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~ ABSTRACT

The Sito West depoéit at Sito Lake is one of a number of -
uneconomic disseminated zincélead,and lead—zinc—quartzite deprits
that have been located within the‘Wdllastbn'Lake fold-belt of northerﬁ
Saskatchewan.’ a8 | | ‘ _

Metasedimentary focks belong to the’Daly Lake Group which is mostﬂl
widespread, and the Meyers Lake_Group which contains the quértzité 5
host of the sulphides. The Meyers Lake Group‘apparently overlies |
the Daly Lake Group here. |

..Graded beds préserved in ‘the Meyérs Lake Group commonly show -

cdmpositional gradatioh from basal arkose’to shély tops. Metamor-

phism has produced garnetébiotite-rich and sillimanite augen-biotite-

garnet-rich portions near the tops of these beds. It is proposed

that they indicate deposition by turbidity currents.

Three major phases of deformation prdduced a‘series of elongate,
steeply inclined basins and domes. The domal structure at Sito West
is like the central conical portion of an."angel—food céke~pan" if -
it were flattened and iﬁclined.

Metamorphic mineral assemblages are characteristic of Abukuma—typev ~

cordierite-amphibolite facies and'lower granulite facies metamofphiém




The mineraliéation,,which'occurs in the uppérrhalf-of the -
quartzite unit, consists essentially of dissiminated pyrite, LQ
.- sphalerite, and galena.’ The sulphides precipitéted during deposition
of the host, but diagenesis and metamorphism has destroyed textural ’jf;

evidence. The deposits are similar to the copper-uranium-vanadium- = -

sanstone deposits of the southwestern United States. .= =~ .




-i-

TABLE OF CONTENTS

-~ ACKNOWLEDGMENTS

e

© INTRODUCTION . uueesennnnnseennnnnensennneessasnonosseonensaness Lo

General Statement .....ecceeeseeseecsscssossssnnsnesnsnssnss ® Lo
Location and Accessability...ecveesveececccoscooscaassasass Lo
PhySi08Yaphy useecececocerensssescesscncsnsscosocncassnasass o
Previous and Present Investigations ....cccescececcosccccee  3a
Regional Geology ...... Ceieseseteccecesenseascssseneansenns Do

SITO LAKE GEOLOGY ........uucecnecencenceessosceseennnnsasanenns T

 INETOAUCLION +iuvereearironresecancssassascsssssvenancsscee ~To
‘Daly Lake GIOUP v.uiceeecesesesossscosancnss L P 1t
1. Cordierite~Garnet ROCKS ....cocesuscecsssacessonca 104
2. Biotite Schists, Calc Silicates, and
Associated ROCKS ....ccocavcecvecnesaconanensa 124
. 3. Biotite-Hypersthene and Biotite Pyroxeme =~ .
S : SChiSts ..veeveereeeneocenceonnns ceeeeesesses 13,
| e C DiSCUSSION +ivieieeivrencsnveancsnsssessssesessocsnnanssanes 130
‘ ‘Meyers Lake GrOUP ..ccvveveesesossescnacsanssasasscasnsssens 160 .
General ............. Ve taraesenesereses ceeessisesasasa 160 0
4. & 5. Lower Meta-arkose Sequence ....... cenesssasas 16,
6. Quartzite SEqUENCE ...reverrescensassss eederessens 240 ;
‘f : = 7. Biotite-Sillimanite Schist Sequence ...c.seeceeees 26, : -
| ‘ 8. Upper Meta-arkose Sequence ....ceveveee ceseesesess 280 '
| Discussion ..... cdecserstssensnanans tececesesssssassscsaans 30,
Other ROCKS tevvveeosrvossacereasessossvassacnsconscasssoss 34,
V 9. Garnet Pyroxenite ....c..c.ccesceccscssessscccsscncs 34,
’ Intrusive Rocks ..... Ctetaescseesssectencesansssessassanses 4.
10. Biotite-Hornblende Granite .........eeeeessesoaass 4o

STRUCTURAL GEOLOGY ..ca.o-'llootn'...-'.u.l-o-.oi-.n.oo.t...'cﬂou 36'

‘Planar StTUCLUTES «.uvesvesevoceseassoancasassscssassannses 300
Linear SEIUCLUTES «vvveeessseecnsonsossassassassssncsnansse 39.
FOLAINE vt veenvuononoannoncoeasenanasasesnnanesasssasascans 390
' Earliest Folds, Fj <eoovvnrrnnnecnnnee. ceeesesesvesass Al
Second FoldS, Fo veveverereosoeosansossoscascanasssses ALL
Third Generation Folds, F, eeseessesasseseacnscessess 43,
Sito WesSt StTUCLUTE cevivnnroenencen e etesssnesesensesesenas B3
Discussion .e.eveeeen. ceecearesasenannos cetissiaserranaeaas AT




-ii-

'METAMORPHISM  ............. O SR IO fereiieeee 5L
Metamorphic HISEOTY  .evevvnniiiieiienerennen wees ‘fﬁ‘54.
Garnet Growth and Deformation ......... cecesenane _.;,455;
ECONOMIC GEOLOGY «.eeuueveveannnn. SRR eeieeeieeeeeees o 590 T
Introduction ...............'....; ....... coresone .  5 ;‘59."k
Sphalerite T s e s e emseesvea e s e s e s seEPBETOEESADS ..".‘“:"“'»'1“ 59. ;
Pyrite 400 st s e reds et s iesacsesssasrs O 60. :
Galena LA AL AL B EE IR 2L BB BN SC I IR I I I S IR AR A B A AR A S LR R AP AR 61.
Chalcopyrite .......... s etseseseenesseniacnannae NN > D
Fluorite AR R A I I I N I I I I A 61.¢ SP
Discussion of OTigin ..eveeenevevvoonns ceecesesee 62, 0
COMPARISONS WITH OTHER DEPOSITS ,.eevveveerccccennannnnns I T
CONCLUSIONS ........ A S eveeeieeen 68,
REFERENCES veeuueeeneennsnnneanseeneensernneonncenean 70, |
TABLES

~Table 1. Table of Lithologies .......... i ieeeneevheed 9.

Table 2. Summary of Estimated Compositions R
of the Meyers Lake Group Rocks ...... I IR LE s £ .

Table 3. Metamorphic Mineral Assemblages; Sito Lake Area . -~52.:'

’ FIGURES
Figure 1. Location of Study Area ....,.; ........ : ..... .;. L 2.
R 2. Known extent of the Wollaston Lake fold-belt ... | :4;'
ﬁ  ,> R Souﬁhwestern third of the Wbllasﬁon fold-belﬁ .o E ;8,‘, 
w 4. 8ito Lake Area: Geology ..............;.‘.....‘;   f BackkPocketv :‘ .
5. The Bouna Sequence ...,.....;..,.........;..,. Cml =
6. Equal-area diagrams for the Sitb Lake‘Aréa R : 38.  1“ '

7. Deformation of sillimanite augen Cheeeseesiine "40.'




Figure . 8.
9.

10.

11.

212,

13.

14,

~iii-

Sito Lake Area: Structure .
‘The "Angel-Food Cake-Pan" Analogy . ..

Structural Analysis of the Sito West Property ..’

ooooo

see s se s s s sanne

---------

Sketches showing hypothetical'structufal

development of the Sito Lake area  ........ sivee
Sketches showing hypothetical structural
development of Sito West A ees
Three dimensional sketch of garnet

dodecahedron Ceeeeecenconcsanrantarnssstnesna
Three dimensional sketch of garnet

ILLUSTRATIONS

_Geology of Sito West, Map A

---------

- dodecahedron Lo oneaseosesasassassntsoseennae

42,

44,

46.

49,

50,

58,

-’Back.Pocket» _ :



‘Plate 1A.

2B.

3A.

BB.

4A‘

4B,

5A.

~ S5B.

-y

‘ , L J,’ - Following page .
Folded and boudinaged leucocratic layers A B A

parallel to S, schistosity in cordierite-~garnet ‘
rocks, 8,000 %eet west Of Sito WesSt...ceecesoaseonssss 110

~Large blue cordierite pcrphytcblast in 1euco~"'

Cratic pod in unit loo-o..00ooo-o..-o-.'.o.o.a!-;no;. -119.

‘Large sillimanite-quartz augen characteristic of

the massive lower division arkoses, unit 4, of -
the Lower Meta-arkose Sequence, Sito West.......ev... 17.

Relief of many sillimanite-quartz augen in méta;’»‘» S
arkose of unit 4. Note the "Life Saver" (arrow) -

. for Scale--.........-. ----- PR EREEEREEE N IE SR N AR NN 17-_

Portion of a sillimanite augen showing a fibrous

sillimanite core that contains euhedral (rectangular
shaped) sillimanite grains (Photomicrograph, plane

>>polarized light)..... ------ T T T R T A o S lgo”‘

Current bedding (below hammer head) in a quartzite',
bed, 4a, near the south end of the peninsula at- ;
SitO WeSto.....................-.........-....-...,..~ 19;  o

Compositionally graded beds with sillimanite augen
(white spots) tops in upper division arkoses, unit 5, v
of the Lower Meta—arkose Sequence at Sito West....... 21.

Compositionally gréded beds with garnetiferous tops
(light to dark) similar to Walker's (1967) A—E
Sequence in rocks Of unit 5eccieenievnccscssnnsasases 2l.

- Highly sutured quartz and feldspar grain boundaries

in rocks of the Quartzite Sequence, unit 6, Sito : -
West (Photomicrograph, cross nicols)...ieeeceecsacses 25,

Fold interference pattern outlined by sillimanite

"augen~rich bands in the Biotite-Sillimanite Schist

Sequence, unit 7, at north end of Trench 4 at Sito

westb-------.-.--.- ----- P R R R T R N Sy Y Ay S 0 B SN ‘25-

Sillimanite-quartz augen flattened into the axial

plane of minor folds in the hinge zone of a major

F, fold near Trench 5. The layers outlined by the

dashed lines are garnet-rich zones in upper division o
meta-arkoses, unit 5, at Sito WesSt..eeeeesesnosseeess 38,70




Plate 6B.

7A .

~7B.

SA -

SB .

—_—-

Crenulation foliation (Whitten, 1969) or strain-glip g

cleavage (Ramsay, 1967) depicting the development
of S, in unit 1; 4,000 feet northwest of Sito

- West, near Lake B....... sesscestsssarsenenn ,..;......

Similar style folding of upper division arkoses,
unit 5, in the hinge zone of a major F, fold at

Sito West. Compass points BOTER. s eesesemneeennnnnans

Concentric style folds in unit 5 in the south-
east part of the peninsula. Note the sillimanite
augen remain in the plane of bedding around the

nose Of the fOld.....o-.-.-..s...............o-...---

Fibrous sillimanite(s) has partially replaced

a euhedral andalusite (a) grain which occurs in a
biotite~rich part of unit 1; near the north end

of the small lake north of Lake B (photomicrograph,
partially crossed Nicols).ceceeeeesnnsovstossocsnnisos

Quartz-filled (Q) strain shadow behind a garnet

- (g) porphyroblast is outlined by swarms of

sillimanite(s) needles. Note that rotation of
garnet is indicated by the included and stretched
out magnetite (m) grains. From unit 7 at south
end of island immediately south of Sito West.

- (photomicrograph, plane polarized light).............

10A.

loB L4

Early stage of snowball texture in garnet por-
phyroblast in unit 1 from outcrop at northwest end
of "W'-shaped lake northeast of Sito Lake. (photo- -
micrograph, crossed nicols)...eceecesesccscisanssonns

Sphalerite grains (white) showing pitted‘marglns.
Quartzite Sequence, unit 6, Sito West (photo- ‘

micrograph, reflected 1ight)....................;....,

Sphalerite grain (gray) containing tiny blebs of
pyrite (white) that are orientated in a straight
line. (photomicrograph, reflected light).eccceceanees

38,

400

%0.

53.1 i:‘,;

55,

60. '

60.




ACKNOWLEDGMENTS

Acknowledgment and thanks are extended to the following o
persons and organizations for their contributions to this sfudy:

The Saskatchewan Department of Mineral Resources for the opportunity, f S

~through summer employment, to do the study and for supplying the

necessary field equipment and servicing; Mr. M.W. Pyke of Wollex
Exploration, Calgary for the donation of $500.00 to the project and
for the use of confidential maps and reports; Canadian Delhi Ltd. and-

Husky Oil Co. Ltd. for allowing the study to be done on their mineral

"~ -.claims; Dr. Langford for his advice and criticism in writing this paper, >

Drs. Mossman, Lewry, Stauffer and Forester for their discussions andl,"

suggestions; Mr. E. Hawkins for the preparation of thin sections and

polished surfaces; Mr. R. Ziffle for his assistance in the fiel&; and

Mrs. M. Harper for her patience and typing of this manuscript.




- INTRODUCTION

GENERAL STATEMENT

Stratabound lead-zinc deposits within the Wbllaston Lake fdldf,”
belt (Figure‘l.) constitute a.néw metallogeﬁic province in the Cénadian"
Precambrian Shield. These depoéits which4have-syngenetic and/or dia-
genetic origins consist of disseminated sphalerite, pyrite, galeﬁa;tanév,
some pjfrhotite. Duriﬁg the suﬁhéfvéf 1972, the author had‘fhe o
oppqrtunity to visit a number of these deposits and made a détailed‘stﬁ&y :

of one of them, the Sito West deposit at Sito Lake.

LOCATION AND ACCESSIBILITY

The Sitb Laké area is 80 ﬁiles norfh éf La‘Rongé;‘Séskaﬁchewanfi
(Figure 1.) and is acceséible by float or ski equipped aircréf? from that
community. A longer more arduous route by’canbe vié the Churchill andA 
Foster Rivers is also available. ’

Access within thevstudy‘aréa is’limifed because lakes are small‘
an& podriy connected. Much of the area was burnéd’fifteen to twenty-fivé-
years ago making bush fravel very difficult in placesf Several trails

and grid systems have been cut to provide easier access within the .

