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ABSTRACT

A study of Precambrian sedimentary rocks belongiﬁg to Division
three of the Yellowknife group has been made. Samples fbr this study were
obtained from en area 2 miles north of the northeast arm of Ruésel Lake
ﬁear the granite contact. The rocks are greywacke, arkose and phyllite
that have suffered low grade regional metamorphism. Shear zones that
parallel the strike of the sediments have providsd channelwéys for mineral-
izing solutions so that these zones now constitute mineral deposits imporf-
ant for their gold content. The shear zones contain, in addition to quartz
and sulphides, en intergrowth of grunerite and hornblende mwede similar to
that found in the iron-bearingudistrict of Lake Superior. This amphibole
intergrowth is particularly well developed in an assemblage of thinly
banded sediments conteining a narrow (about 4") iron formation.

Although Almandite garnet is found to.a Smali extent in the shear

zones, it is the characteristic wall rock alteration of these zones,

0y
-

An attempt has been made to show that the elongated "quartz pebbles?

which occur in the shear zones, are of hydrothermal origin.
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PREFACE

During~the greater part of fhe 1947 summer season, the writer was
in charge of the Andrew Yellowknife Mines Limited. Although the broperty
did not prove to be economic, certain features of it posed an interesting
problem and providedAgood material for the subject of a thesis.i For
example, the originlof the quartz pebbles and theirvrelation to the gold
was & moot point that cogld‘bevsettled only in the laboratory.

A suite of over sixty specimens was collected. Thin and polished
gsections of these together with field observations provided the information
on which the conclusions of this thesis are based. |

As the work progressed it became evident that the area from which
the specimens were obtained provided an interesting and absorbing study of
regional metamorphism and'hydrothérmal alteration of Precambrian sediments,.

| The work, therefore, resolved itself into these various. problems:

l. A description of the Precambrian sediments of the Yellowknife
group in the area in question with special emphasis on the metamorphism
they have undergone.

| é. A sfudy of a thin band of iron formations

3+ A study of hydrothermal alteration in the mineralized shear
zones andffhe paragenesis,

4, A detailed description of the "quartz pebbles" in these shear
zones and an attempt to provide a satisfactory explanation for this

unusual geological- phenomenon.
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INTRODUCTION

Location:

 The prbperty is located north of the noﬁ%est arm'of Russsl Lake
and just east of Andrew Lake in the Yellowknife Mining Division, Northwest
Territories, at latitude 65° 11t and longitude 115° 30!, It is approxi~
mately 75 airmiles northwest of Yellowknife.‘ (Ses Plate 1)

Accessibilitys

The property can be reached by barges with avefage draught of
from 2% to 3 feet by way of the northwest arm of Great Slave Lake, thence
through Russel Lake, |

Andrew Lake is sufficiently large and deep_to make the claims
readily #cceséibla‘by air, using the usual Norsemen types of planes or
smaller aircraft,

| The property consists of twenty patented Mining Claims bearing
designations L45 to Lé4 inclusive and disposed as shown qﬁ thé accompanying
map. Total acreage is abouf 1,000 acrés.
Historys

The élaims were staked in the summer of 1945 byvAndy Bugow for
Fréderick Yellowknife Mines Ltd, and were later acquired by Bryhern
Exploration for cash and a number of shares in the newly incorporated
Andrew Yellowknife Mines Ltd.

Exploration work amounting to 7,800 feet of diamond drilling and
900 cubic yards of rock treﬁching was carried on during the summers of

1946/47,



Fig. 1 = _Showmg Relief . View

looking northwest

South of Cabin Lake.



(4)

Topography:
The area is one of low relief but in detail the surface is quite
rugged. Rock outerops Torm sharp prominent knobs rising 20 to 50 feet

above the intervening muskegs. The lower depressions are occupied by

lakes, (Fige 1 and 2)

R ¢
s B A L

o, hid” 2= 2 2{
Fige 2 = Andrew Camp. Note low relief,

-

Pleistocene and Recent Geologx:

Glaciation and posteglacial action have played an important part
in giving the country its present appearance,

The average strike of seven measured ice striae was S. 55°W. The
strike of the sediments is approximately at right angles to the ice
movement and these two factors have determined to a large extent the
shape of the outcrops. They tend to be elongated in the direction of ice
movement or parallel to the strike of the sediments.

Boulders are common but found only on rock outcropse. The intere
vening areas between the outcrops consist of clays and silts. These were
examined closely where the overburden haa to be stripped to expose part of

& mineralized zone at the southern end of claim L55. Here the deposit
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consisted of poorly sorted, rudely banded sands, silts and Qlays. The
samples obtained from this locality were washed free of silt and clay
which made up about 65% of the voluﬁe. The remaining 35% consisted éf a
medium to fine sand averaging 1/100“ in size,  The largest fragment
measured was 1/5" in diameter, | |

The fragments consisted of about 50% quartz, 40% feldsper and 10%
of hornblende, mica‘flakes, oliviﬁe, magnetité, ilmenite and 3 or 4 pyrite
gfains.

The grains:were well roundea to angular,,smaller grains béing
better rbunded.' Coarse feldspar grains displayed cleavage faces.

It appears, therefore, that a posteglacial lake occupied this
area in which these.sandy'silts'and clays rapidly accumulateds Rock

outcrops were apparently swept bare of drift materiel by wave action

leaving only the large boulders,
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BEDROCK GEOLOGY

General Statement

The claims are underlain chiefly by Archean rocks of Division
three of the Yellowknife group1 and consist of greywacke-, arkose:r and
some phyllite:, They trend in general N 55° W and dip steeply to the
southwest, An extensive granite area lies just east of the property and
the contact between the granite and sediments passes thréugh the north-
east part of the property, the granite forming a nose protruding into
the sediments at this pointe The granite contact dips about 45° to the
southwest under the sediments,

Pegmatite dykes and pegmatitic quartz veins (Fige 3) are fairly

Fige 3 = Pegmatitic Quartz Veins

numerous particularly in the northern section near the granite contacte
On claim L47 a diabase dyke cuts & pegmatite dyke. Two acid dykes occur,

one on cleim L6l and the other on claim L8 Both cut through mineralized

shear zones,

1Lord, C.Se "Snare River and Ingray Lake Map-Areas Northwest Territories™

Geol, Surve. Canada, Mem. 235 PP. 9 and 14.
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The Granite

A nose of granite forms part of the rocks underlying the property
in the northeast corner, This grénite is medium grained, with small
patches of coarse pegmatitic phases. Two prominent sets of joints
striking N-S and § 600 W and dipping steeply, give it a blocky appearance.
The latter set is sometimes occupied by pegmatitic quartz veins; small
pegmatites and pegmatitic quartz veins were noted to occupy the former set,

The plutonic mass dips about 45° under the sediments and platy
flow structure was observed close to the'gontact. Here the tabular feld-
spar crystals and the muscovite plates tend to be oriented with the largest
face parallel to the contact.

In thin sect;on the following minerals were noted: quartz 25%,
‘albite 30%, orthoclase 20%, microcline 10%, muscovite 13%, and fluorite 2%
The rock has typical granitic texture. The albite and orthoclase are in
part‘interg#ggg?dnﬂgscovite forms irregular ragged interstitial flakés.
It'is tinged green and is pleochroic. Twinmning on 110 plane is éqmmon.
In hand specimen the muscovite parts readily along‘the twinning plane,
It has a honey-yellow color suggesting the presence of iron. . However,
under the microscope it has a 2V of 40° and the mean index was found to be
between 1.588 and 1,578, These optical propertises indicate that it
approaches the composition of pure muscovite,

The fluorite occurs as rounded grains usually in the albite. It
is tinged purple and has deep purple spotse. Under high powsr these spots
seeﬁ to be due to inclusions, It .is possible that they are due to tpé

\

presence of minute amounts of radiocactive elements,
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Pegmatites

As might be expected from ?he proximity of a large granite body,
pegmatite dykes are numerous in the area, They vary in size from a few
inches to severai feet across and some can be traced for lengths of as
much as 500 feet; They strike in all directiomns but the trend of the
majority follows three directions, namely N 40° E, N-S and parallel to the
bedding. The first two directidns conform with the strike of the two
most prominent sets of joiﬁts. They cut, and are cut, by irregular
pegmatitic.éuartz veinsf In many instances the dykes are 6ffsét by slips
parallel to the bedding and by the mineralized shear zones. Offsets vary
from 2 to 3 inches by minor slips to 25 feet by shear zonses.

Almost all are composed entirely of coarée grained orthoclase,
.qugrtz,-and minor amounts of albite and muscovits. However, one large
~dyke on claim L60 that strikes N 75° W contains considerable lepidolites
‘Its color is violet and it is quite coarse grained with good twinning on

110 along which parting'is easily affected. 2V varies from 20 to 40
degrees., The mineral gives an excellent flame test for lithium,.

