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ABSTRACT

The Central Mineral Belt (CMB) of Labrador is well known for its widespread and diverse uranium mineralization, but
there are few integrated overviews of these deposits. Exploration since 2005 has expanded the resources at previously known
deposits, and new prospects have been discovered in areas not previously considered prospective. This report provides an
overview of the diverse uranium mineralization across the CMB, emphasizing the styles of mineralization in the context of
current deposit classifications. From this perspective, uranium mineralization in the CMB is tentatively placed in three broad
categories considered to have developed in broadly magmatic, metamorphic—metasomatic and sedimentary environments.

Magmatic mineralization of syngenetic affinity is represented by uraniferous pegmatites and aplites, and also by some
mineralization hosted by undeformed or little-deformed felsic volcanic rocks. Magmatic—hydrothermal mineralization of epi-
genetic affinity is represented by unusual breccia-hosted mineralization associated with iron metasomatism, and V, Cu and Ag
enrichment. This style may be akin to so-called iron-oxide—copper—gold (IOCG) environments, although more work is
required to confirm such a link. Uranium-enriched veins in the eastern CMB are likely also of magmatic—hydrothermal ori-
gin. Mineralization of possible metamorphic—metasomatic origins is hosted by felsic metavolcanic and pelitic metasedimen-
tary rocks that have experienced strong deformation. Several significant uranium deposits in the CMB (e.g., Michelin, Jacques
Lake and Kitts) are tentatively placed in this group, and some mineralization in deformed granitoid rocks may also belong to
this family. These deposits are characterized by pre- or syndeformational timing, location in shear zones, and associated Na-
metasomatism. Possible analogues for such deposits are provided by so-called "metasomatite" or "albitite" deposits described
mostly from the Baltic Shield. Their exact origins remain obscure, but hydrothermal transport and deposition of uranium dur-
ing regional deformation and metamorphism may be important processes in Labrador. Mineralization in sedimentary envi-
ronments is hosted mostly by terrestrial sedimentary rocks, within which uranium appears to be linked to localized reduction
of oxidized sequences. This mineralization may have affinities to sandstone-hosted mineralization known mostly from
Phanerozoic sequences, or to some mineralization associated with Proterozoic unconformity-style deposits.

The diversity of uranium mineralization in the CMB is bewildering, and the ideas outlined in this report represent initial
steps in establishing better descriptive classifications, that may, in turn, refine exploration models. Further steps in this
process require more systematic petrological, geochemical and (particularly) geochronological data that can constrain such
models and allow wider application.

INTRODUCTION the late 1970s, the Kitts and Michelin deposits approached

commercial development, but this effort was stalled by a
decline in global uranium prices, and there was little explo-
ration for uranium between 1980 and 2005. The recent
increase in uranium prices has led to renewed exploration

OVERVIEW

The first indications of uranium in Labrador were dis-

covered south of Makkovik in 1954, at a locality now
known as the Pitch Lake showing. The region, now known
as the Central Mineral Belt (CMB; Figure 1) became the
focus of intensive exploration for over 25 years, which led
to the discovery of the Kitts, Michelin and Moran Lake ura-
nium deposits, and many smaller prospects and showings. In

throughout the CMB, which now ranks as one of the most
important uranium exploration areas in Canada, second only
to the Athabasca basin of Saskatchewan. This second wave
of exploration mostly consists of reappraisal and resource
expansion at previously known deposits such as Michelin
and Moran Lake, but it has also led to the discovery of sig-
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Figure 1. Regional distribution of areas containing known uranium mineralization in Labrador that are current exploration
targets, modified after Wardle (2005). For the sake of clarity, only selected larger uranium deposits in the CMB are indicat-
ed; for the locations of all sites discussed, see Figure 2. For information on areas located outside the CMB, see Wardle (2005)

and references therein.

nificant new areas of uranium mineralization including the
Jacques Lake deposit, the Two-Time Zone and several other
showings (Figure 2). The historic exploration and the newer
discoveries underline the great diversity in the styles of ura-
nium mineralization within the CMB and the surrounding
region. The host rocks to such mineralization include gran-
ites, pegmatites, felsic volcanic rocks, argillaceous and clas-
tic sedimentary rocks, conglomerates and mafic volcanic
rocks. An equally wide variety of genetic models, ranging
from synsedimentary precipitation in black shales to late-
stage, epigenetic introduction by magmatic fluids, has been
proposed over the years.
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The first regional discussion of uranium mineralization
in this area was by Beavan (1958), who stated that "the dis-
tribution and variety of radioactive occurrences marks the
area as a uranium metallogenic province". Considering the
potential importance of this uranium metallogenic province,
there are relatively few widely available, published descrip-
tions of this diverse mineralization; the principal sources are
survey reports (e.g., Gower et al., 1982; Ryan, 1984; Wilton,
1996) and papers by Gandhi (1978, 1984). Postgraduate the-
ses, notably those of Marten (1977), Evans (1980) and Kon-
tak (1980) also provide some important information, but lit-
tle of this work was published. Large amounts of data are
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also available in exploration-company assessment reports
from the 1970s and 1980s, and information from the second
phase of exploration is now gradually entering the public
domain through press releases, company websites and NI
43-101 reports filed as part of securities regulation.

Rocks hosting uranium mineralization in the CMB
region range in age from Archean (ca. 2800 Ma) to Meso-
proterozoic (ca. 1270 Ma). The oldest host rocks known to
date are the late Archean granites of the southern Nain
Province, and the youngest host rocks are the terrestrial sed-
imentary sequences of the Seal Lake Group (Figure 1).
However, most of this mineralization (including the most
important examples) is hosted by supracrustal sequences of
Paleoproterozoic age (between 2170 Ma and 1650 Ma),
most of which are located in the Makkovik Province and
adjacent parts of the Grenville Province (Figure 1). Several
episodes of regional deformation, including the ca. 1800 Ma
Makkovikian Orogeny and the ca. 1000 Ma Grenvillian
Orogeny, have affected the CMB, and these may have led to
remobilization and redistribution of uranium from primary
deposits. At least some of the mineralization in older
supracrustal sequences was affected by ca. 1800 Ma defor-
mation, but uranium is also present in younger rocks that did
not form until ca. 1650 Ma. At face value, such patterns
indicate the presence of at least two "mineralizing
episodes", and there could well be more. Direct geochrono-
logical information on the timing of uranium deposition is
sparse and, because it may reflect partial resetting by subse-
quent events, is difficult to interpret (see later discussion,
page 216).

This report reviews and evaluates some of the styles of
uranium mineralization identified within the CMB, and is
intended to provide a more detailed descriptive framework
than recent abbreviated summaries by Wardle (2005) and
Kerr et al. (2007). The key geological aspects of various
styles of uranium mineralization are summarized, and then
assessed in the context of modern classifications of uranium
deposits, such as those outlined by Dahlkamp (1993). Post-
mineralization deformation complicates the application of
such criteria because it obscures primary geological rela-
tionships in some important examples. Consequently, some
of the CMB examples could fit into more than one specific
model, and some suggestions are of a preliminary nature. In
a report such as this, it is impossible to describe every occur-
rence, and thus most attention is paid to selected deposits, or
"type examples", that exemplify the characteristic features.
It should also be noted that some of the uranium deposits in
the CMB do not readily fit into the existing classifications,
which may thus require some revision and expansion. This
report is, to a large extent, based upon previous descriptions
from published and unpublished sources, coupled with
observations from field work and drill-core examination in

2007, and some public-domain information from recent
exploration work.

The CMB contains both syngenetic and epigenetic
styles of uranium mineralization, but the latter is more wide-
spread. The syngenetic style of mineralization is essentially
magmatic and includes deposits in pegmatites and related
evolved granites, and also probable synvolcanic concentra-
tions in felsic volcanic rocks. The epigenetic styles of min-
eralization are much more varied, and include breccia-host-
ed deposits with possible IOCG affinities, and possible
examples of "albitite" deposits (also known as "metaso-
matites") in deformed felsic volcanic rocks. Also, there are
examples of sandstone-hosted deposits that may have affini-
ties to those more typically found in Phanerozoic rocks.
Unconformity-style uranium deposits, like those of the
Athabasca basin, are not clearly documented in the CMB,
although potential may exist for these in several areas.
Important mineralization hosted in pelitic metasedimentary
rocks does not readily fit into existing classifications,
although it may have affinities to the "albitite—-metaso-
matite" types.

REGIONAL GEOLOGY

The CMB of Labrador includes portions of the Archean
Nain Province, the Paleoproterozoic Makkovik and
Churchill provinces, and the Mesoproterozoic Grenville
Province (Figure 1). It is defined largely by mineralization
and geography, rather than by specific aspects of its geolo-
gy, which is extremely varied (Figure 2). The CMB hosts
most of the uranium mineralization known within Labrador,
and is also well known for Cu, Mo and rare-metal (Zr, Be,
Nb, REE) mineralization. Most of the uranium occurrences
are hosted by supracrustal rocks of the Makkovik Province
and their equivalents in the northernmost Grenville
Province, but recent exploration suggests that older pluton-
ic rocks in the Nain Province may also have potential. The
regional geology of the CMB (and parts thereof) is summa-
rized by Gower et al. (1982), Ryan (1984), Ermanovics
(1993), Kerr (1994), Kerr et al. (1996), and Wilton (1996);
the following overview is largely derived from these
sources. The stratigraphy of the CMB is illustrated schemat-
ically in Figure 3, which shows the temporal context of the
main examples of uranium mineralization discussed in this
report. It should be noted that this chart illustrates only the
ages of the host rocks to specific deposits, and that the actu-
al ages of mineralization may be significantly younger in
some cases.

The oldest rocks within the CMB occur within the
Archean Nain Province (Figure 2), and were unaffected by
Proterozoic orogenic events. However, equivalent Archean
rocks also occur in the northwestern Makkovik Province,
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Figure 2. Uranium occurrences of the Central Mineral Belt and surrounding region, highlighting examples discussed in this

report. Geological base map modified from Wardle et al. (1997).

where they were reworked by Paleoproterozoic deformation
and metamorphism. These reworked Archean rocks likely
form the basement to much of the Makkovik Province and
the eastern CMB (Kerr ef al., 1996).

In the Nain Province, the Archean rocks include ancient
polyphase orthogneisses, and even older remnants of
supracrustal rocks. These ancient rocks may be as old as ca.
3250 Ma (Loveridge et al., 1987). The gneisses are inter-
leaved with more extensive metavolcanic and metasedimen-
tary rocks of the Florence Lake greenstone belt, considered
to represent a younger cover sequence. The youngest
Archean rocks are those of the Kanairiktok intrusive suite,
which consist of massive to intensely foliated tonalite, gra-
nodiorite and granite. These intrude all of the older Archean
units, and are, in part, posttectonic; they were dated at ca.
2838 Ma by Loveridge et al. (1987). The Kanairiktok intru-
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sive suite, and older units, are in turn cut by fresh diabase
dykes known as Kikkertavak dykes, which are dated pre-
cisely at ca. 2230 Ma (Cadman et al., 1993).

The boundary between the Nain and Makkovik
provinces is marked by a prominent NE-trending shear zone
known as the Kanairiktok shear zone (Figure 2). This has a
long and complex history of deformation and syntectonic
magmatism and contains multiple sheets of leucocratic and
pegmatitic granite, dated at 1870 + 2 Ma (Ketchum et al.,
2001a; Culshaw et al., 2000). The northwestern Makkovik
Province contains the same rock units as the Nain Province,
but they are affected by Paleoproterozoic deformation and
metamorphism, and are intruded by complex plutonic rocks
ranging in age from ca. 1900 Ma to ca. 1720 Ma
(Ermanovics, 1993; Ketchum ef al., 2001a). The ca. 2230
Ma Kikkertavak dykes are transformed into folded amphi-
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bolites within the Makkovik Province, but locally retain
their original discordance with Archean host rocks (Ryan et
al., 1983). Deformed and metamorphosed supracrustal
rocks, likely equivalent to the Post Hill Group also occur
within this region (Marten, 1977; Ryan et al., 1983).

The oldest supracrustal sequences in the Makkovik
Province are the Moran Lake and Post Hill groups (Figure
2). Note that the Post Hill group was for many years known
as the Lower Aillik Group, prior to redefinition of the ter-
minology by Ketchum et al. (2002). The Moran Lake and
Post Hill groups have long been correlated on the basis of
their similar stratigraphy and lithology (e.g., Marten, 1977;
Wardle and Bailey, 1981). Uranium—lead geochronological
data from the Post Hill group demonstrate that mafic
metavolcanic rocks in its lowermost part were deposited ca.
2178 Ma ago, but that sedimentary rocks higher in the
sequence were deposited after ca. 2013 Ma, suggesting that
there are some unresolved stratigraphic complexities
(Ketchum et al., 2001b). The Moran Lake Group remains
undated. Both sequences consist of siliciclastic sedimentary
rocks and mafic volcanic rocks; the Moran Lake Group con-
tains carbonate rocks in its lower section and is generally
interpreted to be the shallow-water equivalent of the higher
(younger ?) parts of the Post Hill group. The Moran Lake

Group sits unconformably upon Archean basement rocks,
but the more strongly deformed and metamorphosed Post
Hill group is in tectonic contact with these older rocks. The
Post Hill group is strongly deformed and disrupted by shear
zones, and it experienced amphibolite-facies metamor-
phism, which locally led to partial melting. In contrast, the
Moran Lake Group displays only greenschist-facies meta-
morphism. However, regional relationships and the presence
of deformed clasts of typical Moran Lake Group rock types
in the basal part of the ca. 1650 Ma Bruce River Group
(Ryan, 1984), indicate pre-1650 Ma deformation of the
Moran Lake Group.

