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Frontispiece: Scenery of the Burnt Lake area. White Bear
Mountain in the background.
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ABSTRACT

The Burnt Lake area, located within the central region
of the Central Mineral Belt of Labrador, is underlain by the
Early Proterozoic (1855 Ma) supracrustal sequence ¢f the Upper
Aillik Group felsic volcanic and associated sedimentary rocks.
Intruded into this volcanic pile is the 1650 Ma Burnt Lake
Granite, a high level, leucocratic, post-tectonic granite.

The area was the focus of uranium exploration in the late
1970's and hosts open pit reserves of 140,000 toanes grading
0.082% U,04.

Uranium was originally deposited (1855 Ma) by subvolcanic
leaching of volcanic glasses and concentration during K-
metasomatic alteration ol the felsic volcanic rocks (Burnt
Lake Potassic Showing) and later upgraded during a period of
magmatic and metamorphic activity between 1800 Ma - 1740 Ma
(Burnt Lake Sodic, Emben amd Aurora River Showings). This
produced uranium enrichments associated with intense Na-
metasomatism and is characterized as epigenetic-hydrothermal.

Base metal (and possibly some uranium) mineralization
was later superimposed on the Burnt Lake uraniferous
occurrences which originated as magmatic fluids from the Burnt
Lake Granite (1650 Ma). The mineralization is characterized
as epigenetic magmatic-hydrothermal (granophile) with
potassium, lead, =zinc, copper, fluorite and molybdenite

enrichments.
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Model ages from a galena separate from Burnt Lake, hosted

in felsic volcanic rocks of the Upper Aillik Group (1855 Ma)

are 1651 Ma for the lower crust-type reservoir. This indicates
an age of 1651 Ma for at least some of the lead mineralization
derived from a magmatic source.

An Rb/Sr isocron for the Burnt Lake Granite has produced
an age of 1651 + 140 Ma, however, the isotopic signature has
been disturbed by fluid effects and a partial re-setting of
the isotopic clock during the Grenville Orogenry.

Significant concentrations of molybdenite occur near the
contact of the Burnt Lake Granite and the meta-felsic volcanic
rocks. Differentiation trends in geochemical data for this
granite indicate vapour phase concentration towards the top

of the pluton.
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CHAPTER 1

Introduction

This thesis is a study of the geology, geochemistry and
mineralization in the Burnt Lake area in Central Labrador. The
area is underlain bv Early Proterozoic felsic volcanic and
volcaniclastic sedimentary rocks of the supracrustal Upper
Aillik Group (Figure 1). The Burnt Lake area became a focus
for uranium exploration in the 1970's and is located 20 km
east of the partially developed Michelin Uranium deposit
(7,366,000 t at 0.10 % U) and 45 km southwest of the Kitts
deposit (347,000 t at 0.449 % U) (Gower et al. 1982). The
Burnt Lake Uranium deposit has had 1851 m of diamond drilling
and extensive trenching which 1indicated reserves of 146,000

t with an average grade of 0.067 % U,0,.

Approximately 80 km? was mapped for this current study

during the 1985 field season and for four days in 1986. The
area mapped also included the smaller Emben Main and South
radioactive zones in the east, and Aurora River showings in
the north. The objectives of this thesis were to study the
geoiogy and the styles of mineralization in the Burnt Lake
area.

Geochemical, petrographic, and gezzhronological studies
suggest that the main mineralizing event in the Burnt Lake

area was accompanied by alkali metasomatism of the felsic
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volcanic rocks at ~ 1800 Ma, however, it is also apparent that
later events (i.e. magmatism during the Labrador Orogeny
(~1650 Ma) and Grenvillian tectonism (~1000 Ma)) have affected
the area by partially resetting isotopic signatures and
remobilizing and reconcentrating uranium and base-metal

mineralization.

1.2 Location , Access and Physiography

The study area is located within the Central Mineral Belt
(CMB) of Labrador (Figure 2). The area is wholly contained
within the early Proterozoic, wedge-shaped fold belt known as
the Makkovik Structural Province (Wardle et al. 1986), an
apparent extension of the Ketilidian Mobile Belt of southern
Greenland (Gower and Ryan, 1986). Burnt Lake 1is located
approximately 150 km north-northeast of the town of Goose Bay
(population 5000) and 30 km due south of the coastal community
of Postville (pop. 300). Access into the remote area is
confined to float-equipped fixed wing aircraft (e.g. Cessna,
Beaver or Otter) or helicopter; all of which are based in
Goose Bay. Goose Bay is serviced by daily jet and turboprop
service from St. John's, Nfld. The nearby coastal communities
of Makkovik and Postville have year-round gravel landing
strips, and Labrador Airways of Goose Bay has a regularly
scheduled passenger/mail service to these northern

communities. In addition, Marine Atlantic provides an
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inexpensive passenger/freight service during ice-free months
(generally June to November). Coastal marine vessels sail from
St.John's and Lewisporte, Newfoundland to Goose Bay with stops
at the coastal communities. Expediting services for field work
in these isolated areas is available from Goose Bay, although
limited grocery items can be purchased from the government-

operated stores in Postville or Makkovik.

;S ﬂ Study area
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v
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Figure 1-1: Location and extent of study area.
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Physiographically, the Burnt Lake area has low to
moderate relief (150-400m elevation) and is extensively
covercd by glacial till and boulders. Outcrop usually occurs
as SW-NE trending linear ridges which mimic the stratigraphy
and numerous faults in the area. Much of the immediate area
is covered with burnover (hence the name Burnt Lake), which
shows no sign of rejuvenation. Dense coniferous tree growth
occurs in the northern portions of the study area which is
divided by marshy draws and string bogs connecting the
numerous small ponds. A prolific growth of mosses and lichens
is ubiquitous on rock outcrops and must be scraped away.

Climatic conditions in Labrador can be quite severe and

changeable. Field work can begin after spring breakup which

occurs around mid-June in central Labrador. The weather
deteriorates in early September, restricting a comfortable
field season to three months. Black flies, mosquitoes and deer
flies are a close companion in their peak season which one

must learn to work with.

Exploration History

The Central Mineral Belt has had a varied and sporadic
exploration history (see Ryan, 1984 Appendix II; Wilton,
1991a). The discovery of uranium mineralization in Labrador
in 1954 by Piloski (Piloski, 1955) and the subsequent

recognition of the area as a uraniferous province (Beavan,
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1958) spurred explorationists to look for this metal with some
success. The first discovery of uranium in the Burnt Lake area
was made in 1957 by Turcott and Roberts, two prospectors
working for British Newfoundland Exploration Limited (BRINEX).
This initial discovery was made two kilometres north of Burnt
Lake. The uranium mineralization was described as fault-hosted
within what was then thought to be guartzite (Beavan, 1958).

Ten years later in 1967, geologists with BRINEX returned
to Burnt Lake and conducted airborne gamma-ray spectrometer,
EM and magnetometer surveys with follow-up ground geophysics
over the original Turcott showing (Beavan, 1968). A major
result of this preliminary work was the discovery of a larger,
more important occurrence now known as the Burnt Lake North
showing, which was also mapped and geophysically surveyed the
same year. In 1969, regional geological mapping was carried
out at a scale of 1:24,000 with limited soll geochemistry over
the Burnt lLake North showing which led to the discovery ot
new, significant uraninum mineralization in bedrock eight
kilometres to the east (the Emben occurrences). Three separate
showings were discovered by Matthew Ben Andrews and described
by Gandhi et al. (1969) who recommendec immediate detailed
follow-up. A grid was established, and in September 1969
detailed exploration of the Emben showings involved geological
mapping, soil sampling, a radiometric survey and the blasting

of four trenches at the Emben Main showing and tii-ee trenches

at the Emben South showing (Janecek, 1969). Due to the thick
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Pleistocene drift cover in the area a boulder tracing and
drift study was undertaken and significant uranium
mineralization was discovered in boulder trains near the Emben
Central and South Zones (Doak and MacCallum, 1970). In 1970,
Bundrock (1970) mapped a small area near the Emben Main
showing on a scale of 1:4,800. In 1976, the focus returned to

the Burnt Lake North showing and eleven mineralized zones were

mapped and trenched. As well, Krajewski (1976) carried out

regional mapping in the McLean Lake area (five kilometres to
the north) on a scale of 1:25,000.

In 1977, a reconnaissance grid was established over the
Burnt Lake showings with detailed mapping, magnetometer and
radiometric surveys at a scale of 1:3,000. Twenty trenches
were blast :d and the mireralization was tested below surface
in seventeen diamond drill holes with a combined depth of 1851
metres. Indicated reserves of uranium are in the order of
140,000 tonnes with an average grade of 0.082 % U,0, reported
for a 40 m by 300 m zone (Sharpley, 1978). In 1978, a detailed
grid was established and soil geochemical and magnetometer
orientation surveys were carried out. One Winkie diamond drill
hole tested to a depth of 25.6 m (Sharpley, 1978).

Keontak (1978) mapped a small area concentrating on the
Burnt Lake Main zone as part of a larger regional
study. Bailey (1978) carried out 1:50,000 scale regional
mapping which incorporated the Burnt Lake region. In 1978,

Davidson visited the Emben area as part of a comparison study
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with other radioactive showings (Davidson and Gentile, 1978).
In 1980, R. Cote (1980) smapped the Aurora-McLean-Burnt-Emben
Lakes area on a scale of 1:10,000. In July, 1984 a two-man

BRINEX crew carried out prospecting and geological

investigations over the Bu:int Lake Main Showing in an attempt

to subdivide the felsic pyroclastic rocks into sub-units (Hum,
1984). During that same summer R.J. Wardle and D.H.C. Wilton
sampled both the Burnt Lake and Emben showings as part of a
reconnaissance sampling program for precious metals (Wardle
and Wilton 1985). BRINEX geologists were on the property again
in the summer of 1985 to conduct a two week soil sampling

program (Hum, 1985).

Previous Geclogical Work

The earliest geological observations in Labrador were
made only on coastal exposures (e.g. Packard, 1891 and Daly,
1902). The reports were descriptive in nature but nevertheless
make for interestingreading. Serious geological consideration
was not given to the interior portions of Labrador because the
ruggedness of the terrain and a poorly navigable river systenm
prevented many of the early attempted investigations. Kranck
(1939) was the first to name the “sedimentary" rocks 1in
coastal sections of the Aillik and Makkovik areas as the
Aillik Formation; these rocks were subsequently defined as the

Aillik Series (Krank, 1953 and Douglas, 1953).
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The division of the Canadian Shield into structural
provinces was initiated by Stockwell (1964). The boundaries
of these structural provinces in Labrador were redefined as
a result of regional mapping by Taylor (1971, 1972), who
proposed that a wedge of Lower Proterozoic rocks on the coast
be termed the Makkovik Subprovince. It has been recently
suggested that the Makkovik Belt should be raised to
independent status as an orogenic province (Gower and Ryan,
1986).

The Central Mineral Belt (CMB) has been the focus of
numerous sStudies by exploration c¢ompanies and government
geologists since the construction of a military air base in
Goose Bay during the mid 1940's. The first discovery of
significant mineralization in the CMB was made in 1946 by
geologists with Norancon Exploration Limited who found native
copper in the Adeline Llake area (Evans, 1952). Extensive
exploration continued in the early 1950's which led to the
discovery of the numerous copper occurrences in the Seal Lake
and Bruce River Groups, (Brummer and Mann, 1961; MacPherson,
1954), and uranium in the Upper Aillik Group (Beavan, 1958),.
The CMB was defined by these early exploration geologists to
include a large belt of Proterozoic supracrustal sequences
that extends from Makkovik on the coast to the Smallwood
Reservoir in the west. The earliest work of the exploration
companies (eg. BRINEX, Beavan (1958)) coincided with the first

regional studies by the Geological Survey of Canada (Christie
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et al., 1953 ; Fahrig, 1959; Stevenson, 1970; and Roscoe and
Emslie, 1973). The regional studies included the first
stratigraphic subdivisons of the supracrustal sequences of the
CMB. Ryan (1984) produced a comprehensive report on the
supracrustal sequences comprising the central CMB. Gower et
al. (1982) described the geology of the eastern CMB, and
Wilton (1991a) described the metallogeny of the entire CMB.

The earliest published work describing the geology and
genetic interpretation of the uranium mineralization in the
CMB was carried out by Gandhi et al. 1969. Other important
studies involving various aspects of uranium in the CMB
include Minatidis (1976), Watson-White (1976), Kontak (1978,
1980), Gandhi (1978, 1986), Evans (1980), White and Martin
(1980), Gower et al.(1982), Payette and Martin (1986), and

MacKenzie and Wilton (1987a).

1.5 Methodology o©of Present Study

The present study was initiated in the summer of 1985,
with a field program of approximately two months duration.
The study area was visited briefly in 1986 for some follow-up
work. An B0 km’ area was mapped at a scale of 1:30,000
utilizing enlarged black and white airphotos. The area
immediately surrounding the Burnt Lake uranium occurrences

was mapped at a scale of 1:3000 using the BRINEX grid for

control. Most of the BRINEX trenches were located, mapped and
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sampled. Drill core from fourteen diamond drill holes was re-
logged and mineralized sections were sampled. All lithological
units identified in the field were sampled and analyzed for
major, trace and rare-earth elements. Selected mineralized
samples were analyzed for ©precious metals at Chemex
Laboratories in Vancouver, B.C. Analytical procedures and
techniques are given in Appendix I. A thin section was cut for
each sample analyzed and each rork suite was studied
petrographically; in all 181 thin sections were made. Polished
sections (3 samples) and polished thin sections (26 samples)
were prepared from mineralized samples and were studied using
a Scanning Electron Microscope (SEM). Mafic minerals were
identified by XRD and microprobe techniques.

A Rb/Sr geochronological study was uncertaken of samples
of the Burnt Lake Granite using whole rock powders and mineral
separates. Isotope analyses of Pb from galena separates were
completed by Geospec Consultants Ltd. of Edmonton, Alberta

using the techniques outlined by Swinden et al. (1988),.

Sulphur isotope analyses of sulphide separates were completed
at the Ottawa-Carleton Centre for Geoscience Studies -

Geological Survey of Canada stable isotope facility in Ottawa,

Ontario.
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CHAPTER 2

REGIONAL GEOLOGY

Introduction

The regional geology of Labrador is illustrated on Figure
2-1. Labrador contains five geological provinces of the
Canadian Shield, wviz: the Superior, Churchill, Nain and
Grenville provinces (Taylor, 1971) and the Makkovik province
(Gower and Ryan, 1986). The last province ccmprises a sequence
of early Proterozoic supracrustals and reworked Archean rocks,
considered to be distinct from the adjoining Nain and
Grenville Provinces. The Makkovik Subprovince was recognized
by Sutton et al. (1972) as a continuation of the Ketilidian

Mobile Belt of Greenland.

2.1.1 Central Mineral Belt

The Central Mineral Belt (CMB) of Labrador (Figure 2-2)
is the informal name given to an easterly-northeasterly
trending belt of Aphebian to Neohelikian supracrustal rocks

in central Labrador. The CMB covers an area 260 km long and

up to 75 km wide, from the Smallwood Reservoir in the west,

to Makkovik on the coast. The majority of the rocks contained

within coastal portions of this belt are part of the 1.8 Ga
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Makkovikian structural province. The Moran Lake and Bruce
River Groups are in the central portions of the belt, whilst
the Aillik Groups are in the east (Figure 2-2). The CMB
contains numerous metallic occurrences and has been
sporadically explored for iron ore, base metals and uranium

(Ryan, 1984; Wilton, 1991a).

2.1.2 Nain Province

The Nain Province of Labrador was first sub-divided into
eastern and western sub-provinces by Stockwell (1964), but was
later redefined by Taylor (1971) whose nomenclature has been
retained. The northern portion of the Nain Province is
comprised of high grade Archean gneisses deformed during the
Kenoran Orogeny (2560 Ma) (Wardle et al., 1986). To the
southwest, the most common rock type is the ~2800 Ma (Grant
et al., 1983) trondhjemitic granitoids of the Kanairiktok
Intrusive Suite (Ermanovics and Raudsepp, 1979). The Moran
Lake Group unconformably overlies these granitoids. On the
coast the Archean comprises the ca. 2300 Ma (Scharer et al.,
1988) Island Harbour Pond-Iggiuk Bight Complex (Ryan et al.,
1983). The contact between the gneissic complex and the Lower
Aillik Group is a mylonitized tectonic slide zone (Marten,
1977) in Kaipokok Bay. In the southern portion 5f the province

these Archean granitoids are overlain by supracrustal rocks

of Aphebian age. The Aillik and Moran Lake Groups have been
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affected by the Makkovikian Orogeny (1800 Ma) that produced

NE-SW structural trends (Gower and Ryan, 1986).
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Figure 2-1: Regional Geology of Labrador (from Ryan, 1984).
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Figure 2-2: Geology of the Central Mineral Belt, Labrador
(after Ryan, 1984).
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2.1.3 Makkovik Province

The major supracrustal sequences within the Makkovik
Province (which also includes most of the eastern CMB), are
the Moran Lake, Aillik and Bruce River Groups. Each sequence
will be dealt with in more detail later. This province is
bounded to the north by the Archean Nain Province and
structurally to the south by the Grenville Province.

The lowermost supracrustal rocks of the Makkovik Province
include the sedimentary and mafic volcanic rocks of the Lower
Aillik and Moran Lake Groups which are overlain by the
primarily felsic volcanic assemblages of the Upper Aillik and
Bruce River Groups.

The Lower Aillik Group in the Kaipokok Bay area is
comprised of amphibolite overlain by a metasedimentary unit
of psammite, phyllitic schists, semipelite, quartz-muscovite
schist and biotite schist (Marten, 1977). The uppermost unit
of the Lower Aillik Group consists of pillowed mafic volcanic
rocks intercalated with argillite and oxide-silicate iron
formation (Gower et al. 1982).

The Upper Aillik Group consists predominantly of a
variable assemblage of felsic volcanic and volcaniclastic
sedimentary rocks with minor mafic volcanic and tuffaceous
rocks and occurs in two distinct belts (the Makkovik and

Michelin Zones) separated by the Adlavik Brook Fault (Figure

2-2).
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Deposition and deformation of the Aillik and Moran Lake
Groups occurred during the Makkovikian Orogeny (1850-1750 Ma)
(Gower and Ryan, 1986). Synkinematic granitoid rocks
(i.e. Island Harbour Bay Plutonics) are also related to this

orogenic event (Gower et al. 1982). Scharer et al., (1988)

have been able to constrain the high grade metamorphism
associated with the termination of the orogeny to between 1794
and 1761 Ma from high precision U-Pb dates on zircon separates
from felsic volcanic and granitic rocks. Previously, the
timing of the deformation from this event was only constrained
by the 1650 Ma Trans-Labrador Batholith (Wardle et al., 1986)

which had not suffered Makkovikian deformation.

2.2 TECTONIC EVOLUTION OF LABRADOR

2.2.1 Introduction

The tectonic evolution of Labrador, and more specifically
that of the Central Mineral Belt, from the Early Proterozoic
has 1involved the Hudsonian, Makkovikian - Ketilidian,

Labradorian and finally Grenvillian orogenies.

2.2.2 Hudsonian Orogeny

This orogenic cycle (1850-1750 Ma, Stockwell, 1973)

deformed and metamorphosed the Trans Hudsonian Orogen (or




18
Churchill Province) (Hoffman, 1988) in the western portion of
the CMB to produce north-south structural trends and
fold-thrust belts on the orogen margins. The grade of
metamorphism is from lower greenschist to upper amphibolite
in the interior of the orogen.

Prior to the recognition of the Makkovikian orogeny in
Labrador (Wardle et _al., 1986), the principal deformation
(and possibly re-mobilization of uranium) in the Aillik Group
was considered to be Hudsonian (Stockwell, 1973). The tectonic
evolution of the Aillik Group is poorly constrained as some
contend that deposition of the volcanic rocks occurred in a
classic non-orogenic continental rift environment (e.g.
Gandhi, 1978; White and Martin, 1980). Wardle and Bailey
(1980) suggested the transition from basic to felsic volcanism
(i.e. Lower to Upper Aillik Groups) was the result of a major
tectonic change from rifting to an ensialic orogeny, and that
an unconformity must therefore occur between the lower and
upper divisions of the Aillik Group because of the differenc-
es in the intensity of Hudsonian deformation and grade of
metamorphism between the divisions.

The rocks of the Aillik Group .¢+*t had a

polydeformational history (Hudsonian) with tight folding and

NE-SW structural trends. Metamorphism ranges from greenschist
facies in the western portion to amphibolite grade in the east

(Wardle et al., 1986).
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2.2.3 Makkovikian Orogeny

The recently recognized Makkovikian Orogeny is considered
to be correlative to the Ketilidian Orogeny of southern
Greenland and is wholly contained within central Labrador
(Gower and Ryan, 1986). Metamorphism ranges from greeschist
facies in the northwest to amphibolite facies 3in the
southeast. Deformation and uplift during the orogeny are
poorly constrained in Labrador but appear to have occurred

between 1850-1750 Ma.

2.2.4 Labradorian Orogeny

The Labrador Orogeny is a recently recognized orogenic
event that occurred from 1700 to 1600 Ma (Thomas et al., 1986;
Wardle et _al., 1986) in what is now mainly the Grenville
Province. The orogeny produced a polydeformed paragneiss belt
known as the Labrador High Grade Terrane, (Wardle et
al., 1986) with intrusion of associated <calc-alkaline
granitoids, charnockitic and gabbroic rocks collectively known
as the 1Trans-Labrador batholith (Kerr; 1986, 1987). The
northern bourdary of the batholith is relatively undeformed,
whereas the southern boundary lies within the Grenville

province and 1is generally foliated and gneissic to almost

migmatitic.




2.2.5 Grenvillian Orogeny

The Grenvillian Orogeny was the final tectonic event to
affect much of southern Labrador and it overprints the earlier
tectonic fabrics (Wardle et al., 1986; Gower and Ryan,
1986) . Subdivision of the 1000 Ma orogen was previously based
on various structural and 1lithological features as well as
metamorphic and geophysical characteristics (Wynne-Edwards,
1972). The most recent Iinterpretation of the Grenville
Province is based upon the recognition of allocthonous
elements throughout the southern portion of eastern and
western Labrader-Quebec (Rivers and Chown, 1986). The
autochthon of Labrador includes the southern portion of the
CMB and is adjacent to the parautochthon, representing thLe
northerly limit of Grenvillian ductile shearing and

metamorphism.

2.2.6 The Grenville Front in Labrador

The criteria used to define the northern boundary of the
Grenville front (Figure 2-3) have been struc:iural and
litholiogical features, along with metamorphic and geophysical
characteristics (Wynne-Edwards, 1972). The boundary was

defined by Gower et al. (1980) as the northern extent of

widespread Grenvillian brittle deformation coinciding with

major regional faults. The boundary has also been described
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as the northernmost limit of the Michael Gabbro intrusions
(e.g. Gower and Ryan, 1986). Gower et al. (1980, 1982) and
Wardle et al. (1986) placed the boundary along the Adlavik
Brook Fault system north of the Burnt Lake area. Stevenson
(1970), Kerr (1987), Gower and Ryan (1986), and Owen et al.
(1986) described the boundary as being along the Benedict
Fault System south of Burnt Lake (i.e. south of the Upper
Aillik Group) within the Trans-Labrador Batholith. The
Grenville front boundary is discussed below based on new

isotopic and structural data generated during this study.

