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INTRODUCTION

Violarite, FeNi2S4, occurs abundantly in the supergene 
alteration zones of many massive and disseminated Ni sulÞ de 
deposits, where it replaces primary nickel sulÞ de minerals such 
as pentlandite and can be a signiÞ cant part of the ore (Nickel et al. 
1974; Misra and Fleet 1974). Violarite can also form as a primary 
phase by exsolution from pentlandite (Grguric 2002). Michener 
and Yates (1944) reported that the transformation of pentlandite 
to violarite occurs in drill cores containing primary pentlandite 
over a 25 year period when left exposed to the weather in Sud-
bury, Canada, indicating that the reaction can occur rapidly on 
a geological time scale. Understanding the thermodynamics and 
kinetics of the formation of violarite in the weathering proÞ le 
is important for understanding alteration patterns in and around 
nickel deposits, and has signiÞ cant implications for ore process-
ing. Supergene violarite is generally Þ ne-grained and relatively 
porous and it has a poor response in the ß oatation systems used 
to beneÞ ciate many massive sulÞ de ores. On the other hand, a 
proportion of violarite in the nickel concentrate facilitates smelt-
ing, as the burning of violarite is a highly exothermic reaction 
(Dunn and Howes 1996). Hence, the processing of nickel sulÞ de 
ores could beneÞ t from an understanding of the conditions and 
mechanisms of the transformation of pentlandite to violarite.

Violarite adopts the spinel structure, which can be treated as a 
cubic close-packed array of S atoms with metal atoms occupying 

½ of the octahedral sites and 1/8 of the tetrahedral sites of the array 
(Vaughan and Craig 1985). The composition Þ eld of violarite 
extends toward both greigite (Fe3S4) and polydymite (Ni3S4) 
and in this paper we shall use the term violarite to designate 
any intermediate composition between greigite and polydymite 
rather than just the composition Ni2FeS4.

The formation of violarite from pentlandite by supergene 
process has long been recognized as a replacement reaction 
(Misra and Fleet 1974, and references therein). Misra and Fleet 
(1974) show that supergene violarite inherits the crystallographic 
oriented from the pentlandite it replaces. Pentlandite, (Fe,Ni)9S8, 
also has a structure based on ccp S with Fe and Ni atoms oc-
cupying ½ of the tetrahedral sites and 1/8 of the octahedral sites 
(Rajamani and Prewitt 1973). Thornber (1975) proposed that the 
formation of violarite from pentlandite took place in the solid 
state and that electrochemical processes drove metal diffusion, 
with the ore body acting as a corrosion cell. Warner et al. (1992) 
attempted to transform pentlandite to violarite electrochemically 
using anodes of massive pentlandite-pyrrhotite in an electro-
chemical cell with a strongly acidic solution and an oxidizing 
potential of 0.8 V. Over several minutes they transformed the ends 
of their electrodes to amorphous elemental S with no evidence 
of violarite. Putnis (2002) suggested that the porous and cracked 
texture exhibited by supergene violarite indicates a dissolution-
reprecipitation reaction rather than a topotactic transformation. 
Recent studies have shown that crystallographic orientations 
can be inherited in couple dissolution-precipitation reactions 
(Putnis et al. 2005; Labotka et al. 2004). We have undertaken a 
detailed laboratory study of this transformation using a series of 
free drift water bath and ß ow-through hydrothermal cell experi-
ments. We report here preliminary results of these studies into 
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ABSTRACT

The transformation of pentlandite, (Ni,Fe)9S8, to violarite, (Ni,Fe)3S4, has been investigated un-
der mild hydrothermal conditions, at constant values of pH (range 3 to 5) controlled by the acetic 
acid/sodium acetate buffer. At 80 °C, 20(4) wt% of the pentlandite transforms to violarite in 33 days; 
with the addition of small amounts of Fe3+(CH3COO)2(OH) and H2S the reaction reaches 40(4) wt% 
completion in this time. At 120 °C and a pressure of 3.5 bars the reaction is complete in 3 days at pH 
3.9. Electron backscatter diffraction and backscattered electron imaging reveal that the reaction tex-
tures are typical of a coupled dissolution-reprecipitation reaction, rather than a solid state electrolytic 
process as has been previously reported. The gap between the dissolution front and the precipitation 
front of violarite is less than 400 nm. The violarite produced by these hydrothermal transformations 
is texturally similar to supergene violarite, being Þ ne grained, porous and Þ nely cracked.
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