Younger supracrustal sequences in the eastern part of
the CMB are very different in character from the Moran
Lake and Post Hill groups, as they are dominated by shal-
low-water to terrestrial sedimentary rocks and subaerial fel-
sic volcanic rocks. The Aillik Group dominates the central
part of the Makkovik Province (Figure 2). Note that these
rocks were for many years known as the Upper Aillik
Group, prior to the redefinition of terminology by Ketchum
et al. (2002). The Aillik Group includes a lower sequence of
mixed sedimentary rocks and volcanic rocks of both mafic
and felsic composition, which is overlain by a thick
sequence of felsic volcanic, pyroclastic and volcaniclastic
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of uranium mineralization in the Central Mineral Belt of
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alization is suspected to be younger; modified after Wardle (2005).

rocks. The volcanic rocks formed ca. 1860-1850 Ma ago
(Schérer et al., 1988; Ketchum et al., 2002), but their pri-
mary features are obscured by metamorphism, recrystalliza-
tion and locally intense deformation. The contact between
the Aillik Group and the older Post Hill group is generally
interpreted as tectonic (Marten, 1977; Gower et al., 1982;
Kerr et al., 1996; Ketchum et al., 2002). The Aillik Group is
probably the single most important host to uranium miner-
alization within the CMB (Figures 1 and 2).

In the southwestern portion of the Makkovik Province

and adjacent Grenville Province, the Bruce River Group sits
unconformably upon the Moran Lake Group. The Bruce
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River Group, described in detail by Ryan (1984), consists of
a lower terrestrial sedimentary sequence dominated by con-
glomerates, arkoses and sandstones, overlain by a thick
sequence of mostly felsic volcanic rocks, which were dated
at ca. 1650 Ma (Schérer et al., 1988).

Large areas of the CMB are underlain by plutonic rocks
of broadly granitoid composition, particularly in the south
and east. These plutonic rocks were formed in at least four
main episodes at 1895 to 1870 Ma, 1815 to 1790 Ma, 1720
to 1715 Ma and 1650 to 1640 Ma (Kerr et al., 1992; Kerr,
1994; Ketchum ef al., 2000, 2002). Thus, they both predate
and postdate development of the supracrustal sequences of
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the Aillik and Bruce River groups. The oldest plutonic rocks
display locally intense deformation, and the 1815-1790 Ma
suites include both syntectonic and posttectonic suites; both
are temporally linked to the Makkovikian Orogeny, consid-
ered to have taken place ca. 1800 Ma ago. However, there
were earlier deformational events within the northwestern
part of the Makkovik Province at ca. 1890 Ma that are more
difficult to resolve accurately (Schirer et al., 1988; Kerr et
al., 1992; Ketchum et al., 1997). The younger (ca. 1650 Ma)
plutonic suites are undeformed within the Makkovik
Province, but are affected by the ca. 1000 Ma Grenvillian
Orogeny in the south of the CMB. In the central part of the
Makkovik Province, plutonic suites of ca. 1720 Ma and ca.
1650 Ma age form small, isolated plutons cutting the Aillik
Group, suggesting that the erosion surface coincides with
the roof zone(s) of larger batholiths at depth (Kerr, 1994).
Some of these plutonic suites are associated with hydrother-
mal mineralization of granophile character, which locally
includes uranium, in addition to Cu, Mo and F (Wilton and
Wardle, 1987; Kerr, 1994; Wilton, 1996).

The youngest supracrustal sequences in the CMB are
the Letitia Lake Group and the Seal Lake Group. The Leti-
tia Lake Group, dated at ca. 1330 Ma (Thomas, 1981; Gand-
hi et al., 1988), is dominated by alkaline volcanic rocks and
is not represented in Figure 2. It is known primarily for its
rare-metal occurrences, and is not discussed further here.
The Seal Lake Group consists of terrestrial sedimentary
rocks and minor mafic volcanic rocks, both of which are
intruded by mafic sills (Brummer and Mann, 1961; Ryan,
1984). The sedimentary rocks are undated, but uncon-
formably overlie the Letitia Lake Group, indicating deposi-
tion after ca. 1330 Ma; U-Pb ages from the mafic sills of ca.
1250 and ca. 1225 Ma (Romer et al., 1995) provide a mini-
mum age for deposition of the sequence. The Seal Lake
Group occurs on the western edge of the area in Figure 2,
where it sits unconformably upon all of the units discussed
above, including several plutonic units and the felsic vol-
canic rocks of the Bruce River Group. The Seal Lake Group
is best known for copper mineralization (Gandhi and
Brown, 1975; Wilton, 1996) but minor uranium is reported
to occur in its basal sequence in one area (see later discus-
sion, page 205 and page 212).

SIGNIFICANT RESULTS FROM RECENT
EXPLORATION

The first phase of uranium exploration in the CMB
occurred between 1954 and the early 1980s, and many of the
deposits were discovered and partly evaluated during that
period. Summaries and discussions of uranium mineraliza-
tion, based in large part upon the results from this explo-
ration, were presented by Beavan (1958), Gandhi (1978,
1984), Gower et al. (1982), Ryan (1984), Kerr (1994) and

Wilton (1996). Post-2005 exploration across the CMB now
provides much new information, and this section provides a
brief summary of developments that are particularly rele-
vant in the context of this report. It is drawn from press
releases, and also information in reports submitted under NI
43-101 requirements, notably Cunningham-Dunlop (2007)
for Aurora Energy Resources and LaCroix and Cook (2007)
for Crosshair Exploration and Mining.

The most important deposits discovered in the first
phase of exploration were the Kitts and Michelin deposits.
Resource calculations in the late 1970s indicated that Kitts
contained some 185 000 tonnes at 0.73% U,Os, whereas
Michelin contained a larger, lower grade resource of some
6.4 million tonnes at 0.13% U,O;. Expressed in terms of
contained U,Qq, these correspond to about 3 million pounds
and 18.4 million pounds, respectively. Several smaller zones
(i.e., Rainbow, Burnt Lake, Inda, Gear and Nash) were esti-
mated to contain an additional 4 million pounds of U;Os.
Note that these are all historical estimates summarized by
Gower et al. (1982) and do not conform to present NI 43-
101 standards for resource or reserve calculations. The
Kitts—Michelin development proposal of the late 1970s was
predicated on the idea that the small, high-grade Kitts
deposit could improve the overall grade of the larger Miche-
lin resource to economic levels. The deposits at Moran Lake
were also discovered in the late 1950s and early 1960s, but
were not evaluated in detail until the late 1970s, and conse-
quently did not reach the stage of formal resource assess-
ment.

The mineral rights to the Michelin deposit and the
deposits at Moran Lake eventually lapsed, but both areas
were eventually re-staked as part of exploration projects
aimed largely at iron-oxide—copper—gold (IOCG) targets,
rather than uranium. Both areas now form advanced urani-
um exploration projects in which additional uranium
resources are documented to NI 43-101 standards. The Kitts
deposit has not undergone further exploration, as it was
declared to be exempt mineral land (EML) during land-
claims negotiations with the Inuit of Labrador. Although
some other EML areas established during this process were
subsequently opened to exploration following ratification of
land claims agreements, Kitts was retained as EML by the
Nunatsiavut Government pending development of a land-
use plan for Labrador Inuit Lands.

Exploration at the Michelin deposit, conducted by
Aurora Energy Resources, focused on expanding the
resource by drilling to greater depths, along strike and in a
downplunge direction. The zone of mineralization has been
significantly extended, and the most recent resource calcu-
lations indicate some 40 million tones at 0.10% U;Og, which
is equivalent to some 86 million pounds of U;O4 (Aurora
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Energy Resources, Press Release, February 13, 2007). This
figure includes all categories of the resource, and represents
a nearly fivefold increase in contained uranium, albeit at a
lower average grade. Recent exploration by Crosshair
Exploration and Mining at Moran Lake also focused on
drilling to greater depths and along strike, and recent
resource estimates suggest some 8 million pounds of U,0q
and some 14 million pounds of V,0; (Crosshair Exploration
and Mining, Press Release, July 31, 2007). As discussed
subsequently, the Moran Lake project may include deposits
of more than one type and/or age.

The encouraging results from Michelin and Moran
Lake, coupled with buoyant prices for U,Oq, led to land
acquisition and exploration by other junior mining compa-
nies. Some of these exploration programs are focused upon
smaller prospects identified during earlier exploration, with
the hope of similarly expanding total resources through
additional drilling, but others are true grassroots exploration
programs in areas where uranium mineralization was previ-
ously unknown. The initial stages of evaluation in both
types of projects involved airborne radiometric surveys,
using instrumentation that is much more sensitive than that
employed in earlier periods of exploration. These regional
exploration programs led to the discovery of new zones of
uranium mineralization in several areas. Perhaps the most
significant of these is the Jacques Lake deposit, which was
unearthed by Aurora Energy Resources about 25 km east of
the Michelin deposit. Minor uranium mineralization was
previously known in this area, but new airborne surveys
indicate a large radiometric anomaly suggesting wider
potential. Drilling now suggests a total resource of some 6
million tones at 0.08% U,Oq, representing some 10 million
pounds of U;Og, which compares favourably with the 1970s
estimates for Michelin (Aurora Energy, Press Release, Feb-
ruary 13, 2007). The Jacques Lake deposit remains open at
depth and along strike as of writing, and is the subject of an
intensive exploration effort. From a geological perspective
(see later discussion, page 208) it has some features in com-
mon with the Michelin deposit, but differs in other respects.

The Two-Time Zone, discovered by Silver Spruce
Resources in an area with few previously known uranium
showings, is an interesting deposit that suggests wider
potential in the late Archean Kanairiktok intrusive suite.
This widespread mineralization is hosted by granitoid rocks,
and includes some wide intersections of low-grade material,
e.g., 199 m of 0.026% U,O4 (Silver Spruce Resources, Press
Release, August 30, 2007). No formal resource estimates
have been announced for this area, but these are expected in
early 2008.

Exploration by Bayswater Uranium Corporation, large-
ly within the Nain Province, discovered uranium mineral-
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ization in granitic and pegmatitic rocks, which is locally
high-grade. In the Anna Lake area, located within the
Makkovik Province (Figure 1) this company recently
announced a new discovery of U-Mo mineralization,
including intersections of 0.07% U,Oq and 0.022% Mo over
40 m (Bayswater Uranium, Press Release, October 29,
2007). The most recent drilling at Anna Lake intersected
mineralization over a 600-m-strike length and up to a verti-
cal depth of 230 m. The mineralization appears to have no
surface expression, although exploration in the area was ini-
tially prompted by the existence of radioactive boulders. At
the present time, little is known concerning the geological
environment of the Anna Lake discovery, although mineral-
ization is reportedly hosted within sulphidic, biotite- and
garnet-bearing schist adjacent to a possible structural con-
tact with quartz-sericite schist (Bayswater Uranium, Press
Release, October 29, 2007).

Several other new uranium showings have been discov-
ered in the CMB since uranium exploration resumed at an
intense level in 2005. Several of these appear to be hosted
by felsic volcanic and/or intrusive rocks, such as the T-649
zone (Silver Spruce Resources), the Fish Hawk Lake
prospect (Santoy Resources) and the Quinlan showing
(Mega Uranium). As in the case of the Anna Lake discovery,
geological information on these occurrences is presently
limited. However, such results certainly underline the poten-
tial of the CMB for new discoveries in previously untested
environments.

SETTINGS AND CHARACTERISTICS OF
URANIUM MINERALIZATION IN THE
CENTRAL MINERAL BELT

This section of the report provides a summary of the
most important characteristics of several subtypes of urani-
um mineralization defined largely on the basis of their host
rock-types and environments, without specific reference to
genetic concepts. The information upon which this is based
comes, in large part, from published sources such as papers
and survey reports, and unpublished sources such as assess-
ment reports and theses. Some information from recent
exploration is derived from exploration-company press
releases and websites. These sources are supplemented by
field work and examination of diamond-drill core complet-
ed during the 2007 field season. At the present time, there
are no petrographic, geochemical or isotopic data available
from this project, but systematic sampling of outcrops and
drill core during 2007 provides material for such studies,
which are ongoing. Some of the observations in this section
are by their very nature preliminary, and may be subject to
revision in the light of future laboratory studies. For the sake
of simplicity, the types of mineralization are denoted by
numbers in this section, and each of these is then discussed
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in terms of classification and origin in the final section of the
report.

URANIUM MINERALIZATION HOSTED BY
PLUTONIC ROCKS

Plutonic igneous rocks are not widespread hosts to ura-
nium in the CMB, but they have received far less explo-
ration attention than other environments, and may have
wider potential. From a descriptive point of view, mineral-
ization hosted by plutonic rocks falls into two contrasting

types.

