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The first occurrence of wittichenite, CuaBiSa, in Norway is reported from 
hydrothermal quartz veins in west Telemark. X-ray and optical data are 
given and are compared with the data for wittichenite r<!ported so far. A 
variety of intergrowth textures of wittichenite with bornite, chalcopyrite, 
chalcocite, and galena is described. The characteristic development of a 
secondary mineral - 'X' - is useful for identification of wittichenite in ores 
occurring near the surface. Wittichenite and the associated chalcopyrite were 
formed as replacement products, when bismuth from Bi, Pb-bearing hydro
thermal solutions reacted with bornite. 

F. S. Nordrum, Institutt for Geologi, Universitetet i Oslo, Blindern, Oslo 3, 
Norway. 

Introduction 

This work is a preliminary report on an investigation of bismuth minerals 

in west Telemark, south central Norway. The whole assemblage of bismuth 

minerals will be dealt with in a later publication. 

A copper-bismuth mineral, 'Kupferwismutherz', was first identified by 

Selb (1805) from Wittichen, Baden. Kobell (1830) proposed its composition 
to be 3Cu2S · Bi2S3• The mineral has since been named wittichenite by Kenn
gott (1853) (Nuffield 1947). Lindgren (1935) and Stillwell & Edwards (1942) 
reported the occurrence of wittichenite from Colquijirca silver mine, Peru, 
and Tennant Creek gold ores, Australia, respectively. Krieger (1940) descri
bed the relation between a mineral named klaprotholite and bomite from 
Conception del Oro, Mexico. Kriger's 'klaprotholite' was later proved to be 
wittichenite by Nuffield (1947). Wittichenite was often misidentified as 

klaprothite (klaprotholite), 3CU2S · 2Bi�3, before Nuffield's work. Nuffield 

also provided crystallographic and structural data for wittichenite from 

Schapbachthal, Baden. Subsequently Ramdohr (1969) mentioned the oc

currence of wittichenite from Gla va, Varmland, Sweden. 

Wittichenite is a new mineral for Norway. The present author has found 

the mineral in Grusen, Moberg, and Mosnap mines in the northem part of 

Fyresdal, in Amdal, Nesmark, Tveiten, and Tjøstølflaten mines, and in road 

sections and a quartz-fluorite dike near Lauvvik in the southem part of 

Tokke, west Telemark. The locations of the occurrences are shown in Fig. l. 
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Fig. 1. Location of the ore deposits. Rock borders after E. Gyøry (pers. com.). 

Mode of occurrence 

Wittichenite occurs in sulphide-bearing hydrothermal quartz veins. The 

quartz veins are related to pegmatite dikes and to some of the palingenetic 

granite bodies of Precambrian age which have intruded the supracrustal 

rocks of the Telemark suite (Vogt 1886, 1888, Dons 1960a, 1960b, 1963). 

The sulphide ore aggregates within the quartz veins appear to contain up 

to 4 % by volume of wittichenite. The mineral is found to be evenly 

distributed throughout the ore bodies. 

The wittichenite-bearing deposits contain •a large number of ore minerals 

such as chalcopyrite, bornite, chalcocite, digenite, sphalerite, galena, arseno

pyrite, molybdenite, scheelite, tellurbismuth, native silver and gold, magne

tite, hematite, and quite a few other minerals. 
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Wittichenite always occurs in deposits or parts of deposits where bornite 
and hypogene chalcocite are the predominant ore minerals. Frequently it is 

observed to be intimately intergrown with chalcopyrite. Wittichenite is also 

noticed to be closely associated with galena in Amdal mine. 

X-ray data 

Wittichenite was identified by the X-ray powder photograph method, using 
a 9 cm Debye-Scherrer camera with FeKa radiation and Mn filter. A 

comparative study of the observed d-values and cell dimensions (Tables 1 
and 2) of the present sample with the published data of Nuffield (1947) and 

Berry & Thompson (1962) on wittichenite points to a close similarity. In 

this study the cell parametel"S were calculated by an EDB programme for 
the orthorhombic system from the 21 strongest lines. 

Table l. X-ray powder data for wittichenite. 