’mineralized areas. -
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PHYSTOGRAPHY

| The Sito Lake area hos iow ﬁo moderate hills and ridges that
rise no more than two hundred feet above nearby lakes.. Much of the
area is covered by a thin veneer of glacial drift witu thicker"
deposits of sand and silt>in lowvlying areas. Im addition,‘seve:al
small diécontiuuous eskers énd smail outwash plains ure presént,

Muskeg and peat bogs are not extensively developed,~

PREVIOUS AND PRESENT INVESTIGATIONS’

3 Exploiatory geological mapping in the area waé done by Tyrrell -
in 1892 (Tyrrell and Downlng 1896) He was. foilowed by MacMnrchy
(1938) who mapped the Foster Lakes area at one inch to four miles

in-1936. One inch to one mile mapplng in areas adjacent to and

r'includlng the study area has been done - by Mawdsley (1957) Money %%fJW&%ﬁ [
(1961, 1965, 1966), Fuh (1972 and 1973) and Forsythe (1973)(Figure 2.).

The study area has also been covered by the airborne magnetic surveys' e

of the Geolog1cal Survey of Canada (1965)
In 1952 and 1953 radioactive pegmatites were the ob]ect of

exploration ventures in the Foster Lakes area (Pyke and Partridge, 1967

~and Rath and Morton, 1969). In 1953, copper was discovered near

Upper Foster Lake and as the search for more copper continued a

"quartzite boulder containing 16Z lead, 1% zinc and 5 ounces of'silver{

per ton was discovered on the Wathaman River. This sparked extensive

exploration programs designed to locate the source of the boulder.

From 1963 to 1965 several deposits were found to the northeast in

areas 10 and 12, Figure 2. The best of these deposits is the
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George Lake deposit‘(Figure 1.) which occurs in the Compulsion River
fold-belt (Mgller, 1970 and Moller and Brummer, 1970) a branch of the“i
- Wollaston fold-belt. ) | |
It was anticipated‘that éimilar disseminated deposits might occur”i;

to the southwest near the Foster River. 1In the aﬁtumn of 1971 Eric, ~ff ‘
Partridge and his associates found several showings in’this areé;yéne ; "‘
of which was the Sito West deposit. The properﬁies were optioned  ,il
to a consortium of companies of which Canadian Delhi and;Husky 0oil -
were the principal companies involved. Wollex Eﬁplorafion of”Calgary;V“
Alberta was contracted to do the assessment work, and £héy completedv
geological mapping and geophysical surveys of the showings with =
"trenching and &iamond drilling in selected areas.

‘ Field mapping by the author during August and’September of 1972
consisted of detailed mapping (1 inch to'SO feet) of the Sito West
déposit:(Map A) and pace and compass tréVerSesvat”ééproximately one

quarter mile intervals in the surrounding area.

REGIONAL GEOLOGY

- The Sito Lake area lies within thé Wollaston Lake fold-belt
which is part of the Churchill (stfuctural) province of the Canadian
Shield. fotassium—argon dates of 1750 million years indicafe the
last phase or phases of deformation along the’fold-belt occurred‘ 
~ during the Hudsonian orogeny (Money, 1968 and Money, Baer, Scott,
and Wallis, 1971). A pre-Hudsonian orogeny, the Kenoram, is also

indicated by some dates from "older granitic rocks" (Money, 1968).

Some lead-~lead dating by Cumming, Tsony, and Gudguris (1970)




suggests galena, with an age of 2040 million years, formed contempor- °fl

aneously with its host metasediments thus indicating an Aphebian age

. for the sediments.

Money (1968) describes the Wollastoﬁ.fold?belt as a systém "

of coalescing fold belts of metasedimentary rocks sepérated by»éreas_j;”af' 
of "granitic" rocks. He has subdivided the Wollaston fold-belt into ’ £; ,.
three lithological groups; the Sandfly Lake Group, Méyers Lake G:oup,'f i ,,

and Daly Lake Group. He considered the Sandfly Lake@Groupito be the =

oldest\and to be overlain unconformably by the Meyers Lake Group.‘ 

.However, diamond drilling and structural mapping~(Lintott and>Pyké,

1972) in the Fable Lake area (Figure 1.) indicates that metasedimeﬁts‘  '

similar to the Meyers Lake Group overlie metasediments correlative

with the Daly Lake Group.



SITO LAKE GEOLOGY

INTRODUCTION

The Daly Lake Group is the most abundant and COntinuous‘group f
in the Wollaston fold-belt, such that correlétion from the type area
(Area 19, Figures 2 and 3) to other areas of the fold—belt can. be made;,
Most of the metasedimentary rocks in the Sito Lake area are correlative
with the Daly Lake Group. The metasedimentary rocks on the Sito East
and Sito West Mineral Properties:are- similar to the Meyers ‘Lake Group
and are probably correlative with it.

- The metasedimentarybrocks inﬂthe study ofea‘are stroogly de~
formed, regionally metamorphosed to the upper amphibolite andklower
granullte facies, and have been 1ntruded by granltlc rocks.

The use of formal rock unit terms’such as Formation, Member,~;'
etc., is not justified for Daly Lake .Group and MEyers'Lake Group rock$.5
in the Sito Lake area as there has been oo formal classification on
this basis by Money (1965 and 1966) in either of the type areas.
Therefore, the rocks comprising the Daly Lake Group in the study area

will be referred to as map units (1,2, and 3, Table 1.). As the rocks

‘comprising the Meyers Lake Group in the study area will be discussed

in more detail, they will be referred to as informal rock. units, such

as sequence and bed (4 to 8, Table 1.)
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ERA | EPOCH | NAME |  DESCRIPTION

CENOZOIC RECENT  AND | : ; TILL.GRAVEL, SAND ., SILT, CLAY .
' | PLEISTOCENE o & PEAT '
GREAT UNCONFORMITY
CInTRusive | PeomamiTE oo
Rocks | BIOTITE- HORNBLENDE GRANITE
INTRUSIVE CoNTACTS
Rocks orF

TERRS ‘GARNET PYROXENITE. 9 .
UNCErRTAIN ORIGIN | E

UNCERTAIN . RELATION
| Mevers bLAKE | uePeEr meETA- ARKOSE SEQUENCE 8 =
Grour | MOTITE-SiumaNiTE schisT 7.
APHEBIAN | - . | auasrzite sequence 6 |

LOWE R META-ARKOSE SEQUENCE ‘
~Upper Division 5

Lower Division 4

PossisLe UNCOMFORMITY

‘ . - | i Dawy Lake BIOTITE~HYPERSTHENE & BIOTITE=- .

L : ‘ , ' "} PYROXENE SCHISTS 3

| . B BT ‘ - Group

. . BIOTITE SCHIST, CALC~SILICATE ROCKS
& ASSOCIATED ROCKS 2

CORDIERITE-GARNET . ROCKS I

ARCHEAN

-

Tablel. Table of Lithologies. The numbers,l-'io, dre map unit numbers.

~*Terminology based on Eicher(1968) & Stockwell (1972)
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DALY LAKE GROUP

1. Cordierite-Garnet Rocks .

Rocks of unit 1 are exposed primarily te the’weStiand northwest
of Sito Lake with a narrow zone along tbe edge of‘tbe granitic recksbln ther
southeast and northeast parts of the area (Fignrelé,'back pgcket); 'The’
cordierite-garnet rqcks have a mimimum exposedkwidtblof anprcximatelj =
1600 feet adjacent to the granitic rocks and are enposed for more tban
6000 feet in the western half of the area. -

About one-half of unit’l ia a garnetebietire-cordierite~

sillimanite gneiss which is coarse-grained ( 0.5 cm ), gray on both

 fresh and weathered surfaces, and contains as much as 36% by volume

garnet porphyroblasts as large as 5 cm across.[

Cordierite is commonly present as thln wavy augen no- more than

Mrfl/2 cm long and 2 mm w1de and may be gray or blue.v Silllmanite occurs

in a similar fashlon. Besides the four mlnerals described the garnet—
blotite—cordlerlte—s1111man1te gneiss also contalns quartz and K—feldspar _:

with some plagioclase and andalusite. The andalu51te was only‘observed;

- in thin sections of rocks from the area between lakes A, B, and C

(Figure 4) and it was noted that the andalusite was increasingly replaced ‘
by fibrous sillimanite from north to south across this area.:

Leucocratic nods are. abundant in the garnet—biot1te—cord1erite—
sillimanite gneiss. The pods, which are. generally 60 to:90 cm long and
as much as 30 cm wide, commonly contain aggregates as much as 10 cm across -
of garnet or cordierite or both. The cordierite is:easily recognized as

it 1s a distinctive blue colour. The pods themselves are composed

predominantly of K-feldspar with some quartz.




PLATE 1A. Folded and boundinaged leucocratic layers parallel to S
schistosity in cordierite-garnet rocks, unit 1, 8,000 feet
west of Sito West.

PLATE 1B. Large blue cordierite porphyroblast in leucocratic pod in unit 1.

Il
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, Interlayered with the garnet-biotite-cordierite-sillimanite
gneisses’and considered part of unit 1 are meta-arkoses, quartzites,
and biotite-cordierite schists and'gneisses.Y‘Thehmeta—arkoses and

quartzites have a grain size £ 1 mm diameter;pare light gray on fresh

and weathered surfaces, and commonly occur in layers £1 cm to 1 meter St

thick. Both rocks contain less than 10% biotite, garnet, and plagio—’4
clase, and garnet may be absent from some layers.‘ Fedlspar augen may :

compose -as much as 207 of some layers and coriderite is generally lacking‘7.

‘ ,from these rock types.

.The biotite~cordierite schists and gneisses are coarse—grained

A(averaglng 1/2 cm) and are 1ight gray to dark gray on fresh and weatheredih;*fhr
';7surfaCes.i The schlsts commonly occur in layers 1 cm.to 1 meter thick

that are generally separated by 1eucocratic layers as much as 20 cm -f'

vthick (Plate 1) The gneisses ‘on the other hand occur 1n 1ayers 40 cm { ’

to 5 meters thick and therefore, they are akln to the stromatic migma-I

tite structures (Mehnert, 1968). The schists contain more biotlte than

the gneisses and may contaih'abﬁndant‘cordierite*31111man1te augen;:

'sillimanlte augen, and feldspar augen. . Cordier1te~51lliman1te sugen e

occur in the gnelsses as well but are less abundant. Silllmanlte is not'x5hw‘

commonly visible in the cordierite-sillimanite augen, but forms the inner

‘core of the augen. K-feldspar, biotite, quartz, cordierite, and eilli-'

manite are the major components of these rocks. . Minor amounts of
plagioclase and andalusite are present and garnet is rare.

The leucocratic layers are white, composed essentlally of K-feldspar

~and quartz and have 2 cm grain size. Some biotite is present in’these

layers and coarse-grained aggregates of garnet and cordierite are

common (Plate 1.).
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As. a ﬁhole, map unit 1 is distinguished from the restiof the
Daly Lake and Meyers Lake Grcups because of ﬁhekprééence of;

(a) blue cordieriﬁé in augen or éggregate fofm;‘

(b) large and numerous garnet porphyroblasts;

(¢) leucocratic layers and pods.:

2. Biotite Schists, Calc-Silicates and Associated Rocks

Map unit 2 forms a nérfow zone, 200 to 500 feet (65 m to 160 m)

wide, along thé western shore of Sito Lake’and forms a/large‘partjof the

. area between Sito Lake and the Sito East deposit (Figure 4.);f”The uﬁit
'has a maximum exposed width of 1500 feet (460 m) and is an intérlayered ‘

‘ éequence of graﬁhitié~bibtite‘écﬂists, biotite—hornblende‘échists, célc-rv

.silicates, quartzites and meta-arkoses. Unit 2 is distinguished from

other rock units by the presence of graphite andllayers of calc-silicate
rocks, and by the préVéiénce/of‘ruSty Weathering énd*granobiastic textures.f:
The‘bibtite schists are brown. to dark brown on'fresh surfaces;_‘ |
pinkish where garnet is abundant, aﬁd are commonly iron stained on
weathered Suffaceé, whereas,'the biotite-hornblende scﬁists are'dark
gray on both fresh,andAQéathered surfaces. Both rock typés are fine-.
grained (1 mm) and thin layered (2 mm to 1 meter). The biotite schists
are composed essentially of biotite, plagioclase and K-feldspar with
highly variable amounts of quartz, garnet, sillimanite, hornblende,
graphite, hypersthene, and p&rite. The garnetiferoﬁs Varieties are‘
generally coarser in graiﬁ size averaging 2 to 3 mm and;éontain a few

porphyroblasts as much as 5 cm across. Pyrite, where present, may be

either disseminated grains, 1 mm in diameter or as veinlets.
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The quartzites and‘meta-arkoses are white to light graj on fresh
and weathered surfaces, iron stained where pyrite énd graphite are
present and have a grain size of £1 mm. Theseirock,types vary between
quartz rich quartzites and quartz poor arkoses but they'generally contain
asvmuch as 10% biotite, 1 to 2% graphite and 1% éfrite.‘ Layering in 
- these rocks is commonly less than 2 cm thick’and graded bedding was :
observed in two thin sections of these rocks, unfoftﬁnately the‘tép or .
way-up cannot be dete:mined because the sémples’were;hot oriented.;>“"

Calc-silicate rocks, labelled 2a on‘Figufe 4,‘o¢cur chiefly as"
layers, l‘cm to 3 cm thick, intercalated ﬁith the 5iotité schists, quért—;?  
zites, and meta—arkosés, however, a sixty fovoﬁé'hundrgd fgot‘(18;£o 30 ﬁ),iy;
‘wide zone composed largely of calc—silicateiiayers occurs éastféf‘Sitb Léke  '
i(Figure 4.). Calc-silicate rocks have a‘Zlmﬁ t645 mm;gtain7size, are |
pale greenish-gray toidark green on both frésh éﬁ& weathered surfaces and
have iron stain where pyrite is preéént; The rpéﬁé are cdmpoéed of
alternating diopside-rich and diopside—poqrrlayers which arerseparated'
by quartz—feldséar layers and/or biotite seams; As ﬁuch as'lz pyrite
and some carbonate are also present.

" 'In one thin ééction, diopside waskélmosg’entirely‘altefed‘to talc,':

chlorite, and amphibéle. In the same thin sectioﬁ‘plégioclaéeiwas almost -

totally replaced by zoisite.