Along with lepidolite, but sparsely distributed, are coarse
crystals of a green miperal with a greasy lustre, It has all the 6ptica1
and physicgl properties of serpentine., It is clearly a pseudomorph after
some other mineral which may poséibky have been hornblende,

Théllafge‘pegmatites in the norfhern end of the property are
worthy of special attention since they exhibit distinct banding throughout

the whole width of ths dyke. Alternating bands of feldspar, quartz, and a
fine graine& granite phase parallel the strike of the dykéso The 1ayefs

of quartz and feldspar are between 1/4 to 1/2 inch thick and sometimes

. grade into each other,
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Ihe granité phase forms bands usually an inch to two inches across.
The band next to it mey be either a feldspar layer or a quartz layer but
the crystals usually show preferred orientation with long dimension éf
the~crystals perpendicular to thé strike of thelbands. The musqovite of
the granite band has a linsar arrangement that éarallels the strike of
the dykes. ‘

BBC&ﬁse of the width of the'dykes and the regularity of banding it
is incénceivable that this layéring is & result of fracture filling. A
more logical explenation seems to be rhythmic precipitation. Rapid
crystallization at the borders of fhe dyke would give & granite band
while the liquid immediately adjacent to this bend would be enriched in
fluids and'feldspar and quartz constituents,. -These would then crystallize
leisurely forming relatively narrow coarse grained.bands of feldspar and
quartz. The pegmatitic liquid, however, béing in opnstant motion would
carry away the attenuated fluids and a new granife 5and would crystallize
ffom the new pegmatitic liquid. Repeated gufges of the magmatic material

would thus result in the formation of these alternate bands,
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The Diabase

A diabase dyke about 12 feet wide and exposed for a length o£A5O
feet cuts a pegmatite iﬁ the northwest corner of claim L47. Megaséopically
it is fine-grained and appears chloritizsd end is slightly mineralized by
pyrites

In thin gection it is clearlyievident that the rock hes undergone
considerable altergtion.- It‘consiéted origiﬁélly of an open network of
labradorite laths in a pyroxene matrix giving a sub-ophitic texture. Much
of the labradorite has'been partly altered to sericite which hes a smaller
optic angle than ordinary muscovite. The pyroxenes consist of augite”
and pigeonite. Optig angles vary from 20 to 50 degrees, The pyroxenes
have been largely altered however to chlorite and uralite. Apparently
there was a considerable amount of diffusion since rims of uralite are
seen around a pyroxene crystal sandwiched between two altered crystals of
labradorite. The sodium released from the éhterétion of the feldspar. N
probably contributed to the formafion of uralite. Irregular patches of
chlorite occur both in the pyroxene and feldspar and between grain
boundaries, whlle a considerable amount of carbonate has formed in the
labradorite,

A few small grains'of pyrite and magnetité are sparsely distributed

, +
while semiopaque brownish cloudy masses of altered ilmenite are present.
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The Porphyry

Two such dykes were observed, one on claim L6l and the other on
L54., They are about 2 to 4 feet wide and can be traced only for short
distances, Both cross shear zones and so are gefipitely youngsr than
the shearing. The one on claim L6l contains inclusions of the mineralized
zone and its injection has resulted in contortion and drag folding of the
beds in the immediate vicinity. The dyke rock weathers a light grey but
s fresh piece is greenish-grey and appears to be uniformly fine-grained,
Miecroscopically, however, it consigts of aBout 50% féldgpar phenbcrysts
set in a fine-grained matrix of quartz, feldspar and muscovite, The
phénocrysts average 3/100" in dismeter and are composed of albite. The
-grainsg of the groundmass average 1/@00" in diameter.

The feldspars have a cloudy appearance And are sericitized. The
muscovite forms laths in the phenocrysts and tends to occur as irregular
veinlets in the fine-grained groundmass. Some of it has been chloritized,
The quartz shows wavy extinction aﬁd has sutured boundaries. A few grains’
of pyrite partly altered to haemati&e are also present es well as grains
of leucoxene,

The rock was apparently fractured beforse it had coﬁpletely

solidified and the fractures are filled with deuteric muscovitee
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The Sedimentary Rocks

Before going on to a consideration of fhe met&mofphism of the
sediments, it is necessery to describe them in some detail,

In the field thése rocks form an interbedded succession of grey=
‘wacke, arkose and phyllite, the former two predominating over the phyllites
The arkose weathers a light grey and has a rough sandy texture with
angular to rounded grains of quartz and feldspar., They are clastic grains
varying in size from 1/@05 diameter in coarse arkoses; which are'poorly
sorted, to the lower limits of fine sand, i.e. 1/250“1. The greywacke is
quite similar but weathers a darker grey or buff end contains more fine
grained interstitiel material,

Most of the rocks appear quite normal and seem to have suffered
little or no metamorphism. They exhibit no schistosity or even teﬁdenpies
towards any linsation. ﬁbwever, a few beds containing considerable chlorite
and micas have & distinct schistosity., These weather a dark grey or dirty
green color, |

Bzds range in thickness from a fraction of an incﬁ to about 8
inches. Rarely do individﬁal beds exceed this fhickness except for a
schistose bed that forms part of the wall rock along the southwest side
of No. 2 2one., This bed is abﬁut 12 feot across,

~In thin section it was noted that the.pr0portion of qﬁartz is
fairly consistent in all the rocks and varies betwesn 45 and 55 per cente
The amount of feldspar, however, varies & good deal. The coarse grained
sediments contain as much as 40% feldspar but this percentage decreases
proportionately with decrease in grain size such that the fine-grained
greywackes contain only about 5% feldspare. About 95% of the feldspar is

albite, the rest being orthoclase. The interstitial clay material (now

1 Tyrrell, G.W. The Principles of Petrology P. 190
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altered largely to chlorite and micas) also increases in percentage with
decrease in grain size, Hence to summarize, a coarse arkose is composed

of about 457 quartz, 407 feldspar and 15% fine flaky material now in the
form of chlorite and micas, while a greywacke is made up of about 5+5% 55%
quartz, 5% feldspar and 40% micas., The composition of the rocks varies
between these two extremes,

Not included in the above compositions are minor amounts of
accessory minerals, They are rarely in excess of 1 or 2 percent, They
are composed of small hexagonal grains of apatite, a few grains of zircon,
and minor emounts of magnetite. But the chief accessory is a black
opaque mineral, white in reflected light and semi=-opaque brownish under
high power. It is apparently ilmenite now altered to leucoxene.

Phyllite beds occur almost entirely on claim L6l., They are dense,
black thin-bedded rocks with good cleavage in places across the bedding.
They are interbedded with thin quartzitic bands and arkose and greywacke,
They are well sorbed and the quartzitic bands grade into the dense black

bands. (Fige 4)

Fige 4 = Phyllite Bede



METAMORPHISM OF THE SEDIMENTS

Genereal Statement

Considering the proximity of a large intrusive mass and the age of
these sediments they are remarkably fresh looking. Except for a few
schistose bands they present no structures that characterize dynamically
metamorphosed rocks, Nevertheless, the shear zones and drag folding in

some beds (Fige 5) indicater that the rocks have been subjected to strong

Fige 5 = Z=shaped Drag Fold

shearing stresses. The microscopic study substantiates this fact., The

deformation of quartz grains, their sutured boundaries and the consequent
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devélopmentvof strain shadows is testimony of the emormous pressures once
applied to these rockse. The textural and mineralogical changes in the
rocks'have, therefore, been due chi;fly to dyneamic méﬁamorphism'with little
rise in temperature. The overall mineralogical composition indicates low
grade metamorphism;

In a few instances, however, there has been addition of volatile
components resulting in the development of tourmaline, but these meta~
somatic changes are confined to certain argillaceous beds. MNetasomatism
has played an important rolelin the assemblages of thin beds that contain
the iron formation, but this case will be treated separately,

PRODUCTS OF METAMORPHISM

Before dealing with the actual chemical changes undergone by the
original constituents of the sediments, 1et us first examine the minerals,
now present in the rocks,individually.

Quartzs

As mentioned before this mineral is the most abundant constituent.
It Qonsisﬁs of clastic grains varyiné in size from 1/80" diameter to 1/250",
It is difficult to determine the original shape of the grains since nearly .
all have suffered various degrees of metemorphism, They were presﬁmably
well-founded to sub=angular, They now tend towards dimensionasl orientetion,
the long diameter parallel to, or making an acute angle with, beddinge
They gsually exhibit strain shedows and unduletory extinction and invariably
produce a hiaxial figure with a 2V of 10 to 20 degrees. Strain shadows
show a tendency to be parallel to the bedding but often they are almost at‘
90° to the bedding even in crystals that are elongated along the strike,

The inference is that the direction of strain shadows depends on the
orientation of the grain and not on the d;rection of pressure. Considerable

recrystallization has occured at grain bounderies where the brunt of the
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pressure was sustained and they now have sutured boundaries, In rare
instances complete recrystallization has occured forming small pods or
xenoblasts of quartz., Trains of minute fluid-pores are developed in
parallel planes which are parellel to the strain shadows. An exceptionally

broad band of one of these trains was observed in a quartz pode (Fige 6)

Fige 6 = Fluid-pores in a
Quartz Pod, Crossed
Nicels X70

Feldspars:

The stress effects exhibited by quartz are little apparent in the
feldspar, They show only occasional weak undulating extinction but
secondary elbite twinning was observed in one thin section. The twinning
lamellae are very fine and sometimes end abruptly at a crack which has
relieved the stress,

