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J\ PETROGRAPHIC DESCRIPTION OF WALL-ROCKS AND
ALTERATION PRODUCTS ASSOCIATED WITH PITCHBLENDE-
BEARING VEINS IN THE GOLDFIELDS REGION,
SASKATCHEWAN '

INTRODUCTION

GENERAL STATEMENT

This 1nvestdgatlon was undertaken to determlne the nature of
the wall-rook alteratlon assoolated w1th the pltchblende-bearlng veins
in the Goldfields—Martin Lake map—arees (Ghristie, 1949) , in an effort
to establlsh addltlonal orlterla to a1d 1n the search for that mlneral.

The geology of thls area has been capably desorlbed by-Chrlstle,
and an interim report on the mlneralogy has been publlshed (Roblnson,
1950). Field 1nvest1gatlons were carrled out durlng the 1950 fleld
season When.many'mlnerallzed zones Werebstudled and colleotlons made for
laboratory study at the UnLVer51ty'of Toronto. o

The present prellmlnary account deals‘w1th 1nvest1gat1ons made
on specimens_eolleoted from the‘nce_Leke m;ne, the Mertln Lake mlne;.and
Tam'prospect; all df Eldorado.Mining and Refining (1544) Limiteds It is
expected that more oomplete data will be published when further 1aboratory

1

and fleld work have been done.
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No Grant, all of Eldorado.Mining and Refining (1944) Limited, is grate-
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W, W, Moorhouse and F. G, Smith, of the University of Toronto. S. C.
Robinson very'kindlr‘eollected specimen material“for‘the writer. In
addition, thanks are due to lir. George Cumming,. fieldlassistant, and.
to all others who have conﬂributed in any manner to the sucoees_of this

project,

lWamee and dates in parentheses indicate references 1lsted at
the end of the roport.
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LABCR&TORY METHODS

Mumerous thin seétions have been cut from specimens of the
altered Wall—rocks for mlcroscoplc study.r The specimens were obtained
as part of a progran 1ntended to show the variations in texture and
mineral content at measured dlstances from the pitchblende occurrences.

Many specific gravity determinations have been made on
métérial obtained for this purpose, and, in addition, on material that
has béen sectioneds In the first case, the data will be used to com-
plete the descriptions of the various host rocks, whereas in the
”secénd it will be used to indicate the nature of the density changes
that have Yaken place in the rocks due to alteration., These data are
éqﬁpiled in a‘éeries of illustrative tables in the body of thq report,

Sevéral samples of fresh rock chips were collected for
ohemical‘analyses, Which_are expected to supply additional information
regarding the chemicai changes resulting from the,hy@rothermal alteration
of the wvarious Wéll-rocks.

Where the mineral constitutents are sufficiently‘coarse, rock
speéimens will be crushed and the minerals will be separated for other
ioptical tests to establish.their identity. In addition, mode counts
are being made, using a technique recently adapted to thin section
analysis (Chayes, 1949). These data will be prsented as modes or, if
they illustrate the origin of the metamorphoéed rocks, will be recalcu-

1
lated to approximate-chemical compositions .

GEOLOGY OF THE REGION

GENERAL STLTEMENT
The Goldfields region of northern Saskatchewan lies between
latitudes 59°15' and 59°45' and longitudes 108°15' and 108°45', ncar

the southern edge of the Precambrian Canadian Shield immediately north

1
In the report the terms 'recalculated chemical composition!

and 'approximate chemical composition' indicate that the analysis in
question has been calculated from mode counts and is, therefore, not a
' chemical analysis.




P

of Lake Athabasca;
" The bedrock formations ars emtirely of Precambrian age and
are- obscuréd here and there by Pleistocene drift and Recent stream,
lake, and swamp deposits. The Precambrian rocks can be subdivided into
two ma jor components,'separaﬁed by a marked angular unconformity.
These are the Tazin group and the Athabasca series. Tre former has
been mapped as frchacan or Proterozcic (Christie, 1949), but shows
marked similarities to the carly Froterozcic formations described from
the Nonacho and Great Slave Lakes (Henderson; 1048). The latber has
been mapped as Proterozoic, and is restriched to structural basins in

the vicinity of Beaverlodie Lale,

TABLE OF FORMATIONS

The foilowing table of formetions has heen drwwn up to
illustrate conditions observed din the vicinity of the radioactive
occurrences studied. The_ﬁééks that,sorve ag wall-~rocks to pitchblénde

veins in this area are marked by X, in parentheses,



Era FPormations and lithology
" Diabase dykes (x)
&) :
= | .
Q !
N | Meta-basalt flows (x)
ot Athabasca
= - Arkose and feldspathic sandstone (x)
8 series
o Conglomerate (x)
Unconformity
Lamprophyre dykes
Granite, oligoclase alaskite, and granite-
gneiss; locally mylonitized (x)
1
Oligoclasite , syenite-pegmatite (x)
Meta—-gabbro (x)
Intrusive contact
&)
Eg Greywacke; may be metamorphosed to paragnelss
% or mylonite (x)
B .
o Greenstone; probably altered flows (x)
(&
%i Argillite; may be metamorphosed to chlorite
Eg Tazin or chlorite-muscovite schist and
E group mylonite (x)
&)
Ei martzite; way be metamorphosed Yo sericite
schist (x)
Gonglomerate
Dolomite, dolomitic quartzite, dolomitic
argillite; may be metamorphosed to
pyroxenite, amphibolite, and epidote
amphibolite

—

lThis name is applied to a group of rocks in which the
dominant constituent is sodic oligoclase and the minor constituents
are quartz, calcite, dolomite, chlorite, apatite, and sericite. The
rocks range from coarse to fine grained, In most cases they are
irregular in outline, as feldspathic replacement bodies in a
variety of host rocks,.
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TAZIN GROUP

The Tazin group,is dominantly a sedimentary series, but includes
a few lava flows, It has been subgected to reglonal metamorphism that
has altered the sedlments to crystalllne llmestones, amphibolites,
. quart21te, argllllte, and in extreme cases, to a varlety of banded -
paragnelsses. The lavae in theloocurrenoe studled have been altered to
the greenschlst fac1es.h The group.hee been intruded by‘gabbro sills,
gneissic granltos, lamprophyre dykes, and a varlety‘of red, a01dlc rocks
ranging from oligoclasite to feldspar porphyry. L1L of these rocks,
with the exception of the conglomerate and most paragneisses, oarry
pitchblende, In this report, the discussion of the distribution of the

rocks will be limited to those that outcrop on the properties described.

| Quartzite
The bulk of the Tazin quart21te outcrops south of the St. Louis
fault, w1th the eyceptlon of scattered bends, such as cn the Tam prospect
and in the paragnelsses to the north. It is associated w1th amphibolites
south and cast of Beaverlodge Lake and west of Lodge Bay, The quartzite

studied for this report outcrops on the Tam prospect, where it is inter-

bedded with argillites and greenstones,

Amphibolite
fmphibolites have a wide distribution in the Goldfields region,
as narrow bands within the paragneisses north of BeaverlodgeyLake and as
intrusive siile and flows associated with the quartzite in the southern
part of the area. The rock studied for this report is an epidote

amphibolite, and its known distribution is limited to the Ace Lake mine.

Chlorite Schist

Bands of chlorlte sohlst are rare in the Goldflelds reglon,
and have only been found in the v101n1ty'of the Cracklngstone and St.
Louis faults., The 81nuous, narrOW'b ind thﬁt lles north of the Ste Louis

fault on the fice Leke property is the only one dlscussed here, The rock

separates the epidote amphloollte from the mlcaceous northern border of
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the oligoclasite lenses on that property.

Cﬁlorite—muscovite Schist

.

The only known occurrence of chlorite-muscovite schist is in:
the vicinity of the St. Louis fault -on the Ace Lake property, where it
oubtcrops as a narrow, sinuous band along the north side of the red
oligoclasite lenses,s It is also known to oubcrop as a band within the

oligoclasite lens on the shore of Ace Lake,

Afgillite
. Argiiiité is limited in its distribution.fo.a ndrrOW'band
péréilél &ith'the Sﬁ. Louis fault.l.It oﬁtcrops at thé head of AtQHBay
oﬁ.ﬁhé Tém proéééct; on the Ace Lake property north of the St. Louis
fault, and farther to the northeast on the Bolger prospect both north

and south of the St. Louls fault, Specimens of the argillite have been

.studied from the Tam prospect and the Ace Lake property.

.Oligoclasite

The'namé 'oligoclasitei is applied in this repoft to felds-
péthio replaéement of é considerable variety of rock tyﬁeé. The proéess
is very well illustrated in the Goidfields éfea, particularly around the
north end of Beaverlodge Lake. Argillites, chlorite schists, granites,
paragneisses, and mylonites have been hydrothermally replaced by red
feldspar, which ranges in grain size from very fine to coarse. The rock

has-been studied on the Ace Lake property and the Tam prospect,

ATHABASCA SERIES
The Aﬁhabasca series is characterized by a limited variety of
rock bypes, which include conglomerate, feldspathic sandstone or arkose,
and meta~basalt flows. Radioactive veins have been discovered in all of
these rocks, but to date have proved most significant in the meta-basalts
west of Beaverlodge Lake. These rocks are resbricted to structural basins
and. downufaﬁlted blocks on the south sides of sueh faults as the Cracking-—

stone and the St., Louis.
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Feldspethlc Sandstone

- Feldspathlc sandstone is as wldely dlstrlbuted as any of the
Athabasca sedlmentary rooks, outcropplng as massive beds in the Martin
Lake syncllne, and elsewhere 1nterbedded W1th the conglomerates.
Speclmen materlal used for thls report has all been eollected from the,

Martln Lake syncllne, and, spec1flcally, The Martln Lake mlne.

 Meta-basalt -
Thé meta-basalts are massive and amygdaloidél flows, which
outcrop in the Marbin Lake syncline interbedded with the feldspathic
sandstones. Specimen material -has been collected for study from the

flows, which outcrop on the Martin-Lake mine property.

STRUCTURAL fEATURES

Rocks of the Tazin group were laid down in a conformable
succession over an area of unknown dimensions.. .They were intruded by
basic sills before, or after, a period of folding, and remnants of folds
still persist. These can be seen around the south end of Beaverlodge
Lake, along the north shore of Lake athabasca, and to the north in the
paragneisses. They have been deeply buried and probably intruded by
granites.

During this period of deformation, and probably before
granitization of the Tazin sediments, the rocks were mylonitiied along
well-defined zones. Such rocks outcrop along the Crackingstone fault
north of Martin Lake, soubh of Sybil ILeke, north of Verna Lake, and on
the Donaldson prospect.

