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Preface 

Reconnaissance geological mapping by the Geological Survey in the southeastern barren grounds 
of the Northwest Territories during the mid-I 950s and 1960s, outlined the distribution of supracrustal 
rocks and revealed many geological similarities to the actively explored uraniferous Beaverlodge
Athabasca districts. This in turn stimulated the initial phases of uranium exploration in the districts 
of Keewatin and Mackenzie. Commencing in the early 1970s and continuing to the present, mapping 
at a scale of I :250 000 has allowed the acquisition and interpretation of geological data for a region 
which possesses a very long and complex history of basin development. This information is necessary 
to the interpretation and evaluation of the uranium metallogeny in a region where uranium is clearly 
not time bound. 

This report represents the initial phase in a continuing research project to document and 
interpret the uranium metallogeny of the Aphebian-Paleohelikian basins in the districts of Keewatin 
and Mackenzie, Northwest Territories. By bringing together information on regional geology and 
metallogeny, the Geological Survey of Canada is providing a service desired by the mining industry as 
well as fulfilling one of its principal objectives - determining the mineral and energy resources 
available to Canada. 

OTTAWA, June 1980 

D.J. McLaren 
Director General 
Geological Survey of Canada 
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URANIUM GEOLOGY OF THE EASTERN BAKER LAKE BASIN, 
DISTRICT OF KEE WA TIN, NORTHWEST TERRITORIES 

Abstract 

Proterozoic sequences associated with major unconf ormities are potential uranium metallogenic 
provinces. Late Aphebian to Paleohelikian Dubawnt Group continental elastic sedimentary and 
subaerial alkaline volcanic rocks and underlying Archean gneisses, District of Keewatin, Northwest 
Territories, represent one such uranif erous metallogenic province . 

Three types of uranium mineralization are present in the eastern Baker Lake basin, which 
extends from Christopher Island at the eastern end of Baker Lake southwestwards to the western 
limit of Thirty Mile Lake. The three uranium associations are: 1) fracture controlled mineralization 
in the Dubawnt Group and basement gneisses (U-Cu-Ag-Au-Se or U-Cu-Pb-Mo-Zn), 2) diatreme 
breccia mineralization in basement gneisses (U-Cu-Zn), and 3) impregnation and microfracture 
mineralization in altered arkose peripheral to lamprophyre dykes (U-Cu-Ag). 

Hydrothermal fracture related mineralization is controlled by northwest- and east -northeast
trending fault-fracture zones. Diatre me breccia mineralization results from the channelling of 
groundwaters through highly permeable brecciated gneiss. Mineralization within the altered Kazan 
arkose peripheral to alkaline dyke complexes formed by a two stage process. Iron and copper 
sulphides and silver were deposited within the outer portions of the thermal aureole in response to a 
temperature and Eh gradient across a convective cell created by the thermal anomaly of the dyke 
complex. The epigenetic sulphide mineralization subsequent ly provided the reducing environment for 
precipitation of uranium from groundwater. All three uranium associations show a close spat ial 
distribution to the basal Dubawnt unconformity. 

The lithological and structura l relationships of the Dubawnt Group rocks, types of 
mineralization and associated alteration assemblages are strikingly similar to the Beaverlodge 
District, Saskatchewan. 

Resume 

Les successions proterozoiques associees d d'importantes discordances pourraient representer 
des provinces metallogeniques uranif eres. Dans le district de Keewatin (Territoires du Nord- Quest), 
!es roches sedimentaires clastiques cont inentales et !es roches volcaniques alcalines subaeriennes du 
groupe de Dubawnt, qui datent de l'Aphebien superieur au Paleohelikien, et les gneiss archeens sous
jacents constituent une province metallogenique uranif ere de ce genre . 

On rencontre trois types de mineralisation uranif ere dans l'est du bassin du la c Baker, qui 
s'etend dans une direction sud-ouest entre l'ile Christopher (extremite est du lac Baker) et la limite 
ouest du lac Thirty Mile. Les trois groupes de mineralisation uranif ere sont: 1) une mineralisation 
liee d des fractures, dans le groupe de Dubawnt et les gneiss du soubassement (U-Cu-Ag-Au-Se ou 
U-Cu-Pb- Mo-Zn), 2) la mineralisation de breches d'explosion volcanique dans les gneiss du 
soubasse ment (U-Cu-Zn) et 3) des impregnations et mineralisations des microfractures qui traversent 
Zes arkoses alterees situees d la peripherie de dykes de lamprophyre (U-Cu-Ag). 

Les mineralisations hydrothermales des fractures sont limitees par des zones de failles et 
fractures orientees nord-ouest et est-nord-est. La mineralisation des breches d'explosion volcanique 
est due au passage des leux souterraines d travers le gneiss brecho"ide et f ortement permeable. A 
l'interieur de l'arkose alteree de Kazan, qui entoure le complexe de dykes alcalins, la mineralisation 
s'est eff ectuee en deux phases. Les sulfures de fer et de cuivre et les minerais d'argent se sont 
deposes dans les portions exterieures de !'aureole thermique, sous l'effet du gradient de temperature 
et de Eh caracterisant la cellu le de convection creee par l'anomalie thermique qu'a engendree le 
complexe de dykes. La mineralisation epigenetique en sulfures a ensuite produit le milieu reducteur 
favorable d la precipitation des minerais uranif eres d partir des eaux souterraines . Ces trois types de 
mineralisation en uranium manifestent dans leur distribution spatiale un lien etroit avec la 
discordance basale de Dubawnt. 

Les relations lithologiques et structura les qui caracterisent les roches du groupe de Dubawnt, 
les types de mineralisation et !es assemblages associes de mineraux alteres, rappellent de fa<; on 
etonnante le district de Beaverlodge en Saskatchewan. 





URANIUM GEOLOGY OF THE EASTERN BAKER LAKE BASIN, 
DISTRICT OF KEE WA TIN, NORTHWEST TERRITORIES 

INTRODUCTION 

Various Proterozoic sequences associated with major 
unconformities are potential uranium metallogenic provinces. 
The Proterozoic Dubawnt Group sedimentary and volcanic 
rocks and unde rlying gneisses, Distric ts of Keewatin and 
Mackenz ie, Northwest Territories represent one such 
uraniferous me tallogenic province. The Baker Lake basin 
refers. to a continuous belt of Dubawnt Group rocks which 
extends from the east end of Baker Lake to Tulemalu Lake 
(LeCheminant and Miller, 1978). This report is concerned 
with the eastern portion of the Baker Lake basin located 
between Baker Lake and Thirty Mile Lake (Fig. 1). The 
disqJssion of the uranium geology is restric t ed to the South 
Channel, Kazan and Christopher Island formations a nd under
lying basement complex. The term 'occ urrence' is used 
throughout this report to designate the presence of a 
uranium-bearing phase and has no connotation of g rade or 
tonnage. Pitchblende, as used in this report, refers to a non
thorium bearing uraninite occurring as sooty, colloform and 
botryoidal forms and rarely as euhedra. 

The Dubawnt basin in the Baker Lake region is an east
northeast elongate structure approximately 55 km wide. The 
Dubawnt Group rests unconformably on the basement 
complex along the southern and eastern margins of the basin 
(LeCheminant et al., 1977) and lies in fault contact with the 
basement complex along the northern margin (Donaldson, 
1965). The Dubawnt Group has been regionally faulted about 
east and east-northeast directions that parallel the distribu
tion of these rocks, and about a northwest direction. The 
distribution of fau lts suggests that the Dubawnt rocks in the 
Baker Lake region were deposited in a graben. 
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SCOPE AND PURPOSE OF THE PROJECT 

This study began in 1976 and is the first part of an 
ongoing research project on the uranium mineralization in the 
Dubawnt Group rocks and underlying gneiss complex, District 
of Keewatin, Northwest Territories. The petrological study 
has been conducted by the Economic Geology Division in 
association with geological stud ies undertaken by 
Precambrian Division, Geological Survey of Canada. 

The investigation was initiated to study: l) the 
mineralogy of the uranium occurrences within the Dubawnt 
Group rocks and underlying gneisses, 2) the relationship of 
mineralization to their host rocks, and 3) to interpret the 
results with regards to genetic modelling for the uranium 
mineralization. 

During the 1976 field season, detailed mapping, 
examination, and sampling of 20 uranium occurrences was 
completed. These occurrences are numbered 1 to 20 going 
from east to west (Fig. 1 ). From fall 1976 to spring 1978, 
research involved c harac terizing the petrography, ore 
microscopy, and geochemistry of the various 
minerali zation types. 

REGIONAL GEOLOGY 

The Dubawnt Group is a relatively flat lying sequence 
of Late Aphebian to Paleohelikian sedimentary rocks, 
volcanic rocks, and related intrusive equivalents. Donaldson 
( 1965) subdivided the Dubawnt Group into six format ions: 
South Channel conglomerate, Kazan arkose, Christopher 
Island volcaniclastic and volcanic rocks and re lated Martell 
intrusions, Pitz volcanic rocks, and the Thelon sandstone. 

The Dubawnt Group rests unconformably upon and in 
fault contact with Archean felsic gneisses and mafic to 
ultramafic intrusions. The basement rocks in the vicinity of 
Christopher Island consist of granitoid and granulitic gneisses 
and an intrusive gabbroic-nor itic anorthosite complex 
(Schau a nd Hulbert, 1977; Wright, 1967). Southwestwards 
from the Christopher Island region, the basement complex 
adjacent to the unconformity includes gneissic quartz 
monzonite and granodiorite, cataclastic migmatitic gneisses, 
and major metavolcanic and metasedimentary units 
(LeCheminant et al., 1976, 1977). 

The basal redbeds of the Dubawnt Group include the 
South Channel and Kazan formations. The South Channel 
Formation, ranging from 0-1 800 m in thic kness (LeCheminant 
et al., 1977), is principally a pebble supported conglomerate 
with minor sandstone interbeds. The predominant framework 
lithologies a re granitic and granodioritic gneiss ranging from 
angular blocks to rounded granules (>256 mm-2 mm). The 
maroon matrix consists of sand- to si lt-sized quartz and 
feldspar cemented by finely dispersed hematite and calcite. 
Clast size variations, channel scours, and pebble imbrication 
outline bedding planes. Locally the basement complex 
adjacent to the unconformity is hematitized and contains 
banded hematite veinlets. The locally derived nature of the 
framework lithologies and the immaturity of the 
conglomerate suggest that the South Channel conglomerate is 
an alluvial fan deposit or possibly local scree deposits along 
the margi n of the Dubawnt Basin. 

The Kazan Formation is conformable with the South 
Channel Formation and is estimated to be approximately 
1000 m thick in the Baker Lake area. The Kazan Formation 
is a crossbedded plagioclase-ric h arkose interbedded with 
mudstone and siltstone. The arkose is typically pink, red to 
maroon, fine- to medium-grained, well sorted, and indurated 
with hematite, calcite, and albite. Variation in lithologies 
represented by fining upward cycles and structures 
represented by dessication cracks and mudchip arkoses 
suggest repeated subaerial exposure of a braided fluviatile 
river system (Donaldson , 1965; Macey, 1973). The lower 
redbed formations, South Channel and Kazan, are interpreted 
as a sequence of northwestward overlapping alluvial fans 
derived from basement uplifts to the south and east. 
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The Christopher Island Formation is conformable on the 
Kazan Formation in the eastern portion of the basin and 
unconformable in the region north of Thirty Mile Lake 
(LeCheminant et al., 1977). The Christopher Island 
Formation consists of subaerial potassic alkaline lavas and 
pyroclastic rocks and derived volcaniclastic sediments 
estimated to be up to 300 m thick locally (LeCheminant 
et al., 1977; Blake , 1980). Subvolcanic intrusions, termed the 
Martell Syenite by Donaldson (1965) , range in composition 
from syenite to monzonite (Wine , 1976). The intrusions which 
are equivalent compositionally to the volcanic rocks, intrude 
the basement complex, South Channel, Kazan, and 
Christopher Island formations (Fig . 1) and occur principally as 
large sills and sill complexes near Martell Lake and as single 
or complex dyke swarms and stocks within the lower 
redbed and basement complex (Donaldson, 1965; 
LeCheminant et al., 1977). 

The upper formations of the Dubawnt Group comprise 
the calc-alkaline Pitz volcanic rocks and The Ion sandstone. 
The Pitz Formation has a maximum thickness of JOO m and 
consists of porphyritic acid Java flows. The Thelon 
Formation, at least JOO m thick in the eastern Baker Lake 
basin, abuts and overlies Javas of the Pitz and Christopher 
Island formations (LeCheminant et al., 1977). These 
sediments are locally derived and consist of flat-lying, cross
bedded, red to cream orthoquartzites and conglomerates. 
Northwest-trending Mackenzie diabase dykes transect all of 
the above formations. 

AGE OF THE DUBA WNT GROUP 

The Dubawnt Group has not been affected by regional 
metamorphism or major folding but has been faulted 
extensively. A whole rock Rb/Sr isochron on trachytic and 
felsic volcanic rocks of the Christopher Island Formation 
indicates an age of 1786 ± 26 Ma (Wanless and Loveridge, 
1972; decay constant yRb 8 7 = J.42 x J0- 11 yr). This 
represents a minimum age for the South Channel and Kazan 
formations and suggests that the lower redbeds were 
deposited during the la test stages of the Hudsonian Orogeny 
or immediately thereafter. Thus the basal redbeds may range 
from late Aphebian to earliest Paleohelikian. 

URANIUM OCCURRENCES IN THE DUBA WNT GROUP 
AND UNDERLYING GNEISSES 

Epigenetic uranium mineralization is localized near the 
present trace of the basement-Dubawnt Group contact in the 
eastern Baker Lake basin. The epigenetic mineralization has 
been subdivided into three types: 

I) Fracture controlled mineralization in 

a) Christopher Island volcanic and volcaniclastic rocks and 
subvolcanic pipes, 

b) basement gneisses 

2) Mineralization in altered Kazan arkose (Kazan type) 

3) Mineralization in the breccia envelope peripheral to a 
diatreme structure. 

Fracture-controlled and diatreme-breccia mineraliza
tion within the basement gneisses and supercrustal rocks is 
concentrated within approximately 5 km of the basal 
Dubawnt unconformity. The zones of Kazan-type 
mineralization occur up to 16 km from the unconformity; 
however these mineralized areas are restricted to specific 
stratigraphic portions of the Kazan arkose. 
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Analytical Techniques 

Major elements were analyzed by X-ray fluorescence on 
a Philips sequential X-ray spectrometer, Model 1450 and the 
trace elements Ba, Sr, V, and Cu by emission spectroscopy in 
the Analytical Chemistry Section, Geological Survey of 
Canada. Other trace elements Pb, Zn, Mo, and Ag were 
determined by atomic absorption, Bondar-Clegg Co., Ottawa. 
The lower limit of detection for the Pb, Zn, Mo and Ag 
analyses is 2, I, I, and 0.1 ppm respectively with a precision 
of JO to 15 per cent. Uranium analyses on whole rock 
powders were determined by delayed neutron activation, 
Atomic Energy of Canada Ltd., Commercial Products 
Division, Ottawa. The level of detection for uranium by 
delayed neutron activation is 0.4 µ g uranium with a precision 
of ± 20 per cent at 1 ppm and ± 5 per cent at> JOO ppm. 

Very fine grained silicates, sulphides and radioactive 
minerals and phases were studied using a Mineral Analysis 
Company electron microprobe equipped with a Kevex energy 
dispersive spectrometer for spectra identification followed 
by quantitative analyses. Minerals were analyzed using an 
accelerating voltage of 15 and 20 kV and a specimen current 
of about 0.3 µ amps. 

Geology of the Christopher Island Region 

The Dubawnt Group rests with angular unconformity 
and in fault contact with anorthosite, granulitic and grano
dioritic gneisses. Basement rocks to the north and east of 
Christopher Island include granulitic and granitoid gneisses 
and a gabbroic-noritic anorthosite complex. The granulitic 
gneisses are strongly banded and consist of a 
slightly retrograded equigranular assemblage of hypersthene 
+ diopside +garnet + hornblende + biotite + chlorite + 
quartz + plagioclase + potash feldspar + apatite + iron 
oxide and sulphides. The gabbroic-noritic anorthosite 
complex is intrusive into the granulitic and granitoid gneisses 
and has been deformed about an east-west trend (Schau and 
Hulbert, 1977). Uranium contents of the granulitic gneisses 
and intrusive complex range from < 0. I to 2.4 ppm. To the 
south and southeast of Christopher Island, the basement 
complex consists of retrograded amphibolite grade 
granodioritic and granitic gneisses, paragneiss, and 
amphibolite. 

The distribution of basal elastic sedimentary rocks of 
the Dubawnt Group outlines the eastern terminus of the 
Baker Lake basin east of Christopher Island (Fig. !). The 
South Channel Formation consists of conglomero-breccia and 
conglomerates locally derived from granulite, anorthosite, 
and granodioritic gneisses (Schau and Hulbert, 1977; 
Donaldson, 1965) and averages approximately 100-120 m 
thick in this segment of the Dubawnt basin (Schau, personal 
communication, 1977). The Kazan Formation, a sequence of 
interbedded carbonate and hematite cemented arkose and 
siltstone, is conformable with the South Channel 
conglomerate and is estimated to be approximately 
150-175 m thick. 

The Christopher Island Formation is conformable with 
and gradational from the Kazan arkose through a zone of 
tuffaceous arkose. This formation comprises maroon 
tuffaceous arkose, sandy and silty maroon mudstone, 
trachytic flow rocks, and equivalent stocks, sills and dykes. 

The tuffaceous sediments of the Christopher Island 
Formation contain ash to block size fragments (0.25 to 
>64 mm) of porphyritic trachyte set in an arkosic matrix 
(Plate I). Tuffaceous and lapilli size fragments commonly 
exhibit fiamme structures. The tuffaceous arkose indurated 
with hematite and calcite consists of medium to fine sand 
size, angular to subrounded grains of quartz, plagioclase, 
potash feldspar, and Ii thic clasts of granoblastic gneiss and 



Plate l 

Chemistry of the Christopher Island 
Intrusive Rocks 

Mafic syenite stocks that intrude the 
Dubawnt sedimentary rocks (Appendix 2, 
analyses 1, 2) and the granulitic gneisses 
(Appendix 2A, analysis 3) are highly propylitized 
as shown by the varied C0 2 contents. The 
alkaline character is shown by high total alkali 
and high K 20/Na 2 0 (>l) ratios similar to 
Christopher Island volcanic rocks (Fig. 2). The 
incompatible trace elements Ba, Sr, Zr, and P 
are enriched in these stocks, typical for rocks of 
alkaline affinities (Carmichael et al., 1974). 
Uranium contents of these subvolcanic stocks 
(3.5- 8.3 ppm) are similar to uranium abundances 
of Christopher Island volcanic and intrusive 
rocks in the Thirty Mile Lake area (Blake, 1980). 

Fracture-controlled Mineralization in the 
Christopher Island Region 

Epigenetic uranium mineralization exhibits 
a close spatial relationship between trachytic 
dykes, stocks and sills and fracture systems. 

Tuffaceous arkose, Christopher Island Formation, Christopher Island. 
(GSC 203591) 

Mineralization comprising uranium, various 
selenides and noble metals is present in narrow 
zones of compound fracturing and brecciation in 

trachyte. The upper sedimentary unit on Christopher Island 
is a massive to poorly bedded, silty to sandy maroon 
mudstone which consists of angular grains of quartz and 
feldspar, and minor trachyte clasts cemented by hematite 
and calcite. 

The igneous rocks in the Christopher Island area intrude 
the basement complex and Dubawnt supercrustal rocks. 
These occur as intrusive breccias occupying volcanic vents 
and as dykes, sills, laccoliths, stocks and flow units. Dykes 
and stocks commonly contain subangular to subrounded 
fragments of Kazan arkose as well as xenoliths of granitic 
gneiss and white quartz whereas sills and laccoliths 
commonly contain rafts of Kazan or Christopher Island 
sediments (Blake et al., 1977). Bleached contact aureoles 
ranging from cream to mauve in colour and up to l m in 
width occur within rocks of the adjacent Kazan or 
Christopher Island formations. 

The intrusive rocks are porphyritic biotite or olivine(?)
biotite syenites. These have been extensively propylitized 
with chlorite or carbonate or both replacing olivine(?) and 
chlori te partially to completely replacing bioti te. Bioti te 
commonly occurs as euhedral phenocrysts, to 2 mm in length 
and as fine subhedral grains to 0.15 mm intergrown with the 
feldspar groundmass. The groundmass consists of varying 
proportions of biotite, feldspar, microphenocrysts of apatite 
and altered magnetite and very fine grained calcite and 
chlorite, with calcite and chlorite varying with the degree of 
propylitization. The presence of irregular hematite 
concentrations through the groundmass, along cleavage 
planes in biotite and pseudomorphs after magnetite micro
phenocrysts indicates extensive oxidation accompanying 
propy li tiza ti on. 

On Christopher Island, aphanitic pyrite-bearing diabase 
dykes, which trend northwest, transect all of the Dubawnt 
Group rocks. The Dubawnt Group and basement complex in 
the Christopher Island region have been intensely faulted 
along northwest and subparallel directions. 

Kazan arkose and in tuffaceous arkose and 
biotite trachyte of the Christopher Island Formation. 
Fracture zones vary from a network of random hairline 
veinlets with sparse mineralization to branching vertical to 
subvertical veins containing massive black metal-bearing 
concentrations to l cm in width. 