Schapbachthal, Wittichen, Baden 
Baden (Berry & Grusen mine 

(Nuffield 1947) Thompson 1962) (present work) 

(hkl) d(Å) obs. I d(Å) obs. d(Å) obs. I 

(011) 5.66 1 5.68 5.65 w 

(020) 5.20 l 5.22 5.17 w 

(111) 4.54 4 4.55 4.55 st 

(200) 3.82 3 3.83 3.84 m 

(121) 
3.61 l 3.62 3.63 w 

(210) 

(002) 
3.33 l 3.34 3.35 w 

(201) 

(012) 
3.18 3 3.19 3.17 m 

(211) 

(220) 
(102) 3.07 8 3.08 3.07 v st 
(031) 

(112) 2.95 l 2.96 2.96 w 

(131) 2.84 lO 2.85 2.86 v st 

(022) 2.81 Yz 2.81 

(122) 2.65 4 2.66 2.65 st 

(040) 
2.57 2 2.58 2.58 w 

(230) 

(310) 2.49 Yz 2.49 

(032) 
(231) 2.39 3 2.39 2.41 w 
(301) 

(311) 2.34 Yz 2.34 
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Table l (contd.) 

Schapbachthal, Wittichen, Baden 
Baden (Berry & Grusen mine 

(Nuffield 1947) Thompson 1962) (present work) 

(hk!) d(Å) obs. I d(A) obs. d(Å) obs. I 

(141) 
(320) 

2.28 Yl 2.28 
(132) 
(222) 

(013) 
2.16 2 2.17 2.18 w 

(321) 

(113) 2.10 Yl 2.10 

(330) 
(023) 

2.05 2 2.05 2.05 w 
(042) 
(241) 

(312) 
(150) 1.984 2 1.989 1.99 m 
(123) 

(151) 1.905 Yl 1.910 

(322) 1.890 3 1.895 1.90 w 

(133) 
(250) 1.816 3 1.821 1.82 m 
(340) 

(052) 1.757 3 1.762 1.76 m 

(421) 1.729 2 1.734 1.73 w 

(303) 
(160) 1.676 3 1.681 1.68 m 
(430) 

(323) 
(252) 1.596 l 1.600 
(342) 

Table 2. Unit cell dimensions of wittichenite. 

Loe ali ty a(A) b(Å) c( Å) 

Schapbachthal, Baden 
7.66 10.31 6.69 

(Nuffield 1947) 

Schapbachthal, Baden 
7.68 10.33 6.70 

(Berry & Thompson 1962) 

Grusen mine, Fyresdal 
7.656 ± 0.012 10.351 ± 0.019 6.705 ± 0.010 

(present work) 
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Microscopical o bservations 

Wittichenite was examined by reflected light microscopy to study its optical 

and physical properties and textural relationship. 

The mineral takes a good polish and shows a smooth surface. Its bire

flectance is very difficult to observe, as the mineral usually occurs as single 

grains or as multiple grains all having the same orientation. In a few cases 
grains with different orientations are found in contact. The mineral then 

shows a weak, but clear bireflectance. The colour of the mineral is light 

grey with different shades of faint yellow. It is light grey with a yellowish 

to pinkish tint ,against chalcopyrite, darker grey with an olive-brown tint 

against bomite and galena, and light yellow against chalcocite and digenite. 
Under oil immersion the colours are accentuated. 

The mineral shows a moderate anisotropism. The polarization colour is 
grey with different shades of faint brown. Krieger (1940) observed a 

moderate anisotropism in agreement with wittichenite of the present investi
gation. However, Nuffield (1947) and Ramdohr (1969) reported a weak, 

Uytenbogaardt (1951) a weak to moderate, and Stillwell & Edwards ( 1942) 
a strong anisotropism. 

Reflectivity measurements were made with a Zeiss microscope photometer 

and a SiC standard. The apparent uniradial reflectivities of randomly orien
ted grains of wittichenite were measured in monochromatic light of wave

length 549 m.u (Cameron 1963). As expected for a mineral with biaxial 
symmetry, neither R1 nor R2 has a constant value (Table 3). From the 

results of R1 and R2 the values of Rp = (R1 min.) = 33.8 %, Rg = (R2 
max.) = 36.6 %, and Rm = (R1 max. + R2 min.f2) = 35.0% are obtained. 

As Rm is doser
· 
in value to Rp than to Rg, the mineral is considered to be 

biaxial positive at ). = 549 m,u. 