3.: Biotite~Hypersthene and Biotite—Pyroxene‘Schiststj

Map unit 3 is exposed on the smalliiélaﬁd,near,the western shore
of Sito Lake, along the ehtire length of the eastern shore of Sito Lake
and in a narrow zone along the western edge of the.Sito East picket lines -

(Figure 4.). The maximum exposed width of the unit is 1000 feet_(3Q07'

meters).
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The biotite~hypersthene schists are characterized by a coarse
grain size (3 mm to 4 mm), brown to dark brown on fresh and weathered’
surfaces and the presence of rusty brown hypersthene. 1In placé#, thel
contact with the finer-grained biotife schists of mapkunit'Z is gréda;
| tional. The biotite-~hypersthene schiéts.are generally composed ofISOZ: -
plagioclase,-ISZ biotite, 10% K-feldspar, with as muchrés ZOZthbersthene,
10% cordierite, and 1% clinopyroxene. ’Plégioclasé is cummoniy poly- :

synthetically twinned and has an anorthite content of An to An

18

40
(oligoclase-andesine) as measured from extinction angles of the. ‘

polysynthetic twins perpendicular to the X direction (Deer, Howie, and

Zussman; 1966, p. 333). ‘Hornblende occurred chiefly as a replacement”of’ 

hypersthene, and one thin section had 1SZ,hornb1eﬁde and no hypersthene.

Biotite—pyroxene schist, which is similar in appearancevaﬁd some-—

~ what similar in composition to the biotite;hypérstheﬁé‘séhiété, is e

-exposed as three elongate boudin-like bodies in the core of a'major«f’:
anticlinal fold at Sito West. It is the author'srbeiief that thesé
boudin-like bodies are related to the biotite-hypérthene scﬁists, and‘”“h
that they are the upper edge of a tightly pinched anﬁ stretched pértionv
of fhose schists. The differencés between the two rpck types may just‘k
‘be the result of metamorphism under slightly varying temperature and‘
-pressure‘conditions; thus, the relation does not seem_far fetched. The .
biotite-pyroxene schists differ from the biotite—hypersthene schists’
nbecause they contain more‘biotite; have two equally important pyroxenes,
h&persthene and diopside; contain ub to’S% sillimanite which is absent

in the biotite-~hypersthene schists and héve very little plagioclase,ano,:
cordierite, or hornblende which are all present in the biotite-hypersthené
échists. Quartz and K-feldspar are present in anut the same amount in .

both rock types.
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DISCUSSION

According to Money (1966, 1968) the Daly Lake Group are metémdrphosed

.5edimentary rocks.” There is mno-indication that any of the rocks in M~f S

the Sito Lake area belonging to the Daly Lake Group have an’origin other‘b'7
than‘sedimentary. The cordierite-garmet rocks of unit 1 are’uﬁdoubtedly“' 
derived from pelitic éediments (shales and mu&stoﬁes) as the métamorphic
mineral assembléges would indicate. In places pelites 5re ihﬁerlayeréd ‘
with quartzose sandstones (arenite) and arkoses (Krumbein and Sloss, 1963)‘ ”’
which are represented by the quartzites and meta—arkosés éf'ﬁnit 1. | ; |

The biotite schists of unit 2 may be derived from shales, shaly e
sandstones, shaly arkoses, or greywackes and interlayered with*thege |
sediments and included in unit 2 are arenites and arkoses.'

The calc-silicate rocks,‘Za, probably fep:esent calcareous silt-.

stones, shales, or sandstones. Money (1968, 1971) does not believe there |

- is ‘enough carbonate present in Daly Lake Group calc-silicate rocks to
consider their derivation from impure limestones or dolomites, It is

possible for all of the original carbonate to have been used up fbrming o

didpside, such that a derivation from impure limestones or dolomites is :
possible.

“The biotite~hypersthene and biotite-pyroxene schists of unit 3

would also appear to be derived from shaly sediments or greywackes.

The gradational contact between parts of unit 3 and the biotite»schists‘
of unit 2 may indicate that the pyroxene bearingbrocks are,higher me;amorphic 
grade equivalents of the biotite schists. E ' | k
V’A marine environment of deposition for the sediments of the Daly
Lake Group is évident from the great thickness of pelitic sediments.

Periodic’influxes of moreyclastic material would be required for the de-

 position of arenites and arkoses. The presence of graphite in many of

the rocks of unit 2 might suggest that reducing conditions were prevalent

during that depositional episode.::
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MEYERS LAKE GROUP

General

The rocks (units 4 to 8, Table 1.) that are correlated with the
Me&ers Lake Group in the study area are well exposed on the large peninsula
(Sito West) in Sito Lake and in the area southeast of RobynvLake‘(Figute 4.).

The rocks forming this group are a well layered sequence of meta-arkoses,

~quartzites, and meta-pelites. Graded bedding is sufficiently well pre-

served in many of the rocks, such that the direction of the tops of beds

were determined and a thickness calculated; 550 feet (168 meters) at Sito

West aﬁd'approximately double that thickness at Sito East."The,quaftzite ‘

(unit 6) is important at Sito West because it contains the zinc‘minerali—

zation.

4. & 5. Lower Meta-arkose Sequence

The Lower Meta—arkose Sequenéé conéiété of 85 toyilS méters of
arkosic rocks which occur in the core of large reclined anticlinal folds:
at Sito West (Map A, Bagk pocket). The sequenéé is $ubdivide6 into ak'
lower division, unit 4, and an upper division,’unit 5, based on cémposi-
tion and thickness of layering.

The lower division, unit 4, consists of a 30 to 60 meter thick

“section of thickly-layered meta-arkoses which contains a few lenses and

layers of quartzite (4a) and biotite rich meta-arkose, similar to the

~upper division meta-arkoses (Map A).

The meta-arkoses of unit 4 are white to pink on fresh and

weathered surfaces and are distinguished from other meta-arkoses of

this sequence and the group by the abundant, large, white to pink,
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‘sillimanite—quartz augen, a 1 mm to 2 mm graiﬁ size, and poorly'defined
layering 25 cm to 5 meters thick. The augen, which may coﬁpoéé as mﬁch ,
as 307 of the rock, are from 2 to 4 cm long, 1 to’3 ém wide,‘and«O.Aito
2 cm thick, ‘and stand out on the weathered surface (Plate 2) | Thé ;
layering, which is defined bv a sllghtly greater concentratlon of bio—
.tite in thin (=1 mm) 1ayers is probably bedding. E |

~The composition of the meta-arkose, which is bésed onvvisua1 ,
estimates of thin sections and stained rock'sléﬁs (Bailey and,Stevehé;
1960), is summarized in Table 2. . |

Quartz and K—feldspar form an inequigranular, interlocklng mosaic = -
of anhedral grains from 0.1 mm to 6 mm across, and very fine needles e
of'sillimanite are present in some of the grains. A few finévgrains'
(0.3 mm) of micrdéline are present in several thin'séétions_iﬁtérstitial
_ to quartz and K-feldspar. Plagioclasg; which ié,alsé interstitial*tqk
qﬁartz'and K-fel&sbar; is untwinned and weaklijericitized;:x"‘“;

| kBiotite, whicﬁ forms a weak foliation'péfaiiel to 1ayefing;’occur§

as fine, ragged grains, 0.2 mm long, and has pale.yeliow br fén to'bf0wn '
or dark browm pleochro1sm. Many flakes confaiﬁ iircbn inciusions with
pleochr01c haloes and blOtlte is partially altered to chlorlte and white
mica. In some thin sections a more poorly developed orientation of
biotite occurs oblique to the preferred orientaticn;”White mica may
" occur as a'primary constituentlof the rock,‘but occurs chiefly as an
ralteratlon product of blOtlte and feldspar.

Garnet’ gralns average 0.5 mm, are anhedral, fractured, and are> 

both poikiloblastic and inclu51on—free.~ The inclusions: quartz, S

feldspar, and biotite, are randomly oriented._ A pale green, isotropic




PLATE 2A. Large sillimanite-quartz augen characteristic of the massive,
lower division arkoses, unit 4, of the Lower Meta—arkose Sequence,
Sito West. ;

PLATE 2B. Relief of many sillimanite-quartz augen in the meta-arkoses
of unit 4. Note the "Life-Saver" (arrow) for scale.

114



Table 2.  Summary of estimated compositions for Meyers Lake Group

rocks at Sito West.

LOWER META-ARKOSE SEQUENCE QUARTZITE BIOTITE-SILL- | UPPER META-
Lower Division 4 JUpper Division 5 SEQUENCE 6 IMANITE SCHIST 7 JARKOSE SEQUENCE 8
MINERALS\ |RANGE % |AVERAGE | RANGE |AVERAGE | RANGE |AVERAGE | RANGE |AVERAGE | RANGE |AVERAGE
— ;1
QUARTZ 10-50 | 40 1-30 | 8 40-82 70 Tr-2 Tr 30-70 | 40
K-FELDSPAR | 25-60 | 40 15-70 50 4-40 20 20-80 55 25-60 | 40
lPLAGIOCLASE | 1-20 5 | o-20 10 | Te-10 | 3 0-20 5 0-5 | 2
. ' _ ‘ : i
BIOTITE 2-10 4 3-25 12 0-5 1 10-40 | 15 3-15 8 b
© GARNET 0-20 1 0-50 10 0-5 Tr 0-70 | 10 2-15 | 7
SILLIMANITE | 0-25 | 10 0-25 10 0-5 T 0-70 | 15 0-1 | Tr
'OTHERS | WHITE MICA 1 | CHLORITE 5 | SULPHIDES 10 | wmiTE MIca 2
(MAX MICROCLINE 1 | MICROCLINE 3 | WHITE MICA &  CHLORLTE 1
CONTENT) | ' SULPHIDES =~ 2 | MICROCLINE 3 GRAPHITE = 1
| WHITE MICA = 2 | CARBONATE ~ Tr |
| ' | FLUORITE ~ Tr ]
I - 4

Mineral compositions were made from visual estimates of thin sections and stained
rock slabs, . : : L - I :
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.miﬁeral observed in two,thiﬁ sections :esembles garnet in all aspects
except colour. |

Zircon and apatite grains are mostly rounded, but are also
subhedral, and average 0;05 mmidiameter. The round shape may indicaté o
that these minerals are original detritral grains;  The ﬁpéquejgrains,4’
magnetite, aré anhedral'and average 0.07 mm acrosé, A yeilow pleochrdic {‘
minerai with high birefringence occurs élong'grain boundaries‘and: _';€v ‘
- fractures in a number of thin sections. | Z
" The augen are composedvchieflyvof sillimanite and quartg:»f

(Table 2.). Sillimanite occurs as acicular crystals and fibrolite fiw'

aggregates (Moorhouse, 1969, Spry, 1969) which swarm around and through

quartz and K~feldspar grains (Plate 35). A zone free of biotite surronﬁds
" many of the augen and sillimanite repiacement of‘biotiée is'iﬁdiéated 
by small,,very'fagged flakes Qf biotife within the augen; o B
Three lenses pf quartzite, 4a, which océur wifhin the’lower>
division meta-arkose are shown on Maf A. Theylérgest lens exposed is 18
meters in length and 7.5 meters in width.' The other two lensés;exposed f: 
are 4.5 to 6.0 ﬁeters,long and 3.0 to 3.6 meters’wide. Thésé quartéiteiz
~ lenses have in_partvgfadational coﬁtacts with the ﬁefa—arkdse, bdt' i
differrfrom-it by cbniaining neither sillimanite nor augen;and by 3‘ “'
gray rather than pink colour. This quartzite,:4a;/différs from‘the‘ 
‘mineralized quartzite (unit 5) by notvcontaining agy'éulphide minerali-
zation and thus lacks iron ;tained surfaces. Ihe quartzite, 4a, is
génerally éourse grgined {2 mm average),and‘iacks well defiﬁedl
layering, although, cross-bedding (Plate 3b) wés observed in a 20 cm : *
thick layer in the soﬁthern part of the peninsulagv The cfoss—iaminations

are 2 cm to 5 cm thick and are marked by a s;ightly greater concentration

of biotite along the foreset bedding planes._‘The direction of the

top of the beds indicated by this sedimentary structure ag;eesiwith‘the




PLATE 3A. Portion of a sillimanite augen showing a fibrous core that
contains euhedral (rectangular shaped) sillimanite grains
(photomicrograph; plane polarized light).

PLATE 3B. Current bedding (below hammer head) in a quartzite bed, 4a,
near the south end of the peninsula at Sito West.

9a
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graded bedding preserved in units 5, 7, and 8.
In one thin section, quartz and K-feldspar are anhedral and average
1.75 mm and 1.0 mm across respectively. Many grains are poikiloblastic

enclosing small grains of biotite and feldspar, with some quartz in

. the K~feldspar..

Garnet is unevenlyrdistributed in the qu;rtzite,‘thué tﬁe content |
in thié thin‘seciton is not represéntative of the rock. Garnet occurs as :
anhedral, fractured grains, 0.15 mm to 5 mm acfoss,~that are commonly
poikiloblaétic. They enclose mostly quértz grains with some biotite and R
feldspar. Garnet appears to have formed'chiefly at the expense of
biotite as many grains truncate bidtite flakes. |

Biotite flakes are ragged, 0.3 mm long, pleochroic from Straw yellow
to-light brown and pale greeﬁbto green adjacentvto garnet grains, and4tend
to have no preferred orientation. Biotite contains small (0.05 mm)iopaque
incl;sions and round zircon inclusions with pleoéhroic haloes. Many'f,
’grains have slight white mica alteration. -

The ﬁpper division (unit 5), of the Lower Meta-afk¢se Sequence ‘
consists of a 25 to 55 meter thick section ofvessentially thinly lajered '
meta—-arkoses with a few layers of quartzite and lﬁwer‘division meta-
arkose,.unit 4, Layering in the upper diviéion is generally less than
20 cm, but ranges from 0.5 ch to 30 ch, although two layers of ﬁnit 4
meta—arkoée, shown on Map A are 1.6 meters and 3.3 meters thick. The

layering is considered to bé parallel bedding because compositional graded

- beds generally with sharp upper and lower contacts are common. 'LaYers R

" not showing graded bedding also have sharply defined contacts, which are

commonly defined by a concentration of biotite. This is best observed

on unweathered surfaces, exposed by sluicing the thin cover of glacial til.

