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ON THE CHEMICAL COMPOSITION OF GERMANITE

Svetlana N. Nenasheva
Fersman Mineralogical Museum, Russian Academy of Sciences, Moscow, sn@fmm.ru

Germanite is a very rare mineral that commonly occurs as small segregations in association with bornite,
renierite, fahlores, sphalerite, galena, and other sulfides and sulfosalts. Very fine structures of replacement of
germanite for renierite are often observed. Such small segregations are difficult to study. Optical properties of
germanite are slightly variable in different areas and in samples from different deposits. The chemical compo-
sition (concentrations of the principal elements) of germanite varies over a wide range. In addition, the miner-
al was revealed to contain a wide set of admixtures. Therefore, different researchers propose different formu-
las for germanite. Chemical and electron microprobe analyses of germanite, accessible in literature, were com-
piled by the author, and peculiarities of the chemical composition of germanite were studied. It has been
revealed that 28 analyses from 37 ones are adequately recalculated to the formula with 66 atoms in the unit cell;
6 analyses, to the formula with 64 atoms; and 3 analyses, with 68 atoms. The Me/S ratio in the analyses varies
from 32:32 to 34:32 and to 36:32; that is, this ratio in the real analyses is inconstant. This fact suggests that we
deal either with solid solutions or with three different, but similar in the chemical composition and properties,
minerals. The second assumption is more probable. It is concluded that there exist three mineral species close
to germanite in the chemical composition.

8 tables, 3 figures and 22 references

Germanite has been known from the 1920s.
It was discovered by G. Schneiderhhn (1920}
at the Tsumeb ore deposit, Namibia, and was

sometimes, of As and V together. In this case,
concentrations of these elements were compa-
rable with that of Ge and sometimes exceeded

described and named so by O. Pufahl (1920).
Later, the mineral was found at the Bancairoun,
France (Levy, 1966) and Radka, Bulgaria
(Kovalenker, et al., 1986) ore deposits. Finds of
complex Ge sulfides were reported from some
Russian ore deposits, including the Pai-Khoi,
Urup, Gai, Il International, and Kurumsak
ones, and from the Chelopech ore deposit,
Bulgaria. However, these minerals contained
large concentrations of either As or V, or,
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Fig. 1. Dependence between Cuz+ + Fe + Zn and W + Mo in
analyses of germanite

it. We excluded these analyses from the con-
sideration, because they were probably as-
signed to germanocolusite or colusite.

At all the ore deposits, germanite is associat-
ed with bornite, renierite, fahlores, and galena,
being commonly intimately intergrown with
these minerals. Very fine structures of replace-
ment of germanite for renierite are often
observed. Such small segregations are difficult
to study. Optical properties of germanite are
slightly variable in different areas and in sam-
ples from different deposits. Its color under
reflected light is pink with violet tint, being
very unequal. According to the optical fea-
tures, L. Loginova (1960} distinguished three
individual varieties of germanite.

The chemical composition (concentrations
of the principal elements) of germanite varies
over a wide range (in wt.%): Cu 40.9—-51.0,
Fe 0.0—10.7, Ge 3.0—11.0, Zn 0.0—5.5, and
S 30.0—34.5. In addition, the mineral was
revealed to contain a wide set of admixtures,
including As, V, Ga, Sn, Sb, W, Mo, Pb, and Ag.
Therefore, different researchers propose differ-
ent formulas for germanite (Tables 1 and 2).
These formulas are characterized by different
cation/anion ratios equal to 1 : 1 (Sclar et
al., 1957, Levy, 1966); 1 : 0.95 = 1.052
(Springer, 1969); 34 : 32 = 1.062 (Tettenhorst
and Corbato, 1984; Spiridonov, 1987, Go-
dovikov, 1997); and 36 : 32 = 1.125 (Spi-
ridonov et al., 1992).
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Table 1. Germanite formulae proposed by different researchers

