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ABSTRACT
Variegated palaeosols, which formed from weathering of clays, silts, and brackish to freshwater
limestones, are present in the late Eocene-early Oligocene Solent Group of the Hampshire Basin,
southern U.K. The detrital clay mineral suite is dominated by illite and illite-smectite with minor
kaolinite and chlorite. In pedogenically modiÞed (palaeosol) and evaporitic lacustrine clay-rich sediments, the proportion of illite in the illite-smectite is greater than in the non-pedogenically modiÞed
sediments, and where alteration is most intense, kaolinite and chlorite are absent. The smectite to
illite transition has been investigated in the <0.5 μm fraction by XRD analysis (powder and oriented
mounts), thermogravimetry (TG), analytical SEM, and chemical analysis of Fe2+. Modeling of XRD
data reveals that the illite-smectite is a mixture of compositions (overall 60–95% illite), R0, with high
rotational stacking disorder. Dehydroxylation occurs mainly at 500 °C, but also at higher temperatures,
indicating heterogeneous octahedral cation composition. Analytical SEM and chemical analysis of
Fe2+ indicate that the illite to smectite transition occurs through Fe reduction in octahedral sites leading to increased layer charge, coupled with K Þxation. The driving mechanism for what appears to be
irreversible Fe3+ reduction is wetting (reducing) and drying (oxidizing) cycles in gley soil, in which
reoxidation of reduced Fe is never complete.

INTRODUCTION

GEOLOGICAL BACKGROUND

With a growing interest in future climate change, it is becoming increasingly important to understand past climate. Authigenic
clay minerals formed at or close to the Earthʼs surface are likely
to be sensitive indicators of the geochemical environment of
deposition and diagenesis. The spatial and temporal distribution
of authigenic clay minerals in continental settings is an important
record of palaeoenvironmental and palaeoclimatic conditions
(e.g., Singer 1984; Singer and Stoffer 1980). Authigenic, illiterich illite-smectite (I-S) has been reported from a Carboniferous
palaeosol (Robinson and Wright 1987) and Þxation of K by
smectite also has been reported to occur in recent polders in
France (Velde 2003). Illitic clays from hypersaline alkaline lakes
have been more widely described, and known occurrences range
in age from Jurassic to recent (Gabis 1963; Singer and Stoffer
1980; Deconinck et al. 1988; Hay et al. 1991).
The data presented here is part of an on-going multidisciplinary study of the solent group, in the Hampshire Basin, U.K.
Huggett et al. (2001) demonstrated that the illite-rich clay assemblages of the solent group became illite-rich as a consequence
of seasonal wetting and drying of smectite-rich clay in gley soils.
At several horizons within the solent group, illite has also formed
with gypsum and calcite in ephemeral hypersaline alkaline lakes.
Here, we analyze in detail one lacustrine and Þve palaeosol clay
samples, to obtain further evidence of the mechanism(s) of lowtemperature illite formation.

The solent group (Isle of Wight; Fig. 1) is a succession of
brackish and freshwater clays, sands, and thin freshwater limestones of late eocene to early oligocene age, with a maximum
thickness of 200 m, preserved only in the central part of the
Hampshire Basin, in southern Hampshire, and the Isle of Wight.
The solent group represents the youngest Palaeogene strata present onshore in the U.K. An extensive review of all previous work
on the Tertiary deposits of the Isle of Wight has been published
by Daley (1999).
The Headon Hill Formation (the oldest part of the solent
group) is 90 m thick in Whitecliff Bay (Fig. 2). The succession is
conspicuously cyclic; each cycle includes: (1) laminated, shelly
silts and silty clays deposited in quasi-marine, brackish, and ßuviatile environments, overlain by (2) units including numerous
palaeosols developed in freshwater silts and silty clays. Four
such cycles are present. The palaeosols are predominantly gleys,
very wet or waterlogged soils in which anaerobic conditions
would have prevailed. More recently, most of the Headon Hill
formation gleys have undergone seasonal wetting and drying.
In those parts of the proÞle that periodically dry out allowing air
to penetrate, green FeO-bearing minerals, mainly “green rust,”
are redeposited as red Fe2O3, hematite. This is the cause of the
characteristic color mottling and is a process separate from the
illitization. Slickensiding, which is widespread in both the gley
and pseudogley soils, is caused by movement of peds (a block
or crumb of soil) during wetting and drying (Fitzpatrick 1980).
Calcite nodules and gypsum crystals formed during periods when
evaporation exceeded precipitation (Ollier and Pain 1996). The
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