The Athabasca sedimentary rocks and associated lavas have been
subjected to considerable erosion and mild folding since their deposition
in. structural basins around Martin and Fredette Lakes. Addiﬁidnal patehes
of the conglomerate and arkose have been preServed as down-faulted blocks

along the south side of several late faults in the area.
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The two major faults in the area are the St, Louls, which
extends from Ato Bay northeasterly tb.ﬁéégé:iéke, and the Crackingstone,
which paralleis iﬁ, from the head of Black Bay to dnne Lake., The former
shéwé a horizontéi movement, estimated at 1,100 feet, of the:northwest
side tqﬁgfds the.northeast (Christie, 1949, p. 15), No estimates are
availablebon the Crackingstone fault. Clay gouge has been found in both
of these faults and in others thought to be of the same age. Probably
during the same period of deformation, the Martin Lake syncline subsided,
causing the cross-faults, which have since been mineralized, At the same
time, the Tazin rocks also underwent deform tion, resulting in faults and
breccia zones, Schist zones are poorly developed bub do occur near the
late faults. Minor faults are particularly abundant in the area where

the two main faults converge,

WALL-ROCK ALTERATION AT THE ACE LAKE MINE

GECLOGY OF THE PROPERTY
(See Figure 1B)

The geology in the immediate vicinity of the fice Lake inclined
shaft is illustrated by the accompanying plan, Epidote amphibolite out-
crops along the north side of the area, succeeded towards the south by
chlorite schist, chlorite-muscovite schist, and oligoclasite, South of
the St, Louls fault, which strikes north 65 degrees east and dips south-
east at 45 degrees, a remnant of the Athabasca series, consisting'of
sandstone and conglomerate, has been preserved as a down-faulted block.
The pitchblende veins have not been observed in these sedimentary rocks.

The epidote amphibblite outcrops along the north edge of the
area mapped on the Ace Lake property. It forms the north wall of the
chlorite schist zone and parallels the St. Louis fault zone except near
the shore of. Ace Lake where it bends to strike north 45 degrees east.

The chlorite schist forms an irregular sinuous band up to 40
feet wide, which oubcrops south and west of the shaft between the

oligoclasite and the epidote amphibolite, It strikes roughly parallel
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wiﬁhvfhe fault, and dips steeply south, It is bordered on the south by
a'hafrdw band of musco&iteéchlorite schist, and‘conforms to the outline
of tﬁe oligoclasite lenses in the féot—wall of the St. Louls fault. East
of the shaft, a band of thié muscovite~bearing séhist is incorporated
.within-the dénse red oligociasite. Undergrdﬁnd, there appéar to_be all
gradations between the schist and the oligoclasite. |

The oligoclasite is believed to be of hydrothe rmal origin, con-
sisting mainly of fine réd éiigdclase (Anls), which has repléced‘the
schist in a Iit-par-iit fashion. Elsewhere, the oligoclasite is believed
to he a fgldspathi;eq_myiopiteé_as in the small oubcrop southwest of the
shaft. It occurs as tabular bodlies immediately beneath the St, Louis
fault zond, Surface exposures indicate that these bodies are lenticular,
The age of the dice Lake oligoclasite is of critical interest in determining
the alteration resulting from the ore solutions. Information on hand
is still incéﬁclusivé; . ‘
PETROGRAPHY OF -THE HOST ROCKS

Epidote Amphibolite

The following table gives the results of five specific gravity

determinations for the epidote amphibolite:

r i i
Maximum J Minimun | Average | Tests
density | density | density :
' |

g

|
|

5,114 | 3.003 '; 5,063 5
|

The epidote amphibolite ranges from black to pale green, depending
upon the amount of epidote preéent. The epidote fills veinlets that range

in width from under 1 to % inch, and average 1 inch, and that penetrate

16 8

the rock parallel with the amphibole crystal lineation as well as across it.
Weathering reduces the colour of the rock to a bleached green, and
also produces surface corrugations. The latter are commonly composed of

epidote or quartz veinlets, many of which parallel the linear texture --
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of the rock. The resultlng appearance suggests sedlmentary'beddlng, but

there 1s no ev1dence of bandlng of any descrlptlon on fresh surfaces.
Clastlc deformatlon has produced JOlnts and narrow brec01a Zones

along whlch there rarely'has been enough movement to rotate the fragments.

In addition, the rock shows a well—developed llnear texture, but is not

. e S

schistose, _ _
The follOW1ng table of modes will serve to 111ustrate the

mmmlwm%mmnﬁtmem%%amh%hmu‘”“

1 Thin sections

‘Mineral Li' S L
L CeR4 [A-Ra | Aea3 | 445 G-2et
{ 1 i |
o ol ; ‘ 1 - o .
B o | 5 % oo
fetinolite. . 54,6 5940 I 3846 | 51,6 | Rl.R
| i |
- Epidote~ . T |
clinozoisite 1442 [1446 1 39,5 | 33.6 | 66,1
: | | I R
Oligoclase 18,0 17.0 | 12,0 | 1.5 | 0.2
Quartz 11047 | 1.5 ael 145; 4.8
| | | |
Calcite | Bl 0.6 3.1 ; 10.3 i 447
| } i
CHematite .. o -* 1.0 - ;~ 1.4 | 4.8
Sphene ;—f'ziA6.9 SR Li '} -
| | !
. A |

0f the above modes; those obtalned from‘sectrons G~24 and A-R4 illustrate
the composition of the epidbte—free'matrix, and the others represent rock
containing varying numbershof epidofe“ueinlets.

In order to determine the origan of thelenidote amphibolite, two
of the modes lisfed above.haue.been recalculaﬁed”to-approximate chemical
conp081tlons. For-the sake of comparlson, two analyses of rocks belleved
Vto be analogous to those from Wthh the epldote amphlbollte wias derlved,

and an analysis of gabbro, have been added.

Thin section or specimen numberss

szashes in modal or chemical analyses indicate that the
constituent was not determined.




- 11 -

oxide | I I I | w é v
S10z | 48,12 | 60,88 | 52.5 | 58,6 ; 50443
Ti0p | 0.78 | 0.62 | - - i 1.26
© A1203 | 12,80 1 122 | 7.0 f} 17,38
Fe03 | 1.60 | i;é4 | os2 | 87 % 5,43
FeO 5.25 _4.05. st - § 6445
w0 | 0,09 | - - -~ | oag
Mo | 255 | 3.55 | 5.8 | 8.4 | 5.45
Ca0” | 10.77 | _2.77' 6.8 | 12.6 | 9.52
 Nag0 | 0.60 | 2.65 | La-- 1.8 | 2.78
Ko0 | 3,60 3.6 | - - 1,33
HoC+ siés* ”1.91) -
o Y ] 1. 1| 1.4R
HoO- 1,70 | = 0.13)
P05 | 9;65' 029 - 1 - 0.5
Coz 9 | - | L 1.2 0.14
S0z 0,24 _. - - - -
s 0.88| 0.0 | - - -
Ba0 0,01 - o - -
Sr0 nil - - - -
¢ | o 1w | - .
o | | I SO
100.36 | 101.53. [100.4 | 99.4 | 100,01

I. 4An analy81s of an Ordovician marine calcareous shale,
D, Schaaf analyst; Pettdjohn, 1949, De R85

:II. Knife Lake slate, Archean;, Mimnn.; F. F. Grout analyst;
average of three analyses; Pettijohn 1949, p. R87.

I1I. Sp901men A—43, epidote amphibolite, bearlng a moderate
number of epidote veinlets.

IV. Specimen G-R4, epidote amphibolite, in which there are
very few epidote veinlebs. .

V. Average of sixiy&six olivine-free gabbros from the Unlted
Statesy Johannsen, vol., 3, 1937, p. RR1.
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It is apparent that there is a greater 51m11ar1ty'between the
‘ calculated analyses for the epldote amphlbollte and that of the cal-
careous marine shale than for that of the gabbro. .

A simple calculation based upon the assumption that there has
been no change in the lime and magnesia content of the fock'provides
some interesting figures, For example, thin section No. G=-R4- could have
been derived from a shale containing 38,5 per cent dolomite and l.4 per
cent calcite.

The difference in value for alumina in analyses III and IV is
due to the concentration.of that oxide in the epidotes That oxide is
commonly assumed to be stationary.during the processes of metamorphism,
but in this case appears.to have been transported -short distances to be
concentrated in veinlets in the epidote amphibolite,

The rock is probably a product of the thermal metamorphism of
a limy or dolomitic argillite, and is presgntly'equivalent to the epidote
amphibolite facies (Turner, 1948, pe 88)..'

The epidote amphibolite shows a granoblastic texture, with a
pronounced fabfic resulting from the orientation of the actinolite
shreds, The graln size of the rock is unlformly'flne, rarely'exceedlng
OB mma The rock is holocrystalllne, and the constltuents, vith the
exception of some epidote and secondary albibe, are anhedral. Veinlets
of fine granular epidote, clinozoisite, oligoclase, and calcite cut the
rock at all angles. Microscopic fracturing. disrupts the linear. fabric
of the aotlnollte. Fragnents of the matrix have been locally incorporated
w1th1n the velnlets. -

Actinolite is one of the major ébnStituents. Tt occurs as
elongated  shreds, wiﬁh,%hq’long axis'of %hé'grains twice the length of
the short.gxis, Thg shreds form the linear fabric of the epidote
amphibolite, which is so characteristic of that rock, andlafe locally
sinuous where displaced by micro~faults, .Theﬂpﬁher'chstituehts ocecur
either along the_contacts among the shreds or are incorporated within

theme
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Epidote is no£.ééfabﬁhdaﬁt in the thin sections as clinozoisite
despite the common occurrence of paléﬁéféeﬁ‘Veinlets. ‘The veinlets con-
tain mainly epidote individ@éléfyhatgghgw;aﬁp@%eygrggpupg;qur;and higher
birefringence than the colourless, disSéminated,.clinozoisifé’gf;iﬁé:
Clinozoisite occurs in veiﬂiéﬁégfgﬁgﬂié 56f5héémmoﬁ'as disseminations
in the matrix of the rock. " In the-latﬁ§:LC&Se,_£ﬁé_g?a?ns may ocour
either along contacts of the agtinolite shreds or else be iﬁeorboféfed
in them, :

Quartz and oligbclase are common felsic constithenté,'and
owing to the common lack of twinning iﬁ the feldépar it has been difficult
to distinguish between the tygfmiherals. The vein oligoclase, on the
other hand, is commonly'twinyed,>eithér affer the albite or carlsbad
laws, and much of it is euhedral, Thé veinléﬁé also carry specwlarite
flakes and acicular inclusions of amphibole,

Calcite, like oligoclase, occuis both as ragged‘disseminated
grains in the matrix and igwlate?.ofésscuttiﬁg veinlets.  The type shows
twin lamellae, some of which may be Bent;.éuggésﬁinghmild;defOrmation.

The opagque minerals are accessory constituents. A sooty black
mineral 1s disseminated in the matrix as small elongated aggregates
paralleling the actinolite shreds. An occasional small grain of pyrite
has been observed near the late veinlets. Specularite flakes are
associated with albite and quartz in the late veinlets and adjoining

parts of the thin sections,

Chlorite Schist

The following table is illustra*ive of the specific gravity

of the chlorite schist:

t

Mazdimum | Mind mum ;_Average | Tests
density | density density | -

! |
2,846 2,746 | 2,796 3

(

i
|
|
|
!
!
i
[
{
|
i
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The table below contains three modes that illustrate the

mineralogical composition of the chlorite schist.

Thin saeetions

, I
Minerals ; ‘ i
: A-49 ; A-42 E A-36(2)
T % "
Chiorife : 40,0 I 48,0 % 44,5
: Oligoclase E 7.9 | 36,0 !» 3940
Quartz Bed - i -
Calcite | 4.5 78| 3.0
Epidote 5.5 .5.9 ! 10.5'
Hematite | 1411 240 3.0
White Mica® i - - i -
|
Apatite2 : - = ‘ -
Leucoxene® L - - } : -

This section shows an ébnormally‘high content of hematite
owing to its concentration in a veinlet.