Formula Reference Me/S
Cu,(Fe,Ge}S, De Jong, 1930 1
Cu,(Fe, Ge,Zn,Ga) (S,As), Sclar et al., 1957 1
CugFeGeSy;— Cu+,Cu?+;Fel+Get+S, Levy, 1966 1
(Cu,Fe, Zn,W,Mo,V,Ge,As Ga) Sy g5 Springer, 1969 1.052
Cu,Fe,Ge,S;— Cut gCu?t Feir ,Get+,S;, Tettenhorst et al., 1984 1.062
Cu+yy(Cuz+ Fezt,Zn) Fes+,GesS,, Spiridonov, 1987 1.062
Cu~p(Cu?~ Fer+,Zn)Fedt,(Ge,As)eSpCut o (Cu+ Felt Zn,) Fed+ (Ge As ) Sy Spiridonov ef al.,, 1992 1.125
Cu +4Cu?+ Fes+,Ges+,S ¢ Godovikov, 1997 1.062

Table 2. Theoretical composition of germanite (in wt. %), based on formulae proposed by different researchers

Authors Cu Cu+

Levy, 1966 49.76 24.88
Tettenhorst, Corbato, 1984 51.76 31.85
Spiridonov, 1987 43.50 39.55
Spiridonov, 1992 45.58 41.78
Godovikov, 1997 51.76 31.85

Cuz+ Fe Zn Ge As S
24.88 7.29 9.47 33.48
19.91 7.00 9.1 32.14
3.95 6.95 4.07 13.55 31.93
3.80 6.68 3.91 8.68 4.48 30.67
19.91 7.00 9.1 32.14

The crystal structure of germanite is deriva-
tive from the crystal structure of sphalerite and
is close to those of stannite and colusite. Based
on this fact, R. Tettenhorst and C. Corbato
(1984) proposed a formula of germanite, similar
to that of colusite, namely Cu,Fe,Ge,S,,. This
formula is electrically neutral only on condi-
tion that it contains 10 atoms of divalent Cu
and 4 atoms of trivalent Fe. The presence of 10
atoms of divalent Cu is also specified by a crys-
tallochemical formula of germanite, proposed
by A. Godovikov (1997), Cu+gCu2+;Fed+,Gei+,Sq
— Cu+ gCuz+ Fe3+ Get+ S;). A crystallochem-
ical formula of germanite, proposed by E.
Spiridonov (1987), Cut,,(Cuz+ ,Fe?+, Zn)sFe3+,
Gett,S,,, is not electrically neutral. Later, in
the work on germanocolusite, E. Spiridonov
with co-authors (1992) proposed another
crystallochamical formula for germanite,
Cut,,(Cuz+ Fe2+,Zn)sFes+,(Ge, As) S, In this
case, the formula is electrically neutral, but the
sum of atoms in the unit cell is 68 rather than 66
as in colusite whose formula was adopted by E.
Spiridonov as the basis for examination of the
germanite formula; therefore, the Me/S ratio is
equal to 36/32 rather than 34/32.

These contradictions prompted us to make
an additional analysis of the literature data on
germanite.

37 chemical and electron microprobe analyses
of germanite were found and recalculated into for-
mulae with regard to necessity of their electrical
neutrality (Table 3 and 4). A formula was consid-
ered to be electrical neutral if it had the valence
balance (*A, the absolute value of the deviation
from zero) no higher than 3%. To calculate the
valence balance, it was necessary to understand
the positions of admixtures in the crystal structure.

The p-elements, Ge, As, and Ga, are the
neighbors in Mendeleev's Periodic Table and
have similar electronic structures, therefore,
they can be isomorphous. Other admixtures,
V, Fe, Cu, Mo, and W are d-elements; so, it can
be assumed that V, Mo, and W can substitute
Fe and Cu, occupying the sites of divalent
cations or trivalent Fe. The sum (W + Mo)
depends inversely on the sum (Cuz+ + Fe +
Zn), which evidences in favor of the assump-
tion that W and Mo occupy the sites of diva-
lent cations or trivalent Fe (Fig. 1). The sum
(Cu + As) inversely proportional to the sum
(Zn + Ge), which is evidence for the isomor-
phism Zn2+ + Get+ = Cu+ + Ass+ (Fig. 2).

