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Abstract

This paper covers the genetic model of ore formation and exploration techniques Uranerz Exploration and
Mining is presently using to explore for unconformity uranium deposits in the deeper parts of the Athabasca Basin.
The main objectives of this paper are: 1) to present a genetic model for unconformity uranium deposits which is being
used in our current exploration strategy, and 2) to present the sequence of exploration techniques used by Uranerz
to explore for uranium in areas of the Athabasca Basin with up to 1000 m of sandstone cover. The Athabasca
unconformity deposits are located in northern Saskatchewan, Canada. Within the Precambrian Athabasca Basin,
exploration companies have discovered 18 uranium deposits. These contain more than 500 million kilograms of
uranium, with average grades ranging from 0.3 to 12%. Uranerz discovered the Key Lake deposits in 1975, currently
the largest and richest open pit uranium mine in the world. Uranerz also holds interests in the Rabbit Lake, Midwest
Lake and Me Arthur River deposits, all in Saskatchewan, and is also actively exploring for uranium worldwide. The
first discovery in the eastern Athabasca Basin was in 1968 at Rabbit Lake, followed by Key Lake in 1975. Both
deposits had surficial indicators, such as radioactive boulders, strong geochemical anomalies in the surrounding lakes
and swamps, and well-defined geophysical signatures. After the Key Lake discovery, an exploration model was
devised which incorporated the underlying graphitic horizon and its strong electro-magnetic signature. Since then,
there have been numerous new discoveries made by systematically drilling along these electro-magnetic conductors.
The advancements in geophysical and geochemical techniques have led to discoveries at increasing depths. In 1988,
the McArthur River deposit was discovered at a depth of 500 m.

GENETIC MODEL FOR UNCONFORMITY URANIUM DEPOSITS

Archean lithologies

During the early Archean, accretion of crustal blocks formed large plates. The Archean
lithologies consisted of granites, granitic gneisses and minor mafic assemblages, which were subjected
to granulite facies metamorphism during the Kenoran Orogeny at 2560 Ma. The borders of the crustal
blocks were zones of weakness and the sites of repeated faulting. Gravity data is used to differentiate
between these crustal blocks.

It has been postulated by Heier and Adams [1] that uranium migrates upward in the crust
during granulite facies metamorphism. Therefore, it is possible that the Kenoran Orogeny
concentrated uranium in the upper Archean crust.

Paleoproterozoic lithologies

Paleoproterozoic pelitic, psammitic, quartzitic and carbonate sediments were deposited in a
miogeosynclinal setting over the Archean lithologies. The basal, carbon-rich pelites were enriched in
uranium derived in part from the enriched Archean crust. The Archean block boundaries had little
effect on sedimentation during this stable depositional period.

Both the Archean lithologies and the Paleoproterozoic sediments were metamorphosed to an
upper amphibolite to lower granulite grade (Annesley and Madore [2]) during the Paleoproterozoic
Hudsonian Orogeny dated at 1780 Ma. The carbonaceous rocks near the base of the pelitic units
formed graphitic layers.
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During metamorphism, the carbon in the carbonaceous sediments was converted into graphite.
Dehydration of the rock produced fluids, which transported the uranium and associated metals into
areas of less confining pressure.

The Hudsonian orogeny also reactivated many of the structural zones between the Archean
blocks. These zones may be up to several hundred kilometres long and 10 to 20 kilometres wide,
herein called mega-shears. These zones of weakness were subjected to folding, faulting and
downwarping, causing the metasediments to be preserved in linear troughs or keels. These were
intruded by radioelement-enriched pegmatites, and were the focus for fluid migration, increased heat
flow, chemical alteration and anatexis. All these events contributed to the further concentration of
uranium within the faulted graphitic lithologies. Parslow [3] has shown that uranium can be
concentrated in anatexites by up to 50 times the original content of the parent rock.

Upward heat flow within the mega-shears was aided by the presence of the newly formed
graphite, which acted as a thermal conductor (Tilsley [4]). Graphitic units folded or faulted into near
vertical attitudes transfer heat much more efficiently than those with a horizontal attitude. Regional
thermal events, therefore, would have had a more concentrated effect within the graphitic
mega-shears, allowing for longer periods of metamorphism and fluid flow in the structural zones than
in the surrounding lithologies.

The mega-shear zones are now marked by preserved NE-trending keels of Paleoproterozoic
metasediments, with the easternmost mega-shear in the Basin underlying all of the known eastern
deposits. This has been described as the Wollaston/Mudjatik contact in numerous papers (Sibbald [5]).

