.,Cuzt Me?r, Vi+,Getr As Sy +A ¢ dncgé

1 (Cut g0 Ag =g pi)anagCu?t ((Cuty , Fet 5Zny 1)y (V3000 W 1 MO3 4 9) 555
[Get=y S0t g4 (AS> 55,53+ 0oBIS* 402 2560853106 +0.53 0.8

2 Curyy6Cu (Cu? g5, Fert g a0Zng g} 5o V¥ 0 W MO 40y
[Gettag0Gat=g S0t~ i (AS” o 5Sbo g 3) 5] 5 6455200 -0.78 1.2

3 (Cut195AG " 00s) 0sCu? ! {{CUP* g gsFe2 ) goZny y)o 15V + 40
[Ge.¢ HmGa:{ }U ()HSHJ t 0. fSh[ASJﬂ#I 4()Sb5+(7 1 l)l Jr}hH‘)(SEI‘J‘YSQ()‘JJ)IH 83 +075 12

4 CutynCu? (Cu? by Fe?*o 120, 65)356(VI*+ o Fed 0000
(Get+, 50ASS | 59) 58153140 +2.0 3.1

Table 3. Electron microprobe analyses of germanocolusite from the Kipushi
deposit (Sample 64332) in wt. % (upper row) and in f.u. (lower row)

Ne Element contents 5 Me/S
Cu Fe Zn Ge As N S

1 50.14 0.30 3.75 7.98 3.89 3.53 32.17 101.76 1.047
24.96 0.17 1.82 3.48 1.64 2.19 31.74 66

2 49.41 0.29 4.31 8.03 4.11 3.68 32.35 102.18 1.045
24.49 0.16 2.08 3.48 1.73 2.28 31.78 66

3 49,37 0.50 4.69 8.75 3.57 3.19 31.74 101.81 1.099
24.68 0.28 2.28 3.82 1.52 1.98 31.44 66

4 48.94 0.12 4.11 8.79 3.15 3.63 32.37 101.1t 1.060
24.45 0.07 2.00 3.84 1.34 2.26 32.04 66

5 48.21 0.39 4.24 8.68 2.79 3.43 31.43 99.17 1.076
24.61 0.22 2.10 3.88 1.21 2,18 31.79 65.99

6 48.11 0.35 4.91 8.68 2.84 3.58 32.47 100.95 1.062
24.03 0.20 2.38 3.80 1.20 2.23 32.15 65.99

7 48.10 0.56 4.84 8.93 2.96 3.65 32.38 101.42 1.065
23.96 0.32 2.34 3.89 1.25 2.27 31.96 65.99

8 47.76 0.53 4.89 8.63 2.86 3.44 32.36 100.47 1.050
23.97 0.30 2.38 3.79 1.22 2.15 32.18 65.99

9 47.75 0.54 4.87 9.11 2.70 3.47 31.89 100.33 1.072
24.08 0.31 2.39 4.02 1.16 2.18 31.86 66

10 47.12 0.36 5.03 9.00 2.90 3.16 31.71 99.27 1.061

24.01 0.21 2.49 4.05 1.25 2.00 32.02 66
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Table 4. Recalculated analyses of germanocolusite from the Kipushi deposit