Zn+Ge atoms

Fig. 2. Dependence between Cu + As and Zn + Ge in analy-
ses of germanite
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Table 3. Electron microprobe and chemical (*) analyses of germanite in wt. % (upper row) and in f.u. (lower
row). Analyses 1, 6, 22, 23, 24, and 36 are recalculated based on 64 atoms in the unit cell; analyses 8§,
21, and 35, based on 68 atoms; the remainder, based on 66 atoms

Neos. Cu Fe Zn Ge Ga As \4 w Mo S )
1 45.1 7.4 1.3 9.7 0.00 2.6 334 99.5
21.92 4.09 0.61 4.13 1.07 32.17 63.99
2 45.4 7.22 2.61 6.20 5.03 31.34 99.246
23.38 4.23 1.31 2.79 2.20 31.98 66.00
3 42.12 7.80 3.93 10.2 1.85 1.37 31.27 99.49
21.57 4,55 1.96 4.57 0.86 0.60 31.74 66.00
4° 45.39 4.56 2.58 8.70 4.13 30.65 99.55
23.98 2.74 1.32 4.02 1.85 32.09 66.00
5 39.44 10.7 3.56 7.04 4.86 31.44 99.98
20.38 6.29 1.79 3.18 213 32.19 66.00
6 44.20 6.70 1.50 9.70 3.30 34.60 100.0
21.25 3.66 0.70 4.08 1.35 32.96 64.00
7 46.5 8.5 9.4 4.2 31.6 100.26
23.50 4.89 4.16 1.80 31.65 66.00
8" 43.6 6.4 3.10 9.0 4.70 30.03 977
23.67 3.95 1.64 4.28 2.16 32.30 68.0
9 45.5 7.20 1.2 9.8 0.1 3.5 31.8 99.1
23.19 4.18 0.59 4.37 0.05 1.51 32.11 66.00
10 46.7 6.5 0.8 9.0 4.2 0.6 31.7 99.5
23.83 3.77 0.40 4.02 1.82 0.10 32.06 66.00
i1 45.5 6.8 1.2 9.6 3.3 0.5 31.6 98.5
23.36 3.97 0.60 4.31 1.44 0.17 32,15 66.00
12 46.5 5.5 0.9 9.0 4.0 1.8 0.5 31.8 100.0
23.81 3.20 0.45 4.03 1.74 0.32 0.17 32.27 65.99
13 45.4 5.8 1.3 9.9 3.3 3.4 31.9 101.0
23.20 3.37 0.65 4.43 1.43 0.06 32.31 65.99
14 47.1 3.6 1.4 10.1 3.2 0.2 3.0 31.8 100.4
24.06 2.09 0.69 4.52 1.39 0.03 1.02 32.20 66.00
15 47.5 3.5 1.4 9.6 3.1 0.3 2.8 32.1 100.3
24,22 2.03 0.69 4.28 1.34 0.05 0.94 32.43 65.98
16. 45.6 1.0 1.7 9.7 0.6 3.5 9.1 30.2 101.4
24.39 0.61 0.88 4.54 0.29 1.59 1.68 32.01 65.99
17 44.9 1.3 2.2 9.7 0.4 2.6 9.0 0.5 30.4 101.0
24.04 0.79 1.14 4.55 0.20 1.18 1.66 0.18 32.26 66.00
18 46.5 2.4 1.6 10.1 2.8 0.1 4.5 31.5 99.5
24.06 1.41 0.80 4.58 1.23 0.06 1.54 32.31 65.99
19 48.8 1.4 0.1 5.4 0.8 7.4 1.9 2.0 31.9 99.7
24.94 0.81 0.05 2.42 0.37 3.21 1.21 0.68 32.31 66.00
20 48.9 1.7 0.1 5.1 0.8 7.6 2.2 1.8 32.1 100.3
24.80 0.98 0.05 2.26 0.37 3.27 1.39 0.60 32.27 65.99
21 50.9 3.2 7.2 4.9 29 31.6 100.7
26.37 1.89 3.26 2.15 1.87 32.44 67.98
22 48.1 5.5 11.0 2.0 34.6 101.2
22,79 2.96 4.56 1.18 32.50 63.99
23 46.99 8.31 1.17 9.67 0.12 1.09 0.68 0.33 33.61 102.4
22.37 4.50 0.54 4.03 0.05 0.44 0.11 0.10 31.78 64.00
24 45.81 5.22 2.38 10.9 1.43 32.72 98.50
22.60 2.93 1.14 4.73 0.60 32.00 64.00
25 45.6 6.61 1.94 9.42 0.12 3.27 0.13 0.05 0.20 32.2 99.5
23.10 3.81 0.96 4.18 0.06 1.40 0.08 0.01 0.07 32.33 66.00
26 43.8 8.69 1.34 9.19 0.20 2.88 0.12 0.29 0.81 317 99.0
22.36 5.05 0.66 4.11 0.09 1.25 0.88 0.05 0.27 32.08 66.00
27 43.4 8.86 1.30 9.70 0.15 2,99 0.10 0.11 0.16 32.1 98.9
22.07 5.13 0.64 4.32 0.07 1.29 0.06 0.02 0.05 32.35 66.00
28 45.55 6.35 1.88 8.81 0.63 3.55 Traces 1.28 0.03 31.65 99.73
23.29 3.69 0.93 3.94 0.29 1.54 0.23 0.01 32.07 65.99
29 44.8 9.11 0.61 10.2 0.22 2.80 0.10 Traces 0.17 32.4 100.4
22.45 5.19 0.30 4.47 0.10 1.19 0.06 0.06 32.18 66.00
30 46.1 7.15 1.81 9.61 0.25 3.19 0.10 0.01 0.25 318 100.3
23.29 4.11 0.89 4.25 0.11 1.37 0.06 0.08 31.84 66.00
31 46.9 6.65 0.87 9.55 0.13 3.58 0.13 0.16 1.10 32.3 101.4
23.49 3.79 0.42 4.19 0.06 1.52 0.08 0.03 0.36 32.06 66.00
32 45.7 8.59 1.29 9.57 0.11 3.91 Traces 0.36 0.14 31.92 101.6
22.85 4.89 0.63 4.19 0.05 1.66 0.06 0.05 31.63 66.01
33 47.1 7.03 1.25 9.46 0.71 3.66 0.16 0.21 0.47 32.1 102.1
23.45 3.98 0.60 4.12 0.32 1.55 0.10 0.04 0.16 31.68 66.00
34 44.6 9.24 1.36 9.73 0.12 2.93 0.12 0.26 0.45 32.15 100.96
22.33 5.26 0.66 4.26 0.05 1.24 0.08 0.04 0.15 31.92 65.99
35 49.01 9.78 7.84 4.75 32.2 103.58
24.72 5.61 3.46 2.03 32.18 68.00
36 40.89 4.41 5.36 10.2 0.38 2.80 32.38 98.45
20.44 2.51 2.60 4.46 0.16 1.75 32.08 64.00
37 44.07 5.19 5.46 10.2 1.26 2.90 32.66 99.82
21.76 2.92 2.62 4.42 0.53 1.79 31.96 66.00

