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Exploring for uranium in Quebec 

SIDEX - November 2004 
 

Summary 

The price of uranium has doubled in the last two years and the current global energy picture has 
prompted predictions of an increased demand for uranium in the near future. 

Taken in this context, exploration for primary uranium resources is again relevant.  Quebec has 
been the focus of uranium exploration since the first wave in the 1970’s and 80’s, and thus presents an 
obvious potential.  Known uranium concentrations in the province occur in unconformity type settings, 
as sedimentary hosted mineralization unrelated to unconformities, and in association with intrusive rocks 
(pegmatites, granitoids, skarns).  The potential for iron oxide (U-Cu-Au) deposits has yet to be properly 
evaluated. 

This overview presents a short synthesis of the uranium market and deposit types, as well as a 
summary of the regions in Quebec that are of interest for uranium exploration.  

The goal of SIDEX is to invest in companies conducting mineral exploration in Quebec in order 
to diversify the province’s mineral base and open new territories to exploration. 
 

Economy 

The current demand for uranium is limited almost exclusively to the needs of civilian nuclear 
reactors that supply electricity – a market that represents less than 50 buyers (Leroy et al., 2003).  On the 
supply side, both primary and secondary resources are available.  Mines represent primary resources, 
whereas secondary resources include civilian inventories, recycled products (uranium, MOX), re-
enriched spent fuel, and reprocessed military uranium.  Most of the supply on the world market is 
controlled by only a few players (mining companies or negotiators). 
 

The supply and demand for uranium, and consequently its market price, has changed 
considerably over the last 30 years.  Prior to 1973, uranium was controlled by the military and the market 
did not exist.  In the early 1970’s, the first transactions on the civilian market were around US$ 6/lb 
U3O8.  The petroleum crisis of 1973 caused uranium prices to surge to US$ 45/lb U3O8, but in 1978, the 
accident at Three Mile Island led to a decrease – virtually a cessation – of nuclear programs resulting in 
significant stockpiling.  In addition, new sources (USSR, CIS) emerged with very low prices near the 
close of the 1980’s, undercutting the prices of western producers.  Prices reached a low of US$ 7-8/lb 
U3O8 in 1992 and, after a temporary and speculative hike in 1995 and 1996, a new low of US$ 7/lb in 
2000.  Prices are currently hovering around US$ 20/lb U3O8 (autumn 2004).  Spot prices represent 
approximately 15% of the market, the rest being in the form of long-term contracts, typically at a price 
higher than the spot price. 
 

The uranium market is measured in terms of uranium metal (U) and uranium oxide: 1% U3O8 is equal to 0.848% U. 
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World production fell dramatically after the 1980’s.  Today, production totals 36,000 tonnes of 
uranium, which represents only 56% of uranium consumption (64,000 tonnes).  A slight increase in 
production occurred during the past few years, but it remained less than the increase in consumption thus 
leading to greater dependence on secondary products. 
 

To summarize, the period from 1970 to 1984 was dominated by primary production that 
exceeded the requirements of nuclear reactors, but which was justified by the predictions (however 
erroneous) of significant growth in the nuclear energy sector.  In contrast, the period from 1985 to 2003 
was marked by the liquidation of inventories (Mining Journal, September 17, 2004).  
 
 

 
History of uranium prices 

 

Reserves and production 

Uranium is relatively abundant in nature.  Total world reserves that are recoverable at US$ 40/kg 
(~US$ 18/lb) or less are estimated at more than 2 million tonnes of uranium, enough to supply existing 
reactors for 30 years.  If a production cost of $US 80/kg is taken instead, reserves would double and 
could supply existing reactors for more than 60 years.  For a few producers, uranium is a by-or co-
product during mining.    
 

Canada, Australia and Kazakhstan account for 2/3 of the world’s reserves.  Recoverable 
resources in Canada totaled 439,000 tU as of January 1, 2003. 

 
Canada is the largest producer in the world thanks to high grade mines in the Athabasca Basin 

(1/3 of world production).  The McArthur mine alone produced 6,639 tonnes of uranium in 2001 – 
approximately one fifth of world production – from ore with an astonishing average grade of 20%!  The 
Canadian uranium mining industry is worth $500 M per year and employs 1,000 people, mostly in 
Saskatchewan. 
 