The mineralization at occurrence l is contained 
entirely within a fractured subvertical alkaline trachyte 
dyke, trending 310 °, which crosscuts well layered granuli tic 
gneiss. The dyke, 9-12 m in width and approximately 275 m 
long, terminates against northeast-trending linears at its 
southeastern and northwestern extremities. The barren 
segments of the dyke have a red to greyish red, aphanitic to 
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Christopher Island volcanic rocks and Martell syenite (from 
Blake, 1980, Fig. 31). All analyses (Appendix 2A,B) 
recalculated to 100 per cent without H 2 0 and C0 2 • 
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Figure 3. Geology of Christopher Island with the locations of the various types of uranium 
occurrences (from Blake, 1980, Fig. 18). 

aphanitic porphyritic texture with 1-5 mm phenoc rysts of 
biotite and potassic feldspar. Aphani tic finely banded chilled 
margins, 10-1 5 c m wide , a re present along the entire length 
of the dyke. Xenoliths of subangular granu litic gneiss and 
subrounded granitic gneiss and white quartz a re sparsely 
distributed through the entire length of the dyke. However in 
and adjacent to the zone of mineralization the dyke is c hoked 
with 5-15 cm rounded to subrounded granitic gneiss and white 
quartz xenoliths. Propylitic a lteration is pervasive 
throughout the dyke. However in the intense ly fractured and 
mineralized segment, it is completely altered to a fine 
grained mixture of calcite, chlorite a nd pyrite, with pyrite 
accounting for the prominent gossan. Pinkish white calcite 
and c hlorite rep lace feldspar and biotite phenocrysts and fill 
fractures; the prominent fracture set trend is paralle l to the 
dyke direction. Laporte (l 974a) reported that the 
mineralized zone, 9 m wide and 45 m long, is pipe shaped and 
plunges at 25° to the north. Uranium and molybdenum 
concentrations have been reported in the fracture controlled 
pipe shaped mine ralized zone. 

6 

On the northwestern peninsula of Christopher Island 
occurrences 3 and 4 were examined, each occurrence 
consisting of several areas of fracture-controlled uranium 
a nd base metal mineralization (Fig. 3). Three mineralized 
zones were examined in the area of occurrence 3, all of 
which are controlled by fractures that trend 045°, 065° and 
320 °, the last direction parallels the regional fracture zones 
that transect Christopher Island. Sparse mineralization is 
carried by hairline fracture s within the peripheral zones of 
the propylitized porphyritic olivine(?)-biotite syenite stocks 
and the adjacent thermally metamorphosed mottled white to 
purple Kazan arkose. The fractured and mineralized trachyte 
is characterized by narrow irregula r orange to pink reduced 
fracture walls and very fine grained green to limy green 
mixtures of secondary uranium minerals (Plate 2). The 
fracture assemblage includes pitchblende, hematite, calcite 
and chlorite. 



Plate 2 

Autoradiograph of fractured and mine ral
ized olivine(?)-biotite trachyte stock, 
occurrence 3. (GSC 203591 - A) 

Polished slab with mineralized fractu res 
outlined by black lines. (GSC 203345-C) 

Weathered surface of polished 
slab exhibi ting a ltered a nd 
bleached fracture walls outlined 
by black lines. (GSC 203345-C) 

A major trac hytic intrusion, on the northwest e rn 
peninsu la, is in fault contact with crossbedded Kazan arkose 
and Christopher Island tuffaceous arkose. The intrusion is a 
f ine grained biotite trachyte similar to the above descr ibe d 
small plugs but contains sparsely distributed rounded 
20- 25 cm gran itic gneiss xenoliths. The trachyte is in tensely 
fractured and sheared about subvertical northwesterly 
trending fractu res that parallel the fau lted contacts. 
Pitchblende and copper selenides are associated with chlorite 
and c hlorite-pink calcite fi lled fractures. 

The third mineralized zone of occurrence 3, located 
20-30 m east of the sma ll circular trachytic plugs is present 
within a narrow 0.5-1. 0 m wide north-tre nding subvertica l 
fracture zone in tuffaceous Chr istopher Island arkose. 
Aphanitic and aphanitic porphyritic trachy t e fragments range 
from 5 mm t o 7 cm in size wi th lapilli sized fragments the 
most common. The frac ture zone is a branching network of 
calcite, c hlorite, minor quartz and blac k metaliferous 
concentrations. The metaliferous assemblage includes: 
pitchblende, copper, lead and copper-silve r sele nides 
and e lec trum. 

Two mine ralized zones were examined in the area of 
occurrence 4. The major zone of minera liza tion is con tained 
in an inte nsively fractured trachytic unit which is faulted 
against Kazan arkose and Christopher Island tuffaceous 
sediments. Minerali zation is controlled by subvertical north
east fractures that parallel the fau lts bounding the igneous 
unit. The trachytic unit is intensely propylitized and 
fractured and consists of pseudomorphs of mica and olivine(?) 
set in a very f ine grained mat of re lic t fe ldspa r, calcite, 
dolomite, hematite and chlorite. Mineralized veinlets 
contai n pitchblende , c opper and lead selenides, he matite with 
carbonates, c hlorite and minor quartz. The s truc tural control 
of the mineralization is st rikingly similar to mineralization a t 
occurrence 3. 

The second zone of errat ically distributed 
mine rali zation was traced for approximately 500 m in 
frac tured maroon Kazan a rkose a nd is associated with a 
quartz-calcite stockwork zone that parallels the prominent 
northwest linear that transec ts Christopher Island. The 
stockwork consists of a branching network of white a nd pink 
calcite, the latter Mn-r ich, anhedral and euhed ra l white 
quartz, hematite, and chlorite, with dissemina ted 
chalcopyrite, minor chalcocite, pitchblende, uranophane, 
and marcasi te. 

The frac ture controlled minera lization at occurrence 5 
is hosted within a xenolithic porphy riti c maroon trachyte 
stock. The stock is roughly c ircular in plan measuring 
approximately 60 m a long a northwest-southeast direction 
a nd approximately 45 m along a northeast-southwest 
direction a nd intrudes sandy mudstone of the Christopher 
Island For mation. The stoc k exhibits a xenolithic margi nal 
rim with subrounded arkosic fragments and non-xenolithic 
core . The e ntire stock displays an aphanitic porphyritic 
t exture with 1-3 mm c hloritized biotite phenocrysts ac ross 
its e ntire width . The southwestern segment of the stock is 
intruded by a northwest erly trending fi ne grained sulphide
bearing diabase dyke. 

Uranium mine ra lization is confined to 1-3 mm wide 
discontinuous frac tures within the centra l core of the 
intrusion. The west-northwest - trending fractures contain 
pitchblende, copper selenides , hemati te, calcite, a nd chlorite. 

The branching vertical to subvertical fr ac ture systems 
of occurrence 3, 4, and 5 represent the c om mon mode of 
mine rali zation on Christopher Island. These frac ture systems 
exhibit microscopic open space filling textu res. These 
occu rre nces contain the following metallic minera ls in 
varying proportions but a lways with simi lar textural a nd 
paragenetic re lations: colloform and c rystalline pitchblende, 

7 



Plate 3 

fine grained (0.2-0.4 mm) quartz, and 
Mn-rich calcite (Plate 7). Secondary minerals 
coating fracture walls and fracture filling 
assemblages include boltwoodite, kasolite, 
wolsendorfite, and malach ite. 

Age of Mineralization 

The noble metal-selenium-uranium 
mineralization occurs within fractured Kazan 
arkose, Christopher Island arkose and trachytic 
intrusions which intrude the upper mudstone unit 
on Christopher Island. The mineralization is 
related to northwest-southeast fracture zones 
which displace all the Dubawnt lithologies in the 
Christopher Island region. Thus this 
mineralization is considered to be post 
Christopher Island Formation. 

A U-Pb isotopic analysis on pitchblende 
from the fracture controlled selenium
uranium mineralization at occurrence 4 resulted 
in the ratios: Pb 206 /U 238 = 0.1699, 
Pb 207 /U 235 = 2.211 and Pb 207 /Pb 206 = 0.0945 
(Little, unpublished G.S.C. data). Calculated 
ages are highly discordant and the analysis lies 
below the concordia plot suggesting a loss of 
lead relative to uranium. The a~e is 1516 Ma 
(U238 = 1.55125 x 10- 10 /y and U 35 = 9.8485 x 
10- 11 /y). A Rb/Sr isochron on mudstones from 
Christopher Island suggests a depositional age of 
17 50 ± 50 Ma and a resetting of the Rb/Sr 
isochron at 1510 ± 60 Ma (Bell, personal 

Photomicrograph of zoned urania (P) set in chlorite (Ch), urania is 
fractured and infilled by chlorite and copper selenides (Se). Zones with a 
high polish are high in lead compared to the zones with a pitted 
appearance which are low in lead, occurrence 5, reflec ted light. 
(GSC 203179-A) 

communication, 1978). The resetting of the 
Rb/Sr isochron in the Christopher Island mudstones may be 
associated with the remobilized age displayed by the 
pitchblende analysis. 

the selenides umangite (Cu 3Se 2), athabascaite (Cu 5Se 4 ), 

berzelianite (Cu2Se), clausthalite (PbSe), eucairite (CuAgSe) 
and electrum of variable composition, Au- Ag and Ag-Au. 

The fracture-controlled selenium-uranium mineraliza
tion is represented mineralogically and t extura lly by a 
composite series of fracturing and metal and gangue 
deposition. The initial phase of mineralization is represented 
by open space filli ng textures of colloform pitchblende . 
Colloform pitchblende commonly contains chlorite pseudo
morphs after euhedral carbonate. These pseudomorphs 
suggest carbonate deposition along with pitchblende. The 
central portions of colloform pitchblende veinlets may 
contain euhedral occasionally zoned, crystals of pitchb lende, 
termed urania (Plate 3). The principle zoning element of the 
urania is lead. Chlorite and hematite are intergrown with 
colloform pitchblende and acts as matrix to urania grains. 

The second phase of deposit ion following fracturing and 
brecciation of the uraniferous assemblage consists of various 
selenide minerals intergrown with subhedral to euhedral 
hematite, very fine grained chlorite, calcite, and cerussite. 
The most abundant selenides, athabascai t e and berzelianite, 
occur as very fine grained intergrowths associated with 
subhedral to euhedral bladed hematite (Plate 4A). Umangite 
occurs as fine anhedral intergrowths with athabascaite
berzelianite or is mantled by the latter (Plate 4B). Grey fluid 
inclusions (0.001-0.005 mm) are randomly distributed through 
umangite. Clausthalite occurs as very fine (<0 .05 mm) 
anhedral grains in or adjacent to umangite. Eucairite with or 
without inter growths of a thabascai te-berzeliani te is present 
as veinlets within pitchblende (Plate 5) or infills brecciat ed 
subhedral pitchblende and syneresis cracks in colloform 
pitchblende (Plate 6). Wispy fine grained selenides and 
hematite were impregnated into the wall rocks during the 
second phase of mineralization. 

The third stage involves refracturing of the previous 
assemblages followed by deposition of ragged stringers of 
gold and silver-rich elec trums associated with hematite, 

8 

Chemistry of the Uranium Minerals, 
Selenides, and Noble Metals 

Two electron microprobe analyses of the central 
portions of colloform pitchblende associated with selenides 
and noble metals from occurrence 3 indicate that the 
pitchblende is non-thorium-bea ring and contains high lead 
values (17 .0 and 17.l wt%, Table 1). The ratio of uranium to 
lead is 3.78. The consistent calcium content of 1.4 wt % in 
optically homogenous pitchblende suggests that calcium is 
substituting for uranium in the pitchblende structure. Minor 
iron and silicon were detected in the botryoidal pitchblende. 
The low oxide totals of the analyses, uranium taken as U0 2, 
suggest the pitchblende may be hydrous or carbonate-bearing. 
The presence of euhedral pseudomorphs of chlorite after 
carbonate within colloform pitchblende suggests 
coprec ipitation of carbonate and pitchblende and may 
indicate that uranium was in solution as uranium ca rbonate 
complexes. 

Electron microprobe analyses of the selenides 
athabascaite, berzelianite, and umangite show that these 
phases are essentially Cu-Se minerals with minor substitution 
of Fe and S, respectively (Table 2). Broad beam electron 
microprobe analyses of fluid inclusions and host umangite 
indicate that the inclusions contribute minor concentrations 
of Pb (3.2-7.0 wt%), Cl (0.3-0.5 wt%), and possibly Fe 
(0.4-2. l wt %) to the totals (Table 2). Low totals for 
umangite analyses are unexplained but it is possible that the 
inclusions may contain HzO or C02. Gold-silver electrum 
(Table 3) and silver-gold electrum are associated with 
selenide-pitchblende mineralization. The low sulphur 
contents of the selenides, lack of sulphide minerals 
associated with the selenide period of mineralization, and the 
lack of silver sulphides indicate a very low partial pressure of 
sulphur during selenide-noble metal deposition. 
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Origin of the U-Cu-Ag-Au-Se Mineralization, 
Christopher Island 

Vein-type pitchblende mineralization can be 
accompanied by a varied and complex mineral assemblage of 
sulphides, selenides, arsenides, antimonides, and native 
minerals. Various uranium districts such as Beaverlodge 
area, Canada (Robinson, l 955) and numerous areas in 
Czechoslovakia (Ruzicka, 1971; K vacek, 1973) exhibit 
mineral textures that indicate the selenide period of 
mineralization is paragenetically later than initial 
pitchblende deposition but closely related in time. The 
U-Cu-Ag-Au-Se mineralization is the product of a composite 
sequence of fracturing and metal deposition. The three 
distinct stages of vein mineralization on Christopher Island 
are similar to stages recognized in the uraniferous districts 
mentioned above. 

Bernardini and Catani (1968) showed that umangite 
(Cu 3 Se 2) breaks down to berze lianite (Cu 2_xSe) and 
klockmannite (CuSe) at 150°C. Harris et al. (1970a, b) 
unsuccessfully attempted to synthesize athabascaite (Cu 5 Se 4 ) 

at 100°C in the "dry" system with 3 per cent S. Umangite 
was synthesized at 120°C. The low temperature synthesis 
and breakdown of various selenide phases and the inter
growths of umangite and athabascaite suggest a low 
temperature for the selenide depositional period. The low 
sulphur content of the selenide-noble metal mineralization 
and inferred low temperature of deposition implies a 
fs 2 < 10-7 assuming a temperature of 150°C (Barton and 
Toulmin, 1964). 

Studies in active geothermal areas, such as the Red Sea 
geothermal system (Shanks and Bischoff, 1977), Broadlands 
geothermal fields (Ewers and Keays, 1977), and the Salton 
Sea geothermal system (Skinner et al., 1967), indicated a 
relative enrichment of Na, Ca, K and Cl and various heavy 
metals in the hydrothermal fluids compared to seawater. 
Experimental data on the complexing of various base and 
noble metals (Seward, 1973, 1976; Henley, 1973) with chlorine 
and sulphur indicated that these complexes play an important 
role in the transport and deposition of hydrothermal ore 
solutions. The chlorine-rich fluid inclusions within umangite 
along with the presumed presence of H20 or C02 suggests a 
chlorine-rich brine as the transporting media for the base 
metal and noble metal mineralization. 

10 

Plate 7 

Photomicrograph of native gold (Au) with 
quartz (Q) and Mn-calcite (Cc) associated with 
selenide (Se)-pitchblende (P) mineralization, 
occurrence 3, reflected light. Electrum 
analyses 1,2,3 (Table 3). (GSC 203591-F) 

Geology of the Diatreme Breccia Mineralization 

The lithologies and structures associated with this type 
of mineralization occur within the basement granulitic 
gneisses to the north of Christopher Island (NTS area 560/2). 
The granulitic gneisses are host to xenolithic dykes and 
stocks belonging to the Christopher Island igneous suite. 

The generalized geology of the diatreme breccia in NTS 
area 560/2 is shown in Figure 4. The igneous complex 
consisting of a central vertical sided ovoid stock, approxi
mately 55 m north-south and 45 m east-west with peripheral 
radial and tangential dykes is interpreted as a subvolcanic 
neck and related dyke swarm. The central stock and dykes 
are xenolithic, porphyritic biotite syenite. 

The stock and dykes are porphyritic to glomero
porphyritic with phenocrysts of biotite and minor sericitized 
and chloritized plagioclase. The groundmass is a very fine 
grained (0.20 mm) mat of biotite and feldspar, predominantly 
potassic feldspar, and minor apatite microphenocrysts. The 
groundmass is oxidized, chloritized and intensely 
carbonatized as shown by the high carbonate content 
(8.0 wt % C0 2, Appendix 2B, analysis 3). In spite of the 
pervasive a lteration of the groundmass, the stock still 
maintains the alkaline characteristics of the Christopher 
Island igneous suite. Xenoliths within the central stock and 
peripheral dykes consist of l to 25 cm rounded white vein 
quartz, granitic to granodioritic gneiss as well as minor 
angular granulitic gneiss. 

Brecciated granulitic gneiss surrounds the central stock 
and peripheral dykes. The degree of packing of the 
brecciated country rock varies away from the central stock. 
The brecciated granulitic gneiss has been subdivided on the 
basis of texture into a closely packed breccia adjacent to 
intrusive stock and a loosely packed breccia peripheral to the 
intrusive stock (Fig. 4; Plates 8A, B). 

The closely packed breccia zone rimming the central 
vertical stock consists of angular fragments of granulite 
(5 mm to 40 cm in size) with minor rounded exotic clasts of 
vein quartz and granitic gneiss. The breccia is cemented by 
carbonate, rock flour, and minor aphanitic trachyte. The 
loosely packed breccia consists of an open framework of 
granulitic gneiss fragments cemented by a series of minerals 
displaying successive open space filling textures. 

An irregular mineralized pod, approximately 10 m in 
diameter, occurs within the loosely packed breccia unit. The 
metallic assemblage includes colloform pitchblende, 
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chalcopyrite, rare resinous sphalerite and traces 
of pyrite. The granu litic brecc ia fragments 
within the zone of mineralization are 
retrograded with the partial to complete 
development of c hlorite after all mafic minerals. 
Pyrite a nd chalcopyrite within the fragments 
have been remobilized into fine bands paralleling 
and crosscutting the relict gneissosi ty. 
Paragenetically the initial open space filling 
assemblage involved the deposition of 
pitchblende on hematitized breccia fragments or 
intergrown with drusy white and smoky quartz, 
minor hematite, pyrite and chlorite. An 
analysis of c olloform pitchblende contains 
greater uranium and calciu m and less lead 
(Table 1, analysis 8) than the colloform pitch
blendes from occurrence 3 (Table 1, 
analyses 1, 2). Drusy quartz crusts and pitc h
blende are succeeded by fine - to medium-grained 
pink calcite, white dolomite, fine ch lorite 
rosettes and white barite. Subhedral 
chalcopyrite tetrahedrons and minor sphalerite 
dodecahedrons are associated with the 
carbonate - sulphate cement. Pitchblende moulds 
in calcite-dolomite aggregates and calcite, 
dolomite, a nd hematite encrusting drusy quartz 
indicate that the uranium mineralization was 
associated with an early oxidizing quartz
hematite assemblage. Secondary uranium 
minerals coating colloform pitchblende include 
yellow a nd orange c rusts of uranophane , kasolite, 
and wolsendorfite . 

The brecciation of the granulitic gneiss 
surrounding the circular a lkaline trachyte stock 
and dyke complex prepared the ground for the 
passage of mineralizing fluids. Restriction of 
uranium-copper-zinc mineralization to the outer 
margins of the brecciated gneiss envelope 
illustrates the importance of a permeable 
horizon or conduit for access and transmission of 
the ore-bearing solutions. This occurrence can 
be interpreted as an epigenetic uranium-base 
metal concentration resulting from the 
channelling of an aqueous system through a zone 
of high permeability or alternatively the 
minerali zation may have accompanied or c losely 
followed volatile degassing during formation of 
the alkalic subvolcanic pipe (Tilsley, 1978) . 
Preliminary e nergy dispersive studies on 
interstitia l calcite, dolomite and barite cements 
indicate no Sr and traces of Mn and Fe within 
carbonates and traces of Sr within barite. Sr
rich calcite in the matrix of coarse agglomerates 
and lapilli tuffs from an erupt ive centre 
(NTS 65 P/ 11) was interpreted to be of a primary 
magmat ic origin assoc iated with an explosive 
carbonate-bearing alkaline magma 
(LeCheminant et al., 1979). The lack of Sr-rich 
carbonates associated within the interpreted 
volcanic structure at occurrence 2 suggests that 
minerali zation resulted from groundwater 
migration along the basal Dubawnt unconformity 
with subsequent channe lling through a zone of 
high permeability. 

A similar quartz-carbonate breccia 
structure in granulitic gneiss (Plate 8C) with 
associated trachytic dykes was investigated in 
NTS area 56D/ 1, approximately 4.5 km northeast 
of the mineralized diatreme breccia. The 
breccia displays various degrees of packing and 
interstitial cements but no mineralization was 



Au 
Ag 

Table 3 

Electron microprobe analyses of e lectrum 
associated with selenide-pitchblende 

mineralization, occurrence 3 

Grain 1 Grain 2 Grain 3 

91. 5 91. 5 91. 9 
9 .1 9.0 9.0 

Total 100.6 100.5 100.9 

recognized. Reinhardt and Chandler ( 1973) described a 
similar breccia pipe in NTS area 55M/ 16 near the Dubawnt 
unconformity. No mineralization was reported nor was this 
structure examined by the author. 

Geology and Fracture-Controlled Mineralization 
in the Bissett-Thirty Mile Lake Region 

General Geology 

The basement complex immediately south of the 
Dubawnt Group rocks in the Bissett-Thirty Mile Lake region 
consists of gneissic quartz monzonite and granodiorite, 
cataclastic migmatites and augen gneisses. Uranothorite
bearing pegmatites and allanite-bearing gneisses are present 
within the basement complex. 