Notes: (An. 2) Pb 0.69% (0.11 f.u.), insol. res. 0.75%; (An. 3) Pb 0.96% (0.15 f.u.); (An. 4) insol. res. 2.12%; (An. 5) Pb 0.26% {0.04 f.u.), insol. res. 1.68%;
{An. 8) insol. res. 0.88%; (An. 23) Ag 0.11% (0.03 f.u.), Sn 0.16% (0.04 f.u.), Sb 0.14% (0.03 f.u.), Mn 0.03% (0.02 f.u.).
{An. 7) analysis is sample from the Bancairoun deposil (Levy, 1966}; (An. 24) analysis is sample from the Radka deposit (Kovalenker et al., 1966);
(An. 36 and 37) analyses arc samples from Lhe Rajpura-Dariba deposil, India (Mozgova et al., 1992}; other analyses arc samples [rom the Tsumeb
deposit: (An. 1 and 8) after Francotti el af., 1965; (An. 2) after Putahl, 1922; (An. 3, 4, and 5) after Viaene et al.,, 1968; (An. 6) after Levy, 1966; (An.
9—20}) after Springer, 1969; (An, 21-22) after Geier et al., 1970; (An. 23) after Spiridonov, 1987; (An. 25-34) after Spiridonov et al,, 1992; {An. 35)
after Khoroshilova et al,, 1988,
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Table 4. Formula based on recalculated germanite analyses