The mean uniradial reflectivity (Rp + Rgf2) was measured in green, 
orange and red light and compared with the results given by Ramdohr 
( 1969) (Table 4). In the case of green light there is a close similarity of the 

Table 3. Apparent uniradial reflectivities of wittichenite (). = 549 m,u). 

R1 (%) 34.5 35.0 34.2 34.9 34.2 33.8 34.5 34.0 34.3 33.8 

R2 (%) 36.0 36.6 35.0 35.9 35.7 35.9 36.5 36.4 36.1 36.2 

Table 4. Mean uniradial reflectivity (%) of wittichenite. 

Ramdohr (1969) Present work 

Colour Air Oil Air 

green 35.0 20 35.2 

orange 29.5 20 34.7 

red 28.0 18 34.0 
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Table 5. Spectral reflectivity of wittichenite. 

Wavelength (m,u) 400 420 450 500 546 

Rt (%) 34.9 33.1 31.6 32.8 33.9 

R2 (%) 39.3 37.1 34.9 36.0 36.6 

Table 6. Vickers hardness of wittichenite. 

Load (g) Parnamaa (1963) 

100 161-195 

Y o ung & Millman 
(1964) 

17Q-206 

589 650 700 

34.0 33.3 32.3 

36.1 35.2 34.0 

Present work 

17Q-206 

results, but in the other cases the differences are too great to be caused by 
error in the measurements. The spectral reflectivity was measured on a face 
giving Rt = 33.9 % and � = 36.6 % in green light (Table 5). 

Cleavage was not observed in the mineral. Considering the polishing 

hardness, wittichenite is softer than bomite. The Vickers hardness was 
measured on ten grains with the help of a Leitz Durimet hardness tester. A 

test load of 100 g was used. A final value was calculated for each measure

ment, using the average length of the shortest and longest diagonals. The 

range of the hardness values is found to conform well with the range repor
ted earlier (Uytenbogaardt 1967) (Table 6). 

Textures 
Wittichenite shows characteristic textural relationships with the associated 
minerals. lts relations to bomite, chalcopyrite, chalcocite, galena, arsenopy
rite, and secondary minerals are described below. 

Relation to bornite 
Wittichenite is occasionally found in bomite as large, allotriomorphic 
grains. Aggregates of wittichenite are up to 5 mm across, while the individual 
grain size measures up to l mm across. 

Wittichenite very often appears as lang and thin replacement bodies, some 

of which are nearly straight and follow microcracks in bomite. However, 

most of these bodies are curved. At a few places they are arranged to form 

an ellipsoidal pattem in the bomite host (Fig. 2A) . The curved replacement 
bodies of wittichenite seem to follow regularly the grain borders of bomite, 

but the borders between these two minerals are jagged. Occasionally thin 

offshoots of wittichenite run from the curved bodies along microcracks into 
the bomite grains. 

In the centre of the ellipsoidal wittichenite bodies in bomite, there are 

usually a lot of tiny spindle-shaped bodies of wittichenite which are oriented 

along crystallographic directions in bomite (Fig. 2B). 

Around the replacement bodies of wittichenite, there are sometimes 
clouds of tiny spindles of the same mineral, which are fairly well oriented 
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Fig. 2A. Curved and often ellipsoidal pattern formed by bodies of wittichenite in 
bornite. B. Spindle-shaped bodies of wittichenite following three crystallographic 
directions in a grain of bornite. Amdal mine. 

along cleavage planes of bornite (Fig. 3). It seems that replacement has 

started along the cleavage planes of bornite and has then grown inwards. 
Wittichenite aften occurs as rod-like bodies very regularly oriented along 

crystallographic directions in bornite. The individual rods are very small 
(< 0.02 mm). In polished sections they show a rectangular shape (Fig. 4). 
The rods grade into larger and langer bodies which usually show a more 

irregular pattern (Fig. 5). This type of texture is also found dose to large 
replacement bodies of chalcopyrite. The rods of wittichenite are found in 

Fig. 3. Spindles of wittichenite (white) in bornite (grey) around a replacement body of 
the same mineral. Grusen mine. 
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0,05mm 

Fig. 4. Small rods of wittichenite (white) oriented in two crystallographic directions in 
bornite (grey). Amdal mine. 