‘ Laminae, which are separated by thin seams of biotite, are 3150’§resent

in some beds.




PLATE 4A. Compbsitionally graded beds with sillimanite augen (white spots)
tops in upper division arkoses, unit 5, of the Lower Meta-
arkose Sequence at Sito West.

PLATE 4B. Compositionally graded beds with garnetiferous tops (light to
dark) similar to Walker's (1967) A—>E sequence in rocks of

unit 5 at Sito West.

ra
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The uppér division is distinguished from the‘lower division ,
by the predominantly thinner beds,‘the presencé of‘graded bedding,
a finer grain size (0.5 mm average), and an increased abuﬁdance
of biotite, garnet, and sillimanite whicﬁ'produce'fusty'brcwh,
brown, gray, pinkish-gray, and greenish-gray cqloufs on‘both frésh
and weathered'surfaces.~’The weathered surface is umeven because
differential erosion has left light,gréy, white,,énd yellowish
sillimanite~quartz augen prot:uding above thefsﬁrféce. The'auéen,
which may coﬁpose'as much as 407 of some beds, average 2.5 cm long,
1 cm wide, and 0;5 cm thick and are chiefly concentiated near the tops
of beds (Plate 4a). The augen are also scattered thfoughout 111:;\115(’~
beds and are completely absent from_others."Garpet occurs’in a
" similar fashion, ‘and may compose as much asA4GZ df arbed or as much as
70% Qf a garnet-rich pértion (Plate 4b) of a bed. " The garnet-rich parts
are cﬁmmonly éccompaﬁied’by’biofite, but”rarély‘bé sillimanite—quartz\i
augen, whereas the augen—ricﬁ ﬁbrtions are invariaﬁly accompanied
by garnet, butrin conéiderably less.quantity’and leume.
| Individual beds vary in composition from metémorphosed‘arkoses
(Krumbein and Sloss; 1953)’to metamofphoséd peliteé‘fshéles §r mudstones):
ﬁith many beds having-compositions between the'two.'fThe gra&ﬁal and
rapid increase of garnet; biotite, and sillimanite which produce
garnet-biotite~rich portions and siilimanite—hiotite—garnetérich
portions of the beds represents compositioﬁal gradéd bedding -
(Plate 4a and 4b). Grain size gfadation was‘also'obseIVed in Ai
- number of beds. - A more thorough description of the cbmpositiénali

graded bed is described’later (p. 30). The direction of the tops of the
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graded beds is comsistent throughout the upper division and indicates
an anticlinal structure is present at Sito West.
In nine thin sections of unit 5, K—feldspar,~plagioclase,'andd

quartz (see Table 2 for com9051t10ns) form an equigranular (0.4 mm

.average) 1nterlock1ng and granoblastic polygonal (Spry, 1969) matrix in
- which grain boundaries are generally straight, curved, or sutured.
’Granulatlon of grain boundaries occurs with1n and immediately surrounding

‘many of the sillimanite quartz augen. Along with optical properties,'

staining (Balley and Stevens, 1960) was also used to help distinguish the
feldspars and quartz. All three minerals may be poikiloblastic contalnlng
small round grains of feldspar, biorite, witn some sillimanite needles ;
and a few zircon and apatlte grains and the: feldspars may contain some
quartz. The feldspars are untw1nned except for a few microcline grains, -

and Krfeldspars are unaltered whereas plagloclase may be weakly altered - e

to sericlte, saussurite, and kaolinlte. K-feldspar is most abundant in S

the arkosic portions near the bottom of the beds, but the content decreases
towards the top where garnet, biotite, 31111man1te, and in some places quartzv LT

are more abundant.; The gra1n size of K—feldspar and quartz is slightly ;

greater in these parts averaging 1 mm across.

Biotite flakes are ragged, preferentielly oriented, pleochroic
from pale yellow to’red brown and straw yellow to dark brown and contain
small apatite end haloed zircon inclusionms. lThe flakes everage‘O‘ZS mm
long in the arkosic parts of the‘rock and 0.75 mm ro 1.0 um in the gernet
+nd sillimanite-~rich parts. The major preferred orientation of biotite
is parallel to bedding, however, a weaker directlon of preferred orienta-

tion intersects the major direction between 60° and 90°. Biotite is-

slightly altered to white mica and hematite, but extensive chloritization
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oécurs in places and appears to have been replaced by~gafnét and siliif’
manite. These replacements are indicated by truncated flakes and small
flakes within garnet and by ragged,bpartially replacedkfl#kes and pleo?
chroic spots in the sillimanite augen. . | . | |

Garnet grains are 035 mm‘to 2 mm diameter, anhedrai ﬁd euhedrai,
palerpink, ffactured, énd both poikiloblastic aﬁd inclusion-free. ‘Tﬁe.L
inclusions, quartz, feldspar,.biotite,~apa£ite aﬁd opaques, ate usuéllj
randomix oriented within the central zone of thé»grains.; ThéVcentraiiv”’
ihclusiﬁn zoné is surroundéd by an inclusion—freé zone,which prodﬁces‘~,
the idiomorphic shape of mahy of the gréins.  This~suggestsyﬁost—téctoﬁi§
crystallization when inclusions did nbt‘reméin iﬁ-ﬁhe éfyétals (Spfy;:fV.
1969). | | i ﬁ

In four of the nine thin sections, pale green, iéotropic, énhed?él,
inclusion—free‘grains were observed.i These grains do not appeaf to be 1‘
chloritized, therefqre; the colour must be related té its composition.‘
The mineral has a pock-marked or "pebbly surface"’(Moorhouse, 1959,
page 82, and Figufe 92) and indicates garnet;i‘The minerél doew not appeaf‘~
to be fluorite because the grains lack cleavage and the reiief is too
great, and spinel'ié unlikely becéuse.the ﬁineral association is wrong““
(Kerr, 1959). | |
| Sillimanite commonly occurs in augen either as fibrolite wrapﬁe&
_.around elongate quartz grains or as a coarse—graiﬁed core of the»augen. ‘
Many of the augen have feathery or whispy ends composed of sillimanite'
needle aggregates that extend into the matrix. ~Less éommonly sillimaﬁite‘
occurs as sheet-~like masses along feldspar andVQuartzggréiﬁ bouﬁdarieé; o

Zircon‘and apatite may be original detrital grains.’ Tﬁey are

round to subhedral, average 0.05 mm in diameter, and occur as inclusions
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in all the principal minerals. Anhedral grains of magnetite and pyrite
are closely associated with garnet-biotite layers and in some of the_

' layers pyrite occurs as veinlets 2 to '3 mm long and 0.75 mm wide. =
6. Quartzite Sequence

 :The Quarézite Sequence, unit 6, is economically’the‘moéﬁ imporfaﬁt R
rock unit in>the study area, because it contains tﬁe zinc—lead‘mineraliza; A¥
tion. This mineralization is generally restricted to the uppér'half of ﬁhe :
unit ﬁhich yaries from 9.6 to 10.2 meters thick. Intefnally ﬁhe Quartzite
f‘Sequence appears.massive, as there is little evidence Qf bedding; However;

" a compositional gradation from bottom to top'(arkoéelto ﬁuarﬁzite) does
occur} | 7

Rocks of the Quartzite Sequence have a 1 mm to 5 mm grain size,-are‘v’
greenish gray, light gray and white on fresh surfaces, heavily’iron sﬁainéd
.6n:weathered_and»fracturedAsurfaces5 and have.SOme thin‘filmsipf pyrite’
on é few joint surfaces. fhe weathered surface is pitﬁed where the
,’sulﬁhides have been leached and a conspicuous rusty zone, 1 mm to 10 mm
thick, extends inward from the weathered surfaces. A vuggy porosity,
which may be the result of leaching, was 6bserved in many hand specimens.

< In ou;crop, unit 6 appears to be composed‘almost'eﬁtirely,of _
quartz with minor amounts of biotite, garnet, sillimanite ana sulphides.

The rock has been called an o;thoquartzite by Lintott and Pyke (1972),
however, the K-feldspar content which was determined bj thin section
~ examination and by staining fock slabs (Bailey, 35 §1, 1960) may be as

high as 407%. Feldspar, biotite, garnet, and sillimanite are most

abundant in the lower part of the sequence (the arkosic part) and decrease
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in volume upward, as qhartz and the suiphidesyincrease. The sulbﬁides,
thch consist of disseminated sphalerite, pyrite, and galena, will be
discussed later (pp. 64 to 67).
| From the fifteen thin sectioﬁs examined, it was obéerved thatef;e

quartz and K-feldspar form an interlocking mosaie of anhedta;¥grains,
0.2 mm to 1 cm across that generally have suture& grain boundaries (?iate,'
SA); Both minerals contain some small‘inclusions of feldspar, zireoﬁ;
apatite, end fine sillimanite needles. K-feldspar is generally intee—‘;
stitial to quartz and is siightly argillized and sericitize&;“Anhedfal“
' grains,of'plagiociase are interstitial to qearﬁz and are weaklyreeussnri-,i»f’i
tized and sericitized; | o | o | " |

| Whife‘mica, the most persistent mica preeent,‘oceurs‘ee regged

flakes,. less than 0.3 mm long,'that appear to have replaced feldspar and

biotite. Fine, ragged = flakes of biotite are pleochroic from pale yellow

to red brown and lees commonly colourless to light brown. The micas
-generally have a preferred orieetation~that is ﬁarallel te bedding.  This
is ietereected by a less well developed preferred directibn’ﬁetween1609;
and 90°. Biotite is moderately to extensiﬁely altered to chlorite, ﬁhite
v ’miea; and hematite. Penninite chlorite (Moorhouse, 1959) was identified’
in several thin sections by its anomalous birefringence.

Paie pink‘and paie green garnets occur as anhedral, fractured;e’
relatively inclusion-free‘grains that vary from 0.1 mm to 0.75 mm,diameter.
A few grains cohtain fine—grained inclusions of quartz, biotite, and opaques,
Sillimanite usually occurs as fieevinclusions in quartz, but also occurs as
fibrolite masses‘along grain boundaries and as augen. eThe augen occur near

the contact: between units 5 and 6.




PLATE 5A. Highly sutured quartz and feldspar grain boundaries in rocks
of the Quartzite Sequence, unit 6, at Sito West.

PLATE 5B. Fold interference pattern outlined by sillimanite augen-rich bands
in the Biotite — Sillimanite Schist Sequence, unit 7, at the north
end of Trench 4 at Sito West.
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Zircon with some apatite and fluorite are the principal accessory =
minerals. An unidentified yellow material with high birefringence was

observed along grain boundaries and fractures in several thin éections.

7. Biotite-Sillimanite Schisi Sequence

+ Unit 7 overlies unit 5 and is‘exposed oﬁ the peniﬁsulé (Map A)"‘k
as weli as oﬂ the island immediately south of:thefpeninsulé;(Figure &);
The latter exposures could be important in determining thé extensiop of
- the mineralized rocks, unfortunately, no other rocks were exposed on‘the; ~
island. Unit 7 has a thickness of 9.0 m to 15 m.- Internélly the unit‘
consists of layers 2 cm to 40'cm'thick which héve‘éompositional gra&edu-7
béds similar to those in unit 5. The bed tops in the blotite—51llimanite:
schist are commonly marked by 0. 5 mm to 10 cm wide concentrations of
’sillimanite augen and the direction of the tops in unitu7 agrees withj"
ﬁhe tops determined in unit 5. The size of ﬁhe augen varies froﬁ liém’
to 4 cm long, 5 mm to 2 cm wide, and 1 mm to 5 mm thick. | |

" The blotlte-sillimanite schist is distinguished by a very rough,

knobbly surface produced by the preferential weathering of the groundmassl{_ L

“leaving the augen standing dut; a dark brown to black weathered.éu;face‘

that is studded’with numerous gray or cream coloured augen, a fine ik ’

grained CEl.ﬁm diameter) groundmass composed largely of feldspar and

biotite, and numerous fold interference patterns that are odtlined by

- the augen concentrations (Plate 5b).

S In th1n sections of the blotite—81111man1te schist the composi~
tion is variable (Table 2) because of the graded bedding. Biotite is

k evenly distributed throughout the feldspathic groundmass, but 1ncreases

| towards‘the tops of beds. Garnet which is difficult to identify in hénd B

specimen, may compose up to 30% of this rock and is élso4concenfrate&‘near  

the tops of the beds. v .




-27-

K~feldspar formsrthe bulk of’the equigranular (0.5 mm averagéjv
granoblastic polygonai groundmass, and also occﬁrs’within‘the Siilimanite '
aﬁgen. Plagioclase, which is commonly weakly éer1c1tized may cémpose as
mﬁch as 20% of the groundmass. A few per cent of quartz is present as
interstitialygrainé to the feldspar grains. - Most feldspar gralns which
surround the augen are strongly fraétured. |

Biotite flakes are ragged’ average 0.3 mm long, are‘pleochroic
. from straw yellow to dark red brown and dark brown, contain apatite and
pleochr01c haloed zircon 1nc1usions and commmonly oceur in narrow bands :
1 to 2 mm wide through the groundmass and,around,the augen. ' Biotite is
l préferehtially oriented parallel to bedding and a less well deﬁeloped

direction intersects the major direction (schistosity) from'high-oblique'
~to right angles.~ Biotiﬁevflakes thét'are ttuncg§éd1and’enclosed by |
garnet indicate garnet replaceméntiofvbiotite.b‘Sillimanité rep1acement
of biotite is indicated by the presence of :agged,‘partiaily‘destroyed
flakes within and surrounding sillimanite augen. |

’Carnets ére commonly 0.25 mm in diameter, pale pink, anhedral to

euhedral, fractured, and contain ver& fine quartz, feldspar, and‘biotite
inclusions. The inclusions are uéually clustered in a centfal zone
‘which is invariably surrounded by an inclusion-free rim. Some grains
are completely free of inclusions while others have inclusions that are
oriented at angles oblique to aﬁd perpendicular t§~the‘majof'séhistosity.
This might suggest that at least 90° rotation has dccurred since fhese
garnets crystalliéed. A few garnets have been incorporated‘intc the

‘augen structures.
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4Sillimanite occurs as fibrous aggregates which forﬁ the augen;
- Square-shaped sillimanite crystals also occur in the augen and very finé
needles occur in garnet and feldspar. |
Round to subhedral zircon and apatite gréins (0.5 mm diémeter)
occur as‘inclﬁsions’in the principal groundmass minerals.‘ Powdery opagques
occur as Inclusions in garnet whereas platy opaques, probably‘gfaphite,,ﬂ}'

occur in the matrix.