7Y Archean Basement -i-i};_-:';j Upper Aillik Group === Bruce River Group

i) Moran Lake Group <~ +] Trans - Labrador Bathaolith
L & Lower Ailiik Group @

Figure 2-3: Grenville Province boundaries in Eastern Labrador.
The line defined by the solid triangles indicates the location
of the northern Grenville Front boundary along the Benedict
Fault system as defined by Gower and Ryan (1986), Owen et al.
(1986) and Kerr (1987); the dashed line (through the middle
of the Burnt Lake area) indicates the boundary of Gower and
Owen (1984) and Scharer et al. (1986); and the line of solid
circles indicates the boundary (along the Adlavik Brook Fault)
of Gower et al. (1980, 1982) and Wardle et al. (1986).
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2.3 PROTEROZOIC SUPRACRUSTAL ROCKS

2.3.1 Lower and Upper Aillik Groups

The Aillik Group of Labrador was first described as the
Aillik Series (Kranck, 1939; Beavan, 1958; King, 1962; Gandhi
et al., 1969) and was originally defined as a sedimentary
sequence of mainly quartzite. Sutton et al. (1971) recognized
that the rocks were actually the products of felsic
volcanism. The group has been divided into a lower unit of
mafic volcanic and metasedimentary rocks (the Lower Aillik
Group), and an upper unit of felsic wvolcanic and

volcaniclastic sedimentary rocks (the Upper Rillik Group).

2.3.2 Lower Aillik Group

The Lower Aillik Group is well exposed in the Kaipokok
Bay region (Figure 2-2). The basal unit of the sequence
overlies the migmatitic Archean gneisses and granitoids of
the Island Harbour Pond-Iggiuk Bight Complex (ca. 2300 Ma,
Scharer et al., 1988) which is part of the Hopedale Complex,
Nain Province (Marten, 1977). The contact with the basement
is considered to be a tectonized slide zone with ductile
shearing (Marten, 1977). The basal unit is the Post Hill

Amphibolite (metamorphosed mafic volcanics) (Gower et al.,

1982) which is conformably overlain by 1000 m of
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metasedimentary rocks, including micaceous schists and pelites
with pyritic and graphitic members. On top is 900 m of massive
to pillowed basalt and mafic tuffs with silicate-oxide iron
formation and chert. The uppermost portion of the Lower Aillik
Group is a 50 m thick argillaceous - tuffaceous unit which
Gandhi (1984) suggests represents the beginning of felsic
volcanism and associated sedimentation. This conformable unit
is the main host rock for uranium mineralization at the Kitts
uranium deposit and at various other smaller occurrences in
the Kitts-Post Hill Uranium Belt (Gandhi, 1978). U-Pb ages on
pitchblende from the uranium occurrences range from 1730 to
1659 Ma (Gandhi, 1978; Kontak, 1980). Wilton et al.(in press)
have suggested that the Lower Aillik uranium occurrences are
related to granitic sources therefore the 1730-1650 Ma ages
are reasonable.

The Lower Aillik Group has undergone a polydeformational
history with upper greenschist to amphibolite grade
metamorphism (Marten, 1977). The earliest fabric developed in
the Lower Aillik rocks resulted from the tectonic ductile
shearing on the contact with the Archean basement which
produced subhorizontal thrusts. These subhorizontal sheets
were later deformed into upright folds with shearing developed

along the subvertical axial planes.




2.3.3 Upper Aillik Group

The contact between the lower and upper divisions of the
Aillik Group has been variously described as disconformable
(Marten, 1977) or conformable (Evans, 1980; Gandhi, 1978).
The structural contact 1is, however, a zone of strong
cataclasis and since the depositional contact has never been
found, Wilton and Wardle (1987) consider the break a tectonic
shear zone with interleaving of the two divisions.

The Upper Aillik Group is exposed in two separate belts
(Figure 2-2), one disposed near the coast and centered around
Makkovik, and the other an inland belt which includes the
Michelin and Burnt Lake uranium deposits. Separating the two
belts is the Adlavik Brook Fault. The iuland Michelin belt was
thought to be younger and related to the 1650 Ma Trans -
Labrador batholith (Gower and Ryan, 1987) and also believed
to be chemically distinct from the coastal belt. The coastal
Aillik rocks have suffered more intense deformation and
recrystallization of felsic volcanics when compared to the
inland Aillik rocks (MacDougall, 1988). However, Scharer et
al. (1988) have produced U-Pb zircon ages of 1856 + 2 Ma for
rhyolites in the Michelin zone (Michelin Ridge) and 1861 +9/-
3 Ma for rhyolites in the Makkovik area, thus relating both
belts to the same Makkovikian orogeny.

The Upper Aillik Group consists mainly of a variable

assemblage of felsic volcanic and volcaniclastic rocks with
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minor mafic volcanics (flows and tuffs). Various stratigraphic
schemes for the Upper Aillik Group have been developed
(Bailey, 1979; Gandhi, 1978, 1986; Gower et al., 1982; Wilton
and Wardle, 1987). Due to the apparent complexity of felsic
volcanism and sedimentation, certain generalizations must be
made. The basal units are arkose, conglomerate and tuffaceous
sandstone with minor limestone, tuffs and silicate-iron
formation. lying on top is a thin mafic unit, primarily
tuffaceous with minor pillow lava, breccia and flows. This is
the marker horizon which Gower anid Ryan (1986) used to
distinguish between the early and late parts of the Upper
Aillik Group. According to Gower and Ryan, this is overlain
by a thick sequence of rhyolitic ash-flow and ash fall tuffs
(welded and non-welded), quartz and/or feldspar porphyries,
lapilli tuffs, rhyolitic breccias, tufficites and hypabyssal
intrusives.

The volcaniclastic and sedimentary rocks (sandstone,
conglomerate, limestone and iron formation) of the eariy
portion of the Upper Aillik Group indicate deposition in a
shallow marine environment with some marine incursions. There
is some debate over the origin of the later sequence,
consisting predominantly of rhyolites and tuffs, and various
authors have placed the felsic volcanic rocks in pre-, syn-
and anorogenic environments (e.g. Gower and Ryan, 1986; White
and Martin, 1980). The volcanic rocks of the earlier portion

of the Upper Aillik Group (Michelin ridge and Makkovik areas)
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have been dated around 1860 Ma (Scharer et al., 1988) and
apparently represent the first of two periods of felsic
magmatism. The second pulse of felsic magmatic activity
occurred around 1807 Ma (Scharer et _al., 1988) with the
formation of the quartz-feldspar porphyry in the White Bear
Mountain area. This latter subvolcanic intrusion is probably
equivalent to the synkinematic granitoids (Kerr, 1987) in the
area.

Previous Rb-Sr geochonological studies on the rhyolitic
rocks in the Michelin Ridge area yielded ages from 1659 to
1767 Ma (Gandhi, 1978; White, 1976; and Kontak, 1980). The
Rb-Sr systematics in the felsic volcanic rocks must have
undergone resetting (or partial resetting) due to regional
metamorphism.

Upper Aillik Group rocks are relatively undeformed in
the Walker Lake - Burnt Lake area. Deformation is considered
to be much less intense with only a single planar fabric; a
schistosity axial planar to tight isoclinal folds (Bailey,
1979). The folds have been overturned with the hinges of the
anticlines reactivated as shear zones., Metamorphism is from

lower to middle greenschist facies (Bailey, 1978).

2.3.4 Moran Lake Group

The Moran Lake Group has been broadly correlated with

the Lower Aillik Group (Marten, 1977; Smyth et _al., 1978;
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Ryan, 1984) however some notable differences were outlined by
Wilton et al. (1987b). The Moran Lake Group lies unconformably
on only elightly deformed Archean granite of the Kanairiktok
Intrusive Suite (Ryan, 1984). The basal Warren Creek Formacion
is comprised of a dolomitic regolith which grades into a

succession of arkose, slate, chert, siltstone and minor mafic

volcanics. The overlying Joe Pond Formation is a pillow lava
unit with minor iron formation. The Moran Lake Group rocks
underwent at least two periods of deformation prior to
deposition of the 1649 Ma (Scharer et al., 1988) Bruce River
Group. The first deformation produced a slaty cleavage and
isoclinal folding plunging steeply to the east and overturned
towards the north. The second deformation overprints the first
and is represented by open asymmetric folding to tight

crenulations (Smyth et al., 1975; North and Wilton, 1988),

2.3.5 Bruce River Group

The Bruce River Group was deposited unconformably on the
polydeformed Moran Lake Group in the western portion of the
Central Mineral Belt. The 1649 Ma Bruce River Group is bounded
to the south by the Otter Lake Granite of the Trans-Labrador
batholith which may be the subvolcanic eguivalent to the Bruce
River felsic rocks (Ryan et al., 1986). The unit has a basal

conglomerate and fluviatile arkosic sedimentary rocks overlain

by volcaniclastic arkoses which are in turn overlain by an
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upper sequence of felsic ash tuffs and mafic flows (Ryan,
1984). The wvolcanic rocks are generally felsic, welded
ash-flow tuffs with an approximate thickness of 8000 m (Ryan

et al., 1987).

2.3.6 Trans-Labrador Magmatism

The granitoid rocks of the CMB can be broadly assigned
to either the 1.79-1.85 Ma Makkovikian Intrusive (Kerr, 1986;
Kerr and Fryer, 1989) or the 1.65 Ga Trans-Labrador Batholith
(Thomas et al., 1986). The granitoids of the Makkovikian Suite
range in composition from granodiorite to quartz monzonite and
have north-northeast trending fabrics which were produced
during the Makkovikian orogeny (1.85 Ma). The granitoids have
a synkinematic relationship in terms of deformation and
metamorphism with the Aillik Group (i.e. Long Island Gneiss,

1832 * s8 Ma, Gandhi et al., 1988; Icland Harbour Bay Plutonic

Suite, 1843 + 90 Ma, Grant et al., 1983). Kerr (1987)
sub-divided the Makkovikian suite into five units forming a
discontinuous belt across the CMB.

The granitoids of the Trans-Labrador Batholith were
emplaced during the Labradorian Orogeny, (Thomas et al.,
1986). The intrusive rocks, which are post-tectonic with
respect to the deformation in the Aillik Group, range in

composition from pyroxenite to alkali-feldspar granite and

have recently been divided into three divisions, based on
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regional setting, size, and distribution which reflect
different exposure levels within the batholith (Kerr, 1987).

Various geochronological studies on the time of
emplacement for the Trans-Labrador Batholith range between
1795 Ma (Kerr, 1987) to 1500 Ma (Kontak, 1980). However,
recent U/Pb and Rb/Sr geochronological data of Kerr and Krogh
(1990) have indicated that most plutonic rocks of the Trans-
Labrador Batholith are readily separated into the 1800 Ma
post-tectonic Makkovikian or the 1650 Ma Labradorian plutonic
suites. The younger ages (1500 Ma) obtained by Kontak (1980)
are associated with the granitic rocks in the vicinity of the
Grenville tectonic front that could have suffered some

isotopic disturbance during Grenvillian metamorphism.

2.4 Property Geology

The geology of the Burnt Lake area, as shown on Maps 1
and 2 (back pocket) is dominated by rhyolitic volcanic and
sedimentary rocks of the Upper Rillik Group. The rocks are
mainly pink to grey varieties of subaerial tuffaceous rocks
with varying proportions of quartz and feldspar phenocrvsts-
porphyroclasts that are both welded and non-welded. There are
relatively minor amounts of non-porphyritic rhyolite, ash flow

tuff, tuffaceous sandstones and siltstones, pyroclastic

breccias and lapilli tuffs. The sedimentary rocks are
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typically shades of blue, green and pink to maroon
well-bedded, tuffaceous sandstones and siltstones.

Intrusive into the volcanic sequence in the vicinity of
the Burnt Lake and Emben uranium showings is a ca. 1650 Ma
fine to medium-grained leucocratic quartz monzonite to granite
called the Burnt Lake Granite (This granite has also been
called the Walker Lake Granite by Bailey (1979) and
constitutes part of Kerr’'s (1987) Trans Labrador Batholith).

Both units were subsequently intruded by metadiabase and
metadiorite dykes, and even later by northeast trending,
coarse-grained gabbroic dykes of the ca. 1450 Ma Michael
Gabbro Suite (Bailey, 1979).

Mapping was complicated by the highly variable felsic
volcanic rocks and problems developed in defining an accurate
stratigraphy of the area, however, a generalized stratigraphic
section 1is presented in Figure 2-4 ., The lithological
subdivisions of Bailey (1979) were generally followed because

of the more regional nature of his study.

2.4.1 Unit 1

Unit 1 is underlies much of the western portion of the

map area (Map 1). Gower et al. (1982) considered Unit 1 to be

the base of the Upper Aillik Group. In the map area this unit

(which hosts high grade uranium mineralization at the Emben

Main and Emben South Zones) has limited exposure east of Burnt
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Lake as heavy drift cover obscures its relationships with
other units. The rocks in the Emben area have been named
feldspathic quartzite by Gandhi et al. (1969), meta-rhyolite
by Krajewski (1976), arkosic sandstone by Bailey (1978),
volcaniclastic sandstone by Cote (1980) and granulite by

Harder (1981).
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FELSIC ASH TUFF
FELSIC CRYSTAL TUFF

- OO FELDSPAR PORPHYRY

r500m
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Figure 2-4: Generalized stratigraphic section at Burant Lake
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The Emben Main Zone is underlain by metamorphosed arkosic
sandstone (Figure 2-5A) that is predominantly pink to grey,
and composed of 65-85 % plagioclase forming aggregates of
grains with an interlocking to mosaic texture and a slight
parallel fabric due to the <£flattening of the individual
grains. Some of the larger plagioclase grains show undulatory
extinction. Quartz is generally not present in most sections,
however, quartz segregations do sometimes occur parallel to
the foliation and are coarser grained than plagioclase and
partially recrystallized. Garnet is present as anhedral blebs
in distinct bands parallel to the plagioclase foliation.
Microcline grains and light green actinolite prisms were seen
in close association with the garnet bands and are smaller
than the plagioclase. Sphene occurs as evenly distributed
euhedral to subhedral grains. Accessory nminerals include
epidote, zircon, magnetite, hematite, uraninite, chalcopyrite
and galena. In some outcrops, relict bedding planes (1-2 cm

thick) are outlined by the alignment of <1 mm thick mafic

bands (up to 5% magnetite). Intercalated with this sedimentary

unit are minor porphyritic tuffs, indicating the increasingly
proximal nature of volcanism.

A notable difference in the mineralogy at the Emben South
Zone compared to the Emben Main Zone is the common occurrence
of the ferromagnesium mineral aegirine, forming clumps and
single anhedral grains with minor riebeckite prisms (Figure

2-5B). In some sections pyrrhotite occurs as large aggregates
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of anhedral grains associated with the aegirine. Accessory
minerals include sphene, apatite, magnetite, pyrite,

uraninite, zircon, chalcopyrite and galena.

2.4.2 Unit 2

Unit 2 is well exposed just south of Maclean Lake in a
broad east-west trending belt (Map 1). Its actual relationship
with Unit 1 is unknown but Bailey (1979) assumed that it
overlies Unit 1. The rocks in this formation are composed of
well bedded, volcaniclastic siltstone and sandstone in shades
of pink, green and grey, probably indicative of changing
depositional conditions (Figure 2-6) . Bedding and/or
laminations are well preserved with a general east-west strike
and southerly dip. Generally, bedding is continuous, but
occasionally cross-bedding was observed.

In thin section, the rock has a very fine-grained
quartzo-feldspathic matrix. Coarser layers have minor quartz
and feldspar phenocrysts, while most grains are embayed and

subrounded. Accessory minerals include epidote and magnetite.




Figure 2-5:

(A) : Recrystallized (sugary) arkosic sandstone with thin bands
of magnetite. Sample is from the Emben Central showing. Scale
bar is in centimetres. (B): Bands and clots of aegirine within

tuffaceous sediments. Photograph was taken at the Emben South
showing.
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This unit forms an east-west trending belt across the
map area and is disrupted by faults (Map 1). The unit consists
of red to maroon volcaniclastic siltstone and sandstone. It
conformably overlies Unit 2 with similar bedding attitudes,
and is probably the regressive equivalent of Unit 2 (i.e.
indicating very shallow water to terrestrial depositional
conditions). In thin section, the rock has a very fine-grained
quartzo-feldspathic matrix that shows greater deformation than
Unit 2. The rock has a strong foliation with abundant cross-
cutting calcite-rich veinlets (Figure 2-7). Bedding is defined

by mafic-rich layers and coarser quartz and feldspar bands.

Unit 4 is the most important rock type with respect to
mineralization, yet, it 1is also the most difficult to
unravel. The outcrop pattern 1is generally confined to
northeasterly trending linear ridges separated and overlain
by abundant drift cover. Unit 4 1is grouped into several
subunits, 1including a felsic pyroclastic unit and an

underlying feldspar porphyry. A subdivision of the felsic

pyroclastic unit 1is shown on Map 2 because of its close

association with uranium mineralization, and includes felsic

ash flow tuff, felsic crystal tuff, lapilli tuff and




Figure 2-6:

(A) : Well bedded volcaniclastic siltstone of Unit 2. Lens cap
for scale. (B): Interbedded volcaniclastic siltstone ana
sandstone of Unit 2. Lens cap for scale. (C): Close-up
photograph of bedded volcaniclastic siltstone of Unit 2. Bcale
bar is in centimetres. (D): Close-up photograph of pink and
green bedded volcaniclastic siltstone of Unit 2. Bcale bar is

in centimetres.
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agglomerate. Occasionally, contacts between the various

subunits were observed, however, the sub-members interdigitate

and transitions were generally not documented.

Figure 2-7: Close-up photograph of maroon volcaniclastic
siltstone of Unit 3. Note calcite (white)
infilling cross-cutting f£fractures. Scale is in
centimeters.
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2.4.4.1 Unit 4a: Felsic Ash Tuff

The felsic ash flow tuff (Figure 2-8A,B) is pink to grey,
fine to medium-grained and generally massive with local green
banding (amphibole and pyroxene). The mafic banding wraps
around the phenocrysts in an eutaxitic texture. Locally, the
rock contains minor 1-2 mm size blue gquartz eyes.

In thin section the quartz phenocrysts are recrystallized
and form a coarse granoblastic texture. The mafic bands
consist of acmite and augite that sometimes occur as
aggregates. The martix is generally fine-grained quartzo-

feldspathic showing a granoblastic-polygonal texture.

2.4.4.2 Unit 4b: Undivided Felsic Crystal Tuff, Ash Tuff and

Lapilli Tuff

This unit was not divided in the field because of the
complex and discontinuous nature of the felsic units. However,
the rock types are described separately below.

The felsic crystal tuff (Figure 2-8C) is fine to medium
grained with a pink to greenish-grey colour. The rock has a
wide range of quartz/feldspar phenocryst ratios and sizes with

5-15%, 4-10 mm white feldspar and 1-10%, 1-5 mm blue quart:z

eyes set in a fine grained tuffaceous matrix. The quartz-

feldspar porphyry is sometimes welded as shown in Figure 2-

9A. Locally, the unit is brecciated as shown in Figure 2-9B,
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where anqular fragments of quartz-feldspar porphyry are set
in a finer grained tuffaceous matrix.

In thin section, the quartz phenocrysts are
recrystallized and form a granoblastic texture. Some quartz
grains are intensely corroded and show undulose extinction.
The feldspar phenocrysts, usually subhedral with a rectangular

shape, are 2-10 mm in size and include orthoclase and

plagioclase with varying secondary alterations. Orthoclase is

commonly perthitic along its margins due to secondary
alteration. Plagioclase occurs as anhedral grains with a
variable replacement by chessboard albite. The matrixes
generally has granoblastic-polygonal texture composed of
quartz and feldspar with lesser plagioclase. Mafic minerals
include amphibole, pyroxene, and biotite. From SEM probe work,
accessory minerals identified include ilmenite, sphene, zircon
and magnetite. Rarely, ash flow tuffs, both welded and
non-welded contain both crystal and lithic components (Figure

2-9C).
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2.4.4.3 Unit 4c: Lapilli Tuff

The lapilli tuff (Figure 2-10A) is greenish-grey to pink
and consists of 40-70% elliptical white feldspar fragments of
1-4 cm size with minor quartz in a fine grained greenish
quartz-crystal ash matrix. A distinct cleavage is developed
in the rocks.

In thin section the rock possesses irreqular shaped
recrystallized quartz phenocrysts and feldspars in a
groundmass of polygonal, recrystallized quartz and feldspar
(granoblastic). Accessory minerals include chlorite, biotite,

augite and riebeckite.

2.4.4.4 Unit 4d: Feldspar Porphyry

The feldspar porphyry (Figure 2-10B) has a dark purplish-

color, is generally massive, and is locally flow banded

up to 50% euhedral feldspar phenocrysts in the 1-10 mm

range and 1-5% blue quartz eyes in the 1-4 mm range.

In thin section the rock looks similiar to the felsic
crystal tuff with feldspar phenocrysts in a polygonal
granoblastic matrix of quartz and feldspar. Coarser quartz
and feldspar lenses are common indicating that the unit was

probably welded. The feldspars are commonly corroded and

poikilitic and have been invariably replaced by perthitic
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microcline. Accessory minerals identified by SEM include

magnetite, ilmenite, sphene and zircon.

2.4.4.5 Unit 4e: Mafic Tuffs and Intermediate Flows

Mafic and intermediate tuffs and flows occur as lenses
within the feldspar porphyry unit in the northwestern corner
of the study area (see map 3: Aurora River). The andesite is
light green-grey to dark green-grey and is commonly flow
banded with epidote, chlorite and sericite alteration. The
banding was identified as tremolite by the X-ray diffraction
method. Cutting the unit are abundant (0.1-0.5 m wide) quartz-
carbonate veins which carry fibrous tremolite and specular

hematite pods. The andesite is commonly highly sheared and

brecciated especially at lithological contacts (Figure 2-10C).




Figure 2-8:

(A): Banded ash tuff of the Upper Aillik Group in the Burnt
Lake area. Lens cap for scale. (B): Contact between welded
ash tuff and feldspar porphyry. Lens cap for scale. (C):
Contact between a grey quartz-feldspar porphyry and a pink
quartz porphyry. Marker on contact for scale.
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Figure 2-9:

(A): Welded quartz-feldspar porphyry of Unit 4b. SBcale is
in centimetres. (B): Explosive breccia of quartgz-feldspar
porphyry fragments in a finer grained ash tuff matrix. (C): Ash
tuff containing mafic lithic fragments. Lens cap for scale.
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Figure 2-10:

(A): Contact between lapilli tuff and a bluish-grey feldspar
porphyry. Pencil for scale. (B): Close-up photo of feldspar
porphyry (Unit 4d). Note euhedral feldpar phenocrysts and
smaller blue quartz eyes in a blue-grey matrix. (C): Sheared
and brecciated outcrop of andesite near the Aurora River
radioactive showings. Hammer in bottom left-hand corner of
photo for scale.
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2.5 INTRUSIVE ROCKS

Granitoid rocks of the Burnt Lake area are disposed in
three separate areas as seen in Map 1. Units 5b and 5c crop
out in the extreme northwest and southeast corners of the map
sheet, respectively. Unit 5a crops out sporadically throughout
the central portion of the map, however, the western intrusive
contact is fairly well exposed with some drift cover.

The granitoids are divided into two groups based on
field, petrographic and chemical evidence (discussed
later). Units 5b and 5c are considered to be part of the
synkinematic Makkovikian suite (1.8-1.7 Ga), while the post-
tectonic granitoids of wunit 5a belong to the younger
Trans-Labrador batholith (1.65 Ga). The differences between

the granitoids is evident in the rock type, petrology, texture

and chemical signatures.

2.5.1 Unit 5a

This unit comprises the Burnt Lake Granite and has
limited surface exposure in the area. The rock unit comprises
a suite of fine to medium grained, pink to grey,
muscovite-bearing leucogranite to quartz monzonite (Figure 2-
11A). Mafics (biotite and hornblende) are usually less than
2%, however, the eastern portion of the intrusive contains up

to 15% biotite (Figure 2-11B). In thin section the granite 1is
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composed of 20-30 % quartz, 40-50% potassium feldspar and 20%
plagioclase. The groundmass is a complex intergrowth of quartz
and feldspar in an almost granular texture. The potassium
feldspar is usually orthoclase with lesser microcline. The
plagioclase is commonly rimmed by another feldspar and/or
magnetite, and has irregular boundary contacts. Accessories
include epidote, sphene, and chlorite, + tremolite. In
general, mafic minerals (biotite and hornblende) are only
minor constituents.