2. . , .
The last three minerals occur in such small amounts that
counts could not be made of them
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The following table contains recalculated chemical compositions

that illustrate the composition of the chlorite schist:

T
. Oxides And9 | A-42 1 A-36(R)

-

“5102 2.5 | 4204 4.8
Ti0, -] - 5 -
.A1205 1249 159 | 15.8
Feo0sz 1645 5.0 | 7.7
FeO - - | -
g0 14,5 1744 16,1
Ca0 36 546 549
Nag0 33 | 443 446
KO | - - -
Ho0 _§ 5g3 | 643 | 8,0
€0, i 2,0 | . 5,5 143
]
1oo.4 100 ,4 '.ioo.z
|

.A comparison of the above analyses with analyses I and II on
Pe L suggests that the ohlorite schist is related in composition to a
dolomitic'shale. The rock is believed {0 have been an amphibolite that
has been sobjected to retrograde metamorphism and is now a member of the
greenschist rather than the amphibolite facies,

~ Megascopically, the chlorite schist is a soft, pale green
weathering fock. It is equally soft on fresh surfaces, which show a
darker shade of~green. Foliation is developed to varying degrees,
"ranging_from an almost massive rock to a fissile schist with drag—_
folded folia. I

Primary structures that might indicate the original nature of

the rock have been erased by mineralogical changes and- deformation,
"Aside"from.its.caloulated chemical compoSition, there io iiﬁﬁlo e&idenco

of the original nature of the rock.
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Microscopicallyb'the thprite schist is holocrystalline, and
'is charééterizéd by é_iinéar tgxture_rssulting from the orientation of
the chloritéJshréds."Cwing to the deformation undergone by the rock,
the linear bexture is evemilats, and the ohlorite Fluidal in ibs
arrangement., Th?_t§§tu¥§_}Swfﬁpth@rwcomplicatea.by'a variety of
veinlets that crosscut it.

Pale green chlorite, with deep blue birefringence, is the
major constituent, an@ is shown .by opfical tests to be penninite. All
of the other mineral constituents occur among the shreds of chlorite or
are included within tﬂem. The chloritéishreds themselves become coarsened
where in contract with late veinlets.

The plagioclase; which is usu?lly'sodic oligoclase, Anls, rarely
¢ * '

occurs in sufficient qgantitie§ to be g¢lassed as a major constituent. It
rarely shows twinning, but its alteration to fine white mica makes its
identification simpler than in the epi%ote amphibolite, Oligoclase occurs
in late veinlets, and it_is commenly stained by'finely'disseminated hematite
granulesl. The“plagipbiése.in £he.mat££x-of the rock, on the other hand,
carries inclusions of epidote, bhldrite; and calcite, but no hematite,
Twinning has been"obsef§ed.énly in the feldspar of the veins.

Caléite.fills veinlets, and is disseminated throughout tHe «rock.
The veinlets cross the schistosity at all angles, and .scmmonly carry
.twinned calcite grains,

Epidote is comnon. as a fine-grained, disseminated accessory
mineral in the matrix of the. rock, Occasionally, it appears as vein-like

aggregates intimately mixed with fine shreds of white mica., The latter

may be a retrograde product, due to the alteration of the epidote.

1 :
The term granule is arplied in this report to grains of hematite
0,001 mm, or less in maximum diameter, which do not appear to be crystalline

in outline, Wany such grains show yellow birefringence, whereas others are
opague even under oil immersion lenses.
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The opaque minerals are4eithef disseminated in the matrix of the
rock or form part of the filling of late veinlets. Disseminations of
black iron oxide accompany the siring—like aggregates of epidote granules
and leucoxene that parallel the foliation., Pyrite occurs as an occasional
clump of cubes near veinlets. 'Spebularite flakes accompany oligoclase in
the late veinlets and_iﬁ soﬁe‘caséé.impregnate the adjoining rock,

Accessory apatite occurs as rounded grains scattered through the

matrix of the schisbe

Chlorite-puscovite Schist

The following table is.illustrative of the specific gravity

determinations that are characteristic of this rock:

In 4

\ !
_ . .
Maxd mum Minimum Average | Tests
|
i

density density density

2,742 | 2,693 2,719 | 6
|
!

The table of mincral compositions given below is not complete
owing to the extreme fineness of. some phases of the muscovite-bearing

schists,.

_Thin sections

Minerals
| 4-46 | 29-11 20-6
woo% | @
Chlorite | 85.0 | 50.5 | 11.1
Oligoclase 2R.8 E 31.3 | 3042
Muscovite | 38,0 ; 19.6 | 31.8
Quartz - ; 9e9 R4,0
Black opaque - 0.3 ! 345 | 28"
minerals |
Sphene - i 367 -
Caloite 5.8 | 0,7 -
Pyrite - | o7 | -
Apatite - - -
Zircon - - -
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Below arc listed the recalculated chemical compositions derived

from the modes in the preceding table.

Thin sections

Oxides ‘ _
E'A~46 2911 | 2946
Si0s % 44,1 | 48,1 60,3
Ti0o E - L -
Alg03 | 25,6 | 18,0 | . 19.8
Feg0s 043 6453 . 5.1
FeO - Ga7 3 R0
g0 ] FRE 5T e
NaoO |V'2.§ 3.4 5.5
K20 { 4.5 | R.3 5,9
B0 | 6.5 .l 4'.5. N 2:_9._.___:_
0o 147 0.3 -
Fe 1 - 046 i -
S - 0.6 % -
Totals™ | 100,1 99.8' | 100.1
] o |

A comparison of these theoretical compositions with analyses
I and IT on page 11 suggests that-the rmusecovite~chlorite schist has a
closer relationship to the Archaean slate than to the calcareous shalc,.
The schist is believed to be a member of the green schist facies,

At least two varieties of chlorite are represented, the coarse,
blue~-birefringent, flakes of delessite and the green, vermicular variety
in the late oligoclase-calcite veins. In the poorly foliated phase of
the schist, fine scales of the mineral form matted aggregates and are
disseminated through the ﬁatrix consisting of quartz énd feldspar,

The oligoclase ié usuallj‘anhedral and p;orly'twinned. It

occurs as a fine mortar tailing away from coarser individuals that form
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augen 2 or 3 mme long, In adaition, fine angular grains‘join with
quartz, chlorlte, and dlssemlnated hematlte granules to form a fine
matrlx., The ev1dence of cataclas bic deformatlon is abundantly supplled
by the feldspar and ribbon quartzo The plagioclase, with the exception
of that occurring in veinlets,qié.éltered to fine shreds-of white mica.
The varlety'that forms the velnlots shows either -albite or carlsbad
tw1ns, and it is cormonly assoulated with comb gquariz, calcite,
specularite, and vermicular green chlorite.
;Muscovite.iS'représéﬂfééﬁiﬁ:thféé,wféi;ij'distinct habits:
as fine shreds on the older fe;dsparj as fine mats in the matrix of the
rock; and'ééwféiafifély‘coqrse books, which may or may not be inter-
leaved with chlorite, quartz, feldspar; bladk bpaqué granules, leucoxene,
and spheﬁé; It joins with the same assemblagé-of'mihéralsvto armour
.véribus.types of augen and lenses, - Tn the highly‘fdliated”35hist, the
?roportion of coarse books is greater than in the lessyweilwfoliated
variety.

Quartz is not.everywhere a najor constituont, but where it is,
it forms sinuous ribbons that may envelop ﬁho féidspar‘augenb Elsewhere,
it forms finéugféinéd mpsaics in lenses and bands in the matrix,
Occasionally, the albitc individvals éohtain quartz inclusions. In the
late veins, tno quarbz is commonly euhedral. Characféristicallyg it is
clear of thie red hematite ;rﬁnuleg ‘that permcate the f@ldspar and the
calcite. The inclusions detected to date form fostooné, and are
thought to be secondéry in origin,

The accessory'mineral§ include calcite, sphene, apatite, pyrite,
hematite, and ziréén; The calcite is generally confi.ed to the late veins,
but occasicnelly a few grains are dissem’nated through the matrix of the
rocke Sphene occurs as euhedral grains, but more commonly as stringy
aggregates parallel vith the banding in the rock, in which case it is
belicved to have reofystallized from leucoxene, whidh-accompanies it.

Apatite is common as rounded individualss inthe matrix. Pyrite occurs
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as rectangular spongy'aggregates in all stages of replacement by green
chlorite. Hematite granules occﬁr és strihgs aléhg the fdlié of tﬁe:
reck énd;as flakes within the late veiné,. Zircon'grains are sparsély”.
disseminafed through fhe matrix, N

Oligoclasite

Specific gravity deﬁefmihationé i1lustrative of this rock type

are listed below;

1

o
lMaximum Minimum Average Tests
density density density.

Re70R R»0620 - Rv066R 5

The red oligoclasiﬁe generally consists mainly of sodic oligo-
clase and quartz, a composition reflected in the average value for its.
specific gravity above (quartz ranging from 2,600 to 2,860 and oligoclase
from 2,62 to R.65).

Iisted below arc three characteristic modes:

Thin sections

Minerals
G-2 E G-3 A4l
s | % | %
Oligoclase 76,0 ! 58,0 ’i 53,0
Calcite J 763 % 3.9 s 346
Chlorite ilazé - 0,7
Quartz | 0.6 § 25,2 47,7
Specularite { 3al ? 5,0 | 0.8 -
Sphene L i 1.9 -
Apatite ? - j' - -
,
Muscovite % - ; - -
Pyrite i - % - -
| |
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Of these three modes, the first two are of rocks that have
replaced the muscovite-chlorite schist, and the last one represents

a replacement of a leucocratic paragnelss.

Thin sections

Oxddes
| {
| t
G-2 | G-3 | A-41 | A-21
| ' |
‘ !
5i0g 54,5 | 69.2 | 78.2 68,530
| | {
TlOg ! - l.l ; - ! 0042 '
) _ ; | K .
41,0, 116,35 | 1L.8| 10.2 | 15.17
FeoOz | 5.7 | 6,0 1.6 | 5,80
FeO 2.9 - 0.2 | 1.92
: : 1
lie0) |- = - -
g0 2.6 - 0.1 | 0.40
| .
Ca0 4.1 Bl 2.0 | 1.56
Nag0 C 8.7 | 7.2 6.3 |  5.55
' ; A
| {
K50 ST PR B P .2
. |
HoO+) | | | 0.87
) |
{1 - 0.1 |
Ho0- | IR L0415
i } | i
Po0 - - | 0.8
00y S BR8] L. | 1.57
S - - - |, 0,08
| ! |
Totals  99.5 | 100.2 | 100.3 | 100.11
| |

The first three columns represent recalculated chemical com-
positions derived from modes on the preceding page; the last is an
actual chemical analysis.by'R. Je Cu Fabry of the Geological Survey.
The table illustrates a rock that is moderately'high in silica, h%gh
in soda, low in potash, and high in alumina, The alkali ratio is the

reverse ¢f that found in most acidic-and intermediate‘igneoﬁs rocks,
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It is characteristic of the soda aplites and a few other rare rocks
(Johannsen; 1937, vols. II, ppe 375-377).

