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generally upheld. However, the direct measurement
of oxygen contents shows that oxygen is present in
excess of the levels expected according to stoichiom-
etry. Assuming that no (OH) ions are present, the
excess oxygen is probably present as water molecules.
An abnormal degree of damage sustained by the
inclusions under the electron beam could be
explained by the dehydration of a hydrated phase.
The most likely hydrated phosphate phase would be
rhabdophane, whose formula includes a single water
molecule, consistent with orygen/metal atomic ratios
between 4 and 5 found in two of the three phases
(Table 2). These two phases are distinguished by high
enrichments in either La or Ce, and rhabdophane
is recorded elsewhere as both La-rich and Ce-rich
varieties (Hildebrand et al. 1957, Van Wambeke
1977).Yariations in Ce content have been explained
as due to the partial fractionation of REE follow-
ing oxidation of Ce3* to Cea+ ions at some stage
preceding rhabdophane precipitation (Adams 1968).
Rhabdophane described by Hrldebrandet oL (1957)
contains Pr, Sm, Eu, Gd, Dy, Er and Yb at oxide
concentrations over 0.590, but none of these elements
was detected in the phases analyzed in this study and,
if present, must occur at concentrations less than
0.05V0. The high Th content in the third phase sug-
gests affinities with brockite. However, the brock-
ite described by Fisher & Meyrowitz (1962) contains
an excess of Nd over Ce, La and Y, opposite to the
trend recorded in this phase. The phase contains a
greater excess of oxygen than the other two and may
be more hydrated. Several Y and REE phosphates
are known with multiple hydration, including chur-
chite (Y,REE)POo.211rg, lermontovite (Ca,U,
REDz (P04)4.6H2O, ningyoite (Ca,U,Ce)
POo.nlfrg, and an unnamed phase (Y,U,Ca)
POo.611r6 (Parnell 1989). The oxygen,/metal
atomic ratios close to 6 suggest a formula with two
water molecules, similar to churchite.

Of the two authigenic phases, the low-(Cella)
ellipsoids appear to postdate the high-(Cella) vein-
lets. Few data are available elsewhere for the para-
genesis of rare-earth phosphate phases. Van Wam-
beke (1977) reported the precipitation of Ce-rich
rhabdophane before La-rich rahbdophane, and an
account by Read et ql. (1987) of zoned authigenic
monazite shows that Ce-rich monazite precipitated
before La-rich monazite. In both cases, the sequence
is the same as that in the thucholite. A possible expla-
nation suggested by Read et ql. (1987) is rhe slightly
greater solubility of LaPO, than CePOo (see data in
Kolthoff et ol. 1969), which would cause an earlier
precipitated phase to be relatively Ce-rich. Similarly,
Murata et al. (1953) predicted from solubility trends
(at that time theoretical) that if two generations of
monazite were found in a single deposit, the later
phase would be richer in La.

It is likely that the mobilization-reprecipitation

process occurred on a very localized scale. This
would explain the fact that at the same locality,
different varieties of thucholite can be distineuished,
which are rich in U, Th, or the Ce group of rare
earths. The varieties represent alteration of differ-
ent primary minerals. In the case of the RE-rich
thucholite, the alteration of allanite to chlorite would
have released the metals that formed the monazite
inclusions.
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