Fig. 5. Irregular pattern of small bodies of wittichenite (light grey) in bornite (grey) 
and chalcopyrite (white). Amdal mine. 

that case to continue into the chalcopyrite bodies, but they do not retain 
their original orientation and shape (Figs. 5 and 8D). 

Relation to chalcopyrite 
In the Mosnap, Amdal, and Tjøstølflaten mines and in the quartz-fluorite 

dike, most wittichenite occurs in small bodies consisting of wittichenite and 
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Fig. 6. Mutual boundary relations of wittichenite (light grey), bornite (grey), and 
chalcopyrite (white). The quartz-fluorite dike. 

Fig. 7. Bornite (grey) is replaced by wittichenite (light grey) along crystallographic 
directions. White is chalcopyrite. Dark grey patches on left hand top and bottom are 
secondary covellite. The quartz-fluorite dike. 

chalcopyrite, which are disseminated throughout the bornite aggregates (Fig. 
6). Wittichenite shows mutual boundary relations to chalcopyrite and bornite. 

This type of intergrowth is usually taken as an indication of simultaneous 

crystallization. However, in some cases wittichenite from these bodies in-
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vades the bornite grains along their crystallographic directions (Fig. 7). The 

offshoots are quite long and continuous, showing faintly curved borders. 
This signifies that the texture is caused by guided replacement. In other 
cases chalcopyrite invades the adjacent bornite in a similar manner (Fig. SA). 

Probably wittichenite and chalcopyrite have crystallized simultaneously, but 
both minerals have replaced bornite. 

In the Mosnap mine the bornite aggregates contain several minute, orien
ted spindle-shaped bodies of wittichenite, similar to spindles mentioned 
earlier from the ellipsoidal forms. However, in the Mosnap mine the spindles 

of wittichenite usually contain globular droplets of chalcopyrite (Fig. SB). 

The bodies of intergrown chalcopyrite and wittichenite described above 
contain only a small proportion of the chalcopyrite in the deposits. The 

main part of the chalcopyrite appears as large, rounded grains and aggre
. gates from O.l mm up to many centimetres across. Wittichenite along micro

cracks in bornite is replaced and the microcracks are completely filled with 
chalcopyrite, where the bodies of chalcopyrite cross them (Fig. SC). This 
proves that the large bodies of chalcopyrite replace both bornite and 
wittichenite. 

It is evident that chalcopyrite has been formed during two different 
hydrothermal stages - an early stage where chalcopyrite crystallized simul
taneously with wittichenite, and a later stage where chalcopyrite replaced it. 

Where bornite is intergrown with wittichenite, the latter mineral often 
appears along the borders and also a fraction of a millimetre inside the 

large replacement bodies of chalcopyrite (Fig. SD). This shows that bornite 

is more easily replaced by chalcopyrite than wittichenite is. 

Relation to galena, chalcocite, and arsenopyrite 

In Amdal mine galena appears in mutual boundary relation with wittichenite 
and chalcopyrite. The minerals occur as intergrowth bodies in bornite 
aggregates, either as large, rounded, separate bodies or as long chains of 
smaller bodies (Fig. SE). The chains measure up to a few centimetres in 
length. They are curved and seem to follow grain borders of bornite 
aggregates. 

These mutual boundary intergrowth bodies are similar to the intergrowths 

formed by chalcopyrite and wittichenite. It appears that galena, chalcopyrite 

Fig. SA. Bornite (bn) is replaced by chalcopyrite (cp) along a crystallographic direction. 
(w) is wittichenite. Mosnap mine. 
B. Spindles of wittichenite (w) oriented along crystallographic directions in bornite (bn). 
The spindles contain globular droplets of chalcopyrite (cp). Mosnap mine. 
C. Bornite (bn) is replaced along a microcrack (black) by wittichenite (w). Bornite and 
wittichenite are replaced and microcracks are filled by chalcopyrite (cp). Mosnap mine. 
D. Bornite (bn) containing rods of wittichenite (w) is replaced by chalcopyrite (cp). 
Reshaped grains of wittichenite (left) are found, a fraction of a millimetre inside the 
chalcopyrite grains. Amdal mine. 
E. Mutual boundary pattern between wittichenite (w), chalcopyrite (cp), and galena 
(gn) in bornite (bn). Amdal mine. 
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of the early stage and wittichenite have crystallized simultaneously. Like 

wittichenite, galena is replaced by late stage chalcopyrite. 