Nuclear energy represented 14% of Canada’s energy supply for 2002 and 50% of Ontario’s 
production.  Twenty-two CANDU reactors have been installed across Canada. 
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Supply and demand for uranium (data from Natural Resources Canada) 

 
 

Australian production is dominated by the giant Olympic Dam deposit (iron oxide-type) and 
several surficial deposits.  Exploration in Australia is difficult due to environmental and aboriginal 
pressures. 

 
Kazakhstan has large reserves of low grade ore that is amenable to leach mining.  The rest of the 

world’s reserves are most notably found in Namibia, Niger and South Africa.  The uranium reserves of 
China are not well known, while those of Russia remain relatively significant (at least 175,000 tonnes at 
a cost of less than US$ 80/kg) although Russian supply to the western market has diminished 
substantially.  Production in the United States is very low due to high costs related, for the most part, to 
environmental requirements.  France’s production has completely ceased. 

 
 

 
Uranium resources and production around the world 

 
 

The three largest world producers are CAMECO (Canada; ranked first in the world), COGEMA 
(mainly Canada and Niger) and Rio Tinto (Namibia and Australia).  The other major players are CIS 
producers or their representatives (notably Russia’s TENEX), Western Mining (Australia) and NUKEM, 
the subsidiary commercial company of the German energy provider RWE. One should note the 
importance of state ownership for both COGEMA (France) and CAMECO (Canada). 

 
Supply from primary producers is, however, highly vulnerable.  For example, flooding of the 

McArthur mine in Saskatchewan in April 2003 reduced Canada’s output by 10%. 
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Principal uranium producing companies in 2001 (Source: World Nuclear Association) 

 
 

Uranium ore must be chemically treated to produce yellow cake (magnesium uranate, sulphur 
uranate or ammonium diuranate), which is transported in 220 litre barrels.  This product contains 70 to 
75% uranium.  Yellow cake is then calcined and chemically converted to UF4.  Finally, the 235 isotope 
content is increased (enriched U), either by gaseous diffusion or ultracentrifugation. 

Market outlook 

Mining production amounts to 36,000 tU/yr of the total 64,000 tU/yr consumed.  Market supply 
has been less than demand since the mid-80’s. 

 
 

 
Reactor requirements and primary production by country 

(Source: Uranium Information Center, Melbourne, Australia, 2002) 

 
 

Secondary supplies have made up the difference between primary production and consumption.  
There are several types of secondary sources: 
 

• Civilian inventories, which in all likelihood were absorbed, but the data remain confidential. 
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• Plutonium is recycled as MOX fuel (mixed oxides of plutonium and uranium), which 
enables a reduction in the consumption of natural uranium by approximately 10%.  Uranium 
derived from reprocessing can also be recycled or stockpiled. It would appear that this 
recycling is not an important potential source of secondary uranium.  

• Reprocessed uranium is made by re-enriching uranium depleted in the 235 isotope using the 
ultracentrifugation method.  It is theoretically possible to produce 6,000 tonnes per year but 
it would be very costly. 

• Uranium from military sources (nuclear warheads) is a product of disarmament agreements 
between the United States and Russia concerning highly enriched uranium (HEU).  Five 
hundred tonnes of Russian HEU will be recycled between 1998 and 2013.  This will create a 
steady supply equivalent to approximately 10,000 tU per year, representing more than 15% 
of the requirements of existing reactors.  It is possible that this agreement might be modified 
in the future to allow more of the military uranium surplus to be recycled.  Highly enriched 
uranium is enriched to 90% 235U and must be diluted for security reasons.  Fuel with a 
concentration of only ~4% 235U is typically used for reactors.   

 
The world demand for electrical power should increase sharply during the 21st century, with 

developing countries pushing the rising demand.  There has been a certain nuclear renaissance of late, 
marked by decisions to build new reactors (Finland, France, Asia) and  enrichment plants, and by the 
continuation of work on waste disposal.  Nuclear energy even seems to be gaining ground in the United 
States and Great Britain (Mining Journal, September 17, 2004). 

 
The uranium market is distinctive in that the cost of reactors is so high compared to the cost of 

the uranium fuel that once constructed, reactors remain profitable to operate even during recessions.  The 
medium-term demand is therefore more predictable than for other metals and is dependant on both 
existing reactors and those under construction. 
 

The demand for primary sources could nonetheless be affected by the non-renewal of permits for 
some existing reactor installations due to pressure from environmental groups or to an increase in the 
supply of military uranium if a second HEU deal is enacted. 
 