Ne  Formulas calculated based on the ideal formula Valence balance
Cu+ 5, ,Cuzt Me2+, Vi+,Geity As, S, *A %
1 Cut g oCu* ;(Cu*yg6Zn go)a7a( V3 saFe3+4 17)200
[GQ‘“MH(AS“\mv”0361)2001548531-74 0.0 0.0
2 Cutyo1,Cut+,(Cu+ g 3 ZNg68)2.10(V3* 1 5 F€3% g 16) 200
[GC"‘MA(ASHI73V‘3+044;)2I'J]Jh:,sst +0.18 0.3
3 Cut g 75Cu (Cu+ g0 Zns 56)3 18 V3+ ) 50F €3+ 26) 200
[Ged+ 3 AST+) 5,V 626 1 26)5603144 +1.44 2.2
4 Cut 96, CU27 4 (Cu+ 75705 00)23(V3 1 esF €3+ ) 200
[Gett;(ASP+) 3, VS 3) 1 67]5.51S3200 -1.14 1.8
5 Cut g5 Cu* ,(Cu+ | 04Zny 10)3.10(V3+ ) 78F€3 7 10) 200
[Gettypa(Aso 15, VS, o) 61154953170 -0.2 0.3
6 Cut 196CU+,(Cu?* g 192705 35)275(V3* | goFe3+ 5 a 00
[Gett s golAso+ 5V, ah eal5.43532015 -1.76 2.7
7 Cut9a:Cu2* (CU2 g 15709 3)0.46 (V3T 1 6aF €34 39} 200
[Gett;go{Aso+ 5, V5, 5091 841573531 96 -0.4 0.6
8 Cut 155/CUH,(Cu+ 3070y 49) 268 V31 0F €3 50) 200
[Ge”ua(AS‘“122V§+u451)|b7]546532-m -1.82 2.8
9 CutgesCu?, (Cu?*g 3ZNa 50)282( V31 50FC3 0 50200
[Geit, paAsSH Vot s 59)5.67531-86 -0.1 0.2
10 Cuyg6Cu?+ (Cu+ 5570, so)s0(V3+ 1 70F€3* 0 51)200
[Get+ 50l ASS*) 55V 421} a6l 4853202 -1.12 1.7
Formulas calculated on the ideal formula proposed by Valence
Spiridonov with co-authors, 1992 balance
Cu~ ;Cuz+,{Cu?+, Fe, Zn},V3+,X1 .S, +A %
1 CugCur+ (CutygeFe? o 7N, 4) 65V 219
(Get*s sAS**  51)5.125310 +1.11 1.7
2 Cu+ gCu+ (Cuty Fer+y 670, 40) 5,V
(Get*3 1A ™ 30)5.1:55008 -0.9 1.4
3 Cu gCu+ (Cuzty e 0570y 5y) 52, V3H g
(Get+3mAS ™ | 52)5.5055144 +2.42 3.7
4 Cu5Cuzs (Cuty 4, Fe2+; 7205 00} 152V 226
(Ge*+384AS%* 1 30)5.18552-04 -0.2 0.3
S CugCuz+ (Cu?+y 5 Fe2 070, o)V 214
(Get* 5 58ASS* 191) 50053170 +0.39 0.6
6 Cu gCu (Cu+y aFe? g 02N, 58) 51 V3
(Get 5 50AS ) 5) 50055015 -1.19 1.8
7 Cut yCut (Cu? ) ggFe+ 37N, 51) 46 V3* 0
(Ge*350A8°* 1 5)5 1453106 - 0.06 0.2
8 Cu+ gCu ((Cu g7 Fe? 3070y 5) 455V 515
(Get+350AS5 | 50) 50155018 -1.35 2.0
9 Cu+ gCu+ (Cutty Fe? o5 20, 5}y V3 45
(Get 3 0AS 1651855106 +0.98 1.5
10 Cu+gCu?+(Cut+, g Fe?+ g7y s} 11 V3+300
(Gett (pAS ™ 55) 52155000 -0.54 1.6

Table 5, Variations in the concentrations of the principal elements (in wt. %) in germanocolusite:
(1) from the Kipushi deposit and (2) from the Urup, Tsumeb, and Chelopech deposits

Element 1 2
Cu 4712 — 50.14 48.04 — 49.69
Fe 0.12 — 0.56 0.47 — 1.56
Zn 3.75 — 503 0.07 — 0.63
Ge 7.98 — 9.11 6.55 — 9.13
As 2.70 — 4.11 3.38 — 590
\% 3.16 — 3.68 3.17 — 3.22

S 31.43 — 32.38 31.05 — 32.02

43
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analyses of germanocolusite from the Kipushi
deposit contains more Zn, less As, slightly more
Ge, and less Fe, as compared to analyses of ger-
manocolusite from the Urup, Tsumeb, and
Chelopech deposits. The average analysis of 10
analyses of germanocolusite from Kipushi does
not completely correspond to the crystallo-
chemical formula that takes into account the
isomorphism Ge#+ + Zn?2+ — Ass+ + Cu+:
Cutg75C02+ o (Cu2+ guZn, 50) 5 g Fed+ Vit),
[Gett50(ASTH 55V5%0.10) 175] 555951000 OT CUt g
Cuzt, o(Cu+peZn, ), 5{Fed+ V37), [Getryg(Asd
V5+, 1)1 8ls655. The number of divalent cations is
more and the sum of 4- and 5-valence cations is
less by approximately the same value, than it is
required according to this crystallochamical
formula. It is probable that some of the divalent
cations occupy positions of the 4- and 5-
valence ones; that is, the isomorphism is more
complicated. This assumption is based on
investigation of the Fe position in renierite,
using the Mussbauer spectroscopy. It was
revealed that Fe occupied three different posi-
tions (Bernstein et al., 1989). The same was
confirmed by studying the renierite structure
using the Rietveld method {Bernstein et al.,
1989}. In this case, the crystallochemical for-
mula of germanocolusite will as follows:

Cut g, Cuz+ Me2+,_ Mes+ [Met+s_,_ Mes+,
Mez+ }(S,,, where Me?+ is Cuz+, Fez+, Zn2+;
Mes+ is V3+, Fe3+; Met+ is Ged+, Sni+, Gas+;
Mes+ is Ass+, V5+, Sbs+, Bis+; at 0 & x £ 3.0
and0 £y £ 0.5.

An examination of the literature data has
demonstrated that none analysis of germanite
or colusite from the Kipushi deposit has been
published until the present. Germanium min-
eralization of Kipushi was studied by Viaene
and Morean (Viaene et al., 1968). From among
Ge-containing sulfides, they found briartite
and renierite only. They noted neither german-
ite nor Ge-containing colusite. In his work on
renierite, Bernstein (1986) placed germanite
from the Kipushi deposit into the table; howev-
er, describing mineral assemblages of this

deposit, he noted none Ge sulfides except for
renierite. In Geological handbook on side-
rophile and chalcophile rare metals (1989),
mention is made of the fact that renierite only
is present at Kipushi. It seems likely that our
find of germanocolusite is the first for the
Kipushi deposit.
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