8. Upper Meta-arkose Sequence

The Upper Meta-arkose Sequence outcrops at’the northeast en&:
of the baseline and in the southeast part of the peninsula (Map:A)d I£ 
is 185 feet (62 meters) or more thick. E |
The Upper Meta-arkose Sequence is disﬁinguishedvfrom the Lower
Meta-arkose Sequence (map units 4 and 5)_because:'.' | |
o (a) It is finer—grained (£ 1mm average),»has.thiﬁnerjlayers; T'i
1l cm to 10 cﬁ thick, and contains slightly morevbiotite‘
~and garnet than the lower division‘of the Lower Meta-
arkose Sequence; |
(b) In contrast to tﬁe lower division (ﬁﬁit 4), gnitis,éoes'i B
not contaiﬁ any sillimanite augen except fof'é feﬁ,layers »
at its base, and has hematite stain on some sqrfaces; |
(¢) It contains less biotite,bgarnét, and sillimanite but
" 'more quartz than the upper division (unit 5) of the
Lower Meta-arkose Sequence. - | |
The Upper Meta-arkose Sequence rocks are light gfay to pink on
fresh and weathered surfaces; darker pink where garmet is conceﬁtrated, and

“has a pitted weathered surface where biotite and garnet are concentrated.

As in the Lower Meta-arkose Sequence, layerihg represents bedding because
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many of theylayere have primary graded beddiog preserved. Compositional
gradationkalso occurs, but the change occure within a few millimeters of
the top. Sillimanite augen were only observed in the lower 4.5 meters of p
the unit where they may form as much as 30% of;an indiﬁidual bed or layer.-
In thin section, quartz and feldspar commonly form an equi-

granular granoblastlc polygonal (Spry, 1969) texture. A‘few quartz gfains
up to 5 mm across also occur. Staining of rock slabs indicates that most
of the feldspar is K-feldspar of which microcline is weakly sericitized.
Microcline and plagioclase are commonly interstitial to quartz'and, |
orthoclase. Plagioclase is untwinned, weakly to moderately sericitized,
. saussuritized and argillized,,aod a few grains are antiperthitic. |

[: Biotite flakes are ragged,dO.B mm.to'lls mm long,,evenly distri-»
buted throughout the rock except for narrow bands (ldmm to 2 mﬁ wide) ‘
v that mark beddlng planes, they are pleochro1c from yellow to brown, and ;
have pleochr01c halces about zircon inclus1ons Pleochroism is paler
where chlorite, white mlca; and hematitic alteration is more’extensive.
The major direction of orientation is parallel to beddlng and in places

-appears to be folded A secondary orlentation is obllque to, and

B perpendicular to the flrst

Garnet occurs chiefly in»narrow’concentrations 1 mm-t075 m wide.
at the tops of beds. Garnets are pale pink, 0.75 ﬁmfin diameter,
anhedral to euhedral, fractured and generally inclusion-free. aPoikilo;‘
blastic grains enclose unoriented quartz, feldspar, and biotite grains
ohat are clustered in the central part of the garmet. Truncation and
deflection of biotite flakes by garnet is explained by a single phase

‘of crystallization. Growth during a nondeformational (static)

interval would cause truncation of the flakes and continued growth’oould
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cause the flakes to be deflected. Chloritiéation-df some of fhe garnets
is indicated by ragged, discontinuous grains that are partially to whollyVT
surrounded by chlorite. | | »
Sillimanite is anhedral to euhedral, 0.2 mm long, and appears tov‘
replace biotite. G
Round zifcon grains (0.05 mm) aﬁe scattered throﬁghéut"aﬁd fine- ' 

grained opaques (magnetite) are commonly associated with biotite.

DISCUSSION |

The Meyers Lake Group'are metasedimentary rdcﬁs. 4Unit 7 is‘
assumed to be metamorphosed shales and feldspathlc shales and units 4‘
5, 6, and 8 are arkoses, shaly arkoses, quartz arenites, and some minor {,:iz
- shaly sediments.

Compositional graded beds‘mentioned ﬁréviqusly in units 5, 7, and
8 (p;'zo,'21; 26; and 29) afewegsentiaiiyuof £wo?£ypés§Jtﬁoée wi£h77‘> 1
- garnet-biotite~rich portions and those with silliménite augen~biotite~=
garnet-rich portions near the tops of the beds.. Typicélly thiese beds
have relatively sharp contacts with the beds above and below. " The
base of these beds 1is commonly of arkosic composition and grades upﬁard
to a pelitic top. |

In the ga:net—biotite—rich'beds,‘the gra&ation from arkose tokmore
pelitic sediment is indicated by the appearance of and increase inrgarnets,
As the sediment ﬁecomes‘more pelitic,‘garnet and biotite increase steadily
in content until garnet composes as much as 70% of the garnmet-rich

~portion near the top of bed. As garnet and biotite increases, the

feldspar content decreases.
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The sillimanite augen-rich beds have a similar change from a biotitick
arkose base to the more pelitic top. The increase in sillimanite augen

towards the top of the bed is accompanied by a corresponding increase

in garnet and biotite.

The top of the graded beds is then followed by the arkosic base

of either another garnet-rich or sillimanite angen-rich graded bed or

" by ungraded arkosic beds.

The beds with the garnet—rich tops resemble some Precambrian
turbidite deposits (Henderson, 1972; and Turner and Walker, 1973) - The

classic turbidite, Bouma Sequence (Bouma, 1962), consists of five

p divisions as showneln Figure-S As many of ‘the important sedimentary

structures in turbidites are destroyed by deformation and metamorphism,*,
it is not surprising that e.complete sequence was not observed at e

Sito West. Furthermore, incomplete sequences are the rule rather .

than the exception (ibid.).

The graded division of the Bouma'Sequence; Division A, is most -

‘Commonly represented at Sito West. According to Henderson (1972)‘

beds of this typev#ary from homogeneous massive beds, which show little -

or mo indication of grain size gredation (as in unit 4, p. 17) to

‘beds which have a rapid gradation near the top or a continuous gradation’

from base to top (as in some beds of both 5 and 8). Beds of thed

.~ latter type, which have a gradation from sandy material to pelitic

material, are described by Walker (1965 and 1967) as bedslin which the -

structures of Divisions B, C, and D of the Bouma Sequence are not

formed (Plate 4a) and he refers to these as the A—E sequence.
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BOUMA  SEQUENCE

PELITIC DIVISION E

'UPPER PARALLEL
'LAMINATED DIVISION

 LOWER

RIPPLE LAMINATED |
DIVISION |

' LOWER ~ PARALLEL
LAMINATED DIVISION

FLOW | REG|ME

UPPER

GRADED DIVISION

Figure 5. The Boumo Sequence; the ‘complete’ turbidite {Bouma,

1962) showing the associated sedimentary structures and the
inter pretation of their flow regime (Walker, 1967). .
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He believes that béds fofmed in this maﬁner‘:esult from a quiet
settling of the finer fraction held in suspension éfﬁer,the‘éurrenﬁ
has passed or by settling in a distal environment after the current
has become motionless. | 7 ’ ‘
Walker (1967) distinguishes between proxiﬁai‘and disﬁal turbﬁdite
depdsits. The’sedimentary rocks at Sito West do not corrélgge with either
' extreme, but contain characteristics of both. - Sgdimentsiof’appérentlyf
distal locations can be formed close to the source under low flow regime
conditions, therefore, it is not a simﬁle,matter Qf choosing‘one or the
other extreme. Congldmerate beds are mnot exposéd at Si£o‘We5t; but
Money (1965) observed conglomerates and cross~bedding, in ﬁhe‘;ype'area
'Qf the¥Meyer‘s;Lake Group. Money assumed‘that'the preéence Of_cross_
bedding indicated‘deposifion'ébove wave base aﬁd possibly even,aeolian“7 
(i.e. beach dune sénds). However, cross—beddingbhas beenkobservéd:at;'
L 'féoﬁSiﬁéfablékdépths in present day &§e§ sea tﬁrﬁidiﬁé\depbsits%(walkér; :
1973). It is the author's opinion thgt the Meyers Lake Grpup represent/a
--marine fan deposits, perhaps similar in style ﬁo alluvial‘faﬁs,‘which e
coaleéced with neighboring fans thus forming elongate bodiespof\sediméﬁﬁ;, '
The composition of the Meyers Lake Group sediménté, thatjof afkdses andv
quartzites, might suggest they wére derived'fbrm an oid; weathered |
granitic terrain, or from old arkosic or quartziticvsediménts.  One
possible source area may be the graniticiand migmatic{area that occurs
aldng the‘eastern margin of the Wollaston fold-Béit. fHowever,'noj
directional evidence is available to substantiafetthis-area“Or‘any othér
at the source. Money's (1965) suggestion that deposition occurred on or
near a stable shelf during crustal stability may still‘apply,\but de-

position above wave base need not apply.

14
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OTHEk‘ROCKS
9. Garnet-Pyroxenite

This unit-is exposed north of Sito Lake in a body that is at least.IOO
feet (30 meters) widevand several hundred feet (50—90 meters) iong‘(Figure‘A).,e :
.It is coarse grained (1 mm to 2 cm), dark green to black,on fresh and .
weathered surfaces, and is spotted by porphyrobleets‘up to 2 cm acrosé‘ =
of pink garnet end‘white quartz. : |
In thin section, it is composed of clinopyroxeﬁe; diopside'ssz; gernet'
» 30Z, quartz and K~feldspar 5 to 10%, and amphibole 5%, with some‘apatite ’
and opaques, probabiy magnetitef Hornblende, which has partially repleced
diopside, occurs as narrow rims eround the graine.j'Another amphibeie L
(possibly anthophyllite) may also be a replacement of diopside. Qnaftzlff  f7
and feldspar are interstitial to diopside and garnet.,‘ o 5

The garnet pyroxenite is probably the metamorphosed equivalent 6f'~v
basic to ultrabasic rocks. | | k

INTRUSIVE ROCKS

In the studf area intrusive rocks incldde'biotiteeﬁornblende gfanite-
(map unit 10) and pegmatite. Pegmatite dykes which occur in both Dely Lake :
andVMeyers Lake Groups, are rare and commonly less thaﬁ‘two'ﬁeet €0.6 ﬁeters):
’ wide, altheugh several dykes or bodies ten tovtwenty feet (3—6 meters)‘e
wide were observed. Pegmatite is’white to.pink, and is compbsed essentialiy ’
of feldspar and quartz with some biotite and whife mica.
10. Biotite-Hornblende Granite

Biotite-hornblende granite is exposed aieng the eourthﬁesterﬁ part of
the study area with part of the pluton extending northeasterly‘toﬁard Place
* Lake (Figure 4;) where a small granite boss occurs.. Granitieirocks that |
occur north and east of the'areé are labelled 10a because fhey were .

mapped by McMurchy (1936) and Fuh (1973).
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Generally, the contaet zone between the granite and’metasedimentary ‘
rocks is marked by narrow, steep-sided, muskeg-filled valleys.‘ On the
granlte side of the contact are numerous metased;mentary xenollths, j,-
which show various stages of assimilation to granite. Many of the
xenoliths are’deformed and some’are_Several hundfed feet in 1engthesnd
width. The granite is pink to red on fresh and neatheredqsnfface and
shades of gray where contamination from the surrounding rocks and
vxenoliths has occurred. The grain size is flne to coarse averaging,
0. 75 mm to 1 cm, and locally contains gralns up to 3 cm.

From twelve thin sections examined, the granite is composed of
‘an’interlocking mosaic of fine to coarse-grained Krfeldspar (602),ks
plagloclase (157), and quartz (15%), with minor blotlte and hornblende.

Apatite, zircon, opaques (magnetite) and some sphene and fluorite are

i*'the‘accessory‘mlnerals. The K—feldspar includes ‘an average of 10%v

microcllne and 10% perthlte with the remalnder being orthoclase. ‘Mnch

of the plagloclase occurs as antiperthite (Moorhouse 1959) Whlte\mice,'k
‘chlorlte; opaques;’saussurite,~and clay mlnerals are the chief:elferstion
products,,general;y composing only one‘or two pefloent of.the rook.'

These rocks are igneous intrusions and not the pro&ucts of me£a~
morphism because they contain numerous xenoliths exhibiting various
’stages‘of assimilation to granite, vThe size and number of xenoliths
suggests that stoping was'important in providing room for the‘rising
’ ,magma>(Lsrson, 1948), which was sufficienply-crystsllized and viscous
to prevent settling ano assimilation of large xenoliths. A lack of radial

fracturing and a scant number of dykes around the 1ntrusion indicates

that it was emplaced permissively (Stringham, 1960). H0wever, some
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cross~cutting relationships ﬁrobabiy exist. The edges of the pluton are"
generally parallel to the surrounding structures whlch may suggest the

structures were present before the intrusion occurred (ibld)

STRUCTURAL GEOLOGY

| PLANAR STRUCTURES

e

~In the Meyers Lake Group,parallel bedding with graded beds ls

common but cross-bedding is rare. Bedding with graded beds occur in‘
rock unit 2 of the Daly Lake Group, but graded beds were’only observed '
“in tﬁin sections. Tops of beds were detetmined‘id the>Me§ere'Lake Gfeup,
~but the direction of the tops could not be determined for,ﬁhe‘Daly‘Lake_L’
A o ; e ‘ A R L AR,

For 51mplic1ty and ease in wrlting; beddiné and its related fabric )
ere designated as So. Succeedlng planar. structures (follation, schist051ty,d
‘"gﬁeiSSOSity,‘COmpoeitional 1ayering,‘and<eleaVege):that werefproduced‘byjidyh
succeeding episodeSAOf deformation end metamorphism, are deeignated Sl’ ,
'SZ; etc. Similarly, the fifst peried'of deformaeioﬁ’and;the‘first forﬁed
folds are designated Fl and succeeding eplsodes are. de51gnated F 3, etc.¢ird*

The dominant foliation' observed in the S1to Lake area is Slg,Wh1°h
is related to the earliest period of deformatien,'Fl. Sl ie chiefly‘ .
defined by the orientation of biotite flakes and is generelly paraliel
to So' Sl is also defined by the orientation of graphite and hernblende,
compositional layering, and the direction ofvflattening of most augen‘and
~ garnet porphyroblasts. s " ‘
The production of second folds,'Fz,’which fold S, ‘and Sy c?eated a
penetrative foliation, Sz, which is chiefly observed in F2 fold hlnges.