Type 1: Disseminated Mineralization without Associat-
ed Alteration in Granites, Pegmatites and Aplites

Uranium occurrences known in the granitoid rocks of
the CMB prior to 2005 are associated with shearing and/or
alteration, suggesting that they are likely of hydrothermal
origin (i.e., Type 2). However, minor radioactivity was
reported to be associated with pegmatite veins containing
molybdenite in the Jacques Lake area by Wilton (1996);
note that this is unconnected to the Jacques Lake deposit
later defined by Aurora Energy Resources. Radioactive peg-
matites are also known in the eastern CMB, where they are
associated with hydrothermal veins (i.e., Type 9 below).

In the area southeast of the Kanairiktok shear zone,
Bayswater Uranium Corporation discovered an extensive
zone of radioactive pegmatites and leucogranites, which
they named the Dandy prospect (Figure 2). The Dandy
prospect consists of numerous, 1- to 3-m-wide, feldspar-rich
leucocratic granite to pegmatite sheets that intrude reworked
quartzofeldspathic orthogneisses, of presumed Archean age.
Typical features of the mineralization are illustrated in Plate
1. These granitic sheets contain a variably developed folia-
tion that parallels the stronger fabric within the Kanairiktok
shear zone, located to the immediate northwest. The
strongest radioactivity is along foliation planes enriched in
biotite, and a pervasive pale-yellow staining is developed in
local areas of strong radioactivity. The association between
the yellow staining and elevated radioactivity suggests that
the stain represents secondary alteration of a uranium-bear-
ing mineral. Several generations of pegmatite can be dis-
cerned in the prospect area, including late crosscutting peg-
matites with pink-weathering colours, but not all these
exhibit radioactivity, and the later generations appear to be
barren. Surface samples from the Dandy prospect contained
up to 0.18% U,04 (Bayswater Uranium, Press Release,
November 8, 2006) and the zone was tested by drilling in
the fall of 2007. Drillholes intersected numerous pegmatitic
intervals, but mineralization within these appears to be spo-
radic, with the best intersection assaying 0.04% U,Og over
5.0 m (Bayswater Uranium, Press Release, October 29,
2007). There is no indication of hydrothermal alteration

associated with the radioactivity, and the uranium mineral-
ization here thus appears to be of primary magmatic origin.
There is presently no information on the uranium-bearing
mineral(s) within the pegmatites. The pegmatitic sheets at
the Dandy prospect have not been dated, but similar peg-
matitic leucogranites from a nearby locality within the
Kanairiktok shear zone were dated by Ketchum er al
(2001a) where they yielded a U-Pb age of 1870 + 2 Ma.

At the nearby Kanairiktok Bay showing (Figure 2), a
complex assemblage of deformed plutonic rocks, of
unknown age, is cut by pink to grey pegmatites and aplites
that are locally radioactive. Intense radioactivity is associat-
ed with biotite-rich material developed at the margins (?) of
the pegmatite sheets, and discrete biotite-rich shear zones
that crosscut the plutonic rocks locally host up to 6.9% U;04
in grab samples (Bayswater Uranium, Press Release, Janu-
ary 18, 2007). The uraniferous pegmatites are cut by meta-
morphosed mafic dykes; the latter could be meta-Kikker-
tavak dykes, which would suggest that both the pegmatites
and associated mineralization here are older than ca. 2230
Ma, and perhaps of Archean age.

A similar style of mineralization is present at the Stom-
ach Lake showing in the southwestern Nain Province (Fig-
ure 2), which was also discovered by Bayswater Uranium
Corporation. At this locality, late crosscutting pegmatites
invade gneisses of broadly mafic, amphibolitic composition.
As at the Dandy prospect, sporadic yellow staining is asso-
ciated with zones of elevated radioactivity. Grab samples of
mineralized pegmatite at Stomach Lake contained up to
0.45% U,0Oq4 (Bayswater Uranium, Press Release, January
18, 2007; Figure 2), but material of such grade is developed
only on a local scale. The pegmatites at Stomach Lake were
not observed to be cut by diabase dykes, and their age is
unconstrained, other than that they are younger than their
Archean gneissic country rocks.

Type 2: Disseminated Mineralization Associated with
Shearing and/or Alteration in Granitoid Rocks

In contrast to Type 1, this style of uranium mineraliza-
tion is associated with localized shearing and/or variable
alteration of the plutonic host rocks, suggesting that urani-
um was introduced from elsewhere, rather than crystallizing
in minerals that formed part of the original igneous assem-
blage.

The most prominent example of this style of mineral-
ization is the Melody Hill prospect, originally discovered in
the 1970s. In some respects, "prospect" is a misnomer,
because the site is best-known for mineralized boulders of
strongly deformed granite displaying intense hematitic alter-
ation. Some of these boulders yielded extremely high
grades, up to 28.2% U,0, and an average of some 27 min-
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Plate 1. Representative photographs of uraniferous leucogranite and pegmatite units and their relationship with the country
rocks in the southern Nain Province and adjacent Makkovik Province. A) Foliated quartz-feldspar-rich leucogranite display-
ing a distinctive yellow staining. Elevated radioactivity mostly associated with biotite-rich foliation planes, Dandy prospect.
B) Banded orthogneiss inclusion within less-deformed pegmatite, note localized yellow staining; Dandy prospect. C) Uranif-
erous granitic to pegmatitic rock cut by metamorphosed mafic dyke that postdates mineralization, Kanairiktok Bay prospect.
D) Uraniferous pegmatite and aplite cutting foliated mafic gneiss, Stomach Lake prospect.

eralized boulders indicated about 8.4% U,O;. Not surpris-
ingly, much effort continues to be directed toward the search
for a possible bedrock source by Aurora Energy Resources
(e.g., Aurora Energy Resources, Press Release, May 24,
2006). Lower grade uranium mineralization is present in
outcrops of deformed granitoid rocks in the same general
area as the high-grade boulder train, and this was examined
in 2007. The host rocks at this location belong to the Melody
Hill granite, which is undated, but correlated with a litho-
logically similar unit that was dated at 1891 + 5 Ma by Kerr
et al. (1992). Typical features of this mineralization are
illustrated in Plate 2.

The stripped outcrops consist predominantly of white-
weathering, quartz and feldspar-rich, medium- to coarse-
grained granite transected by strongly hematitic zones that
display a brecciated texture suggestive of cataclastic
processes; these have sharp contacts with the unaltered

202

granite, and there are also discrete mylonitic zones that are
both magnetic and intensely hematitic. The radioactivity in
the outcrop is associated with zones of strong deformation
and/or intense hematitic alteration. Although the outcrop
was undoubtedly sampled in the 1970s, it has so far proven
difficult to locate information on its uranium contents.

A recent prospecting discovery by Silver Spruce
Resources southwest of Stag Bay, in the area of the Benedict
Mountains (Figure 2), is also hosted by sheared (?) and
altered granitoid rocks, assigned to the ca. 1800 Ma Stag
Bay granodiorite by Kerr (1994). This zone, known as the T-
649 showing, is hosted by fine- to medium-grained granodi-
orite within which pervasive zones of moderate to strongly
magnetic hematitic alteration correspond to the most intense
radioactivity. Initial results from the T-649 showing are
encouraging, with five representative grab samples averag-
ing 0.467% U,0q over the 10-m-wide zone of mineralization
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Plate 2. Representative photographs showing typical features of mineralization hosted within deformed granitoid rocks in the
CMB region. A) Sharp contact between highly fractured but relatively unaltered granite and a zone of hematitic alteration
associated with radioactivity, Melody Hill area. B) Mineralized mylonitic granite showing intense hematitic alteration,
Melody Hill area. C) Strong hematitic alteration in weakly to moderately deformed granodiorite, T-649 prospect, Stag Bay
area. D) Polished samples showing the contrast between relatively unaltered granodiorite and its mineralized and intensely

hematized equivalent, T-649 prospect.

(Silver Spruce Resources, Press Release, July 26, 2007).
Loose material located downstream from the bedrock min-
eralization returned assays of up to 3.37% U,O; (Silver
Spruce Resources, Press Release, August 2, 2007). The
company announced intentions to drill the showing late in
2007, but to date this has not been completed.

URANIUM MINERALIZATION HOSTED BY FELSIC
VOLCANIC ROCKS

Within the CMB, uranium mineralization occurs wide-
ly within subaerial felsic (meta)volcanic rocks and associat-
ed volcaniclastic sedimentary rocks in the Aillik and Bruce
River groups and these are traditionally considered to be the
most prospective units. Uranium mineralization hosted by
these rocks varies in characteristics, but fall broadly into two
types. The first type (Type 3) comprises disseminated or
fracture-hosted mineralization that is not associated with
strong deformation or widespread metasomatic effects,
although it may be associated with localized alteration. In

contrast, the second type of mineralization (Type 4) is asso-
ciated with discrete zones of strong deformation and much
more extensive metasomatism of the host rocks. This second
type includes deposits of possible economic importance at
Michelin and Jacques Lake. Note that many small uranium
occurrences, notably in the Aillik Group, are difficult to
assign firmly to Types 3 or 4, and some could also belong to
Type 9 (hydrothermal veins).

Type 3: Disseminated or Fracture-Hosted Mineraliza-
tion in Felsic Volcanic Rocks without Associated Defor-
mation or Metasomatism

Several uranium occurrences within the Aillik Group
are located within areas of relatively weak deformation, and
previous workers have suggested that this mineralization
may be stratigraphically controlled. At the Burnt Lake
prospect (Figure 2), mineralization is associated with the
development of chlorite—hematite alteration, and is accom-
panied by F, Pb, Zn and Mo (Kontak, 1980; Gower et al.,

203



CURRENT RESEARCH, REPORT 08-1

Plate 3. Representative photographs of uranium mineralization in felsic volcanic rocks of the CMB area. A) Ash-flow tuff of
the Sylvia Lake Formation of the Bruce River Group, showing well-developed eutaxitic foliation, Sylvia Lake prospect. B)
Main zone of uranium mineralization hosted within a discrete fracture zone in ash-flow tuff, Sylvia Lake prospect. C) Sheared
felsic volcanic rock hosting uranium mineralization adjacent to the basal unconformity of the Seal Lake Group, Stormy Lake
prospect. D) Fracture-hosted fluorite and malachite staining, which locally accompanies uranium mineralization in the felsic

volcanic rocks, Stormy Lake prospect.

1982; MacKenzie and Wilton, 1987). The Burnt Lake
prospect has historical drillhole intersections of up to
0.256% U;0q over 16.5 m. More recent drilling carried out
by Aurora Energy Resources gave similar results of 0.25%
U,O4 over 15 m (Aurora Energy Resources, Press Release,
August 16, 2007). A genetic link to the felsic volcanic host
rocks was suggested for these occurrences, which appear to
be confined to a porphyritic unit within a sequence of weld-
ed tuffs (Kontak, 1980; Gower et al., 1982; Kerr, 1994;
Wilton, 1996). However, molybdenite also occurs within
local fine-grained granitic rocks that are probably of ca.
1650 Ma age (MacKenzie and Wilton, 1987; Kerr, 1994).
Uranium occurrences that form a belt between Cape Aillik
and the Makkovik area (the Aillik—-Makkovik belt of Gower
et al., 1982) are also associated with Mo, although exami-
nation of the most important Mo occurrence suggested that
it was more likely of epigenetic, granite-related character
(Kerr, 1994; Wilton, 1996). The presence of many small
granitic plutons in the eastern part of the CMB complicates
interpretation of the numerous minor uranium occurrences
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in the Aillik Group in this area, as some could represent
hydrothermal veins (see Type 9).

Many workers suggested that the felsic volcanic rocks
of the Aillik Group were an important source of uranium for
much of the mineralization in the surrounding region (e.g.,
Marten, 1977; Gandhi, 1978; Gower et al., 1982; Kerr,
1994; Wilton, 1996), and these rocks are typically enriched
in uranium. For example, unmineralized metarhyolites from
the Michelin area contain from 4 to 56 ppm U, with an aver-
age of about 10 ppm U; ash-flow tuffs contain from 2 to 47
ppm U, with an average of about 15 ppm U in more sodic
rocks and 12 ppm U in more potassic rocks (Evans, 1980).
Regional data reported by Kerr (1989) indicate average U
contents for various Aillik Group units from 3 to 8 ppm.
These uranium values are similar to those reported from the
host rocks in much younger uraniferous felsic caldera com-
plexes such as the McDermitt Complex in Nevada (Day-
vault et al., 1985).
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Uranium mineralization is also present in the felsic vol-
canic rocks of the ca. 1650 Ma Bruce River Group, notably
at the Madsen Lake and Sylvia Lake prospects (Ryan, 1984;
see also Piche, 1957; Bernazeud, 1965; Figure 2), which are
currently under exploration by Crosshair Exploration and
Mining and Mega Uranium, respectively. This mineraliza-
tion is sporadically distributed throughout discontinuous
fractures and minor shear zones within well-preserved ash-
flow tuffs, and also within crosscutting veins developed in
mafic dykes that intrude these volcanic rocks. Typical fea-
tures of this mineralization are illustrated in Plate 3. The
mineralization is of limited extent, and grades are variable.
Grab samples from the Madsen Lake prospect contained up
to 4.6% U,0q, but drilling failed to intersect significant min-
eralization at depth; the best result to date was 0.054% U,0O4
over 1.5 m (Crosshair Exploration and Mining, Press
Release, January 9, 2007). Fluorite is associated with urani-
um in some of the showings. As in the case of the Aillik
Group (see above) the felsic volcanic rocks of the Bruce
River Group are relatively enriched in uranium, although
their average U content is less than 5 ppm (Ryan, 1984),
about half of the values reported for the Aillik Group. How-
ever, regional airborne radiometric surveys completed by
Crosshair Exploration and Mining indicate a strong
response over the felsic volcanic rocks of the Bruce River
Group, implying that they are regionally enriched in urani-
um.