Predictions for the uranium market are therefore difficult.  Nevertheless, there is the risk that 
current uranium reserves will be depleted by 2020, which would cause prices to rise and would renew 
interest in exploration.  The OEDC predictions that electricity demands will double by 2030 combined 
with cost estimates related to negative repercussions of the greenhouse effect (Kyoto Protocol) favour 
increasing our use of uranium as an energy source without greenhouse emissions.   

Metallogeny 

More than 200 uraniferous minerals are known of which uraninite and pitchblende are the most 
important (UO2 + UO3).  There are also a number of secondary minerals, very colourful and fluorescent, 
such as gummite (mixture of limonite and U oxides), phosphates (autunite, torbernite), and hydrated 
silicates (coffinite, uranophane, sklodowskite).   

 
Five main types of deposits can be distinguished (see details at GitNet, 2004): 
 
• 1- Unconformity-associated deposits 

These deposits are generally found along an unconformity between deformed basement and 
overlying sedimentary units belonging to a younger, undeformed basin of Lower to Middle 
Proterozoic age.  The vein-type mineralization is present in the sandstone or basement rocks, 
but proximal to the unconformity.  Deposits of this type include those in Saskatchewan 
(Athabasca Basin) and the northern territories of Australia (Ranger, Jabikula).  The grade of 
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the orebodies is usually a few percent but may be much richer, like those of Cigar Lake 
(19% U3O8, with zones attaining 50%).  Uranium is associated with nickel and gold.  Other 
basins also demonstrate potential, including the Thelon (N.W.T.) and Kaku (Russia) basins.  
This type of deposit represents 33% of world production. 

 
• 2- Sandstone-hosted 

Sandstone-hosted deposits are generally low grade (0.05-0.4% U3O8) and occur as lenses or 
horizontal layers trapped at redox barriers.  The deposits can have arcuate (roll front) or 
tabular shapes within the sandstone formations, or can occur in sandstone adjacent to fault 
zones.  They have been found in the great sedimentary basins of the world (Western United 
States, Kazakhstan, Mongolia, Southern Australia), as well as in Niger (Arlitt), Gabon 
(Franceville), and at Lodève and Coutras in France.  These orebodies can be exploited using 
low cost in situ leaching methods (Texas).  This type of deposit represents 18% of world 
resources. 

 
• 3- Iron oxide-type deposits 

These deposits occur as breccias in alkaline porphyry environments.  They are rich in 
magnetite or hematite, exhibit structural control, and are often Proterozoic in age.  The type 
deposit is Olympic Dam (Australia), the largest uranium producing orebody in the world.  
The grades range from 0.08 to 0.04% U3O8.  Uranium is recovered with copper, gold and 
silver. 

 
• 4- Epithermal deposits  

The Streltsovka caldera deposit (Transbaikalie, Russia) was once the largest Soviet uranium 
producer (total resources: 280,000 tU3O8 at 0.2%).  Mineralization occurs within a 
Cretaceous caldera and is associated with albite, quartz and fluorite (Chabiron and Cuney, 
2001). 

 
• 5- Pegmatite and granitoid deposits  

The Rössing deposit (Namibia) is a very low grade deposit (0.03-0.05% U3O8) associated 
with alaskites (felsic intrusions).  Some of the showings in the Mont Laurier district 
share similarities with Rössing. 

 
Four other deposit types have also been exploited: 
 

• Conglomerate-hosted deposits, like at Elliot Lake (Ontario) or in the Witswatersrand Basin 
(South Africa).  This type of deposit represents 13% of world resources, yet grades are very 
low (less than 0.2% U3O8; Robertson et al., 1986; Roscoe and Minter, 1993). 

• Vein deposits (9% of world resources), like Jachymov in the Czech Republic 
• Breccia pipe deposits: plateau type of Colorado or carbonatite-hosted (Palabora) 
• Deposits in surficial sediments, calcretes or fluvial sediments (4% of world resources)  

 
Potential resources are also associated with phosphorites, lignites and black shales. 
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Comparison of grades and sizes of various uranium deposit types 

 

 

 
Location of various uranium deposit types around the world 

 

Exploration 

Canada is the world leader in uranium production and is home to the world’s largest uranium 
company, CAMECO.  The total exploration budget for Canadian operations was $36 M in 2003, with 
most of it spent in Saskatchewan by Cameco Corporation, COGEMA Resources Inc. and the UEX 
Corporation.  There has been a recent upsurge in the numbers of permits and uranium exploration 
companies across Canada.  
 