Under medium power the grains usually appear quite clear like the

quartz, but under high power and condenser removed they have a cloudy
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appearance and contain small sericitic inclusions. A few large greins
have long thin oriented laths of sericite end in the coarser arkose most

of the albite has been converted to a fine scaly mess of sericite,

Riotite, Muscovite, Chlorite:

- These three minerals are so closely associated that they are
difficult to treat separately. They occur in varying amounts and pro=
portions in all the sediments and result from the alteration of the fine

sedimentary material between the quartz and feldspar grains,

All three are stress minerals and they show a marked tendency
towards orientation, the-largest face being parallel to the strike of
the beds; They vafy in.size from humerous little flakes, that often
.serve to indicate thg clastic nature of the rock, where metamorphism has
.not progressed fetr,z to fewer larger flakes where metamorphism ié more
advanced,

In the early stages of metamorphism the fine intersti£ia1 materiel
has, by the process of local solutién and diffusioﬁ, collected ipto
irregular patches and recrystéllized as chlorite and muscovite, These
two minerals have érystallizéd side by side sometimes with considerable
increasé in grain,size without mutual reaction between theme. The iron
oxides have also collected as small irregular grains or patches dis- |
seminated throughout the chlorite and biotite. 'The chlorite-muscovite
patches are lenticular shaped with the long axis parallel to bedding and
the individual crystals in these patches are well oriented in the same
direction. Sometimes these patches come to an abrupt stop against a
large quartz grain. In other cases, in fine~grained sediments, the

chlorite and muscovite are intimately intergrown and have been thrown into
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minute folds whose axes are perpendicular to the strike of the bedding.

(Fig. 7)

Fige 7 = Intergrown chlorite and
muscovite thrown into
minute folds XT70

These folds stop abruptly against a gritty bande The chlorite is light
green, slightly pleochroic and biaxial negetive with a 2V varying between
0 and 20 degrees, Its index is slightly higher than muscovite., It
appears to be a relatively iron rich magnesium-free chlecrite similar to
daphnite.

In the more advanced stages of metamorphism the iron oxide,
chlorite and muscovite have reacted to form biotite. This mineral is
deep brown, strongly pleochroic and idioblastic towards all the other
minerals., Although it tends towards orientation, the flakes are often
arranged obliquely to the schistosity. The ors minerals have disappeared

but the biotite grains have small round strongly pleochroic black patches
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that indicate local greater irén content probably due to lack of complete
absorption‘offthe iron-oxide grains. The chlorite too is.usually absent
but cleat’well cryétallizeﬁ muscovite is inﬁergrdwn with the biotite.

This indicates lack of enough‘magnesia in the chloerite to éonvert all the

‘muscovite to biotite.

Accessory Mineralss

of the accessory minerals, apatitg has‘suffered no chénge and

still occurs as small hexagomal grains. The few zircon grains have of
course underéone no change either, The ore minerals on ﬁhe othér hand
hdverundergoné considefable transfdrmation. It has already been noted

how they have reacted Q1th other mlnerals to form blotlte. It seems that
these ore-mlnerals were tltanlferous or’ that rutile was orlginally present,
Magnetlte has reaéted ﬁlth the latter to form ilmenite which is now altered
toa sem1-0paque brcwnlsh mags of leucoxene.  Some of these masses contaln
remnagts of & network of ruti;e laths, This does not, of course, preclude
the‘faotlthat ilmenite was origihﬂlly present in the sediments.>

| Small amoﬁnta of tourmaline grains occur scattered throughout the
rocks. [They are small and'exhibit poeciloblastic'structure. In view of a
sPecial.occufrence of this mineral which will be mentioned later, it is
' ﬁbélieved that the boron has been introduced and was not an original

constituent of the sediments,.

SPECIAL FEATURES IN THE METAMCRPHISM OF THE SEDIMENTS

Sediments near the Granite Contact:

distince oF dbet 50" froan
. For.avthe intrusive mess, the mineral composition has been largely

determined by the addition and subtraction of certain components brought

about by fluids emanating from the igneous mass,
The sedimentary rock has & well developed schistosity and is

‘coarser grained than most other sediments on the property. It has been



(20)

entirely recrystallized and quartz grains attain diemeters of 3/100".
Trains of fluid inclusions crossing several crystals are numerous., Large
oriented plates of muscovite lend the rock its schistose structure and
apatite now oécurs as large irregular grains. The muscovite is partly
altered to chlorite and the irregular leucoxene grains are still present,

(Fig. 8) FExcept for & few small remnants albite has been almost entirely

Fige 8 = Sediments near granite
contact. White-quartz;
Light grey-muscovite;
Dark grey-chlorite XT70

removed, Obviously diffusion and recrystallization have been greatly
aided by fluids emenating from the granite, Considerable potash to form
muscovite has been added and sode and lime have been removed, In all
probability, a little phosphate has also been added and with some calcium
derived from the feldspar has reconstituted the original apatite grains

into larger ones,
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Spotted Sediments:

While drilling on the property, it was noticed that many polished
surfaces of the drill cores had a spotted appearance as though porphyro-
blasts of a dark green mineral were present, The same was noticed on the
surface of cut specimens. In thin section these are irregular light
green areas with quartz, biotite and sometimes tourmaline inclusions, thus

resembling a great deal xenoblasts having poeciloblastic structure. (Fige 9)

Fige 9 - Spotted Sediment X 70

Under crossed nicols, however, they present a very fine mottled appearance,
The interference colors are low, first order orange being the highest
observed but due to the cryptocrystalline naturs of the grains the
birefringence is much stronger than is indicated. The index is inter=
mediate between quartz and biotite. Patches of these small grains within
the areas have a common orisntation and seem to be in the process of

forming large crystals. They appear to be composed of a very fine-grained
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scaly mass of sericites

&his occurence is analogous to the spotted slates and bears the
same-significance, that is they festify to low grade metamorphism. By
comparing thin sections 4 and 58, it can be 'shown that these Spots are at

différent s%ages of fecrystallization. They vary from an indistinct

. : R 91
- eryptocrystalline mass to a minutely crystalline mosaic and fiﬂ%iy to a

fine §caly aggregate of muscovite plates. The spots have a tendency to
be arrangéd aiong bands that contain a large percentage of micas and

chlorite .and are often surrounded by an aureole of intergrown muscovite

and biotite. -The occurremce of these spoté‘is the result of local solution

- at isolatedipoints in the rock where a cpnsideraﬁle amount of solvent was

14

present and where there may‘poséiﬁly hav§ been allargéf percentage of
fine'intefStitial material, . Soﬁe diffusioﬁ of maésri&l to‘the isolated
points probably took'piacé iﬁCreasing the sizé,of:the spots. However,
the physical_conditions”obtaineAIWere notAfdvoréblé-fér the complete

recfyétallizatidn of the amorphous substance in the spots. The temperature

'ihvpartiéular was not raised sufficiently ts effédt the process of re- .
v'crystallization; it is true that,biqfite, which results from a highei
»fgrade of metamorphism has fofmed in fhe spotted sediments, but meta~
hmorphism goes on at a tardy mate and the rock is reconstituted gfadually

: and'piecemeal successively‘at different points in the rock. Solution,

chemical reaction and consequent formation of new minerals did not take
place as separate stages throughout the’whole.rock so that biotite was

forming while solution was still going on, # .. The spots.express a late

stage in the process of metamorphism when the agents of'metamorphism were

no longer capable of recrystallizing the substance segregated into the

isolated areas,
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Tourmalinizations

Metasomatic effects again manifest themselves in the tourmalini-
zation of the argillaceous rocks. The presence of this mineral in
abundance was noted in a fine-grained altered greywacke and in the

phyllite., (Fig. 10)

Fig. 10 = Quartz-tourmaline rock,
Opaque mineral is
leucoxene X 70

It is medium green in color with strong pleochroism. No lies
between 1.6420 and 1.6521 while Ne is between 1,6218 and 1.6318, It is
an§ iron rich tourmaline belonging to the dravite-schorlite series. It
is to be expected that such a mineral will be associated with sediments of
higher alumina content and hence it displays a gradual increase from the
coarser quartzitic bottom of the beds to the finer argillaceous tops where

it now constitutes about 90% of the rock,

Tourmalinization first began in the fine argillaceous material and
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then the biotite was attacked converting it into tourmaline. The little
prisms of tourmgline have such a psrfect orientation that they look like
coéééd woode They are often crowded along thin particular bands reflecting
the original bedding of tﬂs rock, The coarser quartzitic bands contain
considerable muscovité, some of it in'the.fine sericitic form,

Leucoxene graiﬁs are numerous and a few pyrite graiﬁs partly
altered té'haematite were noteds |

Theré is little doubt that there has been considerable accession

" of boron., However, ali>€he other constituents necessary for the formation

of tourmaline were already presenﬁ'and probably nothing else was added, |
fhe potash present entered into the formation of muscovite while'possibly

some soda was removed. ] .

