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INTRODUCTION

Several dark emerald-green copper arsenate minerals con-
taining no water of crystallization are known from the oxidized
zones of base metal deposits (Anthony et al. 2000). These in-
clude olivenite (Cu2AsO4OH), the most common member of
the group. Related species are the dimorphous pairs cornwallite
and cornubite [Cu5(AsO4)2(OH)4] and clinoclase and gilmarite
[Cu3AsO4(OH)3]. Gilmarite is extremely rare, having been re-
ported from a single locality in France (Sarp and  Černý 1999).
Olivenite is monoclinic (pseudo-orthorhombic), space group
P21/n (Berry 1951; Burns and Hawthorne 1995; Toman 1977).
Cornwallite (monoclinic, space group P21/c; Arit and
Armbruster 1999) is isomorphous with pseudomalachite
[Cu5(PO4)2(OH)4] and is more common than its triclinic (space
group P 1–) dimorph cornubite (Tillmanns et al. 1985). The rare
species clinoclase has also been structurally characterized; it is
monoclinic, space group P21/a (Eby and Hawthorne 1990; Ghose
et al. 1965). A summary of crystallographic properties of the basic
copper arsenates relevant to this study is given in Table 1.

The relative stabilities of some of the anhydrous basic cop-
per arsenate minerals are shown in Figure 1, based on the ex-
perimentally derived data of Magalhães et al. (1988). As
expected, the more basic stoichiometries occupy fields at higher
pH. Cornwallite (or cornubite) is the stable phase under chemi-
cal conditions intermediate to those that serve to stabilize ol-
ivenite and clinoclase, and the paragenetic relationships
between the phases were explored by Williams (1990). Nor-
mal anhydrous Cu2+ arsenate is known as the naturally occur-
ring species lammerite [Cu3(AsO4)2], but it is very rare (Anthony
et al. 2000). Similarly, yvonite [CuHAsO4·2H2O] is known from
only one locality (Sarp and  Černý 1998). Thus this study has
concentrated on the more common anhydrous minerals of the

group. Their chemical similarities suggest that they would have
similar vibrational spectra, but structural differences indicate
that these should be readily distinguishable.

Whilst the infrared spectra of many minerals have been
forthcoming, few comprehensive studies of related minerals
such as the basic copper arsenates have been undertaken
(Braithwaite 1983; Gevork’yan and Povarennykh 1975; Paques-
Ledent and Tarte 1974). Structural investigations of some ar-
senates and the nature of the hydrogen bonds present have been
done, but the minerals selected in this study were fundamen-
tally unrelated. Sumin De Portilla (1974) found that the hy-
droxyl unit was coordinated directly to the metal ion and formed
hydrogen bonds to the arsenate anion. Cation substitution and
ordering in the olivenite-adamite (Zn2AsO4OH) series was in-
vestigated by IR methods (Chisholm 1985), but similar studies
for related species are lacking. In addition, very few Raman
studies of these species have been undertaken (Griffith 1969a,
1969b, 1970). As part of a comprehensive study of the molecu-
lar structure of secondary minerals containing oxyanions us-
ing IR and Raman spectroscopy, we report the vibrational
properties of olivenite, cornubite, cornwallite, and clinoclase,
together with an infrared emission study of their dehydration.

EXPERIMENTAL METHODS

Minerals

The sample of cornubite from the Daly mine, Flinders
Ranges, South Australia was obtained from the collections of
the Mineralogy Section, Victoria Museum, Melbourne, Victoria,
Australia (specimen M37793). Cornwallite and olivenite from
the Penberthy Croft mine, St. Hilary, Cornwall, U.K., were sup-
plied by J. Betterton. Samples of olivenite and clinoclase from
the Tin Stope, Majuba Hill mine, Utah, were purchased from
the Mineralogical Research Company. All were checked for
purity by powder X-ray diffraction and by SEM and micro-* E-mail: r.frost@qut.edu.au
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ABSTRACT

Molecular structures of the basic copper arsenate minerals olivenite, cornubite, cornwallite, and
clinoclase were studied using a combination of infrared emission spectroscopy and Raman spectros-
copy. Infrared emission spectra of the basic copper arsenates were obtained over the temperature range
100 to 1000 ∞C. The IR emission spectra of the four minerals are different, in line with differences in
crystal structure and composition. The Raman spectra are similar, particularly in the OH-stretching
region, but characteristic differences in the deformation regions are observed. Differences are also
observed in the arsenate stretching and bending regions. Infrared emission studies show that the min-
erals are completely dehydroxylated by 550 ∞C.




