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INTRODUCTION

The crystal chemistry of ilmenite has been studied in sup-
port of a wide array of geochemical interests. For example,
ilmenites coexisting with magnetite-ulvospinel solid solutions
have provided petrologists with information on the oxygen
fugacity and temperature at which magmas crystallize
(Buddington and Lindsley 1964). Ilmenite is also a principal
heavy mineral in clastic sedimentary rocks and has been used
to trace the origin of sandstones (Basu and Molinaroli 1989;
Puffer and Cousminer 1982; Schneiderman 1995; Grigsby 1990,
1992; Darby 1984; Darby and Tsang 1987). Ilmenite and asso-
ciated Ti minerals in ancient strandlines constitute economic
deposits that are of importance to metal alloy and pigment in-
dustries (Force 1991; Bailey et al. 1956). The alteration of il-
menite in soil environments has received nowhere the same
attention as ilmenite studied in the context of igneous, meta-
morphic, and sedimentary environments (Anand and Gilkes
1984; Cornu et al. 1999; Dimanche and Bartholemé 1976; Frost
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ABSTRACT

Ilmenite grains from weathering profiles developed on granite and ultramafic chlorite schist in
the Georgia Piedmont were studied for evidence of morphological and chemical alteration. Ilmenite-
rich concentrates from the fine sand (90–150 mm) component were studied to test the assumption
that there is no difference between ilmenite in the parent rock and that in colluvium delivered to
primary drainage systems.

Ilmenite grains in the granite profile are rounded to subhedral, and commonly contain hematite
exsolution blebs. Dissolution pits are observed along the boundaries of the exsolution blebs, with
goethite occurring as an alteration product. Ilmenite grains in the schist profile occur as fractured
anhedral grains with uncommon lamellae of rutile. Grain fractures are filled with goethite and he-
matite, particularly in the B-horizon. Ilmenite from the granite profile is Mn rich (7–15 mol%
MnTiO3), whereas ilmenite from the schist profile contains only 1–2 mol% MnTiO3 and up to 8
mol% MgTiO3. Two populations of grains develop in both profiles. Grains with abundant exsolution
blebs and fractures alter through a proposed two-step reaction mechanism. It is proposed that il-
menite first undergoes a solid-state transformation to pseudorutile via an anodic oxidation mecha-
nism. Oxidized Fe and Mn diffuse from the structure and precipitate as goethite and MnO2.
Pseudorutile is ephemeral and undergoes incongruent dissolution to form anatase, hematite, and
goethite. The second population of grains experienced only slight oxidation and dissolution on grain
surfaces, and they persist through the weathering profile. The Fe2+ content of competent ilmenite
grains is somewhat lower in the C-horizon, compared with grains in the host rock. In horizons above
the C-horizon, the Fe2+ contents of the ilmenite are similar to those in the host rock.

This study shows that using ilmenite minor-element chemistry as a tracer for sediment prov-
enance is a valid technique, however, textural features of ilmenite in colluvium may be distinct from
those in the parent rock. Also, the production of secondary phases, such as anatase, goethite, and
hematite, in soil profiles results in part from the alteration of ilmenite.

et al. 1983, 1986; Lynd 1960). The purpose of the present study
is to evaluate the chemical and textural properties of ilmenite
in the weathering profiles developed on crystalline bedrock in
a temperate to subtropical climate. The intent is to provide fur-
ther insights into the role of ilmenite in pedogenesis and to
determine the extent of crystal-chemical modifications that
occur during weathering.

METHODS

Sample sites and processing

Two regoliths from ridge crest sites on crystalline basement
in the Georgia Piedmont were selected with the intention of
obtaining wholly residual weathering profiles. The first site is
situated on the Elberton Granite in the Keystone Quarry, 5 km
south of Elberton, GA (34∞ 3.97’N, 82∞ 50.15"W, 183 m eleva-
tion). The Elberton Granite is a large (~500 km2), fine-grained
granite composed of alkali feldspar, plagioclase, quartz, biotite,
and minor amounts of ilmenite, magnetite, sphene, allanite, and
zircon (Stormer et al. 1980). This granite was chosen because
it represents a parent rock of felsic composition with a rela-