Megascoplcally, the oligoclasite is very fine grained, sb that
it is rarely possibleé “to “detect individual grains ih.it,...Occasionally,
fine banding can be detected in the rock, éuch as on the small outcrop
southwest of the Aééniéké.éhéfé;r Thié.has.led.té the use of the term
'mylonite! for the rock,~but.thene.ére,phases,,suﬁhAasﬁthat occurring
gast of the shaft, in which there are few indications of bahding. The
rock is massive, and containé'small feldspar phenocrysts, which can be
detected in hand specimens, Elsewhere, the oligoclase has replaced the
muscovife~chlorite schist.in a lit-par-lit manney, and, in addition, has
crossed the foliation of_the sch;st at all angles as dense red veinlebs.
These features are more indicative of feldspathic replacement of the
schist than of the extreme degree of olastic deformation that is implied
in the term mylonite,

The oligoclasipe has bgen sub jected to deformation, as indicated
by closely spaced discontinuous fractures and breccia.zones. These are
superimposed upon the-réck in the sense fhat the reddening has no
apparent spatial relatiénship to either, These features are particularly
well shown where the rock adjoins the St, Louls fault, particularly in
the foot-wall, In the immediate vicinity of the fault the oligoclasite
has been replaced by a black chloritic rock containing remnants of
bright red feldspar. |

iicroscopically, the oligoclasite ranges from massive to well
banded depending upoﬁ éhe phasé being éxamined,n chally3‘in the massive
phase, small rounded feldspar fragments can be discerned in the sections,
and most of these lie in a very fine feldspathic matrix with their long
axes roughly parallel., The feldspars.are lightly altered and usually
show either bent tﬁin lamellae, fracturing, or some other indication of
deformation. The hce Lake oligoclasite is believed to be a feldspathic
replacement of either an altered argillite or a recrystallized mylonite.

Replacement by an unaltered gencration of sodic oligoclase is particularly



- 23 —
well illustrated in the lens east of the shaft where the host rock,
which was either an altered argillitg‘gr mylgnite, has been replaéed
to varying degrees. This replacement by younger feldspar appears as
bright red veinlets, which penetrate the chlorite-muscovite schist at
all angles.

The red oligoclasite consists mainly of oligoclase (An15); with

chlorite, calcite, and quartz as minor constituents., Specularite, sphene,
and apatite are the accessory minerals in the massive phase of the rocka

«Qligoclase is the dominant mineral con;tituent, either as fine-
grained, untwinned individuals in the matrix or else as rounded and
deformed phenocrysts within the feldspathic matrix. In the oligoclasite
lens west of the sace Lake shaft, the plagioclase has been reduced to
augen and tails of mortar interbanded Wiﬁh:?ingn quartz., The feldspar
shows light to moderate alteration to white mica and, in addition, a
uniformly distributed cloud of red dust. : The rock is veined with red
feldspar, which usually occurs as well-formed individuals well twinned
after'either.the albite or carlsbad laws, The alteration is generally
lightest on the late veinlets, |

Chlorite, which is delessite, the ferriferous variety of
penninite, is disseminated as shreds in the feldspathic matrix of the
rock and as coarser shreds in the late veinlets., In addition, vein
calcite commonly carries vermicular green chlorite, which may be
prochlorite.

Quartz is not particularly abundant in the oligoclasite east
of the Ace Lake shaft, except as vein material, . Southwest of the shaft,
the rock carries more quartz both as a fine mosaic and in ribbon form,
and carries more comb quartz veins than the oligoclasite to the east,

Sphene, muscovite, and apatite are the main accessory minerals.
They occur as fine shreds or granules disseminated through the matrix.

The opaque minerals are limited to specularite and the occasional

anhedron of pyrite, both of which occur necar the late veinlets,
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LLTERATION OF THE EPIDOTE /AMPHIBOLITE

Megascopic Description

The epidote amphibtolite is noticeably altered, as evidenced
by the colour change, the appearance of chlorite, the disappearance of
epidote veinlets, and the development of foliation or schistosity in
the rock, The fresh amphibolite has a linear fabric due to the rod-
" like habit of the actinolité, and this directional propérty is inherited
and amplified by the shreds of chlorite, which are equally well developed
in two crystal directions, The folia may or may not be crenulated, The
colour changes from the lustrous black to the dark dull green of the
chloritic phase and finally to brick-red adjacent to the radioactive

veinse.

Microscopic Description

Textural changes in the epidote amphibolite are not great
except for the development of schistosity. The chlorité ghreds tend
to form as Sinuous plates, and iﬁ éddition they are commonly larger
than the actinolite shreds. These iwo features promote the development
of the foliated nature of the rock., Veinlets and lenses of calcite
increase in number in the more altered phase, which is softer than the
fresh amphibolite,

The mafic minerals invelved in this change are actinolite and
chlorite, the latter being derived from the former by retrograde meta-
morphism. The chlorite, which is penninite, occurs in dense sinuous
aggregates of fairly coarse shreds, and carries a fair proportion of
the larger opagque granules, whereas the original actinolite was clear
of opaque minerals,

The plagioclase, which is the second most abundant constituent,
is clear and unaltered in the amphibolite but both coloured and altered
in the chlorite schist. In addition, oligoclase occurs as a vein mineral,
and as such its grains carry red hematite crusts, and fractures in them

are filled by the same material. There are also spotty patches of hematite
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granules that have no apparent relationship to fractures within the
feldspar individuals. The vein oligoclase is generally unaltered.
The feldspar in the matrix of the rock, on the other hand, is altered
to moderately'deﬁse mats of white mica.

Epidote and clinozoisite were dominant constituents in somé
of the thin sections of amphibolite examined; they occur either as
disseminations or as vein fillings. In the chlorite schist, granules
of these minerals aré evenly distributed throughout the matrix and
have only rarely been observed in aggregaﬁés that might suggest a
veiﬁlet. In some casés, these aggregates consist of fine white mica
shreds in dense ﬁats carrying ragged inclusions of epidote.

Quartz is an uncertain factor owing ﬁo the difficulty
encountered in distinguishing it from the untwinned piagioclase in
the matrix of the fresh amphiboiite. It does fofm veins in both fresh
and alterea rocks,lbut in'neithér does it carry és many coloured granules
as the plagioclase,

Calcite is a minor constituent of the amphibolite, but becomes
quantitatively prominent in the chloritic phase. Part of the lime has
been derived from the breakdown of the original amphibole, Calcite
occurs as veilns in the amphibolite and much more commonly in that form
in the chlorite schist, It is disseminated as fine, ragged grains and
as lenses along the folia, Colouring material is rarely abundent in the
calcite, but more commonly forms crusts along cleavages and around the
grains, Locally, the solutions appear to have attack:d the calcite, as
the perimeters are badly corroded and exhibit islands of calgite in a
matrix of hematite granules.

Opaque minerals are relatively uncormmon in the amphibolite,
but become more abundant in the altgred phases, In the former, they
pccur as opaque flakes at the edges of wveinlets and rarely as disseminations
in the matrix pf the rock.s In the chlorite schist, the opaque minerals
are disseminated“widely'in the matrix and are common in veinlets, The

finest granules, which arc red under reflected light, occur most commonly
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in the feldspar and in the interstices of the fine matrix of the rock.
The coarser gramules are to be seen in the chlorite shreds, and opaque

flakes are common in and near the late veinlets. The coarser'grains

are usvally black and submetallic in lustre.

* ALTERATION OF THE RED OLIGOGLASITE

Megascopic Description

The princi?ai radioactivé veins on the Ace lLake property are
restricted‘to the red oligoclasite, and their emplacement has effected
feW'visibie changes in the rock, The latter is normally red and massive
to finely;banded, so that it is difficult or impossible to determine
whether there has been significant silicification or hematitization as
a result of vein formation. This is particularly true of the surface
exposures. There is, however, evidence of breccilation of the rock and
the filling of the interstices by the radiocactive minerals and the

accompanying gangue.

Microscopic Description

- On the Ace Lake property, the alterdtion of the red oligoclasite
has involved deformation, feldspathization, hematitization, and the main
period of mineralization, which resulted in'the deposition of the rédio—
active minerals in gangues of chlorite. calcite, and oligoclase., The
origin of the rock is obscure, but it is belisved 4o be o rylonite cx
argillite that had been partly recrystallized before being involved in
the above sequence of events. Tt has subse@uently'been shattered, but
the fragments, or most of them, do not appear to have been rotated, but
have been recemented in much the same orient’iicn as they held originally.

Oligoclase (Anjp-A1g) occurs as vein fillings and as irregular

lenses in .the dense matrix of the rock. The gfains aré well twinned,

and range from subhedral to cuhedral in owtline. They are little altered,
and the grains are not deeply coloured by'hematité granules, Oligoclase
of this generation is veined by the later minerals of the pitchblende

deposits. There are-few indications of deformation in this oligoclase
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and no secondary white mica on the individual grains., Oligoclase of a
slightly later generation, together with calcite, penninite, black opaque
minerals, and some quartz, comprise the gangue of the radioactive veins.

Hematitization is the most colourful type of alteration affecting
the oligoélasife. Hematite is lightly concentrated throughout the rock
and concentrated in the vicinity of the late veinlets, With the exception
of the occasionél small grain, very little specularite is found more than
an iﬁch from the pitchblende. Under a medium~power magnification (80x)
much of thé rock is éeen‘to consist of a dense orange aggregate in which
an occasional fragment of twinned feldspar or clear quartz can be identified.
A£ ; higher magnificatibh (800x), the dense, hematite-impregnated matrix
of the.rock resembles a boxwork, the walls of which consist of orange
tfansluséent éranﬁles. Some of these granules show a yellow bire-
fringenéé; others aré opaque, The hematite encrusted grains are either
quartz-of clear oligoclase.' The coarse-twinned fragments that could
be identified as'oligoclase carry'theSe granules accumulated along
cléévages or random fféctures and as light to heavy disseminations,
No gebmetric arrangement of the granules has been detected. The hematite
'commonly'bccuré in close association with vwhite mica flakes. The
reméining produéts of the hydroﬂhermal solutions afe the gangue and
the ore minerals. 'The gangue consists‘of oligoclase, chlorite, calcite,
and hematite.

In an attempt to identify'thekééﬁéti£uenfs”of.fhe dense
hematitic phase of the red oligoclasite, material was selected and
mounted for x-ray photography. According £o E. J. Brooker, who took
the photograph, the most prominent set of lines developed correspond
with those of a sodic plagioclase and, in addition, there are some
weak lines that might represent quartz. . The film_alsp shows darkening
that might be attributed to hematite, Apparently, the dense matrix
of the oligoclasite consists mainly of sodic plagioclase coated with

fine hematite granules and associated with a small quantity of quartz,
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COMCLUSILONS

1. The pitchblende veins at the Ace Iake mine are_restricted
to the footewall or north side of the St. Louis fault, where they fill
fractures and breccia zones striking north 65 degrees east, approximately
parallel with the fault zone.

Re The veins are best developed in the red oligoclasite,

5« The mineralogical changes in the epidote amphibolite con-
sist of the alteration of the actinolite to chlorite and calcite, the
partial removal of epidote, the addition of hematite, and the alteration
of the plagioclase to white mica. In the extreme phase, the plagioclase
pecomes reddened by fine hematite granules, \

4. The specific grevity of the epidote amphibolite is reduced
~as the result of the hydrothermel alteration to'chlorite schiste.
5¢ The mineralogical changes observed in the red aplite are
limited to feldspathization, hematitization, and, finally, to ore
mineralization, accompanied by chlorite and calcite gangue minerals.