The initial processes involved in the formation of the unconformity deposits of the Athabasca
Basin and the Beaverlodge-type deposits near Uranium City, Saskatchewan, are thought to be similar.
The concentration of uranium in the basement lithologies in both regions would be comparable in
grade during the Paleoproterozoic, before deposition of the Athabasca Group sandstones occurred.

Athabasca group deposition

The Archean and Paleoproterozoic lithologies went through a period of uplift and erosion after
the Hudsonian Orogeny. Then they were covered by the Mesoproterozoic sandstones of the Athabasca
Group.

Deposition of fluviatile to shallow marine quartz sand and pebbles in the intracratonic
Athabasca Basin, formed by tensional tectonics, covered the basement lithologies with up to 5 km of
sediments. The present day thickness of the sandstones is estimated to be a maximum of 2,200
metres. The Athabasca Basin played an important role in the formation of the unconformity deposits
by providing basinal brines to the relatively dry basement lithologies during the main deposit-forming
hydrothermal event described below. These fluids concentrated the basement-hosted protore into the
highest grade uranium deposits in the world.

While low grade uranium deposits occur in numerous localities around the world, the high
grade unconformity deposits occur only in the Athabasca Basin and, to a lesser extent, in the Pine
Creek geosyncline of northern Australia. Without the presence of the overlying sandstones, the
protore developed in the basement lithologies would not have been concentrated beyond grades of
0.5% uranium, on par with the Beaverlodge type or the European Hercynian deposits. The final
concentration step was a hydrothermal event which promoted circulation of the basinal brines of the
Athabasca Group.
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Deposit formation

The deposit-forming event, which took place at approximately 1350 Ma, increased the
temperature at the bottom of the Athabasca Group to an estimated 200 degrees Celsius (Kotzer and
Kyser [6]). It also re-activated basement structures, which extended into the overlying sandstones.
This event mobilized the high salinity, oxidized basinal brines through the Athabasca Group
sandstones, as they had a higher permeability than the underlying basement lithologies. The fluids
were channeled into the upper portions of the mega-shears and flowed along strike due to the high
permeability of these structures. Some of the basinal brines were forced down into the faulted
graphitic lithologies due to both gravity induced hydrostatic pressure and convection. In the graphitic
shear zones, the oxidized brines mobilized the uranium and associated metals and transported them
along the strike of the mega-shear.

Some of the fluids travelled deeper within the graphitic package, and became reduced. Both
reduced and oxidized fluids continued along the mega-shear until they reached a dilation zone in the
graphitic package caused by extensional cross-faulting. Here, the fluids mixed together, causing the
metal-bearing oxidized fluids to become reduced. The uranium and metals would precipitate, forming
unconformity mineralization.

During, and subsequent to, unconformity mineralization, the mixed basinal brines also
circulated upwards within the overlying sandstones. These followed the permeable fault systems which
extended from the graphitic horizon into the sandstones, creating an alteration halo. The size of the
halo above the deposit is proportional to the amount of fluid which flowed through the sandstone. The
geochemistry of the alteration halo varies with the distance from the deposit area, ranging from
several per cent uranium to one half of a ppm. Metals such as nickel, arsenic, lead, cobalt and
vanadium are also common within the halo.

The brines also converted the interstitial clays to illite, and, closer to the deposit, to chlorite.
Both silicification and desilicification may occur within the haloes. An increase in the boron content
is also typical. However, not all alteration haloes contain uranium, or are associated with
mineralization with economic grades.

EXPLORATION TECHNIQUES

The following is a description of our exploration techniques in areas of deep sandstone. These
techniques are based on the genetic model described above. A progressive sequence of exploration
steps is used, starting with large scale area selection involving a few thousand square kilometres, and
ending with drill targets involving several kilometres of conductor strike length.

Area selection

Field evidence of the exploration criteria derived from the genetic model are sought using
geophysics and geochemistry'. The boundaries of Archean blocks and associated keels of
Paleoproterozoic metasediments are located with geophysics. These define the NE trending
mega-shear zones. Surveys of lake sediments and sandstone boulders locate geochemical anomalies
at surface. Electro-magnetic surveys then delineate graphitic lithologies at depth. The following steps
have been established by Uranerz for the exploration for unconformity uranium deposits in areas
covered by thick sandstones.

Large scale attributes, such as NE-trending mega-shears, are defined by gravity and magnetic
data. The gravity data outline the boundaries of Archean crustal blocks which are zones of crustal
weakness. Magnetic data differentiate between the Archean and Paleoproterozoic lithologies, with the
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mag highs representing the Archean and the mag lows representing the Paleoproterozoic. Keels of
Paleoproterozoic metasediments preserved over these zones of crustal weakness are sought.

