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ABSTRACT
Clarkeite crystallizes during metasomatic replacement of pegmatitic uraninite by latestage, oxidizing hydrothermal fluids. Samples are zoned compositionally: Clarkeite, which
is Na rich, surrounds a K-rich core (commonly with remnant uraninite) and is surrounded
by more Ca-rich material; volumetrically, clarkeite is most abundant. Clarkeite is hexagonal (space group R3̄m) a 5 3.954(4), c 5 17.73(1) Å (Z 5 3). The structure of clarkeite
is based on anionic sheets of the form [(UO2)(O,OH)2]. The sheets are bonded to each
other through interlayer cations and H2O molecules. The empirical formula for clarkeite
from the Fanny Gouge mine near Spruce Pine, North Carolina, is:
{Na0.733K0.029Ca0.021Sr0.009Y0.024Th0.006Pb0.058}S0.880[(UO2)0.942O0.918 (OH)1.082](H2O)0.069.
Na predominates and the Pb is radiogenic. The general formula for clarkeite is
31
41
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where Na .. K and p . (q 1 r 1 s). The number of O22 ions and OH groups in the
structural unit is determined by the net charge of the interlayer cations (except Pb): y 5
1 2 (p 1 2q 1 3r 1 4s). This suggests that the ideal formula for ideal end-member
clarkeite is Na[(UO2)O(OH)](H2O)0-1. The structural sheets are destabilized as U decays to
Pb (increasing x), and Pb enters vacant interlayer cation sites. Clarkeite eventually recrystallizes to lead uranyl oxide hydrates such as wölsendorfite or curite.

INTRODUCTION
Clarkeite is a U61 oxide of variable composition and
previously uncertain structure. A large number of U61
minerals are known (Frondel 1958; Smith 1984; Burns et
al. 1996). Most U61 minerals are weathering products
formed at or near the surface (Frondel 1956; Finch and
Ewing 1992), whereas clarkeite forms by oxidation and
replacement of uraninite late during pegmatite crystallization (Ross et al. 1931; Finch and Ewing 1993). Although uraninite-bearing granite pegmatites are common,
clarkeite is known from only two localities.
Clarkeite is the only known naturally occurring hightemperature uranate. Anhydrous high-temperature uranates have been synthesized from oxide melts above approximately 800 8C (Lindemer et al. 1981; Toussaint and
Avogadro 1974); hydrous uranates are precipitated from
aqueous solutions above 250 8C (Cordfunke and Loopstra
1971; Kovba et al. 1958) or as low as 25 8C (Wamser et
al. 1952). Thermal decomposition of alkaline-earth and
alkali-uranyl oxide hydrates and carbonates commonly
produces high-temperature uranates (Čejka and Urbanec
1990; Rogova et al. 1974; Čejka 1969; Brisi and Appendino 1969; Bobo 1964). High-temperature sodium uranates are potentially important nuclear waste forms (Lin* Present address: Argonne National Laboratory, 9700 S. Cass
Avenue, Argonne, Illinois 60439, U.S.A.
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demer et al. 1981), and recent interest in the U61 minerals
stems from their potential importance as corrosion products of spent UO2 nuclear fuel (Finch and Ewing 1991).
An understanding of the behavior of U61 minerals in nature provides insight into the long-term behavior of structurally and chemically similar nuclear waste forms in a
geologic repository (Bruno et al. 1995; Ewing 1993;
Finch and Ewing 1991, 1993).

PREVIOUS

WORK

Clarkeite was first described by Ross et al. (1931) from
the Spruce Pine pegmatite district in western North Carolina, USA, where it replaces uraninite pseudomorphically. Ross et al. derived a general formula for clarkeite,
RO·3UO3·3H2O, in which R represents alkalis and alkaline earths, predominantly Na. Their formula was based
on the basis of wet chemical analyses of two samples
from an unspecified pegmatite near Spruce Pine, NC, in
which clarkeite is commonly associated with albite, muscovite, and zircon.
Gruner (1954) showed that clarkeite is isostructural
with two synthetic high-temperature uranates. One of
these is a calcium uranate (of undetermined composition)
synthesized by Gruner from aqueous solution at 258 8C.
The other uranate was commercially prepared Na2U2O7,
deficient in Na (8.8 wt% Na2O instead of the expected
10.36 wt%). Gruner attributed the low Na content to the
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