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absTracT

Neutralization of acidic fluids by means of fluid-olivine interactions is important in volcanic 
environments and has been proposed as a practical scheme for the neutralization of acidic sulfate-
rich fluids. To understand the interaction of olivine with highly acidic fluids we have reacted whole 
olivine crystals and a dunite cube with different sulfuric acid solutions at temperatures ranging from 
60–120 °C. Reaction of olivine with 2 and 3.6 M acid concentrations produced a layered amorphous 
silica pseudomorph of the original olivine grain. The mechanism of pseudomorphic replacement 
was studied by reacting olivine with an 18O-enriched acid solution and examining the products us-
ing Raman spectroscopy. Peak shifts in the Raman spectra show that 18O was incorporated into the 
silica rim, including the siloxane ring structures. The formation of a layered silica pseudomorph, the 
incorporation of 18O into the silica rim and the dependence of the replacement rim strength on the acid 
concentration indicate that the pseudomorphic replacement occurred by means of an interface-coupled 
dissolution-reprecipitation mechanism. When olivine was reacted with 1 M sulfuric acid amorphous 
silica was produced but no longer formed a pseudomorph of the olivine grain. Reaction with 0.1 M 
acid, or solutions containing Na, encouraged the formation of hematite as well as amorphous silica. 
From the known Fe-phase stabilities for our experimental conditions and the dependence of hematite 
formation on the presence of Na we propose that initially jarosite phases precipitated, which trans-
formed into hematite during the experiment.
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inTrOducTiOn

Olivine [(Mg,Fe)2SiO4] is the main constituent of many mafic 
and ultramafic rocks and is becoming increasingly important 
in environmental remediation schemes. For example, the use 
of olivine as a neutralizing agent has been proposed as part of 
multistage acid mine drainage (AMD) remediation (Kleiv and 
Thornhill 2008) as well as sulfur (Rappold and Lackner 2010) 
and excess acid disposal processes (Jonckbloedt 1998) due to the 
natural ability of Mg-silicates to neutralize acidic fluids in vol-
canic environments. Present abiotic AMD remediation schemes 
require high pH values to precipitate phases that immobilize the 
environmentally hazardous heavy metal ions released by sulfide 
oxidation. However, acid mine waters can have pH values as 
low as –3.6 in extreme cases, with sulfate concentrations as high 
as 200 g/L, such as those formed at Iron Mountain, California 
(Nordstrom et al. 2000). Similarly, the creation of brines in sulfur 
disposal schemes requires the neutralization of concentrated 
sulfuric acid with a low pH of 0 to 1. Thus, a neutralization 
step is required to generate a high pH solution. In present day 
remediation schemes, this is done with limestone. However, in 
highly acidic and sulfate-rich fluids, gypsum precipitation can 

coat the Ca-carbonate grains within the limestone, inhibiting 
dissolution and reducing porosity (Johnson and Hallberg 2005).

A natural example of AMD neutralization by means of its 
interaction with olivine can be observed at Ballangen, Norway, 
where the high olivine content around a mined Ni-sulfide ore 
body results in a slightly alkaline pH of the emitting fluids (Banks 
et al. 1997). At extremely low pH, olivine dissolution has been 
shown to be a better neutralizer than carbonate dissolution (Jam-
bor et al. 2002). Therefore, for extremely acidic fluids the use of 
olivine within the fluid remediation drains has been proposed to 
increase pH prior to further neutralization with limestone (Kleiv 
and Thornhill 2008). During olivine dissolution, sulfate precipi-
tation is not expected due to the high solubility of Mg-sulfate 
in aqueous solutions. This is especially beneficial for the sulfur 
disposal industry where the creation of non-toxic, Mg-rich brines 
would enable sulfur waste to be stored in underground aquifers 
or pumped into the ocean (Rappold and Lackner 2010).

In nature, highly acidic fluids from volcanic environments 
interact with surrounding rocks, leading to partial neutralization 
and subsequent changes in the overall fluid composition. Such 
fluid-rock interaction is generally described in terms of relative 
dissolution rates of the constituent minerals (e.g., Varekamp 
et al. 2009). However, the reaction of silicate minerals with 
highly acidic fluids can form amorphous silica pseudomorphs * E-mail: hking_01@uni-muenster.de


