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Mineralogical characterization of silica sinters from the El Tatio geothermal field, Chile
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INTRODUCTION

Noncrystalline silica commonly precipitates from moderately 
hot (~60 °C) to warm (45–30 °C) alkali-chloride, near-neutral 
pH waters in hot spring and geyser environments (Weed 1889; 
Fournier and Rowe 1966; Herdianita et al. 2000a; Smith et 
al. 2003; Rodgers et al. 2004; Channing et al. 2005). These 
waters are supersaturated with respect to opal-A, which is a 
non-stoichiometric inorganic polymer (SiO2·nH2O) (White et 
al. 1956; Segnit et al. 1965; Benning et al. 2004). Krauikopf 
(1956) pointed out that the rate of silica polymerization is most 
rapid when the solution is basic (pH > 9). This phase commonly 
coagulates and/or flocculates from a polymeric colloidal state 
as distinct vitreous microspheres (<500 nm in diameter), with 
individual silica colloids being <5 nm in diameter (Rodgers et al. 
2004). The resultant sinter is formed by agglomeration of such 
microspheres (Rodgers et al. 2004).

Although it is difficult to ascribe specific sinter features to 
abiogenic or biogenic processes, the microbial fingerprints in 
microstructures and microtextures in sinters from geothermal 
fields are evident around the world (Inagaki et al. 2001; Kon-
hauser et al. 2001; Guidry and Chafetz 2003; Jones and Renaut 
2003; Smith et al. 2003; Jones et al. 2004; Lynne and Campbell 
2004; Rodgers et al. 2004; Channing et al. 2005; Fernandez–
Turiel et al. 2005). The processes that control colloidal silica-
microbe interactions are poorly understood despite the fact that 
the presence of microbes can influence mineral precipitation. 
However, experiments carried out with cyanobacteria indicate 
that silica precipitation is largely abiogenic and cyanobacterial 
surfaces have a negligible effect on silica nucleation (Yee et al. 
2003; Benning et al. 2004; Handley et al. 2005). 

Although the water content of opal-A commonly ranges 
from 4 to 9 wt% H2O, it can exceed 20 wt% H2O in some cases 
(Aines and Rossman 1984; Knauth 1994; Herdianita et al. 2000a; 
Goryniuk et al. 2004; Jones and Renaut 2004). The water content 
of opal-A varies on a microscale and from laminae to laminae, 
reflecting local differences in environmental conditions (Jones 
and Renaut 2004). The total water (H2O + OH) occurs as silanol 
groups (OH attached to Si), absorbed water attached to silanol, 
and water trapped between silica spheres (Langer and Flörke 
1974; Flörke et. al. 1991; Graetsch 1994; Herdianita et al. 2000a; 
Jones and Renaut 2004). 

Silica transformations are the result of water loss, repeated 
solution-precipitation, replacement, crystallization, and re-
crystallization (Kano and Taguchi 1982; Kano 1983; Scurfield 
and Segnit 1984; Williams et al. 1985; Herdianita et al. 2000b; 
Campbell et al. 2001). This transformation is progressive and 
occurs during silica phase maturation (Herdianita et al. 2000b; 
Lynne et al. 2005). Most modern sinters consist of opal-A (e.g., 
at Orakei Korako and Whakarewarewa in the Taupo Volcanic 
Zone; Smith et al. 2003; Jones and Renaut 2004). Opal-A is 
progressively transformed to opal-CT and opal-C (e.g., Umukuri 
in Taupo, New Zealand, Campbell et al. 2001; Lynne and Camp-
bell 2004). Although quartz is the thermodynamically favored 
silica phase at near-surface conditions, kinetic factors promote 
the formation of microcrystalline opal after the dissolution of 
opal-A (Kastner et al. 1977). Experimental studies have dem-
onstrated that the presence of clay and organic matter delays the 
transformation rate of microcrystalline opal to quartz (Kastner 
et al. 1977; Hinman 1990). Finally, in ancient sinters (cherts), 
quartz is the predominant phase, although opal-C and opal-CT, 
and rarely opal-A, may persist in pre-Cenozoic rocks [e.g., in 
Ordovician rocks at Sarrabus in Sardinia, Italy (Gimeno 1989), * E-mail: maitegarciavalles@ub.edu

ABSTRACT

Silica sinters, deposited from alkali chloride waters in the El Tatio geothermal field in northern Chile 
(22°20'S, 68°01'W), have been characterized by XRD, SEM, TG-DTA, and FTIR. The dominant silica 
phase is opal-A. Minor contents of opal-A/-CT and opal-CT are also present together with halite (NaCl), 
sylvite (KCl), and realgar (AsS). Accessory phases include teruggite [Ca4MgAs2B12O22(OH)12·12(H2O)], 
sassolite (H3BO3), and detrital quartz (SiO2). FWHM values reflect the immature nature of the studied 
opal-A. DTA heating experiments of opal-A show cristobalite crystallization at ~1000 °C, whereas 
DTA cooling experiments show the β → α-cristobalite transformation at ~200 °C. The total weight 
loss is related to changes in the sinter microtextures, mineral phases, and organic matter contents. 
FTIR spectra show the effects of silica maturation as consequence of the loss of trapped and absorbed 
water attached to silanols. 
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