37

Valence balance Me/S
Ne Formula T A o
1 Cuty(Cus goFe2t ) 97, ), P03t ) (Getty 13AS5 | g3} 255 -7.13 11 0.990
Cuti5{Cu=50rZng 1) 55703 4 00 Gy 1588 3) 5 3055017 -1.14 L7
2 Cury(CutyggFert) pZn, o P2t | ); g Fedt;(Gett s 30As+ ) ), 095509 -1.74 2.7 1.064
3 Cury(Cuzt, Fet+) s7n, P2+ 5], et (Get, 5Gad+ g AsH g gl 554174 -1.16 1.8 1.079
4 Curty(CutyggFet 5 Zn y)s,Fe3*y{Getty pASST gs)s 95300 -0.77 1.2 1.057
5 Cury(CutygFert o7, ,gPb2+ o) Fedty(Gett 5 1gAs5 5 14)54: 5510 -2.01 3.1 1.049
6 Cuty(Curt g Fe ;7ng5)),  Fedt,(Gett 5 A5+ 30)560553.00 -9.37 14,
Cut6{Cu* 5.0 Zng 795 0.F€3 75 75(Get—y 5 AS™ | 30)5.60553-00 -3.59 5.3 0.941
T Cuty(Cuty ety go)g sgFed 5 (Get ; 16A85* | g0) 50651065 +1.12 L7 1.085
8 Cuty(CuttygrFer+ o57n, o), sFe3t(Gett  56AS*5 )5 4S50 +3.84 5.6
Cut p(Cu+ | Fezs o 7n, )5 o5Fedt o Get | 2A85+, 16l 1S3 50 +1.84 2.8 1.105
9 Cuty(Culry oFet=)  Zny so)sesFed+o(Gett, Gatty sAs™ 5)5 555514 -1.12 17 1.055
10 CurpyCultygFed=, gZng o) (Fed+  gWitg 1)y (Gl 0ASS* | )5 84S 3006 -0.64 1.0 1.059
1 CU 0(Cu2=356Fe27, | Zng gl o(Fedt sMot, 5)o(Gett 5 ASSt )5 4585.15 -1.66 2.6 1.054
12 “oo( Q2= g Fe?™ o7 45)s.05(Fedt 5 MOt g Wit 39)5(Geity 1 ASS* )5 7753509 -1.5 2.3 1.045
13 Cu ZO(CUZ’”OFeZ 197 Z0g55)s 52 F€3+ Wi g o) (Gt | 13 ASS* | ) g6S30en -1.51 2.3 1.042
14 Cury(Cul=gsFe2 1,200 g)s 09 (3 5.05MO | gaWH i) o( Ge4F, 5588% | 5959130 -1.56 24 1.050
15 Cu (€U~ Fe2+, )7y oo p(Fed+ ) Moty o Wit o) (Gett, 55 35 0Saess -3.13 48 1.036
16 Curtg(Cu+  oFe?* o2Zng b 56 (F3 70 W o)y (G4 5,Gad( 20AS5* | so)5 458501 +1.76 2.7 1.060
17 Curo(Culy g Fel=ggZn, | sy (Fed g oMo+ gWH )y Getty 55Gat =gy As™ o) ySppo -0.54 0.8 1.046
18 Cutyy(Curt, ggFert g Zngg)sgp(Fe3t, oV 0sMOt 50, (Getty 55AS™, 53)5 4, Spausy 241 37 1.043
19 CutyfCud= g Fed=gZng s)soo{Feity ; V3= o Moty Gty gGat* g AS 3yl oSy -0.56 0.9 1.042
20 CutygfCul~ygoFerg 7 o) oo Fedt ) Vit MOt o) (Getty 1 Gast ) pASS* 5 )5 S 04 06 1.045