In Quebec, two statutory reports per year have been submitted to the MRNFQ since 1996 (for 
example, Quirion, 1999; Bissonette, 2003). Several new permits were acquired in 2004. 
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Map of uranium mining activities in Canada (Source: GSC) 

 
Mines in production: 1. Rabbit Lake, 2. Key Lake, 3. McClean Lake, 4. McArthur River 
Future mines in development: 5. Midwest, 6. Cigar Lake (2007), 7. Kiggavik 
Previous producers: 8. Cluff Lake, 9. Port Radium, 10. Agnew Lake, 11. Madawaska et al. (Bancroft), 12. Rayrock (Marian River), 
13. Beaverlodge et al., 14. Quirke/Panel/Denison and Stanleigh et al. (Elliot Lake), 15. Gunnar and Lorado et al. 

 
 

Exploration for uranium deposits is unusual when compared to exploration for other substances 
(Cuney et al., 1992).  Outcropping deposits are so easily detected by radiometry that exploration is aimed 
at unexposed orebodies, and in this context indirect indicators are useful.  Geochemical surveys (U, 
fluorine, radon) are typically employed, especially by radon emanometry.  Geophysical surveys measure 
the signature of associated minerals (sulfides, magnetite, graphite, alteration phases).  Its usage is, 
however, quite complex given the variation in valency states for uranium.  Each type of deposit will 
display its particular specificities.  
 

In Quebec, strong geochemical anomalies are often observed in surveys conducted by the 
Ministry (MRNFQ).  These anomalies may be related to true mineralization, but could also be a product 
of secondary processes related to uranium concentrations that bear no economic interest (Otis, 1988).  An 
example would be uranium enrichments associated with organic matter (Quirion, 1999). 

Quebec’s potential 

Quebec represents high potential for uranium deposits.  This potential is expressed in three ways: 
• Uranium is generally associated with assemblages of crustal rocks that form a thickened 

crust.  Granitization results in successive concentrations of uranium, and the Canadian Shield 
thus represents a region of high potential;  

• A large number of uranium deposits and showings have already been identified in Quebec 
(see map); 

• Geochemical surveys conducted by the MRNFQ using lake bottom sediments, stream 
sediments and heavy minerals revealed numerous significantly enriched zones: Archean 
greenstone belts of Northern Quebec, Proterozoic terrains (Mont-Laurier, Wakeham, 
Richmond, Sakami, Labrador Trough and associated granites),  and alkaline complexes.  
Some of these geochemical anomalies remain unexplained. 
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A recent study by CONSOREM identified several favourable sectors for iron oxide-type deposits 
in Quebec (Faure, 2003): the North Shore (Wakeham Group basin), some of the boundaries between 
lithotectonic blocks of the Grenville Province, ancient Proterozoic aulacogens (the aborted rift of Lac 
Cambrien and the Seal Lake Group in Labrador, near the Quebec border), and punctual geochemical 
and/or geophysical targets along or at the intersection of geophysical lineaments in the Superior 
Province.     
 
 

 
Map of uranium showings in Quebec (MRNFQ data) 
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Superior Province 

There are at least four styles of uranium showings in the Superior Province: 
 

- Showings related to unconformities, some of which are similar to the Athabasca-style deposits.  
These showings fueled major exploration programs in the Otish Basin during the 70’s and 80’s 
(Uranerz, Cogema; Genest, 1989).  Several deposits are known (Phantom, S, L, etc.), but the 
hematite and uraninite vein at Beaver Lake is one of the most important.  Several showings at 
Lac Indicator are hosted by sandstone.  

- Showings associated with Proterozoic unconformities, in particular those hosted by Sakami 
sandstones and conglomerates.  These mineralizations led to considerable exploration (Paquette, 
1998; Gauthier 2000), including the work at Lac Cambrien (Au-U mineralization). 

- Showings associated with pegmatites, which are fairly common and include those discovered by 
Majescor in the Mistassini region (near the Otish Basin) that grade 0.2 % U3O8 over 4.5 m.  This 
showing has been compared to the Rössing deposit.  

- Vein showings containing smoky quartz in gneiss or granite, like the Vernot project in the Far 
North (Rivière aux Feuilles).  Vernot is characterized by a hematized tonalite with fairly elevated 
thorium values (0.43% Th), but low U content (25 ppm; Quirion, 1999). 