The southern margin of the eastern Baker Lake basin 
extending from the Christopher Island area southwest to the 
Thirty Mile Lake area is locally controlled by northwest, 
east-northeast, to east-trending faults and the trace of the 
basal unconformity (Fig. 1 ). The structures containing the 
uranium mineralization in the Bissett-Thirty Mile Lake area 
are parallel to the northwest fault systems that control 
the uranium-selenium-noble metal mineralization on 
Christopher Island . 

Numerous fracture-controlled uranium occurrences are 
present near the trace of the basal unconformity from Kazan 
Falls to the western end of the Thirty Mile Lake. All of 
these occurrences are present within approximately 13 km of 
the unconformity (Fig. 1 ). 

In the Kazan Falls area intense fracturing, faulting and 
accompanying alteration have been superimposed upon the 
basement gneisses and Christopher Island volcanic flows and 
volcaniclastic sediments. The basement rocks consist of a 
sequence of interlayered potassic feldspar augen gneisses, 
granoblastic granitic and granodioritic gneisses and 
migmatites. Garnet-hornblende and hornblende amphibolites 
are interlayered with the gneisses. Regional gneissosi ty is 
east-west with vertical to subvertical attitudes. Mineral 
lineations and small parasitic folds within the gneisses and 
folded amphibolitic bands suggest an isoclinal structure 
plunging west. 

The amphibolite grade gneissic rocks have been 
retrograded to the greenschist facies with the development 
of chlorite after biotite and hornblende, sericite within sodic 
plagioclase, and the development of epidote as veinlets and 
as intergrowths with chlorite, biotite, and hornblende. The 
felsic character and locally well developed layering of 
leucocratic and mesocratic bands may indicate a sedimentary 
parentage for some of the basement complex. Several 
molybdenite-pyrite gossans are present within amphibolites 
interlayered with the leucocratic gneisses. 

In the Kazan Falls area, Dubawnt rocks north of the 
unconformity dip south and are presumed faulted against the 
gneiss complex. The succession exposed in the immediate 

D 
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92' 33' 
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D CJ . . . 
Oubawnt Breccia 
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Figure 4. Generalized geology of the diatreme breccia 
occurrence (55 D/2). 

area north of the fault is maroon Kazan sandstone overlain by 
several fining upward sequences of volcaniclastic sediments 
capped by porphyritic feldspar-biotite trachytic flows. 

Fracture-Controlled Mineralization Within the Basement 

The leucocratic basement gneisses in the Kazan Falls 
area are cut by a series of en echelon fracture and fault 
zones. The dimensions of this dislocation zone are estimated 
to be at least 2.5 km long and at least 2 km wide. 
Mineralization is controlled by fractures and faults that trend 
335 to 360° and exhibit either right or left lateral 
displacements. Individual mineralized zones, up to 0.5 m in 
width, vary from mylonitic zones to zones of fractured and 
brecciated gneiss. All zones display varying degrees of 
hematitization, chloritization, silicification, and 
car bona tization. 

Uranium occurrences 13 and 14-, immediately southeast 
of Kazan Falls, exhibit similar alteration assemblages, 
metallic minerals, textures, paragenetic squences and 
structural relationships to the hosting gneisses. The 
mineralization at occurrence 13 is contained in a series of 
three subparallel fault and fracture zones approximately 
90 m apart that trend 335 to 360° (Fig. 5). Although each 
zone displays the same alteration assemblage, each exhibits 
varying degrees and amounts of fracturing, brecciation and 
cataclasis. The western zone consists of a fr'actured and 
brecciated gneiss in which relict equigranular quartz-feldspar 
fragments occur in a crushed matrix of quartz and feldspar. 
The gneiss has been pervasively impregnated with hematite· 
along grain boundaries and through quartz and feldspar 
grains. Plagioclase and potassic feldspar are overgrown by 
fine sericite and chlorite mats. Fracture filling assemblages 
include white calcite, pink Mn-rich calcite, chlorite 
(clinochlore) and hematite coating fracture walls and 
disseminated through chlorite and calcite. Pitchblende is 
confined to the crushed matrix between brecciated gneiss 
fragments (Plate 9). 

13 



Plate 8 

A. Densely packed angula r granulitic gne iss 
breccia adjacent to xenolithic biotite 
trachyte core, occurrence 2. (GSC 20326 1-A) 

B. Loosely packed a ngular gra nulitic gneiss 
breccia wi th hematite-quartz-carbonate-
chlorite -sulphate filling assemb lage, 
occurrence 2. (GSC 203261-C) 

C. Breccia struc ture (56 D/ l; 711 7400 N, 

14 

427950 E) similar to breccia a t occurrence 2. 
(GSC 203591-G) 
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Plate 9 
A. Intensely altered and brecciated granitoid 
western zone, occurrence 13. (GSC 203345-K) 

gneiss, B. Autoradiograph of Figure 9A showing distribution of 
uranium mineralization. (GSC 203591-H) 

Plate 10 

North-trending hematitized and mineralized fault, central 
zone occurrence 13. Note the drag of the interlayered 
leucocratic gneiss and amphibolite into the fault plane. 
(GSC 203261-B) 

16 

The central mineralized area is a narrow mylonite zone 
characterized by inte nse hematite alteration . The mylonite 
zone transects interlayered leucocratic potassic feldspar 
augen gneiss, leucocrat ic granodioritic gneiss and 
amphibolite. The units immediately adjacent to the mylonite 
zone exhibit drag structures indicating left lateral motion 
(Plate 10). The zone of cataclasis, hematitization, 
silicification and carbonatization is 30-36 cm wide and 
.consists of mylonitic gneiss, containing angular fragments of 
leucocra tic gneiss, epidotized gneiss and amphiboli te all of 
which are criss-crossed by veinlets a nd lensoid fractures 
filled with drusy quartz, calcite a nd chlorite. Finely banded 
portions of the mylonitic zone exhibit num erous small scale 
structures such as boudins of competent gneissic fragments 
and parasitic folds and faults. Relatively late lensoid 
fractures can contain sugary and euhedral white to clear 
drusy quartz , chlorite, disseminated and colloform hematite, 
and intergrowths of calcite, prehnite and pumpellyite. 
Uranium and sulphide mine ralization is associated with 
composite fracture filling assemblages and is concentrated 
along a narrow-band, about 6 cm wide on the western side of 
the mylonite zone. 

The mineralized eastern zone, approximately 15 to 
20 m wide, consists of a hematitized northerly trending fault 
zone flanked by subparallel zones the latter characterized by 
very closely spaced fractures that transect biotite-potassic 
feldspar augen granitic gneiss and interlayered amphibolite 
(Plate 11 ). On an outcrop scale the intensely fractured and 
mineralized gneiss displays a fine ribbed structure with 
chlorite and hematite coat ing fracture planes. 
Microscopically this crosscutting structure comprises very 
fine granoblastic feldspar and quartz crush bands and finely 
hematitized hairline fractures. Hematite and chlorite altera
tions predominate in the fractured gneiss with minor quartz 
and calcite veining. 



textural varieties of pitchblende are present 
and the textural relationships with sulphide 
minerals suggest at least two generations of 
pitchblende. 

Pitchblende associated with pink Mn-rich 
calcite-chlorite-quartz veinlets is present as 
individual or coalescing colloform grains or as 
rare crystals. The fine spherical grains are 
disseminated through quartz rich veinlets with 
calcite and spherical chlorite rosettes 
(Plate 12). Crystalline pitchblende, 0.10 to 
1.50 mm in size, are subhedral in form and are 
brecciated and recemented by quartz 
(Plate 13). 

A. Finely fractured and mineralized potassic feldspar augen gneiss, 

Gneisses that have been microfractured 
but not pervasively invaded by calcite-chlorite
quartz veinlets contain extremely fine delicate 
colloform and botryoidal pitchblende associated 
with hematite (Plate 14A, B). Hematitized 
quartz and feldspar adjacent to these pitch-

eastern zone, occurrence 13. (GSC 203345-L) blende concentrations commonly exhibit fine 
radial fracture patterns resulting from radio
active bombardment. 

Pitchblende is present as irregular grains 
and wispy sooty mats associated with chlorite
rich veinlets. These mats commonly enclose 
very finely disseminated iron-copper and iron 
sulphides. This textural relationship may 
represent a remobilized pitchblende. 

B. Autoradiograph of Figure 11 A showing distribution of uranium 

The initial sulphide, pyrite, is present as 
discrete subhedral to euhedral cubes and 
stringers which are in turn fractured and 
replaced by chalcopyrite and bornite (Plate 15). 
The latter sulphides are predominantly 
associated with chlorite-calcite filled veinlets 
but are also present as disseminated grains 
through the hemati te-chlori te-quartz-carbonate 
filled fractures. Exsolution textures of bornite 
in chalcopyrite or visa versa indicate 
re-equilibration of sulphide solid solutions 
(Craig, l 974b). Chalcopyrite commonly 
envelops and fills syneresis cracks in fine 
colloform buckshot pitchblende (Plate 16). mineralization. (GSC 203591-1) 

Plate 11 

Occurrence 14 (about 2 km south-southeast of 
occurrence 13) exhibits similar structural and mineralogical 
characteristics to occurrence 13. A principal vertical to 
subvertical fault zone up to 0.6 m wide with subparallel 
minor faults trending north-northwest to north and displaying 
right lateral movements transects isoclinally folded potassic 
feldspar augen granodiorite gneiss and interlayered 
amphibolites. The main fault zone has an outcrop expression 
of approximately 150 m and has sporadic mineralization 
confined to the southern 45 m of the fault zone. This zone is 
characterized by hematite altered wall rocks and a drusy 
fault filling assemblage of calcite, chlorite and quartz. The 
northern segment of the fault is unmineralized and consists 
of a branching network of predominantly quartz filled 
fractures with minor hematite alteration of the wall rocks. 

The fracture-fault filling assemblages and associated 
metallic phases in both occurrences exhibit a similar para
genetic sequence. The initial stage of mineralization 
involved fracturing and mylonitization with the 
accompanying assemblage of pitchblende, hematite, quartz 
and chlorite (clinochlore). Several morphological and 

Galena has two textural variations, the 
most common being anhedral discrete grains or 
aggregates with chalcopyrite-bornite. The 

second mode interpreted to be a radiogenic product is present 
as minute anhedral grains ( <0.01 mm) peripheral to and in 
shrinkage cracks of colloform and sooty pitchblende 
(Plate 16). Minor molybdenite is present with the metallic 
assemblage. 

Bloom minerals on mineralized fracture-fault planes 
include malachite, very fine grained crusts of uranophane, 
kasolite, boltwoodite and very fine 0.1-0.2 mm anhedral to 
subhedral crystals and crusts of wolsendorfite. Numerous 
highly oxidized and highly radioactive specimens contained 
digenite and covellite as disseminated grains and mantles on 
chalcopyrite, bornite and galena. 

A northwest-trending fault zone located at 7058370N, 
614850E (65P/IO) is approximately I km south of the basal 
Dubawnt unconformity. This structure transects leucocratic 
potassic feldspar augen granodioritic gneiss. Amphibolites, 
locally pyrrhotite-chalcopyrite bearing, are interlayered with 
and crosscut the gneissic layering. The non-radioactive fault 
zone has an outcrop expression of approximately 60 m and is 
approximately 15-20 cm wide. The fault filling assemblage 
contains chalcopyrite, galena, bornite and pyrite 
disseminated in a sugary white quartz, chlorite, and white 
calcite matrix. The fault trace is marked by abundant 
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Plate 13 

Photomicrograph of fractured subhed ral 
pitchblende (P) set in chlorite-quartz-calcite 
host. Mottled appearance of altered 
pitchblende grains (AP) represents first stage 
in the replacement of pitchblende by 
wolsendorfi te and uranophane, occurrence 13, 
reflected light. (GSC 203591-K) 

malachite, azurite and limonite strammg. Even though this 
fault zone is non-radioact ive it displays fracture filling 
assemblages a nd structural features similar_ to the 
radioactive fracture zones near Kazan Falls. 

Sparsely disseminated uranium- molybdenum mineral
ization, occurrence 15, is present approximately 5 km 
southwest of occurrence 13. The basement complex consists 
of interlayered biotite-rich paragneiss, leucocratic biotite
potassic feldspar augen gneiss and garnet amphibolite a ll of 
which are cut by amphibolite a nd diabase dykes. The 
radioactive minerals include very fine grained monazite and 
pitchblende, both of which occur within biotite-rich bands 
which mantle potassic feldspar augens. Extremely fine 
grained molybdenite, 0.5 mm, is disseminated throughout the 
augen gneiss. The lack of fracture zones associated with this 
occurrence may suggest that the disseminated mineralization 
within the layered fe lsic gneisses is syngenetic. 

Age of Basement Mineralization 

A U-Pb isotopic analysis on pitchblende from the 
fracture-controlled mineralization at occurrence 13 

18 

Plate 12 

Photomicrograph of colloform pitc hblende (P) 
associated with spherical c hlorite (Ch), quartz 
(Q), occurrence 14, transmitted light. 
(GSC 203591-J) 

immediately south of the unconformity resulted in the 
ratios: Pb 206 /U 238 = 0.34947 , Pb 207 /U 235 = 5.34056 and 
Pb 207 /Pb 206 = 0.1109 (Little, unpublished GSC data). The 
calcu lated ages are discordant and the isotopic ratios for the 
analysis lie above the concordia plot suggesting a loss of 
uranium relative to lead. The similarity of this U-Pb age, 
1813 Ma and the Rb-Sr age of 1786 Ma suggests a genetic 
relationship between mineralization and Christopher Island 
volcanism. 

Geology and Fracture-controlled Mineralization 
Within the Dubawnt Group 

Fracture controlled mineralization in the Thirty Mile 
Lake area is localized near the southern margin of the 
eastern Baker Lake basin similar to the U-Cu-Ag- Au-Se 
association on Christopher Island and the U-Cu-Pb-Mo 
association in the area of Kazan Falls. The basement 
complex, north of the eastern end of Thirty Mile Lake, is 
directly overlain by the Christopher Island Formation and to 
the west by the South Channel Formation. The presence of 
the Christopher Island Formation in contact with the 
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Figure 6. Geology of uranium occurrence 18, Thirty Mile 
Lake area (65 P/9). 

basement gneisses and the apparent interfinger ing of the 
redbeds with the volcanic rocks north of Thirty Mile Lake 
suggest that the Christopher Island Formation may be faulted 
against the basement complex. Three fracture-controlled 
uranium occurrences are present in the Christopher Island 
Formation near the unconformity or its faulted equivalent. 

The westerly of three uranium occurrences, 
occurrence 18, is located approximately 400 m north of the 
unconformity. Volcaniclastic sedimentary rocks of the 
Christopher Island Formation predominate in the occurrence 
area and are overlain by an aphanitic porphyritic trachytic 
flow unit. A northwest-trending medium grained ophitic 
diabase dyke, belonging to the Mackenzie dyke swarm, 
intrudes the cataclastic gneisses and Christopher Island 
Formation (Fig. 6). 
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The southerly outcrops in the occurrence area are 
massive coarse volcaniclastic sediments containing clasts of 
maroon porphyritic trachyt e and minor granitic gneiss. 
Clasts range from pebbles to boulders in size, subangular to 
subrounded in form, and are set in a maroon medium to 
coarse sandy matrix of feldspar and quartz. The content of 
basement clasts decreases northwards until the sediment 
contains only volcanic clasts. The northern edge of the 
occurrence area is a massive reddish maroon aphanitic 
porphyritic trachyte flow. Phenocrysts of plagioclase and 
biotite to 2 mm in size and glomeroporphyritic plagioclase to 
5 mm in size are set in an aphanitic feldspar-rich 
ground mass. 

The volcanic and volcaniclastic rocks are brecc iated by 
quartz stockworks trending west to northwest. The uranium
copper mineralization is confined to a bleached and 
brecciated zone within aphanitic porphyritic trachyte. The 
mineralized zone is approximately 4 m wide and 9 m along 
strike. The bleached trachyte is reddish orange to orange and 
highly hematitized compared to the unaltered maroon 
trachyte. In addition to the oxidized groundmass of the 
brecciated and bleached trac hyte, the plagioclase and biotite 
phenocrysts are partially and completely replaced by chlorite 
and very fine grained hematite. 

The stockwork exhibits open space filling textures with 
sugary milky crystalline quartz crystals encrusting the 
fracture walls. The associated assemblage includes calcite, 
orange barite, chlorite and minor hematite. Pitchblende is 
present as fine irregular sooty mats associated with calcite
chlorite rich veinlets. Copper sulphides, chalcopyrite, a nd 
bornite are disseminated through the breccia fragments and 
intergrown with the vein filling minerals. Chalcopyrite and 
bornite occur as separate grains and as extremely fine 
exsolution intergrowths (Plate 17). Bornite commonly 
exhibits irregular rims of chalcocite and covellite interpreted 
to be oxidation products. Secondary minerals in the 
mineralized stockwork are malachite, azurite and 
uranophane. 

Approximately 3.5 km to the west, two uranium-base 
metal occurrences (numbe rs 16 and 17) are related to 
structural elements that have been superimposed upon the 
Dubawnt Group. The Christopher Island Formation in this 
region consists of a series of trachyte flows striking east
west and interpreted to dip north based on the presence of 
low angle joint planes. The flows are aphanitic porphyritic in 
texture, with phenocrysts of feldspar and biotite with or 
without hornblende. Locally narrow biotite trachyte dykes 
containing granitic gneiss xenoliths crosscut the porphyritic 
flows. Glomeroporphyritic plagioclase and potassic feldspar 
to 7 mm in size are set in a trachytic groundmass. The flows 
are highly propylitized with the development of fine grained 
calcite impregnated through the ground mass and calcite 
and/or chlorite after feldspar, hornblende and biotite 
phenocrysts. Olivine(?) pseudomorphs are associated with 
porphyritic feldspar-biotite flows. Altered biotite pheno 
c rysts consist of iron-rich chlorite, very fine grained anatase 
and very fine grained hematite which is disseminated through 
and outlines the pseudomorphs. 

The porphyritic trachyte flows in the vicinity of 
occurrence 17 are fractured about west to northwest and 
north- to north-northeast sets. Mineralization is contained 
within the latter set but is carried principally by the west to 
northwest fracture set. The mineralization is contained in a 
highly radioactive gossan about 8 m long by 3 m wide 
trending 030° with northwest-southeast-trending mineralized 
fractures extending up to 7 5 m from the high grade zone. 
Peripheral radioactive fracture zones are characterized by 
thin reddish orange to orange reduced walls containing 
malachite coated chlorite, calcite, and quartz filled veinlets. 
The area immediately adjacent to the gossan is chloritized 



and carries disseminated chalcopyrite. The gossan consists of 
angular brecciated fragm ents of intensely chloritized 
porphyritic trachyte in a fine grained, 0.2-0.0lf mm mosaic of 
quartz , ch lorite, calcite, hematite, yellow barite and anatase. 

The fine grained sulphides (0.2-0.5 mm) galena, pyrite, 
sphalerite, bornite and principally chalcopyrite are 
disseminated through the altered and brecciated trachyte 
fragments and barite-carbonate-quartz-chlorite veinlets. 
Pitchblende is present as fine anhedral grains 0.1-0.2 mm and 
as sooty mats disseminated through the vein filling 
assemblage. 

Occurrence 16, approximately 2 km east of 
occurrence 17, contains disseminated sulphide and uranium 
mine ralization in northwesterly trending fractures. The 
Christopher Island volcanic rocks in the area consist of 
massive porphyritic trachyte flows and breccia zones the 
latter consisting of fine to medium ( < 1 cm to 5 cm) angular 
to subrounded fragments of porphyritic trachyte. These 
zones are interpreted as flow top or bottom breccias. The 
biotite phenocrysts within the zone of fracturing are 
replaced by chlorite and rare ly epidote both of which a re 
intergrown with a very fine grained assemblage of hematite, 
anatase and a uraniferous phase. The opaque minerals outline 
and are disseminated throughout the biotite pse udomorphs 
(Plate 18A, B). 

Sporadic sulphide and uranium mineralization is 
confined to the fracture systems, the widest fracture zone 
being approximately 10-15 cm. Autoradiographs of the 
fractured porphyritic trachyte show that a uranium phase is 
associated with hematite in calcite-chlorite veinlets and in 
chlorite, anatase, and hematite bearing pseudomorphs after 
biotite. The pseudomorphs are set in a fine grained oxidized 
and chloritized matrix of feldspar microlites, apatite and 
possibly devitrified glass. Within the fracture zone, chalco
pyrite, galena, covellite and digenite are disseminated 
through the trachytic groundmass and in the calcite-chlorite 
veinle ts. 

Energy dispersive investigations and quantitative 
electron microprobe crystal spectrometry of the uraniferous 
phase within a biotite pseudomorph indicate that the 
principal elements are uranium and titanium with minor 
silicon and lead (Table 1). Energy dispersive spectra on 
numerous grains and the quantitative analyses indicate 
variable abundances of uranium and titanium. The analyzed 
uraniferous phase is too fine grained (5-10 µ) for X- ray 
identification. The uraniferous phase is intimately 

Plate 17 

Photomic rograph of chalcopyrite (Cpy) and 
bornite (Bn) in quartz (Q)-chlorite veinlet. 
Note the extremely fine intergrowth of 
chalcopyrite in bornite, occurrence 18, 
reflected light. (GSC 203591-P) 

intergrown with anatase. Secondary minerals within the 
fracture zone are very thin c rusts of malachite and pale 
yellow kasolite. 