The western intrusive contact with Unit 4 is guite sharp
(Figure 2-11C) as the undeformed granite cuts meta-felsic
volcanic rocks that have a definite fabric without an obvious
contact aureole. The lack of extensive contact metamorphism
in addition to rare miarcolitic cavities in the granite
suggests that the intrusion was high level and only a small
temperature differential existed between it and the wall
rocks. Pegmatite dykes (0.1 to 1 m wide) occur near the
contact with the felsic volcanic rocks which suggests aqueous
vapour phase accumulation occurred at the contact (Figure 2-
12A). Bailey (1979), however, described the contact as a

transitional pluton-hypabyssal volcanic relationship.

2.5.2 Unit S5b

This granitic phase crops out in the northern section of

the area in a steep cliff exposure. It is composed of a pink,
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medium to coarse-grained hornblende-biotite granite that is

foliated and almost gneissic in places (probably pre-dates 5a)
(Figure 2-12B). The rock 1is composed mainly of fractured
plagioclase with lesser potassium feldspar and quartz, all of
which has been recrystallized. Accessory minerals include

epidote, sphene, zircon, pyrite, sphalerite and ilmenite.

2.5.3 Unit Sc

This unit crops out in the southeastern ccrner of the
map area. The rock is a grey, medium to coarse-grained
hornblende-biotite granite (Figure 2-12C). This unit is much
fresher looking than Unit 5b with anhedral twinned plagioclase
(50 % of the rock), microcline (20-25 %), and interstitial
quartz (10-15 %). Besides abundant hornblende and biotite,
accessory minerals include epidote, sphene, calcite and

magnetite.

This unit 1is comprised of various metadiabase and
metadiorite dykes which cut all previous units. The dykes have
been classified as early or late depending upon the degree of
deformation. The earlier dykes (Figure 2-13A) are generally
0.5 m to 3 m wide and demonstrate multiphase deformation in

the form of refolded folds and crenulations. The dykes are
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generally greenish in colour and are fine grained. The
lamprophyre dykes have been classified as vogesites by Kontak
({1980). In thin section the dykes contain 50% riebeckite, 10%
biotite, 20-25% orthoclase, 15% plagioclase, 5% quartz and 2-
3% opaques. The feldspars occur as coarser phases with the
amphiboles and quartz forming a finer grained matrix. The
orthoclase has been altered to sericite and epidote. The
plagioclase is commonly rimmed by orthoclase.

The later dykes are generally 5-20 m wide and have an

easterly to northeasterly strike (Figure 2-12B).

2.5.5 Unit 7

Northeast trending gabbro dykes are exposed in the
northeast and southwest portions of the map area and cut both
the volcanic and granitic rocks. The Michael Gabbro, as it is
known (Fahrig and Larochelle, 1972) has a K-Ar age of 1000 Ma
(Gandhi et al., 1969). In outcrop the rock has a fine grained
strongly foliated chill margin, while towards the centre the
dyke is medium to coarse grained with euhedral pyroxenes and
plagioclase up to several centimeters long with a very weak
foliation. The rock has a grey to green-black weathered

surface and forms prominent linear ridges.




Figure 2-11:

(A) Fine grained leucocratic Burnt Lake Granite. S8cale bar is
in centimetres. (B): Biotite-rich phase of the Burnt Lake
Granite. Bcale bar is in centimetres. (C): Intrusive contact
between the Burnt lLake Granite (bottom half) and felsic tuff

of the Upper Aillik Group. Fencil at contact.
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FPigure 2-12:

(A): Pegmatite dyke at the contact with felsic tuff of the
Upper Aillik Group. Dashed lines outline the pegmatite dyke.
Pencils for scale. (B): Foliated hornblenda-biotite granite of
Unit Sb. (C): Coarse grained hornblende-biotite granite of
Unit Sc. 8cale bar is in centimetres.
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Figure 2-13:

(R): Amphibolite dyke showing refolded folds. Photograph was
taken next to the Burnt Lake Camp. Width of photo is
approximately 2 m. (B): Metadiabase showing sharp intrusive

contacts with the felsic volcanic tuffs of the Upper Aillik
Group.
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2.6 Structural Geology

2.6.1 Regional Structural Geology

The White Bear Mountain - Walker Lake area has undergone
polyphase deformation. Structural trends are predominantly
east-northeast with foliations commonly dipping to the south-
southeast. The earliest deformation produced overturned, tight
to isoclinal folds and low angle thrusts (Gower and Ryan,
1986). The latest deformation produced upright folding,
subvertical planar structures, and subhorizontal stretching

lineations.

2.6.2 Local Structural Geology

Changes in lithology, as mapped in the Burnt Lake area,
are usually attributable to faulting, however, the extent of
the deformation affecting the lower sedimentary and upper
volcanic sequences is similar. In general, the sedimentary
rocks in the Burnt Lake area have well-developed northeasterly
striking, southeast-dipping bedding, while the volcanic rocks
have a northeasterly striking, south dipping cleavage with
southeasterly plunging mineral lineations.

The main phases of Hudsonian and Makkovikian deformations
which affected the Bvrnt Lake area produced isoclinal,

scuthwesterly plunging antiform-synform pairs, with the
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antiforms generally sheared along their axes (Bailey, 1979).
Bailey also mentions the presence of L-fabrics (mineral
lineations) 1in granitic rocks. Bailey (1978) states that
lineations are developed along fault (mylonicic) and/or shear
planes perpendicular to the shear fabric.

Bailey (1979) and Gower et al. (1982) ascribe L-fabric
development to shearing/faulting during Grenvillian
deformation. Figure 2-14 1is an equal area contoured
stereographic projection of mineral stretching lineations as
measured in the Burnt Lake area. The diagram indicates that
the lineations mainly have a steep southeastern plunge, with
minor examples of northwestern plunges, suggesting a fold with
a NE-SW strike. Gower et al. (1982) stated that folds were
overturned to the north-northwest during the Grenvillian

deformation, concurrent with the L-fabric development. If the

linear fabrics, as shown in Figure 2-14, were produced during

the Grenvillian orogeny, then this event obviously had a great
effect on rocks in the Burnt Lake area, enough to suggest that

the area lies within the Grenville Province.
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Figure 2-14:Equal area contoured stereographic projection of
mineral stretching lineations as measured in the
Burnt Lake area.
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CHAPTER 3

LITHOGEOCHEMISTRY

3.1 UPPER AILLIK GROUP

3.1.1 Methodology

Forty-two samples out of a total of one hundred and six
samples of the Upper Aillik Group volcanic and volcaniclastic
sedimentary rocks were analyzed for both major and trace
element contents. The remaining sixty-four samples of this
group were analysed for trace elements only. Five samples
were analysed for rate earth elemcvnts. A brief rock and/or
petrographic description of each sample is given in Appendix
IT.

Analytical methods, precision and accuracy are described
in Appendix I. Major oxides were analysed by atomic
absorption spectrometry methods (AA). The trace elements were
determined on pressed whole-rock powder pellets by X-ray
Fluorescence (XRF) techniques (Longerich and Veinott,
1986). Other trace elements including Ag, As, Bi, C€d, Co, Mn,
Mo, and P were determined in 44 samples by Nitric-Acid-Aqua-
Regia digestion and ICP emission spectroscopy techniques at
Chemex Labs ILtd., Vancouver. Gold analyses in 37 samples were

determined by Fire Assay and Atomic Absorption methods by
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Chemex Labs Ltd.. REE contents were determined by a thin film
XRF technique (after Fryer, 1977).

The geochemical data and normative mineralogies are also
presented in Appendix I. Sample locations are shown on Map 1B
{back pocket). Most of the samples were collected in the
vicinity of the radioactive occurrences which led, therefore,
to a sampling bias for these areas. Only those samples with
¢ 50 ppm U are considered as being unmineralized and are
described in this section.

The data obtained from the geochemical analyses have been
plotted on a series of standard variation and discrimination
diagrams in an attempt to classify the Upper Al1llik Group with
respect to established volcanic rock suites. The original
analyses are recalculated to 100% anhydrous; samples having
>5% loss on ignition (LOl) are considered to be suspect and
have, therefore, been omitted. The symbols used for the
various diagrams correspond to the lithological subdivisions

shown in Appendix I and on Maps 1 and 2 (back pocket).

3.1.2 Major Element Patterns and Classification

A frequency distribution diagram (Figure 3-la) of SiO,

in the samples indicates a bimodal distribution with a wide
range of wvalues, the majority of samples falling in the
rhyolite range (> 70% SiO,). The relative proportions of rock

types in the data base may reflect a sampling bias towards the
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felsic end due to the availability of more resistant outcrop
exposures. However, the lack of rock samples with intermediate
compositions has been noted by previous workers (e.g. White,
1976; Gandhi, 1984).

Using the classification scheme of Pecerillo and Taylor
(1976) on a K,0 versus SiO, diagram (Figure 3-1b), the vast
majority of samples plot as high-K rhyolites. Arkosic
sandstone and felsic tuff samples of unit 1 plot as low-K
rhyolites and one sample plotted in the andesite field.
Intermediate samples from the Burora River area (Unit 4f) plot
in the basalt to basalt-andesite fields.

On Cox et al.'s (1979) plot of total alkalies versus
silica (Figure 3-1c), the vast majority of felsic volcanic
samples plot on the diagram as rhyolites, while the
intermediate volcanic rocks plot as trachyandesites, and the

disbase dykes as mugearites.
3.1.2.1 Upper Aillik Group

Harker diagrams for major element distributions in the
Upper Aillik Group volcanic rocks from the Burnt Lake area
are shown on Figqure 3-2. Chemical trends can be observed
between some elements, however, the scatter in others may be
attributable to widespread alteration. A single source for

both the mafic and felsic roéks is probably not valid because

of the non-linear chemical trends between the two groups. Of




66
all elements plotted, only Al,O; has a definitive correlation

witn Si0, in the felsic volcanic rocks (typical of a normal

differentiation trend).

Unit 1: Arkosic Sandstone and Felsic Tuff:

This unit is characterized by high $i0, (>70%), enriched
Na,0 (7-9%) and depleted K,0 (0.1-0.9%) contents which are
possibly the effects of Na metasomatism. The high SiOQ,
contents and geochemical trends similiar to those observed in
the other felsic volcanic rocks in the area support a

derivation from a felsic wvolcanic source.

Units 2 and 3: Volcaniclastic Sandstone:
Only one sample was analysed for major elements from Unit
2 and it plots with the felsic volcanic group. No samples from

Unit 3 were analysed for major elements.

Units 4a, 4b and 4c: Felsic Ash Tuff, Felsic Crystal Tuff,
Lapilli Tuff:
Banded ash tuffs, crystal tuffs and lapiili tufis of llnit
4 exhibit considerable geochemical variation. Variations in
Na,0, K,0 and Al,0; are most prevelant. Two geochemically
distinct groups (a low Na,O-high K,0 group and a low K,0-high
Na,0 group) are evident as a result of metasomatic alteration.

Analyses reported here are comparable to those reported by

Kontak (1980).




Figure 3-la: Histogram of weight percent SiO, in the Upper
Aillik Group samples (based on 2% intervals).

Figure 3-1b: K,0 vs S5i0, plot showing classification fields
by Pecerillo and Taylor (1976). Symbols are as follows; Solid
inverted triangle: arkosic sandstone and felsic tuff (Unit
la); Open triangle: diabase dykes (Unit 1b); Open square:
volcaniclastic sedimentary rocks (Units 2 and 3); Open circle:
felsic volcanic crystal tuff, ash tuff, and minor lapilli tuff
(Units 4a, 4b, 4c); Solid circle: feldspar porphyry with minor
quartz (Unit 4d); Asterisk: andesite (Unit 4f).

Figure 3-1c: K,0 + Na,0 vs S5i0, plot showing classification
fields by Cox et al, 1979. Note that most of the rocks plot
in the rhyolite or trachyandesite fields. Symbols are as in
Figure 3-1b.
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Unit 4d: Feldspar Porphyry:

Major element geochemistry patterns for the feldspar
porphyry unit are very similiar to other felsic volcanic rocks
of Unit 4 and follow the same gross geochemical trends. These
rocks appear to be transitional between the two Na,0-K,0 groups
in Units 4a-4e and, therefore, Unit 4d represents the most

pristine group.

Unit 4f and Unit 1b: Intermediate to Mafic Rocks:

The mafic rocks show a narrow range of values (12-16 wt
% Al,0;) and are separated from the felsic volcanic trend. The
mafic dyke samples from Emben have elevated values of P,0g,
TiO, and FeO when compared to the felsic rocks and the
andesitic rocks of the Aurora River area. On the K,0 and N&,0
versus SiO, plots, all rocks have a wide scatter indicating
the relative mobility of these elements. The mafic rocks can

be characterized as being high soda, low potassium rocks.

The K,0 versus SiO, plot of Gill (1981 - Figure 3-3) for
andesites shows a wide variation in K,0 for andesites from
the Aurora River area reflecting probable metasomatic

activity, however, all the samples plot in the basic field of

the diagram.




Figure 3-2: Harker variation diagrams of major elements in
the Upper RAillik Group samples from the Burnt Lake area.
Oxides are in weight percent. Symbols are as follows; Solid
inverted triangle: arkosic sandstone and felsic tuff (Unit
la); Open triangle: diabase dykes (Unit 1b); Open square:
volcaniclastic sedimentary rocks (Unit 2); Open circle: felsic
volcanic crystal tuff, ash tuff, and minor lapilli tuff (Units
4a, 4b, 4c); Solid circle: feldspar porphyry with minor quartz
(Unit 4d); Asterisk: andesite (Unit 4f).
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Aurora River Andesite  Gill 1981 (fig 1.2)
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Figure 3-3: K,0 vs 8i0, plot showing classification of

andesites by Gill, 1981. Symbols as in Figure 3-
2.
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According to Hughes' (1973) method of distinguishing
between igneous and metasomatised chemical compositions
(Figure 3-4), only about one third of the Upper Aillik Group
samples fall within the igneous spectrum. Approximately one
third of the samples fall into the Na metasomatised field and
the remaining third in the potassic metasomatised field (i.e.
high K,C relative to Na,0). However, it should be noted that
rocks which lie within the "igneous spectrum”" may still have
undergone considerable change in K,0/Na,0 and this must be
considered when examining 1lithogeochemistry. The diagram
suggests that the suite of rocks has suffered alkali
metasomatism and any classification involving the alkalies
should be viewed with caution. White and Martin (1980) were
the first to document the soda enrichment as a metasomatic
event within the felsic volcanic rocks, and they attributed
the Na metasomatism to circulation of synvolcanic magmatic or
meteoric fluids. Evans (1980C) attributed the Na metasomatism
to be a result of an interaction with sea water. Although a
major synvolcanic metasomatic event occurred, it is also

possible that local alkali leaching/enrichment processes

occurred (discussed below).
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Figure 3-4: Igneous spectrum of Hughes (1973) distinguishing
between igneous and metasomatised chemical
compositions. S8ymbols as in Figqure 3-2,
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Regardless of the metasomatic overprint, most of the
Upper ARillik Group felsic volcanic samples appear to exhibit
a calc-alkaline affinity while the mafic samples are alkaline
to sub-alkaline (Figure 3-5). According to the geochemical
data, the Upper Aillik Group is characterized by a high total
alkali content of between 7-10%. The mafic/intermediate rocks
(andesite and dykes) have a roughly positive correlation
between total e'.alies and SiO, while the felsic rocks
(rhyolites) yield a negative corirelation between total
alkalies and SiO, contents. This negative correlation is not
evident in the Harker diagrams of Na,0 and K,0 vs SiO, (Figure
3-2), suggesting a superimposed, metasomatic cation exchange
between the alkalies. The plot Na,0 - K,0 (Figure 3-6) shows
a direct inverse relationship between the two alkalies. The
feldspar porphyry unit (4d) occupies a gap of 2-4% Na,O and
4.5-8% K,0 between other felsic volcanic samples. The
clustering of samples in this narrow range is interpreted to
approximate the least effected composition of the felsic

volcanic rocks and the scatter in the diagram is a result of

the subsequent disturbance of one or the other alkali.
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Figure 3-5: Total alkalies vs. silica plot (weight percent)

for the Upper Aillik Group in the Burnt Lake
area. 8ymbols as in Figure 3-2. Fields from
Irvine and Baragar (1971).
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Na,0 vs K,0 plot for rocks of the Upper Aillik
Group in the Burnt Lake area. Oxides in weight
percent. Note negative slope of the felsic
compositions and general low K,0 contents of mafic
and intermediate rocks. Symbols are as in Figure
3-2.
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The Upper Aillik Group volcanic rocks have been
classified as having a calc-alkaline affinity by Bailey (1979)
and Evans (1980). Other workers suggest that the rhyolites are
alkaline to mildly peralkaline and state that the general
calc-alkaline signature was produced metasomatically (Gandhi,
1978, White and Martin, 1980). Payette and Martin (1986)
studied glass inclusions in a quartz-feldspar porphyry and
concluded that the felsic magmas which formed the Upper Aillik

Group were of alkaline affinity.

The majority of samples from the Upper Aillik Group in
the Burnt Lake area plot as subalkaline rocks (Figure 3-7) on
Irvine and Baragar's (1971) Na,0 + K,0 - SiO, diagram. Those
samples plotting in the alkaline field are intermediate to
mafic volcanic rocks. On an AFM diagram (Figure 3-8) the rocks
are predominantly calcalsaaline but some samples plot in the
tholeiitic field. Those samples plotting in the tholeiitic
field (EMS86-TR1D, TRI1E and TR5A) were collected from a mafic
dyke near the Emben South Showing.

The data from this study, therefore, seem to suggest that
the rocks were originally calcalkaline and that the

peralkaline signature of the rocks is a result of metasomatic

alteration.




81

Aillik Group  Irvine & Baragar 1971 (fig 3)
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Figure 3-7: Total Alkalies vs Silica diagram of the Upper
Aillik Group. Fields from Irvine and Baragar,
1971.
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Figure 3-8: AFM diagram with Irvine and Baragar (1971) calc-
alkaline trend. Symbols as in Figure 3-2. A = Na,0
+ K,0; F = FeO + 0.8998 Fe,0,; M = MgO; all in
weight percent.



Discussion:

The Upper Aillik Group was subjected to intense
metasomatism (Bailey, 1980 and White and Martin, 1980) as
shown by the Hughes diagram in Figure 3-3. The linear trend
between Na,0 + K,0 (Figure 3-6) probably demonstrates the ionic
substitution described by White and Martin (1980) in the
Michelin area, whereby an ionic exchange occurs rapidly
between Na and K with no change in the Al/Si ratio. Evans
(1980) has shown that 1in the Upper Aillik Group in the
Michelin area there is a progressive depletion of K and Si
and an enrichment of Al, Na and Fe» followed by an exchange
of K and Na and a substitution of Na-Al for Si. In the Burnt
Lake data, there is an inverse relationship between Al and Si
in a plot of Al,0; vs SiO, (Figure 3-2) and possibly an
exchange of total alkalies for SiO, (Figure 3-7), however,
neither Na or K show a linear relationship with SiO, (Fiqure
3-2), demonstrating that ionic exchange between Na and K
during metasomatism was independent of Si.

It is thus suggested that these discrimination diagrams
are not applicable to highly metasomatised Upper Aillik Group
rocks as sampled in the Burnt Lake area, and that diagrams
using LIL elements are suspect in determining petrochemical
affinities and classifications. Therefore, diagrams using
immobile elements, such as those of Winchester and Floyd
(1977), should be used for discrimination purposes.

Figure 3-9 indicates that the rocks in the Burnt Lake

_
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area are predominantly tholeiitic. Other trace element plots
using trace elements generally regarded as immobile (i.e. Zr,

Ti, Y, Nb) confirm a tholeiitic classification (see later for

discussion).

Aillik Group S i Tio2

Jensen 1976 / K

Figure 3-9: Jensen (1976) cation plot of unmineralized Upper
Aillik Group rocks in the Burnt Lake area.
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3.1.3 Trace Element Patterns and Classification

Variation diagrams for trace elements have been plotted
against zirconium and are shown as Figure 3-10. Zr was chosen
because of its relative immobility and because half the data
set was not analysed for major elements. Two samples are
omitted from the following diagrams Lzcause they seemed to
have experienced a high degree of hydrothermal alteration as
shown by the exceptionally high Zr values (LM85-110: 1050 2r,

LM85-50: 1575 Z2r).

Unit la: Arkosic Sediment and Fel<ic Tuff (solid inverted
triangle)

Geochemically Unit 1 fo.lows very closely the general
geochemical trend of other Upper Aillik Group volcanic rocks
in the Burnt Lake area, however, the unit as a whole shows an
overall enrichment in Ga and a depletion in Rb reflecting a
greater feldspar content of the rocks. Some of the samples
were taken near mineralized zones and are slighlty enriched

in Cu, Zn, Pb and U.

Unit 1b: Mafic Dykes (open triangle)
The mafic dyke samples from the Emben area are

geochemically similar to other mafic dykes in the area and

are further discussed below.
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Units 2 & 3: Volcaniclastic Sediments (open square)
Trace element patterns for the volcaniclastic sedimentary
rocks (Units 2 & 3) are chemically distinct from those of the
predominantly felsic volcanic rocks of the Upper Aillik Group.

The rocks are distinguished from the felsic volcanic rocks by

higher Ba, Cr, Ni, Ti and Sr and lower La, Th, Y and Nb.

Distinctive separations between the different rock types can

be seen on the plots of Nb versus U, Nb versus Zr or Y versus

Nb (Figure 3-11). It 1is apparent that the volcaniclastic

sedimentary rocks were not derived directly from weathering

of the Upper Aillik Group based on the geochemical

differences. Chemical fields for representative rocks of the

Lower Aillik Group (after Wilton, 1991a) show striking

geochemical similirities to those of the volcaniclastic

therefore, seem to be

sedimentary rocks in this study and,

correlative.

Units 4a, 4b, 4c and de: Felsic Ash Tuff, Felsic Crystal Tuff,
Lapilli Tuff and Volcanic Breccia (open circle)

These rock types can be easily identified in the field,

however, geochemically they are very similiar to each other

and are therefore grouped together. The immobile elements

follow typical fractionation trends and have good positive

correlations with 2r.




87
Unit 4d: Feldspar Porphyry (solid circle)

The data from the feldspar porphyry samples show some
evidence for both fractionation and disturbance of the
compatible elements. The immobile elements Y, Nb and Ga show
a good positive correlation with Zr. The data show a scatter
in Ba, Rb, V, La, U, Th and Pb and low contents of Sr, Cr,

Ti, Ni, Cu and Zn.

Unit 4f: Andesite (asterisk)

The andesitic samples have very low Zr contents and have
little geochemical variation. The rocks are generally enriched
in Sr, Cr, Ti and Ni and depleted in the high field strength
(HFS) elements Ga, Nb, and Y, as well as Th and U. There is
a little variation in the V contents with a tight cluster
between 200-240 ppm. The base metals (Cu and Pb) are generally

very low, however, 2Zn shows some scatter from 75-175 ppm Zn.

Rb and Ba also show some scatter in the data.