6., The colour of the oligoclasite is due to fine red hematite
granules coating grains of sodic plagioclase in the matrix of the rock,

Larger feldspar individuals contain patches of these granules, which

may or may not be concentrated in or near fractures,

WALL-ROCK ALTERATION AT T.E LARTIN LAKE IHINE

GEOLOGY OF THE PROPERTY
(See Figure 10)

The hartin Lake minc lies on the east limb of the Hartin lake
syncline, between lartin Lake and Beaverlodge Lake.s It is underlain
by interbedded meta-basalts and feldspathic sandstones of the Athabasca
series, Rocks of both types show reddening in the vicinity of pitch-
blende veins. Significant pitchblende mineralization is confined to

the the lavas,
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Structurally, this bedde@bsequence of flows and sedimentary
rocks dips stéepiy'wéét andvstrikes a few degrees east of north. It
has undergone fracturing and faﬁlting. There are two major systems
of faults, those s%fikihg'héi%h"68”degfées'é;é£ éﬁd thosé striking
north 85 degrees east (Allenq i950)3 and, in addition, a set of radiating
faults (Christie, 1949 map) that cut the bedded sequence of the syncline,

Gouge has not been observed in these faults where they occur on the

 Martin Lake property.

PETROGRAPHY OF THE HOST ROCKS
Meta-basalt
Below are listed a series of‘density detefminations that

illustrate the specific gravify of the meta-basalt:

i r :

Tlow aximum- | Minimum % Average | Tests
(See Fig.,1C) | density | density | density |
1 | 2.839 | 2,708 | 2,789 | 10
2 2,787 | 2,750 | 2.770 B
2l 2,828 | 2,727. 24792 B 14
3l - R.832 L 2,743 | 2,785 11
o | | 2,789 | 40

| | B

1

Specimens for these tests were taken underground.

These lavas show a limited range of specific gravities, which

does not fall within the ranges assigned to basalts, namely:

Daly®  mmemmommmmmmmm e 2.870-5,070
Johamnsend —memmmemmccm—e—————— 2,87
Broderick?)
) mmmmmmm e R4861~2,993 (Keweenawan)

Cormwall® )

2
Daly, 1933, p. 47. Daly believes that lower values are due
to the presence of glass,

Johannsen, 1937, vol., III, p. R6%.
“Broderick, 1925, pps 503-558,

SCormwall, 1951, p. 152.

(The data from references 4 and 5 have been combined in figures given
above)
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Microscopic examination of meta-basalt thin sections indicatbes

the following mineralogical Qompositions:

Minerals | Thin sections

§ oM-48 | M-55 | 156

B % =
Albite | 4409 | 45,4 | 42.0
Calcite ] 14,0 | 11.8 | 13.8
Hematite and ‘ .

magnetite 15.8 23.9 | 18,9

Chlorite . 15.5 8.8 | 18.9
Quartz - 8,8 10.2 7| "6
hpatite - - -
Pyrite , - R -
Leucoxene “4 - -
Serpentine - - -
SuGa ' 2.805 | 2.809 | 2.786

|

The TolTowing table illustretes the chemical composition of
the fresh meta-basalt near radiocactive veins, and compares it with

average compositions of andesites and basalts,
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I.  Fresh meta-basalt taken from No, 2 flow at the Martin -
Lake' mlne, Goldflelds, Saskatchewan; analyst, R. J. C. Fabry, Geologlcal
Survey'of Canada. :

II. An average of the analyses for 24 basalts (Johannsen,
1937, vol. III, pe R60).

"IIT. An average for 161 basalts (Daly, 1933, p. 17).

IV. An average of the analyses for 87 andesites (Daly, 1933
pe. 16).

It is apparent from the last table that the ilartin Lake meta-
basalt ié.more closely related to the average composition for fresh

basalts than for andesites., In additioh, the meta-basalt is abnormal
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in that it has low silica, lime, and magnesia, and high total iron,
soda., water{;a§q:9§;bon dioxide. vThggggpbservat;gnﬁfsupport thin
section evidence That the rock has been regionally mebamorphosed to the
greenschist facies (Turner, 1949, pe 93), There has probé.bly been meta—
somabic additioh of soda., wafer, aﬁd carbon éioxide, coupled with the
thernal mebamorplism of the original rock. |

Megascopica.]ly, the meta-b‘asalts are\ fine graihéd to aphanitic,
and range in colour from gréen to black, In the zones of alteration
associated with the pitchblende Veins, the rock becomes a chocolate-
brown or red, Feldspars can be detected on the surfaces of fresh material.,
The mafic constituents can be identified only with difficulty in hand
specimens,

Weathering has produced a variety of characteristic features,
such as grey to pale green surfaces, pits where calcite-filled amyédules
were leached, and knots of mafic minerals, Generally, the fine feldspar
laths resist weathering and stand out on the rock surface in contrast
with the pits left by the weathered mafic conswituents.

Primary sbructures, such as the chlorite- and calcite—filled
amygdules, are common, and small pillows, brecciated tops, and, rarely,
polygonal joints were observed. |

Microscopically; theseilavas-shGW'charaoteristics»that classify
them as meta-basalts. The ‘textures range from diabasic to iﬁtersertal,
with the plaéioclase.iathé lécaily‘lendiﬁé“é.p§rphyritic.aﬁpearance to
the rock; Pséudomﬁrphs of chlorite, magﬁeﬁite, and SerpentiDE’after
pyroxene and olivine occur as phenocrysts in many of the sections examined,
The érain_size of the rock is usually uniform, and the interstices among
the feldépar laths are either filled by mafic minerais or by dense .
aggregates of devitrified glass.

In the vicinity of the.pitchblende veins, the plagioclase is
génerally'albite (Ang-Anqq), and is well crystallized in euhedial,or,
subhedral laﬁhs. The individuals carry rounded patches of a white mica
aggfegéte, which probably indicated that the original feldspar altered

e
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to white mica. The present feldspar is pseudomorphous after the original
one, and is replacing the white mica aggregates. Both albite and carlsbad
- twins were observed. Red staining, resulting from fine hematite granules,
is-at'a minimum on the fresh variety. Calcite, white mica, hematite,
chlorite, and needles of apabite appear as inclusions within the feldspars.

Chlorite and serpentine are the dominant mafic constituents. The
chloriteiis delessite, a ferriferous variety of penninite (Winchell, 1947,
De R79)¢ It is usually free of inclusions, except for an occasiondl grain
of apatite, ?eldspar,»or hematite.‘ The hematite granules may occur in
festoons, suégestive.of the'eufving fraetures so characteristic of olivine,
or along comparetively straight lines suggestive of the cleavage of pyroxene.
Under crossed nicols, the chlorite scales in the aggregates are arranged in
patterns that also suggest cleavage or fractures,’ The serpentine is a
brovmish green; fine-grained, fibrouS’mineral,.and does not show the
bfigﬁt biue interference colours of the chlorites. It may be pseudomorphous
after the primary‘mefic constituents aﬂd may also be replacing the dense
matrix of the rock, .In some thin sections the interstitial patches of
serpeetine show colloform banding suggestive of the f£filling of cavities
by hydrothermal solutions,. |

Calciﬁe is a fairly'commoﬁ constiltuent, occurring either as
disseminated ragged anhedfa or as a vein mineral; Generally'it replaces
the dense matrix of the rock, but less commonly it may're?lace any'ef the
other Hinerals present; in the fresh phase of the mata-basalt, the calcite
is rarely'etaiﬁed ey'hematite granules. |

Quartz.occurs in two forms ~ as moderately coarse anhedra between
crystals of other minerals, and as chalcedonic spherulites in ehloritic
aggreéates.. Oﬁieg to the abundant pseudonorphs of olivine and pyroxene,
the quaftz is belieﬁed to be of secondary origin, |

The opaque minerals are ueually'megnetite and leucoxene, with an
occasionalhgfain‘ef pyrite. The first two, together with chlorite end

Serpentine, form most of ﬁhe pseudomorphs after olivine and pyroxene.
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The accessory'minerals are commonly sphene and apatites The

~ former occurs in poorly crystallized aggregates that might be confused
with leucoxene. The apatite occurs as acicular grains in the interstitial
patches of quartz, dense matrix, or chlorite, Some of the needles are as

1ong as the feldspar individuals.

Feldspathic Sandstone

Seven specific gravity determinations illustrative of the

Athabasca feldspathic sandstone are tabulated below:

—

Maximum ﬁ Minimuam Average Tests
density | density | density |

2.685 | 2.605 2,651 7

These determinations were made:using fresh méterial from surface
exposures of the beds immediately above No. 3 f1§W'<§g§_Figure 1B).
| legascopically, the sandstone ranges from grey to pinkudepending
upon ﬁhe amount of hematité in it. The rock is sﬁfficiently‘coarse
grained'to enable twin lamellae to be identified.pn ffagments of plagio-
clase, Poikilitic patches of calcite can ge detected; and specimens
commonly effervesce with hydrochloric acid. |
| Weathering of the sandstone causes it to crumble readily to sand,
indicating a paucity'of'cemeﬁting material, Such primary'structures as
crossbedding and grain gradation are péorly déveloped. .Colour banding
commonly serves to emphasize the bedding in the finer grainedlphases of
the rock. |

:Miorosoopic measureﬁents show that the arkose or feldsbathic
.sandstone consists mainly of detrital grains that fall inﬂo the sand
grade (Petbijohn, 1949, p. 13) between the diamebers of o.oé and 2 mm,
with a sméll proportion éf finer materials, Detrital or colloldal
materials with diameters_léss thén_OvOGHmm,fare usually“conspicuoﬁsly

lacking,
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The arkose is cemented by calcite, albite, and to a lesser
degree by materials of the silt or clay gradese -Minerals such as the
feldspars and apatite that have low resistance to the abrasion caused by
transportation are quite common in this rock., The detrital quartz and
feldspar range in shape from angular to subangular. Secondary growth
rims have béen observed on the plagioclase grains but not on the quartz
fragments.
| | The feldspathic sandstone consists of plagioclase, gquartz,
miéfdcliné, sphene, zircon, apatite, and iron oxides. Below is a partial

mode of the constituents, as determined from one thin sectlon:

Mineral =23
I
!
| %
|
Feldspar 43,7
i
Quartz L 3363
Calcite 'f 2045
| |
Opaque i
minerals 1 2B

The feldspar, which is the major constituent in most thin
sections, includes both plagioclase and potash Qarieties. The former
predominate, and the altered detrital grains are usually sodic oligoclase.
They show light alteratioh to white mica, which is rarely sufficiently
dense to hide the twin laﬁellae. The coarser mica shreds, in such
alterafion products, show pale yellow birefringence. Occasionally, however,
larger flakes have formed, which show secénd order interference colours
and clearly defined cleavages., In addition, the plagioclase shows a
reddish coloration due to finely disseminated material, probably granules
of hematité. In the fresher phase of the rock, the granules are nob
concentrated near the fractures or cleavages in the feldspars,. Plagioclase
fragments in several sections show rims of secondary material; The coloured

- and altered core. remains, bubt with a corona of clear feldspar, which is
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usually optically oontiouous with the feldspar of the core., Occasionally,
the rims are twinned, Potash feldspar (mlcrocllne) is recognlzed by its
chafacterlstlc gratlngistructure, and no seoondary'rlms were observed
.around fragments of ite It is coloured in the same manner as the plaglo—
clase, and 1s also llghtly'altered to Whlte mica,

| Quartz varles in amount but rarely'domlnates ovef the feldspar.
It is usually'clear, wlth the exoeptlon of festoons of seoondary'lnclu31ons.

