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Early Proterozoic weathering processes under low O2 conditions reconstructed from a  
2.45 Ga paleosol in Pronto, Canada
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absTracT

We have examined a paleosol in Pronto, Canada, which formed at ~2.45 Ga and under very low O2 
conditions, to reconstruct ancient weathering processes. Chlorite, which replaced biotite in parent gran-
ite, consists of almost complete chlorite layers as revealed by high-resolution transmission microcopy. 
Chlorite grains were fragmented gradually with increased intensity of weathering. The fragmented 
chlorite grains were partly or largely replaced by sericite formed from K-metasomatism, which strongly 
suggests that almost complete chloritization of biotite preceded sericitization. In the upper part of the 
paleosol, chlorite-biotite mixed layers formed but the formation of these layers cannot be explained 
by mere chloritization and sericitization, which are usually considered to occur concurrently during 
post-weathering events. Our observations and analyses suggest that the chlorite-biotite mixed layers 
were formed as follows: chlorite, with no or little biotite, was formed from biotite in parent granite 
prior to weathering. Chlorite was then weathered by dissolution and fragmentation at ~2.45 Ga, and 
chlorite-vermiculite (or smectite) mixed layers were formed by layer-by-layer transformation in the 
weathering profile (note that vermiculite is not actually observed in the Pronto paleosol). Following 
burial of the weathering profile, the vermiculite layers in the chlorite-vermiculite mixed layers were 
converted to biotite layers, by means of K-metasomatism, to form the chlorite-biotite mixed layers. 
The chlorite-biotite mixed layers in the Pronto paleosol were therefore chlorite-vermiculite mixed 
layers at the time of weathering.
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inTroducTion

Chemical weathering and dissolution of silicate minerals have 
been intensively studied (e.g., White and Brantley 1995; Oelk-
ers and Schott 2009). Among the silicate minerals, biotite and 
chlorite are major Fe-bearing minerals at the continental crust 
surface, and their weathering processes in the present atmosphere 
are well understood (Barnhisel and Bertsch 1989; Fanning et 
al. 1989; Righi and Meunier 1995). Biotite and chlorite are 
converted to kaolinite through vermiculite or smectite releasing 
Fe3+ (hydr)oxides. The formation of mixed-layer minerals of 
vermiculite or smectite with biotite or chlorite occurs in modern 
weathering environments by layer-by-layer transformation (e.g., 
Kogure and Murakami 1996; Banfield and Murakami 1998; 
Aspandiar and Eggleton 2002: Murakami et al. 2003). Layer-
by-layer transformation is defined as replacement of a parent 
mineral layer by a daughter mineral layer in close topotactic 
contact, involving solutions (e.g., Altaner and Ylagan 1997). In 
the following discussion, we refer to the morphological replace-
ment of one parent mineral layer by one daughter mineral layer 

as to layer-by-layer transformation regardless of the formation 
mechanism unless otherwise described.

In contrast to modern weathering processes, ancient weather-
ing processes are not well understood because ancient weathering 
profiles (paleosols) have been subsequently subjected to diagen-
esis and metamorphism. Chlorite and sericite (or illite according 
to the nomenclature of the mineral) are major secondary minerals 
in paleosols, and it has been considered that chloritization and 
sericitization occurred concurrently (e.g., Nesbitt and Young 
1989; Macfarlane and Holland 1991). The weathering records 
in paleosols are quite important because weathering is a result 
of mineral-water-atmosphere interactions, and thus provides us 
useful information on atmospheric evolution in the Precambrian. 
However, there have been few studies on weathering under low 
O2 conditions. Some studies have shown that mineral dissolu-
tion rates under low O2 conditions are similar to those in modern 
weathering environments, whereas Fe behavior and weathering 
processes are different (Murakami et al. 2004; Sugimori et al. 
2008, 2009). We have found chlorite-biotite mixed layers in a 
paleosol in Pronto, Canada, formed at ~2.45 Ga (Rye and Holland 
1998), and therefore, under very low O2 conditions (Farquhar et 
al. 2000; Pavlov and Kasting 2002), and have tried to reconstruct 
the ancient weathering processes under low O2 conditions. The 
present study also shows how clay minerals, which formed dur-
ing weathering, can be modified by later geological events such 
as metamorphism and metasomatism.

The Pronto paleosol developed on Archean granite and is 
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