The restriction of sulphides and uranium-titanium 
phases to the northwest fractures suggests that fracture 
zones channelled metal-bearing fluids. The intimate inter
growth of anatase and uranium-titanium phases suggests 
complexing of uranium around anatase developed during or 
after chloritization of the mica phenocrysts. 

Occurrence 19 is located in an area of limited exposure 
of interbedded Christopher Island volcaniclastic sediments 
and. massive aphanitic porphyritic trachyte flows. The 
sediments consist of subrounded cobble to granule sized 
(15 cm-1 cm) aphanitic porphyritic trachyte set in a maroon 
sand to silt sized matrix. The volcanic units are typically 
reddish maroon to maroon, aphanitic porphyritic with 
euhedral to subhedral phenocrysts of feldspar and bioti te. 
Propylitization of phenocrysts and groundmass is common. 

The anomalous radioactivity is confined to a zone 
of massive reddish orange amygdaloidal biotite-feldspar 
trachyte (Appendix 2A, analysis If), about 7 m wide 
(north-south) and 15 m long (east-west). The feldspathic 
groundmass contains subhedral microphenocrysts of 
plagioclase (0.1-0.3 mm) and chloritized and carbonatized 
biotite phenocrysts. The zoned amygdales are equant to 
elongate in shape and filled with chlorite followed by calcite. 
No radioactive minerals or sulphides have been identified, 
however, the bleached amygdaloidal trachyte contains 
87 .3 ppm U and 1910 ppm Pb compared to the range of 
3.0-13.1 ppm U for Christopher Island volcanic rocks (Blake, 
1980). This radioactive zone is interpreted as an epigenetic 
concentration within a propylitized vesicular flow top. 

A sequence of southerly dipping sedimentary, volcanic 
and volcaniclastic rocks .of the Kazan and Christopher Island 
formations is poorly exposed immediately north of the 
frac ture-fault controlled mineralization of occurrences 13 
and l lf. These rocks are presumed to be in fault contact with 
the basement complex. A fracture zone with anomalous 
radioactivity, occurrence 12, is present within maroon 
porphyritic biotite trachyte flows. The fracture zone 
trending 350° is exposed for approximately lfO m along strike 
and up to 7 m in width. Trachyte within the fracture zone is 
bleached to a light orange to peach hue and contains quartz, 
calcite, and hematite filled fractures. No radioactive 
minerals or sulphide minerals have been recognized. 
However, this radioactive anomaly is related to northwest- to 
north-trending fracture zones similar to the mineralization in 
the adjacent gneisses. 
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Geology of the Redbed Mineralization 

Paleoenvironment of the South Channel 
and Kazan Formations 

The lower redbeds of the Dubawnt Group, South 
Channel and Kazan formations, outcrop in the area 
south of Baker Lake and east of the Kazan River. 
Donaldson (1965, 1967) and Macey (1973) stud ied the 
sedimentology of these formations and stated that 
these formations represent fluviatile sedimentary rocks 
accu mulated in a structurally controlled basin marginal 
to a tectonically unstable provenance area to the 
southeast and south. 

The polymictic South Channel conglomerate con
sists of locally derived rounded to angular basement 
c lasts, predominantly felsic gneisses, but metavolcanic, 
metasedimentary and metaplutonic rocks are present. 
Matrix material varies from coarse sand to silt size 
muscovite, quartz and feldspar cemented by hematite 
and calcite. The great variability in clast shape and 
roundness indicates a high degree of immaturity. In 
addition, the massive charac ter, poor sorting and 
bimodal distribution of c lasts in the conglomerate 
suggest a high transport energy and rapid deposition due 
to loss in gradient. 

The Kazan Formation is conformable with and 
gradational from the South Channel Formation. With 
inc reasing sand interbeds and a decreasing coarse lithic 
component, the South Channel conglomerate is 
gradational into coarse to pebbly Kazan arkosic sand
stone. The arkose is well bedded with thin maroon 
siltstone-mudstone laminae and typica lly consists of 
wedge shaped planar and trough cross stratification. 
Towards the northwest, the arkose contains a greater 
siltstone-mudstone component suggesting that it is a 
more basinward facies of the Kazan arkose. 

The Kazan arkose is plagioclase-rich, typically 
well bedded and cemented with hematite, albite, 
calcite and minor quartz, with hematite accounting for 
the pink to maroon hues of the arkose-siltstone-mud
stone units. Modal variations of the principal clasts 
are: albite 20-32%, potassium feldspar 7-12% and 
quartz 18-39% with the cements: albite 1-7%, 
carbonate 1-10% and hematite 2-6%. Sedimentary 
structures such as fining upward cycles, desiccation 
cracks, mudstone-siltstone rip-up structures and a 
variety of ripple marks in arkosic beds and siltstone
mudstone interbeds indicate a shallow water environ
ment with varying water velocity and frequent 
subaerial exposure. Northwest-trending paleocurrents 
in the Kazan Formation (Donaldson, 1965) as well as the 
above sedimentological structures strongly indicate a 
braided fluviatile river system. 

The Kazan arkose characteristically · displays 
planar and trough stratification on the scale of 
20-60 cm, however, locally within the lower segments 
of the Kazan Formation there are large crossbedded 
arkosic units termed the giant crossbedded arkose that 
attain dimensions of tens of metres across and several 
metres thick. The giant crossbedded arkose is a discon
tinuous subfacies of the Kazan Formation occurring in a 
broad arc extending from west of Bissett and Martell 
lakes to Christopher Island. It is restricted to the 
basal portions of the Kazan Formation at the transition 
between coarse pebbly arkose and medium to fine 
grained arkose-siltstone units (Fig. 7). In detail, the 
giant crossbedded unit is a complexly interbedded 
sequence of large crescent shaped crossbedded arkose 
and small scale planar and trough crossbedded arkose
siltstone and minor pebbly arkose. 



A. Photograph of mineralized uranium-copper bearing polymictic 
South Channel conglomerate, occurrence 8. (GSC 203345-H) 

B. Autoradiograph of Figure 19A showing the distribution of 
uranium mineralization. ( GSC 203591 -S) 

Plate 19 

The giant crossbedded arkose is characterized by 
medium to coarse, subrou nded to rounded sand size 
detritus and by arkosic beds up to 30-40 cm 
interbedded with thin (1-5 mm) maroon siltstone 
laminae. Bedding character ist ics and the high degree 
of sorting of arkosic beds a nd siltstone laminations, 
subrounded to rounded shape of quartz and feldspar, 
absence of c lay or micaceous detritus, scarcity of 
desiccation c racks, and a high angle of repose 
(28° to 33°) for the internal stratification of cross 
sets suggest the unit represents transverse eolian dunes. 
In outcrop plan, the large crescent shaped structures 
resemble truncated festoons of eolian dunes. 

Giant crossbedded structures can be created 
within a fluviatile system (Freeman and Visher, 197 5; 
Coleman, 1969) or by eolian processes (Reineck and 
Singh , 1975; Bigarella, 1972) . Eolian processes could 
have been active during periods of arid conditions or 
created simulta neously withi n the braided fluvia l 
e nvironment . The change in grain and clast size from 
the South Channel conglomerate to the Kazan arkose 
indicates varying f low conditions typical of a braided 
stream environment. Decrease in grain size from 
conglomerate to sandstone represents the change from 
a proximal to a distal braided stream facies 
(Schumm, 1977). The distribution of distal arkosic 
sandstones overstepping proximal conglomeratic facies 
as overlapping e last ic wedges may be the result of a 
lowering of the stream gradie nt. 

Paleomagnetic data from the Kazan a nd 
Christophe r Island formations indicate that the 
Dubawnt basin was located at 07°N, 083°W during 
Dubawnt sedime ntation a nd volcanism (Park et al., 
1973). Dubawnt sediments representing a series of 
elastic wedges may have been deposited in a wadi-like 
environment having its provenance area the gneissic 
a nd intrusive rocks to the southeast and south. The 
near source coarse e lastic sediments represented by the 
South Channel conglomerate would be deposited as 
a lluvial fans and possibly scree deposits a t the margin 
of the basin. Ephemeral braided streams could c reate 
the sedimentary structures and lithological 
relationships existing between the South Channel 
conglomerate and Kazan a rkose. Reworking of the 
fluvial deposited arkoses by winds could produce eolian 
dunes represented by giant crossbedded a rkoses that are 
interbedded with braided stream deposits. 

Plate 20 

Angular clasts from the basal portion of the 
South Channel conglomerate at occurrence 8. 
(GSC 203591-T) 
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Geological Setting of the Kazan Type Mineralization 

The term 'Kazan type mineralization' is used here to 
describe epigenetic concentration of silver, copper and 
uranium phases as impregnations and as fracture fillings 
within a ltered Kazan and South Channel conglomerate. The 
mineralization is irregularly distributed within thermally 
metamorphosed sedimentary rocks peripheral to altered 
lamprophyre dyke rocks equivalent to the Christopher Island 
potassic volcanic rocks. 

Six occurrences of Kazan type mineralization are 
known from northwest of Bissett Lake northeastward to 
Christopher Island (Fig. 1). The U-Cu-Ag mineralization 
shows a direct relationship to the emplacement of 
lamprophyre dykes and can be hosted within the South 
Channel conglomerate or lower portions of the Kazan arkose. 
Mineralization at occurrences 6, 7, 9, 10 , and 11 is hosted 
within the giant crossbedded unit of the Kazan Formation 
whereas occurrence 8 is within the South Channel 
conglomerate. Lithologies at occurrence 11 differ to a 
degree from occurrences 7, 9 and l 0 in that the arkose 
contains thick siltstone laminae, desiccation cracks and mud
stone rip-up chips as well as features indicative of the giant 
crossbedded unit. This suggests that this occurrence is within 
a transitional zone between fluvial and eolian deposits. 

Occurrence 8 is within the South Channel conglomerate 
approximately 12-15 m from the basal unconformity. The 
mineralization is localized within the matrix of the 
conglomerate adjacent to narrow north-trending biotite
feldspar porphyry dykes related to the Christopher Island 
Formation (Plate l 9A, B). The dykes were not observed to 
cut the basement complex but this is probably only a function 
of exposure. The conglomerate at this location is massive, 
unsorted and pebble supported with framework clasts 
consisting of mica schist, garnet amphibolite, white quartz 
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and granitic gneiss to 15 cm in size, the last two li thologies 
predominating (Plate 20). The matrix comprises medium sand 
to silt size quartz, feldspar and muscovite cemented by 
hematite and calcite. Extensive chlorite is present in the 
areas of mineralization a long with hematite and calcite. The 
subrounded to subangular shape of the framework c lasts a nd 
high muscovite content of the matrix characterizes the South 
Channel conglomerate at this location. The unconformity 
su rface between the conglomerate and basement gneiss is a 
vertical plane striking 060°. The retrograded white to 
pinkish white cataclastic biotite-potassic feldspar augen 
gneiss at the basal unconformity plane does not exhibit any 
features indicative of regolith development. 

Angularity of the framework clasts and immaturity of 
the conglomerate matrix suggest that the basal South 
Channel Formation at this location is a lag deposit developed 
on the pre-Dubawnt basement complex. The steepness of the 
unconformity may be due to local block faulting. This basal 
conglomerate is strikingly similar to the basal conglomerate 
of the Martin Formation, Beaverlodge District, Saskatchewan 
(Tremblay, 1972; Plates 17, 18). 

The Kazan arkose in the region of occurrence 6 on 
Christopher Island exhibits the features characterized by the 
type occurrences 7, 9 and 10. However as illustrated in 
Figure 3, this occurrence is situated near a late northwest 
fault which transects Christopher Island. In spite of the 
highly fractured nature of the Kazan arkose and abundant 
fractures containing copper and uranium minerals 
occurrence 6 and the remaining five occurrences are unified 
by the lithological and spatial relationships between arkose 
and dyke complexes, and alteration and metallic assemblages. 
Secondary minerals associated with the fracture controlled 
mineralization include francevillite-curienite series, 
uranophane, iriginite and powellite. 
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Figure 8. Geology of uranium occurrence 20, Thirty Mile Lake area (65 P/ 10). 
Mapped by A .R. Miller 1976, 1978 and A.N. LeCheminant 1975, 1978. 

Occurrence 20 is located at the western end of Thirty 
Mile Lake approximately 2.5 km north of the unconformity 
(Fig. 8). Here, the South Channel conglomerate consists 
predominantly of cobble to granule size gneissic clasts set in 
a pink arkosic matrix. Mudstone and arkose lenses are 
interbedded with the conglomerate and locally mudstone 
rip-up chips are present within the conglomerate. The 
medium grained Kazan arkose is gradational from the 
conglomerate through a zone of interbedded coarse pebbly 
a nd sand size crossbedded arkose. The elastic sequence dips 
north at moderate attitudes (Fig. 8). Minor calcite-quartz 
veining is present within the arkose. Numerous fine grained 
northwest-to north-trending biotite lamprophyre dykes 
intrude the pebbly arkose. Narrow non-radioactive bleached 
contact aureoles are present in the adjacent arkose. 

The radioactive zone occurs within medium to fine 
grained arkose at the contact with a conglomerate channel 
scour. The massive conglomeratic channel scour contains 
coarse rounded granitic gneiss, and white quartz 
predominantly 2-10 cm in size and is in erosional contact 
with a red to reddish pink mudchip-bearing arkose. The 
arkose is cemented by dolomite, hematite and minor calcite. 
Erratic radioactivity is confined to a narrow 10 to 15 cm 
wide band of maroon arkose along the contact of the channel 
scour. Trace element analyses of two specimens of radio
active arkose contained 66.9 and 153 ppm uranium, 23 and 
45 ppm copper, 23 and 65 ppm lead and 0.3 and 0.2 ppm 

silver, respectively. Anomalous uranium, lead and silver 
abundances are present compared to unmineral ized Kazan 
arkose (Appendix 2G). 

Petrography of the Kazan Arkose 

Macey (1973) described the petrography of the South 
Channel and Kazan redbeds, their detrital mineralogy, 
secondary cements and sedimentological paramet e rs. The 
Kazan arkose is plagioclase rich a nd has a plagioclase
potassic feldspar ratio varying from 1.4 to 6.3. This range is 
based on detrital grain abundances disregarding secondary 
silicate overgrowths. The plagioclase rich nature of the 
Kazan arkose compared to typically potassic feldspar rich 
arkoses coupled with the rapid deposition of the immature 
South Channel-Kazan sedimentary sequence into a 
tectonically controlled basin suggests that the distinctive 
detrital feldspar mineralogy of the Kazan arkose is directly 
related to a plagioclase rich provenance area rather than to 
processes of weathering, mineral stability and preservation. 

Walker (1967), Waugh (1970a, b), and Kessler (1978) 
have described various diagenetic features that affect desert 
sandstone deposits and their ultimate conversion to redbeds. 
Based on modern analogues, the factors that contribute to 
formation of redbeds include a desert environment where 
iron-bearing detrital grains are altered and Eh-pH conditions 
favour the formation of ferric oxide and subsequent 
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conversion to the characteristic red pigments. These 
conditions are commonly met in hot, dry environments where 
a low water table and alkaline ground water prevail. In 
Kazan arkose hematite is a common cement coating frame
work and matrix grains but because of its ubiquitous 
distribution the timing of hematite cementation, dur ing or 
after deposition of the sediments, is questionable. However 
textural relationships exhibited by the various ce ments in the 
Kazan arkose suggests sequential deposition of hematite, 
albite, and carbonate. Walker (1967) stated that formation of 
hematite is the result of destruction of iron-bearing detrital 
grains. The provenance area for the Kazan and South 
Channel red beds contains bioti te- and hornblende-bearing 
fe lsic gneisses and metavolcanics with associated 
paragneisses. In spite of a provenance area that would have 
contributed mafi c detr itus, mafic minerals or relict textures 
suggesting their presence are rare to absent especially within 
the Kazan arkose. This scarcity of iron-bearing minerals 
suggests that the red pigments have been ultimately derived 
from the a lteration of mafic detritus. Hematite mantles the 
original rounded to subrounded grains of detrital quartz and 
feldspar and is in turn overgrown by authigenic albi te. This 
relationship implies a timing of the hematite and a lbite 
cements and suggests an early postdepositional period of 
hematite cementation. 

The plagioclase-rich Kazan arkose is highly indurated 
with authigenic albite overgrowths on potassic feldspar but 
predominantly on plagioclase. The dusted appearance of 
sericitic rounded to subrounded detrital feldspar in contrast 
to the unaltered al bite overgrowths indicate that al bite is of 
a postdeposi tional diagenetic origin. In addition, the 
authigen ic overgrowths display optical continuity with the 
original twinned plagioclase grains. The authige nic albite 
overgrowths create subhedral prismatic outlines on round ed 
detrital clasts (Plate 21). The development of prismatic 
authigenic overgrowths on detrital silicates has been 
documented in several eolian sequences (Waugh, l 970a; 
Glennie et al., 1978) and in wadi and eolian dune 
environments (Kessler, 1978). The authigenic cements of 
quartz and potassic feldspar c ommonly occur in optical 
continuity on detrital silicates. These overgrowths are 
interpreted to have been precipitated slowly from ground 
waters concentrated with the appropriate e lements. The 
enriched groundwater was c reated by the solution of micron 
size detrital fragments generated by abrasion in eolian 
e nvironments (Waugh, l 970b). The high plagioclase content 
of the Kazan arkose may have created optimum conditions 
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for a high chemical activity of sodium and aluminum in the 
groundwater systems to permit precipitation of 
authigenic albite. 

Carbonate is present throughout the redbed formations 
and, in the Kazan arkose, occurs as anhedral grains 
interstitial to the framework grains. Authigenic a lbite 
overgrowths display euhedral grain margins against anhedral 
interstitial carbonate. This relationship suggests that the 
carbonate cement is post albite. 

At the western end of Thirty Mile Lake (NTS a rea 
65 P/10) a basal carbonate-cemented arkose of the South 
Channel Formation rests on felsic gneisses. These units are 
crosscut by a lamprophyre dyke belonging to the Christopher 
Island Formation. Carbonate has been remobilized into the 
dyke margins where the dyke intrudes carbonate-cemented 
arkose (LeCheminant, personal communication , 1978). The 
relationship, at this locality, indicates that the carbonate 
cement is pre-Christopher Island dyke emplacement . 
Textures and mineral assemblages, to be described later, 
within a ltered Kazan arkoses peripheral to alkaline dykes are 
interpreted to be the result of thermal anomalies generated 
during emplacement. 

Lithological Relationships Associated With 
Kazan Type Mineralization 

Lamprophyre dykes related to the Christopher Island 
Formation intrude the basement complex, South Channel, 
Kazan and Christopher Island formations. In suprac rustal 
rocks the intrusions are present as single units or as dyke 
swarms, the latter consist ing of a series of parallel to 
subparalle l dykes a nd radiating dykelets of variable widths. 
They are characterized by major dykes up to 6 m in width 
with subsidiary dykes as narrow as 0.5 m in width . The major 
dykes exhibit narrow chi lled margins with vertical to 
subvertical contacts with the host sedimentary rocks. The 
intrusive complexes from the various occurrences exhibit 
excellent continuity a long strike. Near occurrences 10 
and 11, the northerly trending dyke complex can be traced 
for approximately 3.5 km. In spite of the continuity, 
mineralization is locally concentrated within the adjacent 
altered sediments and rarely within the intrusive rocks as 
shown by one dyke containing 356 ppm uranium 
(Appendix 2B). These intrusions from four occurrences 
contain 6.1-23.9 ppm uranium (Appendix 2B) and are similar 
to the uranium abundances wi thin the Christopher Island 
lavas, 3.0- 13.l ppm (Blake, 1980). 

Plate 21 

Photomicrograph of authigenic albite 
overgrowths (Ab) on rounded detrital 
plagioclase grains, outlined in black, and 
associated with interstitial chlorite (Ch) and 
calcite (Cc), pink altered zone, occurrence 9, 
transmitted light. (GSC 203591-U) 



Chemical ana lyses of the lamprophyres from various 
occurrences plot within the a lkaline field but a re displaced 
compared to the equiva le nt lavas (Fig. 2, Appendix 2B). The 
shift to lower total a lkali contents may be the resu lt of 
intensive propy litization. Propy litization has resulted in 
extensive c hlorite and calcite after mafic phenocrysts and 
very fine grained calc ite disseminated th rough the trachytic 
to felted bioti t e -fe ldspar grou ndmass. 

Partially to complete ly propylitized subhed ra l 
phenocrysts of biotite and plagioclase are com mon 
throughout all of the dykes. Rare re lict textures suggest that 
olivine was a phenocryst a long wi th biotite a nd plag ioc lase. 
Pseudomorphs of hema tite after euhed ra l magnetite 
microphe noc rysts are present throughout the trachyt ic 
grou ndm ass . These textures and phenocryst types are simila r 
to the stocks north of and on Christopher Island. The dyke 

Plate 22 

system at occu rrence 7 contains subhedral to euhed ral 
hornblende and clinopyroxene in addition to the above 
phenocrysts. 

All dykes are xenolithic to various degrees ranging from 
microxenoliths of e mbayed resorbed quartz, 1-2 mm in size, 
to li thic macroxenoliths up to 30 -40 c m in size and are 
cha racteristically subrounded to rounded in shape. Xenoli ths 
a re commonly white vein quartz or gra nodior itic to granitic 
gne iss. However, at occurrence 7 exotic fragments of 
f luorite-bearing biot ite c linopyroxenite a re presen t as we ll as 
the above common xenoliths. The biot ite c linopyroxenite 
xenoliths exhi bit a cumu late texture with intercumulus 
fe ldspar. Fluorite is present as lensoid grain s a long biotite 
c leavage planes in the biotite-clinopyroxenite xenolith and in 
biotite phenocrysts e nc losed within the fe ldspathic g rou nd
mass of t he dyke . This xenolith resembles ultramafic layers 
in alkaline intrusions withi n the baseme nt complex 

(Morrison, 1977; LeCheminant et a l. , 1977). 
Locally, seg me nts of massive aphanitic 
porphyritic dykelets at occurrence 7 a re 
c hoked with a heterogenous assortment of 
rounded to subrou nded Kazan si ltstone, mud
stone and a rkose, granodio ritic gneiss and 
white quartz ranging from I mm to 5 c m in 
diameter. The rounded form of a ll the 
xenoliths may be the result of attrition du ring 
emplacement of the fluidi zed trachy
tic magma. 