' Retrograde Metamorphism:

A certain amount of retrograde metamorphism has taken place, In .
seyefal cases the biotite has been partially altered to chlﬁrite. However,
one case is worthy of spécial attention. Thin section No. 3 is & section
of a fine-grained schistose sediment with irregularllénticular—shaped areas
of chlorites, The‘chlorite is bigxial (=) with 2V from O to 20 degrees..
These areds are replete’with sﬁall dark needles arranged in radiating .
clusteré; (Fig. 11 and 12)' The needles under high power are brown éemiﬁ

”semi-0paque to trensparent and have parallel extinction. Their index is
high but the stfongest.birefringence observed was 030, The needles,
however, are so thin that their maximum birefringence is probably much
higher than that. The properties of* this minéral, therefore, conform with
those of rufiie. Some chlorite grains‘show fairly high birefringence and
perfect basal cleavages, and smﬁll muscovite plates are fairly plentiful,.

This seems to be a case of retrograde metamorphism in which

biotite was altered back to chlorite with the consequent formetion of
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Fige 11 ='Chlorite lenticles Fige 12 = No. 11 highly magnified
with rutile needles, X 70 to show rutile needles., X 280

rutile needles and muscovite, Such & transformation involves the
addition of water, Whether this water is of meteoric origin or not is
unknown, It has already been shown how fluid emanations have played an
important role in the reconstitution of some sediments and water could
easily have been derived from the same source as these fluids,
SUMMARY

In a general way the metamorphism of these sediments corresponds

to the biotite zone and is a result chiefly of dynamic metamorphism. The-

- The -spotted sediments

indicate arrested metamorphism and testify to the low grade of metae
morphism. It hes been difficult to completely divorce metamorphism from
metasomatisms The latter could probably be defined in terms of the first
as metamorphism plus the addition and subtraction of some constituentss

In many cases it is impossible to tell whether water, which plays such an
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important role in metamorphism, was already present in the rock or was

derived from a foreign source,
The fine detrital interstiﬁial material was apparently high in

iron and potash but too deficient in magnesia to convert all the chlorite

and muscovite to biotite,
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THE IRON FORMATION -

Qccurrencs

An interesting feature of the rocks in this area is the présence
of & thin band of iron formation. It occurs in dn agsemblage of thin
bedded sediments on the west side of thé"propérﬁy just west of the Noa 1
_Zone..LWhere‘best exposed on an outerop jusﬁ nérth of the trgil running
.e;st from the camp on claim L53, ﬁhe‘sedimeﬁﬁs consist of thin beds
ranging in thickness fromil/é“ to éboﬁf.B inéhes and average 1/2", The
>—assemblage is aboﬁt 35 feet aérdss and the upper part:grades into coarser
greywacke and arkose. The beds have a very fine sandyvtexture and weather
shades of green and light brown to dark reddish;brown. They are consider=
ably drag folded and pegmatitic quartz lenses perallel or cut across the
bedding. - The lower part of the asgsemblage contains considerable quarts
pebbles and below thesse océurs»ékﬁzgﬁggmformation.

The formation consists of haematite~rich bands with a" little
magnetitg and pyrite, The haeﬁatite is usually concentrated into two or
three layers about 1/@" thick and one inch aéart. Sometimes, however, it
is uniformly distributed over a width of 2 or 3 inches, but generally with

-some concentration along very thin bands,

The formation can be traced southward along the Strike and on one
outcrop on claim 157 the haematite occurs asvspecularite admixed with
quarﬁz and limonite. The quartz is medium'grained and colored rose and
has well developed crystal feces. It is dus to golutioh and reprecipitation
in situ, The limonite of course is a result of hydration of the haematite,

Microscopic Study

In thin section the thinly-bedded sediments consist of amphiboles

end quartz with minor amounts of iron oxide and pyrite., The proportion of
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quartz and amphibole vafies'and‘either one or the other predominates
giving the rock a rough banded appearance, Some bends are made up éntirely
of amphibole, |

The quartz is clear but under crossed nicols it shows strain
shadows And, commonly, sutured boundaries.

The amphibole includes two_mine?als. Cne is colorless nons
pleochroic, biaxial (=) with a 2V of 80° and extinction angles up to 16°
with a birefringence es high as 4045, It is probably grunerite. The
othér is bluish green, strongly pleochroic, biaxial (=) with a 2V 70° awmd
and extinction angles up £o 20°, The birefringence is moderate (.025);-
‘¢he mineral is hornblend§ with a high ferro-ferric ratio. = The two
amphiboies are intimately associated and quite often intergréwn but the
hornblende is more'abundanf. They occur as blades or laths oriented in
various directions presenting a decussate structure but with a tendency to
. parallsl thé bedding of the rocke. Sométimes a blade of amphibole consists
in part of grunerite and in part of hornblende. The cleévage runs from
one to the other, shg%ihg that both af; part of the same crystél but these
-show a slight differénce,in extinction. Occasionally they occur in
radiating clusters. The grunerite may form the nucleus of the‘éluster, 7
‘surrounded by the hornblende as though it were aﬁ added grdwﬁh and in other
instances the opposite occurse Grunerife is‘commonly twinned and in rare
cases the twinning lamellae consist of alternate grunerite and hornblende
lamelleas, | |

Heématite occurs as flakes scattered throughout the rocke They
usually haﬁe a blood~red coler in reflected light but sometimes they
remain quite darks They are small with frayed borders and parted along
the cleavége. Quite often they are intergrown with the grunerite as

though the two had formed together,
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A crushed sample of the rock reveals thet it contains quite a few
megnetic grains. This magnetite is at times difficult to discern in thin
section and mey be confused with haematite that does not show the red
color in reflected lighte It ssems to occur scattered along certain bands
and to have been pyritized.

A thin section was made of the rock containing two haematite bands,
The mineral assemblage between the bands is much the same eas already
described, except that quartz grains end heemetite flakes are more
abundant and the minerals are better oriented parellel to the bedding.
There is a rather abrupt change as the haematite bands are approached,

The proportion of haematite flakes rapidly increases and the quartz almost

entirely disappears. (Fige 13 and 14) The green hormblende too becomes

Fige 13 = Grading into Fige 14 - Haematite
haematite band. X 25 band. X 25

rare and grunerite is the chief constituent., Haematite is seen replacing

the grunerite along the cleavages. The haematite bands are made up of
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closely fitting flakes of haematite usually éarted along the cleavage.
The grunerite has disappeared and in its place are thin laths of a codlor=
less mineral with low birefringence. It has fine twinning lamellae and
fine haematite flakes are often intergrown with it., The extinotion is
undulating and it is difficult to measure the extinction angle but it
appears to be small. It is'biaxial with 2V very large, but the sign.is not
known. Much of it contains a fine aggregation of a greenish-grey mineral
'moderafely pleochroic andf&eak birefringences A small smount of quartsz
is still present and fine ﬁeedles of the colorless minerel pfoject into
the guartz grains. A.few grains of a carbonate were also noted. |
‘Mggnetite occurs as small octahedrons in the heematite or in the colorless
lathss It also occurs as 19nticu1ar areas along with pyrite. These two
minerels are closely associated but mAghetite may occur &s isolated grains
while pyrite never does, |
Origin _

It is Aifficult to trace the history of these haematite bands
since little is known about the composition of the origipal sediments,
- There is nothing to_indicafe that they were originally ferruginous, but
_in all likelihood they were high in alumina and conteined fair emounts of
magnesias Consequently the formation of theAamphiboies; particularly
grunerite, and of haematite cannot be attributed solely to processes of
metamorphism, These two minerals, grunerite and hornblende, constitute a
large proportion of the country rock in the minsralized shear zones where
they are clearly the result of hydrothermal alteration. Their presence in
the iron formation is apparently due té this same causes

Haema%ite forms under oxidizing conditions dand since haematite is
so often intefgfown with the amphiboles, it seems that they.tog formed

under oxidizing conditions. However, we have noted the presence of pyrite
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with magnétite s0 that reducing conditions must at one “time have prevailede
It seems, therefore, that hyﬁrothermal solutions travelling through
these Beds were highly ferriferous. They reacted with the sediments to
form hornblende and grunerite. = The amount of hornblende developed
depended on thé amount of aluminum originally pfesent in ﬁhe rocke
Silica was abundént so that as the éluminum became tied up in the horn~.
blende molecule the excess iron reaéted'with the silica to form gfuneritee
Aluminum wes apparently deficient iﬁ certain bands -so that onlyAgrunerite
formed and this grunerite was later converted to haematite by the continued
action of the solutions, Haematite in the iron bands often ocours as
pseudomorphs after grunerite, It is not certain what by-products were
formed‘as a result of this last feaction. Some bf the colorless twinned
mine?al in the haematite bands hés parallel extinctidn; while some of it .
has not, it is possible that both anthophyllite and cummingtonite are
present while'the small ampunt of greenish'mineral may be actinolite,
Grunerite has the following formula: HyFe,SigOy, with variable amounté of
magnesium, while cummingtonite is Hp(FeMg)qSigOpse Consequently by the
extraction of iron from grunefite and the rémoval of silica, several
grunerite molecules could be reconstituted as cummingtonite, The. proportion
of amphibole would of course beAgreatly reduced and that is actually the
cage in the haematite bands. Thenpresence of a carbonate suggests that the
iron may have»been introduced as the bicarbonate. The naturé of the
solutions must have changed, however, and become reducing. It is well
vknoyp that haematite can be easily reduced to magnetite. Sulpheretted
solutions were later introduced, reducing some of the haematite to magnetite
and at the same time producing pyrite. The pyrite, as was noted, is alwajs

associated with the magnetite,
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THE SHEAR ZONES