Figure 3-10: Harker variation diagrams of trace elements vs
Zr in samples of the Upper RAillik Group from the Burnt Lake
area. Symbols are as follows; Solid inverted triangle: arkosic
sandstone and felsic tuff (Unit la); Open triangle: diabase
dykes (Unit 1b); Open square: volcaniclastic sedimentary rocks
(Units 2 and 3); Open circle: felsic volcanic crystal tuff,
ash tuff, and minor lapilli tuff (Units 4a, 4b, 4c); Solid
circle: feldspar porphyry with minor quartz (Unit 44d);
Asterisk: andesite (Unit 4f).
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Figure 3-11:Variation diagrams of incompatible elements vs Nb.
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metasedimentary rocks of the Lower Aillik Group
(from Wilton, 1991a).
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3.1.3.1 Classification

On the Winchester and Floyd's (1977) Zr/TiO, - Nb/Y and
$i0, - 2r/TiO, diagrams (Figures 3-12a&b) the majority of
felsic volcanic samples plot within the rhyolite field with
some overlap into the comendite/pantellerite field. A second
grouping is within the rhyodacite/dacite field and consists
of the volcaniclastic rocks, and the third grouping is the
Aurora River andesites which plot in the Andesite/Basalt
field. There is, however, some spread of values into the
peralkaline fields (Figure 3-12b).

Trace element tectonic diagrams commonly used to classify
granitoid rocks (Figure 3-13a and 3-13b) have been constructed
for the data from Upper Aillik Group rocks in the Burnt Lake
area. On a Nb versus Y diagram (Figure 3-13a) a clear
separation of the various rock units is evident. All of the
felsic volcanic rocks plot in the "within-plate" environment.
The volcaniclastic sedimentary rocks (units 2 and 3) exhibit
lower Nb and Y contents and plot in the wvclcanic-arc
environment. The andesitic rocks (Unit 4f) have the lowest
values of Nb and Y and all plot in the lower left hand corner
of the diagram. These rocks are strongly sub-alkaline and have
low Nb/Y ratios.

A similiar distribution can be seen on a Rb versus (Y +
Nb) diagram (Figure 3-13b) except with a greater disturbance

in the Rb contents.
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Figure 3-9 indicates that the andesitic rocks in the
Burnt Lake area are predominantly tholeiitic. Other plots
using trace elements generally regarded as immobile (i.e. Zr,

Ti, Y, Nb) confirm a tholeiitic classification (see Figures

3-14, 3-15)

Aillik Group  Winchester & Floyd 1977 (fig 6)
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Figure 3-12a:2Zr/TiO, vs Nb/Y diagram showing distribution of
the Upper RAillik Group meta-volcanic suite of the
Burnt Lake area. Fields from Winchester and Floyd
(1977). Symbols as in Figure 3-2.



85

Aillik Group  Winchester & Floyd 1977 (fig 2)
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Figure 3-12b: SiO, vs Zr/TiO, diagram showing distribution of
the Upper Aillik Group meta-volcanic suite of the
Burnt Lake area. Fields from Winchester and Floyd
(1977). Symbols as in Figure 3-2
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OFB: Ocean Floor Basalit
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CAB: Calcalkaline Basalt

Zr

*: Aurora River Andesite

Figure 3-14: Lithotectonic Ti-Zr-Sr discrimination diagram
(after Pearce and Cann, 1973) data for andesitic
rocks from the Upper Aillik Group in the Aurora
River area.
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Figure 3-15: Lithotectonic Zr-Nb-Y discrimination diagram
(after Meschede, 1986) for andesitic rocks from
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3.1.4 Rare Earth Element Patterns

Rare earth element (REE) data for the UAG are listed in

Table 3-1 and the chondrite-normalized REE patterns are

illustrated on Figure 3-16. Overall, unmineralized Upper

Aillik Group felsic volcanic rocks possess enriched REE
contents (up to 400x chondrite), extreme LREE/HREE
fractionation which is typical of some rhyolitic rocks (LREE
enriched relative to HREE), and a pronounced negative Eu
anomaly reflecting extreme plagioclase and K-feldspar
fractionation. Samples LM85-32 and LM85-60 are consistent with
other unmineralized Upper Aillik Group rhyolitic rocks in the
coastal exposures (Wilton and Wardle, 1987, MacDougall, 1988)
and in the Michelin deposit to ihe west (White and Martin,
1980). Samples LM85-14 and LMB5-37 are hydrothermally altered
with traces of disseminated pyrite and show slightly enriched
HREE's and a reduced negative Eu anomaly. Wilton and Wardle
(1987) and MacDougall (1988B) reported similiar REE patterns
associated with mineral occurrences hosted in UAG rocks near

the coast.
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Table 3=-1: Rare earth element data for the Upper Aillik Group

in the Burnt Lake Area.

EL (ppm) ILM85-14 1I1M85-32 1LM85-37 LM85-60

CE
PR
ND
SM
EU
GD
DY
ER
YB

62.1 107.9 107.2 89.8
139.5 211.8 227.0 185.0
11.7 16.9 19.1 16.2
52.9 73.2 87.0 67.6
10.6 11.7 15.0 10.5
0.2 0.0 0.7 0.0
9.3 8.5 11.4 6.6
11.9 7.4 11.0 4.7
6.9 4.5 7.2 2.7
6.5 4.1 6.7 1.9

1000 -

100

Sample/Chondrite

10

T
|

N T T T

WIMBS-14 -
0LMB5-37 |
® LM85-32
© LMB5-60

i i 1 {0 ] o JL ! 1 i ;S

Figure 3-~16:

La Ce Pr Nd Sm Eu Gd Dy Er Yb

Chondrite-normalized REE patterns for non-
mineralized felsic volcanic rocks of the Upper
Aillik Group in the Burnt Lake area with a field
for the UAG felsic volcanic rocks in the
Makkovik area (from Wilton and wWardle, 1987).
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Granitoids in the Burnt Lake Area

3.2.1 Introduction

Based on petrography and field relationships (described

in Chapter 2) there are two distinct granitoid suites in the

Burnt Lake area; viz. a synkinematic Makkovikian suite and a
post-tectonic Labradorian suite (the Burnt Lake Granite) (Kerr
and Krogh, 1990).

A total of 24 samples of granite were analyzed for major
and trace elements (seventeen from the Burnt Lake Granite and
seven from the Makkovikian suite). The average geochemical
data are listed in Table 3-2 and normative compositions are
listed in Appendix I. A further 12 samples were analyzed for
trace elements only and REE were analyzed for 12 samples. A
brief rock description for each sample is given in Appendix
II. Analytical methods, precision and accuracy are described

in Appendix I.

3.2.2 Major and Trace Element Patterns and Classification

Harker variation diagrams for the major and trace
elements of the Burnt Lake Granite constitute Fiqures 3-17
and 32-18. The symbols used in the diagrams correspond to

subdivisions of the granitoids as shown on Map 1.
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v Table 3-2: Average Chemical Compositions of Granitoids in the

Burnt Lake Area.

Burnt Lake Granite Makkovikian Granite
n=17 n=7

Mean SD Min Max Mean sD Min
Max
si0, 73.90 4.49 62.02 79.30 51.88 7.41 39.79 62.02
Tio, 0.17 0.20 0.04 0.92 1.39 0.61 0.76 2.63
Al,0, 13.66 1.67 12.03 19.34 16.81 1.56 15.11 18.93
FeO* 1.38 1.61 0.35 7.62 10.96 4.84 6.16 18.70
MnO 0.04 0.03 0.01 0.12 0.16 0.06 0.11 0.28
MgOo 0.22 0.18 0.03 0.62 4.72 2.87 0.41 8.61
Cao 1.33 1.01 0.24 4.85 7.15 3.01 2.14 11.56
Na,0 4.25 0.63 3.54 6.3 3.66 0.81 2.24 4.72
K,0 4.84 0.67 2.92 6.33 2.46 1.56 0.74 5.33

PO, 0.03 0.03 0.0 0.11 0.38 0.31 0.06 0.83




Figure 3-17: Harker variation diagrams of major elements in
the Burnt Lake area granitoids. Oxides are in weight percent.
Symbols are as follows; Open Circle: Burnt Lake Granite (Unit
Sa); Solid Circle: Pegmatite Dyke; Open Triangle: North
Granite (Unit 5b); Open Box: South Granite (Unit 5c); Solid
Box: Mafic Dykes (Unit 6); Solid Triangle: Michael Gabbro
(Unit 7).
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The Burnt Lake granite (unit 5a) is a high silica
(averaging 73.9 wt%), highly differentiated, peraluminous
granite. CIPW normative compositions are listed in Appendix

I. The granitic body has low CaO, averaging just over 1%,

K,0 dominates slightly over Na,0, averaging 4.84% and 4.25%

respectively. Combined total iron averages 1.38%, MgO averages
0.22% and TiO, at 0.17%. The western intrusive contact is much
more differentiated, possessing higher SiO, and lower CaO
contents.

Harker-type variation diagrams 1illustrate typical
differentiation trends with respect to increasing Si0,. The
major element patterns are typical of evolved granites and
suggest the possibility of "specialized granites" as outlined
by Tischendorf (1977), Strong (1981) and Taylor and Stronc
(1985). Some of the features of "specialized granites" are as
follows:

(1) High SiO, contents, generally »>72%, with extreme
depletion of CaO, MgO and total iron.

(2) Enrichment in LIL trace elements (i.e. Rb, Pb, Li, U and
Th) and sometimes HFS elements (i.e. 2Zr, Nb, Y and Ga).

(3) Extreme depletion in compatible trace elements (i.e. Cr,
Ni and V) and also in LIL elements such as Ba and Sr, which
behave as compatible elements due to incorporation in
feldspars.

(4) Evidence of hydrothermal activity and volatile activity

in the form of enrichment of F, B and Cl.
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(9) Finally, an extreme variation in 1lithophile element
concentrations which contrast with a very restricted major
element compositional range. This indicates a decoupling of
trace element behaviour from major element variations produced
by fractional crystallization.

The Burnt Lake granite shows many of the characteristics
of a "specialized granite" with respect to the major element
contents such as high silica and depletion of CaO, MgO and
total iron. However, trace element patterns are quite variable
and not consistent with the specialized granite criteria.
There is only minor to variable enrichment in the LIL (Rb, U,
Pb and Th) and HFS elements (Zr, Nb, Y and Ga). Compatible
elements (Cr, Ni and V) are depleted as well as the LIL
elements of Ba and Sr.

Fluorine contents are low when compared to averages for
low - Ca granites (Turekian and Wedepohl, 1961) and show an
inverse relationship with Si0, (Figure 3-17).

The decoupling of major and trace element variations is

present to some degree and indicates the influence of such

magmatic-differentiation processes such as fractional

crystallization or thermogravitational diffusion (Hildreth,
1981). These processes are important controls on the
enrichment of ore minerals in high silica magma chambers,
however, to fully evaluate each process would require a much
larger regional study which is beyond the scope of this

thesis.
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The two grenitoid suites (synkinematic and post-tectonic)
demonstrate different fractionation/differentiation trends.
For example, the Burnt Lake granite has a negative correlation
of SiOz with Al,0;, CaO and K,0, whereas the Makkovikian suite
has negative correlations in Ti0,, FeO, MnO, Mg0 and CaO and
positive correlations with K,0 and Na,O.

According to O’'Conner's (1965) normative mineral
classification scheme for granitic rocks (Figure 3-19), the
biotite-hornblende-bearing synkinematic granitoids (5b and 5c¢)
are granodiorite to tonalite in composition while, in
contrast, the Burnt Lake granitoids are readily classified as
granites.

On the AFM projection (Figure 3-20) of Irvine and Baragar
(1971) the Burnt Lake granite samples (unit %a) plot as a
dense grouping at the alkali corner. The Makkovikian suite
forms a separate grouping due to its higher Fe and Mg contents
and plots near the calc-alkaline - tholeiitic boundary.

In a plot of (Na,0+K,0) vs SiO, (Figure 3-21) the high
silica end of the Burnt Lake granite plots within the
subalkaline field, while the Makkovikian suite with low to

intermediate silica contents plots near the boundary and into

the alkaline field.




Albie - Anorth - Ortho AERINE A o-olite

B: Crznodiorite
C: 2zamellite
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E: Sronite

.. A A

Albite Cr-clase

Figure 3-19: Modal classification of granitic rocks after
O'Conner, 1965. Symbols as in Figure 3-17
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Figure 3-20: AFM diagram with Irvine and Baragar (1971) calc-

alkaline trend. Symbols as in Figure 3-17. A =

Na,0 + K,0; F = FeO + 0.8998 Fe,0;; M = MgO; all
in weight percent.
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Burnt Lake Granitoids  Irvine & Baragar 1971 (fig 3)
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Figure 3-21: Major element variation diagram of total alkalies
(Na,0 + K;0) vs S5i0,. Field boundary from Irvine
and Baragar (1971). Symbols as in Figure 3-17.
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On Pearce et al.'s (1984) Rb-(Y+Nb) discrimination diagram
(Figure 3-22a), half of the Burnt Lake granite samples plot
in the volcanic-arc granite field (VAG) with the other samples
plotting in the within-plate granite (WPG). These data plot
within the field from Kerr and Krogh (1990) for a large data
set of Labradorian (1650 Ma) granitoad rocks. The Makkovikian
(ca. 1800 Ma and older) granitoid rocks from Kerr and Krogh's
(1990) study mostly plot in the within-plate granite (WPG)
field while the Makkovikian granitoid rocks from the Burnt
Lake area plot mainly in the volcanic-arc granite (VAG) field.
This difference could be a result of the small sample suite
used for this study as compared to the regional study of Kerr

(1990).
In the Nb versus Y discrimination diagram (Figure 3-22b)
of Pearce et al. (1984), the Burnt Lake Granite rocks plot
mostly in the WPG field with some overlap into the VAG field.

The Makkovikian granitoid rocks from this study have lower Nb

and Y contents and plot mainly in the VAG field.
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Figure 3-22: Tectonic discrimination diagrams for the Burnt
Lake area granitoids (after Pearce et al., 1984).
Syn-COLG = syn-collisional granite, WPG = within
plate granite, VAG = volcanic arc granite, ORG
= orogenic granite. Fields of synkinematic
Makkovikian (1800 Ma), posttectonic Makkovikian
(1720 Ma) and Labradorian granitoids (1650 Ma)
are from Kerr and Krogh (1990) in Figure 3-22a.
Symbols as in Figure 3-17.
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A genetic classification scheme for granitic rocks
(Figure 3-23) outlined by White and Chappell (1983) is based
on the lithog=ochemical compositions of the source materials
from which the granites were derived as partial melts. I-type
(igneous source) granites are produced in post-orogenic,
uplift regimes, S-type (sedimentary source) granites are the
product of continential collisions and A-type (anorogenic)
granites are produced by post-tectonic melting of an anhydrous

lower crust from which an orogenic granite had been previously

extracted. On the K,0 versus Na,0 diagram, the Burnt Lake

Granite plots as an A-type granite with one sample plotting
in the I-type field. The Makkovikian suite on the other hand
plots mainly in the I-type field while two samples plot within
the 2A-type boundary. Ga versus Al,0, shows a clearer
separation, with the Burnt Lake Granite plotting as A-type and
the Makkovikian suite plotting as I-type granitoids. The
classification of the Burnt Lake Granite as an A-type granite
is consistent with a post-tectonic intrusion. A-type
granitoids have also been associated with Pb-Zn, Sn, W, Mo and
F mineralization (Tuach et al., 1986). The I-type
classification for the Makkovikian synkinematic suite is

consistent with the orogenic intrusion.
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3.2.3 Rare Earth Patterns

Analytical procedures and data tables for rare earth
element (REE) analysis are given in Appendix I. Normalized
REE patterns for the post-tectonic Burnt Lake Granite are
illustrated on Figures 3-24 to 3-29, while tta REE pattern
for one sample of the synkinematic Makkovikian granite is
shown on Figure 3-30. Generally, the patterns have LREE>HREE
and a negative Eu anomaly. REE concentrations decrease with
increasing S$i0, (i.e. fractionation - sample LM-23 has 75.5
% Si10,; and LM-165 has 76.9 % SiO,). Also the patterns have a
"saucer-shape"” with increasing HREE from Dy to Yb. Such shapes
have been interpreted by Taylor et al., (1981) to indicate the
presence o F or C032' rich volatile phases in high level
granitoids (the F or C032' ions supposedly complex and thus
enrich the HREE). This is plausible in the Burnt Lake Granite
as there are demonstrated upper level volatile concentrations
(shown by the pegmatite and molybdenite) in the contact zone
and fluorite is present in the vicinity of the contact.

Samples GEO-1, GEO-2 and LMB85-174, taken from the centre
of the Burnt Lake Granite (BLG), represent a standard for the
3LG and show typical REE patterns with HREE depletion over
LREE and negative Eu anomalies (Figure 3-24). An extended plot
(Figure 3-25) shows a slight increase in U with depletions in
Nb, Sr and Ti. LM85-167 and 168 are an intermediate distance

from the molybdenum-bearing western intrusive contact. The
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samples have increased silica contents and show an overall
decrease in REE's with a stronger negative Eu anomaly (Figure
3-26). These samples are transitional from the main body to
the volatile-rich margin and show an overall decrease in all
elements below K on an extended plot (Figure 3-27). Sample
LMB85-24 is from a pegmatite dyke within the BLG and shows
extreme depletion in all REE's. The group of samples closest
to the molybdenum mineralization (LM85-23, 34, 164, 165, 166)
show even greater depletions in REE's, with Eu totally
stripped from samples LM85-164 and 165 (Figure 3-28). An
extended plot (Figure 3-29) shows an overall decrease in all
elements belnw K but a slight enrichment in U and Th in
samples near the contact zone.

Luss of REE's in an exsolved volatile-rich vapour phase
Las been suggested to account for REE depletion in highly
differentiated granitic rocks (Muecke and Clarke, 1981). As

mentioned earlier, the saucer-shaped profiles have been

interpreted as indicating the presence of a F and/or COSZ-

volatile-rich phase (Taylor et al., 1981) which results in
the depletion of the HREE. Taylor and Fryer (1982, 1983) have
suggested that in general Cl™ can complex and transport the
LREE, while a phosphate-rich volatile phase (i.e. PHO,) could
effectively complex and transport the MREE.

It is therefore possible that a combination of complexing
species were available in a wvolatile-rich phase which

effectively concentrated and removed REE as complexes from the
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coexisting magma/vapour phase in the granitic melt.
Sample ILM85-134 is from the synkinematic suite to the
north and shows an overall increase in REE's with a moderate
negative Eu anomaly (Figure 3-30). The extended plot (Figure

3-31) shows a lower U content with strong Nb, Ti and Sr

depletions.
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Figure 3-24: SUN-normalized REE plot of samples that are
considered to represent a standard for the BLG.
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Figure 3-25: Extended trace element variation diagram for

standard samples of the BLG ratioed to primitive
mantle values (PRIM).
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Figure 3-26: SUN-normalized REE plot of samples from the BLG
that are transitional from the main body to the
volatile-rich margin.
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Figure 3-27: Extended trace element variation diagram for
transitional samples of the BLG ratioed to PRIM.
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Figure 3-28: SUN-normalized REE plot of samples from the BLG
that are closest to the volatile-rich margin.
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Figure 3-29: Extended trace element variation diagram for the
most fractionated samples of the BLG ratioed to

PRIM.
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Figure 3-31: Extended trace element variation diagram for the
synkinematic Makkovikian granite.

3.2.4 Chemical Zonation in the Burnt Lake Granite (Unit 5a)

The wide variation of SiO, values (from 63 to 79%) in
the Burnt Lake Granite reflects successive fractionation, in
fact there is a rough zonation in which the SiO, content
increases toward the western intrusive contact of this granite
with the Upper Aillik Group (Figure 3-32). High grade
molybdenite mineralization located at and near this intrusive
contact 1is associated with the highest silica values and
represents the most differentiated portion of the pluton. The

chemical zonation of silica and lithophile elements towards
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an upper or sidewall contact is characteristic of high silica

and specialized granitic systems (Tuach et al., 1986,

sl llsheEeii, aLeEl)
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Figure 3-32: Contour plot of 8i0, for the Burnt Lake Granite.
Contour interval is 2% 8io,.
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3.3 Geochronology

3.3.1 Rb-Sr isotopic data from the Burnt Lake Granite

Rb/Sr isochrons have been generated for whole rock
samples and mineral separates of the Burnt Lake Granite. Data
used to construct the diagrams are listed in Table 3-4, while
methods and techniques are outlined in Appendix V. All of the
samples appear to be fresh except for sample LM85-164 which
shows noticeable alteration in the form of thin epidote
veinlets and sample GEO1l which contains minor amounts of
pyrite associated with locally developed clusters of biotite.
Samples are leococratic and undeformed except for GEO2 which
contains 10-15% biotite and shows a strong foliation.

A Rb/Sr isochron generated for whole rock samples of the
Burnt Lake Granite is shown as Figure 3-33. The "isotopic" age
of 1548 + 90 Ma (with a MSWD of 86.5) approximates previously
derived Rb-Sr whole rock ages of 1548 + 73 Ma and 1498 + 44
Ma (Kontak, in Ryan, 1984) for the Otter Lake - Walker Lake
Granite which Kontak defined as being part of the same pluton
as the Burnt Lake Granite. The Rb/Sr age for the Burnt Lake
Granite is younger than (by ~ 100 Ma) a more accurate U-Pb
zircon date of 1647 + 2 Ma for the same granitoid unit (Kerr
and Krogh, 1990). This new geochronological information

includes the Burnt Lake Granite as part of the Trans-Labrador

Granitoid Belt (TLGB) which is dated at ca. 1620-1650 Ma on
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the coast and ca. 1654 Ma in central Labrador (Thomas et al.,
1986). The 1548 Ma age for this granite might be correct if
the granite represents a later (or terminal) phase of the
Trans-Labradorian granitoid magmatism (1660-1650 Ma - after
Thomas et _al., 1986). However it seems to represent a partial
re-setting of the Rb/Sr isotope systematics by a later
metamorphic event (i.e. loss of radiogenic Sr or gain of Rb)

giving the Burnt Lake Granite an apparent 100 Ma younger age.

TABLE 3-3

Summary of Rb-Sr data for samples of the Burnt Lake Granite

used for geochronology.

Sample 87Rb/“Sr 87Sr/“’Sr

LME5-23 8.62228 .899094
LM85-34 4,33228 .804451
LM85-174 1.007 .727062
LM85-134 1.91288 .755078
LM85-151 1.48726 .739702
LM85-165 18.73069 1.10089
LM85-164 .52262 .838619
LM85-166 .69933 .742412
LM85--167 .32835 .869538
LM85-168 .78367 .861691
LM85-GEO2 .72831 .804056
LM85-GEO1 4,31142 .788475
GEOl1-BIO 20.6222 1.574489
GEO1-SPHENE .786 .760408
GEO2-FELD 3.8525 .800091
GEO2-BIO 86.9909 1.657088
GEO1-FELD -—— .800136
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Figure 3-33: Rb/Sr isochron generated for whole rock samples
of the Burnt Lake Granite.

The large scatter obtained may also be attributed to
other factors including: an incomplete homogenization of the
8-’Sr/B‘S’Sr ratio if the rocks were formed from partial melts
or assimilation of older material through anatexis. Mineral
separates from sample LM85-GEOl (sample was taken in the
middle of the granite, see Fiqure 3-32 for sample
location) (GEOl-Bio, GEOl-sphene and GEOl-epidote) gave a Model
3 Yorkfit age of 2810 + 620 Ma. Obviously the isotopic

signature for this sample has been affected by a superimposed
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event whereby Sr was added and/or Rb was removed in the

minerals.

Sample GEO2 1is located approximately 2 km east of the
western intrusive contact with the Upper ARillik Group and
shows a strung fabric with an alignment of the mafic minerals.
The sample contains 10-15% biotite compared to the other
samples which generally contain < 5%. In thin section the
biotite 1is anhedral to subhedral in shape and is badly
corroded and variably altered to chlorite which formed along
the cleavage direction. A Model 3 Yorkfit for GEO2, GEO2-Feld
and GEO2-Bio indicates an age of 720 + 110 Ma, indicating that
this system has also been affected by later fluids (possibly
during the Grenvillian). The biotites had Rb stripped and Sr
added.