Chalcocite is the latest of all the hydrothermal minerals in the area. 

Wittichenite is found in the chalcocite aggregates as rounded grains up to 

0.5 mm across. As observed by Krieger (1940), wittichenite seems to be very 

resistant when bornite is replaced by chalcocite. 

Arsenopyrite is sometimes found as idiomorphic grains within wittichenite, 

and as it is older than bornite, it must have been resistant to wittichenite 

when the latter replaced the adjacent bornite. 

Secondary minerals 

In the oxidation zone wittichenite is quickly replaced by secondary minerals. 

The most common secondary mineral, here called - 'X' -, is grey in colour. 

Bireflectance was not observed. It has distinct anisotropism. The polarization 

colour is grey with different shades of yellowish-brown tint. Its characteristic 

and frequent occurrence as irregular veinlets in grains of wittichenite, is an 

excellent key to the identification of wittichenite in the ores exposed near 

the surface (Fig. 9). 
Sometimes small grains of covellite are found disseminated within the 

mineral - 'X' -, and at a few places wittichenite is replaced by covellite. 

Genesis and paragenesis 

Krieger (1940) described graphic textures and different types of exsolution

like textures of wittichenite and bomite, which are similar to some of the 

textures observed by the present author. Krieger was unable to find any 

texture which showed an age difference for these two minerals. He therefore 

concluded that wittichenite had developed as a result of unmixing from a 

solid solution. 

Ramdohr (1969) usually regarded wittichenite to be of hypogene origin. 

He further emphasized that in some cases the mineral is formed in reaction 

rims between copper and bismuth minerals by replacement, and sometimes 

by processes of enrichment. Ramdohr also mentioned co-existing wittichenite 

and chalcopyrite in bomite from a deposit in Portugal, as products of un

mixing from a solid solution. 

In the present area bomite has generally been replaced by wittichenite 

along microcracks and grain borders. In a few cases significant guided re

placement is also found. 

Sometimes the occurrence of small, oriented bodies of wittichenite in 

bornite gives an appearance similar to exsolution textures. But the co

existence of replacement textures and exsolution-like textures points to the 

fact that the latter must be products of guided replacement and not of 

exsolution. 

The following observations are of importance for the genetic interpreta

tion: 
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Fig. 9. A grain of wittichenite (white) in chalcocite (light grey) partly replaced by a 
secondary mineral - 'X' - (grey) in irregular veinlets. Grusen mine. 

Two generations (I and Il) of chalcopyrite are present. 

Chalcopyrite (I) is always found to be associated with wittichenite. 

Chalcopyrite (I) and wittichenite are exclusively found in association with 
bornite. 

Wittichenite, chalcopyrite (I), and galena crystallized simultaneously. 

Bornite is replaced by wittichenite, chalcopyrite (I), and galena. 

In the absence of bornite (as found in Bleikum claim, Fig. 1) bismuthinite, 

Bi2S3, and galena have been formed instead of wittichenite, chalcopyrite 
(I), and galena. 

It can be concluded that wittichenite and the associated chalcopyrite (I) 
have formed as replacement products, when bi:smuth from Bi, Pb-bearing 
hydrothermal solutions reacted with bornite. The reaction can be represented 
by the following equation: 

2xBi3+ + [SCu�·CuFeS2]-+ x [3Cu2S·Bi�3] + yCuFeS.3 + (5 -6x -y)Cu+ 

(bornite) ( wittichenite) ( chalcopyrite) 

(1 - y) Fe:J+ + 2 (2 - 3x - y) S2--

(0.62 >X> 0.33, 0 >y> 1) 

As the reaction takes place at a constant volume, parts of the reaction 

material must be dissolved. 

The relative proportions of wittichenite and chalcopyrite in the product 
vary. In the polished sections wittichenite is often observed as the only 
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p hase. This gives x = 0.62, y = O. Theoretically all Fe3 + and Cu + from the 

replaced bomite can be bound in chalcopyrite. In this case x= 0.33, y = l. 
It seems that the average proportion of wittichenite and chalcopyrite in the 
polished sections is about three to one, that is, x = 0.46, y = 0.57. 

Considering the textural relationship of wittichenite with other ore mine

rals described in earlier pages, a tentative paragenetic scheme of the ore 
minerals has been drawn (Fig. 10). 
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