Description
The mineral deposits on the property occur in a geries of sub-
parallel rusty shear zones. Shearing of the sediments is parallel.#o the
: especially

.strike and seems to have occured wherever there was an assemblage of,thin-
bedded sediments., The intensity of shearing and magnitude of displacement
varies a good deal in different zones, but itzis interestingbto note that
the more intense shearing and best mineralization occurs in the zomne
closest to the granite contacte

Although the quartsz pebblég Will be dealt‘with'separately, some=-

" thing should be mentioned about them now‘ 'TheSe,are elliptical shaped
structures composed of 1igﬁt Bluish, sugéry-lobking quarfz. They resemble
a goo& deal flattened quartzite pebbles with/the'iong axis of the ellipse
parallel to the strike. Sometimes they are rode-like down fhe'dip. They
tend to o;cur at definite horizons in the shea; zones but are not confined
to any single horizon. o

Seven of these shear zones were explo:ed either by rock trenching
or diamond drilling or both. |

No. 1 Zones - |

The o;iginal discovery on the property was made on thé southern

end of this zone. It di%s almost vertical;;h the southern part but flattens
progressing northwest to a dip of 65°SWo It varies between 20 and 50 feet
in width and is much fractured and mineralized, but the horizonﬁal dig=

'placement bétween opposite walls of the zone is small, It disappears

under extensive swamp areas to the north and souths Few quartz pebbles are

present in this zone and the gold values obtained were negligible.



(33)

No. 2 Zone:

This zone, the most promising of all, averages about 10 feet wide
and can be followed on strike for a distance of 3,500 feete The southern
end disappears under a swamp but it was intersected in diamond drill holes
drilled in the swamp between No. 2 and No. 6 Zones, The northern part ends
rather abruptlys The succeeding outcrop.to the northwest is badly cut up-
by pegmatite dykes and the zone is absent, It may lie under the over=
burden Bétween the t@o succeeding outcrops, but ﬁhe zone could not be
picked up on rqck exposures farther to the_nqrtﬁwest. 'The central portion
of the zone on claim L51 is badly cut up and consiéts of disconnected
lenses., A number of pegmaﬁite dykes striking in a northeasterly diréction
cut across the rocks intervening between the 1enées.

The zone runs along the top of a ridge that is much boulder strewn
in the northwest parte Dips are steep to the northeast in the southern
portion but change to wertical at the northern ends Locally the zone is
bent and twisted, but on the whole it maintains a fairly consistent strike
of N 50°W,

The amount of displacement seems to vary from place to place., A
dyke in the soutﬁern portion was offset 15 feet while the displacement of
e similar dyke in the northern part was oﬁiy 5 feete This may be due to
the fact that stress effects were absorbed more by the compression of the
'sediments in some parts of the zone than in other parts, or if may be due
to slightly different ages of the dykes injected during the interval of
time in which shearing took place. ‘The boundaries of the zone on the west
are generally fairly sharp while the east bhoundary tends to grade into the
country rock. | | .

No. 3 Zone:

This zone outcrops for only a short distance on claim L54 just west
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of‘zoﬁe No. 4. Mineralizatiop'is weaker than in the other zones and gold
values were insignificant;
No;'4 Zone:

| A very narrow (averages about 2 feet wide) but persistent zons
designated as zone No. 4 parallels No. 2 zone west.of ite It offsets
several "pegmatite dykes éﬁ%ééigg horizontal displacements of éo-to 25 fleet . x
The boundaries of the zone gre'often limited by coérse pegmatitic quartz,
Mineralization is not strong and quartz pebbles are absent, Dips are
fairly uniform to the southwest about 85°,
No. 5 Zone: _

This zone outcréps at the base of a prominent knoll in the northern
section of the property on claim L46. 1t extends into the adjoining claims
to the‘horth but is lost in the swamp to the south. Diamond drilling
revegled that another zone parallels it under the swamp on the east,

The zone contains abundant quartz pebbles and is well mineralizeds
The sulphides (chiefly pyrite) are coarser grained then seen elsewhere on
the property, but gold falues are not outstanding. The zone averages
about 7 feet wide agd dips vertical,

No. 6 Zones

Although this zone is not on strike with No. 2 Zone but is offset
to thg east, it is probably its extension. It is mﬁchbsimilar in character
to’'the No. 2 Zone though somewhat weaker; It could be offset by a fault
‘but no sign of faulting was observed on outcrops northeast or southwest of
the swamp intervening between Nos, 2 and 6 Zones. The apparent displace=
ment is probably due to a bend in the strike of the sediménﬁs under the
ma}sh’area., The width of the zone is reduced, mineralization is less

pronounced and gold values are low,



(35)

No. 7 Zones

This zone is & weak narrow structure occuring on claim L63. Since
the strike of the sediments changes to a north-south direction in the
southern section of the property, it may well be the extension of the
No. 1 Zone in this direction. It is only about 3 feet wide and minerali=-
zation is weak,

In addition to the above described principel mineralized zones,
several rusty narrow short irreguler zones occur in various localities
within the boundaries of the property. They are always parallel to the
bedding but movement along them has been smalls One of these, howsver, is

a wide fairly continuous zone with abundant quartz pebbles, (Fig. 15)

Fige 15 - Shear Zone with
quartz pebbles
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It occurs on the outcrops that lie on the claim line dividing claims L52
and 153. It outcrops again in the northwest corner of claim L61 where it

has been intruded by an acid dyke.
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METASOMATISM OF THE SHEAR ZONES

General Steatement

In dealing with this problem most of the infofmation has been

. derived fromvthé No. 2 Shear Zone., It is the best mineralized and has

all the cuali~ i features éxhio{;r“<by'tﬁe other zones developed to a
' ggfeater degree. |

- o Megascopic Description

The Mineralized Zone:

As already nbted, No. Q'ZOne éveragesstout 10 feet wide. Locally
it pinches.mmb to widths of 3 or 4 fest But in general it mainteins a
fairly un;form width. It can easily be followed on the surface by its
dark brown rusty appearance resulting from the oxidation of thé pyrite
in the zone, |

An open cut 340' long at the southern end of the zone afforded an
excellent opportug&@y to study the unweathered rocke. The rock has a
deﬁée massive appearence, ‘It is dark green,rmedium.to finesgrained ahd
sometimes studdgd with coarss, deép-red gérnets. The sulphidés consisttof
pjrite'WithAa littlg arsenép&rifa, chalcopyrife; sphalerite and pyrrhotite
énd make up between'Z'ana 8 percent of the rocks The pyrite forms.fine'
laminae indica;ing beddiné'repladement buf it also occurs as streaks,
. ‘blebs and sometimes veinlets ruﬁning in varioﬁs directions. The
arsenopyrite is rareﬁbut occasional small splashes or irregular blebs;of
this mineral were noted., Chglcopyrite occurs in the seme menner while
'sphaleritevand pyrrhotite were noted as small, sparsely disseminated grains;
Quartz stringers parallel the original bedding but irregular streaks,
bleps and o Z:n well formed guartz pebbles are_quite commons The guartz

hésilight'bluish or smoky appearance and e granuler sugary texture,
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A good deal of the rock, however, is olosely’fractqred and broken -
1'» permitting the oxidation of the sulphides to depthe 'The distribution
of the sulphides is the sams asiéescribed above except that s ome fractﬁfe
faces will have a thin film of pyrite coating the@. The rock brgaka wh in
 such a manner that the sulphide film'is all on one face of the fracture,
The fractures in some parﬁs oﬁﬁ%peh cu&'fbrm & network, one set of
fractures being parallel to the strike of the zone, the other funning in
& N-S direction. Quartz-pyrite veinlets often fill these fractures and
usually the pyrite is limited to one side of the veinlet although ét
:times it occupies the centre or may enftirely fill the fracture. A few
of these‘quartz veinlets were observed to coalesce with the quartz pebbles
but did not seem to cut them.
Parts of the zone are composed of a dense highly siliceous rock
.with very ditﬂg»émounts of sulphides, Hére the quartz pebbles increase
in size and nuﬁﬁg¥ and are rarely pyrite-rimmed.

