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Abstract

Biological activity plays a substantial role in the geochemistry of the Earth’s surface. Particularly 
interesting are effects on clay formation because clays are abundant and have high surface-to-volume 
ratio, resulting in clays making up a large fraction of the overall mineral-fluid interface and having an 
effective control of mineral reactions. Thus, biological control on clay composition would affect element 
budget globally and the mineralogy of subsequent diagenetic processes. Biological acceleration of clay 
production would result in enhanced clay control of mineral reactions and faster organic C sequestra-
tion, by adsorption on clay minerals, with implications for the C and related cycles. We investigated 
the combined effect of microbial activity and water chemistry on the composition of neoformed clay 
by reacting volcanic glass with natural waters covering a large composition range (fresh water from 
a lake and a spring, seawater, and hypersaline water). The microbes (bacteria, fungi, and algae) were 
totally or partially identified using molecular and microscopy techniques. The solid alteration products 
were analyzed using cryo-SEM to investigate the mineral-microbe interface and TEM-AEM to study 
the composition of the neoformed clay. The solution chemistry was also investigated. We found that 
clay composition was controlled mainly by glass chemistry, rather than biological activity, through a 
mechanism of in situ transformation. The resulting clay was Al-rich (dioctahedral composition). In one 
case (inorganic experiment, freshwater lake), the specific inorganic conditions of pH and Mg and Si 
concentration promoted formation of Mg-rich (trioctahedral clay). Microbes, however, did influence 
clay composition by confining glass grains in biofilms where water chemistry is significantly different 
from the bulk solution. Alteration in such conditions generated significant amounts of trioctahedral, 
Mg-rich clay in the hypersaline water experiment, whereas it favored production of dioctahedral, Al-
rich clay in the freshwater lake experiment. It is thus demonstrated that biofilms can exert an effective 
control on clay mineralogy.
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Introduction

Clay formation and transformation represents a significant 
volume of the geochemical reactions at the Earth’s surface 
(Brownlow 1996), which in addition of their large surface area, 
causes them to exert a large control on geochemical reactions 
in the crust (Cuadros 2012). Thus, the influence of microbial 
activity on clay formation and composition, and the relative im-
portance of such effect with respect to inorganic variables (rock 
and water chemistry, temperature, etc.) are essential information 
to fully understand the geochemical processes operating near the 
Earth’s surface. Conversely, clays have an important effect on 
the biota as they provide physical support as well as accessible 
water and nutrients, organic and inorganic, through cation ex-

change, colloid and organic adsorption and their own degradation 
(Chorover et al. 2007). Although the inorganic conditions that 
control the composition of neoformed clay minerals are generally 
understood and physicochemical environments are successfully 
related to clay mineralogy and chemistry (Chamley 1989), there 
are frequent exceptions to such accepted knowledge, seemingly 
related to the scale and duration of the alteration process. In 
the early stages of the alteration process, clay mineralogy and 
chemistry appears to be controlled preferentially by the altered 
rock, with little or no effect from the chemistry of altering waters 
(Ghiara et al. 1993; de la Fuente et al. 2002; Proust et al. 2006). 
The products of thorough alteration, however, indicate much 
greater input from the water chemistry (Caballero et al. 1992; 
Christidis 2008). Clays formed by mediation of biological activ-
ity tend to have low crystallinity (Sánchez-Navas et al. 1998; 
Konhauser and Urrutia 1999) and variable composition, which 
suggests a complex combination of controls on clay chemistry 
among which the mechanism of clay formation is important. Such 
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