An isochron without GEOl1l, GEOl-Bio, GEOl-Sphene, GEO2-
Feld, GEO2-Bio and 1MB5-164 gives a Model 1 Yorkfit age of
1650 Ma + 140 Ma with a MSWD of 61.6 and a Model 3 age of 1470
Ma + 70 Ma (Figure 3-34).

A similar Rb-Sr isotope "re-setting" has occurred in
Upper Aillik Group felsic volcanic rocks in this same Michelin
Zone (i.e. that portion of the Aillik Group which occurs south
of the Adlavik Brook Fault). Kontak (1980) reported a well
fitted Rb/Sr whole rock isochron of 1767 + 4 Ma for a rhyolite
unit on Michelin Ridge (just to the NW of the Michelin

deposit). Kontak later revised the age to 1786 + 38 Ma (Ryan,

1984) and stated that this date reflected Hudsonian orogenic
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events rather than the true volcanic age. The interpretation
that Kontak's Rb/Sr isochron does not indicate the primary
magmatic age has been borne out by a U/Pb zircon age of 1855
Ma (Scharer et _al., 1988) from the same outcrop area sampled
by Kontak.

Heaman et al.,(1986) studied the U-Pb zircon, U-Pb sphene
and Rb-Sr whole rock ages from granites in the Central
Metasedimentary Belt of Ontario and found similiar isotopic
complexities. They concluded that the Rb-Sr disturbance giving
an incorrect younger age (compared with the more accurate U-Pb
zircon age) was the result of late stage-fracturing and alkali
metasomatism. The most interesting feature of the apparent
isotopic re-setting in the Burnt Lake area is that it has
apparently thoroughly affected both the oldar volcanic r.cks
and the post-tectonic granitiods on a very broad regional
scale (i.e., the isochron re-setting is not attributable to
single samples, thus, all samples must have undergone the same
isotopic alteration), and the effect in both cases has been
to reduce the "real age* by about 60-90 Ma. Since the
post-Hudsonian granites were equivalently affected, the
isotopic disturbance in the felsic volcanic rocks was not a
result of Hudsonian deformation. The only major subsequent
deformation of rocks in the area was Grenvillian.

Walraven et al. (1986) reported similar "disturbances”

in Rb-Sr isotope systematics that have produced & consistent

lowering in the whole rock Rb/Sr age dates of granites from
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the Bushveld Complex. These authors described the phenomenon
as having resulted from the preferential removal of radiogenic
Sr (87Sr) from potassium feldspar. The widespread, cross-unit
age date lowering in the Burnt Lake area might have resulted
from a similar mechanism. The Sr removal c¢ould have
conceivably been initiated by Grenvillian tectonics.

Kontak (1980) reported that two pitchblende separates
from the Burnt Lake Showing gave discordant Pb isotope ages
of 1770 and 1680 Ma. Kontak (1980) and Gandhi (1986) thought
that these dates resulted from Grenvillian disturbance of the
lead isotope system. If the age of the Burnt Lake Showing is
assumed to be 1855 Ma (U-Pb zircon date for the Upper Aillik
Group, Scharer et al., 1988), a regression of the Pb isotope
data of galena separates from this showing (reported in
Wilton et al., 1986a and discussed in Chapter 4) through this
point indicates a 950 Ma (Grenvillian) age for the extraction

of radiogenic lead from uranium and subsequent deposition as

galena.
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Figure 3-34: Rb-Sr isocron plot for the Burnt Lake Granite.
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CHAPTER 4

MINERALIZATION

4.1 Introduction

The Burnt Lake area is characterized by numerous, widely
distributed radioactive zones (Maps 1 and 2) and has open pit
reserves of 140,000 tonnes grading 0.082% U30gfor a 40m by
300m zone (Sharpley, 1978). Four styles of mineralization

have been identified in the area which include:

(1) Uranium mineralization associated with alkalic
metasomatism and hematization.

(2) Uranium mineralization associated with structural features
(i.e. fractures, faults and dyke contacts) and granophile
minerals (i.e. fluorite and molybdenite) indicating possibile
relationship to granitoid magmatism.

(3) Pb-2n-Cu sulphide (+ Ag and Ru) stringers and veinlets
associated with potash metasomatism (granite-related).

(4) Significant concentrations of molybdenite in a high level,
leucocratic, post-tectonic granite (Burnt Lake Granite) near

the contact with the felsic volcanic country rocks (Upper

Aillik Group).
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4.2 Uranium Mineralization in the Burnt Lake Area

In the Burnt Lake area there are four main areas of
uranium mineralization viz. the Burnt Lake Main, Burnt Lake
Central, Burnt Lake Northwest, and the Burnt Lake Southwest.
Five kilometres to the west are the Emben Main, Emben Central
and Emben South showings. The Aurora River occurrence 1is
located 4 kilometres north of the Burnt Lake prospects (see
Map 1, back pocket).

According to Krajewski et al. (1977), uranium
mineralization in the Burnt Lake area, "is associated with
chlorite and hematite alteration, pyrite, magnetite and minor
amounts of fluorite, sphalerite, galena and molybdenum with
traces of gold and silver".

Uranium mineralization in the Burnt Lake area occurs in
narrow and sporadic zones within the volcanic rocks of the
Upper Aillik Group. The main mineralizing event was associated
with intense hydrothermal alteration and alkali metasomatism
(both Na and K, i.e. Burnt Lake showings). Uranium has also
been remobilized and concentrated along structural weaknesses
such as fractures and faults, along mafic dykes (e.g. Emben
showings) and along lithological boundaries (:.g. Aurora

River). The showings are described separately in the following

section.
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4.2.1 Burnt Lake North (Main) Zone

This is the main ore zone at Burnt Lake and contains 17
trenches and 8 diamond drill holes with patchy and
discontinous uranium mineralization over an area of 50m x 500m
(Map 2). Figure 4-1 shows several typical trenches through the
radioactive zone (see Map 2 for location). A typical drill
section through the radioactive zone is shown in Figure 4-2.
The drill logs from this zone are given in Appendix III,.

Lithologies generally present in the trenches include a
pink to grey coarse-grained felsic crystal tuff, quartz-
feldspar porphyry that is often brecciated (see Figures 4-
3A,B), coarse-grained feldspar porphyry, banded felsic ash
tuff, and lapilli tuff (Figures 4-3A and 4-4A). Mafic clots
and pods are abundant and commonly wrap around feldspar and
quartz phenocrysts in a eutaxitic texture (Figures 4-4B and
4-4C). The mafic bands and clots were identified
petrographically as acmite and aegirine-augite. Mineral
lineations defined by quartz rodding in the quartz-feldspar
porphyry have a steep southeastern to northeastern plunge.

Uraninite is generally disseminated in the banded felsic
ash tuff, felsic crystal tuff and lapilli tuff and is
associated with the mafic clots and pods. In thin section
uraninite also occurs with zircon (Fiqure 4-5) and is rarely

intergrown with monazite and a Ti-Fe-Mn oxide. Other accessory

minerals include sphene, ilmenite, barite, apatite and
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monazite (Figures 4-6 and 4-7). Uranium mineralization also
occurs as veinlets (Figure 4-8) or as fracture-fillings
intergrown with specular hematite cutting the host felsic
volcanic rocks. Alteration associated with uraninite includes
hematization and uranophane staining as well as some
chloritization and epidotization. Ore mineralogy includes
galena, sphalerite and minor chalcopyrite (+Ag) (see base

metal section below).

4.2.2 Burnt Lake Central Zone

Mineralization in the central zone is generally narrow
and of low grade, but has a discontinous lateral extent of
approximately 700 m containing 6 trenches ani 6 diamond drill
holes (Map 2). Diamond drill logs are in Appendix II. The
lithologies in the trenches vary from coarse-grained feldspar
porphyry, to fine-grained quartz-feldspar porphyritic
rhyolite, to sugary quartz crystal tuff, to breccia composed
of feldspar porphyry fragments in a fine-grained grey ash
matrix. A peculiar alteration of the feldspar phenocrysts in

the non-mineralized quartz-feldspar porphyry is present as

partial rimming to total replacement of the feldspar with a

greenish-black mineral that was identified as magnetite from
a SEM gualitative probe analysis of sample LMB5-14 (Figure 4-
9). The mineralized areas are strongly hematized, resulting

from the oxidation of magnetite and contain abundant
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uranophane staining.
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Lake Main Zone.

Geology and sample location map of the Burnt
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Figure 4-3:

(A): Photograph of Trench #6 from the Main Zone shkowing a pink
hematized radioactive zone (hammer) adjacent to & breccia zone
(lens cap). (B): Photograph of typical volcanic breccia from
Trench #8A (Main 2one). Breccia is composed of pink quartz-
feldspar porphyry fragments set in a fine grained greenish
volcanic ash matrix. (C): Felsic ash tuff lens within a felsic
crystal tuff (Trench #12).
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Figure 4-4:

(R): Mafic clots in a hematized radioactive lapilli tuff
(Trench #13). (B): Outcrop of quartz-feldspar porphyry with
characteristic mafic banding (Trench #16). Lens cap for scale.

(C): Hematized radioactive quartz-feldspar porphyry with mafic
banding and clots.
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There is an association between uranium and amphibole
pods and veinlets in the quartz-feldspar porphyry and quartz
crystal tuff. Uraninite occurs as disseminations within the
host-rocks and uraniferous amphiboles or as individual grains
associated with ilmenite, apatite and zircon (Figqure 4-
10). Pyrite is common in the non-radioactive areas associated
with fractures. Base metal mineralization is generally absent

in the central zone.

Figure 4-5: (850124,125) Scanning Electron Microscope (SEM)
back scatter images of  wuraninite (pitch)
intergrown with zircon (ZR+SI) in a potassium
feldspar (K+AL+SI) matrix.
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Figure 4-6: (850127) SEM back scatter image of uraninite
intergrown with monazite in a silicate gangue
matrix.

2.000 VFS = 4096 19 .240
16@ LM-85-TR-12A MONAZITE

Figure 4-7: SEM energy dispersive spectra for monazite
associated with uranium mineralization in the
Burnt Lake Main Zone.
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Figure 4-8: (850126) SEM back scatter image of chalcopyrite
(FE+CU+S) intergrown with quartz (QUARTZ) gangue
matrix and a uraninite (U+PB) veinlet (white).

Figure 4-9: (850142) SEM back scatter image of magnetite
(small white grains) rimming recrystallized

feldspar porphyroblasts in a non-mineralized
quartz-feldspar porphyry unit.
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Figure 4-10: (850200) SEM back scatter image of an intergrowth
of uraninite (PITCH), ilmenite (TI+FE), apatite
(APATITE) and zircon (ZR+SI) in a silicate
(QUARTZ) gangue matrix.

4.2.3 Burnt Lake North West Zone

The area contains 3 trenches exposing narrow discontin-
ous radioactive zones. Figure 4-11 shows the three trenches
through the radioactive zone (see Map 2 for location). The
radioactive =zone 1is extensively altered by hematite and
chlorite giving the host felsic crystal tuff a dark red to
almost black colour. Within the radioactive area, there is
an increase in mafic pods and veinlets as well as common
yellow uranophane staining. The uranium mineralization occurs
as disseminated wuraninite grains and uraninite-bearing

amphiboles.
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Galena, sphalerite and chalcopyrite are present as veins,
disseminations and fracture-fillings over a distance of
approximately 13 m in trench 22, however, base metal veins are
generally not present in the highly radioactive zone.
Disseminated pyrite is present throughout the trenches but has
been oxidized to hematite in the radicactive areas. The
mineralized zone is subparallel to the regional cleavage
having an east-west strike and a steep southerly dip. Uranium
mineralization appears to predate the base metal
mineralization because of the cross-cutting relationship of
the Pb-Zn-Cu sulphide veinlets and postdates the disseminated
pyrite mineralization which probably provided a reducing
environment to precipitate uraninite. The host rocks underwent
intense potassic alteration (K-metasomatism) which accompanied
the formation of Pb-Zn-Cu sulphides in stringers and veinlets

(MacKenzie and Wilton, 1987).

4.2.4 Burnt Lake South West Zone

This zone is comprised of three trenches and two diamond
drill holes (Map 2). The area is moderately radiocactive in a
1-2 m wide zones that appears to be discontinous. A trench map
and drill section are shown on Fiqures 4-12 and 4-13
respectively, and drill logs can be found in Appendix III. The
host lithology varies from a coarse-grained feldspar * quartz

porphyry and felsic crystal tuff (unit 4b) to a
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non-porphyritic felsic ash tuff (unit 4a) and
tuffisite. Igneous banding in places is present as alternating
pink and grey layers. The quartz-feldspar porphyry is often
brecciated resembling tuffisite (Figure 4-14) and fractured
in places with a strong cleavage and lineation.

The radioactive =zone 1is 1identified by pink to red
hematitic alteration accompanied by minor yellow uranophane
staining. Uranium mineralization occurs as discrete grains of
uraninite or as uraninite intergrowths with sphene and a
Ti+Fe+Mn oxide (see Fiqures 4-15 and 4-16) that are
disseminated throughout hematized zones or concentrated as
grain aggregates in discordant fracture-fillings. Uraninite
is locally assoclated with stringers of sphalerite and galena
in a silicate gangue matrix (Si-Al-Mg) (Figures 4-17 and 4-
18) which has been linked to the Burnt Lake Granite, two
kilometres to the east of the showings (see later for

discussion). Discordant pegmatite-1like carbonate veins contain

galena, sphalerite and minor chalcopyrite (+Ag), including

abundant amphibole, biotite, pyrite and rare fluorite, cross

cut the regional fabric and radioactive zones.
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Figure 4-14: Outcrop of volcanic breccia (tuffisite) from the
Southwest Zone.
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Figure 4-15: (851803) SEM back scatter image of a uraninite
(U-white) and sphene (dark grey) intergrowth in
a potassium feldspar (K+Al+Si) matrix (centre of
photo). Large pyrite grain (Py) at the bottom of

the photo.

TEE
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Figure 4-16: (850180) SEM back scatter image of intergrown
uraninite (PITCH) and a Ti-Fe-Mn oxide (medium

grey) in a feldspar (K+AL+SI) matrix (dark grey).



Figure 4-17:

Figure 4-18:
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(851701) SEM back scatter image of sphalerite
(ZN) intergrown with pyrite and sphene in a
silicate gangue matrix (Si+Al+Mg). Small bright
grains at the top of the photograph are uraninite

(PITCH).

(851702) SEM back scatter image of galena
stringers transecting silicate gangue. Uraninite
(small bright grains throughout photograph) and
sphalerite (medium grey) are intergrown with the

galena.
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4.2.5 Emben Main Zone

The locations of radioactive occurrences in the Emben
area are shown on Figure 4-19 (see Map 1 for location).

The radioactive zone at the Emben Main showing is small
and of low grade. Figure 4-20 shows the geology and sample
locations of the radioactive zone. The host rocks are
tuffaceous sediments (arkosic) and banded felsic tuff with
occasional volcanic porphyritic layers. The banding in the
tuffaceous sedimentary rocks is defined by 2-3 mm thick
alternating pink and grey layers separated by 0.5 mm
laminations of magnetite. Uranium mineralization generally
occurs as individual discrete grains or intergrowths with
sphene, garnet, plugioclase and Ti-Fe-Mn oxides (Figure 4-21),
that are disseminated throughout hematized zones, or
concentrated along fractures associated with hematization and
uranophane staining (Figure 4-22). The contact between the
tuffaceous sediments and a small greenish amphibolite dykelet
is also radioactive and hematized. The best assay from this
zone was from Trench #2 and yielded 0.162% U3Og(Harder, 1981).
Accessory minerals include ilmenite and barite (Figure 4-23).
In Trench #3 anomalous gold values of up to 215 ppb were
obtained from a grab sample of a well banded felsic tuff

adjacent to the amphibolite dyke,




157

) EMBEN RADIOACTIVE
OCCURRENCES

1 2
& Radioactive Outcrop ogﬁ
KM

Figure 4-19: Location of radioactive occurrences in the Emben
area.
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Figure 4-21: (850205) SEM back scatter image of a high
concentration of uraninite (U) within a
large ragged sphene grain (light grey). The host
gangue is sodic feldspar (Na+Al+Si).

i ;
4 'k"r.!'

' 15Ky %258 S6um
(850208) SEM back scatter image of uraninite

Figure 4-22:
(PITCH-white) occuring as veinlets, fracture
fillings and individual discrete grains in a
plagioclase matrix (Na+Al+Si-grey).
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Figure 4-23: (19082) SEM back scatter image of barite grains
(labelled BARYTE - white) in a matrix of
plagioclase (dark grey) and potassium feldspar

(light grey). Sample is a banded felsic tuff from
trench #3.



4.2.6 Emben South Zone

This =zone 1is the most interesting of the radioactive
occurrences in the area because of the high uranium grade (>2%
U from a grab sample), the style of mineralization and the
accompanying mineral assemblage. Radiocactivity is patchy and
discontinous over an area 3 m x 50 m (Figure 4-24). The

scarcity of outcrop in the area prevented the complete tracing

of this zone. The trenches are in dominantly metasedimentary

and metavolcanic tuffs that are cut by two biotite-feldspar:
bearing mafic dykes (biotitic feldspathic amphibolitic schist)
(Figure 4-25). The radioactivity is confined to the dykes and
is greatest in tightly folded bands of coarse amphibole or
pyroxenes within the dykes (Figure 4-26A). The radioactivity
falls off rapidly from both sides of the intrusives (Fiqure
4-26B). The best assay result from the BRINEX Ltd. survey was
obtained from Trench #5 which graded 0.432% U3Ogover 3 m
(Harder, 1981).

Uranium mineralization i1s associated with fine grained
sodic pyroxenes, amphiboles or occurs as inclusions or
intergrowths with fine-grained plagioclase. The ore mineral
assemblage includes wuraninite with Nb and Ti, galena,
sphalerite, chalcopyrite, molybdenum and scheelite (+Ag) (see
Figures 4-26C, 4-27 and 4-28). Accessory phases include
sphene, zircon (with Hf), garnet (andradite), calcite and
fluorite. Fiqure 4-29 shows a SEM image of euhedral galena

and zircon grains in an interlocking mosaic of plagioclase.
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Figure 4-25: Radioactive dyke from Trench #1, Emben South Zone
(the dyke is outlined by dashed lines).



Figure 4-26:

(A): Close-up of a dark green pyroxene vein in an amphibolite
dyke from the Emben South Zone which assayed at 2% U. (Scale
bars are 1 cm). (B): Contact between radiocactive dyke (top)
and unmineralized felsic volcanic host (bottom half). The
highest radioactivity was obtained from pyroxene veins (black
in upper left) within the dyke. (C): Recrystallized felsic
tuff from the Emben South Zone with disseminated purple
fluorite and molybdenite. (Scale bars are 1 cm each).
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Figure 4-27: (190800) SEM back scatter image of uraninite
(PITCH) grain in a K-8i-Fe matrix. Alteration
mineral (?) in centre of photo contains U, Nb,

W, Ti, and Ca.
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Figure 4-28: Energy dispersive X-ray spectra for uranium-
bearing Nb-W alteration mineral from the Emben

South showing.




Figure 4-29:
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(850001) SEM back scatter image of euhedral
galena and zircon (ZR) grains (white) in an
interlocking mosaic of plagioclase (dark grey).
A calcite veinlet occurs in the lower left corner

of the photo (light grey).
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4.2.7 Aurora River Zone

The Aurora River uranium occurrences are in the northwest
corner of the study area and comprise six trenches with
radioactive mineralization, five of which were located and
sampled for this study. The mineralization occurs within mixed
rhyolite/tuff and andesite near the contact with a 100m-150m
wide northeast-trending feldspar + quartz porphyry dyke (Map
3, see Map 1 for location). The lithologies in the trenches
vary somewhat, however, generally consisting of reddish
rhyolite/tuff (brecciated in places) intermixed with a fine-
grained greenish intermediate volcanic (andesite) rock that
is sheared and contains bluish-green bands. The bands have
been identified by X-ray diffraction methods (XRD) as
tremolite. The fabric (banding) strikes from Booto 900N and
dips steeply to the southeast. Chlorite is the most pervasive
alteration mineral in the andesite, however, epidote and
sericite commonly occur as thin stringers within 0.1m-0.5m
wide quartz-carbonate veins that also contain tremolite and
specular hematite.

The feldspar-quartz porphyry contains 5-15%, 2-5 mm
rounded to subrounded feldspar + quartz phenocrysts in a pink
to grey matrix (see Figure 4-30A). The porphyry is generally
banded with alternating pink and brownish 5-10mm bands. Thin
(1-2mm) magnetite bands are commonly sub-parallel to an east-

west trending foliation. The porphyry is generally more
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fractured near its contacts.

The mineralization «consists of =several moderately
radiocactive =zones averaging 0.5-1.0 m in width which are
discontinuous over approximately 700 metres. The
mineralization is of a low grade, however, Sharpley and Cote
(1980) reported an average grade from one of the trenches of
0.164% U3Ogover 3 m. Radioactivity is confined to extensively
hematized breccia and shear zones within the andesite
suggesting fluid flow and uraninite precipitation in zones of
structural weakness (Figure 4-30B). Mineralization occurs as
disseminated uraninite within the andesite or occurs along the
rhyolite/andesite contact where the host rocks are extensively
hematized, giving the rocks a dark reddish colour (Figure 4-
30C). Radioactivity also occurs in thin veins and fractures
within the rhyolite and within thin shear zones in brecciated
andesite. Quartz-carbonate veins with fibrous tremolite, pods
of specular hematite, minor bornite and uranophane staining

are also assoclated with the hematized shear zones.




Figure 4-30:

(A): Banded quartz-feldspar porphyry dyke from the Aurora
River Zone. Scale bars are 1 cm long. (B): Sheared brecciated
and hematized andesite from Trench #3, Aurora River Zone. Note
infilling of carbonate (white). Scale bars are 1 cm long. (C):
Hematized radioactive andesite from Trench #4, Aurora River
Zone. Note the extensive chlorite alteration (green blebs) and
thin, slightly discordant pyrite veinlets (lower half of
photo).
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4.3 Base metal sulphide mineralization

Base metal sulphide mineralization in the Burnt Lake area
generally occurs as narrow veinlets and disseminations within
recrystallized felsic volcanic rocks of the Upper Aillik Group

and is low grade over narrow widths.

4.3.1 Burnt Lake Main Zone

Base metal concentrations within the Burnt Lake Main Zone
are generally low. Sulphide mineralization consists of thin
stringers of galena that correspond to an increase in uranium
mineralization. Pb isotope data from a galena separate from
this zone (sample LM85-TR13) indicate a radiogenic lead origin
(Wilton, 1991b). Rare stringer chalcopyrite and bornite are
present in some trenches and have been documented through SEM
work to be associated with galena (Figure 4-31). An assay from

one grab sample (BL86-16 from trench #13) returned 0.14% Pb,

0.53% U, 0.12% Cu, 26 ppm Ag and 70 ppb Au.
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Figure 4-31: (850130,31) SEM back scatter images of intergrown
galena (bright) and chalcopyrite (CU+S) (grey) in
a plagioclase (Na+AL+SI) gangue.

4.3.2 Burnt Lake Northwest Zone

Significant base metal mineralization has been traced
for over 13 m at the Burnt Lake Northwest zone (trench #22).
The mineralization consists of stringer and disseminated
pyrite, sphalerite and galena (Figure 4-32). Chalcopyrite
occurs as small pods while bornite occurs mainly along
fractures. The host 1lithology is generally medium-grained,
pink to grey quartz-feldspar porphyry (see Figure 4-11). The

hematized radioactive zone is about 1 m wide and contains only
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disseminated pyrite and magnetite. A grab sample (BL86-6)
assayed 1.1% Pb and 3.8% 2n with a relatively low uranium
concentration (709 ppm U). Pb isotope data from galena
separates of this sample (BL86-6) have indicated a magmatic
origin for the lead mineralization (Wilton, 1991b) Analyses

for precious metals were generally low with the highest being

5.2 ppm Ag and 120 ppb Au.