S2 which intersects So and S, at angles of 60 to 90 is defined by .

1

- oriented biotite flakes and flattened S, augen.

1
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A good example of this relafion is the crenﬁlétion foliation (Whitten,
1969) or strain-slip cleavage (Ramsay, 1967) observed in cordierite-
‘garnet rocks, unit 1, (Plate 6B); Away from hinge zbnes 82 is not as
»Strongly’developed, but is observed in many thin sections as a secondary
direction of biotite orientation. 1In some F2 hingé’zones, 32 obliterates
the earlier fabrics, and becomes the domihant foliation théféby imparting 
a trend ;hat is characteristic of the Wolléstoﬁ Lake fold-belt. :
‘Refdlding of earlier fabiics by third‘genefation folds haé’nOt
prpduced a readily recognizable foliation. iFlattening of augén”agd

development of fracture cleavage in F, fold hinges appears to be the :

3
only planar elements developed.A ‘

The apparent gneissosity of the biotite~hornblende granite, unit
10, may be original flow layering. .However; if that is not the case, fhen
‘it would presuﬁably’be;an'sl folia;ibn as it péralieis the structure of
the surrounding rocks. An 32 foliation may have develbped in the graﬁité,
~but it was not observed. |

.- The wide dispefsion of poles to planar‘structures shown on the

contouréd equal-area diagfam'in Figure 6A reflects the refoidingkof So
andeI. The axis of fotafion to the éyeballbbest-fit gfeat-circle‘girdle,
B plunges steeply in a north-northeast direction. There is a noticeablé
concentration of poles to foliation in the ébutheast quarter of Figure 6A,
By taking the center of this concentration tﬁe‘éverage foliation which’
strikes 031° and dips 79° NW is consistent with thé northeasﬁ~southwest

trend of the Wollaston Lake fold-belt. Therefore,  the concentration on

the equal?area diagram must be produced by SZ'
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Figure 6. Equal-area dlcgrcms for the Sito Lake area.
A. 630 poles to bedding, !ayenng&schtstosniy distributed in o greoi ~circle gtrdfe whose
axis of rotation plunges 62° to Q10°. '
Averoge oxial ‘plane is 031° azimuth with 79° dcp.

B. 1}2 points for all mineral lineations hove an overage plunge of 48° to 010° oznmuth

Contours done by using a 100~ce|! squored-grid counter (’Sfcuffer, 1966).




PLATE 6A. Sillimanite-quartz augen flattened into the axial plane of
minor folds in the hinge zone of a major F, fold near Trench 5.
The layers outlined by the dashed lines aré garnet-rich zones
in the upper division meta-arkoses, unit 5, at Sito West.

PLATE 6B. Crenulation foliation (Whitten, 1969) or strain-slip cleavage
(Ramsay, 1967) depicting the development of S2 in Wit dis
4000 feet northwest of Sito West, near Lake B.



-39-

LINEAR STRUCTURES

Sillimanite augen‘with or ﬁifhoﬁt quartz,ycordierite?sillimanife
augen, feldspar augeﬁ, leucocratic pods, an& small scale fold hinges -
_constitute the linear structures in éhe Sito Lake‘area. The majority
of linear structures, except fold hinges, ﬁere formed during the.pfo— e
duction of F1 folds and lie in the plane bf»S k

1

So>in Fl fold hinges. ‘Many augen that lie in the plane of Fz'and F3

fold hinges were flattened into that direction during the production

.and presumably cross -

of those folds (Figure 7.), but the growth of some sillimanite augen v

also seems to have occurred synchronous with F, folding.

2
All the augen measured in the study area are shown in the:
contdured equal-area diagram in‘Figure 6B. - They cluster about a point
with a plunge of 68° to 010°. This attitude generally éorresponds with’
the axis of rotation calculated from the eyeballibest—fit curve :i.x:x"""“'w

Figure 6A. |
The léQcocratic pods were not very useful in détermining the  >7

structural events of the area because their linear elements could not

be measured.

FOLDING

Folding in the Sito Lake area occurred during at least three
major phases of deformation. Folds are generally similar style folds
(Plate 7a.), although many small scale folds are concentric in

character (Plate 7b.).



- Figure 7. Deformation of sillimanite augen. » : ;
A. Augen developed parallel to bedding and schistosity in fold
limbs,however, continued shear stress within some beds or layers
will produce sigmoidal shaped augen. ‘ - -
B. Compressive deformation will cause flattening of the augen
roughly porallel to the new fold oxis.. ~




PLATE 7A. Similar style folding of upper div{sion arkoses, unit 5, in the
hinge zone of a major F3 fold at Sito West. Compass points morth.

%3 Uhh

PLATE 7B. Concentric style folds in unit 5 in the southeast part of the
peninsula. Note the sillimanite augen remain in the plane of
bedding around the nose of the fold.

40 q



Second Folds, F

‘northwest. Calculated plunges of F

S

‘ :-'4 1-

Earliest Folds, F1

Major F, folds were not identified, however, some small scale -

1

isoclinal, rootless folds, and refolded folds were observed.

2 -

F, folds are the dominant folds observed in the area, and are f‘

outlined by folded S, (Figure 8.). The produo»tion of S, has
obliterated almost all traces of earller fabrlcs in major Fz folds
and has disrupted many'earlier small scale structures. The F2 axial
planes generally trend northeast-southwest and dio steeply to the';f

2 folds are steep to the northwest. 7

Small scale Fz folds are tlght, but not isoclimal and although the

2 foliation is not strongly developed in the small scale folds flattenlng

of Fl augen has occurred (F1gure 7.).

The intersection of the northeast tfending Fz folds with theoFl s

,folds has produced a pattern of elongate fold structures that are.
" similar to some experimental fold interference (dome-and-basin type)‘q
- patterns pfoduced by 0'Driscoll (1962) and to Ramsay's (1967) Type 1.

interference pattern. To produce this type of pattern the major Flf

folds must have had a northwest—southeast trend._ The major folds in°

the Sito Lake area are not true domes and basins because the axial

planes are 1nc11ned and in most cases do not have opp051ng plunges.“

At least four "basin-like" and three "dome-like" structures are

_present in the Sito Lake area’(Figure_S.). The major structure
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through Sito Lake is designated as being "basin-like", however, the
structure is not that simpie.f Calculated'fold,hinges at the eouthn~j
and north ends of the Sito Lake structure plunge steeplyyto the north—‘e‘
west. The problem arises on the Sito West: property where 1arge fold
hinges of F2 and F3 age plunge northwest at the north end of the
peninsula and swing around to southwesterly plunges at the southern g
end. This indicates a "dome~11ke" structure is present at Slto West
- and this concept is supported by thefway—up (tops ofrbeds) data.':_f;"gz
bUsing en angel~food cake-pan as an'analogy, tﬁe SitoﬁLakefi‘iir,:
structure would be comparable if the pan were flattened end‘incline&’i;
.The Site West "dome-like" structure would then be cemparable'to thek;fl
central conical portion of the panvand thevF2 axial plene would havete"
variable plunges because of the attitude of the ﬁejor Fl etructures’~ 

“(Figure 9.).

Third Generation Folds,,F3

F3 folds caused minor extension of FZ

them and Fl folds. F3 folds trend east—northeast,lbut like the F2 folds

they plunge northwesterly. Small scale Fq folds are present in the hinge

folds, as well as refolding

zones of the larger F3’f01ds and flatteningrof'augen into the plane of

the F3 axial plane has occurred.

“SITO WEST STRUCTURE

The attitude of bedding, So’ andbfoliation SI’ accompanied by

way-up data, indicates that the rocks at Sito West are tlghtly to

- almost isoclinally folded with steeply inclined axial surfaces.
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10 Biotite ~hornblende granite; 10a other granitic rocks

9 Garnet pyroxenite
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f SITO WEST] ,

Figure 8. The Sito Lake Area: Structure

Map drawn from Sask. Dept. of Natural Resources Mineral Claim-
Map 74 -A -5 dhd aerial photographs from the National Air Photo-

graphic Library, Ottawa, Geology by C. Harper,l972
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analogy to

The 'Angel Food Cake Pan

Figure 9.

jor fold structure through Sito Lake,

the ma

with cross-sections AB and CD.
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The c&lculation of the plungé of the iarge folds’at SitovWest indicaﬁes
‘the folds plunge steeply northwest at the nérth end of therpérOPerty aﬁd
southwest at the south end. The folds ﬁay be classed as‘neutral folds  ;l-
(Figure 10), although there is a possibility'that,a "dome—like"'fi~
structure exists. | i | '

At the north end of the Sito West'property there‘aré several foldt

hinges. The F2 3

‘fold in subarea 144:
II (Figure 10.)-have almostbidentical axes; plﬁngiﬁg 70o at 327o and{~ 

fold in subarea I (Figure 10.) and the F

65° at 330° (Figure 10., B and C) respectively. Althdugh the folds“‘u

are nearly coaxial they afe not coplanar, as the F, fold axial plane  ‘

3

strikes 081O whereas, the F, axial plane strikes 040°. The two axial -

2 ;
planes appear to merge, but this is probably'the result of F3 folding“

the F2 axial plane.

Another FB fold is present in subarea III and parallels the fold in -

‘subarea II, however, this fold plunges less steeply, 60° and in a moré   T
westerly direction,'307o azimuth, than the previous F2 and F3 folds.

The folds in subarea IV are of uncertain age, as they may be either F, or

2
F3. There are twd possible fold axes for this subarea; one plunging‘75°yi
to 309° and another piunging 70° to 260o (Figure’lOE).: It_ié‘perplexing
that the majority of small scale folds in this subarea plunge southwesterly,'l
but the augen plunge to the north. the significaﬁce of this relation is -
difficult to assess. The fold closure of subarea IV is‘probgbly an fz"
fpld or at least related to F, because the calculaﬁed axialyplane for the :
subarea strikes 044° and dips 75° to the west, which is similar to the F,
fold in éubarea I. | |

‘Several small scale closed folds with shallow:doubly plunging axes
were observe& at Sito West (Plate 8A). The relation of thése' i

folds is uncertain, but they may represent the intersection of the
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early F1 folds with F3_or younger folds, Fa.'

DISCUSSION

The structural complexity of the Sito Lake.afe# is éomewﬁét;‘i
different from the strong linearity of the ﬁblléston Lake fold—belt.  i
Generally, '"dome-like" and basin—like"’structureé are'diféiéulfyfo B
define thrqughout most of the’fold-belt. Munday (1972 and 1973) )

noted that the tight F, folds of the Wollaston fold-belt have the

2

same age as the northeasterly trending F - folds in the Mhdjatic“

3 ;
River area (Areas 15, 16, 21, and 22, Figure 2.), an area dominated
by closed fold interference’ structures. 'Geologiéts with the

‘ Séskétchewan Department. of Mineral ResourCeS-havé stated thaf_tﬁe
dome-and-basin folding in the Mudjatik River area hasnresultedifrom
,éfésé;foldiﬁg aé in Rémséy's‘(i967)UT§£é'i pétf;}ﬁ:W§£ $ setzafw:
north to northWest, Fz,’and northeast, F3, trending fold axes (Munday,
1972, 1973; Pearson, 1972; Pearson and Lewry, 1974; and Sibbald, 1973);i 
Pearson and Leﬁry (1974,'pp. 633) have suggestéd’ﬁhree possibilitiégk‘u
for the relation or distinction between the‘twq fold phases between
the Mudjatik River area and the Wollaston fold-belﬁ. These are

* summarized below: |

a. The important F, structures, which are primarily responsible

2

for the closed interference patterns in the Mudjatik River -
~area have not been recognized in the Wollaston Lake fold-belt.

b. lfhe F, structures of the Mudjatik River aregj' may be~absent 

2

or they may swing around into a hortheasferly trend and

become coaxial with F, structures [of the Wollaston fold-belt/.




north and south of the present lake, acted as protective barriers or

" of events leading to the formation of the major structures in the Sito nEa
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c. The F, northerly trending folds continuediinto the
1ﬁbllaston Laké? fold—beit'on the same trend;kbut have
been almost totally obliterated by the iﬁtense F3,”'
folding." e

The present writer suggests that the Sito Lake ateavmay repreeehtA~‘ 

an area where the earlier structures, whether they be F, or- FZ’ were

1
sufflciently preserved to produce a dome—and-ba51n structural pattern.' 2

Furthermore, the writer suggests that the presence of granltic plutons,

shock absorbers to the intense deformation producingtthe northeast trend
of the Wollaston Lake fold-belt. Thus, the metasedimentary rocks, now ‘...

forming the Sito Lake area, were not flattened nor extended as much as

the metasedimentary rocks flanking the granitic masses (Flgure 114).

The series of sketches in Figure 11 show two possible sequence‘ v

Lake area. ‘In either case, the earliest‘struetureihes‘a notthﬁesterly.
trend and may be either ankeverturﬁed éynciinorium or an inclined 3 |
recumbent fold. The overturﬁed syﬁeiinorium is!favceted by tee WIiter’:
because the recumbent fold model placesythe Sito West'rocks in‘aeleﬁer.t ‘
stratigraphic positioh. The writer also sﬁggeste thet an anticliﬁal

feld occupied part of the.synclinorium to produce.thef"angelffqod cake~
pan" structure previously described. Several alternatives for the
formation of the Sito West fold structures are shown in Figute 12 of
which the writer favours the first. Sito West foldé4probably continue‘
through therisland immediately south of the‘peninSula,‘but exposure is'@:

inadequate to delineate it further.