21 Cuty(Curt, pFert ) 15(Fed~ 13V3= gho Gett 5 06A8™, 15)s 1Sy -0.83 1.3 1.096
22 Cutig(CuttgzFersy s e(Fedt Vot 1g):Get* 5554 69 11.
Cur(CutgsoFedt) (Gett 55 V3t )5 2:535 -24 3.6 (.969
23 (Ag*oaCut ig)15.05(Cut 5 3sMn27 0,70 5, ) 5 (FE3+, MO 1
Wt 11803 g5)y 74 (Gt 381+ .0, Gad 4,058 g 1) 5653178 -0.71 11 0.904
U Curyg(Cul=gZng ) 74Pt 5(Gett 1385 o) 5335500 -1.81 2.8 1.00
25 Curty(Cuty Fetm gZnggg)s iyl Fedt g Voo Wit o Mo¥ )y Getty 15Gad 06887 )63 -2.69 42 1.040
Cu(Cu~; Fe, 5, 7n, o) 5 Fe3*, -2.376 37
(Gett, 1gGad g g8 V5t ge Wi 0, M0 55) 5 505303
26 CurylCuy ey Tngg)s p(Fed V3 g WHo Mol *y )y Gett | Gadt0As5™  ys); 1S 221 3.4 1.057
27 Cuty(Cutt, Fedty o Zn g )5 g3(Fed ) V3 Wat o -2.8 4.3 1.040
Mo+ g5}y (Gt 5, Gad* ;A8 )5 65532.35
Cur(Cuty pFe2t; 3 Zng g )5 pyFe3-5[Ged 5 Gad g ASH | 56V3+ W oMO%=4.) 561535 -2.45 38
28 CuryplCurtypuferty o Zng e sFed= ;5 Wit Moty )y Gett g Gat* 0885 55 7Sy -1.28 2.0 1.057
29 Cuty(Cut, ety 7o) ool Fedt | goVity Mot o)y (Gett, ,Galt g 16As5* | gl 3655 -2.11 33 1.051
Cutyg(Cut, Ferty . Zng o) o Festy(Gett yGad=g0A87 ) 1gVit) MO~ ) 56515 -1.87 29
30 CurpfCutypFert) g Zngpl 5 (Fed= g5 Vi+qsM03* )y (Gett o Gadt ) ASS* 7] 758510 -0.64 1.0 1.071
31 Cury(Cutty oFe2t )y Zmg g pFed~ 5y V3t ggWht g MO3 =g 5y Gett y 1oGad eS| ) 53955005 -1.21 1.9 1.057
32 CurppfCut* yesFer* s g0 Zng gl 5 Fed ) g W+ g5 MO¥* 05)a(Ger 19Ga = gsAS5 | e) 6851 +0.97 1.5 1.085
33 CurygfCulry Fer= g2y ol 5ol Fedt 5gVotg (W, M3 o)y Get -y 1,Gad+ ) AS™ | 55} s0Sar a9 -0.64 1.0 1.083
34 Cury[Cut=yFel=; s Zmg el splFed 13 VotogWe g, M3~ 5y (Gt 4 5Gad A8 ) 55555142 -1.37 2.1 1.069
35 Curp(Cur*, el g s pFed+ (Geity (As™) ) 10Spis +0.29 0.4 1.113
36 Cut(CulyZnyg); 00Fe3t, 51 (Gt 5ASS 16V | 35)6 37508 +0.84 1.3 0.995
Cut 1g(Cud=, 1,70y o)y 04 (Fe3t 95 V3H | 55) o Fed+) 56Gedt  6ASST ) 5653008 -2.66 4.1
37 Cuty(Cu= 5Fett 5 70, gl ol Fe3t o V3+ 70l GeH* ) pAST 4 53) 105531 66 -3.41 53 1.065
Cuty(Culr yFe | 570y s ol Fe3t 39V g0l GEH 4 pAS 553V e 0uSs10 -0.14 0.2