The Stormy Lake showing (Figure 2) is generally con-
sidered to be an example of possible unconformity-style
uranium mineralization associated with the base of the ca.
1270 Ma Seal Lake Group, which here sits upon the Bruce
River Group (Smyth and Marten, 1975; Kontak, 1978;
Ryan, 1984). Our examination in 2007 suggests that the
rocks hosting most of the radioactivity more closely resem-
ble the Bruce River Group than the Seal Lake Group. Also,
radioactivity at the main showing is associated with mala-
chite staining and fluorite. In this respect, the mineralization
more closely resembles the volcanic-hosted mineralization
seen elsewhere in the Bruce River Group. The Stormy Lake
showing, including possible mineralization in Seal Lake
Group conglomerates, is discussed further in a subsequent
section.

Type 4: Disseminated Mineralization in Felsic Metavol-
canic Rocks Associated with Shear Zones and Wide-
spread Metasomatism

This enigmatic style of mineralization includes the
large and potentially economic Michelin deposit, the poten-
tially significant Jacques Lake deposit, and several other
smaller examples, including Rainbow, Mustang Lake and
Otter Lake (Figure 2). All of these examples are hosted by
felsic metavolcanic rocks of the Aillik Group.

The Michelin deposit is described in detail by Gandhi
(1978, 1984), Evans (1980) and Gower ef al. (1982); it is
also reviewed in NI 43-101 reports by Cunningham-Dunlop
(2007). Surface exposures of the mineralized rocks are very
scarce, and most information about the deposit comes from
drilling, coupled with underground exploration. The explo-
ration adit is sealed, and no longer available for examina-
tion. The Michelin deposit consists of several subparallel
en-echelon zones of uranium mineralization that are broad-
ly concordant with the strongly deformed and recrystallized
felsic metavolcanic host rocks, and collectively define a tab-
ular zone. The deposit is more than 1 km in length and up to
40 m thick, dips steeply to the south, and has very pre-
dictable geometry (Figure 4a). Within the mineralized zone,
the thickest and most U-enriched material defines a linear
zone that plunges steeply to the southwest (Figure 4b), and
achieves its greatest thickness below depths of about 400 m.
Typical features of mineralization at the Michelin deposit
and similar occurrences are illustrated in Plate 4.

Recrystallized felsic rocks, derived from ash-flow tuffs
and porphyritic rhyolites, form the main host to uranium
mineralization, but these are accompanied by generally
unmineralized mafic units that have variable relationships to
the fabric, suggesting pre-, syn- and post-kinematic timing.
The general absence of mineralization in the mafic units
implies that they postdate the introduction of uranium. How-
ever, mineralization is locally reported from mafic rocks,
which suggests that some of these may predate the intro-
duction of uranium, unless such effects are due to later
remobilization. Granitoid plutonic rocks and quartz-feldspar
porphyries also form subconcordant sheets within the
metavolcanic host rocks, and are similarly considered to
mostly be of post-mineralization timing, although they do
locally contain radioactivity associated with vuggy zones.

The uranium occurs mostly in the form of finely dis-
seminated uraninite, much of which is associated with meta-
morphic or metasomatic minerals such as sodic amphibole,
aegirine—augite, titanite, iron—titanium oxides and zircon.
Uraninite also occurs in the fine-grained quartz—albite
aggregates that dominate the host rocks, but this mode of
occurrence is less important. In drill core, radioactivity is
commonly associated with a red, hematitic alteration, and
these altered zones define a very strong banding, suggesting
that they have experienced intense deformation. Uranium
mineralization is also correlated with widespread albitiza-
tion of the host rocks (i.e., sodium metasomatism), coupled
with depletion in potassium. Evans (1980) noted the high Zr
contents of mineralized rocks, and the apparent correlation
between U and Zr. The relationships observed in drill core,
and the detailed work by Evans (1980) suggest that the
introduction of uranium and related metasomatism occurred
prior to, or synchronously with, the intense deformation of
the host rocks.
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Figure 4. a) Generalized plan view and north-south cross-section through the Michelin deposit, illustrating the general geom-
etry of the mineralization. Based on work in the 1970s, modified from Gandhi (1978). b) Longitudinal section through the
Michelin deposit as visualized in early 2007, contoured according to (grade x thickness) values; the depth limit of 1970s
drilling is indicated; modified after diagrams released on the Aurora Energy Resources website.

The range of uranium grades at Michelin appears to be is Th-poor, depleted in sulphides, and there is no reported
relatively restricted, typically between 0.05 and 0.5% U,Ox, enrichment in base metals or Mo. However, pyrite is locally
with most intersections averaging 0.1 to 0.2% U,0O;. present, and minor chalcopyrite was reported by previous

According to Gower et al. (1982), 97% of the 1970s samples workers.
assayed contained less than 0.3% U,Oq. The mineralization

206



G.W. SPARKES AND A. KERR

4 5. .6
CENTIMETRES

:PTA SR T T N -

CENTIMETRES

Plate 4. Representative photographs showing typical features of disseminated uranium mineralization hosted within felsic
metavolcanic rocks of the Aillik Group. A) Strongly foliated mineralized felsic metavolcanic rocks showing variable degrees
of hematite alteration, Michelin deposit. B) Foliated felsic volcanic rocks cut by a mafic dyke interpreted to be of post-min-
eralization and post-deformation timing, Michelin deposit. C) Outcrop of the strongly foliated, mineralized felsic to interme-
diate metavolcanic host rocks to the Jacques Lake deposit. D) Mineralized core from the Jacques Lake deposit showing dis-
tinctive biotite—actinolite bands (veins ?) that are locally associated with uranium mineralization. E) Strongly deformed, min-
eralized felsic metavolcanic rocks at the Aurora West prospect, located in an inferred regional shear zone approximately 12
km southwest of the Jacques Lake deposit. F) Strongly deformed felsic metavolcanic host rocks showing intense hematization
associated with uranium mineralization (at centre of photo), Mustang Lake prospect, 9 km northeast of Michelin. Light and
dark areas in the lower part of photo indicate dry versus wet core and have no geological significance.
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The recently discovered Jacques Lake deposit appears
to have several features in common with Michelin, includ-
ing generally similar, strongly deformed felsic metavolcanic
host rocks. As at Michelin, there are mafic rocks that are
generally unmineralized and probable post-mineralization
quartz-feldspar porphyry units. However, exploration at
Jacques Lake is at a much earlier stage and public-domain
information on petrology and geochemistry is presently lim-
ited. Recent regional work by Aurora Energy Resources
suggests that Michelin and Jacques Lake may be related to
a regional shear-zone structure, which may also host other
occurrences such as the smaller Rainbow deposit and the
Burnt Brook and Aurora West prospects (Figure 2). This
inferred structure also passes through the Mustang Lake
area (Mega Uranium) where drilling in 2006 yielded an
intersection of 0.12% U0 over 9.1 m (Santoy Resources,
Press Release, January 18, 2006). Drill core from Mustang
Lake is similar to material from Michelin, in that the miner-
alization and alteration appear to have experienced strong
deformation.

MINERALIZATION HOSTED BY SEDIMENTARY
AND METASEDIMENTARY ROCKS

Uranium mineralization in sedimentary and metasedi-
mentary rocks within the CMB falls into two categories. The
first is hosted by broadly pelitic (argillaceous) metasedi-
mentary rocks in the Post Hill group, and includes the
important Kitts deposit and smaller analogues within the
same unit. The second is hosted by terrestrial sedimentary
rocks in the Bruce River Group, and includes the potential-
ly important "Lower C-zone" deposit at Moran Lake. Minor
occurrences include some small radioactive zones in the
lower part of the Moran Lake Group, and also in the Seal
Lake Group.

Type 5: Mineralization hosted by Pelitic (Argillaceous)
Metasedimentary Rocks

This style of mineralization is presently known only
from the Post Hill group, and is exemplified by the Kitts
deposit and its analogues. These deposits are described by
Gandhi (1978, 1984), Evans (1980) and Gower et al. (1982),
and form a group of four deposits associated with the same
geological unit. From north to south, these are the Kitts,
Gear, Inda and Nash deposits (Figure 2). Although Kitts is
currently classed as EML and closed to exploration, Aurora
Energy Resources has completed some exploration drilling
at Gear, Inda and Nash. A recent intersection of mineraliza-
tion at the Gear deposit extends mineralization 100 m below
the deepest intersections, suggesting that there may be
potential for expanding the total uranium resource in
deposits of this type (Aurora Energy Resources, Press
Release, October 10, 2007).
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Mineralization at the Kitts deposit is almost entirely
restricted to a thin sequence of metasedimentary rocks that
is sandwiched between a sequence of mafic metavolcanic
rocks (originally pillow lavas) and a metagabbro thought to
represent a pre-mineralization intrusive unit. The metasedi-
mentary rocks (termed the "Mine volcaniclastic sequence”
by Evans, 1980) are thought to be derived from mafic tuffs,
fine-grained greywackes and sulphide-bearing graphitic
argillite. The mineralization is best developed in the sul-
phide-bearing argillitic unit, and occurs in both concordant
and weakly discordant veinlets and shears. Gandhi (1978)
contended that mineralization was conformable with relict
sedimentary layering in the host rocks, but Evans (1980)
suggested that structural controls were important; however,
all are agreed that the mineralized zones were subjected to
intense deformation and small-scale folding. This metasedi-
mentary unit appears to have been a focus for deformation
and shearing throughout the Post Hill group. The features of
mineralization at the Kitts deposit and similar occurrences
are illustrated in Plate 5. The overall geometry of the Kitts
deposit is illustrated in Figure 5, modified after Gandhi
(1978); the most important section of the deposit is the "B-
zone", which contains 85% of the uranium resource, but is
defined only to a depth of less than 200 m. The mineraliza-
tion is cut by younger quartz-feldspar porphyry and "diorit-
ic" intrusions, which remain undated. Wall-rock alteration at
Kitts is minimal, and geochemical data presented by Evans
(1980) suggests that there is a zone of soda-metasomatism
in the surrounding rocks, coupled with Fe-enrichment and
oxidation. Calcite veins and seams are also very abundant in
the vicinity of the mineralization. The grades at Kitts vary
widely, but some parts of the deposit are extremely high-
grade, containing up to 20% U,Oq. Bulk samples collected
during 1970s exploration (summarized by Evans, 1980)
indicate that base-metal contents are low, although material
is anomalous in Cu and Mo (about 500 ppm of each).

The Gear, Inda and Nash deposits are located in the
same metasedimentary unit as the Kitts deposit, but lie much
closer to the assumed tectonic contact between the Post Hill
group and the adjacent Aillik Group. The host rocks at the
Gear deposit are less argillitic in composition, but also con-
tain primary sulphides; complex folding of uranium-bearing
layers here indicates that mineralization predates much of
the deformation (Evans, 1980). Mineralization at Inda and
Nash is hosted by variegated red and green mafic to felsic
tuffaceous metasedimentary rocks, rather than by sulphide-
bearing pelitic rocks. In general, the grades at Gear, Inda and
Nash are lower than at Kitts, ranging from 0.14% to 0.20%
U,0.

The Moran Lake Group also contains argillaceous and
sulphide-bearing sedimentary rocks that are similar to the
host rocks to the Kitts deposit and related occurrences.
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Plate 5. Representative photographs showing typical features of uranium mineralization and associated host rocks at the Kitts
deposit and Nash prospect. A) Surface outcrop of the A-Zone at the Kitts deposit; the gossan zone, which hosts the uranium
mineralization, is approximately Sm in width, and is bounded by metagabbro to the left and deformed pillow basalt to the
right. B) Sulphide-rich metasedimentary rock that hosts uranium mineralization at Kitts,; note fold defined by sulphide band
at centre of photo. C) Polished sample of uranium-bearing metasedimentary rock from the Kitts A-Zone, showing abundant
sulphides and strong deformation. D) Pillow structures that are locally preserved within mafic volcanic rocks adjacent to the
Kitts deposit. E) Mineralized drill core showing debris-flow textures that are locally preserved within the host metasedimen-
tary rocks at the Kitts deposit; note abundant sulphides. F) Polished sample of strongly deformed mineralized metasedimen-
tary rocks at the Nash prospect.
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Figure 5. Generalized plan view and northwest-southeast cross-sections through the Kitts deposit, illustrating the general
geometry of the mineralization and presence of post-mineralization intrusive rocks; based on work in the 1970s, modified from

Gandhi (1978).

