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INTRODUCTION

Due to its complex chemistry, Fe oxidation, diverse weath-
ering products, and abundance in major plutonic and metamor-
phic rocks (Scott and Amonette 1988 and references therein),
biotite weathering influences the mobility of many elements in
surface environments. Major and trace elements released from
biotite play an important role in the geochemical mass balance
of watersheds (Velbel 1985; Berner and Berner 1996; White et
al. 1998; Murphy et al. 1998), in the Sr-isotopic composition of weath-
ering solutions, rivers, and oceans (Blum and Erel 1997; Taylor et al.
2000), and in soil nutrition (Mortland 1958; Brady 1990).

Previous studies have shown that biotite is transformed into
interstratified biotite-vermiculite or into discrete vermiculite
followed by a layer expansion in a saprolite-soil sequence
(Velbel 1984; Banfield and Eggleton 1988; Fanning et al. 1989).
The vermiculitic materials are finally decomposed into kaolin
minerals and metal oxides/oxyhydroxides. However, the fact
is often overlooked that a few previous studies reported the
persistence of biotite throughout the weathering profile (Walker
1949; Rimsaite 1967; Gilkes et al. 1972), even in severely
weathered tropical weathering profiles (Dong et al. 1998). Such
biotites are characterized by a 10 Å peak in the X-ray diffrac-
tion (XRD) pattern, a yellowish-brown color, and an almost
complete oxidation of Fe. This is called “oxidized biotite” here-
after.

In natural weathering environments, the occurrence of oxi-
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ABSTRACT

Biotite was oxidized in deep saprolitic weathering profiles developed on granitic rocks in a hu-
mid temperate climate in the Youngju-Andong area of South Korea. The mineralogy and chemistry
of these oxidized biotites were characterized by chemical analysis, electron microscopy, X-ray dif-
fraction, thermal analysis, and radiogenic Ar analysis. The results showed that a decrease in the bo-
dimension, loss of radiogenic Ar, and formation of vermiculite are fairly well correlated with the
degree of oxidation of ferrous iron. The chemical composition of oxidized biotite was modified by a
non-stoichiometric removal of interlayer and octahedral cations to compensate for the charge imbal-
ance induced by oxidation of Fe. The pervasive loss of cations and radiogenic Ar suggests their
diffusion through oxidizing biotite in a non-expanded state. Iron oxidation and cation loss caused a
decrease in the bo-dimension with the formation of discontinuities that acted as conduits for the
weathering solutions, resulting in partial vermiculitization (<10%). The Fe oxidation was nearly
completed in the lower part of the profile, concomitant with mineralogical and chemical modifica-
tion to oxidized biotite that persists throughout the profile without further notable modification.
Cation release from biotite is governed in early stage by the formation of oxidized biotite, and later
by its decomposition.

dized biotite in a non-expanded form may be more common
than generally thought. For example, there are many reports
on the direct kaolinitization of biotite without any noticeable
formation of vermiculite layers (Harris et al. 1985; Rebertus et
al. 1986; Kretzschmar et al. 1997; Murphy et al. 1998; Dong et
al. 1998). However, these authors paid little attention to the
pre-kaolinite chemical modification of biotite that probably
occurs in the deeper part of the weathering profile undergoing
very weak alteration. We presume here that, in most cases, the
precursor of kaolinite is not fresh biotite but oxidized and chemi-
cally modified biotite.

There are several previous studies on the mineralogical and
chemical modification of oxidized biotite. Rimsaite (1967) re-
ported on the composition of oxidized biotite from very weakly
weathered pegmatite, but not from a complete profile. Fordham
(1990) derived the structural formula of oxidized biotite using
electron microprobe analysis, but stated that his oxidized bi-
otite was not derived from the same parent biotite as in fresh
rock. Analytical transmission electron microscopy (TEM), as
used by Dong et al. (1998), may not be sufficient to deduce the
general formula of oxidized biotite, which has a range of chemi-
cal compositions. Gilkes et al. (1972) synthesized oxidized bi-
otites and determined their chemical compositions. Natural
oxidation of biotite is difficult to study, because of finely mixed
secondary minerals (Harris et al. 1985; Rebertus et al. 1986),
the uncertain oxidation state of Fe, and in some cases, a het-
erogeneous parent material (Scott and Amonette 1988; Fordham
1990). A systematic and comparative study is needed on a se-
ries of gradually oxidized biotites with few impurities from a


