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Abstract
The unconformity-related uranium (URU) deposits in the Proterozoic Athabasca Basin (Canada) 

represent the richest, and one of the most important, uranium endowments in the world. Most of the 
URU deposits are associated with pre-existing graphitic basement faults that were reactivated after the 
formation of the basin. These graphite-rich structures have been widely used as a vector for explora-
tion, but the nature of the association of the URU deposits with graphitic basement faults has been 
debated for over four decades. Proposed roles of graphite include: (1) as a direct reducing agent to 
reduce U6+ to U4+ and precipitate uraninite; (2) as a precursor of hydrocarbons (mainly CH4) produced 
in situ or nearby and then used as a reducing agent for uraninite precipitation; (3) as a precursor of 
hydrocarbons produced at depth that were remobilized to the site of mineralization and acted as a 
reducing agent for uraninite precipitation; and (4) as a lubricant facilitating faulting and fluid flow 
that led to uranium mineralization. This paper uses the Phoenix uranium deposit in the southeastern 
Athabasca Basin as a case study to address these uncertainties. Petrographic studies indicate that there 
is no direct contact between graphite and uraninite at microscopic scales, and the content of graphite in 
the graphitic metapelite along the ore-controlling WS Shear Zone does not show a systematic change 
with the distance from the unconformity surface. Raman spectroscopic studies of graphite suggest 
that the degree of structural disorder of graphite, expressed by various parameters related to the D 
bands and G band ratios, does not change systematically with the distance from the unconformity 
surface either. The minor irregularities in these parameters near the unconformity are better explained 
by paleo-weathering related to the unconformity and/or diagenetic processes than by hydrothermal 
activity related to uranium mineralization. Based on these observations and interpretations, the role of 
graphite as an in situ reducing agent, either directly or as a provider of hydrocarbons, is discounted. 
It is proposed that hydrocarbons derived from graphite at depth, tapped by episodic reactivation or 
seismicity of the basement faults that was facilitated by graphite as a lubricant, were responsible for 
URU mineralization.
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Introduction
The Proterozoic Athabasca Basin, located in northern 

Saskatchewan and Alberta, Canada (Fig. 1a), is known for its 
high-grade, large-tonnage uranium deposits located near the un-
conformity between the flat-lying sedimentary rocks in the basin 
and strongly deformed and metamorphosed rocks in the base-
ment (Hoeve and Sibbald 1978; Jefferson et al. 2007; Kyser and 
Cuney 2015). These deposits, known as the unconformity-type 
or unconformity-related uranium (URU) deposits, are spatially 
associated with reactivated basement faults crosscutting and/or 

reversely displacing the unconformity surface, and most of the 
ore-controlling faults are developed in graphite-rich lithologies 
(Hoeve and Sibbald 1978; Jefferson et al. 2007; Kyser and 
Cuney 2015). As such, graphite has been generally considered 
to have played an important role, either directly or indirectly, in 
the formation of the URU deposits (Hoeve and Sibbald 1978; 
Hoeve and Quirt 1984; Kyser et al. 1989; Landais et al. 1993; 
Alexandre et al. 2005; Yeo and Potter 2010; Dargent et al. 2015; 
Potter and Wright 2015; Pascal et al. 2016a, 2016b; Martz et 
al. 2017, 2019). Consequently, graphite-rich zones interpreted 
from geophysical surveys, particularly electromagnetic (EM) 
conductors, have been widely used to guide uranium exploration 
in the Athabasca Basin for the last several decades (Hoeve and 
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