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ABSTRACT
Allanite and epidote occur in the parent rocks of weathered regolith at the Coweeta Hydrologic
Laboratory in North Carolina and exhibit different responses to weathering. Petrographically, epidote
and allanite are identical at Coweeta, and only with additional analytical techniques (e.g., EDS or LAICP-MS) can the two be distinguished. Allanite is more abundant in unweathered bedrock but weathers
readily below the weathering front. In contrast, the much less abundant epidote persists into the solum
with only minimal evidence of weathering. The rapid dissolution of allanite is likely inßuenced by
its metamict nature. Both epidote and allanite at Coweeta dissolve by interface-controlled dissolution
kinetics, evidenced by etch pits on grain surfaces. Etch pits appear to be either large “negative crystals,” or small, shallow, and elongated. The incipient stage of allanite weathering is characterized by
Al mobility and Fe precipitation as goethite. During the initial stage of allanite weathering, carbonate
precipitates, but with progressive weathering the carbonate is dissolved.
Based on electron microprobe analyses and point-count data of the Ca-bearing phases in the Coweeta
bedrock, accessory (<1%) allanite contains a minimum of approximately 25% of the total bedrock Ca
by volume, whereas garnet and plagioclase contain 5% and 70%, respectively. Although allanite and
epidote are Ca-hosts, only allanite is present in signiÞcant quantities, and is weathering sufÞciently
rapidly, to serve as an important source of Ca in pore and stream waters at Coweeta. Allanite weathering should, therefore, be evaluated in weathering studies of crystalline silicate bedrock, especially
where other lines of evidence indicate the need to invoke additional Ca sources.

INTRODUCTION
Epidote and allanite are isostructural and belong to the
epidote-group of sorosilicate minerals. The ideal formula is
A2M3Si3O12OH, where the A sites contain large, high-coordination-number cations such as Ca, Sr, lanthanides, etc., and the
M sites are occupied by octahedrally coordinated, trivalent and
occasionally divalent cations such as Al, Fe3+, Mn3+, Fe2+, Mg, etc.
(Dollase 1971). Epidote and allanite are common as accessory
phases in crystalline silicate rocks and are signiÞcant hosts of Ca.
If dissolved during weathering, epidote and allanite may release
abundant Ca to pore waters, in addition to Al and Si.
The behavior of epidote during weathering has been a topic
of controversy. Epidote is a common constituent of the heavy
mineral fraction of clastic sediments (e.g., Frye et al. 1960; Willman et al. 1963; Carver 1986; Friis 1974; Poppe et al. 1995; Dill
1995; Logan and Dyer 1996; Uddin and Lundberg 1998; Khan
and Kim 1998; Cocker 1998) and the residual mineral fraction
of soils (e.g., Suwa et al. 1958; Gupta and Talwar 1997; Ezzaïm
et al. 1999). The persistence of epidote in naturally weathered
materials has been compared to that of quartz (Allen and Hajek
1995, their Table 4-1) and zircon (Lång 2000). In contrast, rapid
dissolution of epidote has been invoked in modeling studies of
mineral weathering and solute production (Sverdrup 1990; Oliva
et al. 2004), and epidote has been included with plagioclase,
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alogic controls for calculation of Þeld weathering rates using
the PROFILE model (Warfvinge and Sverdrup 1992; Sverdrup
and Warfvinge 1993, 1995; and references contained therein).
These authors routinely include epidote in model-derived Þeld
weathering rate calculations, but do so without any mineralogic
observations to support its occurrence in the parent material or its
extent of weathering. Sverdrup and Warfvinge (1995) stated that
it is their experience that epidote is present in very many locations, but almost always in small amounts. However, evidence
favoring the incorporation of epidote weathering into models of
weathering has been reported from selected localities. Schroeder
et al. (2000) reported epidote to be dissolved completely in the A
horizon of a Georgia Piedmont soil, and Braun and Pagel (1994)
found epidote to be destroyed within the Þrst stages of syenite
weathering in southwest Cameroon. Recently, Oliva et al. (2004)
included epidote in a suite of trace calcic phases that account
for more than 80% of the net export of Ca from the Estibère
watershed in the French Pyrenees.
The most common reason to invoke epidote dissolution
in weathering studies is to overcome the “calcium problem.”
Bowser and Jones (1993) introduced the term “calcium problem”
to refer to the observation that solute analyses of many streams
draining small watersheds underlain by crystalline silicate bedrock often contain Ca/Na ratios higher than can be predicted by
congruent dissolution of plagioclase feldspar. In silicate-dominated natural hydrologic systems, plagioclase dissolution is the
most important weathering reaction (Bowser and Jones 1993,
2002; Drever 1997a; Jacobson et al. 2003), and the calcium
problem has become an essential part of weathering studies