However, these equivalent rocks of the Moran Lake Group
are not known to be mineralized. Some minor uranium
enrichment occurs in dolostones within these sedimentary
rocks, and sporadic radioactivity over a strike length of
about 1.2 km has been documented by Crosshair Explo-
ration and Mining at the Area 51 prospect (LaCroix and
Cook, 2007). Results from recent drilling show broad zones
of low-grade mineralization within the lower sedimentary
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units, with intersections assaying up to 0.012% U,Oq over
24.7 m. However, the most significant mineralization in the
Moran Lake Group is associated with mafic volcanic rocks
(see discussion, page 212), which are generally unmineral-
ized in the Post Hill group. This is but one of the many con-
tradictions inherent in the uranium metallogeny of the
CMB!
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Type 6: Mineralization hosted by Sandstones and Con-
glomerates

This style of mineralization is mostly present within the
lower part of the ca. 1650 Ma Bruce River Group, and is
exemplified by the "Lower C-Zone" deposit at Moran Lake.
In this area, initial work by Shell Canada Resources (Gor-
donier, 1979) identified radioactive zones within sandstones
and interbedded pebble conglomerates of the Heggart Lake
Formation, close to its unconformable basal contact with
mafic volcanic rocks of the older Moran Lake Group. The
host rock units form a coarsening-upward sequence in
which a basal fine-grained tan to grey quartz arenite passes
upwards into medium-grained, pink to red, thinly bedded
arkose and interbedded conglomerate, and eventually into
polymictic pebble to boulder conglomerate (Ryan, 1984).

The area of the Moran Lake C-Zone deposits is com-
plex, and mineralization occurs both in the Bruce River
Group and the Moran Lake Group. Smyth and Ryan (1977)
recognized that the contact region of these units was com-
plex, and that the Moran Lake Group is locally placed above
the Bruce River Group by reverse faults, inferred to be of
Grenvillian timing. Interpretation of recent drilling confirms
this interpretation, and also suggests that the basal uncon-
formity of the Bruce River Group is repeated by thrusting
(Figure 6). The mafic host rock and much of the uranium
mineralization is now interpreted as part of the Moran Lake
Group, rather than a mafic sill within the Bruce River
Group, as previously suggested by Smyth and Ryan (1977).
Thus, the "Lower C-Zone" mineralization is actually hosted
by younger rocks than the overlying "Upper C-Zone" min-
eralization (Figure 6). Typical features of mineralization in
sedimentary rocks of the Bruce River Group are illustrated
in Plate 6.

Uranium mineralization in the lower C-Zone is mostly
hosted in selectively reduced zones within a medium- to
coarse-grained, pale to dark-green sandstone that locally
contains centimetre-scale rip-up clasts of green to red mud-
stone. The mineralization within the sandstones is generally
subparallel to the underlying unconformable contact with
the Moran Lake Group. Drilling in the 1970s gave a best
result of 0.27% U;O4 over 2.6 m (Gordonier, 1979; Ryan,
1984). More recent drilling by Crosshair Exploration and
Mining has given wider intersections up to 0.13% U,O4 over
11 m. Higher grade material is present on a local scale, e.g.,
1.15% U,04 over 0.70 m (Crosshair Exploration and Min-
ing, Press Release, May 30™ 2007). The uranium mineral-
ization is associated with vanadium enrichment, and the two
elements appear to be correlated; the high-grade uranium
intersection noted above also contained 0.33% V,0s.

Locally, uranium is also present in crosscutting chlo-
rite- and sericite-rich shear zones that also contain pale-pink

veinlets of carbonate. These appear to be later features into
which uranium has been remobilized from the sandstones.

Approximately 7 km northeast of the lower C-Zone
deposit (Figure 2), similar mineralization occurs in equiva-
lent rocks of the Heggart Lake Formation at a location
known as the Moran Heights prospect (Crosshair Explo-
ration and Mining website). The uranium enrichment is
associated with similar selectively reduced zones in medi-
um-grained sandstone, about 20 m above the unconformable
contact with pillow basalt of the Moran Lake Group. Miner-
alized boulders in this area, located in the 1970s, contained
up to 3.7% U;04 (Hopfengaertner et al., 1985) and recent
grab samples contained up to 4.5% U;O; (Crosshair Explo-
ration and Mining, Press Release, October 4™ 2005). Recent
drilling in this area gave results similar to intersections
noted above from the lower C-Zone, including 0.10% U,04
over 5 m (Crosshair Exploration and Mining, Press Release,
January 9th 2007). Enrichment in Cu and Ag is also noted at
the location (LaCroix and Cook, 2007).

The Moran Lake "B" Zone (Figure 2) is also hosted by
the sedimentary rocks of the Heggart Lake Formation.
Descriptions by Ryan (1984) indicate that mineralization
occurs in red sandstones adjacent to (and locally within)
minor intrusive rocks of leucogabbroic composition. The
latter exhibit strong iron-carbonate alteration. Exploration in
the 1970s gave some interesting results over narrow widths,
including an intersection of 0.19% U,04 over 3.6 m. The
average value for 62 surface samples was 0.7% U;0q
(LaCroix and Cook, 2007), and high uranium values were
accompanied by enrichment in V,05 (up to 0.53%), Cu (up
to 0.87%) and Ag (up to 25 ppm). Recent drilling in the
region resulted in an intersection of 0.27% U,04 over 7.6 m
(Crosshair Exploration and Mining, Press Release, October
3 2006).

Uranium mineralization is also present at higher strati-
graphic levels within the Heggart Lake Formation, notably
at the Moran Lake A-Zone prospect (Bernazeud, 1965;
Ryan, 1984). Here, mineralization is hosted within pale-grey
pebble to boulder conglomerate and interbedded sandstone.
The host rocks are sheared, with downdip elongation of
clasts, and uranium is accompanied by weak to moderate
sericite-pyrite alteration. Malachite staining suggests that
copper is enriched in the mineralized zones. Pyrite appears
to be preferentially developed within the conglomeratic lay-
ers, rather than the sandstone beds, suggesting that its depo-
sition may have been controlled by permeability contrasts.
Areas of elevated radioactivity generally correspond with
the strongly sheared, pyrite-rich zones. Surface mineraliza-
tion at the A-Zone is widespread, but shallow drilling in the
1970s failed to intersect significant mineralization. There
has been no recent drilling at the prospect, which is current-
ly held by Mega Uranium.
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Figure 6. Partly schematic cross-section through the area of the Moran Lake C-Zone uranium deposits, showing thrusts
inferred to repeat the basal contact of the Bruce River Group above the Moran Lake Group,; modified after diagrams released

on the Crosshair Exploration and Mining website.

Radioactivity is reported from quartzite and conglomer-
ate of the Seal Lake Group at the Stormy Lake showing, a
short distance above the basal unconformity (Marten and
Smyth, 1975; Kontak, 1978). Recent examination by Altius
Minerals (Smith ef al., 2004) suggests that radioactivity here
is minor, which is consistent with the low assay of 0.004%
U,0q reported during 1950s exploration (Marten and Smyth,
1975). Marten and Smyth (1975) also make reference to a
radioactive conglomerate in the northern Seal Lake Group,
described by Barager (1969); we have not visited this local-

ity.

MINERALIZATION ASSOCIATED WITH
HYDROTHERMAL BRECCIA ZONES AND IRON-
RICH ALTERATION

Uranium mineralization at two localities within the
CMB is associated with zones of hydrothermal brecciation
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that are characterized by possible iron-rich alteration and
metasomatism. The host rocks at these prospects are dis-
tinctly different, and this parameter is used for subdivision,
although the two types are suspected to be closely similar in
other respects.

Type 7: Mineralization hosted by Breccia Zones in
Mafic Volcanic Host Rocks

This style of mineralization is exemplified by the
Moran Lake "Upper C-Zone" deposit (Figures 2 and 6),
described in detail by Cooke (1980) and reviewed by Ryan
(1984). This deposit is located structurally above and adja-
cent to the "Lower C-Zone" described in the preceding sec-
tion (Figure 6). Smyth and Ryan (1977) recognized structur-
al repetition here, and recent exploration underlines the
importance of such effects (see previous discussion, page
211). The Upper C-Zone deposit is now believed to be situ-
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Plate 6. Representative photographs of mineralization hosted by sedimentary rocks of the Bruce River Group. A) Host rocks
to the Moran Lake Lower C-Zone deposit, showing oxidized (red) and reduced (grey-green) areas; uranium mineralization is
associated mostly with the latter, as indicated. B) Mineralized chlorite—sericite-rich shear zone cutting the sandstone host
rocks of the Moran Lake Lower C-Zone deposit, indicating local remobilization of uranium. C) Discrete zones of uranium min-
eralization associated with strong hematization of medium- to coarse-grained sandstone, Moran Lake B-Zone prospect. D)
Strongly sheared pebble conglomerate hosting uranium mineralization associated with sericite-pyrite alteration, Moran Lake

A-Zone prospect.

ated within a thrust sheet that is dominated by mafic pillow
lavas of the Moran Lake Group (Joe Pond Formation), with
lesser amounts of argillitic sedimentary rocks (Warren
Creek Formation). This contrasts with the previous interpre-
tation that the mafic host rocks formed a flow or sill within
the younger Bruce River Group (Smyth and Ryan, 1977;
Ryan, 1984). Extensive drilling over the last few years also
suggests that the basal unconformity between the Bruce
River Group and Moran Lake Group is repeated, and sits
structurally above the mineralization (Figure 6). However,
the uppermost panel of Bruce River Group rocks is not
known to contain any uranium mineralization akin to that
seen in the Lower C-Zone. Typical features of the Upper C-
Zone mineralization are illustrated in Plate 7.

Within the mafic volcanic host rocks, there is wide-
spread development of hematite- and iron-rich carbonate
alteration, and a strong association between radioactivity

and deep-red, intensely hematized rocks that appear essen-
tially featureless. LaCroix and Cook (2007) describe these
as "jasper and chert", but their gradational boundaries with
recognizable basalts are also consistent with them being the
end product of intense hematite alteration. The most striking
features of the mineralized zone are discrete brecciated
zones containing intensely altered fragments within an iron-
carbonate-rich matrix. These zones display evidence of
intense fracturing and repeated brecciation of the host rocks,
accompanied by mechanical erosion of the fragments. The
breccia zones commonly show elevated radioactivity, but
they are not everywhere mineralized. Cooke (1980) recog-
nized multiple stages of hematite—carbonate alteration and
associated brecciation, and suggested that uranium and
minor copper were introduced late in the sequence, forming
vein and fracture fillings that locally crosscut the alteration
and brecciation. B. Ryan (personal communication, 2008)
indicates that albitization is developed in some of the altered
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Plate 7. Representative photographs of uranium mineralization and associated breccia textures at the Moran Lake Upper C-
Zone deposit. A) Mineralized material, showing intense hematite alteration and early brecciation cut by later zones of brec-
ciation associated with chalcopyrite. The exact location of the uranium mineralization in this sample is not presently known.
B) Hematite-rich mineralized breccia cut by a later fracture that contains high-grade uranium mineralization. Note also
extensive carbonate that postdates the hematite alteration. C) Spectacular breccia zone with hematite and carbonate-rich
matrix surrounding strongly altered fragments of uncertain protolith. The fragments appear to have been "milled", suggest-
ing mechanical erosion during interaction with hydrothermal fluids. D) Unbrecciated and locally mineralized host rocks from
the Moran Lake Upper C-Zone deposit, which are in part of volcanic origin. Localized hematite alteration in the upper part
of photo is not associated with strong radioactivity, but the intensely hematitic material in the lower part contains high-grade

mineralization.

mafic rocks, but the full extent of such alteration remains to
be established.

Observations in 2007 do indicate strong radioactivity
within dark-purple, hematite-filled fractures that postdate
earlier breccia development. However, radioactivity is not
restricted to such zones, and seems to be broadly correlated
with the intensity of hematitic alteration in the host rocks.
More work is required to better understand the distribution
of uranium amongst pervasively altered rocks, breccia zones
and discrete veinlets. The Upper C-Zone deposit also con-
tains significant amounts of vanadium, and is reported also
to contain some copper and silver. Re-sampling of drill core
from exploration in the 1970s shows local concentrations of
up to 0.10% Cu over 8.1 m, including 0.42% Cu and 2.3 g/t

214

Ag over 1.0 m. Individual assays contain up to 0.63% Cu
and 13.9 g/t Ag (Crosshair Exploration and Mining, Press
Release, March 29, 2005).