Figure 12. Sketches showing hypothetical structural development of Sito West.
Series o shows structural development following the first phase of deforma-<
tion, Fy, and the location of future Fp axial planes, S2. Series b shows post =
F2 structures with the position of future F3 oxial planes, S3,ond Series ¢ ‘
shows the post F3 structural interpretation. The thickened line in ¢ represen!sv'

the known extent of the Quartzite Sequence, unit 6,
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METAMORPHISM

The rocks of the Sito Lake area have been regionally eetamorphosed
to the upper amphibolite to lower granulite facies. 'Subsequent»reﬁre- ,
gressive metamorphism produced some greenschist and lower amphiﬁolite
facies einerals The mineral assemblages listed 1n Table 3 are intended
to represent the assemblages before retrogression occurred and are based .
on thin section examination. ~Some assemblages are only-representeﬁ by a
single rhin section. | | |

The anorthite content of'plagioclase,swhere pessible, was determined 
'by the measuremeet of extinctioﬁ angles in sections perpeedicelar te X

(Deer, Howie, and Zussman, 1966, p;'333). It varied from Anls to Anéd.

. Potash feldspar which included some microcline. was generally present as
_orthoclase. The term "whlte mica" has been used throughout this text as
it is difficult to differentiate muscovite from paragonlte in thin
"~ section. k

Most of the mineral assemblages characteristic of pelitic recks’
'(uhits 1, 2, 5, and 7) correspond to ﬁiyashirq's (1961) mineral zoneiC off;wv
the amphibolite faeies, "andalusite—sillimanite type" of regional meta-
~ morphism or to Winkler's (1967) A2.3 subfacies ofkthe cordierite~
amphibolite facies (Abukuma—type}.’ Assemblage G;’without andalusite,’l
is stable in these conditions of metamorphism,whereby’garnet;’cordierite,
sillimanlte, and K~-feldspar can coexist (Barker, 1962, p. 902; Dallmeyer
1972, p. 32; Hyndman 1972, p. 354; and Wlnkler 1967,‘p. 122).. Assemblage
D represents cale-silicate rocks and aSSemblages’A B and C represent granu;v‘
lite facies rocks that belong to Winkler s (1972, p.,132) granullte sub-

facies "1b" (hornb1ende—orthopyroxene—plagioc1ase—granulite Subfac1es),

- in whiéh the addition of a little water to the.system permits hornblende
* g ’ ;
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Figure 11. Sketches shoWing hypothetical structural development of the Sito Lake area. Series B invokes three major episodes of deformation of which F3 may
Series A shows only two major episodes of folding with minor ertension during hove been much stronger than Fgp.

a third episode.




TABLE 3

METAMORPHIC MINERAL ASSEMBLAGES ; SITO LAKE AREA

MINERAL ASSEMBLAGE | R g | | ROCK_UNIT(S)
‘ A.r Hypersthené - clinOpyrokéne - sillimanite ; biotite - K«féldspar - quartz .......;........... 3

B. Hypetsthene - garnet - sillimanite - biotite - plagioclase -~ K-feldspar - quartz srssssaanese 2

C. Hypersthene ~ biotite - plagioclase - Kéfeldspar + cordierite * éuartz t hornblende «e.vsvee. 3

D. Diopside - Krfeldspar ~ quartz * plagioclase t biotite * carbonate ....;..................... 2a

E. Clinopyroxenev— amphibolé - garnet‘— K-feldspar - quartz_....;........{.....;.............;;. 9

‘F; Hornblehde ~ biotite - plégioclaée - K-feldspar i quarté ................,...7.....;..........2

G. Biotite - silliﬁanite - cordieritg “ plagioclase;—jK~feldspar - quartz * garnet * andalusite. 1

H.  Biotite -'éarnet - cordierite - plagiéclaée - Krfeidspar - qﬁartz ..;.;...;...;.;.Q.....,..w.’l

‘J. Biotite - garnet - plagioclase ; K—feldépar - Qﬁaréz * sillimanite’..........;....;.....:.... 1;2,4,5,6,7,8

K.v Biotite - sillimanite - plagioclase —.Krfeidspar -'quartz + white mica ...‘..}......;..,..... 1,2,4,5,6

L. Biotite - plagioclasg - K-feldspaf - quarté + white mica .;.....;.{................5;........ 2,4,6

M. Quartz - ksfeldspar - piagioclase + white mica .-p;.....;..;;.3L...........;.;..;.;j......... 6

- Table 3.

-75-
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and biotite to coexist with ofthopyroxene,( Winkler (ﬁ. 133) also
states: | |
"that each of subfacies la lgfthopyroxéne—plagiociésé granulite
subfacigéT and 1b may contain cordieriﬁe along with almandine,}:
‘provided a suitable bulk composition. ‘Such cordierite—beéring
granuliﬁes must have ofiginated ﬁnder lower pressure Ps if
cordierite grew stably and is not a relict.ﬁ |

Thus, according to_Winkler,vassemblage C can also be considered |

Assemblage E 1s not definitive and maj bel&hg to either Winklér‘$
’(1967) granulite subfac1es "1b" or "Zb"; hornblende~cl1nopyroxene- :    7""
almandine granulite, or to Hyndman s (1972) 5111iman1te-orthoclase L
zone of the amphibolite facies. |

" Thin sections from rocks of,assemblage G,,tha£;¢ontain o

aﬁdalusite, reveal that andalusite grains'are mérgina11y replaced‘~'f "

by sillimanite (Plate 8A).

to be in eqﬁilibrium.
|
|




PLATE 8A.

PLATE 8B.

Fibrous sillimanite (s) has partially replaced a euhedral
andalusite (a) grain, which occurs in a biotite-rich part of
unit 1, near the north end of the small lake north of Lake B
(photomicrograph; partially crossed nicols).

Quartz-filled (Q) strain shadow behind a garnet (g) porphyroblast
is outlined by swarms of sillimanite needles (S). Note that
rotation of garnet is indicated by the included and stretched out
magnetite (M) grain. From unit 7 at the south end of island south
of Sito West.
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METAMORPHIC HISTORY

The earliest metamorphic event recognizable in the rocks of the

Sito Lake area was syﬁchronous with the earliest deformational phase,

1

and was responsible for crystallization‘of such:high temperature

This earliest metamorphism produced the dominant foliation, Sl’~¢‘

minerals as sillimanite and hypersthene, as well as localizé& melting.'
Recrystallization related to the production of Fz.foldsifesulted

in the growth of new biotite, and possible sillimanite. If sillimanite

did crystallize during the,F period then the termperatufe must have

2

' been nearly the same as during the earlier metamorphic event. However,
it cannot be demonstrated whether the first and second fold.phases,‘f’

~F, and Fz, occurred during a continuous‘episode;'or whether there

1

was a static interval between the two fold phases, during which the

- tempersture was maintained and crystallization continued; or whether -

there was a idng interval between the two fold phéses with temperature -

dropping, then rising again during the second fold phase,'Fz;'
Crystallization associated with the prodgction of F3 folds was

very 1imited, apparently confiﬂed;to the growth of biotite iﬁ F3

fold hinges. Again the relationship between the Secénd andrthird

phasés of folding is not known, Post—tectonié crystallization

was evidently widespread as many of the rocks havé granoblaStic tex-

thres (Spry, 1969).

Retrogressive metamorphism resulted in the teplécemenﬁ of hyper*l
sthene by hornblende andkbiotite;'diopside by hornblende, some tale,
and éhlorite; hornblende by biotite; cordiérite by pinite; plagioclése |
By ziosite, sericite, some carbonate énd epidote;‘garnet by chlorite;

and biotite by chlorite, white mica and iron oxides.
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GARNET GROWTH AND DEFORMATION

An examination of the textural fabric bf'garnet porphyroblasts
can reveal a great deal of information about the history of meta-
morphism and deformation for a given area. Inbaréas of polyphase
deformation and metamorphism, the textures can become complex; In
the Si_to Lake area, it appears tfxat the bulk of garnet cfyét;llization~
occurred during the metamorphic event accompanying the first phase
of folding. : |

Pre-tectonic garneté commcniy have preséﬁré shadows and are
fractured (Spry,‘1967; Stauffer,_1970).',Garneté with pressure
shédows weré observed in severai thin’secﬁions (Piaté éB) buf
fiacturing is of little help, because with pdlyphaée defqrmatiqn;
almost all garnets are.fractured.

”;Syﬁtecﬁonic éarnéts commoniy prodﬁcé Snéwb311 textures (Sﬁr&,'
1967) because the crystals are rotated while they are growing.
Some snowball garnets (Plate 9 ) were observed iﬁ'fhe cordierite~
garnet rocks of unif 1, and in some of the garnetiferous biotite
schists of unit 2. These syntectonic garnets are anhedral aﬁd common1y~
are the largest garnets observed. Soﬁe syntectonic‘garnets in the
study area have sieve textures, which suggests that rotation was
not an important factor during the deformation of the study area

Post-tectonic growth appears to have accountéd‘for the bulk
of garnet crystallization and is represented by garnets that:

(a) éontain randomly orientated inclusions in the central

region of the garnet;




PLATE 9.

Early stage of snowball texture in garnet porphyroblast in
unit 1 from outcrop at northwest end of "W" shaped lake north
of Sito Lake (photomicrograph; crossed nicols).



-56-

(b) contain orientated ihclusions which reflect an éarlier
fabric; and |
(¢) contain symmetrically arranged inclusions that reflect
a dodecahedral symmetry. |
Garnets of type (a) should not be confused with the coarser
syntectonic pérphyroblasts because the inclusions in (a) garnets
‘are much finer grained as are the garnets themselves. Type (b)
garnets could have crystalliéed after the first dr secdnd pﬁases of
folding and rotated later. Type (c) garnets were‘observed in some
graphitic garnét schists of the biotite—schiéts of uhit 2."Suc§essive
cuts:through these garnéts produce differéﬁc inclusi&n éattefns
(Figures 14 and 13); These inclusion‘pattefns are‘similar in nature
to inclusion patterns observed in other minerals,xsuch as: -chiastolite'
(Harker, 1932; Spry, 1967); staurolite (Harker, 1932; Hollister and.
Bence, 1567); cordierite (Harker, 1932); and idoctase (Arem, 1973).
A continuation of post-tectonic crystallization 6f garnet

produced an inclusion-free idioblastic rim around most of the

garnets.




Figure 13. =~ Three Dimensional Sketch of Garnet Dodecahedron.
Sections a—~f are taken perpendicular fo an "a® crystfallo-
graphic axis and a’'—f’' show the true section shape
and the arrangement of inclusion patterns from more

- rapid growth along preferred crys’raliographic planes, '

 (Harker, 1932) - -
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Figure 14 Three Dimensional Sketch of Garnet Dodecahedron,
- Sections a,b,c are parallel fo an "a‘ axis whereas d,e,f
are oblique fo the ‘a’ axis ., a’-f’ show the section shape

and the inclusion patterns. | S 5 |
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ECONOMIC GEOLOGY

INTRODUCTION

Mineralization in the Sito Lake area eccurs chiefly in the Site
West and East deposits, which consist of disseminated pyrite, sphalerite,!

. some galena and a few grains of fluorite and chalcopyrite. Pyrrhotite ds.
reported by Lintott - and Pyke (1972)- apart from thls, ‘only - trace amounts of }
-disseminated and vein pyrite-were observed in the other rocks,'particularly'
the:calc-silicate.rocks and graphitic arkoseS‘of unit 2,

The mineralization>in the Sito West deecsit occurs in the upper half of
the Quartzite Sequence, unit- 6 and there is no evidence of remobil1zation of ‘
the sulphides into the fold closures during deformatlon., As the host has been
described in,some detail, 1t»w111 not be discussed further,' o

_ SPHALERITE

In outcrop and hand specimen, sphalerite grains are’biack)anhedrallA"n
’to euhedral, and vary from O 5 mm tof4 0 mm across, although soﬁe "bleb-‘.
 t.11ke aggregates up to 1% inches (3 8 cm) by % 1nch (1 3 cm) by s inch |
k(O 65 cm)" occur (Pyke, Lintott and Thiel 1971, p. 15) ~ Sphalerite:;i “uV
content varies from 1ess than 1% to 5% by volume (Pyke et al, 1971)
with the highest content occurring in samples from trenches 3 .and 4
(Map A) which also corresponds to the coarsest sphalerite grains qbserved.
In places that may mark original bedding plsnes, sphalerite grains form
aggregates several centimeters long and a single grain thick. The black
colodr'iﬁdicates the sphalerite has a high iron content.

In polished sections, sphalerite is identified by the characteristics
listed in Schouten (1962) and Short (1940). 1In thin section, it is |

‘commonly a deep blood-red colour, although rarely yellow brown, and
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in most grains traces of cleavage directions are obéerved when the
polarizer is introduced.

Sphalerite occurs in the following ways:

(a)  as grains interstitial to quartz, most commonly in

finer giﬁined parts of the’rock; :

(b) filling fractures in quartz grains; B

(¢) round blebs within quartz grains;

(d) narrow rims around pyrite grains;

(e) :fine blebs within pjri;e; :

(£) surrounded by or‘éontainiﬁg finebgraiﬁed carbonate.

Many grains appear pittéd'around the édges (Plate lﬂa);'but‘it:is
not clear Whether this'is due to,;écent weatherihg or ;6 thé'breparatibn
of thip sections and polished surfaces. Not only‘doeé éphalerite oécuf

+--as inclusions in quartz and pyrite but a few sphalerite:grainsfenclbseil_s;;l

tiny blebs.of pyrite that in one céée appear. to héﬁe a‘ﬁreferréd
~orientation (Plate 10b). These inclusion,relationships‘are,probably‘all, o

the result of recrystallizatioh during metamorphism;,'f‘j‘

- ‘PYRiTﬁ :

Pyrite occurs as fine grains (0.5 mm) near the base of tﬁe Quartzite
Sequence, unit 6, and generally increases in size and content tqwgrds thé
top of the unit, with some grains up to 4 ﬁm across; As withvsphalerite;
the coarsest pyrite occurs in trenéhes 3 and 4 (Map A) where it cbmposes
up to 7%‘by volume of the quartzite. Pyrite grains are commonly‘euhedral
and occur in the following ways: | |

(a)  as grains interstitial to quartz, most commonly occurring,

in the finer grained parts of the rock; - -




PLATE 10A. Sphalerite grains (white) showing pitted margins; Quartzite
Sequence, unit 6, Sito West (photomicrograph; reflected light).

