
American Mineralogist, Volume 97, pages 1274–1283, 2012

0003-004X/12/0809–1274$05.00/DOI: http://dx.doi.org/10.2138/am.2012.4040       1274

Actinides in GeoloGy, enerGy, And the environment†

Petrography and geochronology of the Pele Mountain quartz-pebble conglomerate 
uranium deposit, Elliot Lake District, Canada

lAurA BerGen* And mostAfA fAyek

Department of Geological Sciences, University of Manitoba, 125 Dysart Road, R3T 2N2, Winnipeg, Manitoba, Canada

ABstrAct

Uranium deposits older than about 2200 Ma are generally hosted within quartz-pebble conglomer-
ates and are a source of economic uranium. The genesis of these deposits is controversial and genetic 
models include hydrothermal, detrital/placer, and modified placer. Petrography of the uranium mineral-
ogy from the Pele Mountain quartz-pebble conglomerate uranium deposit of the Elliot Lake district, 
Canada, shows that the dominant uranium minerals are thorite [(Th,U)SiO4] and brannerite [(U,Ca,Ce)
(Ti,Fe)2O6]. Uranium-lead (U-Pb) and lead-lead (Pb-Pb) isotopic analyses of thorite, brannerite, and 
galena were obtained using secondary ion mass spectrometry. Thorite has U-Pb age of 2489 ± 24 in 
the quartzose conglomerate and 280 ± 67 Ma in the quartz arenite. Brannerite has a U-Pb age of 2403 
± 120 Ma. Thorite Pb-Pb ages range from 521 ± 19 to 248 ± 8 Ma in the arenite and from 2453 ± 12 
to 935 ± 27 Ma in the conglomerate, whereas brannerite Pb-Pb ages are between 1335 ± 0.11 and 
848 ± 13 Ma. Galena has a Pb-Pb age of 2659 ± 8 Ma, which likely represents the age of the source 
formation that produced detrital galena. The rounded texture and U-Pb age of the conglomerate thorite 
corresponds to the depositional age of the host conglomerate bed of the Matinenda Formation, suggest-
ing a detrital origin. The young U-Pb age of the thorite in the arenite represents the age of a resetting 
event. The brannerite, which replaces rutile, has a U-Pb consistent with fluid events associated with 
the Blezardian or Penokean Orogenic events, and is likely of hydrothermal origin. Therefore, based on 
the textures and variable ages of the uranium and sulfide minerals, the Pele Mountain quartz-pebble 
conglomerate uranium deposit is interpreted to be a modified placer-type deposit.
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introduction

There are over 360 000 tonnes of uranium ore hosted within 
quartz-pebble conglomerate (paleo-placer) deposits in Canada 
and South Africa, with individual deposits ranging between 5000 
to 160 000 tonnes (Kyser and Cuney 2009; Dahlkamp 2009). 
The origin and formation of uranium minerals within quartz-
pebble conglomerate deposits is controversial. Three genetic 
models of formation include: detrital/placer, hydrothermal, and 
hydrothermally modified placer (Little 1975). Proponents of the 
placer model use textural evidence such as the size, shape, and 
roundness of uraninite, brannerite, and pyrite grains along with 
the high-Th and variable uraninite content to suggest a detrital 
mode of uranium mineralization (Little 1975; Robertson 1975; 
Meddaugh et al. 1982; Minter 2006; Cuney 2009; Duhamel and 
Cuney 2009). Rundle and Snelling (1977) reported a uraninite 

age from the Witwatersrand deposit between 3086 and 3074 
Ma, which is older than the host units (~2970 Ma), indicating 
a detrital origin. Studies that support the hydrothermal model 
used sulfur isotopes of pyrite along with U-Pb geochronology 
to suggest that uranium minerals precipitated from hydrothermal 
fluids (e.g., Yamaguchi and Ohmoto 2006). Some researchers 
have acknowledged that, although the majority of the uranium 
mineralization was detrital in origin, hydrothermal fluids later 
affected these deposits and some uranium minerals were pre-
cipitated from later hydrothermal fluids (e.g., Cuney 2009; Ono 
and Fayek 2011).

The objective of this study is to report U-Pb and Pb-Pb ages for 
the galena and uranium minerals from the Pele Mountain quartz-
pebble conglomerate. These ages, in conjunction with textural 
evidence, are used to determine the appropriate genetic model for 
the Pele Mountain quartz-pebble conglomerate uranium deposit.

GeoloGic settinG
Elliot Lake is located north of Lake Huron and is approxi-

mately 160 km west of Sudbury, Ontario, Canada. It resides 
within the boundary zone between the Archean Superior and 
Proterozoic Southern Geological Provinces of the Canadian 
Shield (Smethurst 2009). The geology of the area can be divided 
into two main parts: Archean basement rocks, sedimentary, and 
volcanic rocks of the Huronian Supergroup and post Huronain 
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