Ther ma l aureoles occur within the Kazan 
arkose periphe ra l to the lamprophyre dykes. 
The alteration assemblages related to the 
thermal au reoles are of variab le widths 
ra ng ing from 1 m up to JOO m. The narrow 
a ure oles occu r within segments of the Kazan 
Formation c haracterized by th inly bedded 
fluvial arkose and siltstone - mudstone units. In 
contrast, wide ther mal au reoles occur within 
thickly bedded sand units such as the giant 
crossbedded Kazan a rkose. 

Photomicrograph of rec rystallized carbonates, anhedral calcite (Cc) and 
subhedral to euhed ral dolomite (Do) interstitial to quartz (Q) and 
fe ldspar (F), white altered zone, occurrence 9, transmitted light. 
(GSC 203591-V) 

The rma l au reoles a re characterized by a 
pronounced colour variation. This 
accompanied by secondary a lte ration minerals 
a nd related textures as we ll as whole rock a nd 
trace-ele me nt a na lyses pe rmit a three fold 
subd ivision of the altered Kazan arkose. 
Colour a lteration is grada tional between zones 
and varies from whi t e through mottled pink 
and pink to a cherry red . The white altered 
zone occurs nearest the intrusive complex 
grading horizontally outward into the pink and 
red altered rock s. 

Plate 23 

Photograph of chloriti zed arkose, white altered zone, wi th chlorite 
growth concentrated a long silty laminae , occurrence 7, a nalysis 5, 
Appendix 2C. (GSC 203345-G) 

Petrography of the Altered Kazan Arkose 
Associated With Mineralization 

White A l tered Kazan Arkose 

This altered zone is prese nt adjacent to 
the dyke co mplex and is characterized by 
pinkish wh ite to white hues compared to the 
typical pink hu es of the Kazan a rkose. 
Hematite is sporadically disseminated as fin e 
relict knots inte rstitial to elastic grains a nd 
as relict films along grain edges. The 
interstitial carbonates have been 
recrystalli zed with the development of 
euhedral dolomite (Plate 22). Calcite is 
present as very fine sugary grains (0.1-0.3 mm) 
interstitial to e last ic grains and intergrown 
with fine grained subhed ral to euhedral 
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dolomite grains (0.2-0.4 mm). The recrystallized carbonates 
commonly display a mosaic texture. Chlorite, variety 
clinochlore, is intergrown with the recrystalli zed carbonates 
but is not as abundant as in the pink a nd red a ltered zones. 
Chlorite can be locally concentrated in siltstone-mudstone 
.laminae imparting a light green hue to the laminae compa red 
to the whi te sandy beds (Plate 23 ). Very fine grained c lusters 
of subhed ral to euhedral anatase are associated wi th inter
stitial carbonates and chlorite. Anhed ral barite is locally 
associated with the inte rstitia l ca rbonates. 

Pink Altered Kazan Arkose 

The pink altered arkose is charac terized by a variety of 
macro- a nd micro-structu res, recrystallization textures, and 
an inc rease in the secondary chlorite and anatase con
tents. Chlorite is common in the pink zone as ve ry 
fine interstitial grains (< 0.05-0.15 mm) , as fine 
radiating interstitial rosettes inte rgrown with carbonates 
(0 .1-0.2 mm), and as f ine st ylolitic-like structu res 
(Plate 24A, B, C, D). The inte rsti tial chlorite is clino
c hlore with a MgO content of 27.74-29.34 weight per cent 
and an FeO content of 8.24-12.10 weight per 
cent (Table 4). The narrow stylolitic-like structures 
(0.20-1.00 mm) consist principally of chlorite wi th minor 
carbonate and anatase and can either parallel or crosscut 
bedding planes. The veinlets are highly tortuous following 
detrital grain contacts . Stylolitic structures consisting of 
illitic clays with associated uranium and sulphide 
mineralization will be described late r. 

The pink hues of t his zone are the result of the 
retention of hematite as a film coating detrital quartz, 
feldspar and interstitial carbonates. Hematite is a lso present 
as very fine interstitial anhedral grains or anhedral bladed 
aggregates. A distinct megascopic texture of the pink zone 
is the localized concentration of roughly circular knots 
(2-3 mm in size) of an extremely fin e grained mixture of 
recrystallized red hematite and chlorite. The area between 
the knots is relatively he matite poor (Plate 25A, B, C). 
The rec rystallized red hematite and individual knotted 
t extu re suggests that iron has been remobilized and 
recrystallized during alteration of the Kazan a rkose. 

Anhedral to euhedral dolomite is associated wi th inter
stitial anhedral calcite but is less abundant than in the white 
altered zone. Anatase is more abundant than in the white 

Plate 25. 

A. Blotchy arkose, pink 
occurrence 10, analysis 14, 
(GSC 203591-Z) 

altered zone, 
Appendix 20. 

B. Blotchy arkose adjacent to Martell 
intrusion , analysis 5, Appendix 2F. 
(GSC 203345-J) 

C. Photomicrograph of Figure 25A showing 
recrystallized hematite (Ht) wi th chlorite 
interstitial to framework clasts of feldspar 
(F) and quartz (Q). Note the hematite 
depleted character adjacent to the hematite
chlorite knot. (GSC 203592) 
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Tablet+ 

Electron microprobe analyses of chlorite associated with the Kazan type mineralization 

Analysis 1 2 3 4 5 6 7 8 9 10 

Occurrence 9 9 9 9 9 9 9 9 9 10 

Alt e ration Zone Pink Pink Pink Pink Pink Red Red Red Red Red 

Sio
2 29.90 30.17 31. 23 30. 83 30.44 32 . 70 32.45 24 . 47 25 . 03 27.37 

Ti0 2 0 . 04 0 .00 0.00 0 . 08 0.06 0.04 0.04 0 . 07 0 . 06 0.08 

Al2o
3 17.16 18.01 18 . 45 17 .20 16.47 15.05 15.41 19 . 47 20.42 19 .04 

Cr 2o
3 

0 . 05 0.07 0.04 0.04 0 .06 0.03 0 . 02 0. 05 0 .08 0.19 

FeO 8 . 24 12.10 11. 09 9.38 9. 27 0.57 0.56 41.89 39.59 24 . 58 

MnO 0.06 0.10 0 . 04 0 . 06 0 .02 0 . 18 0 . 12 0.10 0 . 00 0.11 

MgO 28.23 27. 74 28.67 29 . 34 28 . 59 28.73 30 . 78 3.50 5.45 15. 73 

Cao 0 . 16 0.02 0.02 0.04 0.18 0.28 0.20 0.00 0.00 0.00 

' Na
2

o 0 . 00 0.12 0.00 0.00 0 .00 0.32 0 .00 o.oo 0.00 o.oo 

K20 0.01 o.oo 0.06 0 . 01 o .oo 0.52 0.06 0.00 0.00 0.08 

Total 83.85 88. 33 89.60 86.98 85 .09 78. 42'" 79. 64'' 89 . 55 90.63 87 . 18 

Fe/Mg .376 . 562 .498 .412 .32 4 .026 .023 15.4 9 . 36 2 . 01 

Structural formula based on 28 oxygen 

Si 6 . 005 5. 872 5.941 6.000 6.059 6. 710 6.541 5.534 5.497 5. 776 
+ 4 

Al 1. 995 2.128 2 . 059 2.000 1. 941 1. 290 1. 459 2.466 2 . 503 2.224 
+6 

Al 2.069 2.004 2.079 1.947 1. 924 2.351 2.203 2.725 2 . 784 2.514 

Ti 0.006 0.000 0.000 0 . 012 0 . 009 0.006 0.006 0.012 0.010 0.013 
+2t 

Fe 1. 384 1. 722 1. 764 1.478 1. 543 0 . 098 0.094 7.923 7. 272 4.338 
+ 3i" 

Fe -- 0.237 -- 0 . 047 -- - - -- -- -- --

Mn 0.010 0.017 0.006 0.009 0.003 0.031 0.021 0 .019 0.000 0.020 

Mg 8. 451 8 . 046 8.129 8 . 510 8.481 8 . 785 9.247 1.180 1. 784 4 . 947 

Ca o. 034 0.004 0.004 0.008 0. 038 0.062 o.043 0.000 0.000 0.000 

Na 0.000 0.045 0.000 0 . 000 0.000 0.127 0.000 0.000 0.000 0.000 

K 0 . 003 0.000 0.015 0.003 o.ooo 0.136 0.015 0.000 0.000 0.022 

l: Z 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8.000 8 . 000 

ZY 11. 95 7 12.085 11. 997 12.016 11. 998 11.596 11. 629 11.859 11.850 11. 854 

*Ave rage 3.38 wt % CuO 

tlron redistributed according to Finger, 1972. 

Ana l ys t : A.G . Pl ant 
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Plate 26A 

Photograph of red alte red a rkose with native copper 
10 000 ppm Cu, and 2820 ppm U anal ysis 6 , Appendix 2E. 
Note the uniform hue distribution due to intense 
hematitization compare d to Plates 23 and 25A. 
(GSC 203345-D) 

Plate 26B 

Au toradiograph of Plate 26A showing the intense 
impregnat ion of uranium minerals along the bedding planes. 
(GSC 203592-A) 
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Figure 9. Compositional variation of interstitial chlorites 
associated with the Kazan type mineralization (after Hey, 
1954). Numbered data points ref er to chlorite analyses, 
Table 4. 

altered zone and occurs as aggregates of subhedral crystals 
and microscopic geoid-like structures. These ovoid to round 
structures (0.1-0.2 mm in diameter) occupy interclastic areas 
and consist of a rim of inwardly terminated anatase crystals. 
The central areas of these structures can be filled with 
euhedral anatase crystals , chlorite, and/or calcite. 
Disseminated interstitial sulphides and uranium phases occur 
with the carbonate and chlorite assemblages . Anhedral 
barite is common through the interstitial carbonate cement. 

Red Altered Kazan Arkose 

The cherry red a lteration zone resembles barren deep 
maroon hematite-cemented Kazan arkose except for the very 
high radioactivity and malachite-coated fractures 
(Plate 26A, B). The intense red hue of this zone is the result 
of a hematite pigment coating all grains and impregnated 
through detr i ta! feldspar and interstitial cements . In plain 
light, detrital feldspar grains and authigenic albite over
growths have a bluish grey hue due to micron size iron oxide 
inclusions. 

Interstitial sparry carbonates are abundant in this 
alteration zone. Minor dolomite is inte rgrown with calcite 
and bar ite and is anhedral in form compared to the euhedral 
character within the white a nd pink altered zones. Calcite is 
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the predominant carbonate species and electron microprobe 
energy dispersive spectra indicate the presence of low Mg 
and high Mg calcites. Anatase aggregates and geoid-like 
anatase structures are intergrown with calcite and chlorite 
and can be mantled by pitchblende and uraniferous titanates. 

Interstitial chlorite is present throughout the cherry red 
altered zone and contains variable FeO and MgO contents, 
which result in a compositional range from low iron penninite 
through pycnochlorite to ripidolite (Table 4; Fig. 9). 
Analyses of chlorite (Table 4, analyses 6, 7) associated with 
native copper bearing altered arkose averaged of 3.38 per 
cent CuO. The copper is interpreted as submicron size 
inclusions. Trace amounts of chlorine were identified in the 
spectra of some chlorite grains. The variation in chlorite 
composition is interpreted as a reflection of the two stage 
process of mineralization to be discussed later. Interstitial 
sulphides, native metals and uranium oxides are concentrated 
in the cherry red alteration zone. 
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Plate 27 

Photomicrograph of fine grained covellite 
(Cv) and digenite (Di) mantled by and 
associated with very fine grained uraniferous 
titanates (U). Mineralization is concentrated 
within an interclastic area, outlined in black 
and is associated with interstitial calcite (Cc) 
and detrital quartz (Q), occurrence 9, 
reflected light. (GSC 203592-B) 

Plate 28 

Photomicrograph of interstitial digenite (Di) 
and native silver (Ag) from pink altered 
zone, occurrence 9, reflected light. 
(GSC 203592-C) 

Ore Mineralogy of Kazan Type Mineralization 

The alteration envelope peripheral to the Christopher 
Island dyke complex contains lead, iron, iron-copper and 
copper sulphides, native metals and uranium oxides. The 
distribution of the mineralization is erratic across the 
thermal aureole, however, there is a progressive increase in 
the tenor of the silver -copper-uranium mineralization from 
the white altered zone adjacent to the dyke complex through 
to the cherry red altered zone. 

The metallic ore minerals identified include digenite, 
covellite, chalcopyrite, bornite, pyrite, galena, native copper 
and silver, pitchblende and titanium-uranium phases. These 
last phases are extremely fine grained (0.05 mm and less) 
and have not been identified by X-ray diffraction. 
Energy dispersive spectra indicate variable titanium, uranium 
and silicon contents. These phases will be referred to as 
uraniferous titanates. The mineralization has two modes of 
occurrence: 1) an impregnated assemblage of the above 
sulphides, uranium oxide, uraniferous titanates and native 



• Cpy 

metals associated with interstitial carbonates, chlorite, 
barite and anatase, and 2) narrow styloli tic structures and 
fractures that consist of pitchblende-complex uraniferous 
phases-clay-carbonate and minor sulphide. The former mode 
is the most prevalent. 

Arkose of the white altered zone contains very sparsely 
and erratically disseminated interstitial digenite and 
covellite. No uranium minerals were identified in this zone. 

Sulphides and uranium oxides are disseminated through
out the pink altered zone and occur principally as 
impregnated concentrations interstitial to the framework 
detritus and to a minor extent in stylolitic structures. 
Because of the extremely fine grain size of the metallic 
minerals and their very finely disseminated nature within the 
interclastic areas, the term assemblage will be used to 
describe the association of various sulphide minerals and 
native metals even though mutual contact may not occur in 
all cases. 

Very fine grained impregnated sulphides occur within 
interstitial volumes and along grain contacts of authigenic 
albite overgrowths. Two impregnated interstitial sulphide 
assemblages are present within the pink altered zone: 
l) digenite-covellite, and 2) pyrite-chalcopyrite. 

The most common assemblage, digenite-covellite, 
occurs as very fine equant anhedral and irregular wispy grains 
(0.3 mm and less) within interclastic areas and as irregularly 
shaped grains conforming to the outline of interclast ic 
volumes (Plate 27). The very fine grained covellite and 
digenite are disseminated amongst interstitial carbonates, 
chlorite, anatase and barite and can occur as discrete grains 
or intergrowths. Other sulphides that can be associated with 
digenite-covellite include pyrite, bornite and/or chalcopyrite. 
Minor native copper and native silver also are present 
(Plate 28). The metallic minerals are generally disseminated 
through the sand beds and siltstone laminae but locally the 
siltstone laminae can be highly impregnated with sulphides 
and native metals. 

Small areas within the pink altered arkose contain a 
chalcopyrite-pyrite assemblage in contrast to the common 
digenite-covellite assemblage. Pyrite occurs as euhedral to 
anhedral grains (O.J-0.2 mm) and is commonly mantled or 
embayed by chalcopyrite (Plate 29). Minor bornite as 
discrete grains can be associated with chalcopyrite-pyrite. 

Plate 29 

Photomicrograph of chalcopyrite (Cpy) 
mantling anhedral pyrite (Py) interstitial 
to detrital feldspar (Fp), quartz (Q) and 
calcite (Cc), from chalcopyrite-pyrite
borni te sulphide assemblage, pink 
altered arkose, occurrence 9, reflected 
light. (GSC 203592-D) 

Pitchblende and uraniferous titanates are intimately 
associated with concentrations of interstitial sulphides, 
carbonates, and chlorite. Pitchblende, the most abundant 
uranium mineral, is present as extremely fine grained mats 
that partially or completely mantle sulphides (Plate 30). 
Locally, pitchblende displays very fine delicate colloform 
textures on sulphides or occurs as discrete colloform 
buckshot aggregates within and along the grain margins of 
interstitial carbonate (Plate 31). The complex uraniferous 
phases (0.05 mm and less) can be intergrown with pitchblende 
mats , mantle very fine grained sulphides, or be intergrown 
with chlorite, calcite and anatase. Anhedral to subhedral 
galena (<0.01 mm in size) is always associated with 
interstitial concentrations of uranium phases (Plate 32). 
Galena formation is interpreted in part to result from the 
radioactive decay of uranium minerals. 

Fine stylolitic structures, 0.2 -1.0 mm in width, crosscut 
and parallel bedding planes throughout the pink and red 
altered arkose. These structures are tortuous in form 
following the margins of detrital grains and authigenic over
growths (Plate 33). The assemblage most commonly present 
in these structures is ch lorite and anatase with minor 
digenite or pyrite but can include clay minerals, carbonate, 
pitchblende and uraniferous titanates. X-ray powder 
diffraction patterns of the clay minerals resemble those of 
glauconite and celadonite. The stylolitic structures are 
commonly simple but composite forms are present with 
carbonate or pyrite-pitchblende-carbonate veinlets 
superimposed upon chloritic and/or illitic clay-bearing stylo 
litic structures (Plate 34). The presence of fine illitic 
bands within ch loritic stylolitic structures suggests that the 
clay has developed from ch lorite in response to a low 
temperature alteration under alkaline conditions with a high 
concentration of potassium (Garrels and Christ, l 965). 

Anhedral to subhedral opaque knots ranging up to 
0.5 mm in diameter are distributed within and along the 
margins of the stylolitic structures. In detail, the knots 
consist of an extremely fine grained mixture of equant 
anhedral to irregular anhedral grains of pitchblende with 
minor uraniferous titanates set in illitic clay and uraniferous 
c lay (Table 6; Plates 35A, B; 36A, B). Two analyses of the 
illitic clay hosting extremely fine grained pitchblende contain 
5.l and 10.1 weight per cent U0 2 • The high uranium contents 
may result from submicron sized pitchblende inclusions 
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Table 5 

Electron microprobe analyses of illitic clay associated with Kazan type mineralization, occurrence 10 

Analyses 

Si0
2 

TiO 
2 

Al
2
o

3 

Cr
2
o

3 

FeO 

MnO 

MgO 

Cao 

Total 

1 

46.35 

0.15 

28.55 

0.08 

5.25 

0.08 

2.40 

0.13 

0.59 

4.59 

N.A. 

88.17 

2 

46.30 

0.20 

26 . 86 

0.01 

5 .7 5 

0.09 

2.57 

o. 50 

o. 73 

8.02 

N. A. 

91. 03 

Structural formula based on 20 oxygen and 4(0H) 

Si 

Ti 

Fe 

Mn 

Mg 

Ca 

Na 

K 

OH(Calc) 

5.9773 } 
8 .00 

2.0227 

2. 3181 \ 

0.0145 > 3 · 39 

Q.5662 

Q.0087 

Q.4613 

Q.0180 ~ 

Q.1475 } 
0.90 

o.7552 

4.0000 

5.9560 } 
8.00 

2 .0440 

2.0297 1 

0.0193 ~ 3 · 24 

0 . 6186 

0.0098 

0.4927 

0.0689 

0.1821 } 
1. 50 

1.3162 

4.0000 

3 

46.48 

0.10 

27.99 

0.03 

4 . 85 

0.03 

2 . 22 

0.21 

0. 79 

7.67 

N.A. 

90.37 

5.9635 } 
8.00 

2 .0 365 

2.1975 J 

D . 0096 ~ 3 . 18 

0.5204 

o.0033 

0.4245 

0.0289 _) 

0.1965 } 
1. 45 

1. 2555 

4 .0000 

4 

47.10 

0.08 

29.02 

0.04 

4.47 

0.00 

2.25 

0.23 

0 . 83 

8 .08 

N.A. 

92.10 

5.9269} 
8.00 

2.0731 

2.2323 J 

0.0076 ~ 3 · 16 
0.4704 

0.0000 

o.4220 

0. 0310 ~ 

o.2025} 
1. 50 

1. 2972 

4.0000 

5 

41.14 

0.31 

22 . 65 

0.07 

7.03 

0.22 

2.61 

2 . 71 

1. 06 

7 . 95 

10.1 

95. 85'' 

*Due to the very fine grain size of the granular pitchblende (Table 6, analyses 4,5,6,7; 
Plates 34,35,36) the high U02 contents may be due to submicron size pitchblende inclusions 
within the hosting illitic clay. 

N.A. = Not analyzed 

Analyst: A.G. Plant 

6 

42.83 

0.27 

25.78 

0.05 

4.67 

0.08 

1. 99 

0. 76 

0.48 

8.02 

5 . 3 

90. 23>'; 



Table 6 

Electron microprobe analyses of pitchblende and U-Ti phases associated with Kazan type mineralization 

Ana lysis 1 2 3 4 5 6 7 8 9 10 

Text ure Impre gnated pitchblende and Granu l es within s t yolite Veinl e t s within s t yo lite 
U-T i phase 

Occurrence 9 9 10 10 
Wt % Gr ain 1 

u lil. 6 61. 2 74.3 64 . 6 

Pb 0.8 2.1 2.1 17.1 

Th o.oo 0 . 00 0.00 N.D. 

