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aBstract

We report the replacement of chalcopyrite by bornite under hydrothermal conditions in solutions 

FRQWDLQLQJ�&X�,��DQG�K\GURVXO¿GH�RYHU�WKH�WHPSHUDWXUH�UDQJH����±����qC at autogenous pressures. 

Chalcopyrite was replaced by bornite under all studied conditions. The reaction proceeds via an interface 

coupled dissolution-reprecipitation (ICDR) mechanism and via additional overgrowth of bornite from 

the bulk solution. Initially, the reaction is fast and results in a bornite rim of homogeneous thickness. 

5HDFWLRQ�UDWHV�WKHQ�VORZ�GRZQ��SUREDEO\�UHÀHFWLQJ�KHDOLQJ�RI�WKH�SRURVLW\��DQG�WKH�UHDFWLRQ�SURFHHGV�
predominantly along twin boundaries of the chalcopyrite. 

The composition of the bornite product is generally Cu-rich, corresponding to the bornite-digenite 

(Cu5FeS4-Cu9S5; Bn-Dg) solid solution (bdss). The Cu and Fe contents were controlled principally 

by temperature, with solution pH having only a small effect. The percentage of Cu in bdss decreased 

and the percentage of Fe increased with increasing reaction temperature: at 200 qC a composition of 

Bn47Dg53 was obtained; at 300 qC the composition was Bn90Dg10 and at 320 qC it was near-stoichiometric 

ERUQLWH��7KH�LQÀXHQFH�RI�WHPSHUDWXUH�UDWKHU�WKDQ�VROXWLRQ�FKHPLVWU\�RQ�WKH�FRPSRVLWLRQ�RI�bdss, as 

well as the homogeneity of the bornite product grown both via replacement of chalcopyrite and from 

WKH�EXON�VROXWLRQ�DV�RYHUJURZWK��DUH�LQWHUSUHWHG�WR�UHÀHFW�EXIIHULQJ�RI�WKH�ERUQLWH�DFWLYLW\�LQ�bdss via 

solids (e.g., reaction chalcopyrite + 2 chalcocite = bornite). 

Only the end-member compositions of the bdss are found in nature, indicating that the products 

obtained are metastable, and illustrating the importance of reaction mechanism for controlling the 

chemistry of the mineral product. The unique features of the chalcopyrite to bornite reaction investigated 

here are related to interaction between a solution controlled ICDR reaction with solid-state diffusion 

processes driving porosity healing.
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introduction

Chalcopyrite (CuFeS2) and bornite (Cu5FeS4) are the most 

abundant primary Cu-bearing sulfides across a wide range of ore 

deposit types. In nature, the textures of some chalcopyrite-bornite 

assemblages can be interpreted in terms of solid-state exsolution 

or unmixing processes, e.g., bornite intergrown with a maze of 

minute chalcopyrite needles (Ramdohr 1980; Cook et al. 2011). 

The majority of chalcopyrite and bornite intergrowths, however, 

show textures consistent with fluid-mediated replacement reac-

tions. The replacement of chalcopyrite by bornite is common in 

sulfide chimneys from active seafloor hot springs (e.g., Graham 

et al. 1988; Haymon 1983; Tivey 1995); further replacement of 

chalcopyrite by bornite also happens during weathering of such 

massive sulfide deposits (Halbach et al. 1998). Oszczepalski 

(1999) showed that chalcopyrite was preferentially replaced by 

bornite, which could in turn be replaced by Cu-sulfides such as 

chalcocite, covellite, and digenite in Kupferschiefer ores from 

Poland. Indeed, chalcopyrite-bornite intergrowths found in many 

primary copper sulfide ores are believed to have formed either 

by bornite replacing chalcopyrite or vice versa (Ramdohr 1980; 

Robb 2005).

The transformation mechanism of chalcopyrite and bornite 

intergrowths has been the subject of only a small number of 

experimental studies either under solid-state or low-temperature 

hydrothermal conditions. Amcoff (1988) undertook a detailed 

study on the solid-state replacement of chalcopyrite by bornite 

between 200 and 500 qC, showing that chalcopyrite reacted with 

chalcocite to form bornite under relatively reducing conditions. 

The reaction is claimed to be structurally controlled by the 

inter-diffusions of Fe and Cu in the S lattices. Roberts (1963) 

conducted a series of experiments to investigate the transforma-

tion of chalcopyrite into bornite in Cu-sulfate aqueous solutions 

at low temperature (<150 qC), showing that chalcopyrite could be 

converted to bornite after six days at 100 qC, and that the product 

bornite could be converted back to chalcopyrite by adding an 

excess of sulfide and ferrous ions under the same conditions.

Based on previous studies of mineral replacement reactions 

in a range of important sulfide minerals including pyrite (Qian 

et al. 2010, 2011, 2013), violarite (Tenailleau et al. 2006; Xia et 
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