After locating such a potentially favourable geological setting, the area is sampled using
reconnaissance-scale lake sediment and boulder geochemistry. Boulder sampling is carried out in areas
covered by glacial till, and is designed to locate sandstone boulders which carry the geochemical
signature of an alteration halo. The anomalous boulders are present in the till, with the source of the
boulders at the alteration halo subcrop.

Reconnaissance sampling of sandstone boulders is performed at 300 metre intervals on lines
spaced 2 kilometres apart. These lines are oriented perpendicular to the prevalent glacial direction.
If geochemical anomalies are encountered, a more detailed follow-up survey is done, sampling
boulders at a 100 to 150 metre spacing on lines 800 metres apart.

Modelling and empirical data both indicate that geochemical responses become stronger closer
to a deposit. The deeper deposits have weak but still detectable surficial signatures in the overlying
boulders. In areas where the sandstone is 1 kilometre thick, only a subtle expression is seen in the
boulders with uranium values less than 1 ppm.

Because of the subtlety of the geochemical signatures, improved techniques were used to
lower detection limits for uranium, boron and lead. An axial ICP unit and fluorometry is used for the
analyses, and larger sample sizes improve the uranium and lead detection limits to 0.02 ppm. The
boron detection limit is 2 ppm, and illite and chlorite may be determined to a limit of 0.001%.

Areas with favourable geochemistry are then tested by electro-magnetic surveys, which
determine the location of graphitic horizons in the basement. Two modes of operation have been used,
moving-loop and fixed-loop time domain EM, which can accurately define conductive lithologies
through 1 kilometre of sandstone.

The moving loop survey uses a transmitter loop size of 1 kilometre diameter, with the
receiver 2 kilometres away. This entire set-up is moved on 300 metre intervals through the bush for
each reading. The fixed-loop EM survey has a stationary transmitter loop of 1.6 kilometres in
diameter and a moving receiver which takes readings from 50 metres to 3 kilometres away.

A combination of favourable gravity, magnetics, boulder geochemistry and EM responses
allows for the placement of a drillhole.

In the next stage of an exploration programme, core drilling is employed to examine the
targets defined by the previous surveys. The core from a drillhole is examined for lithologies and
structure, and then geochemically analysed. This information is used to determine if another drillhole
is warranted. Targets would continue to be drilled until the anomalies have either been satisfactorily
explained or a deposit has been located. It is important to note that not all alteration haloes are related
to a uranium deposit, and most alteration haloes are in fact barren.

SUMMARY

In summary, Uranerz has advanced the genetic and exploration models for unconformity
uranium deposits within the Athabasca Basin, and has applied them in areas of up to 1 kilometre of
sandstone cover.
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Genetic model

The sequence of geological events which contributed to the concentration of uranium are as
follows:

1) Archean crustal accretion, resulted in zones of weakness between the crustal blocks. The
block boundaries have locally developed into NE-trending mega-shears.

2) Granulite facies metamorphism during the Kenoran Orogeny concentrated uranium in the
Archean crust.

3) Erosion of the Archean and subsequent deposition of psammites and uranium-enriched pelitic
sediments during the Paleoproterozoic

4) Metamorphism and deformation during the Paleoproterozoic formed linear basins of pelitic
to psammitic metasediments over the Archean zones of crustal weakness, i.e., the mega-
shears. This also involved further concentration of uranium by anatexis and fluid migration.

5) Erosion of the Archean and Paleoproterozoic lithologies, and subsequent deposition of the
Mesoproterozoic Athabasca Group.

6) A hydrothermal event at approximately 1350 Ma caused basinal brines to concentrate the
uranium present in the mega-shears at the unconformity contact with the overlying Athabasca
Group sandstones.

Recent glaciation caused surface expressions of the hydrothermal event in the sandstones to
be spread down-ice from where it subcrops.

Exploration model

Our exploration techniques for the search of deep uranium deposits commence with a
geological compilation of the basement lithologies beneath the Athabasca Basin. Gravity and
magnetometer surveys define NE-trending mega-shear zones with preserved keels of Paleoproterozoic
metasediments. This provides target areas of up to 100 km long and 20 km wide.

Sampling of the glacially-derived sandstone boulders determines areas of geochemical
anomalies in the till. These responses are the surface expressions of hydrothermal alteration haloes
in the upper sandstones, and effectively reduce the strike length of the target to about 5 kilometres.
EM surveys are then used to locate graphitic horizons in the basement Paleoproterozoic
metasediments, further reducing the width of the target to several hundred metres. The initial drilling
target area is then approximately 5 kilometres by 400 metres. Geochemical and structural analyses
of each drillhole further refines the target area, until the source is discovered.
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