-The fragments are angular to subangular; some are single crystals; others
are fine mosaics not unlike those of the Iazin quartzite. 'Oocasioﬁel
coarsef piecee of ddartz mosaic were sSeen. No seoondafy‘rims were
observed around the quartz fragments. ‘ .‘ -

N Ca101te occurs both as veinlels and as disseminated ragged grains
replacing the matrix ahd;'oomhohiy3'ﬁhe feidepar individuals. The coarser
grains are commonly pwinned, and may or may not be impregnated by hematite
granules.

The accessory minerals are chlorite, white mica, zircon, sphene,
apatite, and the opaque minerals, The chlorite, which shows deep blue
interference colours, 1s probably penninite., It occurs as shreds in the
fine matrix of the rock. Vhite mica occurs both in the feldspar grains
as an alteration product and as coarser flakes replacing the finer
frectiOns"of the matfix. Zircon has been observed as rounded fragments
'withiﬁ quartz as well as in independeht grains in the matrix of the rock.

' Sphene has been identified in one section, Apatite also occurs as rounded

individuals disseminated through the rock. The opaque mlneral is some form
of hematite, either the sarthy red ox black metallic variety. It is

assoclated with 4 minor amount of leucoxene or kaolinitee.

ALTERATION OF THE META-BASALT

egascopic Description

The alteration of the meta~basalt is most readily seen in the
prenounced reddening that occurs in the walls of fractures carrying
radioactive minerals. This is accompanied by silicification and

carbonatization, the former being particularly noticeable where the flows
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are amygdaléidal, and the latter beét observed in the walls of calcite-
bearing veins, The fifst process hardens the meta-basalt and lessens
the gfain size., Carbonatvization, on the other hand,'softens the meta-
 basalt and, in.oonjunctidn with the productidn of red hematite, combines
to produce a muddy red cblour. Alongside calcite veins, the lavas are
impregnated with calcite; crystals of which méy'be large enough to permit
thelr detection by the unaided eye. Pink or white calcite veins are
common in the ore zones; grey calcite-quartz veins are less frequent,
The latter consist of grey, cherty quartz, calcite, and, rarely, albite.
The wall-rock of such veins ié commonly'coloured a8 brighter red for a
distance of a quarber of én inch from the Vein.

dicroscopic Description

The meta-basalt is most noticeably altered, through replacement
by fine red ﬁématite granﬁles and éalcite, where it forms the wall-rock
of pitchbleﬁde-beéring.veins. Locally, a little fiune~grained quértz
and albite have been added. |

The red coloration of these rocks is due largely to hematitization,
that is, to replacement by fine red granules of hematite, in addition,
théfe is increased incidence of specularite flakes coupléd with a
duantitativé decrease in the.amoﬁnt of chilorite present, In ifs granﬁlar
fofm, hematite impregnates the albite in small patohes,vwhich may or may
not be concentrated along cleavages or fractures, This form df heﬁatite
shows yellow birefringence in the finest granules, which are otherwiee
opaque., They show no marked preference for the viéinity'of patches of
Secondary white mica in the feldspar. The hematite impregnates albiﬂe
and éhlorite and encrusts calcite, It is improﬁable that thefe has
been a marked additioh of iron because the meta-basalt cafriés magnetite
and delessite (Winchell, 1947, p. 279); a ferriferbus'variety'of penninite,
both of which could supply the iron required for the hematite granules,

The replacement of the groundmass of the meta-basalt by7célcite
is most complebte in the viecinity of the calcite veins, The fresh, dark

green or black meta~basalt carries very little disseminated calcite,



- 38 -
the bulk of the mineral present being confined to amygdules. The vein
calcite is rarely'heavily'impregnated_with hematite granules, and commonly
shows well~developed twin lamellae. In ibs disseminated form calcite may
or may not show heavy'hematite imprégnation; and is more commonly crusted
by a layer of the iron oxide. The calcibe attacks and replaces the dense
groundmass of the rock, the albitelindividuals, and the chlorite; It is
one.of the principal secondary minerals observed in the Athabasca lavas,

Silicification has affected the meta-basalt to only a minor
‘degree, The process is best illustrated in the amygdaloidal flows and as
cryptoorystailine veln matter. Interstitial patches of quartz and
spherulites of chalcedonic quartz in chloritic aggregates also occur, bub
there is no reason to believe that the last two are related to ore
mineralization.

Albitization is anvuncommon type of hydrothermal'alteratioh of
the Athabasca flowé, but it has.been observed in one section of the many
examined. It occurs in the form of a sﬁall albite-calcite vein unassociated
with any changes in the adjqining rocke.

A study of the optical properties of the chlorites was made in
an.attempt tb determine if thefe is a progreséive change in iron content
in approaching the radioactive veinss No changes in optical properties
were detected, as the mineral was found to be delessite in every case,
ﬁdwever, there is commonly a guantitative decreass in the amount of the
mineral present in the altered lava.

Similarly, the plagioélases were studied in an effort to determine
what compositional changes appear on passing into a radiocactive zone. In
all cases the index of refraction is lower than that of the mounting balsam,
and other optical tests have shown fhe feldspar to be albite or albite-

oligoclase (An5_1o). Consequently, there has been no progressive change

brought about in the plagioclase as the result of hydrothermal alteration

processes.
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Specific Gravity Data
Thé data listed beioW'illustrate the specific gravities of the

altered and fresh phases of the meta-basalt:

_Maximﬁmz ~Minimum | Average Tests
Source | density density density
1% se1- | 2,839 2,708 2,789 10
2 sf - | 2,787 24750 24770 5
2 uf +| 2.828 24727 2,792 14
M ¢ 20‘7'89 4:0
1 sa .l 2.83L 2.¢Th3 2389 8
2 ua . . 2.8R8 Re'T1eb 24782 17
3 ua . Re 8354 Re768 R+806 9
2,787 | 34
|
R .
s = surface; u = underground; f = fresh;
a = altered, :

Flow numbers (See Figure 1C.

This table shows conclusively that the red alteration affecting
the meta~basalts is not coupled with any detectable change in the specific

gravity of that rocke
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Chemical Data

The table below contains three analyses of the Athabasca

meta-basalt from the Martin Lake mine.

o T T e Rt
| | s 8
8102 46,07 47,97, | 40.93
Ti0p | 0,63 136 | 1.5
81503 | 16,20 | 16.41. | 15,9
Fao03 9014 9423 | 10460 :
Feg- 4436 2,67 | Bel4
Mng- 0401 0401 | 0404
MgO - 4453 363 | 4439
Gao. 4,64 | 577 | .74
Nag0 | 5448 4442 3418
K0 | .56 | 1.54 | 1.69
10+ ] 508 2054 .| 5415
10— 0440 0.76 | 0.51
- Po0s- l..1-.08 - _Ad;§7 lfOO”'-"
0, | 530 | 330 | 60
s 0,04 | 0.6 | 0,05
Tobals |100.51 | 100,04 | 99,59
! |

Anzlyst, R. Jd. C. Fabry of the Geological Survey gf Canada,

I. A specimen of No., 2 meta-basalt flow from the Martin Lake
mine; 18 inches from pitchblende.

II. A specimen of Noe. R meta-basalt flow, Martin Lake mine; 12
inches from pitchblende,

IIT, A specimen of No, 2 mebta~hasalt flow from the Martin Lake
mine; from the immediabe vicinity of pitchblendse
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'As showmn by the table, there has been no significant change in
£he content of silica, alumina, total iron, magnesié, and water that might
‘be attributed to hydrothermal alteration, In every case but that of the
" iron, thin section observations support the chemical data, The marked
reddening of the meta-basalt is misleading; &s 1t suggests a considerable
addition of hematite. This is not borne out by the analytical i-esults,
indicating'that-the colouring material has been derived by the oxidation
of the ferriferous chloiite ana magnetite present in the unaltered phase
of the rock, | H | H
| . The table shows a mafked inoreése in lime‘ané carboﬂ dioxide in
thé wall-rocks immediately édjacent to the pitchbiende. This is apparent
in'ﬁand speciméhs and to a lesser degree in fhiﬁ seétions.

There has been a marked décrease in the séda content of the
aitered meta;basélt, which normally has twice the soda carried by unaltered
lavas; Thié is'due to the repléqemént of the original albité by the fine-

-grained red colouring material.

ALTERATION OF THE ARKOSE

liegascopic Description

‘The altération of the Athabasca arkose is a combined result of
hematitization and carbonatization processes. The fresh rock is a sand
colour, whereas the altered phase is chocolate-brown. Calcite can be
deteétéd with hydrééhloric.acid in both the fresh and altered phases, In
addition, thg reddened arkose_shows a layer of brown sand on weathered
surfaces, due to the leaching of the calcite, and on fresh surfaces

poikilitic patches of calcite are visible.

ii.croscopic Description

Results of both hematibization and carbonatization are quite
' apparent in thin sections. The addifion.of calcite and albite to the
rock preceded hematitization, and the sum~total of alteration has resulted

in an apparent decrease in the amount of calcite because of the obscuring
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_ effect of the hemabite granules, _Caloite occurs both in veinlets and as
. disseminations, and hematite impregnation mainly_iﬁvol&es the disseminated
caicité. | |

Hemétite, as fine réd gfanules, appears in the fresh afkose nearly
3 feet from the radiocactive veins, The only‘mineral that might éupply the
' iron peed@d would bé chlorite, which is a minor constituent, ansequently5
) the hematite is_regarded as mainly a hydrothermai additlon to This rock,
The quantity of granules increases on approaching the véins, the graqules
replacing the matrix and locally forming spongy aggregabes of thé me@allic
oxide. The calcite and feldspar become crusted and minerélized along
cleavages and fractures with granules of.red hematite. Quartz remains
relatively uncologred, and the granules have“been restricted(fo late
fractures in ite. In the matrix, the hematite has replaced the-fine-
grainéd material in addition to filling available fractures. Blades of
specﬁlarite are not as abundapt nor as large as“those observed in tﬁe
meta-basalt, Under reflected light the sections are gniformly‘fed,

except for angular clear feldspar and quartz fragments.

Specific Gravity Data

delow are listed the results of a group of density determinations,

which characterize both altered and unaltered phases of the Athabasca

arkose:
] |'
Phase Mexdimum | Iinimum | Average | Tests
density | density | density |
| 2 ?
Redl 2,750 | 2.665 | 2,695 | 6
! ; |
Fresh | 2,685 | 2,570 | 2,614 | 9
L | i N
1 R o
The altered phase of the arkose is either red or chocolate-
brown. ' -

It is apparent that there is an increase in density in
passing from +the fresh to the eltered phase of'the arkose.

Specimens were collected for a limited distance along the strike of the
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arkose, which is at right angles to>the veins, so there should be little
variétién in phyéicaluproperties. Tﬁe densitieé of the original con-
stituents do not excged R+068, so the increase is due to'both addition

of hematite and a reduction in porosity.

CONCLUSIONS

1. Pitchblende veins occur in fractures striking north 68.
degrees east and north 85 degrees east, with calcite rather than cherty
quartz the dominant gangue mineral.

2e The miﬁeralogical changes observed in the meta~basalts
involve the reduction in amount of magnetite and some ferriferous chlorite
to produce the. gramular red hematite and the addition of calcite to the
wall~rocks of the weins.. Only insignificant amounts of quartz and albite
are added.