 

Labrador Trough and the Churchill Province 
  The Labrador Trough also presents a good potential for new uranium resources.  Several 
showings are known, particularly along the Lac Cambrien rift zone (GM, Mistamisk) and in the Dunphy 
Formation as Cu-Au-U-bearing concordant zones.  The Sagar showing (Virginia) may belong to the 
family of iron oxide deposits and its boulder field boasts an average of 64 g/t Au and 1.3 % U.  
Prospecting work in 1998 revealed the presence of several mineralized horizons. 
 

Anomalous zones have also been identified in the vast De Pas batholith east of the Labrador 
Trough (Martelain et al., 1998).  The batholith was emplaced ~1815 Ma. 
 

Grenville Province  
The Grenville Province hosts the majority of Quebec’s showings.  Several are associated with 

monocyclic Proterozoic basins, like those of Mont-Laurier and Wakeham.  The latter was the site of 
SOQUEM’s discovery of the small Kwyjibo Th-U deposit (Magrina et al., submitted).  Elsewhere, the 
Hunters Point showing in the Temiskaming region displays values up to 12% U3O8 and 37 g/t Au in a 
sericite-bearing quartzite within garnet-biotite Grenvillian gneisses. 

 
Deposits have been exploited in comparable environments in Ontario (Bancroft “pegmatites”). In 

Labrador, the Michelin iron oxide deposit near the Quebec border was the subject of partial underground 
development (resource grading 0.11% U  [7,000 tU] now explored by Fronteer Development Group Inc. 
and Altius Minerals Corp.). 
 

Alkaline complexes also have the potential for uranium discoveries, like the Crevier carbonatite 
and syenite complex north of Chicoutimi and explored by Cambior.  It consists of U-Nb-Ta 
mineralization (uranpyrochlore) associated with a pegmatitic nepheline syenite. 

 

Appalachians 
Several uranium showings have been discovered in the Appalachians, including those of St. 

Armand (collophane in sands), Cap aux Meules (sandstone), and Sainte Anne du Lac, which was 
discovered in 1968 near Thetford Mines. 
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Conclusions 

The world’s energy supply is changing.  The costs associated with the greenhouse effect (Kyoto 
Protocol) should boost the appeal of alternative energy sources and the nuclear industry appears poised 
to take off once again. Renewed interest, however, will be dependent on adequate safety measures - a 
concern that is expressed by the majority of citizens. Canada is the world leader in uranium production 
and possesses the expertise to further develop its nuclear fuel cycle, from ore processing to waste 
disposal.  Its political stability is also a favourable attribute.  The doubling of uranium prices during the 
last two years results from a prolonged deficit in primary production and to some extent from speculation 
on the spot market.   

 
In this context, exploration for primary uranium resources is highly relevant.  Quebec has not 

been seriously explored since the 1980’s, when certain models – like iron oxide deposits – did not exist.  
The only major work in Quebec recently was by SOQUEM and its partners in the Grenville Province.   
 

The goal of SIDEX is to invest in companies conducting mineral exploration in Quebec in order 
to diversify the province’s mineral base and open new territories to exploration. 
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Some Internet sites  
http://www.mrnf.gouv.qc.ca/english/mines/quebec-mines/2005-11/uranium.asp 
https://www.mrnf.gouv.qc.ca/english/mines/geology/geology-spots-hot-base.jsp#carte3 
http://www.mrnf.gouv.qc.ca/english/publications/mines/uranium.pdf 
http://www.cna.ca/english/index.asp 
http://www.cogema.ca 
http://www.cameco.ca 
http://www.antenna.nl/wise/uranium/uocdn.html 
http://atlas.sca.uqam.ca:2000/cadre.html 
 
To obtain a list of uranium deposits with resource estimates (not 43-101): 

1- Go to http://sigeom.mrnfp.gouv.qc.ca/signet/classes/I1102_indexAccueil?l=a 
2- Open <Deposits> and click on <Metallic deposit> 
3- Type <G> for <Mineralized body condition> 
4- Under <Planar object> (which, incidentally, should read “Substance”), type <P> for <Principal 

or secondary indicator> and <U> for <Chemical element of the periodic table> 
5- Click on <Search> in the left hand menu 
6- When the list appears, click on <Complete> (again in the left hand menu) for a detailed 

description of the deposits (14 with defined resources) 