The Anomaly 15 showing (Figure 2) consists of
radioactive zones developed in mafic rocks assigned to the
Moran Lake Group, and Ryan (1984) suggested that the
alteration is locally similar to that observed at the Upper C-
Zone. At this locality, altered and mineralized rocks are
reported to be overlain by unmineralized conglomerates and
breccias assigned to the Brown Lake Formation of the Bruce
River Group (Ryan, 1984; Wilton, 1996; B. Ryan, personal
communication, 2008). However, radioactivity is locally
associated with fractures and veins that crosscut the contact
between the two units (Wilton, 1996).
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Type 8: Mineralization hosted by Breccia Zones in
Granitoid Plutonic Rocks

Recent mineral exploration by Silver Spruce Resources
within the southwestern corner of the Nain Province (Figure
1) has identified breccia-hosted uranium mineralization
within granitoid plutonic rocks of the Late Archean
Kanairiktok intrusive suite. Similar brecciation is also
developed locally within the older gneissic country rocks to
these granitoid suites. This area is now known as the Two-
Time Zone, and is one of the most interesting new discover-
ies in the CMB. Typical features of this mineralization are
illustrated in Plate 8. The plutonic host rocks are cut by
numerous zones of fracturing and in situ brecciation, which
locally exhibit textures suggesting mechanical erosion of
individual granitic fragments. The matrix to the breccia
zones is dark, extremely fine grained, and is believed to be
a mixture of chlorite and hematite, with variable amounts of
iron carbonate. The style of brecciation is in many respects
reminiscent of so-called "tuffisite" breccia zones developed
in high-level plutonic rocks. Chloritic fractures are widely
developed in the host granites distal to discrete breccia
zones, suggesting that chloritic alteration may have devel-
oped prior to hematization and brecciation. The breccia
zones appear to have a random orientation, and there is no
sign of any pervasive deformation or shearing, although
they are crosscut by brittle fractures. Pale-white silicifica-
tion, which locally coincides with carbonate alteration and
veining, is developed around the wider breccia zones. The
altered granitoid host rocks are weakly radioactive, but the
most intense radioactivity is invariably associated with dis-
crete breccia zones. Overall, many features of the Two-Time
Zone are reminiscent of those observed at the Moran Lake
Upper C-Zone deposit (see above description, page 213),
but the breccia development is more local and the original
host rocks are easier to discern. Currently, the Two Time
Zone is defined over a strike length of 475 m and is known
to be present to a depth of about 250 m. The best intersec-
tion reported to date is 0.1% U;Oq4 over 32 m (Silver Spruce
Resources, Press Release, June 21, 2007).

Both the granitoid host rocks and the mineralized brec-
cia zones are cut by undeformed, post-mineralization dia-
base dykes. The ages of these dykes is unknown, but it is
possible that they belong to the ca. 2237 Ma Kikkertavak
dyke swarm, which is widespread in the Nain Province. If
this proves to be the case, mineralization at the Two-Time
Zone may be one of the oldest examples of uranium miner-
alization in the CMB. Although the dykes clearly crosscut
the breccia zones, they do appear to have remobilized urani-
um, because their margins display locally anomalous
radioactivity.

OTHER STYLES OF MINERALIZATION

Type 9: Mineralization Associated with Hydrothermal
Veins

This style of mineralization is present mostly in the
eastern part of the CMB, in the area south of Makkovik,
where several small granitoid plutons intrude rocks of the
Aillik Group. In the area around Round Pond, numerous
Mo, Cu and U occurrences appear to define a zoned vein
system associated with a cupola considered to be an offshoot
of the ca. 1650 Ma Monkey Hill Granite. Hydrothermal
veins and pegmatite segregations containing minor uranium
are developed in the outermost shell of the vein system
(MacDougall, 1988; Wilton, 1996). There are numerous
small zones of radioactivity in this region, and many could
be related to the late granites; however, there is little infor-
mation about them, and many could also be related to the
felsic volcanic host rocks of the Aillik Group, i.e., akin to
Type 2 as described above. This style of mineralization like-
ly includes the original discovery site for uranium in
Labrador, the Pitch Lake showing, which is located at the
contact of a granitic dyke (Wilton, 1996).

GEOCHRONOLOGICAL CONSTRAINTS
ON MINERALIZATION

Although they would appear, at first sight, to be ideal
candidates for geochronology, uranium deposits are difficult
to date. This is because uranium ore minerals (such as urani-
nite or brannerite) suffer structural damage from the cumu-
lative effects of radioactive decay. These metamict minerals
are prone to open-system behaviour involving the loss (or
gain) of parent and/or daughter elements and the interpreta-
tion of isotopic data is fraught with difficulty. The mobility
of both uranium and lead also leads to complications, as ore
minerals may interact with later fluids, and there could be
more than one generation of uranium mineralization in a
given deposit. Multigrain analytical methods may thus yield
ages that reflect mixtures of such material, and lack geolog-
ical significance. Although the unmineralized host rocks to
the uranium may be more amenable to dating using a vari-
ety of methods, this information is of limited value if min-
eralization is epigenetic, unless it can be coupled with ages
from units that clearly postdate mineralization. However,
the identification of the latter may, in itself, be problematic.
For example, barren dykes that generally appear to postdate
mineralization may host pockets of radioactivity elsewhere,
because uranium has been remobilized locally. Interpreta-
tion of any results from such situations is unavoidably sub-
jective.
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Plate 8. Representative photographs of uranium mineralization at the Two-Time Zone. A) Outcrop of well-developed, miner-
alized hydrothermal breccia, reminiscent of "tuffisite” textures developed in some high-level plutonic rocks. B) Pervasive frac-
turing and localized brecciation developed within granitoid rocks of the Kanairiktok intrusive suite, marginal to a mineral-
ized zone. C) More extensive brecciation associated with higher grade mineralization, showing fragments of altered granitoid
rocks in a chlorite—hematite-rich matrix. D) Contact of a post-mineralization mafic dyke (dark material); intense hematiza-
tion and elevated radioactivity at the dyke contact is considered to reflect local remobilization of uranium from the sur-

rounding mineralized granitoid rocks.

This short section summarizes existing geochronologi-
cal information on uranium mineralization in the CMB.
Most of this comes from studies of uraninite (termed pitch-
blende in older reports) reported by Gandhi (1978), Evans
(1980), Kontak (1980) and Wilton and Longerich (1993).
Under ideal circumstances, such data provide direct infor-
mation on the timing of mineralization, but this may not be
the case for many CMB results. Indirect constraints on the
timing of mineralization are mostly maximum ages provid-
ed by dates from the host rocks or (more rarely) minimum
ages provided by results from rocks (or events) that postdate
mineralization.

SUMMARY OF U-Pb URANINITE AGES
Gandhi (1978) reported U-Pb ages from several urani-

um deposits in the eastern CMB, including Kitts and Miche-
lin, but did not provide the numerical isotopic data upon

216

which these were based. The oldest near-concordant U-Pb
ages were from Kitts, which gave a *’Pb/**Pb age of ca.
1730 Ma, and the John Michelin showing, which gave an
age of ca. 1745 Ma. Note that this latter showing should not
be confused with the Michelin deposit proper. The data from
Michelin itself were also close to concordia, but indicated a
significantly younger *’Pb/**Pb age of ca.1244 Ma; an age
of 1364 Ma was indicated for the nearby "Emben showing",
which is now referred to as Otter Lake by Aurora Energy
Resources. Data from other deposits in the same general
area as Kitts (Gear and Inda deposits) plotted well above
concordia, suggesting significant isotopic disturbance (like-
ly uranium loss), and the original Pitch Lake showing gave
a relatively young *’Pb/**Pb age of 934 Ma. Taken together,
these data were not very informative, although the age from
Kitts was consistent with what was known at the time con-
cerning the age of its host rocks and the age of "Hudsonian
deformation" that had affected the deposits (Gandhi, 1978).



G.W. SPARKES AND A. KERR

At face value, the ages from the Michelin deposit indicated
that it was much younger than its metavolcanic host rocks,
which were at that time constrained by Rb-Sr isochron ages
of ca. 1676 Ma (Gandhi, 1978). However, the samples from
Michelin and Emben (Otter Lake) were collected from vein-
style mineralization rather than the dominant disseminated
material. Gandhi (1978) interpreted the younger ages to
reflect remobilization of uranium during a later event, rather
than primary ages for the mineralization, which he consid-
ered syngenetic. Direct U-Pb dating of the dominant dis-
seminated uranium mineralization at Michelin has not been
attempted to date, but such results would obviously be of
great interest.

Subsequent studies of the Kitts deposit provided broad-
ly similar results to those reported by Gandhi (1978). Kon-
tak (1980) analyzed several samples and obtained broadly
concordant *’Pb/**Pb ages ranging from 1720 to 1780 Ma;
based on the most concordant samples, an age of ca. 1770
Ma was suggested. A later ICP-MS study by Wilton and
Longerich (1993) obtained essentially identical *"Pb/**Pb
ages of 1758 +£ 3 Ma and 1777 + 9 Ma, with both results
plotting close to concordia. Wilton and Longerich (1993)
also obtained an age of 1766 + 8 Ma for the John Michelin
showing, similar to previous results reported by Gandhi
(1978), but their results for the Inda prospect and Pitch Lake
showing were distinctly different. Their age from Inda of
1738 £ 5 Ma was slightly discordant, but below concordia,
and their data from Pitch Lake indicated a much younger
(Paleozoic) age of 495 + 7 Ma, compared to the previous
estimate of 934 Ma. Ages for other (generally minor) urani-
um occurrences reported by Wilton and Longerich (1993)
ranged from ca. 1805 Ma to ca. 1697 Ma, but some of these
data plotted above concordia, and are thus more difficult to
interpret. Wilton and Longerich (1993) suggested that the
ca. 1740 Ma mean age obtained from all of their data
(excluding Pitch Lake) had geological significance reflect-
ing a common metallogenic event associated with late-stage
plutonism in the Makkovik Province.

Evans (1980) employed a somewhat different approach
using microprobe analyses of uraninite grains for U and Pb,
which can be interpreted in the form of a "chemical
isochron" expressing the time required to generate all Pb via
radioactive decay. This method carries certain assumptions,
notably that the uraninites were originally Pb-free, and that
there was no subsequent gain or loss of Pb. Using this
approach, Evans (1980) obtained ages for the Kitts deposit
(ca. 1785 Ma), the Inda prospect (ca. 1844 Ma) and the Nash
deposit (ca. 1795 Ma). The same method was applied to
Michelin, where results suggested a much younger age of
ca. 1017 Ma.

Kontak (1980) also analyzed uraninites from volcanic-
hosted mineralization in the Burnt Lake area, east of Miche-
lin (discussed above). The *’Pb/**Pb ages of 1770 Ma and
1680 Ma corresponded reasonably well with the Rb-Sr
isochron ages available at the time from the host volcanic
rocks. He suggested that these results recorded the original
timing of uranium mineralization in the area, and that the
ages previously reported by Gandhi (1978) from Michelin
and Emben (Otter Lake) recorded resetting and/or remobi-
lization during the Grenvillian Orogeny. He pointed out that
many of the U-Pb data from uraninites in the CMB fall on a
linear array that had an upper intercept of about 1800 Ma,
and a lower intercept of about 1000 Ma, suggesting variable
lead-loss from Paleoproterozoic mineralization during the
Grenvillian Orogeny.

In the western part of the CMB, the study of Kontak
(1980) provides the only U-Pb data on uraninites, but these
results are difficult to interpret. At the Moran Lake C-Zone,
analyzed samples came from the mineralized breccias host-
ed by altered mafic volcanic rocks (Upper C-Zone), and did
not include any mineralization hosted by sandstones in the
lower C-Zone. None of the three samples analyzed were
concordant, but they had *"Pb/**Pb ages from 1540 Ma to
1470 Ma; an isochron suggested an age of ca. 1590 Ma. This
is consistent with the assignment of the host rocks to either
the Moran Lake Group or the Bruce River Group, but its
geological significance is questionable. Kontak (1980) also
analyzed samples from the Moran Lake B-Zone, hosted
within the Bruce River Group sedimentary rocks. Most of
these data were also strongly discordant, but the one con-
cordant analysis had a *’Pb/**Pb age of ca. 1740 Ma; his
suggested isochron age was ca. 1785 Ma. This result con-
flicts with the age of the Bruce River Group host rocks,
defined at the time by a Rb-Sr isochron of 1538 + 25 Ma
(reported by Ryan, 1984). It remains in conflict with the
subsequent U-Pb age of ca. 1650 Ma from the Bruce River
Group (Schérer et al., 1988), although it must be pointed out
that ages from the Bruce River Group characterize the vol-
canic rocks in the upper part of the sequence, rather than the
lower sedimentary sequence.

Kontak (1980) also analyzed samples from the Stormy
Lake showing, which all plotted above concordia, and had
*"Pb/**Pb ages of 1230 Ma to 650 Ma. He suggested that
two ages of 990 Ma and 860 Ma were the most reliable
results, and suggested that mineralization formed during the
waning stages of the Grenvillian Orogeny.

The information from direct U-Pb dating of uraninites

is not easily interpreted, but it is clear that many of the
2"Pb/**Pb ages, particularly from areas outside the Grenville
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Province, fall into the interval between 1800 and 1700 Ma.
This pattern is illustrated well by a simple histogram of
available data (Figure 7), and it must have some geological
significance. Even if the ages do not truly indicate the time
of mineralization, they do suggest that the late Paleopro-
terozoic was an important period of uranium deposition in
the CMB. Note that younger ages for the most part come
from areas within the Grenville Province.