The Wall Rocks

The wall rock of the zone has sufféred congiderable alteration
extending 2 to 6 feet on both sides of the shear zonse. The altered
Acountry rock is medium tovcoarse-grainéd, with a dark green chloritic
appearance and liberally studded with garhets. This last mineral forms
the chief constituent. 1In a few placeslbiotite flakes ﬁre conspicuous;

The zone of alteration is usually wider and more intense on the
haﬁging wall side of the shaér zone. Quartz veihs occasionally form a
ban@ along the footwall or hanging wall side of thg,zone and also a stockw=
work of veins in the zone. Thése veins always strike parallel to the /
zone or.in & N-S direction. They are about 6 inches wide and composed of

coarse white quartz, Some contain inclusions of the mineralized zone and

are, therefore, later than the sulphides,
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Microscopic Examination

Mineralized Zone:

The minerals of the shear zone consist essentially of quartz, blue=
green hornblende, grunerite and the sulphides, In places garnets, with
biotite and chlorite are present in the mineralized zone. The two
amphiboles are intergrown in the same manner as previously described,
but here they are generally arranged in radiating clusters and the
grunerite invariably occupies the central part of the cluster., Sometimes

a few grains of pyrite form the nucleus. (Fige 16) Small quartz inclusions

Fige 16 = Amphibole clusters with
quertz and sulphides X 25

give the clusters a sieve structure. The length of the amphibole plates
vary in such a manner as to give the clusters a rough elliptical shape and
these tend to be arranged along certain lines giving the rock a rude

danded appearance,
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L5

About 50 peréent of the rock is made up of quartz., It ocours as
polygonal grains but it hgs been strained and tends towards dimensional
orientation ~ long diameter parallél to the bedding. AIt contains
abundant dust inclusions many of which under high power have & red colore
They are probably;m&gnetite and haematite particles. They form a crude
polygonal patte¥h indicating the original shapg‘of the quartz grains.
Somstimes the present g#din boundaries cofrespénds.with the linegr
arrangement of thevinclusions. |

The sulphides arse rather uniformly distributed throughout the

abundant :
rock but are more,in, and have a distinct relationship to, the quartz.
- They occur as if they were "molded" around the quartz greins, rarely show
traces of crystal facés‘and, therefére, reflect the dimensional orientation
~of the quartz grains.

A very small amount of carbonate is closely associated with the
sulphides though at times it is found with the amphiboles. A few grains
of hornblende are also partly chlbritized.

The grunérite_is not alﬁays present and some thin sqqtions contain
6n1y the blue-green hornblende, Where grunerite is absent the hornblends
shows no tendency towards radiai structures and the laths show a strong
inclination towards orientation éarailel to bedding. The quartz is quite
clear and has few dust inclusions but the distribution of the pyrite is
the same as that already described;

The mineral'reiationship_is somewhét different where the rock is
' criss-crossed byiquartz veinlets. The amphiboles. are absent but their
_pre-e#istence is ‘quite apparent. The radial clusters arevpfeSept but are
now cgmposed of & chlorite. Under crossed nicols the radial arrangement
of;the-original‘mineral can be clearly seen aﬁd the alteration has obviously

been nwupfvmee forjnx&um»ée. The quartz veinlets are more numerous then is
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apéarent in the hand specimen. The guartz of these veinlets is quite clear
in_confrast with the quartz in the rest of the rock which is full of dust:
inclusions. Where the veiﬁleﬂs dre.closely spaced the.intérvening quarts
is very fine-grained and so full of dust inclusions és to give it a dark
grey appearance. Ag a matter ofgfabt, the quantity of dust inclusions is

a rough iﬁdeX'of the degfée‘of,altergfién. In most cases, hdwever, the
veiplets canﬁot be distingﬁishgd under crossed nicols except by the

~line ofvinclusions bofdéring ite Quartz grains form both part of a veinlet
and paft of the origin@l roék,-_The quartz of the veinlets is also strained.
It appearé,<tﬁerefore, that goﬁsi&eréble recrystallization followed the
introduction of this late qﬁgrtz.A

ﬁWhére the veinlets are ﬁide tﬁéy contain appreciable sulphides
which éonsist of pyrite and sphalérite. A carbonate and phlogop?te are
glsb presént.» The quarfz is in the form of prismatic and hexagohal greins _
oriented-ﬁith fhe long dimension perpendicular to the wall of the vein so
that_tﬁé-crysfals héve obviously grown inwards from the vein wall. (Fige 17)
It usually.odcupies"cne side of the veinlet and the sulphides the other
‘sidé; but sometimes the latter aré in the centre of the veinlet and have
théréfore crystallizéd last, The pytite is more abundant then the
sphalerite but they are intimately associated. The two will run along as
short veinlets with the intervening distance occupied by the carbonate,

The phlogopite is closely intergrown with the pyrite. It is colorless to
light brown, slightly pleochroic and unigxial negative,

The quartz veinlets sometimes contain a fair amount of chlorite
and.hardiy any sﬁlphides are present in the country rock outside of the
quéftz veinlets in the thin sections studied,

Where the quartz pebbles occur the surrounding rock is composed of

the grunerite-hornblende intergrowth, and quartz. It is not intended to



(42)

Fige 17 = Quartz=Pyrite veinlet,
Note shape of quartz
grains in veinlet X 25

describe the "pebbles™ here in detail but they camnot be entirely ignored
in discussing the shear zones. The quartz in the pebbles is relatively
coarse-grained but is strained and greins are elongated parallel to the
long axes of the pebble, The quartz is clear but contains streaks of the
amphibole and a small amount of pyrite grains molded around the quertz
greins (Fig. 18 and 19). Occasionally the pebble has been fractured at
the edges and pyrite introduced in the fracture (Fig. 20) but most of the
pyrite forms a rim around the pebble (Fige 21). A fair amount of sphalerite
with a carbonate and occasionally phlogopite, are associated with the
pyrite,

Where garnets occur, the rock close by is very fine-grained, dust
inclusions are abundant and may have a streaky arrangementes The amphibole

clusters are almost entirely grunerite and the end of the fibres project
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Fige 18 = Pyrite in quartsz Fige 19 =~ Same as 18,€rossed
pebble X 25 nicols X 25

Fige 20 = Pyrite introduced in Fige 21 =~ Sulphides rimming pebble
fracture at edge of quartz on the left,
pebble X 25 amphiboles on the right

X 25
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in the garnet crystals, Some biotite may have formed and is rimmed by

magnetite inclusions. Chlorite fills fractureg in the garnet, Minerali

© greins eround some of the garnets have a streaky arrangement and have

‘ been.deflected all in the same direction indicating that the garnet crystal
_hasjgeen rotateds . |

| 'The relationship between pyrite and sphalerite has already been
indicdted} Where arsenop&fite occurs it is intimately associated with the
p&rite andlig iﬁtergrown with its The larger arsenopyrite areas are somew

" times rimméd by pyrite but the reverse also oécurs. ‘Chalcopyrite occure

.as small grains adjacent to larger pyrite grains while sphalerite occurs
as small blebs both in the pyrite ahd arsenopyrite. This relationship
indicates that all the sulphides are contemporaneous. Pyrrhotite wasjnof

~observed in thin section, -

Wall Rock:

Typical wall rock alte}ation consists of garnet, biotite, chlorite,
quartz and some maghetiteg The garnet belongs to the pyralspite group
and approéches the composition of almgﬁdite, the iron garnet., Its index
is greater than 1;74 and it gave & specific gravity of 4.10, Howefer, ité
true gravity will be a bit higﬁer since it contains considerable impurities
in the form of guartz and chlorite, | |

The garnet grains obtain diameters of 1/4" but most of them are
between 1/16 and 1/% inch across., They are‘highly fractured and veined by
chlérite (Fige. 22) and numerous gquartsz inclusioné'give it a poeciloblastic
structure. The centre of a chlorite veinlet cutting a garnet grain in two
is.sometimes occupied by clear qﬁartz. Thé~quartz inclusions show some-
times a tendency to be elongated and oriented in the seme direction, while

at other times they form & crude hexagonal pattern indicating successive



Fige 22 = Garnets veined by
chlorite, Dirty grey
is biotites X 25

stages of growth,

The biotite forms large irregular plates between the garnets.
Sometimes they are curved around garnet grains and exhibit undulating
extinction., It occasionally forms small embayments into the garnet and
appears to have formed at the expense of this mineral. The biotite is in
various stages of alteration to chlorite and contains gugrtz and
magnetite inclusions. The latter are often arranged along the cleavage
planes of biotitee

Chlorite fills the fractures in the garnmet or forms a ring around
it. All of this chlorite has the anomalous blue interference color of
penninite,

The quartz occurs as small round inclusions in all the other

minerals and gives the rock a distinct sieve structure. In part it is

(45)



(46)

the result of incomplete reaction and failure to be absorbed by the garnet
and biotite but a large proportion is also the result of the break down of
these two minerals by chlorits,

Where alteration has progressed to en advanced stage, the rock is
almost entirely penninite, Small residuals of garnet are still present
but the biotite is completely lacking. Under crossed nicols the chlorite
appears as a pseudomorph after biotite and of'ten the magnetite has

arranged itself around the originel borders of the biotite flakes (Fige 23)

Fige 23 = BRiotite completely replaced
by chlorite. X 70

but the quartz has segregated itself into large irregular patches. This
last mineral is much }Jess abundant and has largely been removed from the
rock.

A thin section made from coarse-grained biotite garmet rock taken
from the centre of the zone presented an interesting assemblage of

minerals. The garnet has besn fractured and veined by chlorite, but along
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some of these fractures thin laths of grunerite have formed end project
s : grainy
into the garnet forming rosettes, Some beautifully twinned rhombicsof
grunerite have formed., Considerable biotite has developed and it contains
numerous laths and twinned rhombs of grunerite,

Still another sample from a similar locality shows the introduction

of sulphides along the chlorite veinlets in the garnet (Fig. 24). The

Fige 24 ~ Sulphides in garnet
X 70

biotite is absent and instead the blue~green hornblende occupies the
space between the garnets. Sulphides associated with a little carbonate
are fairly abundent in the hornblende and tend to rim the garnet grains,
In one instance a little bit of apatite has formed with the sulphidess

The Mineralizing Solutions

Means of Access:

It is quite obvious that the shear zones afforded channelways for

the mineralizing solutions. The problem is rather at what stage of the
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shearing were the solutions introduced.