Notes: All Cu over 16, 20, and 22 atoms in the analyses recalculated based on, respectively, 64, 66, and 68 atoms, is divalent; Sb3+, Vi+,

Mo3+, and W4+ substitute Fei+; Sn#+, Ass+, Ga’+, and Vot substitute Ge++.
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Fig. 3. Ratio Me/S in analyses of germanite. Groups of the analyses: (I) analyses with the relationship Me/S close to 1; (Il) analy-
ses with the relationship Me/S close to 1.062; and (I} analyses with the relationship Me/S close {0 1.125.

This isomorphism was earlier revealed in
another complex Ge sulfide, renierite (Be-
rnstein, 1986). In renierite, this dependence is
more clearly pronounced than in germanite,
possibly due to a more complex character of
isomorphism in the latter (because germanite
contains admixtures of V, Mo, W, and Ga,
which are absent in renierite). According to
data of E. Spiridonov (1987), in germanite Fe3+
occupies the same site that is occupied by V3+
in colusite; therefore, V3+ can substitute Fe3+
in germanite as well.

A recalculation of the analyses has demon-
strated that only 28 analyses from among 37
ones are adequately recalculated to the formu-
la with 66 atoms in the unit cell {in 6 of them,
the valence balance slightly exceeds 3%). Six
analyses can only be recalculated to the formu-
la with 64 atoms in the unit cell (in 2 of the 6
analyses, the valence balance slightly exceeds
3%), and 3 analyses are well recalculated only
on condition that the unit cell contains 68
atoms (Table 4). The Me/S ratio in the analyses
varies from 0.904 to 1.113, grouping about the
values 1.00, 1.062, and 1.125, corresponding to
the Me/S ratios equal to 32:32, 34:32, and 36:32
(Fig. 3). Thus, the cation/anion ratio in real
analyses is not constant. This suggests that we
deal either with solid solutions or with three
different, but similar in the chemical composi-
tion and properties, minerals. The second
assumption is more probable. Were there an
area of solid solutions, the Me/S ratio would be
continuous from 1 to 1.125.

So, the 37 analyses are subdivided into three
groups calculated based on 64, 66, and 68
atoms in the unit cell. For each group, varia-
tions of the principal components {Table 5),
their average values (Table 6}, as well as the
average values of the components occupying
different sites in the crystal structure of the
mineral (Table 7) are specified. The Cu content
generally increases with increasing the number

of atoms in the unite cell; the content of Ge and
divalent cations decreases in this same direc-
tion, which once more illustrates the existing
obvious, although relatively slight, differences
in the three groups of chemical analyses of ger-
manite, as well as the presence of the isomor-
phism Zn2+ + Ge*+ — Cu+ + Ass+. Empirical
formulae of the average analyses calculated
based on different numbers {64, 66, and 68) of
atoms in the unit cell will be as follows:

Cu+ 5(Cuz+ggFerg ) sFes+; 5(Get, JAsS 1)5555,
A= —-12,19%

Cuy(Cu+; 5P+, Zngg)g | Fed+5o(Gett  ,ASST g) 535,
A= —-1219%

Cut p(Cur+, e, Zngg)sFedt, o(Gett ,AsT 5 )5 155,
A= —1.929%

The conclusion on the existence of the three
different mineral species can also be derived
through drawing an analogy between german-
ite, on the one hand, and chalcopyrite, tal-
nakhite, mooihoekite, and haycockite, on the
other. Until the 1970s, the four last-mentioned
minerals were mistaken as a single mineral,
chalcopyrite, because of the closeness of their
chemical composition and physical properties.
In 1967, the work by L. Cabri (1967) was pub-
lished on cubic chalcopyrite that was found to
be an individual mineral species, talnakhite;
within 5 years, 2 more mineral species, mooi-
hoekite and haycockite, were discovered (Ca-
bri et al., 1972). Their crystal structures, as well
as that of germanite, represent superstructures
from the sphalerite structure. As is seen from
Table 8, their Me/S ratios are the same as
those, around which these ratios are grouped in
the real analyses of germanite. This suggests
an existence of three independent minerals.
Based on the above-presented formulae of
chalcopyrite, talnakhite, and mooihoekite, it is
easy to obtain germanite formulae with the
Me/S ratio equal to 1, 1.062, and 1.125.