Figure 4-32: Recrystallized felsic tuff with a narrow veinlet
of sphalerite. Scale bar is in centimetres.
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4.3.3 Burnt Lake Southwest Zone

The Burnt Lake southwest 2zone (trench #17) hosts base
metal mineralization within 0.2-0.4 m wide carbonate veins
that contain uraninite, sphalerite, galena and chalcopyrite
(Figure 4-33). Also associated with the carbonate veins are
quartz, biotite and amphibole. 1In trench #18, galena,
sphalerite, chalcopyrite and pyrite are concentrated along
fractures. Figure 4-34 shows the close association between
galena and chalcopyrite as veinlets in a K-feldspar and quartz
matrix. Within the trench there is a pegmatite containing
calcite, quartz and amphibole with rare fluorite and
molybdenite. A grab sample (LM85-TR18A) assayed 1.3% Zn, 0.5%
Pb and 0.2% U. Anomalous silver and gold are also present

(18.2 ppm Ag, 390 ppb Au).

Figure 4-33: (851703) SEM back scatter image of coarse
sphalerite mineralization (grey) and finely
disseminated uraninite (small bright grains lower
right corner of photo).
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Figure 4-34: (851804) SEM back scatter image of intergrown
galena (PB) and chalcopyrite (CU) in a potassium
feldspar gangue.

4.3.4 Emben South Zone

Extensive sulphide mineralization occurs over a length
of 15 m in a strongly radioactive biotite-feldspar dyke (see
Figure 4-24). The mineralization ranges from disseminations
and stringers to semi-massive pyrite, pyrrhotite, sphalerite,
galena, chalcopyrite and molybdenite (Figures 4-35 to 37). A
grab sample (EMS86-TR6) from the mineralized zone assayed 2.0%
Zn, 0.58% Pb, 0.10% Cu, 0.43% U and 0.14% Mo. Precious metals

are present with values ranging up to 32 ppm Ag and 55 ppb Au.
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The style of mineralization and the observed mineralogical
association of U, Pb, 2n, Cu, Mo and F may suggest an
influence of hydrothermal fluids of magmatic derivation. The
Burnt Lake Granite is located approximately 800 m west of the

Emben South showing.

Figure 4-35: A cut section through extensive sulphide
mineralization hosted by an altered mafic dyke.
Sample EMS86-TR6 assayed 2.0% Zn, 0.58% Pb, 0.10%
Cu, 0.43% U, 0.14% Mo and 22 ppm Ag. Note the
tight fold in the lower righthand corner.
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BUARTZ
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(850003) SEM back scatter image of an intergrowth
of sphalerite (ZNS), chalcopyrite (CUS) and
galena (PBS) in a quartz-plagioclase (SI+CA+FE)
gangue. Note the small zircon (ZR) grain in the

lower righthand corner.

Figure 4-36:

Figure 4-37: (190801) SEM back scatter image of intergrowth
of galena, pyrite (FE), sphalerite and sphene in

a Na-Ca-Mg-Fe-Si gangue matrix.
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4.4 Granite Hosted Mineralization

In the Burnt Lake area, significant concentrations of
mclybdenite occur in a high level, leucocratic, post-tectonic
granite (Burnt Lake Granite) near the contact with the felsic
volcanic country rocks (Upper Aillik Group). The prospect was
discovered in 1984 during a helicopter reconnaissance of the
Burnt Lake area by Wilton and Wardle (1985). The discovery
outcrop covers an area of approximately 20 m x 20 m and is
located 800m northeast of the Burnt Lake camp (see Map 2 and
Figqure 4-38). The unmineralized Burnt Lake Granite has been
previously described in Chapter 2 as a fine-grained, grey to
pink leucogranite containing biotite, cnlorite, muscovite and
rare garnet. The mineralized zone is highly oxidized on its
weathered surface and 1is easily broken. Mineralization
consists of rosettes and pods, up to 2 cm in diameter, with
finer disseminated molybdenite throughout the outcrop (Figure
4-39 and 40). Low grade mineralization has been traced along
the intrusive contact in outcrop for over 200 m southwest of
the prospect. The molybdenite showing may indicate vapour
phase accumulation in the apical portions of the Burnt Lake
Granite. The differentiation of the magma chamber could have
occurred by convection driven thermogravitational diffusion
producing a high silica, volatile-rich zone at the top of the

chamber {Muts<hler et al., 1981). A zonation pattern of silica

is evident in the BLG where it culminates near the endocontact
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molybdenum mineralization (Chapter 3).

Figure 4-38: Discovery outcrop of molybdenite mineralization
in the Burnt Lake Granite.
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Figure 4-39: Close-up photo of disseminated molybdenite
mineralization in the Burnt Lake Granite. Scale
is in centimetres.
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Figure 4-40: (850122) SEM back scatter image of fibrous
molybdenite (MO-light grey) intergrown with
quartz and feldspar in the leucocratic contact
zone of the Burnt Lake Granite.
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CHAPTER 5

GEOCHEMISTRY OF MINERALIZED SHOWINGS

5.1 Introduction

A total of 78 samples of mineralized rocks were collected
from the Burnt Lake, BAurora River, and Emben radioactive
showings. Of this, 54 samples were analyzed for major and
trace elements, while the remaining 24 samples were analyzed
for trace eliements only. Sixteen samples were analyzed for
REE. A brief rock and/or petrographic description for each
sample is given in Appendix II. Analytical methods, precision
and accuracy are described in Appendix I. The geochemical data
are presented in Appendix I.

The rhyolitic rocks of the Upper Aillik Group in the
Burnt Lake and Emben areas, along with the andesites at the
Aurora River showing, host numerous hematized radioactive
occurrences. Regional background geochemical analyses for
these lithologies have been discussed in Chapter 3. It is the
purpose of this chapter to document the geochemistry of the
mineralized showings, present & comparison between the

showings, and compare the mineralized lithologies with the

unmineralized host rocks in the Burnt Lake area.




5.2 Burnt Lake Showings

Representative samples were taken from 29 mineralized

trenches and 11 diamond drill holes. Uranium concentrations

within the Burnt Lake radioactive zones vary considerably. A

Listogram plot of uranium contents from the Burnt Lake area
(Figure 5-1) indicates a log normal distribution with a mean

of 950 ppm.

5.2.1 Major Element Patterns

Figure 5-2 shows major oxide distributions plotted
against silica for mineralized samples. Generally, there is
no systematic variation with the oxides versus silica as would
be the case with normal differentiated volcanic rocks. The
wide scattering in the data is thus attributable to widespread
metasomatic alteration which has affected all lithologies to
some degree.

Uranium mineralization in the Burnt Lake area was
accompanied by alkali metasomatism of the hoc* volcanic rocks.
This phenomenon is common in other felsic volcanic and igneous
rocks elsewhere in the Central Mineral Belt, (White and
Martin, 1980; Kontak, 1980) and in uranium deposits from other
parts of the world (e.g. Smellie and Laurikko, 1984; Stuckless
and Troeng, 1984; Cathelineau, 1983; White and Martin, 1980;

Kontak, 1980; Leroy, 1978; Smirnov, 1977; Hoeve, 1974;
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zinchenko and Rakovich, 1972). White and Martin (1980)
documented K-metasomatism in unmineralized porphyritic flows
from the Michelin area through petrographic studies and
mircoprobe analysis of feldspar phenocrysts. According to
White and Martin (1980) the ore zone at Michelin is, however,
comprised entirely of Na-metasomatised tuffs. At Burnt Lake
both sodic and potassic metasomatic effects are associated

with uranium mineralization.

BURNT LAKE MINERALIZED
14

1

No. of Samples: 50

12

T

Occurrences

A

19 100 1000 10000 100000

Log (ppm U)

Figure 5-1: Frequency distribution of Log(U) in felsic
volcanic rocks of the Burnt Lake Showings.
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Na-metasomatism in the Burnt Lake area has previously
been documented by Bailey (1979); Gandhi (1978, 1984); Gower
et al. (1982); Kontak (1980); and White and Martin (1980).
The metasomatic event is recognized by Na,O enrichments to
>6.5 wt% with complete to partial albitization of feldspars
and replacement of the matrices by albite, as well as by the
presence of metasomatic silicate phases such as chlorite,
riebeckite and @egirine augite, Na-metasomatsim was
accompanied by apparent enrichments of Al,0, and TiO, and
depletions in K,0 (<0.2%), S$iO0,, and P,0;. Similar major
element variations have been reported from uranium deposits
in granites (Leroy, 1978) and felsic volcanic rocks {Smellie
and Laurikko, 1984).

K-metasomatism is demonstrated in the major element

geochemistry by apparent enrichments of K,0 (>6%), TiO,, Al,O;

and in some cases FeO* and CaO, with depletions of Na,0 (¢3%)

and SiO, 1In the most strongly K-metasomatised samples, the
groundmass contains only microcline and quartz, while the
feldspar phenocrysts show exsolution textures of perthite
(microcline and albite) and K-feldspar mantles or occur as
patches within plagioclase.

The effects of the metasomatic alteration are largely a
function of the permeability variations and grain size of the
host lithology. The Na-metasomatised samples are generally
fine to medium-grained, non-porphyritic to slightly

porphyritic ash tuffs with bedded ash tuff. The rocks are
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commonly brecciated or located within shear zones. On the
other hand, the K-metasomatised samples are generally medium
to coarse-grained quartz and feldspar porphyritic rhyolites.

White and Martin (1980) identified several intensities
of metasomatism in the Michelin area. They suggested that mild
metasomatism involved a simple cation exchange from a Na
enriched solution during which the K' cation in the K-bearing
minerals (feldspars) was replaced with Naz*, while intense
alteration (Na-metasomatism) resulted from Na+Al substituting
for Si. Silica is apparently depleted during Na metasomatism
because of its high solubility. On a K,0 versus Na, 0 plot
(Figure 5-3) the mineralized rocks from the Burnt Lake
showings can be subdivided into five fields based on the
apperent metasomatic intensity. The average field on Figure
5-3 represents a small group of samples which are the least

mineralized and hydrothermally altered.
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Figure 5-2: Harker variation diagrams of major oxide
distribution in the Burnt Lake mineralized samples. Oxides are
in weight percent. Symbols are as follows; open square: medium
to coarse-grained quartz and feldspar porphyritic rhyolites;
solid square: fine to medium-grained, non-porphyritic to
slightly porphyritic ash tuffs with bedded ash tuff.
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Figure 5-3: Na,0 vs K,0 plot for mineralized rocks from the
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The best indicator of the bimodal metasomatic overprints
in the Burnt Lake area is kb. Figure 5-4 shows the variation
of major elements versus Log(Rb). Strong linear correlations
are visible on Na,0 and K,0 versus Rb plots (Figure 5-5)
indicating that Rb was systematically enriched during the
different metasomatic alterations. K and Rb are usually highly
correlated in mineralized and altered rocks (Kerrich, 1990)
and their observed relationship must have resulted from a
coenrichment by hydrothermal solutions. A positive correlation
between Na,0 and Rb for the Na-metasomatised rocks reaches a
peak at 9.46% Na,0 (0.18% K,0) and 24 ppm Rb. In the potassic
suite, K is substituted for Na, with even more Rb added to the
system. Potassic metasomatism reaches a limit at 10.68% K,0
(1.14% Na,0) and 254 ppm Rb. Rb readily substitutes for
potassium (having a similiar ionic radius) in potassic
minerals. However, Rb is concentrated in late-stage magmatic
fluids because of its larger ionic radius.

Major elements have been plotted against U to relate the
uranjum mineralization to major element geochemistry, however,
most are not correlated with uranium. On the K,0 versus U plot
(Figure 5-6) the potassic suite is separated into two groups
of samples that are positively correlated with U. The
significance of these contrasting trends are discussed later.
On a Na,0 versus U plot the sodic samples have a positive
correlation with uranium while the potassic suite have a wide

range of Na values and show no positive correlation with U.
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Trace Element Patterns

Trace elements have also been used to document element
associations in the Upper Aillik Group mineralized samples.
Trace element geochemistry also reflects the metasomatic
processes associated with mineralized zones.

Trace elements have been plotted against Rb (Figure 5-7)
which is thought to be the best indicator of metasomatic
intensity. Pb has a good correlation with Rb in the potassic
suite and is slightly disturbed in the sodic samples. Zn has
an excellent positive correlation with Rb for the potassic
while showing no correlation in the sodic samples. Cu and Ag
are well correlated with Rb in the sodic suite while showing
some scatter in the potassic suite. Sr values are highly
scattered over a wide range of Rb abundances indica+ting that
Sr was neither enriched nor depleted with respect to Rb.
Generally, the potassic samples show positive correlations of
Pb, U, As, Zn, Ag, Au, Mo, Ga and Ce vs Rb. The sodic samples
show positive correlations of Pb, U, Ag and Cu vs Rb.

Trace elements plotted against uranium are shown in

Figure 5-8. On the U versus Pb plot, an excellent positive

correlation exists indicating that most of the lead is of
radiogenic origin. However, four of the K-metasomatized
samf les which fall off the straight line have a non-radiogenic
lead component or possibly have undergone uranium loss as a

result of later remobilization (i.e. during the Grenville).
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The Th versus U plot shows little correlation at grades <3000
ppm U, while at higher grades,(i.e. >5000 ppm U) Th is
apparently mobilized and selectively removed from the

depositional environment. Perhaps this suggests that the

physiochemical conditions were suitable for selectively

mobilizing Th and not U (i.e. high enough temperature to
mobilize Th and a pH too low to complex U).

The plot of 2Zn versus U shows some scattering in the
data, however, the highest 2inc contents are in the strongly
potassic altered rocks and are not always correlated with
uranium. The plot of Cu versus U shows that a broad positive
correlation with uranium and the highest copper values exists
within the sodic metasomatized rocks. As and Ag have roughly
positive correlations with U. Au and Mo are enriched in only
a few samples, the mostly highly potassic. Y, VvV, Ba and Sr
have weak positive correlations with U. The 2r versus U plot
shows some scatter in the data but has a rough positive
correlation which suggests that some uranium occurs within
zircon (as proven by SEM studies on mineralized samples).
There is little variation in the incompatible elem:nts (Nb and
Ga) with increasing uranium contents, indicating that these
elements were not mobile during uranium mineralization. La is
depleted in highly radioactive samples (>2000 ppm U). U is
independent of Ce and nearly independent of Ti. On a Rb versus
U plot there is a positive correlation between Rb and U in the

sodic samples and slightly positive correlation in the
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potassic. Also the three highest U samples in the sodic group
have separated from the main Rb group. This decoupling of Rb

from K commonly occurs during late stage magmatic processes

(Kerrich, 1990).
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Figure 5-7: Harker variation diagrams of trace elements vs

Rb for mineralized rocks from the Burnt Lake
showings. Symbols as in Figure 5-2.
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Figure 5-7: (Continued).
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Figure 5-8:

Harker variation diagrams of trace elements vs

uranium for mineralized rocks from the Burnt

Lake

showings. Symbols as in Figure 5-2.
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5.3 Emben Showings

Uranium mineralization has bee. « iscovered in four areas
of the Emben region, namely the Emben South, Emben Main, Emben
Central and Emben West showings. For this section the Emben
Main, Central and West showings are grouped together because
of the similarities of host rock and mineralization style.

Samples from the Emben South Zone are treated separately.

5.3.1 Major Element Patterns

Major element distributions compared to silica are shown
in Figure 5-9. The mineralized samples from the Emben South
Zone can be characterized as containing elevated TiO,, FeO*
and CaO contents, reflecting the presence of significant
pyrite, ilmenite, sphene, calcic amphiboles and pyroxenes.
The high P,0, contents probably reflect primary enrichment of
apatite or from increased volatile content. Fluorite has been
noted in the Emben South zone, however, F was not analysed.
The Emben showings have undergone strong alkali metasomatism
with Na,0 enrichments (Na,O between 6-11 wt%) and extreme K,0
depletions (usually <0.2 wt%). Na,0 has an excellent positive
correlation with silica within the mineralized mafic dykes
from Emben South (<65 wt% SiO,), while having a negative

correlation in the felsic rocks from the other Emben showings

and Emben South. Sodium enrichments accompanying silica and




207
potassium depletions have been shown to be the result of Na-
metasomatism elsewhere in the region (White and Martin, 1980).

The mafic dykes from Emben South are different on the

TiO, and P,G; diagrams. Al,O, has the same positive and negative

correlations as Na,0 while Fe,0; shows good negative
correlation with SiO,. Most of the elements Tio,, Al,0,, Fe,0,,
Ca0 and Na,0 reflect primary magmatic chemistry while only K,0
is disturbed. This contrasts with the Burnt Lake felsic
volcanics where none of the samples have a magmatic (ie.
differentiated) signature (therefore the dykes are not related
to the felsic volcanics).

Majors elements plotted against U are shown as Figure 5-
10 and demonstrate broad differences between the mafic dykes
from the Emben South Showing and the felsic tuffaceous rocks
from all the Emben showings. Silica and sodium show weak
positive correlations with uranium in the mafic dykes, while
FeO* and TiO, are negatively correlated with U in these same
samples. The tuffaceous rocks do not show any linear

correlation between major elements and uranium.
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Figure 5-9: Harker variation diagrams for the mineralized
samples from the Emben Showings. Oxides are in weight percent.
Symbols are as follows; open circle: tuffaceous sedimentary
rocks and rhyolite tuff from the Emben Main, Emben Central and
Emben West Showings; solid triangle: biotite-feldspar dykes
from the Emben South 8howing; open triangle: tuffaceous rocks
from the Emben S8outh S8howing.
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5.3.2 Trace Element Patterns

Trace element concentrations were plotted against uranium
(Figure 5-11) in an attempt to document the trace element
distribretions associated with the uranium mineralization in
the Emben Showings.

U has an excellent positive correlation with Pb
indicating that most of the Pb is radiogenic. 2Zn, Cu, As, Ag
and Mo versus U have a lot of scatter in the data but show
enrichments exclusively in the Emben South dyke samples. Th,
V and Ni show broad positive relationships with uranium. Y,
Nb, Ga and Rb show enrichment with uranium reflecting mobility
of these incompatible elements during mineralization. Sr, Zr
and Cr show a broad scattering indicating that Sr and Zr were
neither depleted nor enriched during mineralization. There is
no correlation of U with As, Ag, Mo, 2r and Cr while only
slight positive correlation with Sr and V. Zn and Cu contents

are enriched only in the mafic dyke samples and show broad

positive correlations with uranium. Th versus U shows linear

correlations in both <Gczivple suites. A good positive
correlation exists between ;. and U and possibly indicates the
association of wuranium with feldspars. Ni 1is enriched

exclusively in the mafic dykes and shows a slight positive

correlation with uranium.
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Figure 5-11: Harker variation diagrams of trace elements vs
uranium for mineralized rocks from the Emben
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5.4 Aurora River Showing

5.4.1 Major and Trace Element Patterns

The mineralized andesitic rocks of the Aurora River
Showing exhibit strong aikali metasomatic effects involving
the enrichment of Na,0 (>6 %) and depletion of K,0 (<O0.3%).
When compared to the unmineralized sarples the mineralized

samples (Figures 5-12 and 5-13) show some enrichment in Sio,,

Na,0, P,0;, V, Pb, Bi, As, Au, Ba, Ga, Nb, 2r and Y and

depletions in 7Ti0,, Al,0y, FeO*, MgO, kK0, Cr, Ni, Co, Sr and
Rb. MnO, CaO, Zn and Th are relatively unchanged in both
sample suites. Both the mineralized and unmineralized rocks
have high contents of Ca0O which average 8.45% for the
mineralized samples suggesting that the uraniferous
mineralization was preceded by strong carbonate alteration.
Pb shows a good correlation with U indicating that the lead
is radiogenic. Rb and Ga are strongly correlated with uranium
suggesting the association of uraninite with feldspars. Th
contents are extremely low, but average 14 ppm due to one high
value of 103 ppm, while most samples were below detection.
Trace element data from the area indicate an interesting
correlation between uranium and vanadium. The unmineralized
samples (0-10 ppm U) contain <200 ppm V while the mineralized
samples (700-2000 ppm U) contain between 500-1500 ppm V. The
presence of enriched vanadium at Aurora River may indicate the

co-precipitation of carnotite with uraninite from the
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mineralizing solutions (e.g. Langmuir, 1978) or may Jjust

reflect local mobility of V in the mineralized andesites

rather than a common origin for V and U.
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Harker variation diagrams for samples from the
Aurora River Showing. Oxides are in weight
percent. Symbols are as follows; open box:
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Figure 5-13: Harker variation diagrams of trace elements vs
uranium for rocks from the Aurora River Showing.
symbols as in Figure 5-12.
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Geochemical Comparisons Between the Radioactive Zones

A comparison of the various radioactive zones in the
Burnt Lake area was attempted in order to document the
similarities and differences within these zones. Table 5-1
lists the average compositions of the five mineralized zones,
namely: Burnt Lake (sodic), Burnt Lake (potassic), Emben Main,

Emben South and Aurora River. On Figure 5-14, a Na,0 + K,0 vs

5$i0, diagram, mineralized samples in the Burnt Lake area plot

as two groups; low silica with a positive correlation between
silica and total alkalies and high silica with negative
correlation between silica and total alkalies. The samples of
mafic dykes from Emben South and andesitic rocks from Aurora
River plot in the alkaline field. On an AFM diagram (Figure
5-15) the rocks are dominantly calcalkaline except for the
mafic dykes from Emben South which plot in the tholeiite
field, suggesting that the dykes are not part of the chemical
continuum with the Upper Aillik Group. The Burnt Lake and
Emben Main samples plot mainly in Winchester and Floyd's
(1977) rhyolite field on a 2r/TiO, vs Nb/Y diagram (Figure 5-
16) with a lot of scatter in the peralkaline
comendite/pantellerite field. The Emben South samples plot in
the rhyolite/dacite field with minor scattering into the
trachyandesite field. The unmineralized Aurora River samples
plot entirely within the andesite/basalt field, while the

mineralized equivalent plot in the rhyolite/dacite field with
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minor scattering into the trachyandesite field. This is a
result of an enrichment in Zr and a depletion in TiO, during
mineralization. On Winchester and Floyd's (1977) $i0, vs
2r/Ti0, diagram (Figure 5-17) there is a spread of values into
the alkaline or peralkaline comendite/pantellerite, phonolite
and trachyte fields. These samples are highly mineralized and
hence reflect that the peralkaline geochemical signature is
a result of metasomatic alteration. The Aurora River samples
plot in the subalkaline basalt field, while the mineralized
samples plot in the alkaline phonolite field. Na-metasomatism
is generally accompanied by a depletion in SiO,, as shown in
the other mineralized suites from the area, however, the
mineralized samples from Aurora River have enriched silica and
sodium ccntents reflecting a different style of
mineralization. On a K,0 + Na,0 versus SiO, plot showing Cox et
al.'s (1979) classification fields, most of the Burnt Lake and
Emben Main samples plot in the rhyolite field with the highly
metasomatised and mineralized samples (i.e. less silica)
plotting as trachytes. The Emben South samples plot in several
fields from benmorite to trachyte, while the Aurora River
samples plot in the trachyandesite field.

A comparision of total Fe between the mineralized and
non-mineralized samples indicates that iron is fairly
constant, therefore, most of the Fe'” has been oxidized to

+3

Fe” in the uraniferous samples. Evans (1980) recognized areas

surrounding radioactive zones where high Fe”/Fe' ratios are
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associated with Na metasomatism (Na content increases towards
the mineralized areas as Si decreases). The red hematitic
alteration that is commonly found associated with uranium
mineralization suggests that pitchblende precipition resulted
from the reduction of U*'S to U** by the oxidation of the

reduced iron (Fe*? to Fe*})) in the wall rocks adjacent to the

ore fluids channelways.

