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Abstract
Fresh and weathered granite from drill cores in Tono, Gifu, Japan, was examined to understand
weathering products and the mechanisms of chlorite and biotite weathering under low PO2 conditions.
A fresh sample from 365 m depth, a slightly weathered light-green sample from 367 m depth, and a
nearly fresh sample from 369 m depth (but with brown stains on fractures), were investigated. The
XRD, SEM, EMPA, and TEM analysis of green grains present within chlorite, biotite, and plagioclase
grains and in veins was found to be Fe2+-rich corrensite [about 40 wt% FeO with Fe/(Fe + Mg) = 0.94].
The corrensite is interpreted to have formed from chlorite and biotite via a dissolution-precipitation
mechanism. The <2 µm fraction of the weathered sample had an Fe2+/ΣFe value of 0.69, which, when
combined with the presence of amorphous Fe3+ (hydr)oxides confirmed by TEM, indicates that the
Fe2+/ΣFe value of corrensite is >0.69. These results indicate that on dissolution of chlorite and biotite,
Fe2+ was transported as Fe2+ and precipitated as Fe2+-rich corrensite and a part of the dissolved Fe2+
was oxidized to amorphous Fe3+ (hydr)oxides under low PO2 conditions. The formation of Fe2+-rich
corrensite and that of Fe2+-rich smectite or vermiculite in the laboratory at 1 atm of PCO2 and ≤3 × 10–5
atm of PO2 (Murakami et al. 2004) suggest that a possible Fe2+-bearing product during Precambrian
weathering is Fe2+-rich sheet silicates but not siderite.
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Introduction
Biotite and chlorite are major Fe-bearing minerals at the
surface of the continental crust, and their weathering processes
under oxic conditions have been intensively studied (Barnhisel
and Bertsch 1989; Fanning et al. 1989; Righi and Meunier 1995).
Biotite and chlorite are converted to kaolinite through vermiculite (or smectite) with the formation of Fe3+ (hydr)oxides. The
formation of mixed-layer minerals of vermiculite with biotite
and chlorite often occurs during oxic weathering (e.g., Kogure
and Murakami 1996; Banfield and Murakami 1998). Similarly,
lots of laboratory studies have been carried out on dissolution
of biotite and chlorite (Brandt et al. 2003; Samson et al. 2005
and references therein). A high solubility of Fe2+ coupled with a
very low solubility of Fe3+ suggests very different behavior of Fe
during weathering under low PO2 (partial pressure of atmospheric
oxygen) conditions from that under oxic conditions. However,
the weathering processes of biotite and chlorite under low PO2
conditions have hardly been examined in the field. Even in the
laboratory, there have been few studies that examine biotite
and chlorite dissolution under low PO2 conditions (White and
Yee 1985; Acker and Bricker 1992; Malmström et al. 1996;
Malmström and Banwart 1997; Murakami et al. 2004). Consequently, we have little knowledge of the weathering products of
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biotite and chlorite, and thus, on the behavior of Fe under low
PO2 conditions in the field, although the importance of the effect
of oxidation of Fe2+ on weathering products has been already
pointed out (Ross and Kodama 1976). In contrast, the Fe behavior
during oxic weathering is known in detail (e.g., Aspandiar and
Eggleton 2002a).
Various geological and geochemical records have shown that
atmospheric oxygen increased during the Precambrian (Holland
2006). The chemical compositions of Precambrian paleosols,
fossil weathering profiles, are one of the important parameters
used to estimate the quantitative pattern of changes in PO2, suggesting that the first irreversible oxygen rise in the Earth’s history took place between about 2.5 and 2.0 Ga (Rye and Holland
1998). Oxidation of Fe2+ especially under low PO2 conditions is
central to such an estimation because the rate of Fe2+ oxidation
is directly related to PO2 levels (Stumm and Lee 1961). Almost
all Fe2+ dissolved from primary Fe2+-bearing minerals such as
biotite and chlorite is oxidized to form Fe3+ (hydr)oxides under
modern, oxic conditions. In contrast, under low PO2 conditions, it
is likely that part of the dissolved Fe2+ released from the dissolution of primary minerals flows out of the weathering profile and
some precipitates as secondary Fe2+-rich minerals as well as Fe3+
(hydr)oxides. Therefore, quantitative estimation of oxygenation
of a paleosol requires a deeper understanding of the weathering
processes of biotite and chlorite under low PO2 conditions.
The samples used for the present study were collected from
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