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AbstrACt

Phosphorous-rich coffinite, U(Si,P)O4·H2O, from the natural nuclear reactor at Bangombé, 
Gabon (depth 12.25 m), has been examined as an important primary mineral and alteration 
product of uraninite under reducing conditions. Based on electron microprobe analyses (EMPA) 
and textural relationships, two distinct types of coffinite have been identified: (1) P-coffinite-
(i) [with P2O5 and (REE+Y)2O3 as high as 9.84 and 8.66 wt%, respectively] replaces uraninite 
and has a chemical formula of (U0.84±0.05Y,REE0.12±0.02Ca0.10±0.02Th0.003±0.002)Σ1.07±0.06(Si0.41±0.07P0.34±0.03 

S0.08±0.05)Σ0.84±0.05O4 and; (2) coffinite-(ii), lacks uraninite inclusions [with P2O5 and (Y+REE)2O3 up 
to 1.45 and 1.79 wt%, respectively] and has a chemical formula of (U0.78±0.02Ca0.05±0.003Y,REE0.03±0.01 

Th0.002±0.001)Σ0.87±0.02(Si1.02±0.02P0.06±0.01)Σ1.08±0.01O4. The EMPA elemental maps reveal a homogeneous dis-
tribution of P, Si, Nd, and U in P-coffinite-(i). Charge-balance calculations indicate that S substitution 
for Si in the coffinite structure results in the enhancement of the incorporation of P and REEs. High 
EMPA totals (95–100 wt%), suggest that water is not an essential component of the coffinite structure. 
High-angle annular dark-field scanning transmission electron microscopy (HAADF-STEM) reveal 
the decomposition of single crystals of uraninite into 50 nm grains during the alteration process to 
P-coffinite-(i). High-resolution transmission electron microscopy (HRTEM) and selected area elec-
tron diffraction (SAED) patterns confirm that P-coffinite-(i) has the coffinite structure. However, 
P-coffinite-(i) has a large amorphous fraction probably due to radiation damage caused by α-decay 
events. The calculated cumulative dose for both types of coffinite varies from 1.6–1.9 × 1018 (α-decay 
events/mg), which is equivalent to 134.2–161.5 displacement per atom (dpa) that have accumulated 
most probably during the past 800 million years. 
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introDuCtion

Janeczek and Ewing (1996) first reported P-rich coffinite, 
U(Si,P)O4, at the natural fission reactor at Bangombé. The phos-
phatian coffinite was found below the “core” of the reactor zone, 
which experienced nuclear fission chain reactions approximately 
2.0 billion years ago (e.g., Gauthier-Lafaye et al. 1996; Hidaka 
and Holliger 1998; Stille et al. 2003; Hidaka et al. 2005). The 
nuclear reactor experienced the first hydrothermal alteration dur-
ing its operation or shortly after under the temperature conditions 
of 250–450 °C (Gauthier-Lafaye et al. 1989). Subsequently, the 
reactor was altered by hydrothermal fluids, probably associated 
with the intrusion of a dolerite dike ~800 Ma ago (e.g., Hidaka 
et al. 2005). The temperatures of the hydrothermal fluids associ-
ated with the dolerite dike range from 110 to 260 °C (Janeczek 
1999). The precise age of the P-coffinite precipitation remains 
unknown. However, it is likely that the hydrothermal alteration 

resulted in redistribution of U and REE and was also responsible 
for their subsequent precipitation in the form of P-coffinite 
and REE-phosphates. A series of isotopic studies have shown 
that P-rich coffinite is depleted in 235U(235U/238U ~0.00623) and 
contains fission product elements, such as Ru and REEs (e.g., 
Hidaka et al. 1994, 2005; Stille et al. 2003; Kikuchi et al. 2007). 
P-coffinite is of particular interest because of its potential for 
incorporating actinides and fissiogenic REEs, thus reducing 
their mobility. However, there are no data confirming the struc-
ture and stoichiometry of P-coffinite. Its identification is based 
primarily on electron microprobe analysis (EMPA). P-coffinite 
is associated with françoisite-(Nd), REE[(UO2)O(OH)(PO4)2]
(H2O)6 (e.g., Janeczek and Ewing 1996).

Coffinite is an orthosilicate with the general formula ABO4, 
and is isostructural with zircon (ZrSiO4), thorite (ThSiO4), xe-
notime (YPO4), and various AcSiO4 (where, Ac = Np, Pu, Am, 
and Cm) (Spear 1982). The variable chemical composition of 
coffinite has led previous investigators to propose many iso- 
and heterovalent substitutions that have been reviewed exten-
sively in the literature (e.g., Janeczek and Ewing 1992, 1996; 
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