PLATE 10B. Sphalerite grain (gray) containing tiny blebs of pyrite (white)
that are orientated in a straight line (photomicrograph;
reflected light).

bog
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- (b) as roﬁnd grains within quartz grains;
(e) filling fractures in quartz grains;.‘
(d) as thin films on some joint surfaces;
(e)k as tiny blebs within sphalerite; '-
(f) associated with the éame carbonafé maﬁerial 351 ‘f
sphalerite; |
(g) containing tiny blebs of qhartz,’feldspar, ga1eha, o
and sphalerite. k -
7 The fact that most of the pyrité is euhedfal, fills‘fractures‘in
'4uéftz grains, and contains inclusions of Quarﬁz;‘feldépar,;galeﬁa and
sphalerite may indicate that pyrite was late in crjstallizing‘or re=

~crystallized from existing pyrite or pyrrhotite4gra1ns¢ 7 ;

GALENA

~Galena can be observed in parts of unit 6:.which contain the~
greatest sulphide concentrations. Galena varies from 1 mm to 4 mm
‘across; is generally anhedral; although cubic faces are not uncommon;-
it occurs interstitial to quartz, sphalerite aﬁd,pyrite, and as tiny

blebs (< 0.1 mm) within pyrite.

-CHALCOPYRITE

A few tiny blebs (£ 0.1 mm)‘of éhalcopyrite_Were observed during
electron microprobe reconnaissance -along the grain boundéries of the

other sulphides.

FLUORITE

Some fine-grained (€ 0.1 mm), anhedral fluorite was observed in

several thin sections as grains interstitial to quartz. .
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DISCUSSION OF ORIGIN

Syngenetic, diagenetic, syngenetic-diagenetic, and epigenetic-
origins are considered in this discussion.'iA volcanogenic‘ e

origin is not considered because volcanic rocks are extremely rare within

‘the Wbllaston Lake fold-belt, and are not present in the study area.

Present textural relations between sulphides and gangue mineralsv
may be entirely the result of metamorphic recrystalllzation' thus, their, ’
use in this discussion may not be. truly justified. One of. the major :
difficulties in undefstanding the origin‘of the Sito West deposit is
explaining the restrictive character of the minerelination,to theiuppef B
half of the Quartzite Sequence. 4 |

The disseminated character of the mineralization and the presence‘

of the thin sphalerite aggregates marklng beddlng planes tend to support

t

a’ syngenetlc orlgln. However a dlagenetic or1g1n may prov1de an i»
aceeptable explanation for the restriction of the mineralization to‘the
- upper half of the Quartzite Seqnence, unit 6. The upper half of unit 6 -

'may have acted as an aquifer since pelitic material is more abundant

above and below the upper half of nnit 6,.thus,“mineralizedVeonnate;f
wafer would be more restricted to open pore spaces in fhe qnartzite, ~One
drawback to the aquifer idea is that none of the other quattzite beds at
Sito West contain mineralization. Perhaps, the solution to‘nhe origin
involves a combination of both syngenesis and diagene51s whereby the
mineralization was initially precipitated syngenetically then
reworked’during diagenesis.

The latter suggestion is similar to the process suggested for the

~origin of some copper-uranium-vanadium-sandstone deposits in the south-

western United States (Stanton, 1972). Deposits of this nature have
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’recently been dlscovered in meta-arkoses and coﬁglomerates of the Meyers
Lake Group (Northern Miner, 1974) south of the study area. Stanton (1972)
also mentions that many of the southwestern United States deposits coﬁtain
‘pYrite and/or marcasite as well as trace amounts’of galena end sphaierite.
Perhaps the prqeeee which produces :the eopper~uraniumrvadediugj”;‘
sandstone deposits can be extended to iﬁclude theriineéieed quarteitej
deposits of northern Saskatchewan.' |

Epigenetic solutions of magmatic origin ceuid ﬁave been'resﬁonsible
for producing the disse&inated mineralizationfEecause there are sereral
igneous intrusions in the area. ‘However, there.is no decisive evidence i»e

,.such as veining, or alteratlon zones oOr haloes, thus it seems: unllkely
dthat the Slto>West deposit origlnated by eplgenesis. :7 i

A detrital origln is a possibility but again there is no directk
; evidence to support this idea._ According to Samama (1973) a detrital
, deposit requlres selectlve concentration of heavy mlnerals from an older :
land mass with subsequent erosion and reconcentratlon in a new sedimentary.
basin. | i | |

Nelther of the last two alterdatlves adequetely explain thek
restricted distribution‘or the mineralizatlon.’ ‘The writer favours the
combination of syngenetic precipitation of the mineralization with
subsequent redistribution’during diagenesis.

One problem that has arisen out of‘thie etudy and is'hot reedily‘
explalnable is the high iron content of the sphalerite. Recent ex-
perimental data indicates that sphalerite cannot contaln‘more than 20
mole per cent FeS when it coexists with pyrite, but it may contain as
much as 50 mole per cent FeS when it coexists with ﬁyrrhotite'or
pyrrhotlte and pyrite (Barton and Skinner, 1967 Scctt and Barnes, 1971‘

and Boorman, Sutherland and Chernyshev, 1971) The results Qf an electromn
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probe microanalysis by the writer indicares thatkrhe Sito Westrsphalerites_
contain approximately 40 mole per cent FeS. This‘value4fits_the range of

values for sphalerite coexisting with‘pyrrhotite or pyrrhotite and pjrite,’

but is obviously too high for sphalerite coex1st1ng with pyrite alone. s
Although some pyrrhotlte has been reported (p. 62) none of the samples‘exemined ’
. by the writer contained pyrrhotite. Perhaps the solutlon tO”the problem ‘

will have some bearing on the origin of the minerallzatlon.

COMPARTSON WITH OTHER DEPOSITS -

< A number of other deposits in northern Seskatchewen are:similar‘,
to the Sito West deposit. vThese include depoeits‘er Siro East, Robyn
Lake (Figure 4), and theiceorge Occurrence, Fable Lake, JohnSon Lake;
and George Lake (Figure 1) ‘Several small depoeits were‘iocated inlthe
Morell Lake area (Area 10, Figure 2) (Pyke and Partridge, 1967) but
there 'is no 1nformat10n avallable on these. Most of the above deposits o
are predominantly zinc deposits and taken as a whole they have in.
‘common: | | U
(a) a quartzite hosr rock§
(b) a disseminated or granuler na:ure'of,tﬁe solphidee;
(c) an apparent syngenetic or diageneric origin;
‘(d) a location near the eastern margin of‘the Wollaston
' fold belt; s
(e) a general correlation to arees of aeromegﬁetic lows
in relation to the surrounding rooks. .
Compared to Sito West there are dietinct:differeoces,kwhich are
briefly outlined beiow. |
The Sito East deposit, which is the oearest‘depositpto Sito Weet,
is perhaps the most'similar because it has essentiaily‘the same sedi-, 

mentary sequence, but has some facies variation and greater thickness.
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The two dep051ts differ in that the Sito East deé051t contains malnly
red or brown sphalerite (up to 10% by volume) although some black
sphalerite does occur, and in places galena is more abundant than at
Sito West (Pyke et al, 1971). The quértzite host‘at Sito East is finer =
grained ( 1 to 2 mm) and contains more mica, sillimanite,and gérnet‘j Jf
than the Sito West quartzite.liThe sphalerite is yellow btown under .‘
’plane light and commonly occurs in elongate grains that_sﬁggesiisome’
remobilization may have occurred. The Robyn‘Lake depqsit And the»»:A H7
’George OCéurrence whichklie to the nérth and SOUth'of Sito Ea$t   :k11“’
respectively‘(Figure 1) are considered to be’extenéidns of,Sito Eaét;‘:'

The Fable Lake deposit (Figure 1) which is eigh; miles:(l3 km) -
. southwest of Sito Lake haé a‘siﬁiiar sedimeﬁtarj séqdence,:ﬁﬁt‘the o
quartzites;are not as pure as~at‘Sito West. 'Thé mineralization exténdéy
for‘several kllometers in this predomlnantly zine dep031t but 1s mostly,f :‘
- low grade, although locally sphalerlte may comﬁose up to 18% (in some T?i”'“
boulders) and galena 5% (Pyke et al, 1971).

The Johnson Lake deposit is located about 100 miles (1601kﬁ)
fto’thé northeast .of Sito Lake (Figure 1). This depbsit is éssentially\
a galena deposit contained within a quartzité héstbthat is in contact - -
with granitic ;ocks.“Patches of green amazonite witﬁin the quartzite -
Suggest hydrothermal §r metasomatic activity was involved. 'The galena
ocecurs as anhedral masses 1nterst1t1a1 to large quartz grains, 5 mm across,
which have been recrystallized but still retain an:oval shape. There is E
a ciose similafity between pérts of this depos%t’aﬁd the Wathaman River
Boulder which started the exploratién for thééé'deposité.’v

The George Lake deposit, which is about twenty miles (32 km) east
of Johnson Lake, occurs in a subsidiary fold-belt, the Compulsion Riverf ’_~

fold-belt (M8ller, 1970 and Mdller and Brummer, 1970). The deposit occurs
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in a fine grained.(ﬁkl mm) gray quartzite andkcootains disseminated
sphalerite, pyrite, and galena. Zinc is more widespread in the surround—,
ing rocks than in the surrounding rocks at Sito West. Biack pyritic
argillites which ooerlie the quartzitevat George Lake coﬁtain some
vpyrite'grains with sphalerite cores. These pyritio argillites resemble'j
another zino'deposit which is 1ocatedAsouth of George Lakefon Campbell
River (Figure 1). | L S

The Campbell River deposit contains some’dissemioated sphalerite
in black pyritic argillites which have undergone less deformation and
metamorphlsm than Sito West. It was suggested by Lintott and Pyke
'(personal'communication) that -the presence of the sphalerite in the:‘
-argillites in this deposit might represent an eatlier'eﬁolutiooary’
stage of these zinc deposits; that is,‘the metaltions oere not re—:
‘,mobillzed and concentrated in the quart21tes.. However, this does not
aopear to be the case for all the deposits because the deposits are.not-
all associated with pyritic argillites or their‘metamorphosed equivelents.t ~

M51ller and Brummer (1970)‘compared tbe George Lakekdepositrto'the‘ -
galena occurrences along the Caledonian border land of’Scandinavia. |
Grip (1967) described the Scandinavian deposits as disseminated eﬁdpl‘
‘vein types in Eocambrian to Cambro-Silurian sandstone‘and he related .
the deposits to epigenetic solutions that travelled elong thrust faults
and precipitated in the sandstones. . There is no evidence torsupport'an
‘origin of this nature for the depositsvin northern Saskatchewen.

‘Mdller and Btummer (1970) analyzed the George4Lake spﬁalerite‘
for its trace element content and compared the results to "Mississippi~tv
Valley Type" sphalerites. They found that mote discrepancies than

similarities exist between the two sphalerites,’however; as the host
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rocks (carbonate for Missiésippi Vailey'and‘quartzite for‘Gédrge’Laké)

are very different this was not surprising. An accurate dgtermination

of trace elements was not made for Sito West éphalerite, thus,'é cqmparisdn
with Mississippi Valley Type deposits cannot be made.

iAs previously stated the zinc-lead deposits‘of northern,Saskatchewan4

are similar in some respects to the copper-uranium-vanadium-deposits of
the southwestern United States. Both types of deposits have a sandstone

host and are probably formed by the same brocess.
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CONCLUSTIONS

From the writer's study of the Sito West deposit a number of

conclusions are made:

1.

2.

The rocks that contain the Sito WESt’deposit have Beén‘
cofrelated to the Meyers Lake Gfoup (Money, 1965, 1968) V“
of the Wdllaston Laké fold-belt an& oVerlie‘the Daly

Lake Group rather tﬁan underlying that group.’
Sedimentary structures observed at Sito West are consis~ -
tent with structures of sedimentsvdepoSited towardé the
distal end of marine fans possibly byrturbidity,currentsf
Evidence to determine source areas 6f the faﬁ(s) is
inconclusive but the SOurce.mayvhave.béen from the"
dominantly graniﬁic terrain tovtheygas;.

The structure.of tﬁe Sito Léke area invbl#ed fh;ee maj0r 
éhases of deformation. The first phase produced ﬁhe
dominant foliation that is completely obliterated in areas
of second phase fold hinges. The combination of the first
two phases préduced the major structurél features of the‘
area, that is; elongate, northeaét-southwest trending,
"dome-1like" and "basin-like" structﬁrés. The third phase
produced an east-northeast exteﬁsioh of the earlier
strucﬁures.

The major structural feature throughiSitp Lake is inter-
preted as a basin-dome~basin strqcture that is:. compared

to a flattened and inclined "angel-food cake-pan".
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Rocks in the Sito Lake area were regionally meta-

morphosed to the upper amphibolité and 15wer granulitek
facies. The observed mineral aésemblages'are cqnsiétent 2
with a low pressure envirdnmen£ involviﬁg pressures‘of
2 to 5 kilobars and at temperatuﬁés betﬁéenVGSOo‘éud 

- The major episode of mineral growth was‘associated-with_

the first phase of deformation and the high degree of-
metamorphism may have continued on through to the‘Second’.v
phase of deformation.

The sulphide mineralization at Sito West was‘probahly wo .

- ‘syngenetic but underwent changes during diagenesis,

producing the restricted distribution observed.

The Sito West deposit is similar to many other zinc-lead

~deposits within the Wollaston Lake fold~bélt'of northern-

Saskatchewan and some gaiena deposits in the Caledonian
borderland of Scandinavia. There is also a good compari-
son to copper-uranium-vanadium-sandstone depositsjof the -

southwestern United States.
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