Ca 1.0 2.3 2.9 1. 4 

Ti 15 . 2 2 . 6 0.5 0 . 2 

Fe 0.00 0 .1 1. 3 0.3 

Si 5.2 3.8 0.6 N.A. 

Al 1.0 0.4 0.1 N.A. 

Zr 0.3 0.00 0.2 N.A. 

Cu 2 . 8 3 . 8 N.D. N.A. 

s 0. 3 0. 7 o.oo N.A. 

Total 68.20 77. 20 82 .40 83 . 6 

N.D. = Not detect ed 

N.A. = Not ana l yzed 

Analyst: A.G . Plant 

within the fine grained clay or from incorporation of uranium 
into the clay structure. The restriction of pitchblende and 
uraniferous titanates to the subhedral outlines of opaque 
knots suggests that this assemblage may have resulted from 
the alteration of subhedral pitchblende deposited in chloritic 
stylolites. The chloritic stylolites were subsequently 
subjected to argillic alteration and the development of 
uraniferous titanates and perhaps uraniferous illitic clay. 
These complex mineral clusters can be crosscut by pyrite
pitchblende-calcite veinlets (Plates 35A, B; 36A, B). 

The cherry red altered zones are enclosed within the 
pink altered zone but occur near the outer margin of the 
alteration envelopes. These zones are roughly lensoid in plan 
and contacts though gradational from the pink altered arkose 
transect bedding. The metallic assemblage of the cherry red 
altered zone is digenite-covellite-native silver and copper, 
the abundance of native copper characterizes this zone. 
Native copper is present as irregular grains occupying 
interstitial areas with carbonates, chlorite, anatase and 
barite (Plate 37). Locally native copper is concentrated 
within silty laminae as the sole copper mineral but is 
associated with digenite-covellite in the sandy beds. Bornite 
is present but rare with the latter assemblage. Pitchblende 
and complex uraniferous phases display textures similar to 
those in the pink altered zone. Pitchblende mantles on 
subhedral anatase grains and geoid-like structures are 
common. Similarly very fine grained galena is associated 
with the interstitial pitchblende mats that mantle sulphide 
minerals and anatase. Secondary minerals identified from 
the mineralized and altered zones of occurrences 7, 8, 9, 10 
and 11 include malachite, uranophane, boltwoodite, 
francevillite-curienite series, and minor brochantite. 

10 10 10 10 10 10 
Grain 2 Grain 3 Grain 4 Grain 1 Grain 2 Grain 3 

64 . 2 65 .1 63 . 2 73.7 73.4 73.1 

17.2 17.1 14.3 6 .3 6 .4 6.3 

N.D. N.D. N.D . N.D . N.D. N.D. 

1. 3 1. 4 1.5 2.9 2 .7 3 .1 

0 . 2 0.2 2.9 0.0 0.1 0.1 

0.2 0.2 0.5 0.5 0.4 0.4 

N.A. II.A . N.A . N.A. N.A. N.A. 

N.A. N.A. N. A. N.A . N.A. N.A. 

N.A. N.A. N.A. N.A. N.A. N.A. 

N.A . N.A. N.A . N.A . N.A. N.A. 

N.A. N.A . N.A. N.A . N. A. N.A. 

83 .1 84. 0 82 .4 83.4 83.0 83.0 

Electron microprobe analyses of uranium bearing oxides 
from various textural associations within the altered arkoses 
contain varying abundances of the major elements U, Pb and 
Ca (Table 6). Analyses of pitchblende from the impregnated 
textural variety of occurrences 9 and 10, contain 61.2 and 
74.3 weight per cent U with low Pb levels of 2.1 weight 
per cent accompanied by minor and trace amounts of Ca, Ti, 
Fe, Si, Al and Zr (analyses 2, 3, Table 6). Copper contents of 
a uraniferous titanate and pitchblende, analyses 1 and 2, 
respec tively, are 2.8 and 3.8 weight per cent. The e xtremely 
fine intergrowths of these phases with covellite-digenite 
suggest that the copper may be present as submicron sized 
inclusions. The minor and trace element abundances of the 
above pitchblendes are similar to pitchblende from the 
Beaverlodge district (Morton and Sassano, 1972). 

Analyses of the textural varieties of pitchblende from a 
stylolitic struc ture from occurrence 10 exhibit different 
abundances of the major elements U, Pb and Ca. The very 
fine grained anhedral granular pitchblende set in the illitic 
clay and uraniferous illitic clay contain greater Pb 
abundances ( 14.3-17 .2 wt. %) compared to pitchblende from 
the pyrite-calcite veinlets (6.3-6.4 wt. % Pb) which crosscut 
the former. Similarly the calcium content of the very fine 
granular pitchblende is lower (l.3-1.5 wt. % Ca) than the 
veinlet pitchblende (2.7-3.l wt.% Ca). Calcium exhibits a 
direct relationship with uranium and is probably substituting 
for uranium in the pitchblende structure. 

Oxide proportions of the elements analyzed yield low 
totals suggesting the pitchblende may be hydrous. The 
systematic variation in the U, Pb and Ca contents of the 
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Plate 36A 

Photomicrograph of opaque granular pitchblende (GP) knots 
and veinlet pitchblende (VP), occurrence 10, transmitted 
light. (GSC 203592-M) 

pitchblendes within the stylolitic structure and the cross
cutting relationship exhibited by the pitchblende associated 
with pyrite-calcite-veinlets indicate that remobilization has 
occurred. Furthermore comparison of Pb abundances in 
stylolitic pitchblendes to those in impregnated pitchblendes 
may indicate that several generations of uranium deposition 
are present in the altered arkose. Very fine grained galena 
associated with the impregnated pitchblende may explain the 
low Pb content of this textural variety (analyses 2 and 3, 
Table 6). 

Geochemistry of the Kazan Type Mineralization 

Whole rock chemistry and trace element abundances 
were obtained on Kazan arkose from the following 
environments: I) unaltered arkose distant from known 
mineralization (Appendix 2G), 2) altered arkose from the 
various alteration zones associated with mineralization 
peripheral to dyke complexes (Appendix 2C, D, E), and 
3) altered arkose adjacent to the Martell intrusions with 
which no mineralization is associated (Appendix 2F). The 
analytical data were used to establish background values with 
which to compare altered and mineralized arkose and to 
document any variation across the alteration envelope. 

Sodium and Potassium 

Na20/K 20 ratios for the fluvial crossbedded arkose 
range from 0.6-1.96 whereas ratios from two giant cross 
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Plate 36B 

Photomicrograph of Plate 36A showing veinlet pitchblende 
(VP) and granular pitchblende (GP) set in illitic clay. The 
grains marked GPl,2,3,4 are the locations of analyzed 
granular pitchblendes listed in Table 6, Grains 1,2,3,.4 
respectively. The grains marked Ml,2,3,4,5,6 are the 
locations of analyzed illitic clay (Table 5), hosting granular 
pitchblende, reflected light. (GSC 203592-N) 

bedded units are 2.6 and 17 .3. Mineralized occurrences 7, 9, 
10 and 11 occur in giant crossbedded arkose and have 
Na 20/K 20 ratios ranging from 1.95 to 35 with an average 
of 3.7. The higher values of the giant crossbedded units 
interpreted as eolian deposits compared to thinly bedded 
arkosic units interpreted as fluvial deposits suggest that the 
giant crossbedded units may have acted as a paleoaquifer 
within the Kazan Formation permitting more extensive 
albitization due to a higher primary permeability. 

Albite is the major silicate cementing the arkose 
whereas carbonate is the major non-silicate cementing 
mineral. Whole rock Na20 contents are a reflection of the 
detrital plagioclase abundance and the degree of authigenic 
albitization. The variation of Na20 vs. C02 is inverse as 
shown by Figure 10. This relationship along with the petro
graphic textures supports the interpretation that carbonate 
occupies the interstitial volumes not filled by authigenic 
albite. This inverse relationship is a factor controlling the 
quantity of epigenetic silver-copper-uranium mineralization 
within the thermally altered aureoles. 



Plate 37A 

Photomicrograph of native copper (Cu) interstitial to quartz (Q) and hematite 
impregnated feldspar (Fp). Native copper associated with very fine grained 
interstitial calcite (Cc) and chlorite, occurrence 9, reflected light. Dashed-dot 
line represents the interface between silt laminae and sand bed. (GSC 203592-0) 

Plate 37B 

Photomicrograph of Plate 37 A showing the interst itial distribution of native 
copper amongst detrital quartz (Q) and feldspar (Fp). Note the euhedral 
hematitized albite overgrowths on rounded hematitized feldspar cores. 
(GSC 203592-P) 

Iron 

The distribution of ferric and 
ferrous iron was determined on most 
samples of Kazan arkose. However only 
total iron, Fe203 , is reported for some 
samples due to dJficulty in determining 
FeO by titration. Inability to determine 
an accurate titration point may be due to 
the presence of a strong reducing agent 
possibly uranium oxide or native metal 
(copper). The principal alteration 
superimposed upon the Kazan arkose by 
the thermal regimes of the dyke 
complexes is leaching, remobilization and 
recrystallization of the iron oxide 
cement. This has resulted in distinctive 
colour zones and textures. 

The oxidized state of the unaltered 
pink to maroon Kazan arkose is displayed 
by the greater ferric than ferrous oxide 
contents (Appendix 2G). The white 
a ltered zone of thermal aureoles is 
reduced containing greater FeO 
abundances with respect to Fe203 which 
contrasts with the oxidized state of the 
pink and red a ltered zones 
(Appendix 2C, D, E). Calculated as FeOT' 
the total iron content increases across ttie 
alteration envelope from 0.73 weight 
per cent in the white altered zone, 
0.99 weight per cent in the pink altered 
zone to 1.27 weight per cent in the red 
altered zone compared with 0.90 weight 
per cent for the unaltered Kazan arkose. 
However no relationship exists across the 
alteration envelopes between FeOT and 
uranium, copper, molybdenum, vanadium 
or silver. The lack of a relationship 
betwen iron and the other metals may be 
due to cont inued iron redistribution by 
groundwater after deposition of the 
uranium-copper-silver mineralization. 

Magnesium 

Within the white altered zone, the 
Mg-bearing minerals are dolomite and 
clinochlore; the latter is minor in 
abundance compared to dolomite. The 
increased dolomite content is reflected as 
higher MgO values in the white alteration 
zone compared to the pink and cherry red 
zones (Appendix 2C, D, E). 

Carbonate 

The silver-copper-uranium mineral
ization occurs principally as impregnated 
concentrations interstitial to framework 
grains and associated with recrystallized 
cements, chlorite and anatase. The con
centration of copper has a weak positive 
correlation with C02 (Fig. 11). This 
relationship along with the Na20 vs. C02 
correlation suggests that the arkosic beds 
not sealed off by authigenic albite over
growths con tained sufficient interstitial 
permeability to permit fluid migration 
and ore deposition. 
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Copper 

The copper contents of the unaltered Kazan arkose 
range from 6 to 46 ppm with a n average value of 17 ppm 
which was taken as a background value for the Kazan arkose. 
The distribution of copper through the white, pink and red 
altered zones is variable and overlapping however the copper 
content increases horizontally away from the dyke complex 
as shown by 7-620 ppm in the white zone, 7-13 000 ppm 
in the pink to 20-18 000 ppm within the cherry red zone 
(Appendix 2C, D, E). 

Silver 

Silver analyses of unmineralized arkose indicate that 
the background abundance is below the 0.1 ppm detection 
limit. Silver has been concentra ted within the thermal 
envelope with contents vary ing from <O.J ppm to 20 ppm. 
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Figure 10. Na 20 vs. C02 for altered and unaltered arkose, 
Kazan type mineralization. 
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The distribution of si lver increases across the alteration 
envelope in the same manner as copper (Appendix 2C, D, E). 
The dist ribution pattern of silver vs. copper (Fig. 12B, 
r = 0.83) suggests that these e lements acted similarly under 
the physiochemical parameters controll ing metal deposition. 

Uranium 

The uranium contents of e ight unaltered Kazan a rkose 
samples range from 0.9 to 4.1 ppm, with an average value of 
2.0 ppm taken as back-grou nd. The uranium contents of 
the various colour a lte red zones are variable and 
overlapping between zones but increases away from the dyke 
complex: 0.6-12.0 ppm in the white zone, J.2-1 470 ppm in 
the pink zone to 820 -2820 ppm within the cher ry red zone 
(Append ix 2C, D, E). Uranium is associated with several 
elements across the mineralized aureole. The high cor re la
tion of U vs. Pb (Fig. 130; r = 0.86) reflects the association 
of finely disseminated galena with the interstitial uranium 
phases and minor lead contents of the uranium bearing 
phases. Similarly the variations of U vs. Cu (Fig. 13A) and 
Ag vs. U (Fig. 12A) reflect the textural re lation of uranium 
phases mantling the interstitial copper sulphides and 
assoc iated native silver . 

Vanadium 

No vanadium bearing minerals were identified; however 
the arkosic beds within the thermal aureoles have anomalous 
vanadium abundances well above the background level set for 
the Kazan arkose (<JO ppm, Appendix 2G). Vanadium 
increases across the alteration envelope from 10-51 ppm in 
the white zone, through <10- 160 ppm in the pink zone to 
25-3 10 ppm within the cherry red zone. The distribution 
of vanadium exhibits a direct relationship with 
uranium (Fig. 13C, r = 0.63) and no relationship with copper 
(r = 0.38, not shown). 

Molybdenum 

Background molybdenum abundances for the unaltered 
Kazan arkose a re 1-2 ppm. Within the alteration envelope, 

.6 .8 to 1.2 1.4 

Log C02 wt1o 

Figure 11. Log Cu vs. log C0 2 for altered and unaltered arkose, Kazan type mineralization . 
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molybdenum contents range from background values to 
154 ppm with the higher abundances occurring with higher 
uranium contents in the pink and cher ry red zones (Fig. 13B). 
Molybdenum shows a direct corre lat ion with uranium 
(r = 0.57) but shows no relation with c opper distr ibution 
(r = 0.26, not shown). 

Barium 

Barium contents of the thermal aureole show a wide 
distribution from 85-4900 ppm reflecting the erratic distribu
tion of interstitial barite cement. Barium contents of the 
unaltered Kazan exhibit a wide ra nge (430-1900 ppm) but 
lower in absolute values compared to the thermal aureoles. 

Zinc 
Fluorine 

Unmineralized Kazan arkose contains a wide range in 
zinc abundances (3-55 ppm). The distribution of zinc within 
the thermal envelopes disp lays an even larger 
distribution, 4- 124 ppm. Zinc shows no correlation with the 
other metals even though the average value for the altered 
arkosic zone (35 ppm) is one and a half times that of the 
unmineralized Kazan (21 ppm). 

No fluorite has been identified associated with the 
silver-copper-uranium mineralization. Three high grade 
uranium specimens from occurrences 7, 9, and 11 contain 
very low levels of fluorine, 84, 93, and 101 ppm respectively 
(Appendix 2E). This is in contrast to the high fluorine 
contents 455-2710 ppm from the dyke complexes associated 
with these thermal aureoles (Appendix 2B). 
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Figure 12. Log U, log Cu vs. log Ag 
for altered and unaltered arkose, Kazan 
type mineralizat ion . 

Geochemistry of the Altered Kazan Arkose 
Adjacent to the Martell Intrusions 

The contact aureoles within the Kazan arkose adjacent to the Martell 
intrusions exhibit the following features which are similar to the altered rocks 
peripheral to the dyke complexes : 1) a zonal distribution of colour-altered rocks 
except that cherry red altered zones were not observed, 2) recrystallization and 
remobilization textures developed in the primary cements, and 3) the development 
of silicates and oxides in response to the thermal anomalies of the intrusions. The 
contact aureoles exhibit carbonate contents ranging from 0.0-7.5 weight per cent 
C02 and very high Na 20/K 20 ratios ranging from 3.6 to 42 (Appendix 2F) . 
Petrographic textures and c hemical data suggest that extensive albitization may 
have significantly reduced the original permeability and porosity of the Kazan 
arkose to later fluid migration . 

Uranium contents range from 1.7 to 10.7 ppm and are complemented by 
above background abundances of copper and vanadium similar to the relationships 
in the mineralized arkose associated with dyke complexes. Barium levels range 
from 89-420 ppm, significantly lower than either the unaltered Kazan arkose or 
the mineralized zones associated with the dyke complexes. Zinc levels in the 
Martell contact aureoles (6-46 ppm) are comparable to those of the unaltered 
Kazan (5-55 ppm) but less than the zinc contents (4-124 ppm) in the dyke aureoles. 
The distribution of ferrous and ferric iron with the Martell contact aureoles are 
comparable to the pink altered zones peripheral to the dyke complexes . 

Genetic Model for the Kazan Type Mineralization 

A genetic model for the Kazan type mineralization is governed by three 
fundamental factors: l) a source rock, 2) a mechanism capable of remobilizing and 
transporting the elements, and 3) a structural or chemical environment for 
deposition of the transported elements. These factors should account for the 
observed physical and chemical characteristics of the uranium-copper-silver occur
rences in the Kazan Formation: l) the stratigraphic distribution of the 
occurrences, 2) their spatial relationship to intrusive complexes, and 3) the 
variation and distribution of elements within the occurrences. 

Multivariate statistical analysis of the chemical data from 54 samples of 
minerali zed and altered Kazan arkose was undertaken to define relationships 
among the geochemical variables. Factor analysis expresses associations among 
original var iab les in terms of a smaller number of new variables. 
Results of R-mode factor analysis indicate two interrelated metal associations: 
U-Pb-Ag-V-Mo-Cu-Fe and Cu-Ag. These two elemental associations and the 
textural relationships of the sulphides and uranium oxides in the altered arkose 
suggest a two stage process for the silver-copper-uranium mineralization. 

Certain inferences concerning the groundwater system prevailing in the 
redbed sequence can be made from the authigenic minerals cementing the Kazan 
Formation. The extensive development of authigenic albite on detrital feldspar 
and the lack of diagenetic alteration of the detrital feldspar indicate that the 
groundwater flowing through the Kazan Formation was most probably neutral to 
alkaline (Garrels and Christ, 1965). Carbonate is a ubiquitous cement throughout 
the Kazan Formation. Garrels and Christ (1965) stated that water in contact with 
CaC0 3 is alkaline at pH 8 depending on the partial pressure of C02. In addition, 
the presence of hematite cement through the lower redbed sequence suggests the 
groundwater was oxidized. Therefore the various authigenic cements sugges't that 
the groundwater system flowing through the Kazan Formation was neutral to 
alkaline and oxidizing. 
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Phase 1. Hydrothermal alteration and Cu-Ag deposition associated 
with a convective circu lati on cell. 

Ph ase 2. Uranium deposi tion along redox front during renewed 
bas inward groundwater fl ow. 

CHRISTOPHER ISLAND FORMATION.· 
lamprophyre dyke complex 

KAZAN FORMATION 

D White altered arkose 

Pink altered arkose 

- Red altered arkose 

D Unaltered arkose 

Silver-copper mineralization .... . .. . . . .. .. . 

Uranium mineralization .......... . .. . ... . .....• • • •. 

Flu id motion through 
convective cell .. 

Giant crossbedded arkose 

....... ~ 

.. ~ 

GSC 

Figure 14 . Schematic cross-sectional model for the Kazan 
type U-Cu-Ag mineralization. 

The uraniu m-copper-s il ver mineralization is situated 
within thermal aureoles that were created during e mplace
ment of the Christopher Isla nd intrusive complexes. The 
e mplace ment of magma into water-bear ing sup racrustal 
rocks results in fluid convec tion due to the thermal anoma ly. 
Convecting hydrotherm al systems c reated by cooling plutons 
are controlled by the host rock permeability, dist ribut ion of 
permeable horizons, pluton size and level of emplacement 
(Norton a nd Knight, 1977; Cathles, 1977; Norton , 1978). 

Active geothermal syste ms such as Tuscany, Italy and the 
Wairakei geothermal area, New Zealand demonstrate the 
capacity of volcanic-plutonic regions to circulate a vast 
volume of fluid with dissolved metal components through 
pe rmeable rocks for distances up to tens of kilometres 
(Elder , 1965, 1977; Ewers, 1977). 

The alkaline dykes a nd Martell laccoliths and sills are 
interpreted as hypabyssal intrusions emplaced withi n a 
supracrustal sequence estimated at 1000- 1500 m thick. 
Authigenic cement s in the Kazan a rkose and pervasive hydra
tion and carbonat ization of the Christopher Island volcanic 
rocks indicate the presence of grou nd water interactions on 
the supracrustal sequence. Thus the Christopher Island dyke 
co mplexes were interpreted to have been intruded into 
water -bearing sediments. Emplacement of alkaline magmas 
into water-bea ring sedimentary rocks would c reate 
different ial heat ing of connate water and result in the 
development of convect ive c ircu lation cells pe ripheral to the 
dyke complexes (Fig. 14 , phase 1). 

The si lver -copper-u ranium mineralization occurs near 
the base of the Kazan Formation and is commonly hosted 
within the giant crossbedded arkose. These arkoses 
interpreted as eolia n deposits may have represented a very 
permeable horizon compared to the thinner bedded fluvial 
arkose which has a greater siltstone - mudstone component. 
Interbedding of units with differential permeability may be 
analogous to sandstone uranium deposits of the southwest 
United States where the sandstone aquifer is bounded by 
impermeable claystone horizons (Harshman, 1972). 