Shearing is a process that takes place by stages and extends over
a long period of time; by that is meant -that rupture of the rock occurs
when the shearing stresses exceed the sheafing strength éf the rock.
However, as rupture tekes pléce; stresses‘are relieved and have to be built
up again 5efqre rupture can again take place. The openings thus produced
in the rock are infinitesimal in siée and the fracturing is expressed as
innumerable; closely spaced, more or less parallel surfaces of dis~
_éontinﬁous rupture. The movement of solutions under these conditions
would be slow henée it is likely that the period of mineralization lasted
during the whole duration of shearing,

It is possible fhat-much of the mineralization occured after the
shearing’but all the gquartz in the shear zones is strained and the quartz
pebbles which are of hydrothermal origin have been deformed by shearing
stresses. |

There are no fissure veins in the zone and sﬁlphides are finely
disseminated or replace. the bedding but in some places small ffactures
providing an easier méans of access for the solutions and these fractufes
‘now appear as quartz-sulfide veinlets,

Neture of the Solutioms:

The ferriferous nature of the solutions is unquestionable, Of
the sulphides, pyrite makes up 98%, gfunerite ié an iron rich amphibolé
. and hornblende is fairly high in iron. The chief wall-rock alteration
product is the iron garnet éna%ﬁujée; 'It seems, therefofe, that consider-
éble iron must have besn introduced forrthe formation of these warious |

minerals, The solutions were undoubtedly siliceous, but how much of the

silica was derived from the magme source and how much came from the quartz
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already preéent in the sediments is difficult to ascertain.
fhe flﬁids contained also a fair amount of volatile constituents,
~ Water acted as the chief solvent but it was aided in this role by the
presence of sulfur and small amounts of carbon-dioxides The apatite and
pﬁlggopite mentioned above, and their close association with sulphides
suggests the presence of small amounts qf phoéphate and fluorine. Finally
the solutions were hot, hot enough to heat the rock to temperatures that
would permit the formation of the vafious silicates praticularly garnet,
All the garnet is isotropic and smoky quartz loses its color at

, 300°C so that crystallization occured between 300°C and 800°C - probably
at about 500°c,

Chemical Processes Involved:

Teﬁperatures were high‘and pressures great at the time of
‘ﬁineraiization. The minerals in the éone were in a metastable condition
“as a fesult.of the shearing stresses, These conditions greatly enhanced
' soiﬁtién and diffusion of material with the result that thé rock could be
éasily’fecqnstituted into new minerals,

“ ' The overall composition of the rocks in the shear gzone wes
probably wﬁ%ﬁ similar to the rest of the country rock. Probably albite
wags present but it has now all diséppeared. Here we then had all the
elements necessary for the formation of hornblende. This does not preclude
the addition of soda and lime, but the fact is that the amount of horn=-
blende formed was dependent éhiefly’on the.présence of these constituents
in the original rock, and particulérly on the amount of alumina, other-
wise all the amphibqle would have been grunerite. What was chiefly needed
wag the addition of iron and & medium by which diffusion céuld take place,
The centre of amphibole clusters are usually grunerite but it must Be

remembered that iron was being introduced and reacted with the silica to
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" form grunerite while the diffusion of soda, lime and alumine to these

S

centres was slow so that hornblends formed the outer rim. The dust
inclusions in the quartz arranged in irregular patterns testify to the
bulk reconstitution of the'whole rock.  Nevertheless, original bedding
was not always wholly destroyéd but became reflected gy the laminated
sulphides. Of course the original rock composition varied from place to
place and in some cases only amphibols fofmed. As a consequence of these
reactions the hydrothermal solutions became more alkaline and excess iron
reacted with the sulfur, possibly HpS, -to form pyrite and regenerate some
water. Arsenic, zinc and copper also reacted at about the same time to
form chalcopyrite, sphalerite and arsenopyrite.

The wall rock alteration may be looked upon.as a. case intermediate
Between thermal and normal regional metamorphism with some metasomatisme
The magmatic fluids provided the necessary constituents and raised the
temperature of the rock such as to favor the formation of garnet.

An aésumption must unfortunatelybbe made and that is that the wall
rock was high in alumina but low in soda and lime.

The solutions, besides producing the changes already noted in the
z0ne permeated the surrounding rock so that with the addition of iron the
physical conditions were such as to be favorable for the formation of
garnet and‘biotite. ‘The fact.fhat pressure was being constantly relieved
in the mineralized zone, by shearing, but not in the wall rock may have
some bearing on the fact that almandite was formed in the wall rock sinee
that mineral is generally regarded as a stress-mineral. Nevertheless,
one would expect some garnets to form in the mineralized zone, and that is
actually the case. Two such instances have been described.

The last stages of metasomatism are manifested by the chlorite

alteration. Penninite is low in alumine and iron but high in magnesig,
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It seems, fherefore, that in the dying stages of metasomatism the‘éolutions
became enriched in magnesia and attacked the biotite and garnet converting
them to chlorite, This final transformation raresly went to completion
and fqr the most part thé rock is iittle chloritized,
Summary: |

Metaéomatic changes resulted from hot dqeous hydrothermal solutions
carryiﬁg considerable iron. The rock affected by these solutions was
already undergoing regional metamorphism so tﬁat the accession of fhese
solutions and consequent rise in temperature greatly facilitated the
process of solution and diffusion, and the addition of the iron constituent
resulted in the formation of a distinct mineral assemblage characterized
by their high iron content.

Source of Solutions's

The overgll pictu}e of metasomatism is never complete until a
source for the mineraliziﬁg solutions is found.. The obvious source in
this case is the large granite mass lying to the northeast‘and which we
may safely assume underlies all thé sediments in this area. The pegmatite
dykes are related to the granite and we have already noted how they are
offset byAthe shear zones, It seems, therefore, that pegmatite injectionm,
shearing of the sediments and intfoduction of hydrothermal solutions are
clbsely relatad not only in space but in time, ‘This is borne out by the
fact that in the portion of the No. 2 Zone which consists of disconnected
lenseé, pegmatite dykes cut across the sediments betwsen the disconnected

injected
parts of the zone., This indicates that pegmatites were formed over a long

period of time and that the mineralizing solutions are contemporaneous
with the pegmatites. It is, thereforse, concluded that both the pegmatites

and the hydrothermal solutions were derived from the same source, namely
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- the granite,

Clessification of the Deposits:

The mineral deposits on the property are ghear zones replacement
deposits. They were formed et temperatures above 300°C and under high

pressures and correspond to the lovwcr part of the me.:othermal range,
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THE. QUARTZ PEBBLES

General Statement’

Attention has alread& been drawn to certain quartz sﬁructures that
were referred to as quartz pebbles. A detail description.of these will
now be given and en attempt will be made to provide a satisfactory
eiplanation for this unusual occurrencé;

QOccurrence .

The quartz pebbles occur in nearly all the shear zones but are
more abundant in some zones then in others, They are ﬁost prominent in
the No. 2 Zone while No. 1 and No. 4 Zones hardly contain any at all,

They have not been noticed outside of the shear zones so that the presence
of these pebbles seems to be genetically related to those assemblages of
sediments that have been sheared.

. Description

The first impression gained by the observer is that they are truly
'pebbles and thus part of a conglomerate horizon, but on closer examination
they preseﬁt certain features that aré difficult to reconcile with this
mode of origin, |

Generally they are elliptical in shape Qith the longer.dimension
parallel to the strike of the beds. The long axis varies in length from
1/2" to 1 1/2" and the ratio of the long to short axis is usually about
Tt5. However; they vary a good deal in shape and sometimes aré lenticular
shaped with pointed ends, Several of ﬁhese lenticles often coalesce and
~form a veinlet that appears to have been pinched at regular intervalss At
other times they have no distinct shape and are only éuartz splashes or
streaks in'the rock. In some cases a group of four or five perfectly

round pebbles were noted.
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The elliptical oﬁes are often rod-like down the dip and ﬁeathering '
has loosened them so that they can be pulled out of the rocks They then
resemble fat cigarss That is not always the case, however, and the outline
of the pebble down the dip may be quite irregular, Some pebbles dre T3
pointed at one end and blunt at the other end, while others appear to
have been rotated so that they are out of line with the strike but the
rotational effect may be either to the right or the left,

The pebblss invariably ocour in bands three to five feet wide and
are strung out more or less along definite lines, but the btands do not
ﬁaintain the same position throughout the zone., Sometimes it may be near
the foot-wall, at other times near the hanging wall, or in the centre of
the zone., In the No. 2 Zone they also occur irregularly scattered without
any apparent preference for certain beds. Two small S-shaped drag-folds
with their axks plunging almost verticalywere also noted in the No. 2 Zomse
and in these two instanﬁes the quartz pebbles follow around the &rag-fold'
so that the long axis of the psbbles remain parallel to the beddiﬁg.