SUMMARY OF INDIRECT AGE CONSTRAINTS

In the case of the Post Hill group, which hosts the Kitts
deposit and several other prospects, there is little reliable
information on the exact age of the host rocks. Ketchum et
al. (2001) obtained an age of ca. 2178 Ma from rocks
inferred to be in the lowermost part of the sequence, but also
suggested on the basis of detrital zircon populations that a
metasedimentary formation inferred to be stratigraphically
below mineralization was actually younger than ca. 2013
Ma. Mineralization at Kitts was affected by strong deforma-
tion and is locally folded; the timing of this deformation is
considered to be ca. 1800 Ma, based on U-Pb ages from foli-
ated and massive plutonic rocks (Kerr et al., 1992), and also
from migmatitic granites and syntectonic pegmatites in
nearby areas (Schérer et al., 1988; Ketchum et al., 1997).
Based on what is presently known about geological rela-
tionships, this provides a minimum age for mineralization at
Kitts, indicating that the U-Pb ages from uraninites are too
young, although they still may have geological significance.

Similar arguments apply to mineralization hosted with-
in the Aillik Group, including Michelin and Jacques Lake.
The U-Pb data on these rocks indicate that the felsic vol-
canic precursors crystallized ca. 1860 Ma (Schérer et al.,
1988; Ketchum et al., 2002). Younger magmatic events are
indicated by quartz-feldspar porphyry of ca. 1807 Ma age,
which corresponds well with the ages of both syntectonic
and posttectonic plutonic rocks throughout the area (Kerr et
al., 1992; Ketchum et al., 2001). If these latter ages provide
minimum constraints on the deformation that affected the
Aillik Group, it is hard to escape the conclusion that urani-
um must have been introduced prior to ca. 1800 Ma. The
Mesoproterozoic U-Pb uraninite ages from the Michelin
deposit thus cannot indicate the time when most of the min-
eralization formed, as pointed out by Gandhi (1978). Using
similar reasoning, mineralization hosted by deformed gran-
itoid rocks at Melody Lake must be younger than its ca.
1895 Ma host rocks, but older than ca. 1800 Ma deforma-
tion; however, the age of the host rock in this case is depend-
ent on correlation with a dated unit.

The indirect age constraints on other types of mineral-
ization discussed in this report are generally poor. The ca.
2838 Ma age for the Kanairiktok intrusive suite provides a
maximum age only for mineralization at the Two-Time
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Figure 7. Histogram of *Pb/”Pb ages obtained from
analyses of uraninites from uranium deposits in the CMB of
Labrador. The original data for the diagram were obtained
from Gandhi (1978), Kontak (1980) and Wilton and Lon-
gerich (1993).

Zone. The post-mineralization dykes noted here, and also
the Kanairiktok Bay showing, are of interest, but remain
undated. The leucogranites and pegmatites that contain ura-
nium at the Dandy prospect likely correlate with synkine-
matic intrusions dated at 1870 = 2 Ma by Ketchum et al.
(2001), but the dated samples come from a different locali-
ty. Although the Moran Lake Group is commonly correlated
with the Post Hill group, it has never been dated accurately.
It is unconformably overlain by the Bruce River Group, of
which the uppermost formations are dated at ca. 1650 Ma,
so this provides a minimum age for its deposition; its maxi-
mum age is provided by the ca. 2230 Ma Kikkertavak dykes
that cut older basement rocks. Thus, the reinterpretation of
the host rocks to the Moran Lake Upper C-Zone as part of
the Moran Lake Group, rather than the Bruce River Group,
renders the timing of uranium mineralization very uncertain.
The data from uraninite analyses in the Upper C-Zone sug-
gest a much younger (ca. 1590 Ma) age, but may be unreli-
able. As discussed previously, relationships at the Anomaly
15 locality may imply that some mineralization in the Moran
Lake Group predates deposition of much of the Bruce River
Group (B. Ryan, personal communication, 2008), but no
such constraint exists in the immediate area of the Upper C-
Zone.

However, the nearby mineralization in the sedimentary
rocks of the Bruce River Group must be younger than ca.
1650 Ma, assuming that the age from the volcanic rocks of
the Sylvia Lake Formation does indeed apply to the sedi-
mentary rocks in the lower part of the group.

DISCUSSION

The diversity of the uranium mineralization in the CMB
of Labrador is truly bewildering. Not only does uranium
occur within a wide variety of igneous, metamorphic and
sedimentary rock types, but there is significant variation in
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geometry, alteration signatures and geochemical associa-
tions amongst deposits hosted in a common rock type. It is
naive to assume that a single classification or genetic model
could accommodate such diversity, and it is more likely that
several different processes contributed to the introduction of
uranium and its subsequent remobilization and redistribu-
tion over time. The final section of this report evaluates and
discusses the key features of the 9 types of uranium miner-
alization described above in terms of classifications for ura-
nium deposits (e.g., Dahlkamp, 1993) and wider ideas about
the genesis of mineralization. The following discussion is
preliminary, but is an important step in developing better
genetic and exploration models, and also in developing a
research program that might fill important gaps in the data
and resolve at least some of the contradictions. It goes with-
out saying that opinions expressed below are tentative and
subject to change.

In a general sense, the 9 types of mineralization can be
divided into three broad categories according to the process-
es that were likely involved in their formation. On this basis,
this section is broken into separate discussions of uranium
deposits considered to be of largely magmatic origin, meta-
morphic and/or metasomatic origin, and sedimentary origin.

URANIUM MINERALIZATION OF BROADLY MAG-
MATIC ORIGIN

Within this category, there are likely two variants. Ura-
nium mineralization assigned to Types 1 and 3 are consid-
ered to be of syngenetic magmatic origin, i.e., spatially, tem-
porally and genetically associated with felsic plutonic and
volcanic host rocks, respectively. In contrast, uranium min-
eralization assigned to Types 7 and 8 are considered to be
epigenetic with respect to the host rocks, and of magmatic-
hydrothermal affinity (although the genetically associated
magmatic rocks are not presently identified). Minor uranium
mineralization assigned to Type 9 (hydrothermal veins) also
falls into this latter group.

Syngenetic Magmatic Uranium Mineralization

Uranium deposits assigned to Type 1 above correspond
well to "intrusive deposits", as defined by Dahlkamp (1993).
Deposits of this type consist of primary disseminated, non-
refractory uranium minerals in rocks of intrusive magmatic
or anatectic origin. There are subtypes associated with spe-
cific rock types, namely alaskite, quartz-monzonite, carbon-
atite, peralkaline syenite and pegmatite. The most signifi-
cant uranium deposit of this type is the Rossing mine in
Namibia, southern Africa, which contains about 390 million
pounds of U,0, in sheeted alaskite and pegmatite, with a
low average grade of some 0.035% U,Oq (compilation of
Thomas et al., 2007). This style of deposit was employed as

an exploration model by Bayswater Uranium Corporation at
their Dandy prospect and, at least in terms of geological
environment, it seems an appropriate choice. However, the
nature of the uranium-bearing mineral at this prospect
remains to be determined. The sheeted pegmatite and
leucogranite veins at the Dandy prospect are generally low
in grade, and there is every indication that the uranium was
concentrated by fractionation of evolved granitic magmas.
Uraniferous pegmatites discovered at other localities within
the Nain Province probably have similar origins, although
the mineralization at these appears to be of more limited
extent than at the Dandy prospect.

This type of syngenetic magmatic mineralization likely
includes some of the earliest uranium concentrations in the
CMB, if the age of 1870 + 2 Ma obtained by Ketchum et al.
(2002) applies to the Dandy prospect host rocks. Uranifer-
ous pegmatites at the Kanairiktok Bay showing are cut by
metamorphosed dykes that may correlate with the ca. 2236
Ma Kikkertavak dykes, suggesting that this mineralization
could be older still, and perhaps Archean. Early periods of
magmatic uranium mobilization and deposition in the
Archean Nain Province and its reworked equivalents may
have wider importance, as the same rocks likely underlie
much of the CMB. Widespread but small-scale magmatic
uranium concentrations of this type could provide important
source regions for uranium mobilized through younger mag-
matic or hydrothermal processes.

Uranium deposits assigned to Type 3 above correspond
best to "volcanic deposits", as defined by Dahlkamp (1993).
These syngenetic, magmatic deposits associated with felsic
volcanism include both structurally controlled and
stratabound styles of mineralization (Dahlkamp, 1993). Ura-
nium deposition is generally linked to the broadly synvol-
canic movement of hydrothermal and/or meteoric fluids
within the volcanic pile. The source of the uranium is
believed to be the host volcanic sequences, from which it is
released by devitrification of volcanic glass. Uranium is
subsequently deposited within favourable horizons in the
volcanic stratigraphy, or localized in synvolcanic or slightly
younger fault zones. Uranium is commonly associated with
Cu, Mo, Sn, W, F, Th and rare-earth element (REE) enrich-
ment. The associated alteration is varied, and includes albiti-
zation, hematization, silicification, and clay-mineral
(argillic) alteration. Many examples are associated with fel-
sic volcanic sequences of alkaline to peralkaline type that
are regionally enriched in U (up to 20 ppm). Several vol-
canic-hosted deposits have produced uranium, but most
examples tend to be small and low-grade. In a recent review
of global data, Thomas et al. (2007) indicated a mean size of
some 2.4 million pounds of U;0y, at a mean grade of 0.13%
U,Os. The largest known example (and the only current pro-
ducer) is the Streltsovska deposit in Russia, which contains
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in excess of 200 million pounds of U;Oj, at a higher average
grade of some 0.21% U,0Oq.

The Aillik Group is a compositionally evolved volcanic
sequence that is alkali—calcic to alkaline in affinity (Gower
et al., 1982; Kerr, 1989). Studies of glass inclusions also
suggest that the parental magmas were of alkaline affinity
(Payette and Martin, 1986). The Bruce River Group is a
potassic, calc-alkaline volcanic suite that tends instead
toward peraluminous compositions (Ryan, 1984; Kerr,
1989). Volcanic-hosted uranium deposits are known to
occur in rocks of broadly equivalent compositions around
the world (Dahlkamp, 1993). Mineralization in the Burnt
Lake area (Aillik Group) and in the Sylvia Lake area (Bruce
River Group) exhibits many of the features listed above for
volcanic-hosted uranium deposits. Some of the uranium
mineralization in the eastern CMB, south of Makkovik,
could also be of this type, although a hydrothermal vein
association (Type 9) is also possible. Much of the mineral-
ization at the Stormy Lake showing is probably also of this
general type, although it lies in close proximity to the
unconformity at the base of the Seal Lake Group.

It is likely that the Aillik Group contains syngenetic,
volcanic-related uranium deposits other than those noted
above, but locally strong deformation and recrystallization
complicates their recognition. Previous models for uranium
mineralization in the eastern CMB (e.g., Gandhi, 1978,
Evans, 1980; Gower et al., 1982) classified the important
Michelin deposit as an example of a strongly deformed but
originally synvolcanic deposit, and Dahlkamp (1993) actu-
ally lists Michelin as an example of such. This interpretation
certainly remains possible, but information from renewed
exploration indicates a very strong structural control on this
deposit, implying that it could instead represent an epige-
netic-style deposit hosted in a regional shear zone, tempo-
rally associated with deformation and metamorphism of its
host rocks. This option is preferred here, and discussed in
more detail below. However, it must be stressed that many
key aspects of uranium mineralization at Michelin remain
enigmatic, and that the timing relationship between the
introduction of uranium and deformation is anything but
clear. The possibility that Michelin represents a strongly
deformed example of originally synvolcanic mineralization
(cf., Gower et al., 1982) cannot be discounted on the basis
of existing data. Resolution of this problem is only possible
through geochronological data that can confidently be inter-
preted to record the timing of mineralization, rather than
subsequent events. The acquisition of such data is unlikely
to be casy.

Epigenetic Magmatic-Hydrothermal Mineralization

Uranium mineralization assigned to Types 7 and 8, i.e.,
deposits associated with breccia zones developed in mafic
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volcanic rocks or granitoid rocks, is considered to be of
magmatic-hydrothermal origin. Specifically, these deposits
are believed to have affinities to so-called "Iron-
Oxide—Copper—Gold" deposits, or IOCG deposits. This is
not a new concept in CMB geology, as it was in part respon-
sible for the resumption of exploration activity prior to
recent increases in uranium prices. The similarity between
the Moran Lake Upper C-Zone and some IOCG deposits
was noted by exploration geologists, and this model is
presently used by Crosshair Exploration and Mining as an
exploration model in the Moran Lake area (e.g., LaCroix
and Cook, 2007).

The classification of Dahlkamp (1993) does not include
IOCG deposits as such, because they were not widely rec-
ognized at that time, and none are mined for uranium as a
primary commodity. Iron-oxide—copper—gold deposits are a
broad class of magmatic-hydrothermal ore deposits charac-
terized by iron-rich metasomatism, and associated with calc-
alkaline to alkaline magmas. They are a complex subject
well beyond the scope of this report and readers are referred
to a review by Corriveau (2007) for more details and infor-
mation on Canadian examples. The best-known 10CG
deposit is the giant Olympic Dam deposit in Australia,
which contains some 3810 million tonnes at 1.1 % Cu, 0.5
g/t Au and 0.04% U,O4. Although uranium is a byproduct of
copper mining, Olympic Dam represents the largest single
global resource of uranium (aside from black shales and
phosphorites) with some 3.4 billion pounds of contained
U;0O4 (compilation by Thomas et al., 2007). Several other
IOCG deposits are reported to have uranium enrichment, but
quantitative data on their U;0q grades are not easily located.
Most such deposits are primarily resources of Fe and Cu,
with variable amounts of Au, Ag, Bi and REE (Corriveau,
2007).