Where the permeability was greatest, in the giant 
crossbedded units, the effects of the heated grou ndwate r 
would be the widest. The geoche mical effect on the Kazan 
arkose was the creation of the reducing to oxidizing zones 
away from the dyke, recrystall ization of the carbonate 
cements and c rys t a llization of ch lorite throughout the 
thermal aureole. Associated with these variat ions, copper
iron a nd copper-sulph ides and silver were deposited withi n 
the outer segments of the ther ma l a ureoles in response to 
varying temperature, Eh a nd possibly pH conditions (Fig. 14 , 
phase 1 ). Thus the presence of copper and iron-copper 
sulphides would c rea te a suitable reducing environm e nt for 
later uranium concentrat ions (Fig. 14, phase 2). 

The source rock for uranium concentrated within the 
Kazan arkose could have been 1) Aphebian and Archean 
gneisses which were the provenance for the plagioclase-rich 
arkose, 2) the lamprophyre dyke complexes, or 3) the over
lying Christopher Is land volcanic rocks . 

The basement complex a long the southern margin of the 
Bake r Lake basin consists of belts of Archean(?) meta
volcanic and me tased imentary rocks with a fe lsic ortho- and 
pa ragneiss complex which were weakly metamorphosed 
during the Late Aphebian. Alla nite and uranothorite bearing 
pegmatites, gneiss and the presence of disseminated uranium
sulphide minerali zation within leucocratic gneiss indicate 
that uranium and thorium were present and were remobil ized 
during Late Aphebian deformation and metamorphism. Thus 
it is possible that the basement co mplex may have 
contributed uranium as detrital minerals or in solution during 
South Channel-Kazan sedimentation. However, considering 
the age (Archean and Aphebian) of the source rocks and their 
lithologies, granulites, metavolcanic rocks and felsic gne iss 
complexes, the redbeds are not interpreted as a significant 
source of uranium. 

Uranium and thorium a re characteristicall y enriched in 
a lkaline rock series compared to subalkaline series. The 
partitioning of the radioactive elements during magma 
differentiation has been attributed to the volatile 
component of a magma, in particular the halogens 
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(Sorensen, 1977; Alder, 1977). Tilsley (1978) suggested that 
degassing of a uranium-rich magma during emplacement into 
a shallow intrusive environment can partition uranium into 
the gaseous magmatic fluids. 

The lamprophyre dyke complexes intruding the Kazan 
sediments are xenolithic but are not characterized by 
brecciated country rocks, typical of fluidized breccia pipe 
and dyke complexes. If uranium was added to the Kazan 
arkose through gaseous transfer during intrusion and sub
sequent cooling, the metal association in the mineralized 
Kazan arkose is not similar to the Ti-Mo-Zr-Th-U e lemental 
association typical of fluidized breccia structures such as at 
Poi;os de Caldas, Brazil (de Andrade Ramos and Fraenkel, 
1974). In addition, the absence of a fluorine association with 
the Kazan mineral ization based on petrography and limited 
chemical analyses is in contrast with the common relation
ship present in the Brazilian breccia structures. Thus based 
on field and geochemical relationships, a gaseous transfer of 
uranium into the adjacent arkose is not interpreted to be 
a significant process in the formation of Kazan type 
mineralization. 

The Christopher Island volcanic rocks within the Baker 
Lake basin contain anomalous uranium abundances and 
represent a potential source rock for uranium concentrations 
in the underlying Kazan arkose. The subaerial alkaline 
potassic- rich volcanic lavas of the Christopher Island 
Formation lie mainly within the trachybasalt-trachyandesite
trachyte composi tional fields (Blake, 1980) and are e nriched 
in various incompatible elements including uran ium. The 
intrusions display similar textures, mineralogy and alteration 
to those of the overlying alkaline lavas described by Blake 
( 1980). Phenocrysts or their altered equivalents from the 
Christopher Island volcanic and intrusive rocks include 
biotite/phlogopite, plagioclase, potassic fe ld spar and less 
commonly olivi ne, clinopyroxene and hornblende. These are 
set in a very fine grained feldspathic ground mass and/or 
devitrified glass. 

A high uranium abundance is a fundamental petrogenic 
characteri stic of a lkaline potassic-rich volcanic series. 
Civetta and Gasparini (197?) reviewed the uranium 
abundances of various volcan ic series and demonstrated that 
continental potassic alkaline volcanic suites typified by the 
alkali ne lavas from the Roman and Neopoli tan volcanic 
provinces in Ita ly can contain 5- 47 ppm U. Mittempergher 
(1970) and Locardi and Mettempergher ( 1971) have 
documented uranium, thorium, and sulphide occurrences 
assoc iated with the Quaterna ry potassic alkaline volcanic 
rocks of Centra l Italy. Their est ima tes of uranium 
abundances for these alkaline volcanic rocks range from 
25 - 50 ppm. Locardi and fvlittempergher ( 1971) desc ribed the 
relationship of altered and mineralized volcano-sedimentary 
rocks associated with Pleistocene alkaline potass ic 
volcanism. The mine ralized horizons are hydrostatically not 
strat igraphicall y controlled and are related to t he distribu
tion of the present aquife rs. Uranium contents of 3.0 to 
13.1 ppm for alkaline mafic and fe lsic lavas from the eastern 
Baker Lake basin (Blake, 1980) a nd 6.1 to 23. 9 ppm for dyke 
and subvolcan ic stocks intruding the Kazan Formation 
(Appendix 2A, B) compare with the uran ium abundances of 
recent alkaline volcanic rocks from Italy. The areal extent 
a nd volume of Christopher Island Formation roc ks in the 
east ern Baker Lake basin suggest tha t the volcan ic rocks 
could have acted as the source rock for epigene tic ura nium 
mineralization within the underlying Kazan arkose. 

The distribution of uranium, between various pheno
c rysts a nd be tween phenocryst and groundmass have been 
investigated by Dostal et al. (1976) , Dost a l and Capedri 
(1975), and Nagasawa and Wakita (1968). These stud ies 
indicated that uranium is partitioned into the groundmass of 
volcanic rocks compared to the host ed phenocrysts and is 
en riched in phenocrysts of biotite and clinopyroxene re lative 
to plagioclase and olivine. 
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The supracrustal rocks of the Eastern Baker Lake basin 
have not been affected by regiona l metamorphism. However 
the aphanitic porphyritic maf ic to felsic volcanic rocks have 
been propyliti zed to varying deg rees (Blake, 1980) similar to 
the al t e red dyke co mplexes a nd subvolcanic stocks 
(Appendix 2A, B). Blake (1980) sugges ted that the c hloritiza
tion and carbonatization is an earl y deuteric process. 

Rosholt and Noble (1 969) have demonstrated that 
uran ium can be deple ted from the hydrated glassy ground
mass of silicic volcanic roc ks by groundwater leaching. 
Capald i e t al. ( 1971) have documented the effects of early 
postdepositional zeolitization, hydration and the remobiliza
tion of U, Th and Ra from a recent alkalic trachytic tuff in 
Italy. Uranium is diffe re ntially mobilized with respect to 
thoriu m in aqueous solutions unde r oxidiz ing conditions. 

The extensive carbona te a nd chlorite development in 
the phenoc rysts a nd glassy to aphanitic groundmass of the 
Christophe r Island volcanic rocks suggests that the a ltering 
fluids were probably ne utr al to alkaline and oxidizing 
(Garrels a nd Christ, 1965). Hostetler and Garrels (1962) 
stated that under oxidiz ing ne utral to alkaline conditions with 
a high partial pressure of C0 2, uranium is transported as 
uranyl dicarbonate a nd tricarbonate complexes . Vanadium 
exhibits a geochemical behav iour simila r to uranium under 
these conditions. With suitable geochemical parameters 
prevailing for solution of ura nium, vanadium, and possibly 
molybdenum, these elements would be incorporated into the 
ground water system a nd c irc ulated throughout the South 
Channel conglomerate, Kazan a rkose , and the Christopher 
Island volcanic rocks . 

Pitchblende and c omplex uranium titanates phases 
ma ntle epigenet ic hydrotherma l sulphide and silver mineral
ization throughout the pink altered zone of the thermal 
au reoles. The cherry re d altered zone within the peripheral 
portions of the thermal aureoles is characterized by native 
copper , a high uranium conte nt, and an intense hematite 
impregnation through the fram e work silicates and authigenic 
cements. Native copper coex isting with covellite and/or 
digenite in the pink and che rry red altered zones is a 
met astable asse mblage (Craig, l 974a). The mineralogical and 
che mical fea tures of the cherr y red altered arkose are 
interpreted as the product of a redox reaction superimposed 
upon t he pink altered arkose during uranium deposition. 

The following e mpirical equations represent possible 
reactions between epigenetic sulphide mineralizat ion and 
uranium-bearing connate groundwaters flowing through the 
Kazan Formation. These four reactions are suggested to 
account for the observed metallic mineral assemblages within 
the pink and cherry red altered arkose: 

CuS + U02(C03)~ + 5/202 + ~H20 
(c) (aq) (g) (aq) 
=Cu + U02 + 2Hco; + HSO~ (1) 

(c) (c ) (aq) (aq) 

2CusFeS4 + U02(C03)~ + 1502 + 5H20 
(c) (aq) (g) (aq) 

= lOCu + U02 + 2HCo; + 8HSO~ 
(c) (c) (aq) (aq) 

+ Fe203 (2) 
(c) 

2CuFeS2 + U02(C03)~ + 80 2 + 3H20 
(c) (aq) (g) (aq) 

= 2Cu + U02 + 2Hco; + 4HSO~ 
(c) (c) (aq) (aq) 

+ Fe203 (3) 
(c) 



2FeS 2 + U02(C03)~ +80 2 + 3H20 
(c ) (aq) (g) (aq) 

(4) 
= U02 + 2Hco; + 4HSO~ + Fe203 

(c) (aq) (aq) (c) 

The fo llowing two reactions are suggested to account for the 
observed ce ments with the mineralized and altered arkose: 

HC03 = H+ +co~ +Mg++ +Ca++ 
(aq) (aq) (aq) (aq) (aq) 

(5) 

HSO~ = H+ + SO~ + Ba++ + BaS04 
(aq) (aq) (aq) (aq) (c) 

(6) 

Oxidized aquife r systems with a neutral to slightly 
alkaline pH ra nge would represent the optimum chemical 
conditions for the t ransm ission of uran ium -bearing connate 
ground waters through t he Kazan For mation. 

The oxidi zed state of the redbeds suggests a continuous 
supply of ox idized groundwaters t hrough the Kazan aquifer. 
Ca rbona t ed lavas a nd calcite cemented redbeds represent an 
optimum pH environment fo r t he transportation of uranium 
possibly as ura nyl dicarbonate. Thus uranium-bearing 
alkaline and ox idized connate groundwaters would be stable 
on migra tion through carbonate and hematite cemented 
a rkose. 

Uranium bearing groundwater , however, entering the 
reduc ing e nvironm e nt c reated by t he disseminated epigenetic 
sulphide concentrat ions would become unstable. Uranium 
would be precipitated according t o the f irst four red ox 
reac tions. These react ions appear to account for the 
mineralog ical asse mblages observed across the alteration 
e nvelopes. Within t he white altered zone, the low copper 
conte nt is co mple me nted by low uranium contents both 
ranging a t or near background levels. The increased sulphide 
conte nt of the pink al t e red rocks represented a zone of 
g reate r reduc ing potent ial to t he uran iferous groundwater 
and re sulted in highe r uranium t e nor co mpared to the white 
zone . Minor na tive copper associated with the copper and 
copper-iron sulphides is inte rpreted as an ox idation product 
of the fir st three re dox reac tions. 

The mine ra logical and geoche mical features that 
characte rize the c he rry red a lte red arkose are interpreted to 
result from an intensive oxidation during uranium-bearing 
groundwate r inte raction with t he pink altered arkose. 
Severa l produc ts resu lt from the t hree redox reactions 
involving c oppe r a nd copper-iron sulphides. The high native 
copper conte nt and ura nium content (820- 2820 ppm) suggest 
extensive oxida tion of the epigenetic sulphide assemblage. 
The intensive he matization of framework clasts and 
authige nic ce me nts is interpre ted to result from the 
liberation of iron de rived du r ing ox idation of copper-iron and 
iron sulphides. Sulphide ox ida tion is accompanied by the 
generation of hydrogen carbonate and sulphate complexes. 
Reaction of these co mplexes with magnesium, calcium and 
barium ions (e quations 5 and 6) in solution within the ground
water may e xplain the distr ibution of high Mg calcit e and 
barite within the mine ra li zed zones. The t wo varieties of 
chlorite present within the che rry red a ltered zone are 
interpre ted to re fl ect t wo superimposed processes. The low 
iron chlorite similar to those of the white a nd pink zones is 
thought to have form ed during hyd rothe r mal al t eration 
generated during dyke e mplaceme nt. The high i ron chlorite 
is interpre ted to have formed during ground water interac t ion 
with the epigenetic sulphides a nd is assoc iated with nat ive 
copper , pitchblende and intensive he ma tite al teration, all of 

which characterize this alteration zone. The geochemical 
anomalies of molybdenum and vanadium associated with the 
mineralized zones may result from the scavenging of these 
elements by hematite, the latter a product resulting from the 
redox reactions between uranium-bearing groundwater and 
epigenetic sulphides. 

COMPARISON OF THE GEOLOGY AND MINERALIZATION 
OF THE EASTERN BAKER LAKE BASIN AND THE 
BEAVERLODGE DISTRICT, SASKATCHEWAN 

Isolated remnants of several Proterozoic redbed 
successions occur throughout the Churchill Province. 
Donaldson (1968) suggested a correlation between the Martin 
Formation, Beaverlodge District, Saskatchewan and the South 
Channel and Kazan formations. The redbed sequences and 
the underlying basement complexes in both areas have much 
in common (Table 7). For more detailed descriptions of the 
geology of each area the reader is referred to Tremblay 
(1972), Beck (1969), LeCheminant et al. (1976, 1977), Blake 
(1980), Macey (1973), and Donaldson (1965, 1966, 1967, 1968). 

The basement complex in the Beaverlodge area, termed 
the Tazin Group, consists of an interlayered sequence of 
quartzo-feldspathic gneisses, metasedimentary and mafic 
metavolcanic rocks and various metasomatic rocks ranging in 
composition from granite to granodiorite (Tremblay, 1972). 
The Tazin Group were regionally metamorphosed to lower 
amphibolite facies at about 2550-2450 Ma. Extensive 
granitization and recrystallization occurred between 
2300-2000 Ma and culminated in pegmatite formation at 
about 2000 Ma. The 2300-2000 Ma granitization may 
represent a mid-Aphebian orogenic event. These events were 
followed by retrograde metamorphism to greenschist facies 
during the Hudsonian Orogeny. The Hudsonian imprint is 
reflected by chloritized biotites that indicate ages of 
about 1800 Ma (K-Ar) (Tremblay, 1972). 

The Tazin Group has been subjected to polyphase 
folding, faulting and fracturing. The main structural fabric 
of the Beaverlodge area is represented by isoclinal or open 
northeast- and north-trending folds related to the mid
Aphebian orogenic event. The first period of extensive 
faulting may be associated with the early northeast folds and 
is expressed as wide zones of mylonitic and brecciated rocks 
that affected only the Tazin Group. The second period of 
faulting affected the Tazin and Martin rocks and is 
characterized by narrow clean-cut fractures that trend 
northwest, northeast, and north. The Martin Formation is 
folded about a northeasterly axis, the limbs of which are 
truncated by late northeast faults. 

The basement to the Dubawnt Group rocks in the 
eastern Baker Lake basin consists of mafic and felsic gneisses 
and mafic to ultramafic intrusive complexes. In the area of 
Christopher Island, the eastern termination of the Baker Lake 
basin, a gabbroic-noritic anorthosite complex intrudes 
granulitic and granitoid gneisses. In the Thirty Mile Lake 
area, the basement consists of northwest- to west-trending 
belts of Archean metavolcanic and metasedimentary rocks 
infolded with gneissic quartz monzonite and granodiorite, 
cataclastic augen and mylonitic gneiss and granitic gneiss. 
This complex has been affected by several phases of 
deformation. The earliest events involved development of 
west- to northwest - trending isoclinal folds which were 
accompanied by amphibolite grade metamorphism. In the 
Thirty Mile Lake area the latest phase of deformation is 
represented by narrow east- to northeast- trending shear 
zones. Extensive greenschist grade retrogression is present 
in and adjacent to these shear zones. The development of 
late brittle deformation features marginal to the Dubawnt 
Group rocks in the Thirty Mile Lake area is similar to the 
first period of faulting in Beaverlodge area (Tremblay, 1972). 
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Table 7 

Comparison of the geology and uranium occurrences in the eastern Baker Lake basin, N. W. T. 
and Beaverlodge District, Saskatchewan 

Basement Complex 
Name 
Age 
Li thologies 

Metamorphism 

Deformation 

Supercrustal rocks 
Name 
Li thologies 

Depositional 
environment 

Deformation 

Mineralization 
Distribution 
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Eastern Baker Lake Basin 

no formal name 
Archean and Aphebian granulite, 
granulite, anorthosite, felsic ortho 
and paragneiss complex, infolds of 
metavolcanic rocks. 

amphibolite facies metamorphism 
at ;:::: 2500(?) Kenoran event. 

deformation and metamorphism of mafic 
dykes intruding gneiss complex, 
mid-Aphebian event(?). 

greenschist retrogression at 
;:::: 1800 Ma (K-Ar). 

west to northwest folds; east and 
east -northeast fault - mylonite 
structures associated with basin 
development. 

Dubawnt Group 
South Channel Formation (0-1800 m) 

polymictic conglomerate 
Kazan Formation (0-1000 m) 

plagioclase-rich arkose and siltstone 

Pitz Formation (maximum JOO m) 
Christopher Island Formation 

(minimum 300 m) 
subaerial alkaline lavas, K20/Na20>l 
agglomerates and tuffs with synvolcanic 
sills, stocks, laccoliths and dykes 
(Martell intrusions). 

Thelon Formation (maximum 150 m) 
east-northeast trending tectonically 
controlled basin(s) with braided 
river-alluvial fan deposits. 

late northwest-trending faults 
transecting all of the Dubawnt 
Group; very minor folding associated 
with late faults; east and east
northeast fault affected and 
controlled basal elastic deposition. 

Predominantly wi thin Dubawnt Group 
rocks near the basal unconformity 
surface, minor within gneisses. 

Beaver lodge District 

Tazin Group 
Archean, Aphebian(?) 
quartzo-feldspathic gneisses, 
amphibolites and areas of metasedimentary 
and metavolcanic rocks. 

lower amphibolite facies metamorphism 
;:::: 2550-2450 Ma (K-Ar) Kenoran event. 

granitization between 2300-2000 Ma, 
mid-Aphebian event (K-Ar on pegmatites). 

greenschist retrogression at 
;:::: 1800 Ma (K-Ar). 

early northeast and north trending folds 
associated with granitization; early faults 
represented by wide mylonite zones in 
gneisses and granitic rocks. 

Martin Formation 
basal conglomerate member (0-760 m) 

polymictic conglomerate 
lower and upper arkose member and 

siltstone member 
lower arkose (915-2440 m) 
upper arkose (245-2135 m) 
siltstone (305-1830 m) 
potassium feldspar rich elastic units. 

no equivalent 
Porphyritic basalt-andesite member 

(to 1065 m) 
alkali basalt flows K2 O/Na2 O< l 
(plateau basalt type) with 
gabbroic sills. 

Athabasca Formation 
northeast trending elongated basin(s) 
with braided river deposits. 

late northwest, northeast, and north
trending faults affecting Tazin 
Group and Martin Formation; northeast 
folding of Martin Formation. 

Predominantly within the Fay Complex 
and Donaldson Lake Gneiss of the basement 
Tazin Group; minor within the Martin Formation. 



A. Syngenetic 

Mineralogy 

Age 

B. Epigenetic 
I. Fracture 
controlled 
mineralization 
in basement 
gneisses and 
cover rocks. 

Mineralogy 

Alteration 
assemblages: 

Age 

2. Kazan type 
mineralization 

Mineralogy 

Alteration 
assemblage 

Age 

3. Diatreme 
breccia-structure 

Mineralogy 

Alteration 
assemblage: 

Age 

Eastern Baker Lake Basin 

rare occurrences in basement 
gneiss complex and pegmatites. 

uraninite, uranothorite, molybdenite, 
allanite, monazite. 
unknown 

associated with fracturing, 
breccia ti on and minor my Joni tiza ti on 
related to late northwest faulting. 

two metallic associations 
simple mineralogy: pitchblende with 
pyrite, chalcopyrite, bornite, galena 
and minor molybdenite, sphalerite, 
or uraniferous titanates. 

2 complex mineralogy: pitchblende with 
Cu and Cu-Ag se!enides and 
minor electrum 

hematite, chlorite, quartz, white 
and pink calcite, barite, cerussite 

very limited age data 
occurrence 13, simple mineralogy, 
discordant 1813 Ma 
occurrence 4, complex mineralogy 
discordant 1516 Ma 

impregnation and microfracture 
mineralization in altered Kazan 
arkose peripheral to lamprophyre 
dyke complexes 

pitchblende, uraniferous titanates, 
digenite, covellite, chalcopyrite, 
bornite, native copper and silver, 
pyrite, galena 

Chlorite, carbonate recrystallization, 
iron leaching and recrystallization 

unknown 

infilling of brecciated country rock 
peripheral to alkaline stock 

pitchblende, chalcopyrite, sphalerite, 
pyrite 

hematite, quartz, calcite, dolomite, 
barite, chlorite. 

unknown 

Beaverlodge District 

remnants of metasediments in granitic 
and granitoid rocks; pegmatites, and 
areas of granitic rocks. 
uraninite, monazite, 
uranothorite. 
~ 2000 Ma, related to latest phases of 

extensive granitization and recrystallization. 

within zones of extensive 
mylonitization, and brecciation and 
closely spaced fracturing related to 
the late brittle deformation. 

two metallic associations 
simple mineralogy: pitchblende with 
pyrite, chalcopyrite, galena, sphalerite 
and clausthalite, some brannerite. 