. 3. The chemical alteration of the meta-b%salt is®restricted to
the~addition of lime and carbon dioxide and the partial removal of the
soda., ' "

~ 4. There has been no significant change in the densityJOf the -
meta~basalt due to hydrothermal alteration.
| 5 The mineralogical changes observed in the alterétion of the
arkose are limited to the addition of calcite and hematite.
6. The density‘of the arkbse has been slightly increased by
the processes of alteration.
| 7 Reddeﬁing and carbonatization are characteristic of bobh the
meta~-basalt and the arkose, and both occur within 2 feet of the late

fractures,

8 In some cases, the meta-basalt is hardened in the vicinity

of these late fractures.

WALL-ROCK ALTERATION AT THE TAM PROSPECT

GEQLOGY OF THE PROPERTY
(See Figure 1D)
Ow1ng to the limited distribution of the radiocactive showings,

- the discussion of the geology'of the Tam prospect will be restricted to
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the area in their immediaté vicinity. No'attempi is being.made to cover
the entire block of claims. | |

h The radioacti%e veins outcrop in a bléck, fiﬁely'iahinated
argillite and a fine white quartiiﬁe, and underground they hévé béén
encountered in a greenstone, which has been diamond drilled., These rocks
dip at low angles to the east and northeast and strike in a north and
northwesterly direction across the regional trend of the Tazin rocks.:
Drilling confirms this attitude, and indicates a conformable succession.
of argillites, quartzite, and greenstone. Drag-folds have been observed
in the quartzite and argillite,

The bedded sequence has been disrupted by faulting, which has -
produced a series of tight fractures and, less commonly, narrow breceia
zones, The evidence for movement is limited te slickensiding on the
walls and the ratatien ef fragments in the breccia zones. Gouge has not
been observed in any of these fractures, of which there are two sets, one
striking north 40 te 60 degrees wesSt and the other north 70 degrees east,
both dipping vertically. Radioactive mineralization is chiefly effeetive
in the faulbts striking northwesterly, particularly in zones of parallel

fractures, whether brecciation has occurred there or not.

PETROGRAPHY OF THE HOST ROCKS
‘ Quartzite
The following are specific gravity'déterminations onn the Tam

gquartzite:

Maxd mum Minimum.; Average | Tests
density @ density | density

R.647 5

|
2.656 | 2,639
‘ i

The density assigned to quartz ranges from 2,600 to 2,660
(Ford, 1926, p. 470). Cryptocrystalline varieties are as low as 2,600,
The average value in the table falls within this range and thus provided

additional evidence of the purity of the quaitzite.
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Megascopically, the quartzite is dense and of uniform grain size.
It weathers a characteristic sugary white colour and, owing to its fine
grain size, commonly exhibits conchoidal fracture. Bedding appears as
alternating light and dark bands both on fresh and weathgreqbsurfaces.

The quartzité ié cdmméﬁly‘jointed in an irregular fashion and
deformed sufficiently to promote the local developmént of bréeccla zones,
usually'without schistose foliation.

| Microscopically, the quartzite is cryptocrystalline, and consists
mainly of quartz. The original angularity of the grains has been masked
by recrystallization, which has produced a general elongation of the grains
so that they are commonly twice as long as wide. The same process masks
the original bedding structures by obliterating evidence of variations in
grain size. Grain gradatien is, consequently, poorly developed, and the

bedding is shown in part by lines of. fine grains of some opaque mineral.

Argillite
(See Figure 1E)
Specific gravity determinations for the argillite at the Tam

prospect are as follows:

Maxdmum | Minimum -; Average ' Tests
density density i density

|-

2.776 24700 2,725 | 17

|
|
!
} H
| |
t
1
I
{
t
i

! .
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The following table contains two analyses of the argillite and

an average analysis for shales:

Oxides | I - § III
510, 68.39 61;84 ; 5810
Ti0o 0.53 0.52 i 0.65
Alp03 | 15.20 17,42 | 15,40
Fes0x 1.86 0.07 { 4,02
‘FeO 4,26 6.12.§ 2445
Mo - 0,04 | 0,08 | =
MgO © | Ra17 3435 § 2444
Ca0 0493 1482 i 311
Nay0 2,08 5.52 é 1.30
K0 | 210 | 0.90 3404
H0t 5403 i Redl )
. ) 5,00
HoO-~ 0,08 | 0.30 |)
PoOs 0.12 | oo | 0.17
co, nil nil .2.65
505 - - 0.64
s 0.12 %I 0,04 f L
c 0423 } 0.24 | 0.80
Totals 99,14 g 100.28 | 99.95
. I

T

I. T-4, A specimen of fresh argillite obtained € feet from the
nearest radiocactive vein. Analyst, Re. J«. Co Fabry of the Geological
Survey of Canada.

II. T-30, A specimen of fresh argillite 10 feet from the nearest
radiocactive vein, Analyst, R. Jo Cs Fabry of the Geological Survey of
Canada.

ITI. This analysis vrepresents the average composition of shales
(Petbtijohn, 1949, pa R71).
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These analyses indicate the similarities between the argillite
and an average shale. With the exception of the alkalis, particularly
the dominance of soda over potash, they are alike. The high soda to
potash ratio may indicate that part of the material is fine pyroclastic
dust or else that the rock has been enriched in soda by metasomatic
addition of the oxide.
Megascopically, the argillite is cryptocrystalline and finely
laminated, The bedding laminae are emphasized by colour banding, which
can be detected both on fresh and weathered surfaces. The colour ranges
-from black to reddish grey. Occasienal lenses af clear quartz lie -
‘parallel with the laminatien. The weathered surface may or may not be
corrugated, depending upon the presence of resistant laminae and quartz
veinlets., Such surfaces are bleached to a pale green or pinka
The argillites have undergone considerable deformation, the effects
of which have rénged.from those pr.dﬁctive of bedding cleavage to others
responsible for irregular fracturing and breccia zones. The cleavage
planes are commonly curved, and in addition may exhibit linmations plunging
-with the dip or pérallel with the strike; the former are fine wrinkles on
the surface whereas the latter are step-like plications. They are
analogous to small folds in brittle beds that failed at the two flexure
points instead of forming a continueus smmeobh curve. dJoints cross the
bedding at &ll angles., Brecclation is restricted to narrow zones along
which bthere has commonly been sufficient movement to shatter the rock and
to rotate the fragments frem their original position.
| Microscopically, the argillite consists of a small_proportion of
quartz grains in a.dense matted aggregate of chlorite, sericite, and quartz,
The quartz grains fall into the silt grade as they rarely exceed 0.02 mm,
in maximum dimension. The matrix consists of materials that average less
than 0,004 mm. in diameter, and, consequently, fall into the. clay grade

(Pettijohn, 1949, p. 13).
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The coherence of the rock is due to a combination of two factors:
the recrystallization of the detrital quartz and the recrystalllzatlon of
the clay minerals to form the denss matted aggregate of chlorite and
sericite that are the dominant constituents, The argillite has been
veined by sodic oligoclase but shows no othefAevidence of metasomatism.
Glass shards or other materials of igneous ordigin are conspicuously
lacking, so there is no positive proof that such material is an important
constituent of ﬂhe rocks

'Texﬁurally; the argillite is characterized by delieate laminae
locally disrupted by dispersed qdartz grains or lenses of the same minerals
These may have been ciastic grains that hd&e been recrystallized sufficiently
to remove the angular corners and to'produce lenticular grains., Bobth grain
gradation and mineralogical banding are common feabures; somé laminae, for
instance, consist essentially'éf fine quartz, whereas others consist mainly
- of chlorite and white'mica. .Thé b;dding showé all stageé of disruption
from the occasional cross fracture 6 microscopic breccia zones.

Certain of thebbedding'laminae consist essenfially‘of dense mats
of scaly chlorite and white mica,.chlorite and quarbz, or quarbz aloﬁe.
The micaceous minerals becoﬁe>recrystallized‘to coarser aggregates in and
‘near the late veinlets. The quartz shows a tendency to recrystallize into
fine ribbons. Accessory zifcon aﬂa apatite form rounded isolated grains,
A white, opaque mineral, Which is eithef leucoxene or kaolinite, occurs
in lines of granvles parallel with the bedding. Finé grains of red dust,
probably hematite, are evenly distributed o;er the mafic laminae, and
pyrite, in éubes and anhedral aggfegates, is disseminated through the rock.

The argillite is veined by comb quartz, red oligoclase, epidote,
and, to a lesser degree, calcite, Epidoﬁe veinlets are crossed by oligoclase
veinlets, and at their intersections the epidote éppears to have been
attacked and white mica produced. This phenomena has been obsefved else-
where, and in each case fine shreds of white mica donﬂain residual scraps

of epidote.
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Meta-basalt
The meta-basalt does not outcrop within the arvea of the Tam
prospect as outlined in Figure 1D, but is exposed to the north and is
encountered at depth in drill-holes. The only radioactive vein known
to ocour in this rock has been found in a drill core.
Megascopically, the rock is dark green and fine grained, It
is more granular in appearance than thebargillite, and has a specific
gravity of 2,775, which is greater than the average density of the latter.
Tt is jointed to a similar degree to the argillite and quartzite. Primary
structures, which might lend a clue to its origin, are lacking, and the
rock is believed to have been igneous in origin.
Microscopic examination has shown the rock to have the following .

modal compositien:

Minerals R0~17
| :
Penninite | 45,C
Oligoclase ) i
34,4
Quartz ) |
Pyrite L 9.7
|
Calcite ; 10,7
Hematite ! -
Sphene % -

~ The meta-basalt is holocrystalline, with an intersertal texture
controlled by the feldspar laths. The principal constituents are sodic
plagioclase, chlorite, and quartz, and the accessory minerals are hematite,

pyrite, and sphene. The plagioclase, which is sodic oligoclase (An15)’

occurs in lath-shaped individuals, which reach maximum dimensions of 0.9

by 0.2 mm. and average.O.S by 0.2 mme. The grains are twinned after both
the albite and carlsbad_laws, the albite twinning tending to be patchy and ‘
discontinuous in single grains. Evidence of severe deformation is lacking

in this rock, as the feldspars are only slightly fractured. They have been
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largely replaced along cleavages and fractures by chlorite and small
grains of calcite.

The chlorite, which is probably penninite (Winchell, 1947,
De 279), is the green pleochroic variety characterized by bright blue
birefringence, It occupies the angular. interstices among the feldspar
laths, and partly replaces the feldspars. Textures or patberns suggestive
of pseudomorphous relationships have not been cbserveda The chlorite was
observed to carry hematite granules ih some thin sections, but not in such
& manner as to suggest that the two minerals are pseudomorphous after
either olivine or pyroxene.

Quartz occurs as a minor constituent among the feldspar grains,
and is also one of the late mineralses , .