In case of substitution Fe3+,, —» Me2+, +
(Ged+;As5+)g in chalcopyrite — Cu+Fe3+S, —
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Table 5. Variations in concentrations of the rincipal components in the chemical composition of german-
ite, in wt. % (upper row) and in f.u. (lower rovﬁ

An.calc., Cu Fe Zn Ge As Ge+As+Ga

based on: from to from lo from to from to from to from to

64 atoms 40.9 48.1 5.2 8.3 0 5.4 9.7 10.9 0 2.6 11.0 13.4
204 22.8 2.9 4.5 0 2.6 4.1 4.7 0 1.07 4.6 6.4

66 atoms 39.4 48.8 1.3 10.7 0 5.5 5.1 10.1 1.3 7.6 11.2 13.8
20.4 249 0.8 6.3 0 2.6 2.3 4.6 0.5 3.27 4.9 6.0

68 atoms 43.6 50.9 3.2 9.8 0 3.10 7.2 9.0 4.7 4.9 12.1 13.7
23.7 26.4 1.9 5.6 0 1.6 3.3 4.3 2.0 2.2 54 6.4

Table 6. Avera?e concentrations of the principal components in the chemical composi-

tion of germanite, in wt. % (upper row) and in f.u. (lower row)
An.cale., Cu Fe Zn Fe+Zn Ge As Ge+As+Ga S
based on:
64 atoms 45.2 6.3 1.95 8.2 10.2 1.5 12.6 33.6
23.3 3.4 0.9 4.3 4.3 0.6 5.4 322
66 atoms 45.5 6.0 1.6 7.6 9.1 3.5 13.0 31.7
23.3 3.5 0.8 4.3 4.1 1.6 5.7 32.1
68 atoms 47.8 6.5 1.0 7.5 8.0 4.8 12.8 311
249 3.8 0.5 4.3 3.7 2.1 5.8 32.2

Table 7. Average concentrations of the principal components in the chemical composition of germanite, in f.u.

An.calc., Fedi +Ve+ 4+ Ge+As+

based on: Cu+ Cu?+ Fe2+ Zn2+ IMe2! Mo +W Gedt Asst  Ga+Vs-

64 atoms 16 6.0 0.8 0.0 6.8 3.5 4.4 1.1 5.5

66 atoms 20 3.3 2.0 0.8 6.1 2.0 4.2 1.6 5.8

68 atoms 22 2.9 2.4 0.6 59 2.0 4.0 2.1 6.1
Table 8. Structural characteristics of germanite and minerals of the chalcopyrite group
Mineral Formula Sp. gr Z  Unit cell parameters, in A Reference Me/S

a c

Chalcopyrite  CutFe3+S,— Cu+ Fei+;S,, 14221 4 5.281 10.401  Hall et al.,1973 1
Talnakhite CutyFegS— Cu+ gFe?+ Fes+ | S, [43m 16 10.59 Cabri, 1967 1.062
Mooihoekite  Cu+yFe,S;;— Cu- zFez+gFest (S, P42m 8 10.58 5.37 Cabri et al., 1972 1.125
Germanite CuyFe,Ge Sy—Cu+,,Cuz (Fe3+ ,Ge,S,,  P43n 1 10.58 62(5) Tettenhorst et al., 1984 1.062

Cu+ gFe3+ (S, germanite — Cu+gMe2+;  That once more confirms the logic of the con-

Fes+,(Gett+ ,As5+).S,, with the ratio Me/S = 1
is formed.

In case of substitution Fe3+,, - Cu+,
Me2+, + (Get+ ,As5+,)s In talnakhite
Cut,Fe2t+Fes+,S,; » Cu+t gFez+,Fe3+ S, ger-
manite Cu+, Me2+ Fed+,(Get+ ,As5+,)sS;, with
the ratio Me/S = 1.062 is formed.

In case of substitution Fe2+,Fe3+, - Cu+, +
Get+y in mooihoekite Cut Fe2+ Fes3+ S, —
Cu+ gFez+gFe3+ | S, germanite Cu+,Me2+g
Fes+,Ge1+,S;, with the ratio Me/S = 1.125 is
formed. Taking into account the isomorphism
Zn2+ + Gei+ — Cut + Ass+, the formula
appears as Cu+,,Me?+;Fe3+,(Ge, As)eS;,, which
corresponds to the formula by E. Spiridonov
with co-authors (1992). In all the formulae,
Me2+ is Cu2+, Fe2+, Zn2+,

The similarity between these formulae to
those obtained through recalculation of the
average analyses for each group is obvious.

+

clusion on the existence of three mineral
species chemically close to germanite.
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