Table 5-1: Average major and trace-element compositions of
mineralizea rocks from the Burnt Lake area.
({n.d. = not detected, n.a. = not analysed)

BURNT LAKE BURNT LAKE EMBEN MAIN EMBEN SOUTH AURCGRA RIVER
Potassic Sodic
Oxide

weight n=17 n=9 n=9 n=11 n=7
percent MEAN s.D. MEAN S.D. MEAN S.D. MEAN S.D. MEAN 5.D.
5i02 71.58 4.84 75.36 3.50 72.49 6.47 58.31 8.65 53.93 4.23
Tio2 0.28 0.10 0.21 0.08 0.29 0.37 1.52 0.97 0.86 0.27
Al203 12,27 2.07 11.69 1.51 13.37 3.02 13.04 2.85 12.29 1.07
FeQ® 2.3] 1.18 2.07 1.85 2.49 1.68 8.55 6.71 8.88 1.87
MnO 0.14 0.12 0.22 0.1) 0.05 0.0} 0.14 0.09 0.i5 0.04
Mgo 0.28 0.20 0.09 0.05 0.09 0.07 0.33 0.20 3.86 1.14
Cao 0.69 0.84 0.5 0.19 0.55% 0.51 3.41 1.49 8.45 1.44
Na20 4.12 2.00 7.54 0.88 8.40 2.11 8.68 1.59 6.41 0.76
K20 5.76 2.38 0.12 0.03 0.14 0.05 0.11 0.0) 0.29 0.2
P205 0.04 0.02 0.04 0.03 0.0) 0.02 1.09 0.74 0.37 0.22
LoI 0.72 0.57 0.46 0.32 0.31 0.15 1.33 2.35 2.91 2.19
ppm Cr 5.9 9.3 22.4 58.5 5.1 9.4 5.8 10.5 53.7 15.4
Ni 0.1 0.2 n.d. ——— n.d. —— 19.4 14.5 28.4 §.9
Co 32.2 16.0 33.9 9.1 J4.4 14.0 56.5 103.5 13.6 4.2
v 879.1 1775.9 773.8 1209.8 562.1 543.8 360.9 271.5 718.7 163.9
Cu 54.8 80.9 228.6 411.4 11.9 19.5 252.0 Ji.2 11.6 9.0
Pb 1633.6 2830.1 726.3 709.8 736.9 1220.3 2467.7 2430.7 4136.9 418.0
Zn 3735.8 9597.8 230.7 393.6 101.2 61.7 2910.2 5844.4 121.7 60.6
Bi 1.9 5.3 1.6 4.7 n.d. -—— 10.0 14.5 n.d. -——
cd 2.7 8.3 n.d. L2 n.d. —— 6.5 15.6 n.d. -——
Mo 131.6 44).0 1.9 3.4 27.9 72.4 429.9 882.6 n.d, -
As 23.8 J4.1 13.9 12.9 J.) 1.4 28.2 32.4 22.9 3.9
Ag 2.4 4.6 4.2 8.5 6.5 16.5 8.6 10.3 0.2 0.2
ppb  Au 44.4 103.9 9.4 23.2 60.0 94.8 8.6 17.9 n.d. -
Rb 138.7 54.2 13.3 17.6 9.4 8.6 35.4 41.3 35.9 29.1
8a 365.6 369.8 249.9 219.9 6.8 12.8 9.9 15.4 582.7 996.4
Sr 22.8 19.4 34.8 24.8 36,1 27.3 156.2 92.3 261.3 168.9
Ga 32.7 26.8 24.8 4.6 37.7 12.8 55.0 23.4 16.3 5.3
Nb 41.0 20.3 30.8 10.5 54.) 57.6 145.6 85.5% 9.4 2.2
ir 412.1 119.3 468.4 72.9 696.2 288.4 594.0 295.8 212.9 97.9
Y 1678.5 617.2 78.22 41.2 91.8 4.4 310.0 200.9 49.9 12.9
Th 319.4 25.5 J2.2 16.5 51.3 50.5 4).9 29.1 14.7 38.9
u 2045.4 4000.9 2784.9 J158.9 977.1 812.9 5649.6 7409.3 2033.0 1916.3
La 90.8 59.1 115.2 47.6 85.8 29.6 n.a. ——- n.a. ——

Ce 193.2 198.2 166.0 79.5 115.3 123.6 n.a. - n.a. -
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Irvine & Baragar 1971 (fig 3)
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Figure 5-14: Total alkalies (Na,0 + K,0) vs SiO, diagram for
mineralized rocks from the Upper Aiflik Group, Burnt Lake
region with fields from Irvine and Baragar (1971). Symbols as
follows: solid triangle: tuffaceous sedimentary rocks and
rhyolite tuff from the Emben Main, Emben Central and Emben
West showings; open triangle: biotite-feldspar dykes and
tuffaceous rocks from the Emben South showing; asterisk:
andesite from Aurora River; open circle: bedded ash tuff from
the Burnt Lake Showings; half-filled circle: non-porphyritic
to slightly porphyritic ash tuff (Burnt Lake); solid circle:
quartz and feldspar porphyritic rhyolite (Burnt Lake); open
diamond: tufficite, breccia (Burnt Lake); solid diamond:
feldspar porphyry (Burnt Lake).
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FeO*

irvine & Baragar 1971 (fig 2)

Tholelitic

Calc-Alkaline

3 V] M N A V3

Figure 5-15: A (Na,0 + K20) F (total FeO) M (MgO) diagram with
Irvine and Baragar's (1971) fields. Symbols as
in Figure 5-14.
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Winchester & Floyd 1977 (fig 6)
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Figure 5-16:
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Zr/TiO, vs Nb/Y diagram showing distribution of
mineraiized samples of the Upper Aillik Group.
Fields from Winchester and Floyd (1977). Symbols
as in Figure 5-14.
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Winchester & Floyd 1977 (fig 2)
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Figure 5-17: SiO, vs Zr/TiO, diagram of mineralized samples of
the UAG. Fields from Winchester and Floyd (1977).
Symbols as in Figure 5-14.
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Cox et al 1979 (fig 2.2)
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Figure 5-18: KO + Na,0 vs SiO, plot showing classification
elds o% Cox et al., 1979. Symbols as in Figure
5 14.
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5.5.1 Major Element Patterns

Figure 5-19 shows the distribution of major elements
versus silica for all mineralized samples. Differences in
major element geochemistry between the various mineralized
units are sometimes subtle. The Burnt Lake (sodic) samples
have the highest average SiO, contents (75.36%) followed by
Emben Main (72.49 wt.%) and Burnt Lake Potassic (71.58 wt.%).
Emben South and Aurora River have the lowest mean SiO, values
and the highest Ca0, FeO, Tj.O2 and P,0; values reflecting their
mafic to intermediate compositions. Excluding the Burnt Lake
Potassic samples, all mineralized samples have elevated Na,0
values (typically > 7%) and extremely low K,0 values (< 0.2%).
Generally, Mg0 values are similiar (< 0.3%) in all showings
except for Aurora River showing with mean values of nearly
four weight percent.

The K,0 versus Na,0 plot of the mineralized samples
(Figure 5-20) shows an inverse relationship between the two
alkalies in the quartz-feldspar porphyries from the Burnt Lake
Showings (unit 4b, Map 2). This wide range of wvalues is
attributable to different intensities of metasomatic
alteration. On the other hand, all other mineralized rock
suites have suffered intense Na-metasomatism with a near total

loss of potassium.
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5.5.2 Trace Element Patterns

The variability of wuranium contents 1in the five
mineralized suites is shown as a frequency distribution of
uranium on Figure 5-21, Figure 5-21A shows a log-normal
distribution for all mineralized samples. Figure 5-21B shows

at least two populations in the potassic suite, a minor

population with low values and the main population with high

values. Figures 5-21C and 5-21D both show two populations.
Figure 5-21E is skewed to the right reflecting anomalous
higher grade samples. Figure 5-21F shows a bimodal population
with the minor population of 1low values and a larger
population of higher values. The diagrams show that uranium
mineralization is more intense in the Emben Main (D) and
Aurora River (F) showings than in Emben South (E). The
potassic suite (B) is slightly more U-enriched than the sodic
suite (C).

Table 5-1 lists the average values for 24 trace elements
from the different showings. The trace elements were plotted
against uranium in an attempt to compare chemical associations
within each of the radioactive occurrences (Figure 5-22). Some
trace distributions are different in each of the mineralized
rock suites. There is a positive correlation in all showings
between Pb and U suggesting that Pb is radiogenic (discussed
further in the Pb isotope section below). The Burnt Lake

Potassic and Emben South samples have the highest average Pb,
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Zn, and Mo values. The potassic suite also has the highest Rb
and Y values. Ni and Sr contents are the highest in Emben
South and Aurora River Showings. Cu is most concentrated in
Burnt Lake Sodic and Emben South suites. V is the lowest in
Emben South and Emben Main samples. There is little variation
in the incompatible elements (Y, 2r, Ga, Th and Nb) with
increasing uranium contents, indicating that these elements
were not mobile during uranium mineralization, however, Nb
and Y are highest in Emben South and lowest in Aurora River.

There appears to be two separate geochemical trends in K,
Rb and Ba distributions with respect to uranium mineralization
indicating two different metasomatic trends. Interelement
trends between Rb, K, Ba and Sr can characterize partitioning
trends of a late-stage magmatic system. The K/Rb ratio is
widely used as a differentiation index for granitic rocks and
shows a distinction between the suites (Figure 5-23) (Taylor,
1965). The cluster of samples in the top of the diagram
comprise predominantly quartz-feldspar porphyries of the Burnt
Lake Potassic suite and K/Rb ratio ranges between 300 to 450
and resembles a normal volcanic/magmatic signature (Taylor,
1965). The cluster of samples in the middle of the diagram
comprises the Burnt Lake Sodic, Emben South, Emben Main and
Aurora River Showings and has K/Rb ratios ranging from 450 to
10 reflecting Rb enrichment over K. The two groups define two

separate chemical trends (i.e. evolutions) that do not appear

to be related. Kerrich (1989) has related similiar geochemical
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trends involving crystal fractionation of biotite, K-feldspar
and plagioclase to late-stage magmatic processes.
Therefore, the potassic suite plots as a normal granite trend,
while the sodic suite, which shows Rb decoupled from K,
reflects trends similiar to magmatic fluids derived from a

late-stage granite. Wilton (1985) suggested that volatile rich

magmas (late-stage) would plot off the normal granite trend

(Taylor, 1965).
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5.5.3 Statistical Interpretation

General geochemical behaviour between elements can be
described by simple linear correlation for the Burnt Lake
(Sodic), Emben South, Emben Main and Aurora River showings as
listed in Tables 5-2 to 5-5. The Burnt Lake Sodic suite shows
strong correlations between U, Na,0, Pb and As and negative
correlations with Si0O, and P,0,. These element associations
reflect the sodium metasomatism and uranium mineralization.
The Emben Main suite shows a different association of uranium
with Rb, Ga, Y and Pb reflecting the association of uranium
with feldspars. In the Emben South suite, uranium is only
directly correlated Th and Pb, however, Pb is also positively
correlated with Rb, Ga and Ni (the association of uranium wsith
feldspars). The other base metals (Cu and Zn) are negatively
correlated with Na,0 and S§i0, and show no correlation with
uranium. Uranium in the Aurora River suite is positively
correlated with TiO,, Pb, As, Rb and Ga and negatively
correlated with Cu.

The Burnt Lake (potassic) data set (9 samples) has,
however, been treated by factor analysis and varimax rotation
(using SPSS statistics program) to subdivide the wvarious

inter-element relationships (Table 5-4). The trace element

data were log-transformed to compensate for asymmetric

frequency distribution. The four-factor model explains 87% of

the total variance within the data set.
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Factor 1 (Ca0O, Pb, Zn, Ga, MnO, Sr) accounts for 40% of
the total variance within the data set and represents the
enrichments that accompanied the base metal mineralizing event
that is possibibly related to carbonate alteration.

Factor 2 (K,0, Rb, Ag, - Na,0) accounts for 22% of the
total wvariance and represents the potash metasomatism
affecting these rocks and the resulting mineralization.

Factor 3 (Cu, Mo, Ag, - Si0,) accounts for 15% of the
total variance and is of uncertain signifance. Mo and Ag are

part of Factor 2 association, but Cu is not present in other

associations. The negative correlation with SiO, is similar

to Factor 1 association.

Factor 4 (U, Y, Sr) only accounts for 10% of the total
variance and probably represents the remaining influence of
an earlier uraniferous mineralizing event. Sr is also part of
the Factor 1 association and represents a disturbance in the

feldspars during mineralization.
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TABLE 5-6
Varimax Rotated Factor Matrix for the

Burnt Lake (Potassic) data set. Values greater
than 0.56 are significant at the 2% level.

(% Var) (40) (2528 (15) (10)
Factor 1 2 3 4
Element

Si02 -0.484 -0.041 -0.635 0.160
Cao 0.975 -0.012 -0.031 OISO
MnO 0.830 -0.222 0.085 -0.052
Na20 -0.205 -0.915 0.099 -0.105
K20 0.037 0.891 0] IR -0.043
Cu 0.230 -0.038 0.795 OISO
Pb 0.822 0.386 0.254 0.180
Zn 0.869 0.330 22 -0.140
Mo -0.135 0.544 0.742 -0.049
Ag 0.106 0.560 0.790 -0.045
Rb 0.103 0.883 OE2HI6 0.140
Sr 0.706 0.024 -0.250 0.560
U 0.032 0.037 -0.022 0.958
Y -0.047 0.092 0.145 0.896
Ga 0.863 0.289 G219k -0.063
5.6 Comparison with Non-Mineralized Aillik Group

Studies by others in the area, Watson-White (1976),
Minatidis (1976) and Bailey (1978) have indicated that sodium
metasomatism was responsible for altering the whole rock
geochemistry where uranium mineralization occurred.

Selected trace elements have been plotted against uranium
for all samples from the Burnt Lake area and are shown as
Figure 5-24. Generally, Pb shows a good correlation with
uranium with only a few samples falling off the linear trend,

indicating that the lead in rocks >10 ppm U is predominantly
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radiogenic. Zn and Cu tend to be positively correlated with
uranium but with much more scattering in the data. V is
positively correlated with U in the unmineralized rocks but
shows no correlation in the mineralized samples. K and Rb are
elevated in the unmineralized rocks (i.e. U <10 ppm) while in
the mineralized samples (>10 ppm U) both K and Rb separate the
data into two fields (Figqure 5-24).

It is suggested that alkalli metasomatism has altered the

UAG rocks regionally (i.e. all rocks have been affected). This

is shown by the inverse relationship on a K,0 versus Na,0 plot

(Figure 5-25) for both mineralized and unmineralized rocks in
the Burnt Lake area. It is suggested that the uraniferous
mineralization was preceded by Na-metasomatism during an
extensive period of metamorphism and granitoid intrusion
between 1800 Ma and 1719 Ma (Kerr and Krogh, 1990 and Scharer
et _al., 1988). The extent and intensity of metasomatic
alteration is related in a large part to the permeability of
the host rocks and distance from vent areas. The Burnt Lake
uranium mineralization was previously dated at 1770 Ma (U-Pb
method on uraninites, Kontak, 1980) although this age has
since been modified to reflect a resetting event during the
Hudsonian (see Kontak in Ryan, 1984). Another period of
plutonism and metasomatism occurred at 1650 Ma and produced
granophile (Pb, Zn, Mo) mineralization associated with potash

metasomatism.
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Other diagrams have been constructed to show the two
separate metasomatic trends. Figure 5-26 is a plot of Na,0 vs

Rb and shows a wide scattering of values for the "sodic"

rocks, while for the "potassic suite" Na,0 is inversely

correlated with Rb. At the same time, K is strongly correlated
with Rb for the "potassic" rocks while showing no correlation
in the "sodic suite" (Figure 5-27). The K/Rb ratio clearly
demonstrates the two metasomatic trends (i.e. evolutions) and
mineralizing events in the Burnt Lake area. Figures 5-28 and
5-29 separate the data set into two groups: the first group
is associated with potassic metasomatism and mineralization
is related to syngenetic leaching of the host felsic volcanic
rocks. The second group shows a disturbance in the K/Rb ratio
and mineralization 1is associated with sodic metasomatism

related to magmatic fluids derived from a late-stage granite.
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Figure 5-24:

Harker variation diagrams for selected trace
elements vs uranium. Symbols as follows: open
circle: unmineralized felsic volcanic rocks from

the Burnt Lake area; solid circle: mineralized
rocks from the Burnt Lake 8howings; open
triangle: unmineralized rocks from the Emben

area; solid triangle: mineralized rocks from the
Emben Showings; open box: unmineralized andesite
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mineralized andesite from the Aurora River
S8howings.
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5.6.1 Rare Earth Element Patterns

Analytical procedures for rare earth element (REE)

analysis are given in Appendix I, and data are listed in Table
5-7. Chondrite-normalized REE patterns for the Upper Aillik
Group are illustrated on Figures 5-30 to 5-32.

In general, unmineralized Upper Aillik Group felsic
volcanic rocks (discussed in Chapter 3) have very enriched
REE contents (up to ~ 1000x chondrite LREE elsewhere but only
200 to 400X near Burnt Lake; Figure 5-30) and usually intense
negative Eu anomalies (Wilton et al., 1986, Wilton and Wardle,
1987). With respect to the uranium mineralized rocks at Burnt
Lake (Figure 5-31), REE patterns are the same (i.e. enriched
and intense negative Eu anomalies) as those of the
unmineralized host rocks. The similarities 1in REE patterns
suggest that the mineralizing fluids were chemically similar

to the hosting felsic volcanic rocks or at least had achieved

a degree of equilibrium with these rocks. All of which
supports the idea that syn- to slightly post-volcanic leaching
procduced the uranium mineralization in the samples plotted.

In contrast, REE patterns for samples from the Emben Main
Showing (Figure 5-32) are flat and enriched in Eu (i.e. a much
smaller negative Eu anomaly). Of the four samples plotted on
this diagram, W84-79E, which has the largest Eu depletion,
contains the least U (82 ppm); whereas W84-79A, with the

highest U concentration (10,680 ppm), has a decreased Eu
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anomaly and also contains the greatest enrichments in REE
{especially MREE). The other samples are intermediate (i.e.
79A has 129 ppm U; 79A1 has 1399 ppm U). This indicates that
with increased U contents there 1is an increase in the
LREE/HREE ratio. These pattern types are reminiscent of those
in the Makkovik area that were linked to granite-related,

phosphate complex-bearing, hydrothermal fluids (MacDougall and

Wilton, 1987; Wilton and Wardle, 1987; Wilton et al., 1986).

Table 5-7: Rare earth element data for the Upper Aillik
Group in the Burnt Lake Area.

EL(ppm) LM85-14 1M85-32 LM85-37 LMB85-60 WB84-65A WB84-G5A.1
LA 62.1 107.9 107.2 89.8 108.6 292.6
CE 139.5 211.8 227.0 185.0 231.8 602.7
PR 11.7 16.9 19.1 16.2 19.7 55.4
ND . 73.2 87.0 67.6 92.6 239.5
SM 11,7 15.0 10.5 16.2 40.6
EU .0 0.7 0.0 0.2 0.9

GD .5 11.4 6.6 10.5 32.8
DY . .4 1.0 . . 26.0
ER .5 .2 . 11.2
YB .1 .7 6.0

EL(ppm) W84-79 W84-79A WB4-79A.1 WB4-79E
LA 134.6 162.1 106.6 42.3
CE 480.5 320.3 287.2 95.8
PR 62.4 33.9 32.7 8.9
ND 290.7 264.2 173.7 39.8
SM 77.6 32.9 40.0 12.5
EU 2.0 3.9 2.2 0.2
GD 65.3 29.9 41.1 13.
DY . 48.4 29.3 39.0 20.
ER 17.4 15.5 18.1 13.
YB 10.3 10.9 10.0 14.
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Table 5-7: (Continued).

EL(ppm) EMS86-TR3A EMS86TR3B EMS86-TR4B EMS86-TR6 EMS86TR5B

LA 6.7 26.8 67.2 56.2 89.8
CE ZISE il 73.9 L&) o 2 Dkt 224.0
PR 2 o 3] 9.6 17.6 17.5 27
ND 13.9 42 .8 77 - 77 &3 128.6
SM 3.2 11.8 32.2 30.6 50.3
EU 0.0 0.0 L o7 Al i |
GD 4.2 11.5 45.2 42 .2 67.7
DY 6.3 13.9 58.6 47 .7 85.8
ER 4.0 7.3 26.0 21.3 46.1
YB 6.2 6.7 21 . 3 IRE 40.3
UNMINERALIZED POTASSIC R A SXetelS oo SHAl
oLM85-14 = LM85-32
1000 E T T T T T T T T T T T T T = 3
100 = ——__=_-
. 3
10 = =
1 = E
L 5
R = =
.01 = —:::
.001 ) 1 iL i ) 1 ! L L | | | n_

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

Figure 5-30: SUN-normalized REE patterns for non-

mineralized felsic volcanic rocks of the UAG in
the Burnt Lake area.
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Figure 5-31: SUN-normalized REE patterns for mineralized
felsic volcanic rocks of the UAG in the Burnt
Lake area.
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Figure 5-32: SUN-normalized REE patterns for samples from the
Emben Main Showing (both mineralized and non-
mineralized).



260

Norm: SUN

v EMS86-TR3A s EMS86-TR3B x EMS86-TR4B

o EMS86-TR5B o EMS86-TR6

1000 E T T T T T T T T T T T T T T E
100 L N
10 = =
1 3 =
1 3 =
.01 = -
.001 i 1 ) 1 1 1 ; 1 ) L 1 ) 1 I L |

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu

Figure 5-33: SUN-normalized REE patterns for samples from the
Emben South Showing.

5.7 Pb Isotope Data

Galena separates were collected from four trenches at
the Burnt Lake Showings (viz. two samples from the Burnt Lake
Southwest Zone; one sample each from the Burnt Lake Northwest
and Burnt Lake Main Zones) and one from the Emben South
Showing.

Model ages and A values (from Stacey and Kramers (1975)
average crustal model) for the five samples are listed in
Table 5-6 (from Wilton 199l1a). The Emben South sample (EMS86-
TR5) and the Burnt Lake Main sample (LM85-TR13) have

completely uranogenic 20ph/2%pp  ratios of 108 and 762,
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respectively. The A

Pb model ages of these samples are
2218 Ma for the Emben South sample and 2341 Ma for the Burnt
Lake Main sample (Wilton, 1991). The two samples from the
Burnt Lake Southwest 2zone (LM85-TR17 and LM85-TR18) have
unrealistically low model ages (656 and 771 Ma) and have
elevated p values (8.869 and 8.894) and therefore probably
contain abundant radiogenic Pb derived from the uranium
occurrences. The sample from the Burnt Lake northwest =zone
(BL86-6) has a more reasonable Stacey and Kramer's p value
and model age of 1906 Ma. Zartman and Doe's (1981) lower crust
model age for this sample hosted by 1860 Ma Upper Aillik Group
is 1651 Ma. This younger age 1is very close to that of the
TransLabrador Batholith which includes the Burnt Lake Granite
(ca. 1650 Ma, Kerr and Krogh, 1990), thus suggesting that some
of the galena mineralization (BL86-6) might be related

directly to magmatic fluids from the granite.

TABLE 5-8: Pb isotope ratios, calculated u and model ages
(using Stacey and Kramer's (1975) model) for
galena separates from the Burnt Lake area.