The Moran Lake Upper C-Zone deposit (Type 7) and
the recently discovered Two-Time Zone (Type 8) have many
features in common, despite differences in their host rocks.
They share some features of IOCG deposits, most notably
the presence of textures suggesting hydrothermal breccia-
tion, and iron-rich alteration. At the present time, these are
the only CMB uranium deposits in which iron metasoma-
tism is clearly documented. However, both deposits are ura-
nium-rich, rather than being strongly enriched in Cu, Au and
Ag. There is some enrichment in these latter elements in the
Upper C-Zone, and this also contains significant amounts of
vanadium. If these deposits are of magmatic-hydrothermal
origin, the identity and location of any associated magmatic
rocks remains obscure. However, the CMB contains abun-
dant granitoid plutonic rocks emplaced between ca. 1800
Ma and ca. 1650 Ma, so there is no shortage of candidates
on a regional scale.



G.W. SPARKES AND A. KERR

The age(s) of the mineralizing event(s) manifested at
these deposits are a subject of some interest. The host rocks
at the Upper C-Zone must be older than 1650 Ma, and are
possibly as old as 2100 Ma. However, mineralization could
be much younger than the host rocks. The host rocks at the
Two-Time Zone are of presumed Archean age and thus offer
few constraints on the timing of mineralization. However,
the breccia zones at this prospect are cut by diabase dykes
for which the most obvious correlatives are the ca. 2236 Ma
Kikkertavak dykes. If this inference is correct, it implies that
the mineralization at Two-Time is significantly older than
that at the Upper C-Zone, and it could even be of Archean
age. The post-mineralization dykes at the Two-Time Zone
are thus an obvious target for geochronology.

Finally, uranium mineralization associated with
hydrothermal veins (Type 9) in the eastern part of the CMB,
notably around Makkovik and Round Pond, corresponds
well with the features of magmatic-hydrothermal vein-type
deposits, as described by Dahlkamp (1993).

URANIUM MINERALIZATION OF METAMORPHIC
AND/OR METASOMATIC ORIGIN

This category is tentatively considered to include some
of the most important deposits in the region, i.e., those of
Type 4, associated with zones of strong deformation and
metasomatism in metamorphosed felsic volcanic rocks.
These deposits include Michelin and Jacques Lake, and sev-
eral smaller examples. It is further suggested that mineral-
ization associated with shearing and alteration in granitoid
rocks (Type 2, e.g., Melody Hill) also belongs to this cate-
gory, rather than being of synmagmatic origin. The poten-
tially important uranium mineralization hosted by
metapelitic (argillaceous) rocks at the Kitts deposit and
related prospects (Type 5) continues to be problematic in
terms of origins. However, following previous workers
(e.g., Evans, 1980; Gower et al., 1982), it is tentatively sug-
gested that this belongs to the same family of deposits, even
though the host rocks are very different. It is interesting to
note that early genetic models for the uranium deposits in
the Kitts—Post Hill area (Marten, 1977; Evans, 1980) sug-
gested that uranium was introduced synchronously with
strong deformation and shear-zone development. The recog-
nition of important structural controls at Michelin during
recent exploration work (e.g., O'Dea, 2005) has revived
interest in this model, and it is currently used as an explo-
ration model by Aurora Energy Resources.

The host rocks to mineralization of Types 2, 4 and 5 are
obviously different, but all of these host rocks formed prior
to ca. 1800 Ma, and they were all affected by deformation of
this age. All these deposits are characterized by strong
deformation of their host rocks, and those in the Aillik

Group appear to be related to an important shear zone of
regional extent. The same argument can be made for Kitts
and other uranium deposits in the Post Hill group, where the
host metasedimentary unit is a locus for intense deforma-
tion. Deposits of Types 4 and 5 are known to be associated
with soda-metasomatism and potash depletion, and Na-bear-
ing minerals such as aegrine—augite and arfvedsonite are
reported from Michelin (Evans, 1980). However, these
alteration patterns are not yet established for granitoid-host-
ed deposits assigned to Type 2.

A possible analogue for these deposits is provided by a
class of uranium deposits termed "metasomatites" by
Dahlkamp (1993). Further information is presented in a
review by Barthel (1987). These are defined as disseminat-
ed uranium deposits in strongly deformed rocks that were
affected by sodic metasomatism (i.e., albitization). In some
earlier classifications of uranium deposits, they were termed
"albitite" deposits. We do not find either label entirely satis-
factory, but we lack a suitable alternative to put forward at
this time. Metasomatite or albitite deposits of this type are
mostly known from the Baltic Shield region and from Rus-
sia, and there is thus limited published information in Eng-
lish to facilitate detailed comparisons. Dahlkamp (1993)
states that deposits of this type are hosted by strongly
deformed granites and by metasedimentary rocks, which
exhibit pervasive sodic metasomatism and the development
of Na-rich minerals such as aegirine—augite and arvfved-
sonite (sodic amphibole). The regional host rocks to such
deposits commonly have elevated uranium contents, sug-
gesting that they were the source for much of the uranium.
Enrichment in Zr, REE, P and Ti is also a feature of at least
some of these deposits, and the grades are akin to those
observed in the CMB, i.e., generally <0.5% U,Oy (Barthel,
1987; Dahlkamp, 1993; G. Zaluski, personal communica-
tion, 2007). Although felsic metavolcanic rocks are not
specifically listed as host rocks by Dahlkamp (1993), there
seems to us no reason why such deposits could not form
within them, and other sources (Barthel, 1987; G. Zaluski,
personal communication, 2007) indicate that some examples
have metavolcanic host rocks. Available information
(Dahlkamp, 1993) suggests that most examples of "metaso-
matite" or "albitite" uranium deposits are relatively small in
terms of contained U;Oq (i.e., generally less than 1 million
pounds of U;Oy). If the Michelin and Jacques Lake deposits
belong to this class, they may be the largest examples yet
recognized, and may in time act to better define the charac-
teristics of this class.

Some current classifications of so-called [OCG deposits
are extremely broad, and could potentially include deposits
known elsewhere as “albitites” or “metasomatites”. Cor-
riveau (2007) included a brief discussion of the CMB as a
potential IOCG province on this basis. Although we concur
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that some aspects of this mineralization might fit within
such expanded “IOCG-type” models, we believe that its dis-
tinct features require that it be treated differently in terms of
controls and genesis.

This suggestion is presently tentative, and more
research is required to establish if the deposits described
from the Baltic Shield and Russia provide valid analogues
for Michelin, Jacques Lake and perhaps Kitts. The published
information on such deposits is very limited, and much of it
is in Russian. If the suggested association does not stand up
to detailed examination, these important deposits in
Labrador have no obvious analogues amongst existing clas-
sifications of uranium deposits.

URANIUM MINERALIZATION IN SEDIMENTARY
ENVIRONMENTS

Disseminated uranium mineralization in sandstones and
conglomerates of the Bruce River Group (Type 6) seems to
have affinities with much younger sandstone-type uranium
deposits. According to Dahlkamp (1993), deposits of this
type are hosted by marginal marine or terrestrial clastic sed-
imentary rocks. Mineralization forms via the actions of oxi-
dized meteoric waters, which transport uranium and deposit
it when they encounter reducing environments. There are
several varieties, which are controlled by sedimentary facies
and also by crosscutting faults, but all such deposits reflect
the same basic process. The potential source of the uranium
in these occurrences could be the host sedimentary sequence
as in the Moran Lake B-Zone prospect, but may also be
sourced from uranium-enriched basement rocks or from
overlying felsic volcanic successions. Deposits of this type
are important sources of uranium around the world, and
some are of considerable size; the Beverly deposit in Aus-
tralia contains almost 100 million pounds of U,0Oy, at a rela-
tively high grade of 0.18% U;O4 (compilation by Thomas et
al., 2007). Many deposits of this type contain associated
vanadium, however, deposits of this type are for the most
part hosted by Phanerozoic sedimentary sequences, and
there are few known Precambrian examples. It is generally
inferred that organic matter (notably plant and animal
debris) played an important role in controlling local redox
conditions. Mineralization in sandstones is also locally asso-
ciated with unconformity-style deposits such as those in the
Athabasca basin, where it is controlled by similar oxidation-
reduction reactions in permeable strata. However, mineral-
ization in unconformity-related settings commonly also
involves basement rocks at or beneath the unconformity,
coupled with intense local alteration of both basement and
cover.

The uranium mineralization in the Moran Lake Lower
C-Zone is visibly associated with local zones of reduction in
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generally oxidized sedimentary rocks, and it is associated
with significant vanadium enrichment. On this basis, analo-
gies with younger sandstone-hosted uranium deposits, or
perhaps unconformity-style deposits, are worthy of some
consideration. The proximity of this mineralization to the
basal unconformity of the Bruce River Group, and to the
uranium mineralization of the Upper C-Zone (see above)
suggests that there may have been a local source for urani-
um, which could have been remobilized into the overlying
sedimentary sequence and precipitated through redox
effects. Such a model is consistent with the host rocks to the
Upper C-Zone sitting below those of the Lower C-Zone
prior to Grenvillian thrusting, but it would also require that
the mineralization in the former zone developed prior to ca.
1650 Ma.

POTENTIAL FOR UNCONFORMITY-STYLE URA-
NIUM MINERALIZATION

Unconformity-style deposits, exemplified by those of
the Athabasca basin and parts of northern Australia, are
amongst the most important sources of uranium in the
world. Of the ten largest uranium deposits known, three are
of this type (McArthur River and Cigar Lake in
Saskatchewan, and Jabiluka in Australia), and each of these
contains more than 400 million pounds of U;Oy4 (compila-
tion by Thomas et al., 2007). Deposits of this type are asso-
ciated spatially with regional unconformities between intra-
continental quartz-rich clastic sedimentary basins and older
basement rocks. The uranium mineralization occurs in lens-
es, veins, breccias and replacement bodies located both
above and below the unconformity. Post-depositional fault
systems and conductive graphitic zones in the underlying
basement exert the most important local controls on the
development of mineralization. These deposit types are a
complex subject in their own right, and their origins are a
subject of much debate. These details are beyond the scope
of this report; Jefferson et al. (2007) provide the most recent
review, focused on Canadian examples.

The CMB of Labrador contains three regional uncon-
formities (Figure 1). The Moran Lake Group sits uncon-
formably upon the Archean basement of the Nain Province,
and the lowermost strata consist of marine sedimentary
rocks including siltstones, quartzites and dolostones. It is in
turn overlain unconformably by the Bruce River Group,
which includes a lower sequence of sandstones and con-
glomerates of terrestrial origin. The most widespread uncon-
formity is at the base of the Seal Lake Group, which sits
upon Archean basement, the Moran Lake Group, the Bruce
River Group and also upon a variety of granitoid rocks. Far-
ther to the west, beyond the traditional confines of the CMB,
the Seal Lake Group sits upon metamorphic rocks of the
Churchill Province, Mesoproterozoic anorthosites and gran-
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ites, and also upon felsic volcanic rocks of the Letitia Lake
Group.

The Stormy Lake showing, west of Nipishish Lake
(Figure 2) has for many years been viewed as a possible
example of unconformity-style mineralization at the base of
the Seal Lake Group, based upon previous descriptions
(summarized by Ryan, 1984). The exact position of the
unconformity at this location is difficult to discern, and
observations in 2007 suggest that the host rocks to most of
the mineralization are felsic volcanic rocks of the Bruce
River Group, and that only low-level radioactivity is present
in the Seal Lake Group conglomerates and sandstones. The
mineralization has many features in common with occur-
rences hosted by the Bruce River Group in areas where no
nearby unconformity is present.

At the present time, the most obvious target area for
unconformity-style deposits is the basal unconformity of the
Bruce River Group, for which there is empirical evidence of
spatially associated mineralization. The mineralization at
the Moran Lake Lower C-Zone and at Moran Heights lies
very close to the base of the Bruce River Group. The Upper
C-Zone mineralization is located in close proximity to the
base of the Bruce River Group, but its temporal relationship
to the unconformity is not completely clear. At the present
time, we prefer to view the Upper and Lower C-zones in
terms of different processes, but much remains to be learned
about this area.

Finally, the extensive basal unconformity of the Seal
Lake Group should not be discounted as a possible target
area for future exploration, even though the relationship
between the Stormy Lake showing and the unconformity
may be coincidental (see previous discussion, page 205).
There is some evidence of minor radioactivity in conglom-
erates above the unconformity, and elsewhere in the Seal
Lake Group (Marten and Smyth, 1975), and this regional
environment has yet to be systematically explored.

CONCLUSION

More than 50 years have passed since uranium was first
discovered in Labrador, but many of the questions asked at
the very beginning (e.g., Beavan, 1958) remain to be
answered. Large amounts of data were collected in the first
phase of exploration in the CMB, but relatively little has
been published concerning this diverse and interesting ura-
nium district. The recent resurgence of exploration, and the
prospect of future production from deposits such as Miche-
lin, promise a new era of exploration and research. The dis-
cussion in this report is of necessity preliminary in nature,
and it is likely that parts of it will be proved incorrect by
future research. Nevertheless, we hope that it will provide

useful information for explorationists, and also a useful
focus for discussion that will guide the course of more sys-
tematic research in years to come.
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