2 complex mineralogy: pitchblende with 
native Au, Ag and Cu, arsenides, sulphides, 
selenides and antimonides. 

hematite, chlorite, quartz, white 
to buff carbonate 

abundant age data 
1780 ± 20 Ma for occurrences of 
simple mineralogy 
1140 ± 50 Ma for occurrences of 
complex mineralogy 
remobilization ages of 270 ± 20 Ma 
and JOO to 0 Ma 

no equivalent 

no equivalent 
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An east- to northeast-trending diabase dyke swarm 
intrudes the basement rocks in the Thirty Mile Lake area. 
The dyke swarm has been metamorphosed and is deformed by 
the late narrow shear zones. Diabase dykes and various 
gneissic lithologies have been cut by unmetamorphosed and 
undeformed east to southeast Ja mprophyre dykes wh ich are 
related to the Christopher Island Formation. 

Redbed successions in both areas are unmetamorphosed 
and rest with angular unconformity upon the basement 
gneisses. The Martin Formation has been subdivided into 
three distinct lithological units that grade from a discon
tinuous basal conglomerate through crossbedded arkose and 
terminates with siltstone sedimentation. Alkali basalt flows 
(K 20/Na20 <I), plateau basalt type, and related gabbroic 
sills are present within the arkosic sandstones 
(Tremblay, 1973). The incorporation of volcanic detritus 
within some arkosic units indicates contemporaneous 
sedimentation and volcanism, possibly with minor 
disconformities. Structurally the Martin Formation is folded 
about a northeast trending ax is, the limbs of which are 
truncated by late regional faults. This deformation may be 
related to the latest phases of the Hudsonian Orogeny. The 
redbed sequence is considered to span an interval 1830 Ma to 
1650 Ma indicating an age of late Aphebian or early 
Paleohelikian (Tremblay, 1972). The depositional 
environment is interpreted as an intercratonic basin, 
controlled by marginal normal faults, into which the elastic 
detritus was transported by braided fluvial streams. 

In comparison, the Dubawnt Group was subdiv ided into 
a similar sequence of fining upward rock units beginning with 
the basal South Channel conglomerate and grading into the 
Kazan arkose and siltstone. The plagioclase-rich Kazan 
arkose infers a plagioclase-rich provenance region compared 
to the potassic feldspar-rich Martin arkose inferring a 
granitic source area. In the Christopher Island area, the 
Christopher Island Formation is conformable and gradational 
from Kazan sedimentation. To the west, volcanic rocks of 
the Christopher Island Formation are unconformable on the 
basal elastic redbeds. Subaerial Christopher Island volcanic 
rocks belong to the alkaline potassic-rich basalt series 
(K 20/Na20 >I) and are associated with abundant pyroclastic 
units whereas the Martin Formation volcanic rocks belong to 
the alkalic plateau basalt series. The related intrusive 
equivalents to the Christopher Island volcanic rocks, the 
Martell intrusions, occur as dyke complexes, sills and 
Jaccoliths within the Kazan arkose and Christophe r Island 
volcanic rocks similar to the gabbroic sills within the Mart in 
arkose. The alkaline volcanism of the Christopher Island 
Formation implies a rift style of tectonics. Christopher 
Island volcanic rocks are anoma lous in their uranium 
abundances (range 3.0 to 13.1 ppm) compared to the Marti n 
basalts (average 1.1 ppm, Tremblay, 1970). The South 
Channel, Kazan, and Christopher Island formations are not 
folded but extensively faulted about northwest and northeast 
directions. The Rb-Sr age of 1786 Ma from Christopher 
Island volcanic rocks represents a minimum age for the lower 
red beds and suggests that the red beds are very late Aphebian 
to Paleohelikian. Normal fau lts parallel to the margins of 
the Baker Lake basin and various sedimentological 
characteristics of the basal redbed sequence suggest that the 
Dubawnt Group was deposited in fault controlled basins into 
which detritus was carried by alluvial fan -braided river 
systems strikingly similar to the tectonic and sedim
entological environment of the Martin Formation. 

Robinson (1955) and Tremblay (1972) recognized three 
types of uranium mineralization in the Beaverlodge district: 
1) epigenet ic fracture contro lled mineralization (the most 
common), 2) disseminated syngenetic concentrations in 
pegmatitic bodies, granitoid rocks, and remenant meta-sedi
mentary rocks and 3) superimposed supergene concentrations. 
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The epigenetic fracture-controlled mineralization at 
Beaverlodge is localized predominantly within the basement 
complex with only minor mineralization within the 
superc ru stal rocks. The basement mineralization is 
contro lled by late fracture systems that parallel earlier zones 
of mylonitization and brecciation. The uranium 
mineralization is associated with intensive hematitization, 
si lic ifica tion, ch lori tization, and carbonatization. In 
contrast, the epigenetic fracture controlled mineralization in 
the Baker Lake basin is predom inantly within the supercrustal 
rocks. The mineralization is controlled by narrow northwest
trending zones of brecciation and fracturing accompanied by 
a n assemb lage of a lteration minerals simi lar to Beaverlodge. 
The me tallic assemblages in both districts are principally 
pitchblende accompanied by varied amounts of pyrite 
chalcopyrite, bornite, galena, spha lerite, molybdenite and 
minor uraniferous titanates or various selenides, native gold 
and silver . 

The epigenetic uranium-coppe r-silver mineralization 
within the al tered Kazan arkose peripheral to alkaline dykes 
represents the most common occ urrence of base metals and 
uranium in the lower redbeds of the Dubawnt Group. This 
type of minera li zation is not present within the Mart in 
Formation even though the lower arkosic unit is int ruded by 
gabbroic dykes and sills. 

In the Beaverlodge district, e rraticall y disseminated, 
uranium-thorium and thorium-rich minerals a re present as 
syngenetic concentrations within pegmatites and radioactive 
paragneisses. The presence of uranothorite-bearing 
pegmatites and disseminated molybdenum-uranium-bearing 
minerals in augen gneiss along the southern margin of the 
eastern Baker Lake basin may be equivalent to the syngenetic 
occurrences of the Beaverlodge district. 

Two U-Pb ages on pitchblende from the easte rn Baker 
Lake basin permit only limited comparison to the abundant 
age data available from the Beaverlodge District 
(Tremblay, 1972; Koeppe l, 1968). Some inferences can be 
made from the lithological and structural simi la r ities of both 
basins. In the Beaverlodge district the first major episode of 
uranium redistribution and mineralization was associated 
with intense fracturing at about 1780 Ma; the counterpart in 
the Baker Lake basin may be the fracture controlled 
mineralization in the basement gne isses near Kazan Falls 
which is da ted at 1813 Ma. In addition, the discordant 
1516 Ma date from fracture controlled U-Se-Cu-Ag- Au 
mineralization on Christopher Island may be related to this 
first period of mineralization. 

Several periods of remobilization, 1140 and 300 Ma, 
have been demonstrated in the fracture controlled 
minerali zation in the Beaver lodge District. In the eastern 
Baker Lake basin, U-Pb dates on the sandstone mine ralization 
are in progress, however the variation of U/Pb ratios of 
pitc hblendes from these occurrences indicate remobilization 
has occurred within the uranium-copper-silver bearing zones. 

Tremblay (1972) stated that the epigenetic fracture 
filling mineralization at Beaverlodge was the resu lt of the 
remobilization of uranium by metamorphic-hydrothermal 
fluids derived from uraniferous metasedimentary rocks dur ing 
the Hudsonian Orogeny. In cont rast the principal source rock 
for the epigenetic mineralization in the Baker Lake area is 
the uraniferous a lkaline potassic-r ich volcanic rocks of the 
Christopher Island Formation. Uranium liberated during 
propylitic a lteration of the volcanic rocks and moved into the 
groundwater systems was concentrated in epigenetic sulphide 
zones of high reducing potential or deposited by hydrothermal 
fluids that were channe lled along late fracture zones. 
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APPENDIX l 

LOCATION OF URANIUM OCCURRENCES 

Occurrence Company NTS Latitude Longitude Easting Northing 
Numbe r designa t ion Map Sheet 

1 68-2 
1, 2 , 3 

56D/2 64°10'10 " 94°33'34" 424190 7116640 
2, 3 

2 71- 2 56D/2 64°08'53" 94°32'48" 424750 7114240 

2 , 3 
56D/2 3 69-9A 64°06'46" 94°37 ' 14" 421050 7110380 

1, 3 
56D/2 4 69- 9 64°06'26" 94°37'22" 420940 7109780 

5 
2, 3 

71- 4 56D/2 64°04'50" 94°31'36" 425550 7106690 

1, 3 
56D/2 6 68- 1 64°04'43 " 94°33'06" 424320 7106500 

3 
63°47'45" 95°07'38" 7 75- 3 55M/14 395210 7075820 

3 
63°44'57" 95°14'08 " 8 75- 5 55M/ll 389690 7070790 

3 4 
63°48'19" 95°33'17" 9 74- lE , 55M/13 374190 7077640 

10 
3 4 

74 - lW ' 55H/13 63°49'02 " 95°35 ' 07" 372750 7079040 

11 75-6 
3 

55M/13 63°50'10 " 95°35'22 " 372620 7081150 

3 
63°42'56" 95°40'27 " 12 71-5 55H/12 367900 7067880 

1, 2,3 ,4, 5 

13 68-4(69- 4) 55M/12 63°41'25 " 95° 46 I 2 711 362830 7065280 
2, 4, 5 

14 68-4A(69- 4A) 55M/12 63°40'58" 95°43'55" 364890 7064350 

15 55M/12 63°43'26" 95°52'24" 358100 7069250 

16 76- 9E
3 

65P/9 63°40'04" 96°17'12 " 634270 7062640 

17 76- 9W
3 

65P/9 63°40'04" 96°17 ' 52" 633720 7062630 

18 75- 1 
3 

65P/9 63°39'25 " 96°25'31" 627450 7061170 

19 75-2
3 

65P/10 63°44'57" 96°45'20" 610750 7070800 

20 65P/10 63°37'23" 96°56'43" 601850 7056450 

1 Lapor t e, 1974a 4 Gibbins et al . , 1977 

2 Laporte, 1974b 5 Padgham et al., 1976 
3 Laporte, et al., 1978 
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APPENDIX 2 

WHOLE ROCK AND TRACE ELEMENT ANALYSES 
OF DUBA WNT GROUP ROCKS 

A. Christopher Islan8 subvolcanic stocks and volcanic rocks 

Analysis 1 2 3 4 Analysis 1 

Occurrence 3 3 2 19 Occurrences 3 

Si02 41.1 52. 2 44.8 52.3 Trace elements (ppm) 

Ti0
2 1. 03 1.18 0.95 0.61 Ba 13000 

Al203 10.2 13.1 10 . 1 14. 7 Sr 3400 

Fe2o
3 3.2 2.2 2.8 3.0 v 160 

FeO 4. 7 3.9 3.9 2.3 u 4.9 

MnO 0.09 0.08 0.10 0.16 Cu 30 

MgO 13.1 8.1 10.0 4.8 Ag 0.2 

Cao 8.0 5.2 7.9 6.1 Pb 9 

Na2o 0.3 1. 2 0.3 3.4 Mo 2 

K2o 3.9 5.7 6.4 5.0 Zn 83 

P205 1. 6 1. 0 1. 8 0.64 F 3300 

H20T 4.9 3.1 2.4 3.1 Zr 390 

co2 6.0 3.3 8.0 4.2 Cl 600 

s 0.32 0.20 o.o 0.21 

Total 98.44 100.46 99.45 100.52 

Analyses 1 and 2: stocks in the area of occurrence 3 

Analyses 3: central stock, occurrence 2 

Analyses 4: radioactive porphyritic trachyte, occurrence 19 

N.D . = No t detected N.A. = Not analyzed 
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2 3 4 

3 2 19 

2300 3700 1600 

750 1800 330 

llO 90 92 

8.3 3.5 87.3 

67 llO 12 

0.2 N.D. N.D. 

4 6 1910 

2 2 2 

73 73 100 

3050 N.A. N.A. 

430 430 370 

400 N.A . N.A. 
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APPENDIX 3 

SUMMARY OF THE URANIUM OCCURRENCES IN THE EASTERN BAKER LAKE BASIN, NORTHWEST TERRITORIES 

Occurrence 6 

Location 7116640N 7114240N 7l 10380N 7109780N 7109720N 7106690N 7106500N 7075820N 
424190E 4247 50E 42 1050E 420940E 42 l 330E 425550E 424320E 395210E 

*Distance from basal 3.96 km N l.52 km N l. 83 km S 2.42 km S 2.70 km S 4.84 km S 3.81 km N 2.80 km N 
Dubawnt unconformity 

Occurrence Fracture Diatreme Frac ture Frac ture Fracture Fracture Redbed and Redbed 
type controlled Breccia contro lled controlled controlled controlled fractu red 

controlled 

Host rock Xenoli thic Brecc iated Frac tured Frac tured Fractu red Xenolithic Fractu red Kazan 
a lkal ine granul itic Kazan arkose, Christopher Kazan porphy ritic and al t e red arkose 
dyke gneiss Christopher Isla nd arkose biotite Kazan 

Isla nd intrusion(?) alkaline arkose 
intrusions -volcanic syenite 
and volcanic rock(?) stock 
rocks(?) and 
volcanic last ic 
sediments 

Main min~r a li zation N.W. Brecciated NW and N NW and N NW NW Altered Lamprophyre 
cont rol frac ture gneiss trendi ng t rending frac turing fr act uri ng arkose and dyke 

in dyke peripheral fractu res frac tures NW fracturing complex 
to alkali ne 
stock 

Generalized geology Alkaline Alkaline Intense ly Intense ly Fractu red Alkaline Altered Altered 
dyke stock and fractured fractu red arkose with stock giant cross- giant c ross-
c rosscutting related a nd fau lted and faulted quartz intr udi ng bedded bedded 
granulitic dykes sequence of sequence of stockwork Ch ristopher Kazan arkose Kazan arkose 
g neisses int rud ing conformable conformable Island mud- intruded by periphera l 

granulit ic Dubawnt Dubawnt stone; lamprophyre to dyke 
gne iss sediments, sediments, stock dyke; complex 

volcanics volcanics intruded by intensely 
and/or and/or N.W. trending fractured 
re lated related su lphide 
intrusions? intrusions? bearing 

diabase 

Uranium minera ls pitchb lende pi tchblende pitchblende pitchblende pitchblende pitchblende pitchblende pitchblende, 
Ti-U phases 

Sulphides, sele nides py rite, chalcopyri te umangite, umangite, marcasite, athabascai te chalcopyri te digenite, 
or nat ive metals molybdenite sphalerite athabasca ite, athabascaite, digen ite, berzelianite, covellite, 

pyrite berze liani te, berzelianite, chalcocite eucai rite chalcopyri te, 
claust hali te, c lausthali te galena 
e ucai rite, 
electrum 

Associated gangue ch lorite, hematite, hematite, hematite, white hematite c hlorite, chlorite 
minerals ca lcite quartz , c hlorite, calcite, quartz, calc ite, calc ite, rec rystalli zed 

calcite, ca lcite, chlorite calcite chlori te barite carbonate 
dolomite, cerussite, and hema-
white quartz tite, anatase 
barite, 
ch!orite 

Secondary mineralization uranophane, uranophane, kasolite, boltwoodite uranophane uranophane francevillite- malachite, 
malachite kasolite, wolsendorfi te curienite boltwoodite 

wolsendorfi te malacite series, 
iriginite, 
powellite, 
uranopha ne 

Stages of minera li zation undetermined Two stages: Three stages: Two stages: unde termined Two stages: undetermined Two stages: 
l )pitchblende I )pi tchblende l )pi t chblende I )pitchblende I )Cu-Fe, Cu, 
2)Cu-Fe and 2)Cu- Ag a nd 2)Cu-Ag and 2)Cu- Ag and and Pb 
Zn su lphides Cu selenides Cu sele nides Cu selenides sulphides 

3)noble metals 2)pitchblende, 
U-Ti phases 

Age (U/Pb) Discordant 
1516 Ma 

* Distance measu red in plan view and a t right angles from occurrence to basal Dubawnt unconformity. I 
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Appendix 3 (cont.) 

8 10 11 12 13 14 15 16 

7070790N 7077640N 7079040N 7081150N 7067880N 7065280N 7064350N 7069250N 7062640N 
389690E 374190E 372750E 372620E 367900E 362830E 364890E 358100E 634270E 

0.1 km N 12.0 km N 13.7 km N 15.7 km N 1.6 km N 2.4 km S 2.5 km S 7 km S 1.0 km N 

Redbed Redbed Redbed Redbed Fracture Fracture Fracture Disseminated- Fracture 
controlled controlled controlled pegmatitic controlled 

South Kazan Kazan Kazan Christopher Aug en Aug en K-feldspar Christopher 
Channel arkose arkose arkose and Island granodioritic granodioritic augen-biotite Island 
conglomerate siltstone porphyritic gneiss gneiss gneiss feldspar-

biotite biotite 
trachyte trachyte 

Lamprophyre Lamprophyre Lamprophyre Lamprophyre NW fracturing NW to N NW to N Disseminated 
dyke dyke dyke dyke trending trending in augen 
complex complex complex complex fracture fracture gneiss 

zones with zones with 
brecciation brecciation 
and 
mylonitization 

Altered Altered Altered Inter bedded Southerly E-W trend E-W trending Augen gneiss Series of 
conglomerate giant cross- giant cross- arkose- dipping felsic augen felsic cut by diabase Christopher 
associated bedded arkose bedded siltstone Christopher gneisses gneisses and Island 
with dyke peripheral arkose with minor Island with with amphiboli te flows 
complex to dyke peripheral giant cross- Formation interlayer inter layered dykes 

complex to dyke bedded flows and amphibolites amphibolites 
complex arkose volcaniclastic and 

sediments metadiabase 

pitchblende pitchblende, pitchblende, pitchblende none pitchblende pitchblende uraninite Ti-U phase 
Ti-U phases Ti-U phases, identified 

U-bearing 
illitic clay(?) 

chalcopyrite, digenite, digenite, native none py rite, chalcopyrite, molybdenite, chalcopyrite, 
digenite, covellite, covellite copper, identified chalcopyr i te, bornite, monazite galena 
covellite, chalcopyr i te, chalcopyrite, native bornite, pyrite, 
bornite, bornite, pyrite, silver, galena, galena 
galena pyrite, native silver chalcoci te, molybdenite 

native silver and copper, digenite 
and copper, galena 
galena 

chlorite chlorites, chlorite, chlorite, hematite, hematite, hematite, chlorite, 
recrystallized recrystallized recrystallized calcite quartz, quartz, anatase, 
carbonate carbonate carbonate, calcite, chlorite, calcite 
(calcite, (calcite, hematite, chlorite, calcite 
dolomite) dolomite) anatase specularite, 
and hema- and hema- pumpellyite 
tite, anatase tite, anatase prehnite 

uranophane, malachite, very malachite, none kasolite, uranophane, none malachite 
boltwoodite, boltwoodite limited bol twood i te identified uranophane, boltwoodite, identified 
brochantite, exposure wOlsendorfi te, wOlsendorfite, 
malachite none betauranophane malachite 

observed 

undetermined Two stages: Two stages: Two stages: undetermined Two stages: Two stages: undetermined undetermined 
l)Cu-Fe, Cu, !)Cu-Fe, Cu, l)Cu-Fe, Cu 1 )pitchblende l )pitchblende 
and Pb, Fe Pb and Fe and Fe 2)Cu-Fe, Fe, 2)Cu-Fe, Fe 
sulphide, sulphides, sulphides, Pb and Mo and Pb 
native silver native silver native sulphides sulphides 
2)pitchblende, 2)pitchblende, silver 
U-Ti phases U-Ti phases 2)pi tchblende, 

U-Ti phases 

Discordant 
1813 Ma 
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Appendix 3 (cont .) 

Occurrence 17 18 19 20 

Location 7062630N 706 1170N 7070800N 7056450N 
633720E 627450E 610750E 601850E 

* Distance from basa l I.I km N 0.44 km N 12.45 km N 2.2 km N 
Dubawnt unconformity 

Occurrence type Frac ture Fracture Redbed Redbed 
controlled con trolled 

Host rock Chri stophe r Ch ristopher Christopher Kazan 
Island Island Island arkose 
feldspar- biotite biotite 
biotite feldspar trachyte 
trachyte trachyte 

Main mineralization NW fracturing NW Disseminated Disseminated 
control fractu ring in in 

amygda loida l arkose at 
fl owtop contac t wi th 

cong lomerate 
channel 
scour 

Genera li zed geology Ser ies of Ch ristophe r Series of c rossbedded 
Ch ristopher Island interbedded Kazan arkose 
Island flow over- Ch ristopher with coarse 
flows lying Island channel 

volcaniclast ic flow s and scou rs 
sediments volcaniclast ic 

sediments 

Uranium minerals pitchblende pitchblende none none 
identified identified 

Sulphides, selenides pyrite, chalcopy rite, none none 
or native metals chalcopyr i te, borni te, ident ifi ed ident ified 

bornite, galena 
galena , 
sphalerite 

Associated gangue chlorite, hematite, calc ite, dolomite 
mineral s quartz, quartz , chlorite, 

he mati te, ca lcite, hematite 
bar ite chlorite, 

orange 
bari te 

Secondary mi ne ra lization kaso lite, chalcoci te , none none 
uranophane, digenite, identified identif ied 
malachite malachi te, 

uranophane, 
azurite 

St age of mineralization undetermined undetermined undetermined undetermined 

Age (U/Pb) 
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