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INTRODUCTION

A considerable amount of isotopic and nanostructural data
from the Francevillian U-deposits have been acquired to deter-
mine the age of primary U mineral precipitation and post-depo-
sitional modification caused by fluid interactions with the
deposits (e.g., Janeczek and Ewing 1995; Louvat et al. 1998,
1999; Jensen and Ewing 2001; Mathieu et al. 2001; Gauthier-
Lafaye 2002; Jensen et al. 2002). The O isotopic composition
of U minerals and their nanostructures are sensitive monitors
of fluid events and provide key tools for studying the evolu-
tion of the Oklo-Okélobondo and Bangombé U deposits. How-
ever, the post-criticality evolution of the uraninite is only
partially understood because the results from the few studies
that have reported O isotopic data present conflicting results
(Pourcelot and Gauthier-Lafaye 1998).

The study of U deposits is complicated by the susceptibil-
ity of uraninite to alteration and radiation damage (e.g., Fayek
and Kyser 1997, 2000; Fayek et al. 1997, 2000, 2002; Jensen
and Ewing 2001), and because the effects of these processes
are most evident at the nano- and micro- scale. Oxygen isotope
analysis of uraninite on the micrometer scale has been demon-
strated using SIMS (Fayek et al. 2002), but such measurements
have not yet been related to specific nanostructures. In this
study, we present HRTEM analyses and in situ O isotopic data
obtained by SIMS of uraninite from natural fission reactors at
Oklo-Okélobondo, which occur over a range of depths (75–
400 m). These results are used to assess the extent and timing
of meteoric H2O interaction with the Oklo-Okélobondo natu-
ral fission reactors.
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ABSTRACT

High spatial resolution (10–30 mm), in situ oxygen isotopic analyses by secondary ion mass
spectrometry (SIMS), coupled with high-resolution transmission electron microscopy (HRTEM),
were used to show that uraninite from the Oklo-Okélobondo natural fission reactors that occur in
near surface environments, have low d18O values and nanotextures that are consistent with interac-
tion with ground water. These low d18O values (–14.4 to –8.5‰) suggest that the minerals exchanged
with meteoric groundwater. In contrast, reactor zones that occur at depth have largely retained their
original O isotopic composition (–10.2 to –5.6‰) and uraninites are well-crystallized and essen-
tially defect-free. These observations clearly demonstrate that by combining both HRTEM and in
situ O isotopic analyses by SIMS, it is possible to characterize the nano-scale porosity and post-
depositional alteration of U-bearing phases.

THE FRANCEVILLIAN URANIUM DEPOSITS, GABON,
AFRICA

The Oklo-Okélobondo and Bangombé U deposits are lo-
cated in the Franceville sedimentary basin in South Eastern
Gabon (e.g., see Fig. 1 in Gauthier-Lafaye and Weber 1989;
Parnell 1996). The deposits are situated at the top of the basal
FA-sandstone formation of the Francevillian series, which is
up to 4000 m thick (e.g., Gauthier-Lafaye and Weber 1989).
Based on fluid inclusion data, deposition of U is generally in-
terpreted to have occurred at moderate depths and tempera-
tures (ca., ~1–3 km and ~130 ∞C) in response to interaction
between uraniferous, oxidizing brines and reducing oil-bear-
ing fluids along the contact between the fractured FA-forma-
tion and the relatively impermeable FB-formation (e.g., Parnell
1996). The fluids that precipitated these U deposits had a d18O
value of +5 ± 1‰ (Gauthier-Lafaye et al. 1989).

One of the most unique characteristics of the Oklo-
Okélobondo U deposits is that they contain the first natural
self-sustained fission chain reactors discovered on earth (e.g.,
Naudet 1976). The natural fission reactor zones occur as ~1 m
thick disc-shaped lenses that are up to 30 m in diameter and are
enveloped by a 1 m thick chlorite and clay mineral alteration
halo (Gauthier-Lafaye et al. 1996; Jensen and Ewing 2001).
U-Pb and Rb-Sr ages of uraninite and authigenic clays suggest
that U mineral deposition occurred during peak diagenesis at
~2050 Ma (e.g., Bros et al. 1992), followed by carbonate di-
agenesis at 1843 Ma and hydrofracturing and carbonite uplift
of the basin (e.g., Michaud and Mathieu 1998). Several post-
diagenetic thermal and tectonic events affected the Francevillian
basin and associated U deposits from 1000 to 178 Ma (Sere
1996; Evins 2002) Therefore, uraninite has a range of macro-