(Fig. 25)

Composition and Texture

All the pebbles consist of bluish-grey quartz having a sugary
texture as though the quarti had been crushed and recrystallized, vNearly
all contain small patches of hornblende that have a streaky afrangement
in the direction of the long axis of the pebble. A few"éontain sparsely
disseminated pyrite.‘ On the weatheréd surfacé the hornblende and pyrite
have been removed so that the pebbles have a pitted appearancs,

Microscopic Exemination

In thin section the stress effects on the quartz of the pebbles
are quite evident. The quartz grains exhibit undulating extinction and

strain shadows and have & 2V as high as 20 degreés. The grain boundaries
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Fige 25 = Small S=shaped drag-fold in No. 2 Zone.
Note how pebbles follow around drag-fold

are highly sutured and trains of minute fluid inclusions cutting across
several grains are quite common, The quartz is much coarser-grained
than that of the rest of the zone rocke The grains are much elongated
in the direction of the -long axis of the pebble but the average width of
e grain is about 1/50". Although strain shadows have a tendency to run
parallel to the longest dimension of the grain, they also trend at various
angles ecross it.

Thers is no definite boundary between the quartz pebbles and the
rest of the rock, the quartz seems to form a matrix in which the amphiboles
and sulphides are almost entirely absent in certain elliptical areas,

However, just at the borders of the pebbles the quartz becomes fine=-
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grained and grades sharply into ghe amphibole rock of the zone,

The sulphides that generally rim the pebbles may be just inside
the pebble in the quartz or just outside in the amphibole rock, They
consist of pyrite and sphalerite; a little carbonate, and in two inét&nces
phlogopite, were noted,

The sulphides occur as irregular disconnected veinlets or as
individual prains molded around the quartz grains (Fige 21, P. 43)

More pyfite and hornblende bcdufs dispersed throughout the pebbles
than is apparent in the hand specimen., They are present as small fine
grained clusters or streaks wiéh the pyrite molded around the quartz
grains. (Fig. 18 and 197 P. 43). 1In places a fair amount of dust
inclusions (magnetite) accompany‘the pyrite.

One case was noted in which & quartz veinlet containing considerable
pyrite connected two pebbles.

Origin

It is quite svident that these quartz structures are not pebbles
in the sense that they'form part of a‘conglomerate formation, To begin
with, if they were, why are they all composed of quartz? One would expect
to find some variation in their composition, possibly granite or felsite
pebbles. Their manner of occurrence in these beds violates all principles
of sedimentation. The beds in general are well sorted so that the pebbles
should be concentrated in the bottom of the beds, but therse is no such
tendency., You might expect too variations in grain sizes of the sediments
that contain the pebbleé from the finest‘greywacke to the largest pebbles,
but such is not the case,

The fact too that the "conglomerate bands® in the shear zones do
not maintain ﬁhe same position'but ocecupy different stratigraphic horizons

along the strike of the zone is positive evidence against the theory of a
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sedimentary origin of the pebbles. Finally the indefinite shapes of some
of the pebﬁles; their tendency in many instances to form veinlets, and the
lack of sharp boundaries in thin section, all point to a different mode

of origin. Clearly,some other solution must be sought to account for them.

The presence of sulphides, molded around the quartz grains, and of
hornblende in the pebbles, and the lack of & definite boundary between the
petbles and the enclosing rock, all indicates that metasomatism has
played an importent part in their formation. The pfoblem is what\physical
conditions prevailed at the time of their formation that would have the
effect of producing pebble-like structures e#sn though they are the
result. of replacement, |

‘ Enough has been 82id about the shape of these quartz pebbles and
of the quartz grains comprising them to indicate that they express some
kind of linear structure. During the process of shearing, we have mentioned
how innumerable shearlike openings, infinifesimal in size are developed,
but the rock, even though it were quite uniform in composition, would not
yiéld to the shearing stresses to the same degree throughout the zone.
Some of the shear-like openings would be‘larger then others, resembling
small fissures,

These small fissures became filled by mineralizing solutions and
the pressure transmitted by these solutions caused some bulging or dilatiom
of the fissures thus enlarging the openings. At the same time replacement
of the fissure walls took place, A glance at Figures 26 and 27 will show
how the pebbles resemble a great deai small dilated fissuré veins, Some
of them are strung out like a string of sausages while others ars arranged
slightly en echeloun,

The final Shape of the pebbles, however, was determined by the

shearing stresses the rocks were subjected to., These stresses caused a
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Fige 26 = Quartz pebbles. Note how several pebbles
tend to coalesce, also distortion of bedding
around some of the pebbles

Fige 27 = Quartz pebbles. Note how they tend
to occur along definite bandse
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stretching of the pebbles., Quite often the pebbles are striped and
streaked parallel to the meximum elongation. Sometimes the pebbles were
slightly rotated and this caused a deformation of the beds around the

pebble., One such pebble well illustrates this in Fig. 26, P. 58.
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THE OCCURRENCE OF GOLD

Assay results from diamond drill cores indiqate that gold content
is very erratic. For this reason bulk sampling of an open cﬁt was under=
taken. An open cut 340 feet long, averaging 10 feet wide and 2,5 feet
deep was excavated at the séuthern end of No, 2 Zone, A detailed geologi-
cal map of the open cut was made and assay results superimposed on this
map. (Map 2) "In a broad sense the best gold values are with the laminatea
sulphides and in the rusty fractured sediments high in sulphides, The
highest values too seem to be where the zone is wideste

Very little visible gbld occurs in these zones. It can Ee panned .
from the rusty weathered surface material and it was noted on two occasions
in drill cores, In both cases the gold occurred in the bluish smoky quartz,
Unfortunately, gold was‘not observed in any~of the thin sections studied
by the writer,

Since the quartz and sulphides are cloéely associated, it is

probable that gold is closely related to both,
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STRUCTURE

The rocks of the area are apparently part of the east limb of-a
syﬁciine,_ The sedimenés trend in gemeral N 55 and dip steeply to the
southwest. The strike, however, changes direction in the southern part
of the property and swings to & northeast direction. The horizontal
distance across the strike increaées as you proceed southward, Cértain

 argi11acebus beds exposed on cleim L6l are not found to tﬁe north along
the strike of the beds.

Drag~folds, Z-Shaped in plan, occur in the assemblages of thinly—
bedded sediments. The axes of these fol&s plunge about 85° to the northe
‘wést; obviously they were formed by nearly horizontel movements that
carried the northeast sides southeast, Two small S-shaped drag-foids in -
the No. 2 Zone have already been mentioned in connection with the quarte
pebbles, The. movement which pyoduced the Z-shaped drag-folds is similar
fo that along the shear zones, since the displacement alpng the zones is,
in all ;ases,right-handed.

The dip of the beds varies between 700 to the southwest and vertical,
except at the southern end of No. 2 Zone where dips are TOPNE,

Two.prominent sets éf Joints are dgveloped. One strikes in a

~ general N-S direction while the other strikes about N 45°E. Both dip

steeply or vertical, ' ;x</
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CONCLUSIONS

The Archean sedimentary rocks of the Yellowknife group, in the
area considered in.this thesis, suffered regional metamorphisms The
gradé of metamorphism corresponds to the Biotite-Zone. It is often
difficuit in e study of this kind to draw the line between mstamorphism
and metasomatism. It is certain, however, that the latter process has
played an important and essential role in the production of tourmeline in
the phyllite beds, in the development of muscovite in sediments near the
granite contact, and in the formation of the haematite bands, A small
amount of tourmaline is present in nearly all the sediments studied and
it is probable that the whole country rock was more or less permeated by
ﬁagmatic fiuids derived from the hearby granite at the time of its intrusion.

Shear zones in the sediments afforded chammelways for mineralizing
solutions and thesé formed replacement minerel deposits in tﬁe zoness The
wall rock alteration along the zones consists of garnet and biotite partly
altered to penninite. The mineral éssemblagé produced by the solutions
is characterized by a high iron conteﬁt and attests the ferriferous nature
of the hydrothermal solutions,

Quartz structuresvin the shear zones, referred to as quartz pebbles,
‘are believed to be of hydrothermal origin. Their shapes are attributed
to the physical-éonditions, existing in the rocks, at the time they were
formed, Small fissures in the rock were the loci at which the "pebbles™
‘started to>fofm. Dilation and replacement of the fissure walls enlarged

the pebbles and the shearing stresses imparted to them their final shape,
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Thin Sections

The following is a list of the more important thin sections

studied by the writer:
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The following interesting rock samples are included as part of

.
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12
15

18

20

31
32
38
39
44

46

47
51

55 .

58
63
64
66

78

Rutile needles in chlorite

Spotted sediments

.Quaréz pebble

Quartz-sulphide veinlets in zome rock
Garnefiferous wall rock
Typical,quartz-sulphide—amphibole zons roci
The granite

The diabase

Sedimentary rock near granite conteot
Garnetiferous-biotitefamphibole zone rock
Quartz pod with flﬁid inclusions

Wall rock altered to penninite

Amphibole rock neer iron formation

Haematiye bands

The porphyry
Crenulated sediments
Tourmalinized sediments
Garnetiferous ﬁall rock
Quartz pebble

Quartz pebble

Quartz pebble

the material handed ing
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Fanded pegmatite
The granite
Pegmatite with lepidolite

Heematite bands in iron formation

- Quartz pebbles (6 specimens)

Garnetiferous wall rock
Garnetiferous wall rock with coarse biotite

Zone rock (sulphides and‘garnets) 2 specimens

Leminated sulphides with quartz pebble
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