The opaque minerals are magnetite and/or specularite and pyrite.
Pyrite occurs in irregular spongiform patches with chlorite., Neither

hematite nor pyrite occur in euvhedral outline,

ALTERATION OF THE ARGILLITE

liegascopic Description

(See Figure IE)

The alteration of the argillite at the Tam prospect is a result
of deformation and metasomatic replacement. The host rock has been
shattered sufficiently to produce narrow breccla zones that rarely exceed
5 feet in width, It is in such zones and immediately adjacent to them
that the minsralized velns occur. The reddish colour characteristic of
the altered argilliﬂe rarely'extends'more than a foot from the fractures
containing the radicactive minerals., At the outer edges of the albered
zonés, the finely laminated argillite shows alternating red and black
" bands. Nearer the veins the coloration and the degree of brecciation
increase to where, in the walls of the vein itself, the sedimentary
structures have been destroyed, and argillite is transformed to a very

fine-grained 'red oligoclasite!l.
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Mi.croscopic Description
w<§gg Line A-B, Figure IE)
At 8 feet from the pitchblende veinshthe argillite shows a minor

.development of breccia in which there has been little or no shearing, The
sedimentary laminae are still well pfeserVed, though lénses of well-
crystallized sodic oligoclase are present as well és'sharply‘walled
veinlets of the same:feldspar. The oligoclase is: euhedral to subhedral
in outline, and is usuaily twinned, It is not’altered, nor is it highly
coloured by -hematite gramiles, -Penninite is.a minor constituent in these
late veinlets and occurs as fine shreds.in the sedimentary beds. #Alse,
there is a higher“éontent of-both red earthy and metallic hematite than
is normal in the unaltered argillite.

a4 feét;.theihdétlrdck is strongly brecciated, and the matrix
of‘thenfragmehts shows effects of recrystallization. .Quartz rather than
oligoclase has become the dominant vein mineral, and the feldspar is
restricted to narrow lenses and veinlebs. Calcite has beed deposited in
the cenbtral parts of the veins éloﬁg'with the radioactive minerals and
hematite: The recrystallization of the matrix has proceeded to the point
where it consists of a dense mat of chlorite, hematite graﬁules, and
patchés'of'quéftz and oligoclase.

At 1 foot from the radioactive minerals, the rock is completely
recfystéllized and réplaced by a mixture of oligséclase, quartz, and granular
hematite. It ié fine grained, and retains a linear texture emphasized by
quartz mosalc lenses. In addition to the minerals listed, the matrix con-
tains disseminated, fine, green .scales of chlorite. The rock is a breccia,
and the linear texture is commonly disrupted by the rotation of the
fragments.‘ The breccia is veined by oligoclase, quartz, calcite, chlorite,
and the ore minerals, The plagioclase is characteristically twinned in a
patchy manner, and is not altered either in the matrix of the rock orxr in
the veinlets., It is coloured by hematite, whereas the quartz remains

colourless. The opaque minerals are limited to orange granules of hematite,
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a semi-opaque white mineral, and a black metallic mineral, The last two

may be uranium-bearing.,

Specific Gravity Data

Belew is a table of determinations made on the fresh and altered

phases of the argillite at the Tam prospect:

Maximum } Minimum - Average  Tests
density , density ' density

2,750 ¢ 2,702 . 24721 . 36
2,698 2,620 | 2,671 . 13

The first row of figures refer t® the fresh argillite and the

‘second to the altered phase, I{ is apparent frem these figures that

there is a detectable variation in the density of the two phases. This
‘is due to a combination of twe factors: increased pérosity and mineralegical
changes. The brecciabed argillite is cemented by comb quartz, and even
though apparently massive specimens were selected it is probable that some
of them contained small vugse

Wineraloglicadlcchanges are due to hydrothermal alteration that has

: produced visible changes in the argillite. The major additions to the
‘rock are quartz (S.G. 2.60~2.65), calcite (S.G. 2.72), and oligoclase
(84Gs Ra63)e In addition, there has been an insignificant increase in
“hematite (S.G, 5.1). Of these, the quartz and plagioclase dominate, and
this is reflected in the reduced density showm by the altered phase of
the argiliite,

Chemical Data

The following are two chemical analyses of the fresh and altered

phases of the argillite:
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Oxides T-1 '%' Tl
$i0p | 65.76 : 63,39
, | 10z | 0.5L | 058
A1203 E 12,64 | 13,20
TFeo03 1.10 | 1,86
FeO 3,09 4426
Mn0 0,04 0,04
lig0 2.62 | 2,17
Ga0 5420 0,93
Na,0 | 3.70 2408
Ko0. 0454 2,10
HoO+ | 1.67 3.03
H,0- | o 0,08

© PoOg 0,05 | 0.1

€0, 4,12 nil
S ©0.08 | 0.1
o 10440 0.23
Totals | 99.63 | 99.14

i
SoGe | R.B57 | R.729

Analyst, Re J. C. Fabry of the Geological Survey of Canada,

T-le. A specimen of brecciated and feldspaﬁhized argillite obbained
from the wall of a radiocactive vein,

T4, A specimen of fresh argillite cut 6 feet from the nearest
radiocactive vein,

The silica variation is less than thin section studies seemed to
indicate, and may be due to the replacement of the matrix of the rock by
oligoclase, hematite, and calcite.

The total iron r¢mains unchanged in the altered phase, which

lends support to the premise that both the specularite flakes and the
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earthy red hematite granﬁles have been de?iﬁéd ffom the original con-
stituents of the argilliﬁé§;”Pfimafjfirbn oXides and ferriferous
penninite are the probable sources.of'much of the colouring material
in the altered phase.

Lime shows a significant increase due to the relatively more
abundant occurrence >f calcite in the radiocactive zones. DMagnesia is
more nearly constant, but may have gained slightly due to the alteration.

In the case of the alkalis,-soda shows a considerable increase
and potash a definite decrease in the altered argillite. The gain in
soda is reflected in the increase in.the amount of sodic plagioclase,
which is characberistic of the walls. of the radisactive veins,

The water content of the altered phase is lower than that eof
the fresh argillite, due mainly to the increased amounts of anhydrous
minerals in the alitered phase, namely, hematite, oligoclase, quartz, and
calcite.

Carbon dioxide is higher in the altered argillite, due to the
marked increase in calcite in passing inte the wall-rock lmmediately
adjacent to the vein,

The low sulphur is‘of interésﬁ as it indicates that the hydro-
thermal solutions were ?eiéﬁivéiyvéoéf iﬁlthat glément. Sulphides of

any description are uncommon in -the wall-rockss

ALTERATION OF THE QUARTZITE

Megascopic Description

The alteration of the quartzite outcropping on the Tam prospect
will be dealt with very briefly because faw radicactive veins occur in it,.
It is a result of brecciation and reddening, the latter not as intense as

that observed on other prospects in this region.

- Microscopic Description

The altered phase of the quartzite is more highly shatbtered
than the unaltered rock, resuliing in an increased number of openings
for the deposition of red oligoclase, chlorite, and quartz veinlels,

Generally such veinlets have sharp matching walls, and the constituents
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rarely corrode them, The red colour is due to the increased.amount of

red hematite granules in the fractured matrix of the quartzite.

‘ : Chemical Data

The following analyses illustrate the chemiecal composition of

the quartzite of the Tam prospects

Oxides ; T-29 .| T-28
510, ; 95455 95,51
Ti0, é 0403 | 0.07
A1,04 é 2,26 1.86
Fe03 ? 0448 | 0,26
Fel ? 0.74 0,44
1o % nil nil
MgO | 0,08 0411
Cab % 0,75 1.12
Na.,0  0ue | 0.49
K0 ‘? 0.7 | 0423
H 0+ i- 0,12 0.21
H,0- % 0,18 0.15
P,0, ; 0,08 | 0.05
00, % nil nil
s % ml | nil
Tobals | 100.85 100,56

1
|
|
i
|
i

—

2.642 | 2.657
s

S.C.

|
1

Analyst, Re J. C. Fabry of the Geological Survey of Canada.

T-R9, A specimen of mildly reddened guartzite taken 3 feet frem
a radioactive fissure,

T-28, A specimen of reddened quartzite from the wall of a radio—
active fissure, :
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"It is appaféhﬂlfrOm'these analyses that no significaht chemical
change is involved in the alteration of the quartzite. The constibuents
do show varistions, but these are so small as to make their interpretation
unreliable.

ALTERATTION-OF THE META-BASALT

Megascopic Description

The altered zone in the Tam meta~basalt is wider than those
found in the oﬁher rocks on this prospect owing to the width of the zone
of brecciation aleong the raﬁioactive yein. The g;teration is characterized
by reddening, increased numpers of ve;nlets, silicification, and replace~-
ment of the chloritic matrix of the r?ck. Thé reddish colour first becomes
noticeable dus to the ocﬁurrence of red veinlets, which become increasingly
abundant at the expense of the chloriﬁic matrix of the rocke. No significant
increase in the yellow metallic sulphides was noted, and, in general,

reddening and hardening of the mebta-basalt are the most apparent changes.

Microscopic Description

At 3 fect from the zone of intense alteration some of the feldspar
begins to show irregular pabtches of red granules. Calcite veinlets appear,
but they are not coloured by red hematite granulss, In addition, sodic
oligoclase, relatively free of hematite, also fills late veinlets. The
original texture of the rock is little changed except for the increased
number of veinlets in the rock. |

At a distance of 1 foot,'rediveinlets and patches become even
more abundant in the rock. Among them remnants illustrative of the green-
stone texture are still pfeservéd At hlgh magnlflcatlons (560x) these
dense aggregates are seen to be fine mosalcs of feldspar 1mpregnated with
red granules, sonme of which are elongated pbut most of them round, Within
‘each aggregate are lenses consisting of quarbz, quartz and feldspaf, and
occasionally green shreds of chlorite. The quartz is usually'colourless,
whersas the feldspar is coloured by the red granules., In addition, the

alteration is characterized by increased.numbers--of oligoclase veinlets
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with or without calcite cores. Some veinlets show a succession of mineral
crusts with oligoclase nearest the walls and succeeded inwards by quartz
and calcite, -Specularite and the ore minerals fill late fractures in the
centres of sich velns.

In the.vicinity of the radioactive minerals, the alteration has
been sufficient to destroy all of the original textures and structures,
leaving nothing_but a dense aggregéte.of qﬁartz and feldspar intefsgcted
by'veiﬁleﬁé of fhe.same minerals plus calcite, chlorite, and the ore
minerals. The alteration is so intense that it is imposSible to identify
the original prock without tracing the trastormation from altered po

f

fresh material.

CONGLUSIONS

1. The radioactive minerals occur in a set of fractures and
breccia zones striking north 4@ to 60 dégrees west and south 70 dggrees
west, with vértical dips. . .

2e The'mineralogiéalféhangesdbrogght about in the argillites
are ag follwwé:*a-reduction in the cglorite, white mica, and quartz content,
and addition of oligoclase, calcite, and ore minerals, The chlorite
oriéinally presént plus the original iron oxides have supplied the hematite
that colours the altered phase.

3. The chemical changes include the reduction in“the total silica
prgsenﬁ and én addition of soda, iime, carbon dioxide,,and sulphur. Of
these, lime and carbon dioxide increase the ‘mosts .

4, - The mineralogical changes in the quartzite are restricted to
veining by'reddeﬁed oligoclase, colourless quartz, and calcite. Minor
amounts of granular hematite are added to lend the reddish colour to the
altered rock.

5. Chemically, the alteration of the quartzite is insignificant.

6. The paragenesis of the mineralogical changes in the meta—basélt
consigt of the replacement of the rock by dense aggregates of oligoclase
impregnated by hematite, and veining by clear oligoclase, comb quartz,

calcite, and chlorite.
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7. The best field guides to the location of radipactive
‘showings’ih these rocks arve radiocactive anomalies, and. careful, study
of the late faults and breccla zones, particularly where such structures

are aCCOmpanied by reddening of the host rocks. -
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