SAMPLE 206Pb/204Pb 207Pb/204Pb 208Pb/204Pb B MODEL
AGE

BL86-6 14.893 14.993 34.500 8.676 1906 Ma
LM85-TR17 17.077 15.335 34.545 8.869 656 Ma
LM85-TR18 16.918 W5 84T 34.545 8.894 771 Ma
LM85-TR13 762.02 126.80 36.074 ——= 2341 Ma

EMS86-TR5B 108.20 29.089 34.807 -———- 2281 Ma
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Figure 5-34: 2pb/?%pb vs. 2pb/%pp diagram for three

galena separates from the Burnt Lake radioactive
occurrences. The straight line regressed through
the points is a Model-2 Yorkfit (York, 1969). The
plotted curves are Zartman and Doe's (1981)
Version II model growth curves (after Wilton,
1991).
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Figure 5-35: *®pp/®pp vs. 2%pp/épp diagram for three
galena separates from the Burnt Lake radioactive
occurrences. The plotted curves are Zartman and

Doe's (1981) Version II model growth curves
(after Wilton, 1991).
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Sulphur Isotope Data

Separates of sulphide minerals were collected from
mineralized showings at both Burnt Lake and Embern. The mineral
separates were hand picked, crushed and analysed at the
Ottawa-Carleton Centre for Geoscience Studies - Geological
Survey of Canada (OCCGS-GSC) stable isotope facility in
Ottawa, Ontario. The data obtained are given in Table 5-9 and
show a broad range in values. Since & %s values of sulphides

can be very sensitive to f0, and pH (Ohmoto, 1979), the large

negative $3s values may be explained by elevated £f02 (as

suggested by the mineral assemblages given earlier). The data
was used to estimate temperatures using the equilibrium
factors ol Kajiwara anu Krouse (1971) for coexisting sulphide
minerals. The isotopic equilibrium temperature calculated for
the sphalerite-pyrite ©pair in sample BL86-2A gave a
temperature of 114°C and is a reasonable estimate for
deposition from hydrothermal solutions. Sample BLB6-6 gave an
estimated temperature of 293°C which is reasonable for
magmatic solutions. The Emben samples (EMS86-TR5B) which gave
an estimated temperature of 354°C can also be related to a
magmatic source. The molybdenite separate from Emben South
gave a & **s; §%s of -18.6 which closely resembles a
sedimentary source for the sulfur, while the molybdenite
sample from the Burnt Lake Granite (LM85-163) gave a

reasonable magmatic source value of + 3.4.
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Table 5-9: Sulphur isotope data for mineral separates from
the Burnt Lake and Emben Showings.

Sample No. Description $ Yield Mineral ¢&*s/§*s

BLB6-2A(PY) Pyrite 87 0.2

BL86-2A(SP) Sphalerite 36 -1.8

BL86-6(GN) Galena 75 -9.6

BL86-6(SP) Sphalerite 32 -7.1 (R -8.9)*

BL86-8(SP) Sphalerite 79 -2.2

BL86-11 Galena 68 -10.7

EMS86-TR5B(PY) Pyrite 90 -11.8

EMS86-TR5B (GN) Galena 65 -14.6

EMS85-TR-1B Molybdenite 84 -18.6

LM85-163 Molybdenite 71 3.4

BH11-290.5 Galena 98 ~6.3

* (R = repeat)

5.9 Summary of the Radioactive Zones

The major characteristics of each mineralized suite from

the Burnt Lake study area are shown in Table 5-10. Generally,

the timing of mineralization is poorly coustrained and only

an estimate is given for each zone.
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ACFE (Timing of Mineralization)
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HOST ROCKS Porphyritic rhyolite, breccia
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PTTCHBLENDE amphiboles and pyroxenes
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COMPLEXING AGENT carbonate, phosphate or
fluoride complexes
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1800 1740 Ma
Tuffaceous rocks, breccias
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EMBEN MAIN AURORA RIVER

AGE (Timing of Mineralization) 1800-1740 Ma 1800-1740 Ma
HOST ROCKS Tuffaceous-sedimentary rocks Sheared andesite/rhyolite t
CHEMICAL FEATURES Enrichments in Na20, U, Y, Ga Enrichments in U, Pb, Na20
Pb, Th, As, Ag, Au, Rb, Nb Vv, Ba, Ga, Nb, Zr, Y, Bi, A
$io2, P205
Depletions in Si02, K20, P205 Depletions in K20, Al1203, F
MgOo MgO, Rb, Sr, Cr, Ni, Co
METALLIC MINERAL ASSEMBLAGE U, Hem, Mte U, Hem

ALTERATION ASSEMBLAGES hematization hematization
chlorite, tremolite, epidot
sericite, gtz-carb veins

ACCESSORY MINERALS sphene, ilmenite

garnet, barite
PITCHBLENDE fracture fillings fracture fillings/veinlets
ASSOCIATION inclusions in plagioclase oxidation of iron

Ti-Fe-Mn oxides

ENVIRONMENT OF
DEPOSITION o
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CHAPTER 6

DISCUSSION AND CONCLUSIONS

Uranium Ore Genesis

The conditions under which uranium is transported in and
eventually deposited from hydrothermal solutions are variable
and depend on a combination of factors. Generally, a
hydrothermal environment suitable for uranium mineralization
must have the following characteristics: highly oxidized
solutions; source(s) of leachable uranium; suitable complexing

agents to transport uranium; a reductant and/or an increase

in pH to precipitate uranium; and a hydrologic setting in

which to operate.

When the uranium is held within the crystal structure of
rock-forming or accessory minerals, it must first be released
from the the crystal 1lattice through metamorphism or
hydrothermal alteration. After the uranium is released from
these minerals it will quickly co-precipitate with secondary
oxides or is adsorbed on these oxides or on secondary clay
minerals. Mobilization of uranium occurs when the loosely held
metal 1s dissolved by oxidizing solutions which sometimes
requires fracture-induced permeakbility.

Urarium is soluble in the hexarsalent state (U+6) in the

form of uranyl complexes. The dominant complexing agent
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depends primarily on the concentration of the complexing anion
which is in turn influenced by the temperature, pressure,
composition and pH of the hydrothermal fluid (Romberger,
1984). The complexing agents may be derived from the
hydrothermal solutions or from the host rocks themselves. At
temperatures <300°% and under acidic conditions the most
important complexing agent is phosphate. With as little as 0.1
ppm P in solution, most of the complexes will form as

UOZ(HPO")z2 (Romberger, 1984). Fluoride complex=s are only
important in near neutral solutions while carbonate complexes
are dominant at pH values above 7. Chloride and sulphate
complexes are generally weak even at high concentrations of
these anions. Hydroxide complexes are quite stable for neutral
solutions, although the activity of the hydroxyl ion is small.
Uranyl hydroxide complexes 1increase in stability as the
temperature increases. Therefore, the dominant complexing
agent 1is likely to be variable during the physiochemical
evolution of the hydrothermal fluid.

The predominant uranium complex in hydrothermal solutions
is dependent on the concentration of the complexing anion
which is in turn dependent on the temperature and pH of the
solution. Other factors that influence the solubility of
uranium in a hydrothermal system are pressure, oxidation
state, Eh, activity of the complexing anion, and partial

pressure of volatiles (i.e. carbon dioxide).

Deposition of uranium from hydrothermal solutions is
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caused either by a reduction frcm hexavalent state to the

tetravalent state, or by an increase in the pH, which occurs

as solutions react with tlhe wallrock or as a result of

boiling of the hydrothermal fluids

volatile loss during

(Romberger,1984). Precipitation is wusually accomplished by

reaction with iron, sulfur or organic compounds. Uranium may

also precipitate when the activity of the complexing anion is

decreased by dilution of the hydrothermal solution or by

precipitation of gangue mirerals. Precipitation of fluorite,

calcite and apatite as a result of wall rock reaction and

decreasing solubility would reduce the activity of these

complexing agents and further promote uranium deposition.

Other mechanisms that precipitate uranium from solution are

changes in the pressure and temperature, reduccion due to tle

formation of metallo-organic compounds, or a lowering of the

Eh of a system.

The oxidizing solutions may have a meteoric or

formational water origin (i.e. oxygenated) or be derived from

fluids released during metamorphic or magmatic processes that

have maintained a high oxygen fugacity. Typically, uranium is

concentrated in residual magmatic fluids as a result of the

low partitioning of wuranium into the crystallizing solid

phases (Langmuir, 1978). Common sites of uranium in igneous

rocks are mafic silicate minerals (e.g. biotite and

hornblende) or refractory minerals (e.g. zircon, apatite,

Uranium is also concentrated in magmas

sphene and monazite).
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through volatile and alkali transfer. Devitrification of
volcanic glasses by alkaline solutions can also provide a
source of uranium (Zielinski, 1979).

Uranium enrichments will usually occur when a volatile
phase is exsolved (i.e. boiling) from a magma; for example in
a highly siliceous melt that is low in alkalies. Uranium may
also be concentrated as disseminations in silicate minerals
when volatiles are dissolved 1in the melt; e.g. an
undersaturated, peralkaline melt.

A common source of uranium is from alkaline volcanism
wherein radioelement concentration occurs in the final stages
of the magmatic cycle. During crystallization-fractionation
in an alkaline magma, there can be a build up of an
incompatible element-enriched volatile phase. Uranium is
typically concentrated in the residual magmatic fluids because
of low partitioning coefficients between the crystallizing
phases and the magma. Subsequent eruption would deposit thick
sequences of ash tuffs and rhyolite porphyries enriched in U,
Th and K. Uranium is usually concentrated in the matrices and
glasses rather than in the major mineral phases of these
volcanic rocks (Sorensen, 1970). As the massive ignimbritic
deposits become compacted and locally welded, a considerable
quantity of alkaline and high oxygen fugacity fluid would be
expelled. Ionic exchange occurs during hydrothermal alteration
of the cooling volcanic pile, and it is during this alteration

of the volcanic pile that uranium is released from the

_
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volcanic glass and 1is enriched in the aqueous ©phase
(Zielinski, 1982). Generally accompanying alkali metasomatism
is the release of U, Na, K, Sr, Ba, Be, W, Sn, Nb, Li, F and
Cl during devitrification and alteration and this Iis
considered the source for later enrichments of these
elements. REE contents of accessory minerals (i.e. allanite,
monazite, magnetite, zircon and uraninite) are also depleted

durirg metasomatism.

6.2 Ore Forming Models

Uranium mineralization in the Burnt Lake area has
characteristics common to many uranium deposits elsewhere in
the world. The geological setting and characteristics of ore
formation are discussed below.

The predominantly felsic volcanic rocks of the Upper
Aillik Group were deposited in a subaerial rift-related
environment. Others have suggested (e.g. Wardle and Bailey,
1980) that the transition from basic volcanism to felsic
volcanism in the Aillik Group was a result of different
tectonic conditions ranging from rifting to ensialic orogeny.
However, the apparent calc-alkaline affinity in these felsic
rocks was chenically altered by wide-spread and efficient
alkali metasomatism (White and Martin, 1980). Alkali

metasomatism is commonly associated with uranium

mineralization in felsic volcanic and igneous rocks throughout
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the world (Smellie and Laurikko, 1984; Stuckless and Troeng,
1984; Cathelineau, 1983; white and Martin, 1980; Kontak,; 1980;
Leroy, 1978; Smirnov, 1977; Hoeve, 1974; Zinchenko and
Rakovich, 1972).

Uranium mineralization in the Burnt Lake area is found
in a variety of host rocks and resulted from a combination of
syngenetic and epigenetic processes. The ultimate source(s)
of uranium was igneous, however, several physiochemical
modifications lead to the local concentration and deposition

as uraninite.

Stage I: This involved the build up of an incompatible
element-enriched volatile component during the fractionation
of a calc-alkaline magma. Subsequent eruption deposited thick
sequences of ash tuffs and rhyolite porphyries that were
enriched in these incompatible clements (Figure 6-1). Uranium
was concentrated in the matrices and glasses rather than in
the normal silicate mineral phases of these volcanic rocks.
As the massive ignimbritic deposits became compacted and
locally welded, considerable amounts of alkaline and high
oxygen fugacity fluids were expelled. At this time,
devitrification of the glasses and matrices of the felsic
tuffs was effected by these alkaline solutions and uranium
was released into solution.

Leaching of devitrified volcanic glasses was accompanied

by a gain of K, Al and Ti and depletion of Na, Si and P in the
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host rocks. Alkali exchange is common during the hydration of
volcanic glasses (Scott, 1971) and is usually associated with
an inverse alkali relationship (cation exchange). Metasomatism
involved a simple (Na' - K') cation exchange from a K-enriched
soluticn, while intense metasomatic alteration involved K+Al
substituting for Si. White and Martin (1980) considered the
uranium at Burnt Lake to have been transported as a sodium-
bearing uranyl carbonate or halide complex, however, the close
association of uraninite and sphene in the Burnt Lake area may
indicate that the mineralizing solutions where also enriched
in Ca and Ti.

The source of the oxidizing hydrothermal fluids would be
meteoric or magmatic as a result of wvolatile exsolution
(boiling). Circulation and convection of the aqueous fluid
would have been set in motion by the heat dissipating from an
underlying cooling magma chamber.

Precipitation of the dissolved uranium 3ions from the
oxidized hydrothermal fluids would result from reu.:iic: with
relatively reduced country (now host) rock. Disseminated
pyrite and magnetite are common in unmineralized country rock,
whilst the mineralized zones are commonly associated with red
hematitic alteration. The oxidation of magnetite to hematite
would cause a decrease in the fO02 of the hydrothermal fluids
and promote precipitation of the uraninite as discrete dis-

seminated grains. Uranium is also commonly associated with the

accessory minerals zircon, sphene and apatite or a secondary
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Fe-Mn-Ti oxide. This Fe-Mn-Ti secondary oxide associated with
uraninite is considered to be an alteration product of biotite
and sphene (Zielinski, 1978) and indicates U mobilization and
reprecipitation with Fe-Mn-Ti oxides occurred along fissures
and as grain coatings.

At the Skuppesavon deposit in Sweden (Smellie and
Laurikko, 1984) the uranium mineralization superseded the main
metasomatic events and is confined tc fine disseminations of
uraninite concentrated throughout the rock. Smellie and
Laurikko (1984) noted that the main metasomatic minerals such
as chlorite, riebeckite and aegirine augite showed no
significant uranium enrichments and they therefore concluded
that the uranium, present mainly as uraninite and
uranotitanates, precipitated within the pre-existing
metasomatites. In other words, as a result of local redox
reations the uranium precipitated in those parts of the

metasomatites containing the greatest percentage of mafic

mineral phases.
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Figure 6-1: Schematic diagram representing a syngenetic model
for uranium mineralization within the Upper Aillik
Group in the Burnt Lake area.
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Stage II: Epigenetic uranium mineralization occurred
during a long period of metamorphism and igneous intrusion
during the Makkovikian Orogeny ca. 1800-1720 Ma (Gower and
Ryan, 1986)(Figure 6-2). The post-tectonic Makkovikian
intrusion in the area (i.e. Freshsteak granitoid) has an Rb/Sr
date of 1798 + 28 Ma (Kerr and Krogh, 1990) which corresponds
to Kontak's (1980) U/Pb age of 1770 Ma for uraninites from
Burnt Lake. Uranium mineralization at Burnt Lake was
accompanied by wide-spread and efficient alkali metasomatism
characterized by enrichments of Na,O, Al,0, and TiO, and
depletions in K,0, SiO, and P,0;. During fractionation of the
posttectonic granitoid, a metal-bearing, volatile-rich fluid
evolved and was expelled into the overlying volcanic and
sedim:ntary sequence. The Na-metasomatic event that preceded
and accompanied the uranium mineralization is recognized by
the complete to partial albitization of feldspars and
replacement of the matrices by albite, as well as by the
presence of the metasomatic silicate phases of chlorite,
riebeckite and aegirine augite, The host rocks are all sodium
metasomatites, that is they are enriched in Na and depleted
in K. Generally, the uraniferous phase was preceded by a Na
and/or Ca-rich metasomatic phase. The mineralizing solutions
followed structural weaknesses (faults, lihological contacts
or dykes) until favourable conditions of temperature,

pressure, oxidation and redox potential and pH resulted in the

precipitation of uraninite.
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The Emben Main showing was formed near the contacts of
a small gabbro dyke. The dyke itself is not mineralized rather
it caused fracture induced permeability within the surrounding
host rocks in which to localize later mineralizing solutions.
Both the mineralized and unmineralized rocks are strongly Na-
metasomatized, iccompanied by Na,0 enrichments and K,0 and SiO,
depletions. This supposes that the uraniferous phase was
preceded by a Na-metasomatic phase. The hydrothermal fluids
were activated during metamorphism and were enriched in Ca and
Ti, resulting in the associatiion of uraninite with sphene.
Uraninite also commonly occurs as veinlets or is concentrated
along fractures associated with hematization. REE patterns for
the Emben Main showing are similiar to those in the Makkovik
area that were linked to granite-related, phosphate
complex-bearing, hydrothermal fluids (MacDougall, 1988; Wilton
and Wardle, 1986; Wilton et al., 1986).

The Emben South 2one has undergone strong alkali
metasomatism involving Na,0 enrichmn:nts and K,0 depletions.
The introduction of Ca-, Ti-, P- and Fe-rich solutions coeval
and subsequent to uraninite precipitation has resulted in the
association of wuraninite and sphene, 1ilmenite, calcic
amphiboles and pyroxenes. The presence of abundant apatite
reflects the probability that uraninite was transported as a
phosphate complex. The association of fluorite with

molybdenite mineralization suggests that Mo was transported

predominantly as a fluoride complex while fluids were expelled




279

from the volatile phase of the posttectonic granite. The
metamafic dykes which host the mineralization had a direct
influence on ore deposition by providing a possible REDOX
boundary or acting as a conduit or channel for uraniferous
hydrothermal solutions being expelled from the evolving
granite. This spatial relationship between diabase dykes and
uranium mineralization is evident at the Litljuthatten orebody
in Sweden (Stuckless and Troeng, 1984). Minatidis (1976)
suggested that the mafic dykes in the Emben area could have
been the source of the radiocactive metal but also suggested
that the source could have been the <crustal rock via
metamorphism at depth.

The Aurora River uraniferous phase was preceded by a Na
+ Ca metasomatic phase is indicated by the high contents of
Na,0 and CaO in both mineralized and unmineralized andesitic

rocks. Hydrothermal fluids were activated during metamorphism

and were enriched in U, V, $i0,, TiO, and Al,0,. Passage

through the rocks was accomplished by way of structural

weaknesses such as lithological boundaries and fault zones.
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Figure 6-2: Schematic diagram representing an epigenetic model
for uranium mineralization within the Upper Aillik

Group in the Burnt Lake Area.
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Stage 1II1: During fractionation of the 1650 Ma Burnt Lake
Granite & metal-bearing, volatile-rich fluid evoived and was
expelled into the overlying and adjacent volcanic sequence
(Figure 6-3). The hydrothermal fluids were enriched in the
incompatible elements of K, Rb, Mn, Ca, Pb, Zn, Mo and Ga. The
potassic metasomatism and mineralization was controlled by
regional fractures and permeable lithological horizons. Whole-
rock geochemistry indicates an increase in K,0, Ca0O, MnO, Pb,
Zn, Mo, Rb, Ga and U with a decrease in Na,0 and Si0O, within
the host rocks. The uranium mineralization associated with
this metasomatic evenc is not correlated with the granophile
mineralization but is probably remnant of the earlier Stage
I mineralization. Pb isotope data from this rock suite

indicates a model age of 1651 Mha which relates the galena

mineralization to the post-tectonic Burnt Lake Granite.
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6.3 Conclusions

The Burnt Lake area is wunderlain by the dominantly
calcalkaline felsic volcanic and volcaniclastic rocks of the
Upper Aillik Group. These rocks were deposited during
subduction related volcanic activity at ca. 1855 Ma. The
volcanic rocks were subjected to polyphase deformation during
the Makkovikian Orogeny (ca. 1.J00 - 1720 Me) and were later
overprinted during the Grenville Orogeny (ca. 1000 Ma).
Metamorphic grade is from lower to middle greenschist facies.
Granitoid rocks are represented by the synkinematic
Makkovikian plutonic suite (ca. 1800 Ma) and the post-tectonic
Burnt Lake Granite which 1is part of the regional Trans-
Labrador batholith (ca. 1650 Ma).

The post-tectonic Burnt Lake Granite is a high level
leucocratic granite which exhibits geochemical trends and
endocontact molybdenite mineralization characteristic of
specialized granites, The Burnt Lake Granite also shows a
regular 2zonation pattern of silica towards its western
intrusive (molybdenite-bearing) contact with the Upper Aillik
Group felsic volcanic rocks. Rb/Sr data from the Burnt Lake
Granite give an age of 1650 Ma, however, the isotopic ratios
were disturbed by later fluids whereby Rb was removed and/or
Sr was added.

Detailed studies of uranium occurrences in the Burnt Lake

area have characterized the showings into five main suites.

_



284
These are (1) the Burnt Lake sodic, (2) the Burnt Lake
potassic, (3) the Emben Main, (4) the Emben South and (5) the

Aurora River suites.

(1). The Burnt Lake potassic occurrences were formed by syn-
to slightly post-volcanic metasomatic alteration along with
contemporaneous leaching and deposition of uranium in reducing
environments. The K-metasomatic event is reflected in the
whole-rock chemistry which indicates an increase in K,0 and U
and a decrease in SiO, and Na,0. The similarities in REE
patterns between the mineralized and unmineralized rocks
suggest that the mineralizing fluids were chemically similar
to the hosting felsic volcanic rocks or at least had achieved
a degree of equilibrium with these rocks. Hydrothermal
solution movement, responsible for alkali metasomatism and
uranium mineralization, was initiated and maintained by a
deep-seated heat source adjacent to vent areas with fluid
movement and alterations taking place along more permeable
tuffaceous horizons.

(2). The Burnt Lake sodic occurrences were formed as a result
ot metamorphism and igneous activity during the Makkovikian
Orogeny between 1800-1770 Ma. The Na-metasomatic event was
initiated during intrusion of post-tectonic granitoids and was
accompanied by Na,0 enrichments and K,0 and Si0, depletions.

(3). The Emben Main showing was formed as a result of Na-

metasomatism accompanied by Na,0 enrichments and K,0 and SiO,
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depletions. REE patterns for the Emben Main showing are
reminiscent of those in the Makkovik area that were linked to
granite-related, phosphate complex-bearing, hydrothermal
fluids. The uraninite mineralization has been dated at ca.
1300 Ma, therefore, remobilization and reconcentration of

uranium probably occurred during the Grenville Orogeny.

(4). The Emben South uraniferous occurrence was preceded by
strong alkali metasomatism involving Na,0 enrichments and K,0
depletions. Uraniferous volatile-rich solutions were expelled
during fractionation of the post-tectonic granite and
permeated along mafic dykes which acted as a channel or a
REDOX boundary for the hydrothermal solutions. Ca-, Ti-, P-
and Fe-rich solutions coeval or subsequent to uraninite
precipitation have resulted in the association of uraninite
and sphene, ilmenite, calcic amphiboles and pyroxenes. The
presence of abundant apatite reflects the probability that
uraninite was transported as a phosphate complex. The
association of the granophile minerals fluorite, molybdenite,
chalcopyrite and sphalerite attests to the granite related
mineralization. Later remobilization and reconcentration of
uranium during the Grenville orogeny has possibly increased

the grade at this showing.

(5). Uranium-rich solutions activated during regional

metamorphism (Makkovikian Orogeny - 1800-1770 Ma) permeated
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along structural weaknesses and precipitated in favourable
horizons of carbonate-rich andesites. The Aurora River
uraniferous phase was preceded by a sodic and calcic

metasomatic phase.

(6). Another period of mineralization was initiated during
intrusion of the Burnt Lake Granite which is considered to be
a small pluton within the Trans Labrador Batholith. During
fractionation of the granite a metal-bearing, volatile-rich
fluid evolved and was expelled into the overlying and adjacent
volcanic se